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Foreword

Groin pain is a common complaint; notorious for the discomfort and disability
it causes, it represents a diagnostic challenge for the orthopaedic surgeon.

In clinical practice, we are frequently faced with this problem, especially
when treating athletes participating in sports that require repetitive lower-
limb movements, kicking, and sudden changes of speed and direction during
the sporting activity.

To better understand this challenging multifactorial condition, a compre-
hensive approach is mandatory. Patients often refer to vague and diffuse
symptoms that can be attributed to a variety of pathological entities; hence,
the diagnosis and management of the underlying pathological processes
remains a challenge. Furthermore, the pain is frequently not attributable to a
single etiological cause, but is derived from the possible association of mul-
tiple pathologies, thus requiring a differential diagnosis. The surgeon should
carefully consider the differential diagnosis, as it is also important to take into
account that groin pain can have musculoskeletal as well as visceral causes.

This book, representing the latest updates of current knowledge on this
subject, is an indispensable resource that will assist the reader to recognize
and treat groin pain. The reader will also become acquainted with many
aspects of basic science that have improved the differential diagnosis and
treatment of this syndrome.

The contributing authors are experts in the field and share with the reader
their experiences and surgical insights. This book is a state-of-the-art guide
for those starting in the field of groin pain syndrome, as well as for experi-
enced specialists.

Rome, Italy Vincenzo Denaro



Preface

Groin pain syndrome is an important current clinical topic in sports medi-
cine, but the syndrome is still not well known and its characteristics are
debatable, while its patterns of diagnosis and treatment are often imprecise
and fragmentary.

The classification and identification of a diagnostic taxonomy for the syn-
drome have not yet found a common interpretation. Therefore, gaining actual
agreement among the different specialists that face the clinical issues of this
entity is often difficult.

The terminology used in the literature includes, often inappropriately, a
very large number of terms and definitions. Therefore, there is a need to orga-
nize and better classify the numerous clinical symptoms that can constitute
groin pain; only in this way will it will be possible to reach a correct diagnosis
and then provide the correct treatment.

This syndrome covers a range of symptoms, localized in the groin area,
that often have a multifactorial etiopathogenesis, and as a consequence, treat-
ment will involve practitioners from different medical specialties. The syn-
drome provides a clear example of how interaction and cooperation among
different professional approaches, sharing patterns of diagnosis and proce-
dures, may be fundamental in improving treatment.

This book aims to summarize the state of the art in the treatment and diag-
nosis of groin pain syndrome in an innovative way, considering the set of
problems from different professional points of view and searching for a
shared synthesis.

In the first chapter, a new classification of groin pain syndrome is sug-
gested for a more precise differential diagnosis; this is based on the results of
the recent Consensus Conference, held in Milan on February 5, 2016, with
the participation of major Italian experts in the field.

The groin area is extremely complex, both from the anatomical and bio-
mechanical points of view, and these topics will be analyzed, together with
radiological diagnoses, to complete the introductory part of the book. The
next part of the book describes orthopaedic pathologies that can cause groin
pain; the different pathologies are examined both in terms of the diagnosis
and in terms of the relevant treatment; we focus on labrum lesions; chondral
damage; and pathologies of the central, peripheral, and peritrochanteric
compartments.

The main pathology that causes groin pain is certainly femoroacetabular
impingement, and above all, cam impingement, where a femoral bump leads
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to an articular conflict between femur and acetabulum, with associated bio-
mechanical alteration; this produces compensatory stresses in other anatomi-
cal areas, such as the pubic symphysis, the sacroiliac joint, and the abdominal
lining.

Also, groin pain can often be caused by visceral pathologies that are very
important to understand and evaluate.

The so-called sports hernia is quite frequent in sportsmen, and is often not
well diagnosed or well treated. Therefore, there is a need for correct diagnos-
tic and therapeutic approaches; these are explained in Part II of this book.

Many tendon and muscle pathologies are also a frequent cause of groin
pain, and in Part III of this book, these are discussed in depth, with particular
attention paid to the adductor tendons, ileopsoas tendons, and abdominal
muscles that can frequently be involved in atypical groin pain.

The pubic bone, both at the symphyseal joint and in the bone itself, can be
the target area of compensatory stress, and therefore all possible pubic
pathologies are examined.

Furthermore, we must never underestimate the neurological causes of
groin pain, such as those that are well identified in the so-called nerve entrap-
ment syndrome; these causes are discussed and investigated.

The end of the book contains chapters dedicated to rehabilitation; conser-
vative rehabilitation is discussed above all, with particular attention given to
strengthening and stretching exercises, physical therapy, and hydrotherapy.

With regard to postoperative rehabilitation, different chapters will discuss
rehabilitation after arthroscopic hip surgery, abdominal surgery, and tendon
surgery, with indications and in-depth analysis of the most up-to-date and
efficient protocols.

I believe that, in the long run, this book will make a complete and thorough
contribution to a multidisciplinary approach to the groin pain syndrome, and
may therefore help specialists in different fields to better understand the vari-
ous and often overlapping causes of groin pain.

The scientific co-operation of distinguished international and Italian
experts, whom I kindly thank for their important contributions, has allowed
us to reach our target; that is, to define the state of the art in our knowledge of
the groin pain syndrome and then to suggest new diagnostic, therapeutic, and
organizational models for the condition.

Cotignola, Ravenna, Italy Raul Zini
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Introduction



Classification and Differential
Analysis of Groin Pain Syndrome

Gian Nicola Bisciotti and Piero Volpi

1.1  Introduction

It is never banal, before tackling a subject so con-
troversial as the groin pain (GP), to remember
that with this term—as on the other hand also as
it regards all the other terms as athletic groin,
groin disruption, osteitis pubis, etc. expressing
the same kind of symptoms—we mean only the
description of a symptom or better of a cohort of
symptoms that the patient complains at the level
of the pubic area. For this reason, we should be
extremely careful not to identify the term GP (or
any other term up to now considered as equiva-
lent) and diagnosis. In fact, the GP has a multi-
factorial pathogenesis where often different
clinical frameworks overlap, making sometimes
the diagnosis a real diagnostic challenge.
Objectively, it must be acknowledged that the
anatomical complexity of the pubic region cer-
tainly does not facilitate the adoption of a clear
nosological terminology. The multiple anatomi-
cal structures that may be involved are so numer-
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Milano, Italy
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ous as to preclude, in fact, a comprehensive
nomenclature [1], unless, as already pointed out,
the term of GP is intended only as a description
of a cohort of symptoms and not misunderstood
with the diagnosis itself. Indeed, unfortunately,
this simple and basic concept seems to be often
overlooked in the specific literature. This lack of
clarity uniqueness concerning terminology can
be explained, but not of course justified, by the
fact that since the symptoms reported by the
patient can result from skeletal muscular, gastro-
intestinal, urogenital, neurological and gynaeco-
logical problems [2, 3], the risk for the clinician
to use different terminologies is high. The fact is
that the terminology is often confusing and some-
times dichotomous, a situation that creates a lot
of difficulties of interpretation. Furthermore,
there are objectively considerable difficulties in
finding and interpreting the results reported by
various studies. In this regard, a paradigmatic
example is provided by Serner et al. [4] that in
their systematic review emphasizes the need to
standardize the terminology used in order to
facilitate the comparison of results derived from
the different studies present in literature. Not sur-
prisingly, to reinforce this need, in their review,
the authors included 72 studies, in which they
found 33 different diagnostic terms. Recently, the
“Agreement Meeting on Definitions and
Terminology on Groin Pain in Athletes” held in
Doha (Q) in November 2014 [5] was aimed to
standardize the clinical terms used for GP.

R. Zini et al. (eds.), Groin Pain Syndrome, DOI 10.1007/978-3-319-41624-3_1


mailto:bisciotti@libero.it

G.N. Bisciotti and P. Volpi

1.2  The Groin Pain Syndrome
Italian Consensus

Classification

The first Groin Pain Italian Consensus held in
Milan February 5, 2016, was an invitation con-
sensus conference attended by orthopaedics,
sports physicians, general surgeons, radiologists,
physiatrists, sport physiologists, physiothera-
pists and physical trainers that was aimed to
approve three separate documents concerning
the GP:

1. Diagnostic taxonomy document consensus
2. Clinical semeiotics document consensus
3. Imaging document consensus

Each document was first presented by a facili-
tator; the presentation was then followed by a
plenary discussion directed by a chairman. After
each discussion followed a vote. The first docu-
ment has required 15 different discussions and
the same number of votes, while the second and
the third document required six discussions and
votes. During the discussions, the document was
eventually changed and was then voted only the
final version. All votes are passed unanimously.

1.2.1 Summary of the First
Document: Diagnostic
Taxonomy Document

Consensus

The first vote concerned the use of the term groin
pain syndrome (GPS). The use of the term “syn-
drome” is justified by the frequent overlapping of
different clinical frameworks and by the possible
cause-effect interaction that characterize a well-
defined GP clinical framework [6-8]. Obviously, the
term GPS is an “umbrella term” that must necessar-
ily be complemented by the clinical framework
description. You may then, for example, have a GPS

caused by adductor tendinopathy, or from inguinal
hernia, or by a combination of these as of other
pathologies. Therefore, it is our opinion that only
adopting a comprehensive descriptive term, as GPS,
and associating it with the clinical and taxonomic
description of the disease, or diseases, responsible
for the symptomatology reported by the patient, we
can arrive to have a clear and rational identification
of the problem. Then it was then proposed and
approved the following definition of GPS:

Every clinical situation complained by the patient

at the level of the inguinal-pubic area that affects

the sporting activities and/or interferes negatively

in activities of daily living (ADL) and requiring

medical attention

Furthermore, based on the synthesis of differ-
ent studies [5, 9-17], we propose that the clinical
frameworks that can be the cause of occurrence
of GPS can be subdivided into 11 different cate-
gories as follows:

1. Articular causes

(a) Acetabular labrum tear

(b) Femoroacetabular impingement®

(c) HALTAR lesion™

(d) Hip osteoarthritis

(e) Intra-articular loose bodies

(f) Hip instability

(g) Adhesive capsulitis

(h) Legg-Calvé-Perthes
outcomes

(i) Dysplasia and its outcomes

(j) Epiphysiolysis and its outcomes

(k) Avascular necrosis of the femoral head

(1) Sacroiliac joint disorders

(m) Lumbar column disorders

(n) Synovitis

Notes:

(I) Cam-Fai, Pincer-Fai, subspine impinge-
ment (or AIIS, anterior inferior iliac spine
impingement).

(II) Hip anterosuperior labral tear with avul-
sion of the rectus femoris.

disease and its
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2. Visceral causes

(a) Inguinal hernia®

(b) Other types of abdominal hernia

(c) Intestinal diseases

Note:

(I) Concerning inguinal hernia, it is recom-
mended to adopt the classification pro-
posed by the European Hernia Society.

. Bone causes

(a) Fractures and their outcomes

(b) Stress fractures®

(¢) Avulsion fractures™

(d) Tliac crest contusion (hip pointers)™™

Notes:

(I) Substantially concerning the pubic branch
or the femoral neck.

(IT) Mainly the childhood avulsion fractures
involving the anterior inferior iliac spine
(AIIS), the anterior superior iliac spine
(ASIS) and the apophyseal nucleus of
the ischial tuberosity (ANIT).

(IIT) The iliac crest contusion or hip pointers
are the result of direct trauma at the level
of the iliac crest which causes the forma-
tion of a periosteal haematoma. Such a
haematoma can compress the lateral
nerve femoro-cutaneous nerve and cause
paresthesia symptoms.

. Muscle-tendon causes

(a) Rectus abdominis injuries

(b) Rectus abdominis tendinopathy

(c) Adductor muscles injuries

(d) Adductor tendinopathy

(e) Rectus abdominis—adductor
common aponeurosis injuries

(f) Iliopsoas injuries

(g) lliopsoas tendinopathy

(h) Other indirect muscle injuries and their
outcomes

(i) Direct muscle injuries

(j) Tiopsoas impingement®

(k) Snapping internal hip

() Snapping external hip

longus

(m) Bursitis™

(n) Weakness of the inguinal canal wall™

Notes:

(D Hiopsoas impingement with the medial
portion of the acetabular rim.

(II) Substantially concerning of the ileo-pec-
tineal bursa and the greater trochanter
sero-mucous bursa.

(II) It’s important  to underline the four most
important clinical signs of the inguinal
canal wall weakness: tenderness to the
exploration of the inguinal canal, tender-
ness on palpation at the level of the pubic
tubercle, superficial inguinal ring dilata-
tion and pain on palpation at the level of
origin of the adductor muscles. In addition,
an anamnestic index of extreme impor-
tance is a history of failure of conservative
treatment.

5. Pubic symphysis-related causes

(a) Osteitis pubis

(b) Symphysis instability®

(c) Symphysis degenerative arthropathy

Note:

(D) the radiological sign of symphysis insta-
bility is represented by an asymmetry of
pubic branches greater than 3 mm visible
in the Flamingo view X-ray.

. Neurological causes

(a) Nerve entrapment syndrome?

Notes:

(I) The category ‘“neurological causes”
should be divided into two further subcat-
egories. In the first category, they are the
neurological damage due to overloading
or overstretching (neurological causes
category A). In the second category, they
are the neurological damage due to an
acute compression mechanism or tear of
nerve structure (neurological causes cat-
egory B).

(II) Substantially concerning the femoro-
cutaneous nerve, genitofemoral nerve
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. Genitourinary disease-related

(genital branch), ilioinguinal nerve, ilio-
hypogastric nerve, femoral nerve and
obturator nerve.

Developmental causes

(a) Apophysitis®

(b) Growth plate at pubic level™

Notes:

(I) Substantially concerning the AIIS and
the ASIS.

(II) Below the age of 20 years is common to
observe anteromedial foci of endochondral
ossification centres. These findings become
particularly evident in arthro-IMR [18].

causes

(inflammatory and not)

(a) Prostatitis

(b) Epididymitis

(c) Funiculitis

(d) Orchitis

(e) Varicocele

(f) Hydrocele

(g) Urethritis

(h) Other infections of the urinary tract
(i) Cystitis

(j) Ovarian cysts

Table 1.1 The most likely causes of GPS (63) grouped
into 11 different nosological categories

Number of
Categories pathology
Articular causes 14
Visceral causes 3
Bone causes 4
Muscle-tendon causes 14
Pubic symphysis-related causes 3
Neurological causes 1
Developmental causes 2
Genitourinary disease-related causes 15
(inflammatory and not)
Neoplastic causes 3
Infectious causes 2
Systemic causes 2
Total 11 63

Into the last part of the first document, the
consensus approved a further subdivision of the
GPS in three main categories, based both on the
aetiopathogenesis and the timing of onset/disap-

pearance of the clinical framework:

1. The GPS of traumatic origin, in which the

(k) Endometriosis
(1) Ectopic pregnancy
(m) Round ligament entrapment
(n) Testicular/ovarian torsion
(o) Ureteral lithiasis
9. Neoplastic causes
(a) Testicular carcinoma
(b) Osteoid osteoma
(c) Other carcinomas
10. Infectious causes
(a) Osteomyelitis
(b) Septic arthritis
11. Systemic causes
(a) Inguinal lymphadenopathy
(b) Rheumatic diseases

After a deep examination and discussion con-
cerning the literature, we propose to subdivide
the most common and probable diseases that can
cause GPS in 11 different nosological categories
including 63 possible different clinical frame-

works (Table 1.1).

onset of pain was due to a precise traumatic
event and this hypothesis is supported by the
anamnestic investigation, by clinical exami-
nation and imaging.

. The GPS due to functional overload, charac-

terized by insidious and progressive onset, in
which the patient has no memory of trauma or
a situation to which is attributed with certainty
the onset of pain symptoms.

. The long-standing GPS (LSGPS) or chronic

GPS, in which the cohort of symptoms com-
plained by the patient continues for a long
period and is recalcitrant to any conservative
therapy. It’s important to underline the fact
that both the functional overload GPS and
the traumatic origin GPS may hesitate in a
LSGPS. Similarly, a traumatic GPS can
occur in a previous framework of GPS by
overuse and/or LSGPS. We can consider in
this category a clinical framework that has
continued for more than 12 weeks. Finally, it
is interesting to underline that a situation of
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LSGPS is typically most commonly encoun-
tered in an amateur athlete rather than in a
professional athlete. This can be reasonably
explained by the fact that an amateur athlete
does not have the same access opportunities
to a professional athlete to have a suitable
therapeutic procedure, either conservative or
surgical.

Therefore, a correct formulation of the diag-
nosis, corresponding to the concepts stated above,
should respect the following formulation: “trau-
matic GPS caused by...” or “overuse GPS caused
by...” or “LSGPS caused by ...”.

Finally, we underline the concept that, given
the anatomical complexity of the pubic region,
especially the GPS due to functional overload
and the LSGPS can often be caused by the asso-
ciation of more diseases. In the case of a type of
GPS caused by the association of more diseases,
the diagnosis formulation will change in “trau-
matic or overuse GPS, or LSGPS caused by the
association of ...”.

1.2.2 Summary of the Second
Document: Clinical Semeiotics
Document Consensus

Before describing the second document concern-
ing the semiotics, we would like to recall briefly
the GPS cluster of signs and symptoms.

It is estimated that a percentage between 5
and 18% of athletes ask medical attention caused
by an activity-restricting GPS [10, 19-21].
Within the same sport played, males had greater
GFS incidence than females with a RR equal to
2.45 [5].

In the patient affected by GPS, the symptoms
are bilateral in 12% of the cases; it involves the
adductor region in 40% of the cases and the peri-
neal region in 6% of the cases: The symptom
usually begins unilateral and becomes with the
progress of time bilateral [20-26]. The pain
onset occurs insidiously in 2/3 of patients and
acutely in the remaining 1/3, a certain number of
patients refers an acute event after a clinical

framework of GPS or LSGPS was already pres-
ent [20, 22, 26-29]. The clinical framework is
characterized by subjective and objective symp-
toms. Subjective symptoms are mainly repre-
sented by pain and functional deficits [30, 31].
From an objective point of view, the patient may
complain pain on palpation, during countered
muscle contraction and during passive and active
stretching. The clinical examination must there-
fore be based on a series of tests focused on mus-
cle contractions (isometric, concentric and
eccentric), on the active and passive stretching
manoeuvres [32-36] and on the palpation of
some specific anatomical areas [14, 37-40].
Thus, basing both on the examination of the lit-
erature and on expert opinion of the specialists
present was approved a second document con-
cerning the clinical examination. The clinical
exams approved and recommended during the
consensus were categorized in four categories as
follows.

1.2.2.1 First Category: Specific Test
for Abductor Muscles

1. Palpation of the pubic branch at common rec-
tus abdominis/adductor longus common
aponeurosis

2. Isometric squeeze test with proximal resis-
tance (at knee level)

3. Isometric squeeze test with distal resistance
(at ankles level)

4. Isometric squeeze test with distal resistance
and apart legs

5. Isometric squeeze with flexed leg and proxi-
mal resistance

6. Isometric squeeze test in monopodalic execu-
tion with the use of a dynamometer®

Note:

(I) Optional test but in any case strongly recom-
mended especially in the case of unilateral
pain symptomatology.

1.2.2.2 Second Category: Specific Test
for Abdominal Muscles
1. Palpation of the pubic branch at common rec-
tus abdominis/adductor longus common
aponeurosis
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2. Rectus abdominis eccentric test
3. Sit-up pain test
4. Obliquus abdominis eccentric test

1.2.2.3 Third Category: Specific Test
for the Hip Joint

1. Hip joint intra- and extra-rotation measurement

2. Flexion abduction external rotation (FABER)
test

3. Dynamic internal rotatory impingement test
(DIRIT)

4. Dynamic external rotatory impingement test
(DEXRIT)

5. Posterior rim impingement test

6. Lateral rim impingement test

1.2.2.4 Fourth Category Clinical

Evaluation of Inguinal Diseases
Palpation and clinical evaluation of the following
anatomical structures:

. Tuberculum pubis

. Crista pubis

. Linea pectinea

. Superior ramus pubis

. Anulus inguinalis superficialis
. Pilastrum infero-lateralis

. Pilastrum supero-medialis

~N N R W

Furthermore, as part of the second consensus
document, it has approved the use, during the med-
ical history process, of the HAGOS patient-
reported outcome measures in its validated Italian
form [41].

1.2.3 Summary of the Second
Document: Imaging
Document Consensus

The third document discussed and approved dur-
ing the consensus involved the imaging exams.
They were considered the protocols regarding the
conventional radiology (X-ray), ultrasound
examination (US) and magnetic resonance imag-
ing (MRI). It was not made no division between
first and second level exams, because it was con-
sidered that each exam has specific peculiarities.
Therefore, basing both on the examination of the

literature [11, 42-58] and on expert opinion of
the specialists present was approved a second
document concerning the imaging assessment
which is composed by the following routine
examinations:

1. X-ray examination
The radiography routinely discussed and
approved includes the following exams:

(a) Anterior posterior view in upright posi-
tion (AP1)

(b) Anterior posterior view in upright position
and alternately on one foot (Flamingo
view) (AP2)

(c) Dunn view (D)

From the radiographic assessment, it is recom-
mended to obtain the following information:
(a) Presence of cross sign (AP1)

(b) Enlargement and /or erosion and/or scle-
rosis of the symphysis (AP1)

(c) Symphysis asymmetry greater than 3 mm
(AP2)

(d) Calculation of alfa angle (D)

2. US examination
The US examination must provide the fol-
lowing assessments:
(a) Assessment of the muscle-tendon unit of
the abdomen and adductor muscles
(b) Dynamic assessment for the inguinal
canal structures
(c) Assessment of internal organs
(d) Assessment of the urinary tract and of
the external genitalia

Finally, during the execution of the US examination,
the contemporary presence of the radiologist and
the general surgeon is strongly suggested.

3. MRI evaluation
Concerning the MRI evaluation, the use of

a device of at least 1.5 T and a no-contrast
protocol is recommended. The acquisition
plans recommended are:

(a) Coronal

(b) Sagittal

(c) Axial

(d) Axial oblique
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(e) Coronal oblique
(f) Sagittal oblique

The acquisition sequences recommended are:
(a) T1
(b) T2 and T2 fat saturated (T2 FS)
(c) STIR
(d) Proton density fat saturation (PD FS)

Furthermore, into the third document, the con-
sensus suggested the radiological findings of
major interest:

The presence of bone marrow oedema (BMO)
at pubis symphysis level. The presence of
BMO must be identified into the sequences
coronal STIR, coronal T1 and axial oblique
T2 FS and PD FS. Furthermore, BMO must
also be classified in 1°, II° or III° in rela-
tionship of its extension measured into the
PD FS or T2 FS axial oblique plan
sequences.

Fatty infiltration within the BMO around the joint
symphysis to verify into the coronal STIR,
coronal T1 and axial oblique T2 and PD FS
sequences.

Symphysis sclerosis to asses in coronal T1 and
axial oblique T1 images.

High signal intensity para-symphysary line to
verify in coronal STIR, axial oblique PD FS
and sagittal STIR sequences.

Secondary inferior and/or superior cleft sign to
assess in coronal STIR, axial oblique PD FS
and sagittal STIR sequences.

Subchondral cysts/irregularities of the articular
surface to verify in coronal STIR and axial
oblique images.

Symphysis central disc protrusion to estimate in
coronal T1 and axial oblique T1 sequences.
Adductor longus tendinopathy to assess into the
axial oblique sequences PD FS, T2 FS and T1,

as well as in coronal T1 sequences.

Adductor longus muscle-tendon injury to
evaluate into the axial oblique sequences
PD FS and T2 FS, as well as coronal STIR
images.

Rectus abdominis tendinopathy to consider in
sagittal STIR and axial oblique PD FS.

Rectus abdominis muscle-tendon injury to assess
into the axial oblique sequences PD FS and T2
FS, as well in coronal STIR

Growth plate at pubic symphysis level to estimate
in axial T1 sequences.

Furthermore, it was remembered the ana-
tomical importance of the pre-aponeurotic
fibrocartilaginous complex (PAFC). The PAFC
is formed by the interconnection of the tendons
of the adductor muscles and rectus femoris
muscle and is included and integrated with the
para-symphysarius ligaments and with the
inguinal canal structures. Moreover, it is impor-
tant to consider that the PAFC is in anatomical
continuity with the symphysis central disc [59].
This complex anatomical structure represents a
real anchoring central point and is therefore
essentially formed by the interconnection of the
fibres of the adductor muscles, the rectus
abdominis, the external and internal oblique
muscle, the inguinal ligament, the anterior
pubic ligament, the arcuate ligament and the
fibrocartilage symphysary disc. The acceptance
of this anatomical concept presupposes two
fundamental points: the first one is represented
by the fact that the verification of the anatomi-
cal integrity PAFC is a central point of imaging
exam and plays a crucial role in the formulation
of the diagnosis, while the second point is the
necessity to consider the “anatomical continu-
ity” of the pubic symphysis, both of its superfi-
cial and deep anatomical structures and its
functional continuity.

Conclusions

From the first GPS Italian consensus, some
important points of discussion and reflection
that we can summarize as follows emerged:

The controversy as regards the GPS diagnos-
tic taxonomy can only be solved through
the adoption of a common language, which
satisfies the principles of clarity, fairness
and sharability.

The adoption of a diagnostic pathway both from
clinical point of view that concerning the
imaging is a first step towards harmonizing
and rationalizing the approach to
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GPS. Obviously, such “guided” pathway
does not limit the clinician professional skill,
but rather it is a guide that would facilitate the
formulation of definitive diagnosis, enabling
this latter to be based on well-defined clinical
diagnostic steps. Furthermore, the use of
HAGOS questionnaire provides us the ability
to objectively quantify the therapeutic effec-
tiveness of the proposed procedures.

A standardized MRI protocol would facilitate
the comparison of data from different
study groups and substantially would
favour the logical-deductive process that is
the basis of the diagnostic path. In any
case, it would require further and more
detailed studies to clarify the true signifi-
cance of some radiological findings that
we can observe in a GPS framework.

Finally, the small number of female subjects
observed in the studies present into the lit-
erature could theoretically be a limitation
in the applicability of the data described
above in a female population.
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Inguinal Region Anatomy
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2.1  Introduction

Groin pain is typically a multifactorial condition
characterized by vague and diffuse pain extended
between the lower abdomen and medial thigh. It
may be attributed to a variety of diagnostic enti-
ties and requires a differential diagnosis [1-4].

To understand groin pain pathogenesis, a pre-
cise anatomical knowledge of the pubic region is
required.

Even though there is not a consensus on the
anatomic definition of the groin, it can be defined
as the region extended from the distal aspect of
the abdominal wall to the proximal adductor
compartment of the thigh, encompassing pubic
symphysis [5].

2.2 The Abdominal Wall

The abdominal wall (Fig. 2.1) is formed by nine
overlying layers that from the surface to the depth
are the skin, the subcutaneous tissue, the superfi-
cial fascia, the external oblique muscle, the inter-
nal oblique muscle, the transversus abdominis
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Fig.2.1 Abdominal wall

muscle, the transversalis fascia, the preperitoneal
adipose and areolar tissue and the peritoneum [6].

The superficial fascia, also known as Scarpa’s
fascia, is a dense fibrous connective layer con-
tiguous with the fascia lata of the thigh.

The external oblique muscle originates from
the lower seven ribs, from the thoracolumbar
sheath, from the outer lip of the iliac crest and
from the inguinal ligament. The muscle, anteri-
orly, near the midclavicular line, become a strong
aponeurosis that passes anteriorly to the rectus
muscle to insert into the linea alba.

The inferior edge of the external oblique muscle
aponeurosis forms the inguinal ligament (Poupart’s
ligament) that is extended from the anterior supe-
rior iliac spine to the pubic tubercle [7].
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The internal oblique muscle arises from the
lower five ribs, from the thoracolumbar sheath,
from the intermediate lip of the iliac crest and
from the lateral half of the inguinal ligament.
The muscle, anteriorly, become a strong apo-
neurosis. Above the line of Douglas, this apo-
neurosis is divided into anterior and posterior
sheaths that pass anteriorly and posteriorly to
the rectus abdominis, respectively. Below the
line of Douglas, instead, the aponeurosis passes
anteriorly to the rectus muscle. The lower fibres
of the internal oblique muscle insert between
the symphysis pubis and pubic tubercle. Some
fibres, furthermore, form the cremasteric
muscle.

The transversus abdominis muscle originates
from the lower five ribs, from the thoracolumbar
sheath, from the inner lip of the iliac crest and
from the lateral half of the inguinal ligament.
Anteriorly, the muscle becomes an aponeurotic
sheet that passes posteriorly to the rectus abdom-
inis above the line of Douglas and anteriorly to
the rectus muscle below the line.

The aponeurosis of the anterolateral muscles,
anteriorly, melt around the rectus abdominis
muscle and formed the rectus sheath.

The transversalis fascia contributes to the
structural integrity of the abdominal wall cover-
ing the deep surface of the transversus abdominis
muscle.

The rectus abdominis muscles act as the major
abdominal wall stabilizer. They originate from
the anterior surface of the fifth, sixth and seventh
costal cartilages and from the xiphoidal process.
Their insertions are on the superior aspect of the
pubic crest just lateral to the pubic symphysis,
and they are connected near the anterior midline
by the linea alba.

The rectus sheath is reported to be continuous
with adductor longus via the pubic symphysis
capsular tissues. This confluence of soft tissue
structures anterior to the pubic symphysis may
provide the anatomical substrate for a stabilizing
or force transmission mechanism [8-10].

Abdominal wall haematic supply comes from
the last six intercostal arteries, four lumbar arter-
ies, superior and inferior epigastric arteries and
deep circumflex iliac arteries.

2.3  Thelnguinal Canal

The inguinal canal is an about 4 cm canal
extended between the internal and the external
inguinal rings. It contains the spermatic cord
(formed by cremasteric muscle fibres, testicular
artery and vein, genital branch of the genitofemo-
ral nerve, vas deferens, cremasteric vessels, lym-
phatic and processus vaginalis) in men and the
round ligament in woman.

The superficial wall of the canal is formed by
the external oblique aponeurosis, the cephalad
wall by the internal oblique and transversus
abdominis aponeurosis, the inferior wall by the
inguinal ligament and the lacunar ligament and
the posterior wall by the transversus abdominis
muscle and transversalis fascia.

The groin area has important sensory nerves:
iliohypogastric, ilioinguinal nerves and genital
branch of genitofemoral nerve.

24  The Pubic Symphysis
The pubic symphysis is an amphiarthrodial joint.
It connects the two pubic bones via a fibrocar-
tilaginous articular disc, and it has no joint cap-
sule. The joint is supported anteriorly by the
anterior pubic ligament, inferiorly by the arcuate
ligament and superiorly by the pubic ligament.
The pubic symphysis dissipates the heavy
forces from the lower limbs and allows minimal
movements [11].

2.5 TheHip

The hip (Figs. 2.2 and 2.3) is an enarthrodial joint
formed by the articular surface of the femoral
head and by the cavity of the acetabulum. The
femoral head is covered by the articular cartilage
with the exception of the fovea capitis femoris,
point of origin of the ligamentum teres. The ace-
tabulum, instead, has an incomplete marginal
ring of cartilage called lunate surface.
Furthermore, the acetabulum has a central depres-
sion occupied by fat covered by synovial mem-
brane [12].
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The ligamentum teres is implanted on the ace-
tabular notch, and it is tense when the thigh is
semiflexed and the limb adducted or rotated out-
wards and relaxed when the limb is abducted.

The joint is supported by the articular capsule,
by the iliofemoral ligament, by the ischiofemoral
ligament, by the pubofemoral ligament, by the
ligamentum teres femoris and by the glenoid
labrum.

The articular capsule is composed by circular
fibres in the deep area and by longitudinal fibres
in the superficial area. The longitudinal fibres are

greatest in amount at the upper and front part of
the capsule, and they are reinforced by capsular
ligaments. The capsule is attached to the margin
of the acetabulum, to the outer margin of the
labrum and to the transverse ligament proximally.
Distally, it is attached to the intertrochanteric line
anteriorly, to the neck above the intertrochanteric
crest posteriorly and to the lower part of the neck
inferiorly, near the lesser trochanter.

The iliofemoral ligament, called also
Y-ligament or ligament of Bigelow, originates
between the lower part of the anterior inferior
iliac spine and the acetabular margin; it divides
into two bands, one of which is fixed to the lower
part of the intertrochanteric line and the other to
the upper part of the same line.

The ischiofemoral ligament is sited posteri-
orly, springs from the ischiatic rim of the acetab-
ulum and blends with the capsular fibres to insert
in the posterior area of the femoral neck. It con-
trols the internal rotation and the adduction when
the hip is flexed.

The pubofemoral ligament originates from the
obturator crest and from the superior ramus of the
pubis to insert near the lesser trochanter; its fibres
blend with the capsule and with the deep surface
of ischiofemoral ligament.

The glenoid labrum is a fibrocartilaginous
semicircular rim sited at the acetabular margin
and competed at the bottom by the transverse
ligament. It closely surrounds the head of the
femur.

Finally, the synovial membrane originates
from the glenoid labrum and inserts at the margin
of the cartilaginous surface of the femoral head
[13-16].

2.6 The Adductor Compartment
The adductor compartment (Fig. 2.4) is involved
in the stability of the anterior pelvis and pubic
joint.

The gracilis is the most superficial muscle on
the medial side of the thigh. It originates from the
upper part of the pubic arch and from the anterior
margins of the lower part of the pubis symphysis.
The muscle fibres run vertically and pass behind
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the medial femoral condyle. The insertion is on
the upper part of the medial surface of the tibia.
Semitendinosus, gracilis and sartorius have a
common insertion into the anterior-medial aspect
of the tibia called the pes anserinus.

The pectineus is a quadrangular muscle that
originates from the pectineal line of the pubis and
inserts into the pectineal line of the femur.

The adductor longus is a superficial adductor
muscle that arises from the body of the pubis in the
angle between the crest and the symphysis. Its ten-
don is thin anteriorly and composed of muscular
fibres on the deep surface of the pubic attachment.

The adductor longus inserts by an aponeurosis
into the linea aspera, between the vastus medialis
and the adductor magnus.

The adductor brevis is a triangular muscle that
arises from the outer surfaces of the superior and
inferior rami of the pubis, between the gracilis
and obturator externus, and inserts by an aponeu-
rosis into the line leading from the lesser trochan-
ter to the linea aspera and into the upper site of
the linea aspera, behind the pectineus and the
adductor longus.

The adductor magnus is a large triangular
muscle that originates from the inferior pubic
ramus and ischial tuberosity, while the remainder
arise from the anterior aspect of the superior
pubic ramus and the pubic tubercle. His insertion
is on the femoral linea aspera [10].
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Physiology and Biomechanics

Papalia Rocco, Vasta Sebastiano, Torre Guglielmo,
Ciuffreda Mauro, and Denaro Vincenzo

3.1 Introduction

The groin is one of the most complex regions of
the human body, due to several osteo-muscular
and visceral structures that merge into this area
and participate in complex functions, especially
concerning movement. In this anatomic area, the
muscle of the trunk and lower extremities and
osteo-fibrous structure (iliac spine and pubis,
inguinal ligaments and fascia) converge and sur-
round the hip, making this joint very complicated
anatomically. In the groin, the ileo-inguinal
region is the most stressed area, especially in the
anterior and lateral flexion, due to the insertion,
in the upper region, of the large enthesis of the
abdominal muscles and, in the lower region on
the medial part of the pubis, of adductor and pec-
tineus muscles [1]. The genesis of the groin pain
can be triggered by several factors, making, some
time, it very difficult to understand the cause of
illness of patients. The groin pain is often caused
by hip arthritis and morphological abnormalities
such as femoro-acetabular impingement (FAI),
which is very common in the athletic population,
although muscular pathologies including tendinitis,
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enthesitis and muscular strain can participate to
the genesis of pain [2]. Actually, it has been dem-
onstrated, with a strong evidence [3], that muscle
function is the most impaired when groin pain
syndrome occurs, with significant differences in
muscular testing outcomes between healthy and
affected subjects. At the same time, the groin
pain can be caused by visceral components that
cross the inguinal canal: the spermatic cord in the
male, the round ligament of the uterus in the
female and especially in case of the visceral her-
niation. In this chapter, an overview will be pro-
vided on normal physiology and biomechanics of
the inguinal region and hip joint, paying particu-
lar attention to the elements that are mainly
involved in the genesis of groin pain.

3.2  Hip Joint Function

The hip joint is an enarthrosis. The acetabulum
with a concave surface and femoral head with a
convex spherical one constitutes the joint. This
type of joint allows movement on each of the spa-
tial planes, including axial rotation. The cartilagi-
nous acetabular labrum and capsular and
extra-capsular ligaments that surround the femo-
ral head are classified as static stabilizers. Instead,
the musculoligamentous structures are classified
as dynamic ones [4]. The balance that is created
between these complex structures is one of the
key areas for whole body static and dynamic
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balance; the correct function of the hip joint and
its stabilization allow the upright and the gait.

3.3  Physiology of the Hip

The articular cartilage of the hip has a normal
width of 2 mm in healthy adult subjects that
encounters a drastic thinning when osteoarthritic
process begins. The width of an arthritic hip carti-
lage is near to 0 mm, yielding to an uncovering of
the subchondral bone and determining the arthritic
pain during the load. Articular cartilage bio-
physic behaviour can be compared to a biphasic,
linear and porous material. Synovial fluid has a
key role in the homeostasis of joint space viscos-
ity. It can be assimilated to a Newtonian fluid,
which viscosity is inversely proportional to the
shear stress. Thus, synovial fluid lacks or
decreases during arthritic process and imposes the
need for viscosupplementation therapy with hyal-
uronic acid or similar composites. Femoral epiph-
ysis is the exact point where the force vectors
converge. Therefore, this area requires a strong
structure, which is provided by the great and small
trochanter that enlarge and reinforce the bone
shape and, at the same time, allow several muscu-
lar insertions. The femoral head and neck have a
thin cortical bone layer that enriches and becomes
thicker in the epiphyseal region. The Wolff law
[5] describes the way of bone remodelling that
follows static and dynamic loading, taking the
femoral epiphysis as the main model. It affirms
that bone remodelling follows the loading curve,
with the trabecular bone that is disposed in the
direction of the stress force applied to the area.

3.4 Biomechanics

and Movement

The hip joint has three degrees of freedom into
the three spatial axes: the sagittal axis, the verti-
cal and the anteroposterior one; therefore, the
movements admitted are internal rotation, exter-
nal rotation (vertical axis), flexo-extension (sagit-
tal axis) and adduction-abduction (anteroposterior
axis). Thus, the range of movement of the hip is

really wide, allowing gait, running and other
main activities of the human body [6]. In the fol-
lowing paragraphs, the single movements are
described in details:

Flexion—It is mainly influenced by the position of
the knee, since a flexed knee allows a hip flex-
ion of 120°, while knee extension allows a 90°
hip flexion. Muscles that are mainly involved in
the flexion movements are iliopsoas, sartorius,
anterior rectus and tensor of the fascia.

Extension—This movement is influenced by
knee too. The knee flexion provides a hip
extension of 10°, which became 20° with knee
extension. At the same time, extension of the
hip is limited by several anterior structures
including ileo-femoral ligament, anterior cap-
sule fibres and flexor muscles. The hip exten-
sion is allowed by gluteal muscles, hamstrings
and femoral biceps. The insertion of greater,
medium and smaller gluteus on the proximal
femoral epiphysis provides also mechanical
stability and proprioception of the hip.

Abduction—A 45° abduction is allowed, with a
specific counterbalancing of the lumbar spine
to face lateral tilt of the pelvis. Muscles
involved in abduction movement include the
gluteal, piriformis and tensor of the fascia.

Adduction—Adduction is limited to 30°.
Physiologically, adduction is always paired
with leg flexion or extension. Muscles involve
in this movement are the great adductor,
adductor brevis, adductor longus, hamstrings,
femoral biceps, internal and external obtura-
tors and pectineus.

Internal rotation—Internal rotation is about 60°
and involves the tensor of the fascia, anterior
fascicles of medium gluteus and small gluteus.

External rotation—This movement is about 30°
and muscles involved are internal and external
obturators, piriformis, pectineus, quadratus,
greater gluteus and posterior fascicles of the
medium gluteus.

The entire movement provided by the sin-
gle movements described before is defined
“circumduction” of the hip, with a significant
variation of the hip centre [7].
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The complete hip movement assumes a rele-
vant role in daily activities, such as sitting and
standing up, ascending and descending stairs and
wearing shoes and socks.

3.5 Force Loading of the Hip

During activities, the joint is constantly sub-
jected to loading. The higher peak forces are
reached during the deambulation, instead during
standing position, 80% of body weight force
load on the joint. In the erect position, weight is
transmitted from the fifth lumbar vertebra, where
a first force breakdown occurs, to the base of the
sacrum and thus to the sacroiliac joint bilaterally.
The acetabulum and femoral head receive then
this loading as a 50% of the upper body weight.
A two-dimensional model, called Pauwel’s
model [8], has been introduced to explain the hip
loading. It assumes frontal bi-dimensional plane
view of a static condition, with a single leg
stance position. Joint reaction force (JRF) is
defined as that force that the femoral head exerts
on the acetabulum. A vector sum can be there-
fore plotted (Fig. 3.1), where the JRF counter-
balances the sum of the body weight force (W)
and abductor muscle force (A). Since a static
model is proposed, the sum of the force moments
is null. Therefore, abductor force can be calcu-
lated (Eq. 3.1) as a function of the body weight
force (5/6 of the total weight, because the sub-
standing leg weight is not obviously loaded on
the hip), its arm (d) and the arm of abductor
force itself (I), where, d is equal to the distance
between the centre of the pelvis and the femoral
head centre and / is equal to the distance between
the centre of the femoral head and the greater
trochanter tip:

5/6Wxd
/

Thus, knowing the body weight of the indi-
vidual and his abductor force, the resulting
force (JRF) can be calculated as a vector force
(Eq. 3.2):

A= (3.1

ﬁ:—(ﬂhﬁ) (3.2)

Fig. 3.1 Static model of vector forces exerting on
the hip. A is the force of abductor muscles, W is the
body weight and / and d represent their arms. JRF'is
the Joint Reaction Force whch counterbalances the
aforementioned forces on the femoral head

Fig. 3.2 Abductor force (Ab) represents the reaction of glu-
teal muscles to single leg stance position

It usually assumes a value of about 2.7-fold
the body weight and the vector has a vertical
inclination of about 18°.

Pauwel’s model can be easily applied to the
clinical practice, since single leg stance position
is clearly reproduced during slow gait or asking
to the patient to maintain single leg stance.
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Fig. 3.3 When gluteal insufficiency occurs and abductor
reaction (Ab) decreases, JRF increases, as W force is closer
to rotational center of the femoral head (d decreses)

Trendelenburg sign is the most important clinical
sign to evaluate abductor muscle force, since in
case of abductor insufficiency, the patient cannot
maintain a correct horizontal balance of the pel-
vis during single leg stance. Therefore, when this
occurs, the weight is moved more closely to the
rotational centre of the femoral head, providing a
shortening of the body weight force arm (d) and
consequently increasing the joint reaction force
(Figs. 3.2 and 3.3).

Therefore, the use of crutches during gait
helps to decrease the loading on the hip (so the
JRF) by 50%. In the same way, losing about 20%
of the body weight can be comparable to the use
of crutches.

3.6 Hip Function During Gait

Gait process modifies continuously the hip posi-
tion, with a maximum extension during heel-off
phase and maximum flexion during heel-strike
phase. Muscles function varies during these
phases [9]. In the heel-strike phase, hip extension
begins through the activation of hamstring and
greater gluteus muscles. Subsequently, at the
beginning of the heel-off phase, the tensor of the
fascia and medium and small gluteus provide

complete extension with anterior propulsion of
the body. Heel-off phase is characterized by the
activation of iliac muscles, and in toe-off phase,
the adductor longus is also involved and partici-
pates in providing load shift to the contralateral
limb. In the swing phase, the group of muscles
activated to allow the hip flexion and anterior
propulsion of the limb are the iliopsoas, gracilis,
femoral rectus and sartorius. Eventually, ham-
strings and greater gluteus activate to prepare to
the following stance phase [10].

Considering the aforementioned modifica-
tions of muscular function, a biphasic two-peak
pattern of force loading is provided to the femoro-
acetabular joint. The first one occurs during heel-
strike phase and the second one during heel-off
one. During this variation of the load, the carti-
lage is deformed to increase the contact area
between articular surfaces, decreasing synovial
fluid lateral flow speed and increasing time of
action of the squeeze film. The squeeze film is the
normal interface between two surfaces, separated
by a fluid. In this case, synovial fluid is inter-
posed between the femoral and acetabular carti-
lage and provides a squeeze film whose time of
action can reach 10 s when maximum loading is
applied. The squeeze film mechanism occurs dur-
ing heel-off phase, when the fluid is compressed
between articular surfaces. Conversely, in the
other gait phases, joint space widens; therefore,
the synovial fluid flows into the joint cavity.

In sports medicine, a relevant role is covered
by the analysis of dynamic forces loading on the
hip, during gait and running, but also during the
several movements that the different sports
activities are characterized. It is actually possi-
ble to calculate the whole pattern of applied
loads, although these computations can be car-
ried out only knowing the complete kinetic and
kinematics of the inferior limb. Due to this com-
plexity, this calculation is beyond the aim of the
present chapter. However, an approximate esti-
mation of these loading forces is proposed. It
should be considered that during normal gait, a
three- to fourfold body weight force is applied
to the hip that increases to a sevenfold force dur-
ing running, with a maximum load during heel-
strike phase. These forces increase even more in
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specific sports activities such as American foot-
ball, tennis and basketball, where a high number
of torsions and rotational movements are
required. For example, Van der Bogert et al.
reported a force analysis on freestyle skiers
where a 8.3-12.4-fold body weight force is
applied to the hip during activity.
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Radiologic Diagnosis

Alessio Auci

4.1 Imaging Techniques

GPS can be subdivided into three main catego-
ries, based both on the etiopathogenesis and on
the timing of onset/disappearance of the clinical
framework, namely:

1. The GPS of traumatic origin: the onset of
pain is due to a precise traumatic event, and
this hypothesis is supported by the anamnestic
investigation, by clinical examination, and by
imaging.

2. The GPS due to functional overload: charac-
terized by insidious and progressive onset, the
patient has no memory of trauma or a situa-
tion to which is attributed with certainty the
onset of pain symptoms.

3. The long-standing GPS (LSGPS) or chronic
GPS: the cohort of symptoms complained by
the patient continues for a long period and is
recalcitrant to any conservative therapy.

The most frequent acute injuries in the pelvic,
inguinal, and hip region are groin injuries and
labral tears. Acute groin injuries affect mostly the
adductors, hip flexor muscles, and lower abdomi-
nal and oblique muscle aponeuroses. In the
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skeletal immature younger athlete, traction injury
at the apophysis (growth plate) may lead to pain
and dysfunction, apophysitis, or even avulsion
fractures. Stress fracture, secondary to increased
training load, may cause acute onset groin pain.
These injuries are often accompanied by other
intra-articular pathologies such as labral tears,
torn ligamentum teres, torn capsule, and chondral
injuries.

Insidious and painful chronic injuries in the
pelvic, inguinal, and hip region are among the
most difficult injuries to deal with, both with
respect to diagnosis and treatment; therefore,
these injuries represent “the big diagnostic chal-
lenge.” The most common pain generators are
insertional tendinopathy of the adductor longus,
rectus femoris, rectus abdominis, and iliopsoas.
Osteitis pubis is generally due to overuse and
overload in athletes with imbalanced muscular
forces around the pelvis. Hip disorders, in particu-
lar femoroacetabular impingement (FAI), can pre-
dispose to subsequent chondrolabral lesions and
may cause progression of osteoarthritis in the hip.

Radiographs (RX) should be commonly the
first diagnostic studies needed for the evaluation
of sports skeletal injuries. RX is requested, usu-
ally after a trauma, to detect or exclude fractures
or apophysitis/avulsion fractures in the skeletal
immature players. In the insidious or chronic
onset of symptoms, RX may also show abnormal
bony morphology of the hip joint (e.g., femoro-
acetabular impingement (FAI)) and degenera-
tive changes of the symphysis pubis such as
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Fig. 4.1 RX AP flamingo view demonstrating (b image) a 3 mm left-upward symphysis excursion, indicating pubic
instability in standard anterior posterior view (a image) and with monopodalic alternate bearing (b image)

subchondral sclerosis, symphyseal irregularity,
and bone resorption pathology (e.g., signs of
chronic pelvic instability), detect soft tissue cal-
cification (e.g., at the adductor, rectus femoris
origin, or iliopsoas insertion), or determine risk
factor of leg length discrepancy [1]. The typically
radiologic projections performed in acute inju-
ries should be taken initially in the standard
anteroposterior (AP) and lateral views. If a
chronic injury is suspected (e.g., femoroacetab-
ular impingement or mechanical instability of the
symphysis pubic), the following tailored RX
imaging protocol is suggested: upright pelvic
anteroposterior (AP) view, 45° or 90° Dunn’s
view, and flamingo stress radiographs (e.g., ante-
rior posterior view in upright position with
monopodalic alternate bearing) (Fig. 4.1).

An alpha angle greater than 50° measured on
the Dunn projection or greater than 69° on the
standard AP view establishes a radiologic diag-
nosis of cam FAI Pubic instability is directly
measured as the amount of vertical displacement
(vertical offset greater than 2 mm) or widening
(greater than 7 mm) observed at the symphysis
on “flamingo” stress radiographs [2—4].

Ultrasound (US) is a valuable tool in focused
assessment of both acute and chronic groin pain
and allows for dynamic evaluation and, of course,

is also very useful in image-guided diagnostic
intervention. High-frequency linear array probes
are used to perform musculoskeletal US examina-
tions; during the examination, it is of paramount
relevance to palpate with the probe on the skin the
point of maximal tenderness [5]. To avoid arti-
facts or pitfalls, comparison with the opposite side
is required. US is used in the initial assessment
and diagnostic evaluation of tendons and muscle
injuries including para-symphyseal tendinopa-
thies or tears at one or more location, tendon
snapping, or joint fluid in the younger athletes. In
low-grade or chronic injuries of the adductor and
hamstrings, US has a low sensitivity for detecting
tenoperiosteal-entheseal disease. Especially the
hamstring enthesis is difficult to assess with US
because of its deep location. The capability of US
real time imaging and the possibility to perform
provocative stress maneuvers during the US scan-
ning protocols, consent US-guided focused clini-
cal examination; US therefore is a useful technique
in integrated imaging protocol for depiction of
clinically occult groin hernias or weakness of the
posterior inguinal wall (e.g., sports hernia) [6].
Computed tomography (CT) imaging is a
helpful imaging tool for the evaluation of bony
abnormalities in athletes requiring surgical
intervention (e.g., arthroscopic surgery); from the
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data set, images can be reformatted in other
planes (2-D multiplanar technique) or be used for
volume rendering (3-D technique) for a more
effective display of complex anatomic and patho-
logic structures. Furthermore, collision detection
algorithm when using 3-D models from CT scan
can localize regions of anticipated mechanical
impingement in symptomatic patients with hip
pain requiring surgery [7].

Magnetic resonance imaging (MRI) of the
pelvis as well as imaging of the groin and sym-
physeal region has proven to be the “gold stan-
dard” imaging modality in diagnosis of acute and
chronic soft tissue injuries as well as radiographi-
cally occult and subtle fractures. The advantages
of MRI include its multiplanar capabilities, excel-
lent soft tissue and bone contrast, and lack of ion-
izing radiation. A closed-bore, high-field system
(1.5 T or greater) will generate the best images.
While a reasonably small field of view and high
imaging matrix are desirable to facilitate higher
spatial resolution (e.g., tendon attachments to the
pubis), MRI protocol should include at least a
screening examination of the entire pelvis to rule
out visceral causes of groin pain. Musculoskeletal
MRI commonly includes a combination of pulse
sequences in both long-axis (sagittal or coronal)
and short-axis (axial) planes. Axial oblique imag-
ing perpendicular to the pubic bodies is a useful
tool for depicting the tendon attachments and bet-
ter separating the adductor muscles from each
other. Short TR/TE (T1-weighted) images grant
specificity for marrow abnormalities, sensitivity
for muscle atrophy, characterization of blood
products, and high-resolution depiction of struc-
tures that are surrounded by fat. Fluid-sensitive
images (T2-weighted or STIR) are better used to
identify the marrow and soft tissue edema that
typify most pathology [1].

MR arthrography (MRA) is the current stan-
dard technique of advanced imaging for the
evaluation of patients with suspected labral
tears and chondral lesions. Limited data sug-
gest that high-resolution unenhanced MRI, par-
ticularly performed at 3 T, may be as accurate
as MR arthrography in the detection of labral
and chondral tears. Large-FOV unenhanced
MRI is far inferior to both MR arthrography

and 3 T-unenhanced MRI in the detection of
labral and chondral abnormalities of the hip [8].
A new technique called “traction MR arthrog-
raphy” safely enables accurate detection and
grading of labral and chondral lesions. Accuracy
for detection of labral lesions reported was
92%/93%, 91%/83% for acetabular lesions, and
92%/88% for femoral cartilage lesions for
reader 1 and reader 2, respectively [9].

4.2 Imaging of Common Hip
and Groin Injuries

in the Athlete

Sports-related injuries during the latest London
Olympic Games had an overall injury rate of 12.9
per 100 athletes; types of injuries varied accord-
ing to sport and athletes; soccer and ice hockey
caused the greatest portion of injuries [10]. Cause
of pain for discussion purposes can be summa-
rized in hip pathology (e.g., femoroacetabular
impingement, acetabular labral tears, cartilage
pathology, loose bodies), soft tissue injuries
including acute and chronic muscle-tendon
pathology (anterior, medial, and lateral soft tissue
injuries of the hip and groin), and skeletal inju-
ries (acute/stress fractures, avulsions in skeletal
immature athlete, osteitis pubis, and symphysis
pubis arthropathy). Other differential diagnoses
including visceral pathology (inguinal hernia,
urogenital pathology) and nerve entrapment
syndrome pathology should be considered in
evaluating these athletes. This chapter examines
the imaging features of the most common acute
and chronic hip and groin injuries.

4.3 Hip Pathology
4.3.1 Femoroacetabular
Impingement

In the athlete, FAI is a major cause of hip pain,
reduced range of motion, and decreased perfor-
mance. FAI has become increasingly recognized
as a disorder that can lead to progressive labral
and chondral injury and early hip degeneration.
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The most common structural deformities that
lead to dynamic mechanical overload are a loss
of femoral head-neck offset (“cam” impinge-
ment, Fig. 4.2), a focal or global acetabular over-
coverage (“pincer” impingement, Fig. 4.3), and a
combination of impingement deformities [11].

The anatomic alterations underlying impinge-
ment may be secondary to another insult to the
hip including developmental dysplasia, Legg-
Calvé-Perthes disease, slipped capital femoral
epiphysis, as well as posttraumatic and postop-
erative deformities [12—14].

Cam impingement is the consequence of an
abnormal femoral head-neck relationship result-
ing in an osseous bump lateral or anterosuperior
(1-2 o’clock) position using a clockface orienta-
tion on the femoral neck. It is more common than
pincer impingement and is characteristically seen
in young male athletes. Abnormal osseous mor-
phology underlying cam impingement includes
decreased femoral anteversion, abnormal femoral
head-neck offset, shallow taper between the
femoral head and neck, nonspherical femoral
head, femoral neck “bump” or osseous excres-
cence, pistol grip deformity, and generalized
enlargement of the femoral head (coxa magna)
[15-18]. Conventional radiographs are very use-
ful in identifying many of these anatomic altera-
tions; measuring the alpha angle has been
described to quantify the atypical head-neck cor-
relation (Fig. 4.4) [19].

Fig.4.2 RX AP view demonstrating cam FAI with nons-
pherical femoral head shape (pistol grip deformity)

Fig. 4.3 RX AP view demonstrating pincer FAI with
crossover sign (COS). The COS testifies the overlap
between the anterior and the posterior wall of the acetabu-
lum. The posterior acetabular wall is outlined in yellow
and the anterior in red. In a hip with a normal anteversion,
the line of the anterior wall remains medial to the line of
the posterior wall; instead in acetabular retroversion, the
line of the posterior wall crosses medially the line of the
anterior wall

Fig.4.4 The alpha angle. This angle is used for identifying
an abnormal femoral head-neck junction. A best-fit circle is
drawn, which outlines the femoral head. The angle is calcu-
lated as the angle formed between line that bisects the femo-
ral neck and the point where the femoral head protrudes
anterior to the circle. The angle ACB should be less than 50°
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In this variety of impingement during move-
ment of hip flexion, internal rotation, and adduc-
tion, bony outgrowth or bulge of the femoral neck
avoids the normal movement of the femur within
the acetabulum. This results in a characteristic
pattern of shear injury to the transition zone and
adjacent acetabular articular cartilage. Labral
tears secondary to primary cam impingement typ-
ically result in detachment at the transition zone
cartilage rather than intrasubstance injury. The
cartilage break begins at the margin of the joint
and progresses more centrally (outside to inside
delamination) as the damage advances [20].

Pincer impingement is not as commonly seen
as the cam mechanism; it occurs during flexion
and internal rotation movements in middle-aged
females. The underlying pathoanatomical condi-
tion is caused by acetabular overcoverage.
Osseous impaction along the anterosuperior or
superior femoral neck with compression pro-
ceeds with injury of the anterosuperior labrum
and asmall rim of chondromalacia. Posteroinferior
cartilage lesions are caused by “contrecoup”
forces in pincer-type impingement. This condi-
tion may be seen with excessive acetabular retro-
version, protrusio acetabuli, and coxa profunda
[21, 22]. The primary site of injury is the labrum.
It is “pinched” between the femoral neck and the
acetabular rim, and the damage is usually intrasu-
bstance tearing of the labrum; the secondary site
of injury is articular.

The diagnostic imaging evaluation protocol
for FAI should include an AP pelvis radiograph
and an elongated neck (Dunn) lateral view of the
affected hip [23]. The AP pelvis has been demon-
strated to be a valid indicator of cranial retrover-
sion in the presence of a positive crossover sign;
this is defined with the anterior rim line being
lateral to the posterior rim in the cranial part of
the acetabulum and crossing the latter in the dis-
tal part of the acetabulum [24]. The Dunn view
(at either 45° or 90° of hip flexion) provides an
improved evaluation of the femoral head-neck
geometry. This view allows for identification of
the cam morphology and calculation of an alpha
angle, which estimates the degree of asphericity
of the femoral head.

MRI with or without gadolinium contrast of
the affected hip will allow accurate delineation of

the intra-articular and periarticular soft tissue
structures, including the femoral and acetabular
chondral surface, labrum, capsule, and surround-
ing extra-articular tendinous insertions. Advanced
cartilage imaging including T2 mapping, T1 rho,
and delayed gadolinium-enhanced MRI of carti-
lage (dGEMRIC) techniques has allowed for
improved quantitative assessment of cartilage
integrity. Limited data suggest that high-
resolution unenhanced MRI, particularly per-
formed at 3 T, may be as accurate as MR
arthrography in the detection of labral and chon-
dral tears. Large-FOV unenhanced MRI is far
inferior to both MR arthrography and
3 T-unenhanced MRI in the detection of labral
and chondral abnormalities of the hip [8]. A new
technique called “traction MR arthrography”
safely enables accurate detection and grading of
labral and chondral lesions. Accuracy for detec-
tion of labral lesions reported was 92%/93%,
91%/83% for acetabular lesions, and 92%/88%
for femoral cartilage lesions for reader 1 and
reader 2, respectively [9].

A CT scan with three-dimensional reconstruc-
tion is particularly useful for minimally invasive
techniques such as arthroscopic or mini-anterior
approaches to surgical management of impinge-
ment. It also helps to delineate complex combined
mechanical pathomorphology. Post-processing
computer analysis of three-dimensional CT imag-
ing can allow for analysis of conflict patterns
within the involved hip. Computer-assisted mod-
eling of surgical corrections can be used for pre-
operative planning with improved accuracy of
surgical intervention [7].

An ultrasound-guided intra-articular analgesic
and steroid injection into the hip may be used for
both diagnostic and therapeutic purposes and is
an important adjunct to the overall evaluation.
Response to an intra-articular injection has been
shown to be 90% reliable as an indicator of an
intra-articular abnormality.

4.3.2 Acetabular Labral Tear

The underlying cause of the labral injury
should be delineated. There appear to be five
common causes of labral tears: (1) trauma, (2)
laxity/hypermobility, (3) bony impingement,
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(4) dysplasia, and (5) degeneration [25]. The
labrum is a rim of fibrocartilage that attaches to
the base of the acetabular rim. It surrounds the
perimeter of the acetabulum and is absent inferi-
orly where the transverse ligament resides. Labral
tears can be traumatic or acute, chronic, and in
some cases degenerative in nature. Loss of labral
function can lead to overloading of the articu-
lar cartilage of the hip and may be a precursor
of osteoarthritis in the hip. Associations between
labral tearing and articular cartilage damage have
been reported. The articular lesions are most
often located adjacent to the labral tear, often at
the labral-chondral junction [26]. Direct MRA
has been shown to be the best imaging modal-
ity for assessment of labral pathology [27, 28].
The labrum is triangular in shape, with its base
attached to the acetabular rim and its apex extend-
ing laterally along the capsular side of the acetab-
ular rim. The labrum demonstrates typical MRI
features of organized collagen, with decreased
low signal on T1- and T2-weighted images [29].

Most labral pathology occurs in the anterior
and anterosuperior aspect of the joint. Tears are
divided into three major groups: detached, intra-

substance, and degenerative. Labral detachments
involve separation of the labral from the acetabu-
lar rim and are identified by contrast material
interposed between the labrum and the rim
(Fig. 4.5).

Detachments may be complete or partial, with
or without a displaced fragment, and are best
seen on coronal images in the setting of superior
predominant tears and oblique axial images for
anterior predominant tears.

Intrasubstance labral tears classically demon-
strate intrasubstance fluid or contrast signal, usu-
ally extending to the articular side of the labrum,
which is often oblique or curvilinear in shape.
However, the signal may also be complex and
extend in multiple directions in the long and short
axis of the labrum. Increased signal alone within
the labrum can be seen without frank fluid or
contrast signal in the setting of labral tears with
opposed surfaces [30].

A labrum with abnormal irregular contours
and a thin morphology, with or without intrasu-
bstance fluid or a contrast signal that extends to
the free margin, is considered a degenerative-
type tear. In athletes, it is not uncommon to have

Fig.4.5 MRI arthrogram of the hip demonstrating labral
tears. (a) The white arrow demonstrates where the labrum
is torn away from the acetabulum with well-defined fluid

intensity lesion formation (anterior paralabral cyst).
(b) The white arrow demonstrates where the labrum is
partially torn away from the acetabulum
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a combination of detached or intrasubstance tears
with superimposed degenerative components.

4.3.3 Loose Bodies

Loose bodies within the joint can cause pain
and may mimic the snapping hip phenomenon.
Anterior groin pain, episodes of clicking or
locking, buckling, giving way, and persistent
pain during activity suggest an intra-articu-
lar loose body. Loose bodies within the hip,
whether ossified or not, have been correlated
with locking episodes and inguinal pain [31].
Besides hip trauma, other diseases known
to be associated with loose bodies include
Legg-Calvé-Perthes disease, osteochondritis
dissecans, avascular necrosis, synovial chon-
dromatosis, and osteoarthritis. Imaging with
CT scan versus MRI should be thoughtfully
assessed depending on the most likely diagno-
sis. If the loose particles are more likely to be
chondral or soft tissue, then MRI is more likely
to yield useful diagnostic information. The use
of cartilage-sensitive MRI sequences (e.g., T2
mapping, T1 rho, and delayed gadolinium-
enhanced MRI of cartilage (dGEMRIC) tech-
niques) for the detection of lesions, therefore,
may be preferable, although CT scans are more
sensitive than MRI for detection of suspected
bony loose bodies [32].
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4.4  SoftTissue Injuries of the Hip
and Groin in the Athlete

4.4.1 Adductor-Rectus Femoris—

Hamstring Injuries

Acute muscle injury occurs as a result of two
mechanisms. Direct blunt trauma or compressive
injury results in contusions and hematomas.
Movements, where the muscle is being stretched
through forceful contraction, lead to muscle
strains and ruptures.

In most cases, the lesion is close to the muscu-
lotendinous junction, but in some cases, the ten-
don itself or the enthesis where the tendon inserts
into the bone is the site of the injury. The three
most common acute musculotendinous injuries
in the hip and groin region occur in the adductor
muscles (usually the adductor longus), the ham-
string muscles (most often biceps femoris), and
the quadriceps muscle (most often the rectus
femoris).

In other cases, hip and groin injuries have the
characteristics of an overuse injury, and the exact
moment of injury can be hard to establish.

Adductor strains (pectineus, brevis, longus,
magnus, and gracilis) occur primarily in the proxi-
mal portion of the adductor longus, at the muscle-
tendon junction, or at the insertion of the pubic
bone itself. The adductor longus and gracilis mus-
cle enthesis are the most affected (Fig. 4.6a, b).

Fig. 4.6 (a) MRI coronal FWGE SAT and (b) MRI coronal STIR demonstrating complete detachment of adductor
longus muscle enthesis with hematoma formation
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The microtearing pattern is more often related
to the development of chronic groin pain but may
come early as complete rupture. In low-grade
injuries, US has demonstrated a low sensitivity
for detecting partial strain or tenoperiosteal dis-
ease. In these cases, MR imaging displays more
reliably the pathoanatomy process. On the other
hand, the US diagnosis of complete detachment
of both muscles from their insertions is simple.

The rectus femoris has two heads, the direct
originating from the anteroinferior iliac spine
(AIIS) and the indirect originating from the supe-
rior acetabular rim and hip capsule. Proximal tears
occur less frequently than tears in the midsubstance
of the muscle belly involving the central aponeuro-
sis or at the distal myotendinous junction. Rectus
femoris tendon ruptures either at its insertion into
the bone with detachment of bone fragment (avul-
sion from the apophysis in skeletally immature
patients) or at the proximal myotendinous junction
involving its direct head. In adolescent, acute pain
proximally at the muscle origin indicates an apoph-
yseal injury and must be high on the checklist of
differential diagnosis. Partial tendon tears are more
common than complete detachments. Tears affect-
ing the distal insertion of the muscle fibers into the
deep distal aponeurosis seem more common
(Fig. 4.7a, b) [33].

The proximal hamstring complex has a strong
bony attachment on the ischial tuberosity. The
footprint on the ischium is composed of the semi-
tendinosus and the long head of the biceps femo-
ris beginning as a common proximal tendon
footprint, with a distinctly separate semimembra-
nosus footprint. Hamstring tendons can be
injured following chronic microtrauma or a sin-
gle acute injury. The proximal insertion of the
long head of the biceps femoris and the semiten-
dinosus is more commonly involved than that of
the semimembranosus (Fig. 4.8a, b).

There is a continuum of hamstring injuries
that can range from musculotendinous strains to
avulsion injuries. By definition, a strain is a par-
tial or complete disruption of the musculotendi-
nous unit. A complete tear or avulsion, in contrast,
is a discontinuity of the tendon-bone unit [34].

There is a recognized grading system for mus-
cle injuries established by Munich consensus
statement [35]. Injuries have been classified as

structural or nonstructural according to presence of
anatomically evident lesion or not, respectively.
Plain films may be helpful to rule out fractures
or bony avulsion injuries but are often negative.
Ultrasound (US) is usually the first-level diagnos-
tic examination, which allows staging of almost all
muscle lesions and assessment of their evolution
and complications. The most sensitive and the
gold standard for imaging muscle strains is mag-
netic resonance imaging (MRI); however, the most
recent evidences recommend to combine MRI and
US. On MRI, muscle strains are graded as first,
second, or third degree, depending on the involve-
ment of the muscle fibers. First-degree strains are
characterized by microscopic injury, <5% fiber
disruption, and minimal edema/hemorrhage track-

Fig. 4.7 (a) US short-axis rectus femoris and (b) US
long-axis rectus femoris. Central aponeurosis tears of the
rectus femoris with large hypoechoic area (circle) associ-
ated with anechoic fluid collection (arrow) reflecting
hematoma formation
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Fig.4.8 (a) MRI sagittal FWGE T2* and (b) MRI axial
STIR slight thickening (arrow) of proximal insertion of the
long head of the biceps femoris and the semitendinosus
with small partial hyperintense intrasubstance tear (arrow)

ing along muscle fascicles. Second-degree strains
involve partial thickness and show up as high-sig-
nal intensity on T2-weighted images within the
muscle with perifascial fluid present. Third-degree
strains show complete musculotendinous disrup-
tion with or without retraction [36].

4.4.2 Quadriceps Contusions: Hip
Pointers—Morel-Lavallée Lesion

Contusions are caused by direct blunt trauma;
the muscle belly is compressed against the
underlying bone; some common sites of injury
include iliac crest, proximal thigh, and oblique
muscles of the abdominal wall. These injuries
are often clinically diagnosed without diffi-
culty, but US and MRI are often used when
patients symptoms are not resolving as
expected. On imaging, there is no typical myo-
tendinous junction localization as seen in mus-
cle strain. US 1is regarded less sensitive
compared to MRI [37].

MR images reveal edema at the injured site,
frequently due to interstitial hemorrhage as
well as edema. Typically, there are also skin
edema and sometimes bone contusion. The sig-
nal intensity of a hematoma on TIW and T2W
images depends on the degradation of hemoglo-
bin. The major complications of muscle contu-
sion are myositis ossificans and seroma [38].

Hip pointers are a result of a contusion to the
iliac crest, which is protected only by a layer of
subcutaneous fat. Typically these athletes will
have significant pain radiating to the associated
abdominal obliques proximally and/or abductors
distally. The injury is typically self-limiting.

The Morel-Lavallée lesion is an injury that results
in degloving of the skin and subcutaneous tissue
from the neighboring fascia. Around the hip and pel-
vis, this most frequently involves the peritrochan-
teric region and results in a blood-filled cavity
(Fig. 4.9a, b). US can nicely evaluate this lesion and
show the extension because of its superficial local-
ization; US-guided aspiration of fluid followed by
local compression helps to prevent local recurrence.

4.4.3 Weakness of the Inguinal
Canal Wall

The symphysis pubis represents the crossroads for
many of the structures acting on the anterior pelvis.
It is the common attachment of the confluence of
the rectus abdominis fascial sheath with part of the
adductor longus tendon fibers and with part of a
common, fused tendinous origin of the gracilis and
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adductor brevis [39]. The rectus abdominis and the
above tendon fibers described form a conjoined
aponeurosis (common aponeurotic plate or “prepu-
bic aponeurotic complex”) which adheres to the
central portion of the anterior pubic surfaces and
also to the inguinal ligament at its insertion into the
pubic tubercle and its prepubic extension. The
fibers of the aponeurosis blend with both the fibro-
cartilaginous disc and the pubic bone hyaline carti-
lage anteriorly [40]. The inguinal ligament does
not terminate at the pubic tubercle but extends

obliquely over the anterior surface of the symphy-
sis pubis. In only 3—5% of groins, a conjoint tendon
represents the fused inferomedial aponeuroses of
the internal oblique and transversus abdominis and
inserts into the pubic tubercle and adjacent pubic
crest. The inferior edge of the external oblique apo-
neurosis forms the inguinal ligament. The internal
oblique and transversalis fascia comprise the pos-
terior abdominal wall and join with the deep rectus
sheath; a defect in the transversalis fascia corre-
sponds to the internal inguinal ring [41].

Fig.4.9 (a) MRI sagittal T1 and (b) MRI sagittal STIR. This lesion is characterized by a filled cystic cavity (arrow)
created by separation of the subcutaneous tissue from the underlying fascia in classic location over the greater
trochanter
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Therefore, an injury involving the common
aponeurotic plate, the external oblique aponeuro-
sis, and the internal oblique/transversalis fascia
(posterior abdominal wall) alters the biomechan-
ics disrupting the anatomic continuity of these
connective tissues, and, in turn, such disruption
leads to instability of the symphysis pubis.

The concept of the anatomic and functional
relationship between the rectus abdominis, the
adductors, the inguinal canal, and the symphysis
pubis provides a unifying concept for groin
injuries in athletes. The result is a vicious circle
of joint micro-macro instability (e.g., sacroiliac,
femoroacetabular, and symphysis pubis) and
tendon-muscular imbalance. Possible sources of
pain have been theorized to be the result of
entrapment of the genital branches of the ilioin-
guinal or genitofemoral nerves. The symphysis
itself is innervated by branches of the pudendal
and genitofemoral nerves. Other reports have
suggested that the iliohypogastric or obturator
nerves could potentially be involved [42, 43].

Either due to shearing injury from below or
traction injury from above, the final effect will be
a lesion of the common aponeurotic plate with its
detachment from the underlying pubic bone.
MRI is the modality of choice in the depiction of
common adductor-rectus abdominis and aponeu-
rotic injuries; the radiologic findings of major
interest can be summarized as follows [44]:

e The presence of grade 2-3 bone marrow
edema (BME) at the symphysis pubis level
(Fig. 4.10a, b)

The presence of BME must be identified into
the sequences coronal STIR, coronal T1, axial
oblique T2 FS, and PD FS. Furthermore, BME
should also be classified into I, II, or III degree, in
relation to its extension measured into the PD FS
or T2 FS axial oblique plan sequences (grade O,
no BME; grade 1, BME <1 cm; grade 2, BME
>1 cm and <2 cm; grade 3, BME >2 cm). A
grade 1 BME could be normally present due to
functional adaptation specific to high-level per-
formance model of these athletes.

e The presence of secondary inferior and/or
superior cleft sign must be assessed in coronal

Fig. 4.10 (a) MRI axial STIR and (b) MRI coronal
STIR. The first image shows right monolateral grade 3
BME, extending from the anterior to the posterior edge of
pubic bone. The second image demonstrates bilateral
grade 3 BME

STIR, axial oblique PD FS, and sagittal STIR
sequences. This useful imaging sign is a
curved, high-signal intensity line along the
medial corner of the pubic bone on a coronal
water-sensitive image (Fig. 4.11a—c), a finding
that is not present in control subjects and repre-
sents aponeurotic complex injury (Fig. 4.12a—c)
with tear or partial avulsion of adductor longus
origin [45].

* Evidence of symphysis central disc protru-
sion: this sign should be estimated in coronal
T1 and axial oblique T1 sequences (Fig. 4.13).

e Adductor longus muscle-tendon injury: this
lesion should be evaluated in axial oblique
sequences PD FS and T2 FS, as well as coro-
nal STIR images (Fig. 4.14a, b).
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Fig.4.11 (a) MRI coronal STIR, (b) MRI coronal STIR, and (¢) MRI axial STIR. These images show hyperintense
line along the inferior border of the pubic bone, communicating with the articular surface

Imaging findings of posterior inguinal wall
deficiency have been described on dynamic
sonography. A combined technique involving
the radiologist and the surgeon during the
ultrasound examination is preferred by the
author. While the examining surgeon’s finger
follows the spermatic cord upward above the
inguinal ligament the external inguinal ring,
the athlete is asked to strain with the probe
placed over the medial aspect of the inguinal
region. The protocol provides scanning the
inguinal canal both in long- and short-axis
views (Fig. 4.15).

The diagnosis of a “true” inguinal hernia is
confirmed if an “impulse” or bulge is felt by
the examination finger and detected by the
scan; the examination is positive for posterior
inguinal wall deficiency if abnormal balloon-
ing of the posterior inguinal wall is visible dur-
ing the scan and not felt by the examination
finger.

4,5 Skeletal Injuries

4.5.1 Apophyseal Avulsions of the
Hip and Pelvis in Adolescents

The apophyseal growth plate is weaker than
tendons, ligaments, and muscles in these grow-
ing athletes and is therefore the site of failure
or injury. The locations for hip and pelvic
apophysis and respective muscle groups
include the ischial tuberosity (proximal ham-
strings), anteroinferior iliac spine (rectus fem-
oris), anterosuperior iliac spine (sartorius),
lesser trochanter (psoas), iliac crest (abdomi-
nal obliques), inferior pubic ramus (adduc-
tors), pubic tubercle (rectus abdominis), and
greater trochanter (gluteus medius and mini-
mus). The most common sites for apophyseal
avulsions are the ischial tuberosity (54%),
anteroinferior iliac spine (22%), and anterosu-
perior iliac spine (19%), followed by the pubic
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Fig.4.12 (a) MRI sagittal STIR, (b) MRI sagittal STIR,
and (c¢) MRI axial T2. The first image shows a small
hyperintense focal area under the pre-aponeurotic com-

tubercle and iliac crest [46]. These injuries are
typically recognized on radiographs with sepa-
ration of the apophysis from the pelvis. In
some cases, however, the avulsion does not
result in significant apophyseal displacement,
and the injury is not easily recognized radio-
graphically. Magnetic resonance imaging is
useful for these patients in evaluating signs of
growth plate widening with hyperintense sig-
nal on fluid-sensitive images. Edema may be
present in the adjacent bone, periosteum, and
tendon origin (Fig. 4.16a, b) [47].

plex, representing a small injury. The second and third
images show a bigger area of detachment of the pre-
aponeurotic complex from the pubic bone

Fig. 4.13 MRI coronal T1. The image shows a bulge of
the symphysis central disc with signs of pubic arthropathy
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Fig.4.14 (a) MRI axial T2 and (b) MRI coronal STIR. These images demonstrate a grade 2 injury to adductor longus
muscle-tendon unit, with continuity disruption of the proximal third muscle belly fibers and hematoma formation

4.,5.2 Stress Fractures of the Hip
and Pelvis

The term “bone stress injury” describes a spec-
trum of injuries to the bone that encompasses both
stress reactions and stress fractures. A combina-
tion of increased mechanical strain and increased
rate of bone loading may stress the bone beyond
its normal repair capacity. Without adequate time
to heal, this leads to damage accumulation and
fatigue failure of the bone. Stress fractures are
often described as either fatigue fractures or insuf-
ficiency fractures. Fatigue fractures occur from
repetitive strain over a prolonged time to normal
bone structure. Insufficiency fractures occur as a
result of normal stress load to an abnormal bone
structure [48, 49]. They are generally described as
tension-sided (lateral femoral neck) or compres-
sion-sided (medial femoral neck) fractures.
Typical locations are the femur shaft (53%)
(Fig. 4.17a, b), lesser trochanter (20%), intertro-
chanteric (15%), femoral neck (11%), and tro-
chanter major (1%) [50]. Radiographs are often
the first imaging modality, but, unfortunately, most
of the changes visible on plain film radiographs
(periosteal elevation, endosteal elevation, cortical
sclerosis, and subtle blurring of the trabecular mar-
gins) are not apparent in the early stages. Magnetic

INGUINAL
CANAL

VALSALVA

Fig. 4.15 US dynamic examination. During “tense
maneuver” of the abdominal muscles, it is possible to
identify an incipient bulging (red line) of the posterior
inguinal wall, conflicting with structures of the inguinal
canal
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Fig. 4.16 (a) RX AP pelvis and (b) MRI coronal
STIR. These images demonstrate a slight displacement of
the right superior iliac crest, with respect to the contralat-

Fig. 4.17 (a) MRI coronal T1 and (b) MRI coronal
STIR. A true fracture line can be seen as a line of low
signal intensity continuous from the cortex to the intra-

resonance imaging (MRI) is currently the imaging
modality of choice for evaluation of most stress
injuries, it also allows detailed evaluation of sur-
rounding soft tissues, which may be helpful in
evaluating other or concomitant injuries.

4.,5.3 Osteitis Pubis

Osteitis pubis is characterized by pain, insta-
bility, and bony changes in the symphysis
pubis [51]. The symphysis pubis often demon-

eral side. Edema of the anterior abdominal wall (muscle
belly) attaching on the iliac crest is visible as diffuse area
of signal hyperintensity on this fluid-sensitive sequence

medullary space surrounded by an area of bony edema
visible on fluid-sensitive sequence

strates radiographic and MRI abnormalities in
both symptomatic and asymptomatic athletes.
The term osteitis pubis is frequently used
when referring to the radiographically abnor-
mal symphysis pubis, although originally was
used to describe an infection at the pubic bone
at the symphysis joint level, and it should be
more appropriately termed pubic bone stress
injury, as is generally due to overuse and over-
load in athletes where the muscular control
around the pelvis is poorly coordinated or
imbalanced.
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Fig.4.18 (a) RX AP pelvis and (b) MRI coronal STIR. Signs of arthrosis are visible in this RX study, associated with

bilateral BME on MRI imaging

Chronic instability of the symphysis pubis
resulting from repetitive microtrauma shows
typical signs of arthrosis such as joint space
narrowing or movement greater than 2 mm
which is evident on flamingo views (views with
weight bearing on a single leg), subchondral
sclerosis and cysts, as well as productive
changes such as bony spurs and enthesopathy of
the adductors, whereas active chronic pubic
osteitis exhibits appositional bone marrow
edema (Fig. 4.18a, b) [52].

Conclusions
A full knowledge of the osseous and soft tis-
sue anatomy, kinematics, and pathology of the
hip and groin is essential to perform a correct
imaging workup of athletes with sports inju-
ries because there are numerous differential
diagnostic causes of groin pain; both static
and dynamic imaging modalities may contrib-
ute to reveal primary and secondary injuries.
Targeted RX, MRI, and ultrasound exami-
nation protocols play a key role in accurate
diagnosis and therapy planning for these ath-
letes. Close interrelationship between the radi-
ologist and the team of sports medicine
specialists is needed to concentrate the imaging
examinations within a fine clinical context.
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Femoroacetabular Impingement

Raul Zini and Manlio Panasci

5.1 Introduction

Femoroacetabular impingement (FAI) has been
revealed as a significant cause of groin pain and
as a predictor of early-onset hip osteoarthritis
[1]. This term describes the underlying structural
abnormalities in bony morphology, which may
alter the force distribution in the joint and can
potentially cause injury to the capsulo-labral
structure and articular cartilage. FAI describes

Picture 5.1 Cam impingement
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two main variations of morphologic abnormali-
ties of the hip and resultant observed patterns of
chondral and labral injury [2]:

— Cam-type impingement is correlated to an
abnormal conformation of the femoral head
(Picture 5.1).

— Pincer type is caused by an excessive cover-
age by the acetabular cavity toward the femo-
ral head (Picture 5.2).
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In the mixed type, cam and pincer are contem-
porarily present in the same hip (Picture 5.3).

Cam: The bump (Picture 5.4) is typically
located on the anterolateral aspect of the head—
neck junction; it has continuous pressure on
the labrum, gradually causing a delamina-
tion of the chondral acetabular surface, which

Picture 5.2 Pincer impingement

is just adjacent to the labrum (Picture 5.5).
The micro-traumatic process is due to a tan-
gential force vector created by the bump
against the acetabular edge, which finally leads
to a cartilage flap delamination with a progres-
sive enlarging area of exposed subchondral
bone [3, 4].

Picture 5.4 Femoral bump

Picture 5.3 Mixed impingement
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Bump compression and shear stresses at the
junction between the labrum and the cartilage

/

The labrum is stretched and
pushed outwards

i

the cartilage is compressed ’

and pushed centrally

separation between the labrum and
cartilage (delamination)

Picture 5.5 Chondrolabral junction

Pincer: The dominant feature is that of a deep
socket, in which the range of movement of the
hip is limited by the overcovering acetabular rim
(Picture 5.6). In coxa profunda, the prototype for
pincer impingement, the deep socket limits
movement in all directions and leads to a more
circumferential pattern of damage [5, 6]. These
labral lesions explain the different findings at
arthroscopy with more posterior lesions.

‘ the femoral neck hits against the labrum ’

The labrum is caught between the femoral
neck and the underlying bone

Cartilage damage is restricted to a
narrow band along the acetabular rim

Repeated microtrauma produces a
bone growth at the base of the
labrum (ossified labrum)

Condition resulting from abnormal contact
between the femoral head—neck junction and the
acetabular rim due to bony abnormalities of the
proximal femur (cam type) and/or acetabulum
(pincer type) has led to increasing recognition of
its role as a cause of groin pain. The prevalence
of these hip abnormalities is considerably high;
even though radiologic findings do not always
correlate with clinic evaluation, the presence of
FAI may be a predisposing factor for developing
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Picture 5.6 Pincer impingement

groin-related sports injuries or indicate a com-
mon underlying pathogenic mechanism [7, 8].

‘ Femoral acetabular impingement ’

‘ reduced hip range of motion ’

increased loading and mechanical stress
on the groin area and surrounding
structures

‘ extra-articular compensatory ’

‘ Groin related injuries ’

5.2  Clinical Evaluation

The most common pain location in patients with
FAI is the groin region, yet many patients had
associate discomfort in the lateral hip, thigh, but-
tock, and low back regions. FAI is commonly
manifested as insidious onset of groin pain. As
symptoms progress most patients experience
moderate to marked pain and substantial limita-
tions of activity.

At the beginning of the symptoms caused by
cam impingement, the acetabular cartilage dam-
age is very often already present, but symptoms
may be very occasional. In case of pincer
impingement, the compression of the acetabular
labrum activates the proprioceptive fibers belong-
ing to the labrum itself, so pain precociously
appears and patients affected by pincer impinge-
ment usually consult an orthopedic surgeon
before a cartilage damage has occurred [9].

The majority of patients suffering from chon-
drolabral pathology associated with FAI show a
positive anterior impingement test (flexion
adduction, and internal rotation (FADIR) test),
which is considered as the most reliable and con-
sistent physical exam finding. In anterior
impingement test, the patient is in a supine posi-
tion and the affected hip is passively flexed
beyond 90°. Then the hip is internally rotated
while an adduction force is applied. The test is
considered positive if reproducing patient typical
hip or groin pain.

Internal rotation over pressure (IROP) test is a
pain provocation maneuver where the patient is
placed in 90° of flexion and end-range internal
rotation. A posteriorly directed force is placed
through the femur. Reproduction of pain (typi-
cally in the groin) indicates a possible intra-
articular hip disorder.

The Patrick’s or flexion, abduction, and exter-
nal rotation (FABER) test has been originally
described to differentiate sacroiliac from hip
pathologies. The FABER test is often positive in
FAI patients and reproduces the anterior hip pain.
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In case of SI joint pathology, a posterior pain is
referred.

In the resisted straight leg raise test, the hip
joint is actively flexed to approximately 30°, with
the knee extended. The examiner applies pres-
sure just above the knee, toward the examination
table. The test is positive if it reproduces groin
pain. Other helpful but less specific and sensitive
tests are the log roll test and the posterior
impingement test.

These hip provocation maneuvers are a useful
part of an evaluation that includes history, further
examination findings, and other diagnostic stud-
ies. At the moment, none of these diagnostic tests
available can reliably confirm or discard the diag-
noses of FAI and/or labral pathology in clinical
practice in order to support diagnostic imaging
and subsequent surgical decision-making. Thus,
FAI diagnosis has to be confirmed through an
accurate radiologic evaluation, as described in a
specific chapter of this book [10, 11].

5.3  Surgical Technique

Supine position is preferred in our routine.
Traction is given with a dedicated system to
obtain sufficient space and to perform arthros-
copy without risk for the intra-articular struc-
tures. We routinely use a 20 cm post pad in order
to minimize risk of pudendal neurapraxia. Time
of traction should always be no more than 2 h
[12]. Mild traction is applied to the contralateral
limb, which is slightly abducted; this allows for
adduction of the operative leg and the C-arm of
image intensifier to come in between the legs to
obtain anteroposterior (AP), Dunn, and frog-
lateral views of the hip.

Standard anterolateral and mid-anterior por-
tals are usually sufficient to perform the entire
surgical procedure. We always start with a cen-
tral compartment evaluation and we routinely
perform interportal capsulotomy, which allows a
safer and easier instrument movement around

the hip joint. Every structure is assessed to look
for any pathologic sign, and treatment of every
possible causes of pain is achieved. The entire
arthroscopic procedure is performed with a 70°
arthroscope to identify any labral or acetabular
chondral lesions as well as the impingement: In
case of a labrum tear, we usually reattach it with
resorbable suture anchors; a debridement is a
second choice only in case of degenerative
lesions. Labral repair with a simple looped stitch,
labral base stitch, or a vertical mattress tech-
nique is chosen depending on labrum dimen-
sions. It represents an evolution for orthopedic
sport medicine, and although reports of labral
debridement have been promising, restoring the
normal chondrolabral junction with suture
anchor repair techniques can potentially provide
a more viable option for healing potential of the
labrum [13, 14].

Chondral pathologies are treated with shav-
ing, microfractures, or biomimetic scaffold posi-
tioning depending on the age of the patient and
the size of the defect [15, 16].

Only in cases where instability could be a con-
sequence of our capsulotomy, the medial and lat-
eral capsular edges are anatomically reduced. By
use of a suture passer, anatomic side-to-side
stitches are placed from distal to proximal until a
complete closure is achieved.

5.3.1 PincerFAIl

Pincer-type impingement decompression is
achieved under fluoroscopic control: after detach-
ing the labrum from bone with a beaver blade,
trimming of the rim with a 5.5 mm round-tip burr
is performed; we perform arthroscopic rim trim-
ming typically from the 12 o’clock position down
to usually around the 2 to 3 o’clock anterior posi-
tion (Picture 5.7). Intermittent fluoroscopic imag-
ing is commonly used during the entire procedure.
Once the arthroscopic burr tip reaches our desired
level of correction, the rim resection is complete
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Picture 5.7 From left to right: labrum detachment; rim trimming; suture refixation

Picture 5.8 Fluoroscopic evaluation during rim trimming

for that level of acetabulum [17, 18] (Picture 5.8).
If a sub-spine impingement is present, arthroscopic
decompression is achieved. In patients who had
showed relief from psoas injections, trans-capsu-
lar evaluation of iliopsoas tendon is executed just
before removing traction. A correlation between
the psoas tendon and the status of the anterior
labrum at approximately the 3 o’clock position is
performed. In case of fraying or an erythematous,
contusion-type lesion of the labrum, we perform
fractional release of the tendinous portion of the
iliopsoas musculotendinous unit with a radio-fre-
quency probe. A fractional lengthening of the
psoas is also performed in case of impinge-
ment with the medial portion of the acetabular rim
[19, 20].

5.3.2 Cam FAI

Cam-type impingement treatment is possible
without traction and a 45° hip flexion. It is

sometimes indicated to make a longitudinal
capsulotomy to better reach the head—neck
junction. Scope is inserted from the anterolat-
eral portal, while the instruments (shaver, burr)
are inserted from the mid-anterior portal, but
switching is common and very useful for a bet-
ter three-dimensional assessment (Picture 5.9).
Lateral-based lesions are challenging due to the
intimate location of the retinacular vessels;
thus, proper attention should be given to the
vascular anatomy. Osteochondroplasty should
include all pathologically appearing cartilage,
but shall not go higher or more proximally to
the epiphyseal scar, which can be confirmed
fluoroscopically [21, 22]. The hip is brought in
flexion and internal rotation to directly visual-
ize if a sufficient amount of bone has been
removed. Anteroposterior views with the hip in
extension and neutral rotation will show the lat-
eral proximal femur, while Dunn view and the
frog-lateral position will show the anterior neck
aspect [23].
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Picture 5.9 From left to right: labral repair; acetabular microfractures; femoroplasty

Table 5.1 Possible complications in hip arthroscopy

Abdominal extravasations

Avascular necrosis of the femoral head

Cartilage scuffings

Hematoma

Instability

Infection

Instrumental breakage

Neurapraxias (femoral, sciatic, perineal)
Over-resection or under-resection of the femoral neck

54  Complications

The frequency of complications reported for hip
arthroscopy for all indications is generally less
than 1.5%, suggesting that the procedure is safe
[24]. There is of course a series of specific steps
for hip arthroscopy, and the possibility of compli-
cations is directly related to those. All possible
complications are shown in Table 5.1.

We have reported a 1.5% of complications
in our consecutive series of 962 patients. The
most common complication is the pudendal
neurapraxia (1.2%), which always resolved
spontaneously.

5.5 Outcome
Several published articles have been written on
outcome after hip arthroscopy.

Results of these studies show that athletes
with FAI can return to high-level competitive
sport following this procedure [25].

Philippon has published a cohort study of 28
professional hockey players who underwent hip
arthroscopy for FAI The return to sport was 3.8
months (range, 1-5 months) with MHHS of 95 at
follow-up. Patients with symptoms lasting less
than 1 year returned to sport at 3 months, but
patients who delayed surgery over 1 year returned
to sport at 4.1 months [26].

Brunner et al. in 2009 reported values return
to full sporting activity in 68.8% of cases.

Another study by Nho et al. estimated the
return to sport in patients undergoing hip arthros-
copy up to 83% [27].

Byrd in 2009 reported its results with a mean
follow-up of 27 months. In 90% of professional
athletes and 85% of college, there was a return to
full sports activity [23].

A recent systematic review showed a high rate
of return to pre-injury activity level in athletes
treated for FAI. Results achieved a 92% rate
return to activity, observed in athletic populations
across a variety of sports, with 88% of athletes
returning to pre-injury activity levels of partici-
pation [28].

In our case series, we have treated since 2009
more than 900 patients with FAI. Among them 65
patients are professional players. Clinical results
have shown a return to play rate of 94%, with a
mean time recovery of 3.9 months.

Arthroscopic management among athletes is
very favorable, but often performed when an
important damage has occurred. Substantial sec-
ondary damage is frequently present that cannot
be completely reversed. We suggest a more com-
prehensive evaluation including assessment of



52

R. Zini and M. Panasci

structural hip anatomy because compensatory
hip disorders in the groin area may be due to
underlying structural hip disease. In fact FAI is
very often not recognized, leading to a delay for
a precise diagnosis. Early recognition and treat-
ment have been demonstrated to have a tremen-
dous impact on outcome; Philippon has showed
that patients with symptoms lasting less than 1
year returned to sport at 3 months, but patients
who delayed surgery over 1 year returned to sport
at 4.1 months [29, 30].

Identification of FAI is challenging and symp-
toms are commonly confused with other hip
problems, but many people suffering with groin
pain may have femoral acetabular impingement
and not realize it. A comprehensive evaluation of
all the possible causes of pain in the groin area is
mandatory, thus allowing a precise differential
diagnosis and a consequent targeted solution.
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Acetabular Labral Tear

Christoph Gebhart

6.1 Introduction

The acetabular labrum (AL) plays an integral role
in the hip joint with many functions, including
shock absorption, joint lubrication, pressure dis-
tribution, and aiding in hip stability [1]. Damage
to the AL may lead to progression of hip osteoar-
thritis. Labral tears have been associated with
femoroacetabular  impingement, instability,
sports-related activities, trauma, capsular laxity
or hypermobility, and dysplasia.

6.2  Anatomy, Physiology

With a broad basis connected to the acetabular
rim bone, the AL consists of a circumferential
type I collagen fibrocartilaginous ring with a tri-
angular cross section approximately 4.7 mm
wide at the bony attachment by approximately
5.5 mm tall [Fig. 6.1, 2, 3]. The anterior collagen
fibers of the AL are, different to posterior, paral-
lel to the bony edge and therefore easy to be sepa-
rated by shear forces. The posterior AL fibers
attach perpendicular and merge with the collagen
fibers of the bony edge and are therefore more
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resistant to shear forces [4]. The AL outside is
faced to the inside of the hip joint capsule merg-
ing on the capsular side with the bony acetabu-
lum and on the articular side with the acetabular
hyaline cartilage [5]. The inner layer of the AL
on the femoral side is formed as a result of com-
pressive and shear forces. The outer AL layer of
dense connective tissue on the capsular side is
formed under tension stress [6].

The labrum inside directly rests on the cartilage
of the femur head. The intersecting width and
thickness measuring lines divide the labrum into
inner and outer as well as basic and peripheral
quadrants. In these quadrants, labrum alterations
can be precisely located and described. An intact
acetabular labrum ring is required for normal hip
joint biomechanics and cartilage preservation. The
AL also known as the cotyloid ligament and the
transverse acetabular ligament create a circular
seal around the femur head that maintains hip joint
pressurization. The transverse acetabular ligament
is fixed to the anterior and posterior pillar of the
acetabular notch and origin of the ligamentum
capitis femoris. AL and transverse ligament are
encompassing more than 50% of the femoral head
going lateral to the femur equator and thereby sta-
bilizing the femoral head during range of motion
[1]. Luxation of the femur head results in negative
pressure inside the acetabular ring, and therefore
this labrum seal mechanism contributes to anti-
luxating hip stability. Disruption of the labrum
increases the rate of acetabular cartilage compres-
sion and the contact stress between the femoral
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Fig. 6.1 Intact
acetabular labrum

and acetabular cartilage. Henak et al. [7] suggest
that the labrum with 4—11% of the total load trans-
ferred across the joint plays a larger role in load
transfer and joint stability in hips with acetabular
dysplasia. In hips with normal acetabular geome-
try, the AL supported only 1-2%. Despite the
increased load transferred to the acetabular carti-
lage in simulations without the labrum, there were
minimal differences in cartilage contact stresses.
This was because the load supported by the carti-
lage correlated to the cartilage contact area. A
higher percentage of load was transferred to the
labrum in the dysplastic model because the femo-
ral head achieved equilibrium near the lateral edge
of the acetabulum. Comparable to the fibrocarti-
laginous meniscus ring of the knee joint, the vas-
cularization of the AL shows different zones of
blood supply. The AL blood supply arises from an
artery retinaculum formed by the superior and
inferior gluteal arteries as well as the medial and
lateral circumflex arteries. The majority of vessels
enters near the labrum basis—compared to the
meniscal red zone—providing a network of sup-
porting arteries at the labrum outside. Therefore,
the AL receives its blood supply from radial
branches of a periacetabular periosteal vascular
ring that traverses the osseolabral junction on its
capsular side and continues toward the labrum’s
free edge. The hip capsule, the synovial lining, and
vessels from the osseous acetabular rim do not

AL = Acetabular labrum
with artery rete

FH = Femur head

CPS = Joint capsule

appear to provide substantial contributions to the
labral blood supply [8]. Many different types of
free sensory nerve endings and sensory nerve end
organs mostly in the AL outer layer including
Vater—Pacini (pressure), Golgi—-Mazzoni (pres-
sure), Ruffini (deep sensation, temperature), and
articular (Krause) corpuscles (pressure, pain)
transmit pain, tactile sensation, and temperature
[9]. Between the labrum outside and the inside of
the adjoining hip capsule, usually a perilabral sul-
cus guarantees free inter-movability of both struc-
tures. At the joint side the labrum is usually
directly connected to the hyaline cartilage of the
acetabulum in a smooth surface. This junction is
called chondrolabral transition zone. Sometimes a
small gap persists physiological maturing and
leaves an incomplete connected transition zone
called sublabral sulcus [Fig. 6.2]. A sublabral sul-
cus therefore is not classified as a labrum rupture
and might have no pathological meaning. If itis a
predisposition for labrum rupturing or improper
function, it has to be proved in further studies.
Kappe et al. [10] found that in the presence of
impingement-inducing deformity, the extent of
deformation is not associated with the incidence of
labral lesions. The severity of labral lesions
correlated to the severity of acetabular chondro-
malacia as well as patient age. Labral lesions are
associated with early degenerative hip disease
in FAL
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Fig. 6.2 Ossified
acetabular labrum

6.3 Labral Tear Diagnosis:

Rupture Classification

Labral tears frequently go undiagnosed during an
extended period of time because of the vast dif-
ferential diagnosis and the need for specialized
diagnostic tools.

A prevalence of 22-55% for labral tears has
been reported in patients with hip or groin pain
[8]. Peterson published the first acetabular labrum
tear in 1957 and described two cases of labral
tears associated with irreducible posterior hip dis-
location. Several types of labrum alterations from
fatty degeneration to intra-articular cyst forma-
tions, ossifications, or fibrillations have been
described. To select the appropriate treatment, it is
essential to differ between these variable labrum
alterations and know about their natural develop-
ment and progression. Evaluation usually begins
with plain radiographs to assess for dysplasia,
degeneration, and other causes of pain. The pre-
operative assessment of labral tears has to be done
by clinical examination and analysis of hip MRI
findings. The typical clinical picture and most
consistent physical examination finding presents
anterior hip or groin pain and positive anterior
impingement tests, eventually aggravated by
activity. Sometimes there are also mechanical
symptoms including locking, clicking, or giving
way.

Because the majority of labral tears is located
anterior/superior, most frequently impingement
tests reveal inguinal pain at hip flexion + internal/
external rotation. Trauma anamnesis with dorsal

AL = Acetabular labrum
completely ossified

FH = Femur head

CPS = Joint capsule

(sub)luxations can lead to more posterior tears
representing dorsal, gluteal, and less commonly
buttock or sciatic referred pain.

Magnetic resonance arthrography (MRA) is
sensitive and accurate for the detection of acetab-
ular labral tears. Several studies acknowledge
excellent intraobserver sensitivity, specificity,
and reliability to the MRI findings of the still
most commonly used Czerny labral tear classifi-
cation. The Czerny MRA classification system
differs between stage O (normal labrum), stage I
(1A, increased signal intensity within labrum;
1B, labrum thickened without perilabral reces-
sus), stage II (2A, extended intrasubstance tears;
2B, thickened without perilabral recessus), and
stage III (A, complete avulsion; B, complete
avulsion + deformation) acetabular labral tears.

A clockface description provides the best way
to accurately localize a labral tear and define its
extent [11-13].

An intraoperative AL rupture assessment clas-
sification system published by Lage et al. [14]
underlies the patterns of labral tears found in 37
patients undergoing hip arthroscopy. The classifi-
cation categories found were in terms of etiology
(traumatic, 18.9% of cases; degenerative, 48.6%;
idiopathic, 27.1%; congenital, 5.4%) and mor-
phology (radial flap, 56.8%; radial fibrillated,
21.6%; longitudinal peripheral, 16.2%; unstable,
5.4%).

The classification system published by Beck
et al. [11] differs between normal, degenerated,
full-thickness tears, detachment, and ossification
of AL alterations.



58

C. Gebhart

Fig. 6.3 Intact
acetabular labrum at the
sublabral sulcus
transition zone

Because hip arthroscopy outcome research is
limited by the lack of an accurate, universally
used terminology to describe the characteristics
and location of intra-articular lesions, a more
recent classification system was published by the
Multicenter Arthroscopy of the Hip Outcomes
Research Network (MAHORN) group in 2010
[3]. The MAHORN proposed classification of
labral tears differs between normal, hypoplastic/
hyperplastic tears, complex/degenerative, labral—
chondral separation, and partial, complete, or flap
AL ruptures. According intrasubstance AL
changes, they suggest to distinguish mucinoid/
yellow, floppy, bruising, ossified, or calcific AL
alterations.

Summarizing the classification systems dif-
fers between different types of labrum ruptures.
Various types of AL ossifications can lead to so-
called pincer deformities causing hip impinge-
ment, pain, and reduction of range of hip joint
motion [Fig. 6.3].

Acetabular Labral Tears:
Treatment

6.4

Treatment begins usually conservatively with rest
and nonsteroid anti-inflammatory drugs. The
benefit of physical therapy is discussed contro-
versially. At therapy, resistant painful cases with
ongoing hip joint degeneration surgical treatment
becomes necessary including arthroscopic

AL = Acetabular labrum
FH = Femur head

S = Sublabral sulcus
transition zone open
with bubble

debridement or suturing of labral tears with repair
of underlying or associated structural problems.

Literature supports repairing of unstable labral
tears of sufficiently good tissue quality to pre-
serve the physiological function. In an ovine
model, fibrovascular scar healing to the acetabu-
lar bone of a debrided labrum has been shown
after single suture anchor repair [15]. A routine
fixation of all degenerative labral tears is not sup-
ported [16].

In principle, there are options of open or
arthroscopical surgical procedures. Either (par-
tial) debridement or refixation or even transplan-
tations of the AL can be performed. Arthroscopical
labral repair has been reported to improve clini-
cal outcomes with lesser pain and faster recovery
compared to open surgery.

Philipponetal. [3, 15, 17] showed arthroscopic
repair of labral pathology instead of debridement
to be successful for improvement of symptoms
and function with satisfying results and good out-
comes at 2-year follow-up performed at preoper-
ative joint space greater than 2 mm. For the
detached or torn AL with adequate tissue
(>7 mm), labrum repair is recommended.

When the labrum basis remains stable and
causes neither pain nor impingement despite a
persistent gap of the chondrolabral transition
zone, there is no indication for labral refixation.
At bruised AL, a rim reduction and labrum repair
shall be performed and the chondrolabral transi-
tion zone restored in cases of cartilage damage.
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If applicable, a concurrent cam deformity with
underlying or interfering femoral impingement
has to be treated additionally with cam resection.
In dysplastic cases, the rim reduction has to be
evaluated exactly in order to avoid the creation of
unstable hip joints with pathological center edge
angles of the acetabulum.

Debridement of the AL is best done in a way
with preserving enough substance to maintain
labrum function. Therefore, some cases of AL
ossification resection FI/G might leave inade-
quate labrum substance for refixation. For these
cases with inadequate remaining labrum sub-
stance, successful transplantations of the AL
either with tensor fasciae latae, gracilis, or ham-
string tendon autografts or allografts have been
reported. Anyhow, the AL has to be fixed in a
way that provides adequate AL seal with the fem-
oral head.
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Pathology of Central

Compartment

Nicolas Bonin and Antoine Dangin

7.1  Synovial Pathologies

Synovial pathologies should be considered when
there is a mechanical or inflammatory, unilateral
and progressive joint pain. Complains of block-
ages or pseudo-blockages must also attract the
surgeon’s attention to discuss a synovial etiology.
X-rays can be useful by highlighting indirect
signs such as acetabular or femoral head sub-
chondral cyst and a preserved joint space. MRI
with gadolinium vascular injection can show a
larger joint space, effusion and pathological
contrast-enhanced synovial. However an arthro-
CT or an arthro-MRI is often required to describe
precisely different pathological synovial appear-
ance and guide towards a diagnostic hypothesis.
Finally, only biopsies will give a definitive
diagnostic.

The first indications for hip arthroscopy were
synovial pathologies. Arthroscopy will allow a
macroscopic evaluation of the synovium, a diag-
nostic confirmation by histological biopsies and
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the surgical treatment. It mostly consists in par-
tial or subtotal synovectomy and removal of for-
eign bodies if needed.

Endoscopic appearance of inflammatory
arthritis should be well known in order to prac-
tice synovial biopsies whenever there is a suspi-
cious appearance of the synovium.

7.1.1 Synovial Chondromatosis
Synovial chondromatosis is the most frequent
synovial pathology. The symptoms presented by
the patient are joint pain, stiffness and/or block-
ages. The most affected joints are the hip, the
knee and the ankle. Its physiopathology is an
abnormal production of joint fluid and chondroid
foreign bodies that can calcify. These chondroid
bodies can be missed either by an X-ray if they
are not calcified or by a standard MRI since their
magnetic signal is near the one of joint effusion.
Arthro-MRI or arthro-CT are the best radiologi-
cal imaging exams for cases of chondromatosis
(Fig. 7.1). In addition to its diagnosis role, it
allows a technical approach for the surgical treat-
ment: it will allow localizing and counting for-
eign bodies, highlighting the pathological
synovial that appears thickened and irregular.
Chondromas can be free, pedicle or within the
synovium. These three types can be present at the
same time [1].

Anatomic evolution is based on three stages,
described by Milgram [2]:
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Fig. 7.1 Arthro-CT coronal view of chondroid bodies in
a right hip

— Stage 1: intra-synovium chondromas
— Stage 2: intra-synovium and free chondromas
— Stage 3: free chondromas

Concerning the first two stages, the synovium
is still active, with a risk of recidivism after treat-
ment. During the last stage, production of chon-
dromas runs out gradually and a treatment will
allow healing in most cases.

To reduce morbidity, the treatment can be
realized under arthroscopic assistance. It consists
in removing all foreign bodies with a synovec-
tomy adapted to the pathology extension.

Arthroscopy will appreciate the synovial sta-
tus, witness of the evolutionary stage of the ill-
ness. Biopsies will allow determining the
diagnosis but also determining the activity level
of the synovial chondromatosis. An active syno-
vial chondromatosis is determined by the impor-
tance of chondroid metaplasia foci (Fig. 7.2).
Between each foci, the synovium is normal,
hence the importance of realizing multiple biop-
sies led by arthroscopy.

Fig. 7.2 Arthroscopic view of chondroid metaplasia foci
of the acetabular fossa in a right hip

Arthroscopic treatment of synovial chondro-
matosis can be considered as the reference treat-
ment. According to the literature [1, 3, 4], it
showed good to excellent results in 48-57% of
the cases, with a conversion to total hip replace-
ment (THR) in 17% at 6 years mean follow-up.
However, the risk of recurrence remains high
(16.2% re-arthroscopy).

Open surgery for total synovectomy shows
lower recurrence rate but a higher morbidity and
a higher THR conversion rate.

The extended monitoring of a synovial chon-
dromatosis is justified by the possibility of late
sarcomatous transformation. The patient should
be warned that late evolution is towards second-
ary osteoarthritis.

Other forms of synovial chondromatosis exists

[5]:

e Decalcifying form: regional radiological
decalcification of the femoral head, the femo-
ral neck and the acetabulum. The difference
with algoneurodystrophy is its longer evolu-
tion, the absence of radiological blurring bone
contours, little or no scintigraphic uptake and
no regional bone oedema on MRI.

e Retractable form: mimicking capsulitis. The
joint stiffness is severe and often rebel.
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Chondromas are often small and within the
synovium or in the rear bottom of the
acetabulum.

* Macromedia form or erosive pseudocystic
form: one or more broad-rimmed gaps of the
femoral neck near synovial reflections, which
can mimic a bone cyst. These erosions are
related to the pressure on the bone induced by
metaplasia of synovial masses in little disten-
sible capsular areas.

e Ossified synovial form: stiffness and almost
always ossified. Its functional prognosis is
poor.

7.1.2 Villonodular Synovitis

Villonodular Synovitis (VNS) is usually diagnosed
next to mechanical pain and blockage complains
from the young adult. It is mostly a mono-articular
synovitis affecting in the first position, the knee,
and in the second position, the hip. MRI aspect of
VNS is pathognomonic due to the presence of
hemosiderin deposition with ferromagnetic proper-
ties giving a particular MRI characteristic (Fig. 7.3).

VNS can occur in two different histopatho-
logical presentations: the diffused form and the
localized form.

— The diffused form of VNS is characterized by a
partial or total pathological synovial. It is
often associated to a sero-hematic hydrarthro-
sis. Villi are brown or rust colour due to the
presence of hemosiderin deposit (Fig. 7.4).
Treatment can be surgical synovectomy with
hip dislocation or less invasive by arthroscopic
synovectomy. During treatment by arthros-
copy, each articular area must be methodically
explored and cleaned to be as complete as pos-
sible. The main difficulty of a complete
arthroscopic synovectomy is to access the
posterior compartment. It is increased by the
presence of blood vessels tangential to the
posterior capsule inducing a high bleeding
risk. Therefore, arthroscopic synovectomy
cannot be total. It is only justified by its lower
aggressiveness in a disease where recidivism

Fig. 7.3 Pathognomonic hemosiderin deposition signal
of a villonodular synovitis in T1-FS gadolinium MRI
coronal view of the right hip

Fig. 7.4 Arthroscopic view of the rust colour synovium
of the acetabular fossa of a right hip in the case of a vil-
lonodular synovitis

after hip dislocation surgery is frequent (up to
50%), leading to osteoarthritis [6, 7].

Recidivism mostly occurs during the first
4 years, sometimes later, justifying an MRI
monitoring. In case of recidivism, an early
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iterative synovectomy must be accomplished
in front of the aggressiveness of the disease.
— Localized form of VNS is characterized by an
intra-articular pedunculated mass. It can
become necrotic after a twist mechanism and
engendering a mono-arthritis symptomatology.
This form of VNS needs its complete removal
in a healthy area with a large excision of the
pedicle to obtain healing with no risk of recid-
ivism [6]. This can be realized under
arthroscopy.
It is important to keep in memory that an
untreated localized form of VNS can evolve to
a diffused form.

7.1.3 Mechanical or Inflammatory
Synovitis

During an osteoarthritic push, a significant
mechanical or inflammatory synovial prolifera-
tion is often observed. Voluminous fringes can be
trapped between the articular surfaces explaining
phenomena of blockages [8]. Arthro-CT or
arthro-MRI can show villi of important size that
can be confused with foreign bodies. The benefit
of arthroscopic synovectomy in this mechanical
proliferation has not been proven, and corticoste-
roid infiltration should be preferred. However,
synovial biopsy should be performed whenever
the villi have a suspicious aspect.

7.1.4 Medial Synovial Fold
Pathology

Some painful hips have been described in asso-
ciation with a synovial fold back [9]. This anom-
aly concerns the physiological structure called
the medial fold or can be pathological and so
named as a plicae. Such pathologies involve only
a few cases, and it is necessary to stay prudent
concerning this etiology for hip pain.
Nevertheless, observing such anomalies during
hip arthroscopy must question the surgeon on the
painful potential to know when to realize its
resection.

The anomaly of the medial fold is probably a
conflict between itself and the iliopsoas tendon
conducting to the development of a mechanical
synovitis. The patient usually only complains of
a widespread pain. The diagnosis cannot be
established by the clinic or imaging. Only
arthroscopy can observe the inflammatory area
facing a thickened medial fold. The arthroscopic
treatment consists in its resection with a shaver
or an electrocautery device in hip flexion.

7.2  Septical Arthritis

Septical arthritis diagnostic is often established
preoperatively by history, physical exam, biol-
ogy, radiologic studies and, if any doubts, hip
aspiration for microbiology.

Arthroscopic lavage and debridement is actu-
ally the recommended treatment for a septical hip
arthritis since it is as efficient as opened surgery
with lower morbidities [10, 11]. During
arthroscopic treatment, multiple bacterial and
anatomopathological samples are realized in the
suspicious areas. The joint washing must concern
the peripheral and central compartment. The
excision of all suspicious septical soft tissues or
synovial must be completely done with a shaver
or an electrocautery device.

As soon as the samples are done, an empiric
antibiotic therapy is undertaken with a multidis-
ciplinary agreement [11].

Opened surgery is actually reserved to abscess
lesions or to osteomyelitis.

7.3  Foreign Bodies

Cartilage or synovial origin intra-articular for-
eign bodies can become symptomatic. The first
etiology of intra-articular chondral or osteo-
chondral foreign bodies is synovial chondroma-
tosis. But chondral or osteochondral fragments
can also come from femoroacetabular impinge-
ment, hip trauma or osteoarthritis [12, 13]. They
can be size, shape or different volume. Their
numbers can be variable. It is necessary to have
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a proper radiological assessment such as an
arthro-CT or an arthro-MRI to count, measure
and localize the chondromas, osteochondromas
or any other foreign bodies.

Foreign bodies can be removed under arthros-
copy (Fig. 7.5). If their size is too important,
they need to be fragmented prior to be removed
(Fig. 7.6). Sometimes, open surgery may be
necessary if the foreign bodies are too big or not
fragmentable.

Fig.7.5 Arthroscopic removal of numerous chondral for-
eign bodies of the central compartment of the hip in syno-
vial chondromatosis

Fig. 7.6 Arthroscopic view of large osteochondral for-
eign body of the central compartment of a right hip that
needs to be fragmented before extraction

65
7.4 Ligamentum Teres

Pathology
7.4.1 Pathological Plicae

Some cases of pathological painful plicae have
been published [14]. The plicae were located in
the acetabular fovea. Arthro-MRI can highlight a
plicae by visualizing a 4-6 mm large strip
between the ligamentum teres and the acetabular
notch, looking as a duplication of the ligamentum
teres.

Arthroscopic resection is carried out under
traction, with an articulated electrocautery device
introduced by the mid-anterior portal,
arthroscopic control being in the anterolateral
portal.

7.4.2 Ligamentum Teres Trauma

Traumas of the ligamentum teres (LT) are rare:
according to the literature, 5-17.5% of patients
undergoing hip arthroscopy present an LT tear
[15]. LT tear occurs next to an extension or
abduction trauma hip movement.

Patients presenting LT tears complain of groin
pain, blockages and instability of the hip joint.
These symptoms are not specific to LT tears,
which make the diagnostic difficult. A clinical test
has been recently described consisting in apply-
ing internal and external rotation with a flexed hip
up to 70° and 30° abduction. The test is positive
when pain is induced by this manoeuvre [16].

X-rays are generally normal but can occasion-
ally show a wider joint space. MRI is capable of
diagnosing LT tears with high sensitivity (91%)
[17]. Concerning complete LT tears, there has
been no diagnosing difference between MRI and
arthro-MRI. However, arthro-MRI is more effi-
cient concerning partial and degenerative LT
tears [18].

Treatment can be ligamentum teres resection
under arthroscopy (Fig. 7.7) with good outcomes
[19]. An arthroscopic reconstruction can also be
realized [15]: under arthroscopic visualization
and fluoroscopic control, a femoral tunnel is



66

N. Bonin and A. Dangin

Fig.7.7 (a) Arthroscopic view of a subtotal rupture of the ligamentum teres of the hip and (b) its progressive resection
with an angulated shaver

drilled through the greater trochanter, exiting in
the centre of the fovea. An acetabular tunnel is
drilled through this previous femoral tunnel, with
internal rotation and abduction of the hip in order
to position the tunnel in the lower and slightly
posteriorly portion of the acetabular fossa. A
semitendinosus autograft is then pulled into the
two tunnel with an endobutton positioned behind
the acetabular tunnel. The graft is then fixed with
an interference screw in the femoral tunnel under
tension, with the hip fixed with 10° of hyperex-
tension and 60° of external rotation.

Indications for LT reconstruction have yet to
be clearly established. For now on, it seems
reserved to patients with isolated complete LT
tears presenting signs of micro-instability and
increased external rotation [15].

7.4.3 Micro-Instability

Tears of the ligamentum teres can also occur in
patients presenting micro-instability. This pathol-
ogy is secondary to an excessive mobility of the
hip, leading to chronicle repeated hip subluxations
which will cause chondral and labral damages.
This hypermobility results from an association of
minor anomalies concerning the bony architecture
and the periarticular soft tissues [20].

Concerning bony anomaly, it is mostly an
insufficient acetabular anterior and/or lateral
coverage angle between 25° and 20° called bor-
derline dysplasia. Bony anomaly of the femur
can be present with the association of coxa valga
and augmented femoral anteversion. These bone
architectural —abnormalities induce higher
mechanical stresses on the anterosuperior ace-
tabular rim and labrum [21].

Concerning periarticular soft tissues, the
capsule, the iliofemoral ligament and the liga-
mentum teres are the main structures fighting
against anterior subluxation [22, 23]. In the
cases of borderline dysplasia and hyperlaxity,
ligamentum teres tears can occur next to an
exaggerated or repeated hip extension and
external rotation.

In the case of a complete ligamentum teres
tear, even if ligamentum teres reconstruction can
be proposed [15], we must keep in mind that the
most important is to correct bony anomalies, in
order to avoid recurrence. Thus, periacetabular
osteotomy or shelf acetabuloplasty should be
performed in case of acetabular dysplasia and
femoral osteotomy in case of severe femoral
abnormalities [21, 24, 25].

Arthroscopic capsular plication [26] (Fig. 7.8)
or ligamentum teres reconstruction [27, 28]
alone can be suggested only if bone anomalies
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Fig. 7.8 Arthroscopic extra-articular view of a capsular
plication with three endoscopic sutures

are minimal. The procedure will then focus on
soft tissues in order to stiffen the hip. If prelimi-
nary results seem to be encouraging, these
arthroscopic procedures are still to be evaluated
with longer follow-up.

7.5  Coxarthrosis

Coxarthrosis is a chronicle hip disease of increas-
ing frequency with age and anomalies in joint
bone architecture. It is characterized by a thin-
ning of the cartilage thickness induced by
mechanical and inflammatory processes.

The patients mostly complain about pain and
stiffness. Coxarthrosis pain is usually localized at
the anterior face of the groin. It may radiate to the
great trochanter, to the buttock, to the anterior
side of the thigh or even to the knee. Knee pain
with normal X-rays and a normal clinical exami-
nation is suggestive of hip origin. The patient can
describe two different kinds of pain: mechanical
or inflammatory pain.

There is no necessary close relationship
between pain and X-ray anomalies. Patients can
be very painful and a significant impact on daily
activities with few X-ray signs, mostly in favour
for an inflammatory process, while others will
be painless with a full narrowing joint space.
The decrease in cartilage thickness is qualified
by the Tonnis classification from conventional

hip X-rays: four grades are described, from
grade 0 with no arthrosis sign to grade 3 with a
full loss of joint space, osteophytes and
increased deformity of the femoral head and
acetabulum. MRI will allow diagnosing any
joint or extra-articular inflammatory process.

To choose between a conservative treatment
and a total hip replacement, we must take into
account the age of the patient, the grade of osteo-
arthritis and the possible coxarthrosis risk factors
(femoroacetabular impingement [29], hip dyspla-
sia or synovial pathology):

— The oldest the patient is, the less effective the
conservative treatment will be. This is
induced by the fact that degenerative lesions
are more common with advanced age. There
is no true age limit for arthroscopy, but
patients aged 50 years or older with 2 mm of
joint space or less show early THR conver-
sion [30, 31].

— A high grade of osteoarthritis, according to
the Tonnis classification, at the time of the
surgery is a bad prognosis factor for conser-
vative hip surgery [32-34]. We consider
Tonnis Grade 2 osteoarthritis as the limit for
conservative treatment [35]. The radiologi-
cal thickness of the joint space is also impor-
tant to take into consideration. The best
results for arthroscopic treatment are when
the joint space thickness is more than 2 mm
[36].

— Concerning risk factors for osteoarthritis
induced by femoroacetabular impingement,
the aim of the treatment is to remove all fac-
tors of impingement, osteophytes included,
and to repair or reconstruct any labral tear
because of its better prognosis [37, 38].
Cartilage lesions should be managed as dis-
cuss in Chap. 9.

— For osteoarthritis induced by dysplasia with
lateral coverage angle inferior to 20°, the aim
of conservative surgery is to restore a normal
bone architecture. Surgery is realized in order
to reduce stresses on the anterosuperior ace-
tabular edge. Periacetabular osteotomy [39] or
shelf acetabuloplasty [34, 40] should then be
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considered. Some authors have proposed
arthroscopic shelf acetabuloplasty [25].
For inflammatory diseases, medical treat-
ments and articular injections are possible
according to rtheumatologic instructions.

Conclusion

As seen in this chapter, several pathologies of
the central compartment are providers of groin
pain. The diagnosis of these pathologies are
easier to establish nowadays, by the progress
of medical imaging and improved biomechan-
ical and medical knowledge.

If THR has great results concerning most of
these pathologies in their advanced stage, con-
servative surgery and arthroscopic hip treat-
ments are in constant development to better
treat central compartment pathologies in their
early stage and preserve bone capital.
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Hip Cartilage Lesions

Piero Volpi, Raul Zini, Alessandro Quaglia,

and Manlio Panasci

8.1 Introduction

It is well known that the articular cartilage has
poor reparative capacities, and this is mainly due
to the absence of vascularization, which would
allow the progenitor cells to colonize the tissue
and then repair the injury [1, 2].

The dependent mechanical stress of the carti-
lage itself causes damage to chondrocytes and
extracellular matrix by triggering a process of
degeneration limited at first and then involving
the adjacent cartilage through an increased stress
on the perilesional healthy tissue [3].

If within certain dimensions in fact the sur-
rounding healthy tissue is able to absorb the loads
of the damaged area, over a certain size, this can
no longer take place by triggering a load of the
lesion evolutionary process [4].

It becomes very important to treat focal carti-
lage lesions in order to resolve the pain, to regain
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joint function, to return to normal activities, and
to limit the arthritic degeneration of the joint.

The articular cartilage of the hip is generally
thinner than the cartilage of the knee with an
average thickness which can oscillate, on aver-
age, between 1.08 and 2.4 mm at the level of the
femoral head and between 1.24 and 2.25 mm to
the acetabulum [5].

The thickness reduction could be explained by
the better hip joint congruity and the sealing effect
of the acetabular labrum, resulting in a smaller
shock absorbing request [6]. The better “perfor-
mance” with respect to the knee joint may partly
explain the fact that chondral lesions in the absence
of concomitant pathologies rarely occur [7].

8.2 Pathogenesis

Cartilage lesions are often associated with other
diseases, primarily femoroacetabular impinge-
ment (FAI) and labral tears.

Therefore, hip focal chondral lesions could be
due to trauma. Typically, impact mechanisms on
the great trochanter side can generate cartilage
lesions at the level of the femoral head and at the
level of the acetabulum. The reduced ability to
absorb energy due to its subcutaneous position
explains its biomechanical mechanism [8].

FAI could be a cam-type impingement or a
pincer type. Recent studies have also shown a
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higher genetic expression of pro-inflammatory
cytokines at the level of the articular cartilage in
patients diagnosed with FAI compared to patients
with osteoarthritis as well confirming the theory
that the FAI can be a trigger for an early joint
degeneration [9].

In cam-type impingement, the altered form of
the head no longer spherical creates a conflict
with the acetabulum, in particular in the phases of
flexion and intra-rotation of the hip, creating the
acetabular cartilage lesions and subsequent pos-
sible lesions of the labrum [10].

PINCER type is a localized (acetabular ret-
roversion) or generalized (coxa profunda and
acetabuli protrusio) acetabular overcoverage.
The increased contact surface between femoral
epiphysis and acetabulum determines an early
contact between acetabular rim and femoral
neck, thus causing an early degeneration and
tear of the acetabular labrum.

According to some authors, also hip chon-
dral lesions are often associated with lesions of
the acetabular labrum. The most affected loca-
tions are the area above the acetabulum (24%)
and the rear area (25%) [11]. The earliest chon-
dral lesion detectable at hip arthroscopy is a
chondral split, progressing onward to a more
formal delamination, chondral flap lesion, and
subchondral cyst. Other conditions that can
often be associated with hip chondral lesions
are the presence of loose bodies, hip sublux-
ations, dysplastic hip, or osteonecrosis of the
femoral head [7, 12, 13].

8.3  Clinic
Symptoms that may occur in the hip chondral
lesions are often nonspecific.

Patients report, as a main symptom, groin
pain or buttock pain, sometimes in other loca-
tions with irradiation. They may also present
joint stiffness and snaps commonly in the pres-
ence of free articular fragments or mobile bodies
[14].

Usual sports activities may be limited, and
sometimes even simply sitting position or hip
flexion exercises can, in the presence of FAI,
exacerbate pain [14].

The timing of the onset of symptoms also can
help to understand if the patient has post-
traumatic or degenerative pathology.

The clinic is often quite poor in elements;
pain, especially if associated with a FAI con-
dition, is evoked in flexion tests, adduction,
and internal rotation (FADIR test) or in flex-
ion, abduction, and external rotation (FABER
test).

8.4 (lassification
The most used classification in hip chondral
lesions are mainly four:

1. Outerbridge classification, originally described
for cartilage lesions of the knee, is divided into
four degrees (Table 8.1) [15].

2. ICRS classification, similar to the first, is
divided into five degrees that evolve from
grade O to grade 4 evaluating, above all, the
depth of the lesion [16].

3. Back classification is divided into
degrees specific for chondral lesions of the
hip [17].

4. Sampson classification is divided into two
groups (acetabular and femoral), with a focus
on chondral delamination in the acetabular
side of the hip (Table 8.2) [18].

Ssix

Table 8.1 The Outerbridge classification

Grade Size Description

1 Softening/swelling

1I <l3cm Fragmentation/fissuring
(172 in.)

III >1.3 cm
(172 in.)

v Erosion/subchondral bone

exposure
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Table 8.2 The Sampson classification

Acetabular damage classification

AC 0-5 no damage

AC 1 softening with no wave sign

AC 1w softening with wave sign and intact labro-
cartilage junction

AC 1wTj softening with wave sign and torn labro-
cartilage junction

AC 1wD softening with wave sign and intact labro-
cartilage junction with delamination

AC 1wTjD softening with wave sign and torn
labro-cartilage junction with delamination

AC 2 fibrillation

AC 2Tj fibrillation with torn labro-cartilage junction
AC 3 exposed bone small area <1 cm?

AC 4 exposed bone large area >1 cm?

Femoral damage classification

Intact head substrate bone with chondral damage (no
avascular necrosis)

HC 0 no damage

HC OT uniform thinning (T)

HC 1 softening

HC 2 fibrillation

HC 3 exposed bone

HC 4 any delamination

Special class: HTD traumatic defect (size in mm)
HDZ demarcation zone from FAI

Abbreviations: A acetabulum, C cartilage defects, D with
delamination, 7j Torn labro-cartilage junction, w with
wave sign, HC femoral head cartilage, 7" thinning, 7D
traumatic defect, and DZ demarcation zone from FAI

8.5 Imaging

All young patients with hip pain should be evalu-
ated by basic standards such as AP X-ray. In FAI
pincer type, because of an acetabular retrover-
sion, it could be observed the crossover sign is
due to the projection of the anterior acetabular
wall that intersects with the projection of the rear
acetabular wall [19].

Axial projection of the hip is also very impor-
tant to evaluate the possible presence of FAI cam.
In particular, the most used axial projections are
axial cross-table [20], the frog view or cross-leg
projection, and the projection of Dunn at 45° [21].

Performing an arthro-RM, by infiltration of the
contrast, and using a high-quality image (1.5 or
3T) can show directly the chondral injury (Fig. 8.1)
and possible associations of labral tears. The MRI
can also show bone marrow edema or cystic modi-
fication, and this allows detection of overloaded
areas or a subchondral bone expression.

The presence of edema under the cartilage
injury can also be due to a recent trauma.

The delayed gadolinium-enhanced MRI carti-
lage (AGEMRIC) is often used to assess the bio-
chemical structure and thus the quality of articular
cartilage, but this is rarely possible in clinical
practice.

Fig.8.1 Left: Acetabular cartilage delamination (“inverse Oreo sign”) on arthro-MRI. Right: arthroscopic view show-

ing interruption of the chondrolabral junction



74

P.Volpi et al.

It is possible, for diagnosis, to perform intra-
articular infiltration of anesthetic.

8.6 Treatment

Debridement is the most common treatment for
chondral defects, especially in the low-grade
arthritis. Since the severity of the lesion affects
significantly the outcome of the surgery, it is nec-
essary to act as early as possible [22].

Simple debridement of the joint surfaces is
carried out through the use of a shaver, to provide
a smooth shearing surface for the movement of
the joint. Results have demonstrated that 30-60%
of patients undergoing debridement reported good
postoperative clinical outcomes and the conver-
sion to a THA is significantly delayed [23].

When the labro-cartilage junction is intact,
several ways to treat it are possible. Injecting
fibrin glue beneath the defect may treat the lesion,
by causing adherence. Some studies report that
the defect is helped from microfractures to obtain
a healing response. Elevating the full-thickness
defect, curetting and microfracturing the acetabu-
lar subchondral bone may stimulate the biologic

healing response beneath the full-thickness carti-
lage [24].

The microfractures consist in digging with an
awl some holes, perpendicular to the cartilage
surface, with a diameter of about 4 mm, leaving
this same much space between one another. The
goal of microfracture is to bring marrow cells
and growth factors from the underlying bone
marrow into the affected chondral defect. By
penetrating the subchondral bone, pluripotent
marrow cells can develop and form new fibrocar-
tilage to fill the chondral defect (Fig. 8.2). It is
reported in the literature that microfracture pro-
vides healing of small lesions (between 1.5 and
3 cm?) in more than 90% of cases (7) (8) with a
microscopically good-quality cartilage.
Conversely, scarce effectiveness in Tonnis grade
3 or Outerbridge 3—4 lesions has been demon-
strated [25].

With labro-cartilage junction tear, we rou-
tinely excise the unstable portion of the articular
cartilage flap and stimulate subchondral bone
through nano-microfracture system, a subchon-
dral needling procedure which disrupts signifi-
cantly less surface area than a standard

Fig. 8.2 Left: Cartilage is removed up to a stable margin. Right: microfractures are performed after repairing the

labrum (the suture is visible on the bottom right)
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microfracture technique to reduce damage to the
subchondral bone plate (Fig. 8.3).

One other effective treatment steady nowadays
is the autologous chondrocyte implantation
(ACI). This technique can be carried out only at
some conditions: the lesion must be a full-

thickness tear and the subchondral bone must be
intact. Lesions larger than 3 cm can be treated, but
usually smaller than 10 cm in width. The ACI-

Fig.8.3 Nano-fracture technique after labral refixation

MACT technique is performed only through the
help of a biology lab, because of the need of a
culture-based growth of the chondrocytes har-
vested from a joint (other than the involved hip)
of the patient. Once the chondrocyte cultivation
has growth enough to fill the lesion, it is implanted.
Last updates in this technique involve the use of a
scaffold (“matrix,” from this MACI, “matrix-
assisted ACI”) to set the correct delivery of the
cells on the lesion (Fig. 8.4). This technique can
be performed arthroscopically, in contrast with
the simple ACI (in which a patch and an inject-
able solution are used). Although this technique
may be considered a shared option for the treat-
ment of mild to severe lesions, it has not been
demonstrated significantly better than simple
debridement neither for early nor later grades of
OA. Management of the cartilage delamination
can involve both these techniques, once the loose
portion of the defect has been removed. However,
it has been reported that also direct suture or fibrin
adhesion could be provided for small lesions if
the delaminated cartilage appears healthy [26].
Damage only on the femoral side is mainly
due to traumatic events. The damage may be
caused from impaction of the head to the notch
and/or damage seen from dislocation.

Fig.8.4 Chondral damage before (left) and after a chitosan-glycerol phosphate/blood implant
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Fig.8.5 Left: Chondral defect of a femoral head. Right: ACI technique to fill the defect

Fig. 8.6 Left: MRI showing the femoral head defect. Right: The defect is no more visible 18 months after the
arthroscopic procedure

Arthroscopic excision of the fragment may be
sufficient; however, in case of a localized damage
on weight bearing area, we usually fill the gap
with curettage and microfracture or chondral
plugs (Figs. 8.5 and 8.6).

8.7 Outcome

Studies on outcomes after arthroscopic correction
of FAI have found negative influences of OA on
postoperative outcomes [26, 27]. Preoperative
radiographic joint space narrowing, together with
preoperative MHHS score and labral debridement
or repair, predicted 35% of postoperative
MHHS, and generalized severe cartilage lesions

intraoperatively led to high rates of arthroplasty
within 3 years of arthroscopy [28]. Increasing pre-
operative joint space narrowing has been shown
to be an independent predictor for poorer outcome
with respect to postoperative MHHS scores and
undergoing arthroplasty in a recent cohort under-
going arthroscopy for FAIL Despite degree of OA
being inversely related to amount of improve-
ment, some data show instead that patients with
moderate to severe articular cartilage degenera-
tion or rim lesions improve outcome scores
12 months after surgery, but some results provide
preliminary support for the benefits of hip arthros-
copy even in patients with more severe OA. Other
studies have shown that in patients with already
marked generalized chondral lesions, arthroscopy
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does not have any effect beyond the short-term
pain relief resulting from debridement, underlin-
ing the fact that FAI with advanced osteoarthrosis,
particularly Tonnis grade 3, is not an indication
for arthroscopic FAI correction [29, 30].

In two studies, Philippon et al. report on the
outcome of the arthroscopic treatment of FAI and
reveal that patients improve in terms of PROMs,
but that they had an increased rate of conversion
to THA with any joint space of 2 mm or less.
They reported a THA conversion rate of 9 and
20%, respectively [30]. In 2014, Gicquel et al.
reported on 53 hips treated arthroscopically for
FAI [31]. Patients with Tonnis grade 1 hips had
lower satisfaction rates and a higher conversion
rate to THA than patients with Tonnis grade 0. In
a systematic review by Kemp et al., it is con-
cluded that patients with hip OA report positive
outcomes from hip arthroscopy. Patients with hip
OA had inferior outcomes compared with those
with no hip OA. The severity of chondropathy
and higher patient age were associated with a
higher risk and more rapid progression to THA.

The treatment of chondral lesions of the hip is
difficult and may not ever reestablish normal
chondral anatomy; however, the methods described
will possibly improve pain and function of dam-
aged hips. This new method of treating full-thick-
ness acetabular articular cartilage defects offer a
good solution for cartilage repair while attempting
to preserve most of the cartilage matrix in the pro-
cess. The value of arthroscopic techniques for pri-
mary symptoms and/or prevention of OA remains
unclear. Randomized controlled trials to evaluate
efficacy are needed especially to understand the
physiological response and imaging characteris-
tics after microfracture or plug positioning.
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Extra-articular Hip Pathology

Raul Zini and Manlio Panasci

9.1 Introduction

The snapping hip, according to the region con-
cerned, is classified in three categories: external,
internal, and intra-articular. The conflict of ilio-
tibial band (ITB) with the greater trochanter
region determines the hip external snap. Intra-
articular pathologies in differential diagnosis
with internal snapping hip are due to articular
loose bodies, labral injury, or articular instability
[1, 2]. The underlying causes of a conflict or
mechanisms that may determine the onset of a
snapping hip are shown in Table 9.1.

9.2  External Snapping Hip
The most common cause of snapping hip syndrome
is irritation of the greater trochanter by the ITB. The
ITB is a large flat tendinous structure that originates
on the anterior superior portion of the iliac crest,
crosses over the greater trochanter of the femur, and
inserts onto the lateral condyle of the tibia.

When the hip is extended, the ITB is posterior to
the greater trochanter. As the hip moves into flex-
ion, the ITB moves anterior to the greater trochan-
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ter. Ordinarily, it glides smoothly over the greater
trochanter with assistance from the underlying
bursae [3]. When the posterior portion of the
iliotibial tract or the anterior border of the gluteus
maximus becomes thickened, however, this results
in snapping of the tendon over the greater trochan-
ter. The bursae can then become inflamed and fur-
ther exacerbate the condition [4]. Coxa vara may
predispose to a snapping hip. Other predisposing
factors are hyperplasia of the trochanteric bursa,
narrower bi-iliac width, prominent greater trochan-
ters, and increased distance between the greater
trochanters. A case of snapping hip secondary to

Table 9.1 Snapping hip

Internal snapping hip

Tendon impingement at the level of iliopectineal
eminence

Iliopsoas impingement with the acetabular component
in a THA

Tendon snap at the level of the upper branch of the
pubic bone

Conflict with the anterior acetabular margin

Conflict between two components of a bifid tendon
Impingement of the tendon at the level of the anterior
inferior iliac spine

External snapping hip

Thickening of the posterior ITB or the gluteus maximus
Trochanter deformities

Big offsets in THA

Intra-articular snapping hip

Osteochondromatosis, fragment results of articular
fractures, loose bodies

Labral tears
Instability
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fibrosis of the band/muscle related to multiple
intramuscular injections has also been reported [5].

9.2.1 Physical Examination

External snapping hip is seen in athletes who
undergo repetitive knee flexion, such as runners,
dancers, and cyclists. Athletes will have pain
over the greater trochanter of the femur, the lat-
eral thigh, or radiating pain down to the knee.
Patients often report hip instability symptoms. If
severe enough, the snapping sensation will occur
during normal ambulation. Once this area
becomes inflamed, running or rising from a
seated position may hurt continuously. On physi-
cal examination, in addition to evidence of the
shot, which is often caused voluntarily by the
patient, it can consist of tenderness upon inser-
tion of IBD or the greater trochanter, with occa-
sional painful side irradiation in the thigh.
Patients may demonstrate a positive Ober test
because of increased tension of the ITB.

9.2.2 Imaging

Diagnosis of snapping hip is a clinical one. Although
dynamic ultrasound best demonstrates the snapping
hip, cross-sectional imaging with MRI can demon-
strate findings associated with external snapping

Picture 9.1 The Ilizaliturri technique

hip, namely, the thickened iliotibial band or the
muscle, and the associated secondary change of
atrophy of the rest of the gluteus maximus muscle.
Both signs should be looked for to confirm the diag-
nosis. Any intra-articular pathologies should be
investigated with plain X-rays and MRI which
could also reveal a trochanteric bursitis or a tear of
the gluteus medius or minimus.

9.2.3 Treatment

This condition can be asymptomatic and however
in some patients can cause pain and disability.
Conservative therapy is, in most cases, decisive;
physical therapy, with emphasis on stretching,
strengthening, and alignment, can often help.
Sometimes, treatment with a corticosteroid injec-
tion to the area can relieve inflammation. However,
when the remission of symptoms is unsatisfactory,
a surgical approach is indicated. A pioneer in this
field was James Glick, who described the lateral
approach and was also key to the development of
specialized instrumentation required for this proce-
dure. In 2006 Ilizaliturri was the first to underline
comparable results between endoscopic and open
procedures (Picture 9.1). We have recently pub-
lished a modified endoscopic iliotibial band release
with excellent results in terms of snapping phe-
nomenon resolution, patient satisfaction, and return
to previous level of activity [6, 7].



9 Extra-articular Hip Pathology

81

9.2.4 Surgical Technique

Both lateral and supine position can be used for
the treatment of the external snapping hip. We usu-
ally prefer the supine position when a concomitant
hip arthroscopy is performed (Picture 9.2). When
using the lateral decubitus position, prepping and
draping of the operating area and the leg is carried
out in the standard fashion. The leg is draped so
that the hip can be moved during surgery. With
the operating area ready, the greater trochanter
(GT) is outlined, and a spine needle is used to
locate and to mark the apex of GT. Two portals,
one anterior and one posterior, are created at the
level of the snapping tract of the ITB. The 30°
4-mm scope is then introduced through the pos-

terior portal, and water inflow with an arthros-
copy pump at low pressure is started to develop
a space between the subcutaneous tissue and the
ITB. The space superficial to the ITB is further
developed with the shaver until the ITB can be
easily identified. A hooked radiofrequency (RF)
probe is introduced trough the anterior portal,
and hemostasis is carried out on the subcutane-
ous tissue if necessary. A horizontal cut is made
into the ITB and a defect is created into the
ITB. The trochanteric bursa, if inflamed, can
easily be resected through the defect using a
shaver and a RF ablator (Picture 9.3). The
snapping should be tested at different times
during the procedure so that adequate resection
is obtained. It is appropriate at the end of the

Picture 9.2 Left: the supine position can be easily used to perform the ITB release. Right: personal technique with

horizontal section of the fibers

Picture 9.3 From left to right: an horizontal cut is made and a defect is created into the ITB
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procedure to perform a coagulation of small
vessels and cut and place a drain for about 12 h
[8, 9]

9.2.5 Outcome

Physicians agree that, in the majority of patients,
a conservative approach will be successful; only
a select few patients will require operative inter-
vention. The endoscopic approach allows to
reach the same or better results in terms of snap-
ping and pain resolution with lower incidence of
local complication. The most frequently
reported complication in the literature has been
the incomplete relief of symptoms after opera-
tive intervention. This can be minimized with an
accurate preoperative diagnosis; it also is funda-
mental to test the snap with provocative maneu-
vers at different times during the procedure so
that an adequate resection could be obtained
with particular attention to detect any focal
thickening at the anterior edge of the gluteus
maximus. In case of pain association, a com-
plete bursectomy should be performed. There is
limited literature regarding the results of endo-
scopic treatment for the external snapping hip
syndrome, but early reports are encouraging.
llizaliturri et al. created a diamond-shaped
resection and release; after which, the trochan-
teric bursa was debrided. Ten of 11 hips (10
patients) were relieved of their snapping, and all
were relieved of pain at a minimum of 1-year
follow-up. No patient required revision surgery,
and all patients returned to preoperative levels
of activity [6]. Polesello et al. performed a glu-
teus maximus tenotomy to decrease tension on
the iliotibial band. Seven of 9 hips (8 patients)
were relieved of pain and snapping postopera-
tively, with 1 patient requiring a revision opera-
tion. All patients returned to their preoperative
level of activity, and no patients complained of
weakness at a minimum follow-up of 22 months
[9]. We have published a study with 15 patients
(3 men and 12 women) with symptomatic exter-

nal snapping hip treated with an endoscopic
release of the iliotibial band. The average age
was 25 years (range 16-37 years). VAS score
was significantly reduced with respect to the
preoperative value with 60% of the patients
pain-free. No revision procedures were indi-
cated and all the patients returned to their previ-
ous level of activity [10].

9.3 Internal Snapping Hip

The treatment of the different pathologies of the
iliopsoas tendon, in the case of relapsing tendon-
itis for conflict with adjacent structures or arising
from problems such as those of patients with
spasticity, has been traditionally performed by
orthopedic surgery through an open approach.
Continuous improvements in surgical techniques
finally allowed using endoscopy to reach and
treat the most common tendon disorders, ensur-
ing better accuracy and greater respect of the ana-
tomical structures.

9.3.1 Anatomy

The iliopsoas tendon is composed of the union of
the great psoas muscle and iliac. These two,
clearly separated proximally, come together on
the femur at the level of the lesser trochanter.

The strong tendon lies in its course on the
anterior portion of the capsule, at about 2 o’clock.
It is at this level that a bursa can be found, which
often have a direct communication with the coxo-
femoral joint.

The iliopsoas tendon injuries are frequently
associated with pain, click, and strength reduc-
tion. This clinical condition, along with the ana-
tomical and pathological findings described, is
called internal snapping hip. It is noted that the
snapping is present asymptomatically in approxi-
mately 10% of the population, and those most
frequently affected by this clinical syndrome are
athletes, especially dancer [11-13].
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9.3.2 Diagnosis

The diagnosis of internal snapping hip is essen-
tially clinical. With the hip in extension, the
tendon is located medial to the femoral head.
During hip flexion, the tendon moves laterally
passing the front portion of the femoral head.
The presence of a painful shutter during such
maneuver together with the iliopsoas-positive
test (flexion of the hip against resistance) con-
firms the diagnosis. The snap is never visible,
sometimes may not be audible, but is palpable
at the level of the reported area of pain and
apprehension always associated with a response
by the patient [14-16].

The iliopsoas muscle contributes to pelvic
stability and is involved constantly in most
sports activities. One reason why the muscle
is at risk could be that its workload includes
both eccentric and concentric work. When the
injury is iliopsoas related, the pain is local-
ized anterior of the proximal thigh, more later-
ally in the groin, may radiate to the anterior
aspect of the femur, and sometimes produces
some lower abdominal pain lateral to the rectus
abdominis. Frequently, the muscle is also tight,
and palpation just distal to the inguinal liga-
ment is often painful. Palpation is performed
above the inguinal ligament and lateral to the
rectus abdominis. The iliopsoas can also be
palpated in the area just below the inguinal lig-
ament lateral to the femoral artery and medial
to the sartorius muscle, the only area where the
iliopsoas is directly palpable. The Thomas test
should be performed to assess the tightness of
the iliopsoas and to ascertain whether passive
stretching is painful. Incomplete extension of
the hip when performing the Thomas test is a
sign of a tight iliopsoas muscle. Pressure by
the examiner’s hand to extend the hip further
is a test for pain on passive stretching. The
abovementioned tests for the iliopsoas were
all found to be reproducible. Muscle weakness
and pain when flexing the hip joint against
resistance at 90° is often found. Sitting with

the legs stretched and then elevating the heels
might result in pain since the only active hip
flexor in this position is the iliopsoas. This is
the Ludloff’s sign.

9.3.3 Imaging

Radiological study for these patients is essen-
tial to rule out any underlying conditions.
Radiographs should be requested to include an
anteroposterior, axial (or frog-leg), and Dunn at
90° to rule out a possible femoral-acetabular
impingement. Ultrasound is a very valuable tool
for dynamic evaluation of the tendon and can be
taken into account in case of a possible infiltra-
tive treatment, but its ability to diagnose shooting
is currently insufficient.

MRI is usually used in case of diagnostic
doubts or to better study the hip in order to rule
out any intra-articular pathologies that might
get in the differential diagnosis of hip internal
shutter [16].

9.3.4 Conservative Treatment

The conservative treatment, in agreement with
the literature data, is considered the gold standard
for patients suffering from this syndrome. The
therapeutic approach consists in reduction of
sports activity, physical therapy, and anti-
inflammatory. The rehabilitation program
includes the strengthening of the muscles of the
pelvic girdle, stretching and strengthening of the
iliopsoas, assisted mobilization, and exercises to
reduce the lumbar lordosis. After a period of
about 3 weeks, in case the symptoms persist, it is
possible to perform ultrasound-guided infiltra-
tion with local anesthetic and corticosteroids at
the level of the bursa and in the peri-tendon area.
Endoscopic treatment may be indicated if, for at
least 3 months of treatment, the symptoms have
not improved or the patient has reduced the activ-
ity level [17].
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9.3.5 Surgical Technique

The endoscopic surgical technique for the treat-
ment of the iliopsoas tendon was described for
the first time by T. Byrd and subsequently revis-
ited by several authors [18-20]. We can recog-
nize three different anatomical areas where the
release can be performed: the lesser trochanter,
the peri-orbicular region, and the perilabral
region (trans-capsular technique) (Picture 9.4).

The release to the lesser trochanter level is per-
formed with the support of fluoroscopy. It guides
both the optics and the instrument positioning,
which converge at the level of the lesser trochanter;
once isolated, a bursectomy and a complete detach-
ment of all fibers are performed (Picture 9.5).

The release technique at the level of the peri-
orbicular region is performed without traction
and with the use of an accessory portal. Through
the anterior portal, a capsulotomy of about 2 cm
is performed, thus allowing a partial release of
the tendon (Picture 9.6).

The release level of the perilabral region can
be achieved with the use of standard portals

Picture 9.4 Different levels where a IP release can be
performed. (A) Central compartment. (B) Peripheral com-
partment. (C) Lesser trochanter

used for access to the central compartment
structures; we routinely use the anterolateral
and mid-anterior portals. With leg still in trac-
tion, a trans-capsular window at about 2-3
o’clock is performed; at this level the tendon is
located just above the joint capsule and can be
easily recognized for its pearly color. The
release is achieved through radiofrequencies
going medial-lateral to protect the femoral nerve
branches (Picture 9.7).

Picture 9.5 Lesser trochanter IP complete release

Picture 9.6 Peripheral compartment partial release
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Picture 9.7 Central compartment IP partial release

Our choice to perform the trans-central capsu-
lar technique is based on these considerations:

e To achieve an elongation anatomically closer
to the intra-articular structures

» To preserve the distal insertion at the level of
the lesser trochanter

* To avoid the use of accessories portals to reach
the tendon

9.3.6 Postoperative Rehabilitation

Patients undergoing an iliopsoas tendon release
follow a rehabilitation protocol which prohib-
its the strengthening exercises of the hip flex-
ors for the first 6 weeks, in order to promote
muscle recovery of the bending strength.
Strengthening exercises of the quadriceps and
abductors may instead start from the first post-
operative day. Stretching is recommended to
prevent the formation of adhesions and capsu-
lar contracture.

In case of treatment of intra-articular pathol-
ogies or the peripheral space, to the informa-
tion already given, those specific according to
performed surgical gestures will be added.

9.3.7 Outcome

The results of arthroscopic treatment for the
pathology of the iliopsoas tendon were evaluated
by different studies, and different release tech-
niques used seem to give the same results in clini-
cal terms. The arthroscopic treatment, compared
to the traditional open technique, combines a less
invasive approach and respect of adjacent struc-
tures, with the possibility of intra-articular and
peritrochanteric space treatment pathology that
may be present (labrum tears, FAI etc.) [21, 22].

Ilizaliturri et al. have performed various stud-
ies on release techniques, from the one at the
level of the lesser trochanter to the trans-capsular
at the level of the acetabular margin. Their latest
work includes a comparative evaluation of the
two techniques, demonstrating broad equiva-
lence in terms of clinical results for both [23].
Wettstein et al. have reported the trans-capsular
technique results of nine patients showing a
100% success rate with a minimum of 3-month
follow-up [24, 25].

Byrd reported his results with the release at
the lesser trochanter, with resolution of symp-
toms in 100% of cases. The same author also
indicates the presence of intra-articular lesions in
50% of treated subjects [19].
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In one of his works, Ilizaliturri describes as
the trans-capsular release technique may have a
higher risk of recurrence, but neither in literature
nor in our experience this possible complication
has been clinically relevant; there is instead an
evident security, simplicity, and easy reproduc-
ibility of the trans-capsular proximal technique in
any condition compared to other endoscopic
techniques [24, 25].

Our series on professional athletes suffering
from internal snapping hip is at this time of 21
cases, all treated with a trans-capsular proximal
technique and for which we are executing a
strength test comparing hind limb flexion, in order
to assess flexion strength. The results at 3 months
do not show a significant strength loss compared
to the contralateral, reinforcing the idea that the
partial release is capable of resolving the pathol-
ogy, leaving the ability of muscle response, par-
ticularly important especially in athletes.
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10.1 Epidemiology

Ninety-five percent of patients are male, with
incidence variation from 11 per 10,000 person
years (aged 16-24) to 200 per 10,000 person
years (aged 75 or above) [3].

The lifetime risk of developing an inguinal
hernia is 3% for women and 27% for men [1]. The
incidence rises with age and is eight times higher
in persons with a positive family history [7].

The following risk factors have been
described [8]:

e Chronic obstructive pulmonary disease
e Cigarette smoking

e Low body-mass index

e Collagen diseases

Lateral, medial, and femoral hernias are ana-
tomically distinct from one another and arise at
different frequencies [6]. Indirect hernias are
twice as common as direct ones; femoral hernias
account for less than 5% of all inguinal hernias
(more common in women). Inguinal hernias are
more often on the right side than the left [5, 9].

Obturator hernias account for 0.07-1% of all
hernias and 0.2-1.6% of all cases of mechanical
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obstruction of the small bowel [10]. They have
the highest mortality rate of all abdominal wall
hernias (13-40%) [11].

Spigelian hernia accounts for 1-2% of all her-
nias; supravesical hernia is very rare (with few
cases described in literature) [12, 13].

10.2 Diagnosis

A complete anamnesis is the first step to a correct
diagnosis, and the following points are crucial:
groin swelling (right/left), nature and duration of
complaints (pain), contralateral groin swelling,
symptoms of incarceration, reducibility, and pre-
vious hernia operations.

Predisposing factors must be investigated:
smoking, chronic obstructive pulmonary disease
(COPD), abdominal aortic aneurysm, long-term
heavy lifting work, positive family history,
appendicectomy, prostatectomy, and peritoneal
dialysis [14].

A reducible (with proper maneuver) groin
swelling (above the inguinal ligament) is defini-
tive evidence of an inguinal hernia and needs no
further diagnostic evaluation with the exception
of physical examination [2].

Physical examination of the groin is manda-
tory not only in patients referred for lower
abdominal pain; it consists of inspection (ipsi-
and contralateral swelling, operation scar, skin
signs of incarceration), followed by palpation of
the patient’s groin in both standing and lying
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position, including digital exploration of the
inguinal canal as afterward described and digital
rectal exam. An inguinal hernia can be distin-
guished from a scrotal hernia (with or without
hydrocele by palpation, using transillumination if
necessary).

Evaluation must include testicle and spermatic
cord bilateral palpation, inguinal canal explora-
tion made by a finger into the external inguinal
ring (at rest and during Valsalva maneuver), and
palpation of bone and muscular-aponeurotic
landmarks (pubic crest and tubercle, pectineal
line, superior pubis ramus, inferolateral and
superomedial pillar, common rectus abdominis-
longus adductor muscle aponeurosis). In a recent
study, a standardized questionnaire was used to
evaluate symptoms of patients with inguinal her-
nia and in a control group [15]. Sixty-nine per-
cent had discomfort in the hernia itself and 66%
in the groin, while 50% complained of increased
peristalsis, without any difference between right-
sided, left-sided, or bilateral hernias. Only 7%
had no symptoms. Patients with a left-side hernia
complained mainly of increased peristalsis and
tenesmus, while patients with right-side com-
plained of urinary problems. The preoperative
symptoms and the severity of pain in the early
postoperative period were both risk factors for
chronic pain [16].

Any non-reducible inguinal mass needs fur-
ther diagnostic evaluation, even in asymptom-
atic patients. A meta-analysis confirmed the
utility of ultrasonography for this purpose,
with 96.6% sensitivity, 84.8% specificity, and
a positive predictive value of 92.6% [27]. In a
study of 36 patients with occult hernias, mag-
netic resonance imaging was found to be supe-
rior to both ultrasonography and computerized
tomography [17].

Dynamic sonography is useful (Ilow cost, good
diagnostic value, and availability), but can only
be stated as a grade C recommendation (subopti-
mal quality of studies).

Differential diagnosis to be considered is fem-
oral or incisional hernia, lymph node enlarge-
ment, aneurysm, saphenous varix, soft tissue
tumor, abscess, genital anomalies (ectopic testi-
cle), adductor tendinopathy, pubic osteitis, hip

artrosis, iliopectineal bursitis, low back pain, and
endometriosis (in female patient) [14].

10.3 Classification

The European Hernia Society (EHS) Board
agreed on a new classification based on Aachen
system [18].

EHS classification defines the location of her-
nia with L (lateral), M (medial), and F (femoral).
The size of hernia is indicated with 1 (<1 finger),
2 (1-2 fingers), and 3 (>3 fingers). For two dif-
ferent hernias in the same patient, appropriate
boxes in the table are ticked. In addition, P or R
letter is encircled for a primary or recurrent
hernia.

No matter which classification system is used,
the type of hernia should be recorded according
to intraoperative findings, describing each side
separately and clearly for bilateral hernias.

10.3.1 Indications for Treatment

The goal of treatment is to resolve symptoms,
improve quality of life, and prevent adverse
events such as incarceration while avoiding post-
operative complications.

Surgery can improve the quality of life of
patients with symptomatic inguinal hernias [19],
even if they are elderly [20].

In men with asymptomatic or minimally
symptomatic inguinal hernia, consider conserva-
tive management (watchful waiting).

Watchful waiting is a safe and acceptable
option for men with minimally symptomatic or
asymptomatic inguinal hernias. It is very likely
(>70% chance) that, in time, the symptoms will
increase leading to surgical intervention (evi-
dence level 1B).

It is recommended in minimally symptomatic
or asymptomatic inguinal hernia in men to con-
sider a watchful waiting strategy, especially when
older or in the presence of major comorbidity
(recommendation grade B) [21].

In case of incarcerated hernia without symp-
toms and signs of strangulation, it is possible to
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try reduction; otherwise, emergency surgery is
mandatory.

For symptomatic inguinal hernia, elective sur-
gery is the choice.

For female patient consider femoral hernia
and preperitoneal (endoscopic) approach.

Primary inguinal hernias in women should be
operated in all cases because of the possibility of
a femoral hernia, which cannot be unambigu-
ously diagnosed and is incarcerated in up to 30%
of cases (evidence level 2, recommendation
grade B) [4, 14, 21].

In case of recurrent inguinal hernia, the deci-
sion must be made individually, in consideration
of previous technique (with or without a mesh),
symptoms, and comorbidities.

10.4 Surgery

Surgical procedures for inguinal hernia repair
could be classified according to technique (pri-
mary tissue repair with suture or mesh position-
ing), to anatomical approach (anterior or
posterior), and to type of surgery (open or lapa-
roscopy/endoscopy).

Minimally invasive procedures are always
done through a posterior approach and with the
use of a mesh; open, primary tissue repair pro-
cedures are performed through the classic ante-
rior approach. Bassini, Shouldice, and Desarda
are suturing techniques; the standard mesh
technique through an anterior approach is
Lichtenstein [22].

The “plug and patch” technique and the use of
special mesh systems (prolene hernia system,
PHS) in open procedures to cover both the ante-
rior and the posterior surface have been recently
reviewed.

PHS and plug and patch result in comparable
outcome (recurrence and chronic pain) as the
Lichtenstein technique (l1-4-year follow-up)
(level 1A).

PHS and plug and patch (mesh plug) can be
considered as an alternative treatment for
Lichtenstein inguinal hernia repair (grade B) [21].

According to a recent meta-analysis of open
suture and open mesh techniques, the Shouldice

repair is associated with a lower recurrence rate
than other suture techniques—Bassini—(7% vs.
4.3%) [23], but the recurrence rate of suture tech-
niques is four times higher than that of mesh
techniques (4% vs. 0.9%).

In the guidelines, the open Lichtenstein and
endoscopic inguinal hernia (long learning curve for
endoscopic repair, especially TEP—Ievel 2C) tech-
niques are recommended as best evidence-based
options for repair of a primary unilateral hernia
provided the surgeon is sufficiently experienced in
the specific procedure [21].

For recurrent hernias after conventional
open repair, endoscopic inguinal hernia tech-
niques result in less postoperative pain, faster
recovery, and less chronic pain than the
Lichtenstein technique (evidence level 1A). For
the repair of recurrent hernias after conven-
tional open repair, endoscopic inguinal hernia
techniques are recommended (recommendation
grade A).

Material-reduced meshes have some advan-
tages in terms of chronic pain and foreign body
sensation in the first year after open surgery.
There is, however, no difference in the incidence
of severe chronic pain (level 1B).

This advantage has not been shown in endo-
scopic repair.

The wuse of lightweight/material-reduced/
large-pore (>1000 pm) meshes in open inguinal
hernia repair is advised with caution for large
direct hernias (grade B).

Traumatic mesh fixation (non-resorbable
devices) in TEP (with heavyweight mesh) is
unnecessary in most cases (level 1A).

There is possibly a short-term benefit (postop-
erative pain) of atraumatic mesh fixation in the
Lichtenstein procedure and in endoscopic proce-
dures (TAPP). It offers no benefit in terms of
chronic pain (level 1B).

When using heavyweight meshes, traumatic
mesh fixation in TEP endoscopic repair should be
avoided with exception for some cases like large
direct hernias (grade B).

Atraumatic mesh fixation in the Lichtenstein
technique and in TAPP endoscopic repair can be
used without increasing the recurrence rate at 1
year (grade B).
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The first study on the use of the self-gripping
Parietene ProGrip mesh (large-pore polypropyl-
ene with resorbable polylactic acid micro grips)
showed less pain on the first postoperative day vs.
the use of another large-pore polypropylene mesh
without self-gripping capacity [24]. Atraumatic
mesh fixation (glue, self-fixating mesh) is more
expensive than standard fixation, although the
operation time was shorter in the majority of the
studies. All studies with at least 1-year follow-up
showed no differences in recurrence rates.

As a brief summary of procedure related to
specific indications:

For primary unilateral, mesh repair is recom-
mended (Lichtenstein or endoscopic, only if
expertise is available).

For primary bilateral, mesh repair is recom-
mended (Lichtenstein or endoscopic).

For recurrent inguinal hernia, mesh repair is rec-
ommended, modifying technique in relation
to previous procedure (if anterior consider
open preperitoneal mesh or endoscopic
approach only if expertise is present; if previ-
ously posterior consider anterior mesh—
Lichtenstein) [21].

10.4.1 Femoral Hernia [25, 26]

Femoral hernias account for 2-4% of groin her-
nias, are more common in women, and are located
lateral and inferior to the pubic tubercle and infe-
rior to the inguinal ligament. The diagnosis can
usually be made by thorough physical examina-
tion. Some patients complain of pain in the ipsilat-
eral lower extremity, which is caused by pressure
on the femoral nerve. The pain disappears with
flexion of the thigh (Astley Cooper sign).

Due to the high risk of hernia complications
and better outcomes for elective versus emer-
gency hernia repair, long-standing femoral her-
nias that are asymptomatic may be considered for
watchful waiting, while recently identified her-
nias should be considered for elective repair,
even if asymptomatic.

The risk of mortality for emergency opera-
tions was significantly higher than for elective
operations (OR 5.37, 95% CI 3.24-8.91), high-

lighting the importance of repairing femoral her-
nias in an elective setting.

10.4.2 Obturator Hernia[10, 11]

Signs and symptoms resulting from obturator
hernias are often vague and nonspecific. There is
rarely a palpable mass as in other common
abdominal wall hernias and diagnostic imaging
can often be inconclusive. A high suspicion for
obturator hernia should be maintained when
assessing a patient presenting with bowel obstruc-
tion and intermittent symptoms or medial thigh
pain are present. A full assessment of the hernial
orifices including screening for the Howship—
Romberg (inner thigh pain on internal rotation of
the hip) sign should not be overlooked.

Early CT scanning should be considered in
cases where inguinal and femoral hernias have
been ruled out by clinical examination. Open
approaches are well documented with good her-
nial defect repair rates. Laparoscopic repair may,
also, be appropriate resulting in less postopera-
tive pain, fewer pulmonary complications, and
shorter hospital stays.

10.4.3 Spigelian Hernia [12]

Spigelian hernia (1-2% of all hernias) is the swell-
ing through a congenital or acquired defect in the
Spigelian aponeurosis (transversus abdominis apo-
neurosis limited by the linea semilunaris laterally
and the lateral edge of the rectus muscle medially).
Mostly, they lie in the “Spigelian hernia belt,” a
transverse 6-cm-wide zone above the bisiliac plane;
lower hernias are rare and should be differentiated
from direct inguinal or supravesical hernias.
Although named after Adriaan van der Spieghel, he
only described the semilunar line (linea Spigeli) in
1645. Josef Klinkosch in 1764 first defined the
Spigelian hernia as a defect in the semilunar line.

10.4.4 Supravesical Hernia [13]

Supravesical hernia is exceptional. It involves a
hernia between the median umbilical ligament
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and the medial umbilical ligament and is classi-
fied as two types: internal supravesical hernia and
external supravesical hernia. They are often the
cause of intestinal obstruction.

Technical and anatomical aspect of surgical pro-

cedures is discussed in chapter “Sports Hernia: A
Comparison of the Different Surgical Techniques.”
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Urogenital Pathology

Massimo Cecchi

11.1 Introduction

Groin pain encompasses a large number of pos-
sible etiologies. Even after thorough work-up,
the etiology for groin pain can be very difficult
to elucidate. Although the most common cause
of groin pain is muscle, tendon, or ligament
strain, before making the diagnosis of groin pain
syndrome, other urological causes must be
addressed such as urinary bladder processes,
renal colic, and testis and prostatic diseases
(Table 11.1).

Urologic diagnosis is very common, and
some patients with groin pain must obtain an
urologic evaluation for differential diagnosis.
Pelvic pain is one of the most frustrating areas of
urology. It is important to take a thorough his-
tory of possible urologic, intra-abdominal, or
joint-related conditions. A prostate examination
is important to rule out prostatitis, as well as a
physical examination of the scrotum to rule out
genital diseases.

However some patients who require urologic
evaluation may have muscle or tendon disease
and need orthopedic evaluation.
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Table 11.1 Urological causes of groin pain

— Prostatitis

- Epididymitis

- Spermatocele

—  Orchitis

- Hydrocele

— Retractile testicle

— Testicular cancer

— Testicular torsion

— Varicocele

— Scrotal masses

— Urinary tract infection
- Kidney and ureteral stone

11.2 Prostatic Diseases

11.2.1 Prostatitis

Prostatitis is a label applied to symptom com-
plexes involving perineal discomfort and voiding
symptoms. Stamey [1] defined this spectrum of
prostatic disease as a “wastebasket of clinical
ignorance.” The non-urological symptoms of
prostatitis include pain in the area of the anus,
bladder, abdomen, and groin and pain during
ejaculation. Clinical and laboratory investiga-
tions during the last three decades have changed
our understanding of these pathologies.
Prostatitis is the most common urologic diag-
nosis in men younger than age 50 years; chronic
prostatitis most commonly affects men older than
50 years [2]. Estimations show that 50% of men
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Table 11.2 Prostatitis classification of the National
Institutes of Health [3]

e Type I acute bacterial prostatitis

» Type II chronic bacterial prostatitis

* Type III chronic abacterial prostatitis (type Illa
inflammatory CPPS or type IIIb non inflammatory
CPPS)

e Type IV asymptomatic inflammatory
prostatitis

will experience symptoms of prostatitis at some
time in their lives [1].

Prostatitis is an infection or inflammation of
the prostate which may be acute or chronic.
Prostatitis is associated with substantial cost and
significant resource consumption.

Traditional classifications present significant
limitation, and the NIH classification has now
been recognized as the best system for clinical
practice and research (Table 11.2).

Etiology may be infective (gram-negative,
gram-positive, anaerobic, chlamydial infec-
tion), chemical-induced inflammation (nox-
ious substances in the urine), immunologic
alteration, psychological factors, pelvic floor
muscle abnormalities, and painful bladder
syndrome.

The infective agents in acute and chronic bac-
terial prostatitis are the same in type and inci-
dence as those that cause urinary tract infection.
Common uropathogenic strains of Escherichia
coli are the most frequent causes of prostatitis,
whereas other coliform bacteria (Proteus,
Klebsiella, Enterobacter, Morganella, Serratia,
Citrobacter) and pseudomonas are the less fre-
quent causes [1]. The role of chlamydial etiology
of prostate infection is both confusing and
conflicting.

Gram-negative Enterobacteriaceae and entero-
cocci are responsible for most cases of bacterial
prostatitis.

Krieger and Riley [4] showed that only 8% of
patients with CPPS tested positive for microor-
ganism. However chronic abacterial prostatitis
may, in certain cases, actually be due to an occult,
chronic bacterial infection [5].

The pathogenesis of bacterial prostatitis is
unclear. It is known, however, that the infective
agent must first reach the prostate, colonized the

gland, and then invade the secretory system. The
ascending urethral route of infection is the most
common route with reflux into the prostatic
ducts, but lymphogenous or hematogenous routes
are also possible. Intraprostatic urinary reflux
occurs commonly and is an important cause of
prostatic calculi [6].

Risk factors of prostatic infection include
alterated prostatic host defense, dysfunctional
voiding, intraprostatic ductal reflex, immuno-
logic alterations, chemical-induced inflamma-
tion, pelvic floor muscle abnormalities,
neuroendocrine mechanisms, psychological fac-
tors, and painful bladder syndrome.

Acute bacterial prostatitis presentation 1is
usually dramatic with fever; low back, groin,
and perineal pain; voiding dysfunction; and
constitutional symptoms (malaise, arthralgia,
and myalgia). The prostate is tender, tense,
swollen, and painful. The degree of pain during
prostatic palpation is variable. Urinalysis reveals
pyuria and bacteriuria, and cultures will be
positive.

In contrast clinical manifestations of chronic
prostatitis are variable and frequently subtle.

The term of prostatodynia or chronic pelvic
pain syndrome (CPPS) is used to identify unex-
plained chronic pelvic pain in men. CPSS is an
inflammatory condition of unknown cause. It is a
catchall category of convenience for a heteroge-
neous mixture of male patients with long-
standing symptoms with no objective explanation
and no satisfactory treatment.

Genetic predisposition, autoimmunity, and
abnormal functioning of the nervous system may
playaroleinthedevelopmentof CPPS. Psychological
stress and depression may play a role with local pro-
duction of cytokines in the pelvis with increase of
CPPS inflammation.

Cytokines, which are produced by white blood
cells, genetic predisposition, autoimmunity, and
abnormal functioning of the nervous system have
been individually identified as a culprit in the
causation of CPPS. At least in some cases, they
may adversely affect the suppression of NGF
with CPPS flare-ups. Psychological stress and
depression may lead to a flare of CPPS
symptoms.
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This pain is associated with irritative voiding
symptoms and/or pain located in the groin, geni-
talia, or perineum. Pontari and Ruggeri reviewed
the numerous pathophysiologic mechanisms
implicated as the potential etiologies of CPPS
and concluded that, although the causes of CPPS
remain unknown, the symptoms seem to arise for
a combination of psychological factors and
immune, neurologic, and endocrine system dys-
function [7].

Symptoms are prostatodynia (discomfort in
a pelvic pain distribution), irritative voiding
disfunction, and pain (pelvic, perineal, lower
back, or groin). The impact on health status is
significant with greatly diminished quality of
life.

Mandatory evaluation includes history taking
and physical and digital rectal examination.
Culture techniques ([8, 10] and PPMT [9]) are
essential for prostate inflammation diagnosis and
classification. Pressure-flow studies, cystoscopy,
transrectal ultrasonography, and pelvic imaging
are optional studies.

Pain is the primary symptom of CPPS; the
second most important component is urinary
function. Impact of symptoms and quality of life
need to be evaluated in patients with CPPS.

The predominant symptom in CPPS is pain
which may be localized in the perineum, supra-
pubic area, penis, and groin. Most men experi-
ence variable symptoms of irritative voiding
dysfunction, pain, or discomfort perceived in a
pelvic pain distribution (suprapubic, perineal,
groin, low back). Chills and fever are unusual.
Postejaculatory discomfort and hemospermia
may be present. Rectal examination may be
normal or aspecific (enlarged or indurated
prostate).

The origin of prostatodynia is unknown, and
the term may frequently be misleading.
Musculoskeletal abnormalities have been impli-
cated and are probably responsible for many of
the symptoms.

Diagnosis of prostatitis is performed with
history and physical examination, rectal exam-
ination, and culture techniques (urinalysis,
urine culture, lower urinary tract localization
test). Prostatic imaging (ultrasound or NMR) is

not recommended for routine examination;
however, it may be useful in complex cases or
for differential diagnosis. Transrectal ultraso-
nography can be useful in diagnosing and
draining prostatic abscesses and diagnosing
obstructed seminal vesicles or prostatic cysts.
Flow rate, residual urine determination, and
urine cytology can be useful for urinary tract
evaluation.

Optional tests are urethral swab for culture,
pressure-flow studies, video urodynamics, pelvic
imaging (CT, NMR), and cystoscopy.

11.3 Scrotal Diseases

The acute scrotum requires similar management
principles of “acute abdomen™:

— Patient history
— Physical examination
— Imaging studies

11.3.1 Testis and Epididymis
Pathology

Orchitis is inflammation of the testis which is a
relatively rare condition; most cases are referred
to as epididymo-orchitis. Orchitis and epididymi-
tis may be bacterial, nonbacterial, noninfectious,
chronic orchitis or epididymitis, chronic orchial-
gia, or epididymalgia.

On gross examination, the testis involved is
enlarged, congested, and tensed; often the epi-
didymis cannot be distinguished from the testis
by palpation.

Chronic orchitis and orchialgia are usually
secondary to trauma or acute bacterial orchitis.
Scrotum is usually normal, but the testis may be
indurated and tender; pain may be serious with
groin irradiation.

Epididymitis may follow severe physical
strain; pain is usually severe and may radiate
along the spermatic cord and even reach the groin
and the flank. Chronic epididymitis may result
from recurrent epididymitis or other cause.
Epididymis is tender and swollen. Pain is
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localized to epididymis with irradiation to testis
and spermatic cord. Urethral swab is useful for
culture and sensitivity testing.

11.3.1.1 Spermatocele

Spermatocele is a painless cystic mass contain-
ing sperm; most spermatoceles are less than
1 cm in diameter and asymptomatic. Large sper-
matocele may cause groin pain. Diagnosis usu-
ally is made easily upon physical examination,
but scrotal ultrasound may be useful if there is
any doubt.

11.3.2 Varicocele

Varicocele consists of dilatation of the pampini-
form plexus above the testis usually on the left
side. Physical examination reveals a mass of
dilated, tortuous veins lying posterior to and
above the testis. In most patients, a varicocele is
of no clinical significance; a small percentage
have problems with infertility. It may extend up
to the external inguinal ring and may cause groin
pain during Valsalva maneuver or physical strain.

11.3.3 Hydrocele

Hydrocele consists of a collection of fluid within
the tunica or processus vaginalis.

A hydrocele may develop secondary to testic-
ular neoplasm, orchitis and epididymitis, and
local injury. However chronic hydrocele is more
common and is usually asymptomatic. Patients
with hydroceles have scrotal enlargement, a sen-
sation of heaviness. The patient may however
complain of its bulk or weight and inguinal or
groin pain. On examination the mass can be dis-
tended tensely; ultrasound examination may be
useful for differential diagnosis.

11.3.4 Torsion of the Spermatic Cord

Torsion of the spermatic cord causes severe pain
in one testicle, lower abdominal or groin pain,

and nausea and vomiting. However it may be
accompanied only by moderate scrotal swelling
and little or no pain with difficult differential
diagnosis.

11.4 Kidney Diseases
11.4.1 Kidney and Ureteral Stone

Kidney and ureteral stones are very common.
Symptoms can vary from severe pain to no pain
at all depending on stone characteristics, such as
size, shape, and location of stone in the urinary
tract.

A kidney stone may cause severe pain in the
loin and the flank; a ureteral stone may cause
pain in the groin or thigh. Other symptoms are
nausea, vomiting, ileus, painful urination, fever,
and blood in the urine.

Distal ureteral stone causes pain that tends
to radiate into the groin or testicle in the male
or labia majora in the female because the pain
is referred from the ilioinguinal or genitofemo-
ral nerves. Pain may be acute or recurrent or
dull.

The noncontrast computed tomography (CT)
scan is the cornerstone of initial radiographic
assessment. Ultrasonography can often show the
location, shape, and size of stone and dilation of
the urinary tract. Noncontrast CT scans have
become the imaging modality of choice; in some
situations, renal ultrasonography or a contrast
study such as intravenous pyelography (IVP)
may be preferred. Contrast CT scan study may
sometimes help clarify a difficult or confusing
case, but contrast scans are usually indicated only
during subsequent evaluation.

Urine and blood examination are useful to

evaluate renal function and wurinary tract
infection.
Conclusions

Urogenital pathologies are very common in
men with groin pain. Since the etiology of groin
pain can be very difficult to elucidate, urologic
evaluation is mandatory in most cases.
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Sports Hernia: Diagnostic
and Therapeutic Approach

12

Antonio Guglielmi

In the last years, the term sports hernia has been
used in sports medicine to define one of the causes
of groin pain syndrome [1, 2]. The absence of a
hernia can sometimes confuse the true meaning of
the term. The surgeon Jerry Gilmore in the 1990s
described a pathology with muscular and nervous
aetiology also called Gilmore’s groin, groin strain
or sportsman’s groin, distinct from classical ingui-
nal hernia that presents a visceral extrusion [3].

It refers to a group of lesions of the lower
abdominal wall and in particular localized at the
muscular, tendon and nerve structures of the
inguinal canal.

It is a painful disorder that affects predomi-
nantly male athletes [4] and is common in sports
that involve rapid acceleration accompanied by
sudden changes in direction, cutting and kicking,
sneezing, turning and twisting. Soccer players are
the sportsmen in which we found the largest num-
ber of this type of lesions, with lower frequency in
rugby and ice hockey players and in runners [5, 6].

12.1 Aetiopathogenesis

Numerous causes have been hypothesized, but it
is very difficult to establish from which it origi-
nated. We have to consider the multifactorial
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genesis of these lesions. An imbalance between
the weaker lower abdominal muscles and the
stronger hip adductor muscles depends from the
physical characteristics of the athlete or more fre-
quently from the different typology of athletic
preparation. The trainers tend to prefer to work
on strengthening of the leg muscle than on trunk
muscles. Currently, the diffusion of soccer in
young people shows a growing incidence of this
pathology as a result of incorrect training. The
result is a great difference of force distribution in
these areas. During trunk flexion and rotation, the
oblique internal and external abdominal muscles,
both inserted onto the pubic bone, exert an
upward traction, while the hip adductor muscles
also inserted onto the pubic bone exert a down-
ward traction. The muscular simultaneous con-
traction, for example, during a contrast in the
match, exert a traction on the pubic bone due to
opposing forces.

The gender difference of the musculoskeletal
anatomy in this area may explain why the sports
hernia is more common in males than females.
For example, there is a different insertion of the
rectus abdominis in females which inserts onto
the antero-superior part of the symphysis, while
in men, there is a continuity of these ligaments,
one for each medial half of rectus with the graci-
lis and fascia lata [7, 8].

The pubic instability due to an altered coordi-
nation of muscular synergy, necessary for effica-
cious control of hip dynamics, may be the cause
of sports hernia. Muscular imbalance and
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functional instability of the pubic symphysis lead
to small tears in the muscle wall and in the apo-
neurotic fascia, resulting in entrapment of the
inguinal nerves and with low frequency of the
iliohypogastric nerves, thus causing pain typi-
cally associated with sports hernia. Gullmo [9]
suggested that the underlying cause of chronic
groin pain is related to repeated stretching of the
peritoneum or of the sensory fibres of the ilioin-
guinal nerve along its course. The ilioinguinal
nerve, because of its anatomic course and its
length, is easily exposed to injury and can be
compressed or entrapped by tears in the abdomi-
nal muscle fascia (Fig. 12.1).

Another anatomic structure responsible for pain
is the genital branch of the genitofemoral nerve
which can be compressed by bulging of the poste-
rior wall of a weak or incompetent inguinal canal,
including laceration of the transverse fascia with
protrusion of the preperitoneal fat. This condition
may be associated with increased size of the angle
of convergence between the insertion of the rectus
muscle along with the conjoint tendon and the
inguinal ligament resulting in an enlarged external
inguinal ring. In addition, an alteration of the con-
fluence between this tendon and the adductor mus-
cle may be present, observing a fibrosis of these
structures in chronic forms above the pubic crest.

In current reports [10-12], there is a discus-
sion about the biomechanical alterations deter-
mined from “femoroacetabular impingement

Fig. 12.1 Posterior wall of the inguinal canal and ilioin-
guinal nerve entrapped

(FAI)”, in particular cam type, and development
of sports hernia.

The frequent association of these diseases
should make us reflect on which disease starts first;
in any event, there is an agreement on the treatment
of both after a multidisciplinary evaluation.

12.2 Symptomatology
and Physical Findings

Pain develops during or at the end of exercise or
the day after the game. It is usually unilateral but
occasionally bilateral and is located above the
projection of the inguinal ligament to the lower
lateral edge of the rectus abdominis muscle and
often radiating to the scrotum (30%) and the
proximal region of the thigh that is along the path
of the adductor longus. Pain persists after a game
and is accompanied by a difficulty in getting out
of bed during the next 2 days.

The onset is insidious; it subsides with rest and
reappears with sports activity return. The player is
not able to kick with a combined movement of hip
extra rotation. Pain is exacerbated by movement
that involves sudden twisting and acceleration of
the torso, by sneezing and coughing [13].

Clinical examination starts with the patient
standing upright; occasionally, a slight bulge in
the groin is observed. The simple palpation of the
inguinal area above the pubic insertions of con-
joint rectal muscle generally doesn’t elicit pain.

The exploration through the scrotum
(Fig. 12.2) reveals a dilated superficial inguinal
ring due to the external oblique aponeurosis and/
or conjoint tendon tear.

The thrust of the explorer finger will cause a
deep and sharp pain enhanced by a crunch move-
ment. If the patient coughs during this manoeuvre,
you can feel a weak impulse of the posterior wall of
the inguinal canal, and when a dislocated or
entrapped nerve is found, the pain may continue
even after the exploration (Fig. 12.1). This is a spe-
cific hallmark. To confirm the origin of pain, it is
possible to make a lido test with the injection of
local anaesthetic medially to the superior anterior
iliac spine [14]. The immediate but temporary reso-
lution of pain can help in differential diagnosis.
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Fig. 12.2 Exploration through the scrotum with enlarged
external inguinal ring

In order to exclude other associated diseases,
you must carry out some semiological manoeu-
vres. The frequent association with cam FAI may
be hypothesized with positive impingement test.

The pressure exerted on the pubic symphysis
should suggest an osteitis. A positive squeeze test
can highlight insertional lesions of the adductor
muscles [15].

12.3 Instrumental Diagnosis

Dynamic ultrasound examination is certainly the
most accessible but highly operator-dependent
procedure [16]. An excellent knowledge of nor-
mal and pathologic groin anatomy is required.
The examination may show macroscopic injuries
of the conjoint tendon and of the aponeurosis of
oblique external muscle. The lesions of the poste-
rior wall of the inguinal canal are distinguished by
a moderate and convex bulging associated with
tear of the transversalis fascia and very small pro-
trusions of peritoneal fat (Fig. 12.3). The picture

Fig. 12.3 Tears of the transversalis fascia and protrusion
of peritoneal fat and nerve compression

is of an incipient direct inguinal hernia. The image
capture is performed starting from the baseline
condition, during a sit-up or when asked to con-
tract the abdominal muscles (Valsalva). The local
innervation and its course cannot be shown by
ultrasound, but this is the area where we find
entrapment or compression of the ilioinguinal
nerve during open surgery. MRI is an examination
of high diagnostic accuracy for muscle and ten-
don injuries; it allows us to define many associ-
ated diseases. It is required in second line to define
more complex situations such as hip pathologies
and pubis osteitis. The test is also made in basal
condition and during Valsalva [17-19].

12.4 Treatment

The athlete’s history helps us to decide between a
conservative and surgical treatment. The acute
onset of symptoms suggests a conservative
approach with anti-inflammatory therapy and
rest. The specific physiotherapy required to
redress the balance between the abdominal mus-
cles, rectum and external oblique, internal and
transverse and the most powerful adductor mus-
cles will have to continue for a period of 8-12
weeks, depending on the severity of injury. The
difference in the competitive level will have to be
considered in choosing treatment. After 12
weeks, if there are still conditions for not playing
a match, surgical treatment is called for. Although
symptoms mainly refer to one side, it is prefera-
ble to operate on both sides in order to restore fair
distribution of lines of force.
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Surgical techniques proposed in the treatment
derive from those used in traditional surgery for
hernias [20, 21]. The open techniques with or
without the mesh implant (Figs. 12.4 and 12.5)
are designed to reconstruct the transversalis fas-
cia, to reduce the angle between conjoint tendon
and inguinal ligament and in strengthening the
internal inguinal ring (Fig. 12.6). The association
of a decompression or neurolysis of ilioinguinal
and genitofemoral nerves and more rarely of ilio-
hypogastric nerve depends on their anatomical
position in the context of the injury observed.
The observation is possible only with open repair Fig. 12.5 Reconstruction of inguinal posterior wall,

techniques. mesh implant
The most current video-assisted techniques

(TAPP, TEP) [22, 23] with the placement of a
polypropylene mesh report a faster return to
sports activity. The possibility of positioning a
prosthesis of a larger size allows us to stabilize
different lesions of the posterior abdominal
wall. Laparoscopic technique requires a lon-
ger learning curve than open surgery. Risks
associated with general anaesthesia required
for laparoscopic procedures and possible
injury to the abdominal organs and vascular
structures will have to be considered as in
most cases we are dealing with very young
and healthy patients.

Fig. 12.6 Reconstruction of the conjoint tendon sutured
to inguinal ligament
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of the Different Surgical

Techniques

Francesco Di Marzo

Multidisciplinary evaluation (orthopedist, radi-
ologist, surgeon, physiotherapist, sport physiolo-
gist) is mandatory to make diagnosis with
confidence and to manage the whole treatment
pathway (from first physical examination to
“return to play”), avoiding recurrence, failure,
and partial resolution [1, 2].

The level of evidence for operative treatment of
sports hernia is poorly known, and a recent litera-
ture review shows a low level of study quality [3].

Surgery offers a wide range of procedural
options and is part of the groin pain syndrome
treatment, but considering it as the final step is a
conceptual error.

This overview focuses on current surgical
techniques, analyzing anatomical and step-by-
step technical aspects.

Classification of current techniques is
extremely important to define common points
and to evaluate any difference:

Open technique without mesh positioning

Open all-suture repair
Minimal repair technique

Open technique with anterior onlay mesh
positioning
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Open with anterior mesh repair and combined
adductor release if needed

Laparoscopic technique with posterior mesh
positioning

Transabdominal preperitoneal
Totally extraperitoneal
Laparoscopic inguinal ligament release

At a glance, it’s easy to establish two different
ways in classifying all the procedures; the first is to
consider how to approach the transversalis fascia:

1. Open technique through a skin/subcutaneous/
aponeurosis incision

2. Videolaparoscopic/endoscopic technique
through multiple micro-incisions, trocar posi-
tioning, and peritoneal flap creation (TAPP)
or extraperitoneal space dissection (TEP)

The second takes into account the type of repair:

1. Primary tissue repair with suture
2. Mesh repair

The surgical strategy in laparoscopic tech-
nique is strictly tied to the use of a mesh in order
to ensure a complete support to musculotendi-
nous architecture of posterior wall without any
correlation to nerves or inflammatory tissue (in
the pubic area).

The open technique seems to be more flexible,
allowing to choose a primary or a mesh repair
combined with selective neurectomy if needed.
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13.1 Open All-Suture Repair

13.1.1 Anatomical Background

The rectus abdominis and adductor longus pull
against the “pubic joint” with consequent weak-
ness of posterior wall of the inguinal canal caused
by force impairment (adductor’s strength over-
comes rectus), without any nerve entrapment
[4, 5]. Sports hernia is treated as a muscular
problem with a reinforcement of distal insertion
of rectus abdominis and inguinal canal posterior
wall, broadening the insertional surface area
(including the rectus, internal oblique, and trans-
versus abdominis via the conjoint tendon) [6].

13.1.2 Surgical Technique

The procedure is like a standard open inguinal
hernia repair from skin incision to spermatic cord
isolation and dissection exposing the posterior
wall of inguinal canal.

The exploration of conjoint tendon, rectus
abdominis insertion, and transversalis fascia is
crucial to identify any defect (injury or medial/
cranial retraction of rectus abdominis tendinous
portion, conjoint tendon’s tears, bulging of trans-
versalis fascia).

Exposition of pubic tubercle and Cooper’s lig-
ament is necessary to provide a good reconstruc-
tion in which the first two stitches are crucial:

1. From lateral tendinous edge of the rectus
abdominis to the roughed periosteum of pubic
tubercle

2. From rectus edge (a little bit proximal to the
first stitch) to the tubercle and the upper part
of Cooper’s ligament

The next stitch bites Cooper’s ligament, lateral
edge of the pubic tubercle, and reflected part of the
ilioinguinal ligament. Additional sutures are placed
as a Bassini repair to bring the conjoined tendon
down to the ilioinguinal ligament (reflected part).

The rest of the procedure is, again, like a stan-
dard inguinal hernia repair.

In selected cases, an adductor tendon release
is combined (contracted or overdeveloped adduc-
tor musculature).

13.1.3 Results

Litwin et al. reported good efficacy of the open,
all-suture repair technique after evaluating 153
patients over a 6-year period from 2007 through
January 2013.

Patient-reported outcome measure was used
and showed positive results: physical health
scores were improved by 15.5%, mental health
scores were improved by 7.8%, and Tegner activ-
ity level scores were improved by 37.8%. A low
rate of ipsilateral revision surgery and/or hip
arthroscopy was reported [6].

13.2 Minimal Repair Technique
13.2.1 Anatomical Background

Muscles and aponeurosis of groin region interact
as sliding planes [7].

Transversalis fascia weakness in the inguinal
canal posterior wall with “bulging” creates a com-
pression of genital branch of the genitofemoral nerve.
The nerve distribution to the inner thigh or scrotum
explains the irritation symptoms in such area [7].

Impaired force interaction between the rectus
abdominis and adductor (due to overuse, typical
of pro sport athletes) causes a chronic pro-
inflammatory state in the pubic area, acting
directly and mechanically on sensory nerves.

Realignment of muscles, inguinal canal poste-
rior wall reinforcement, and simultaneous nerve
decompression are the three main steps of the
procedure.

13.2.2 Surgical Technique [7]

The minimal repair technique was developed by
Dr. Ulrike Muschaweck, and it was first pre-
sented 14 years ago.
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A 4-cm incision is made parallel to the inguinal
ligament, more medial than for a standard ingui-
nal hernia repair. A sharp incision is performed,
and electrocautery dissects through the subcutane-
ous tissue and Scarpa’s fascia. The external ingui-
nal ring is identified and evaluated (looking for
edema or fiber enlargement/attenuation). After the
division of external oblique fibers, the ilioinguinal
nerve is identified and preserved. The spermatic
cord is retracted to expose the floor of the inguinal
canal and transversalis fascia (an eventual hernia
sac should be identified and treated).

It’s important to use a Valsalva maneuver
(direct or indirect) to clearly define a “bulging” in
the floor. Careful evaluation of the genital branch
of the genitofemoral nerve in this area can then
be performed.

A lateral to medial incision of the transversalis
is carried out, and a running suture (2/0 polypro-
pylene) medial to lateral is performed between the
iliopubic tract and the edge of the upper transversa-
lis fascia; this first suture leaves a flap for the return
suture. The running suture is continued to the lat-
eral edge of the rectus muscle and anchored to it;
then the flap is incorporated in the running suture
laterally to the initial knot (imbricated suture line).

The final result is a complete obliteration of
the bulging area.

The evaluation of the genital branch of the
genitofemoral nerve in this area is mandatory; in
case of inflammation or any other sign of involve-
ment, it is excised.

To protect the ilioinguinal nerve from mechan-
ical irritation, a collar made with internal oblique
muscle fibers is prepared and placed around the
nerve.

The rest of the procedure is, again, like a stan-
dard inguinal hernia repair.

13.2.3 Results

Both open techniques without mesh positioning
were associated with equivalent results. The min-
imal repair technique has a short postoperative
rehabilitation time which allows athletes to return
to play very quickly (4.5 vs. 16.5 weeks) [7].

13.3 Open with Anterior Mesh
Repair and Combined
Adductor Release If Needed

13.3.1 Anatomical Background

Inguinal floor repair and stabilization with mesh
(tension-free repair) avoid excessive tension (as
in suture repair along the suture line) and its
sequelae (postoperative chronic pain, recurrence)
[8]. Alternative strategies are necessary in par-
ticular cases: young not completely grown male
athletes, young female athletes (open primary tis-
sue repair), and prior sports hernia or inguinal
hernia open repair (laparoscopic approach) [9].

The choice to combine an adductor release
procedure is related to tension reduction at its
proximal insertion.

13.3.2 Surgical Technique

A standard incision and dissection through the
subcutaneous tissue and Scarpa’s fascia as for an
inguinal hernia repair are performed. The exter-
nal inguinal ring is identified, and the two pillars
are evaluated (tension, dilation, fiber attenua-
tion). After the division of external oblique fibers,
the ilioinguinal nerve is identified and preserved.
The spermatic cord is retracted to expose the
floor of the inguinal canal and transversalis fascia
(an eventual hernia sac should be identified and
treated).

The floor is reconstructed by suturing a light-
weight polypropylene mesh to the transversalis
fascia and rectus sheath with single nonabsorb-
able stitches. The lateral edge is sutured to the
inguinal ligament with a running polypropylene
suture, the mesh is split, and the two ends are
sutured together to the inguinal ligament. As in
Lichtenstein repair, a deep inguinal ring recon-
struction with the two tails of the mesh is per-
formed: the goal is not the ring reconstruction
itself but to allow a linear and clear adhesion of
the mesh to the floor.

Also PTFE and biologic mesh could be used
for repair [10-12].
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The rest of the procedure is, again, like a stan-
dard inguinal hernia repair with some difference
in nerve management.

The usual approach is to routinely identify
the ilioinguinal nerve and to resect it, to avoid
a source of postoperative pain, in selected
cases (if it makes a turn through a slit in the
external oblique rather than the external ring or
if it runs the risk of being exposed to the mesh
scarring process). In case of resection, it should
be carried out 3—4 cm proximal to the internal
ring and the stump allowed to retract into the
muscle bed to minimize the risk of neuroma
formation [9].

Also the role of adductor release is not clear in
literature.

In case of adductor release procedure, with the
thigh flexed and abducted, an incision (2/2.5 cm)
over the upper adductor longus tendon is carried
out, exposing the sheath, and a series of small cuts
in the epimysium are made for about 3 cm [9].

13.3.3 Results

This technique shows good results in terms of
return to play (more than 90% in different series),
recurrence, and failure. A very low number of
patients required subsequent hip surgery or
developed hip-related pathology.

13.4 Laparoscopic Repair
with Mesh (Transabdominal
Preperitoneal, Totally
Extraperitoneal)

13.4.1 Anatomical Background

A tear of the abdominal wall in the posterior
inguinal canal or conjoined tendon, with or with-
out bulging (like a medial hernia), and tissue
damage or disruption of the posterior wall are
analogous to an incipient direct inguinal hernia
(with or without bulge) [5, 13].

The posterior positioning of the mesh, cover-
ing the area that will include the conjoint tendon

and pubic bone, creates theoretically a stronger
and wider support than a conventional anterior
approach.

13.4.2 Surgical Technique

The approach is a standard laparoscopic inguinal
hernia repair (TAPP). All laparoscopic/endo-
scopic procedures are performed under general
anesthesia with the patient in a supine or slide
Trendelenburg position and empty bladder. In
TAPP technique, pneumoperitoneum is estab-
lished, using an open access below or above (it
depends on umbilical-pubis distance) the umbili-
cus to minimize the risk of Veress needle use
(incidental visceral or vascular injury). A 10-mm
port is placed with 30° camera; two 5-mm work-
ing ports are introduced for dissection on the
transverse umbilical line at cross with the right
and left midclavicular line. A lateral to medial
peritoneal incision is carried out from two fingers
medial to the anterior superior iliac spine to the
medial umbilical ligament (obliterated umbilical
artery). The dissection is strictly related to the
transversalis fascia architecture: a two-layered
structure. Superiorly the two layers are distinct,
and inferiorly they insert onto the Cooper’s liga-
ment. The anterior layer is adherent to the rectus
abdominis muscle, and the posterior layer lies in
between the anterior and the peritoneum, dividing
this space into an anterior (vascular space) and a
posterior (avascular space of Bogros). The trans-
versalis fascia does not provide significant
strength and integrity to the groin; it bridges the
space between the transversus abdominis arch
superiorly and inguinal and Cooper’s ligament
inferiorly. Condensations of transversalis arch
form three structure: interfoveolar ligament
(fibers vertically oriented form the medial margin
of internal inguinal ring; it has no significant
strength), iliopubic tract (anterior to Cooper’s and
posterior to inguinal ligament, it is the superior
boundary of the triangle of pain in which lie the
nerves at risk of injury and entrapment), and ilio-
pectineal arch (covering iliac muscle arches, it
gives origin to a portion of the internal oblique
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and transversus abdominis muscle) [14]. The lat-
eral dissection is carried out in the posterior space
of Bogros and the medial between the anterior
and the posterior layer very close to the rectus
abdominis in order to expose the Cooper’s liga-
ment, the pubic tubercle, and the crucial area
medial to epigastric vessels. A 15 x 10 cm mesh is
chosen, allowing a large overlap on the injury of
the posterior wall. The mesh is unfolded in the
preperitoneal space and fixed onto the abdominal
wall with tissue glue or without any fixation in
case of self-gripping mesh. Peritoneal flap suture
is usually performed by running suture (in recent
report with barbed suture). Laparoscopic mesh
positioning in TAPP usually follows the current
principle of inguinal hernia surgery and is based
on the physiological principle of diffusing the
intra-abdominal pressure on the whole mesh in
the disrupted groin area. This ensures immediate
fixation of the mesh to the abdominal wall [16]
with a complete covering of the crucial injured
areas at the pubic symphysis complex and a firm
support to the posterior wall of the inguinal canal.

In TEP, the preperitoneal space is approached
through a small subumbilical skin incision, reach-
ing the preperitoneal facial space using a blunt
10-mm port on the affected side through the ante-
rior rectus fascia and a muscle split. It is possible
to create the room for the procedure with balloon
dilation or by using the camera together with gas
insufflation (low cost). After dissection and visu-
alization of standard anatomical landmarks, the
retropubic area is covered with a 15 x 10 cm
mesh, using no fixation or tissue glue [17].

13.4.3 Results

Athletes return to activity in 70-90 % of cases
already after 3-4 weeks after both TAPP and
TEP. Most frequent complications are superficial
surgical site infection or minor bleeding. Recurrent
groin pain may occur, but severe postoperative
neuralgias have not been reported. In Ingoldby’s
series, 2 players out of 14 had prolonged neuralgia
after TAPP which settled by 2 months [18]. In the
study by Paajanen et al., 2 out of 30 operated

patients (TEP) had recurrences of sports hernia
(lateral hip pain with FAI, hip surgery) [19].

The TEP technique has the advantage of being
performed without entering the abdominal cavity
and avoiding potential risk of harming intra-
abdominal structures but with a higher risk of
vascular injury. The preperitoneal endoscopic
technique results in less dominant scars than the
open techniques.

In a recent meta-analysis, it was concluded
that TEP has shorter recovery time but slightly
higher intraoperative morbidity than TAPP [20].

There are no differences related to fixation if a
self-gripping mesh is used.

Both open and laparoscopic repairs are good
and show equivalent results. Laparoscopic
approach may allow earlier return to full sport
[21]. Endoscopic repair in athletes has some
advantages: postoperative pain and wound com-
plications are less frequent after laparoscopic
surgery than in open surgery.

13.5 Inguinal Ligament
Release + Mesh (Lloyd

Release Procedure)
13.5.1 Anatomical Background

Inguinal ligament is the distal reflection of the
external oblique muscle and should be defined as
a tendon; it is attached uniformly onto the pubic
tubercle, and the lower fibers are seen to merge
with the lacunar ligament with an intact free edge
at the medial wall of the femoral canal. In patient
with groin pain, there are abnormalities (inguinal
ligament enthesopathy) [21]. Biopsies taken from
the inguinal ligament attachment reveal degrada-
tion of the normal collagen architecture with loss
of nuclei, disruption of collagen fibers, and
hemosiderin deposition. There is edema of the
tissues and early mucoid degeneration and a pau-
city of inflammatory cells similar to the findings
described in tennis elbow “angiofibroblastic ten-
dinosis” [22]. Releasing of tension in the inguinal
ligament attachment at the pubic bone results in
patient’s symptom improvement [21].
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13.5.2 Surgical Technique [21]

The approach is a standard laparoscopic inguinal
hernia repair (TAPP). The inguinal ligament is
exposed creating a peritoneal flap and, by divid-
ing the transversalis fascia, is then identified from
the femoral canal to the external ring and divided
at its attachment to the pubic tubercle. Any addi-
tional scar tissue is divided. The fascia overlying
the pectineus and some fibers of the rectus sheath
attachment may have to be released. The dissec-
tion allows exposition of the whole posterior
inguinal region which is reinforced with standard
mesh (15 x 12 cm) similar to that used in TAPP
hernia repair.

13.5.3 Results

More than 90% of patients returned to normal
sporting activity following surgery, with a median
return to play of 4 weeks [21].

13.6 Key Points Summary

Nerve management. Irshad and colleagues [11]
reported one or more tears in the external oblique
aponeurosis within which branches of the ilioin-
guinal or iliohypogastric nerves exited in a series of
pro-athletes with groin pain who underwent opera-
tive management. In a later study from the same
group [12], some form of entrapment or tension on
the nerve or its branches was felt to present in every
case, but pathologic findings of nerve injury (axo-
nal degeneration, perineural fibrosis) were identi-
fied in only less than one fourth of specimens.

Selective resection of the genital branch of
genitofemoral nerve has been advocated by
Muschaweck [7], but this approach has not been
used by other groups.

It’s important to remember that:

1. All nerves passing through the inguinal region
are both sensitive and motor.

2. Communication between genitofemoral and
ilioinguinal nerve is common; this results in

overlap of sensory innervation, which can
cause difficulties in preoperative definition of
pain distribution and eventual entrapment.

13.7 Fixation

Fixing the mesh could be the origin of pain for
direct nerve harm at the point of fixation, inflam-
matory response with mesh shrinkage, and trac-
tion in the mechanical fixation point resulting in
chronic pain.

In laparoscopic procedures, there are four dif-
ferent methods for fixation: tacks, glue, no fixa-
tion (for normal mesh), and self-gripping mesh.
In a recent meta-analysis, it was demonstrated
that glue fixation reduced the risk for developing
chronic pain in endoscopic hernia repair [17].

Conclusion

Surgical exploration and repair should be con-
sidered as first option when diagnosis is con-
firmed by a multidisciplinary team, to avoid
conservative treatment failure and delayed
recovery. A wide variety of open repair tech-
niques are described to reinforce the posterior
wall of the inguinal canal with or without a
mesh, through open or laparoscopic/endo-
scopic approach. Combined procedures are
inguinal ligament release, simultaneous per-
cutaneous adductor tenotomy, excision of the
ilioinguinal nerve, and resection of the com-
pressed genital branch of the genitofemoral
Femoroacetabular impingement is
present in a high percentage of case and repre-
sents a source of discussion: is hip surgery
necessary? Before or after inguinal surgery?
The best management is yet to come in the
form of a sequential surgery guided by patient
symptoms and adaptation to overuse. Overuse
is central in the development of GPS: we can-
not modify the primum movens; we are all
“treating the effect.”

Laparoscopic approaches show a quicker
return to sporting activity than with the open
approach with a higher recurrence rate com-
pared with an open mesh repair.

nerve.
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Therefore, it is still debatable which opera-
tive approach is more effective. Every group or
center focused on GPS diagnosis and treatment
is prone to offer only one procedure because of
case load, specific surgical skill, scientific
belief, and, obviously, good outcomes.

Three unpublished RCT will clarify some
points about surgical treatment of sports hernia:

1. Total ExtraPeritoneal (TEP) Versus Open
Minimal Suture Repair for Treatment of
Sportsman’s Hernia/Athletic Pubalgia: A
Randomized Multi-center Trial (100 patients)

2. A Randomised, Blinded Study on
Laparoscopic Mesh Reinforcement for
Chronic Groin Pain (80 patients)

3. Total ExtraPeritoneal (TEP) Versus Open
Minimal Suture Repair for Treatment of
Sportsman’s Hernia/Athletic Pubalgia: A
Randomized Multi-center Trial (60 patients)
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Adductor and Upright Abdominal

Tendinopathy

14

Gian Luigi Canata and Valentina Casale

14.1 Introduction

Insertional tendinopathy of the adductors and the
rectus abdominis is common in male athletes,
especially in soccer players [1]. Dysfunction of
the adductor muscles represents the most com-
mon single cause of groin pain in athletes [2].

Insertional tendinopathies are one of the sev-
eral causes of chronic groin pain. This condition
varies among different sport activities, but it
especially develops in the presence of repeated
kicking and rapid changes of direction [3].

The exact incidence of this type of tendinopa-
thies remains unknown because of the several
different pathologies that might cause groin pain,
even if some authors agree with a 2.5-3% inci-
dence of rectus-adductor tendinopathy [4]. More
than 70% of patients are males [5].

The wide variety of possible injuries in several
anatomical structures and the high prevalence of
“abnormal findings” in asymptomatic athletes
contribute to the complexity of the “groin pain”
issue in athletes [6].

The etiopathogenesis of insertional tendinopa-
thies is multifactorial. It is usually related to
repeated microtraumas and functional overuse,
especially when physical activity requires sudden

G.L. Canata, M.D. (D<) ¢ V. Casale, M.D.

Centre of Sports Traumatology, Koelliker Hospital,
Turin, Italy

e-mail: studio@ortosport.it

© Springer International Publishing AG 2017

changes of direction, repeated acceleration and
deceleration, and torsion and traction of abdomi-
nal and adductor muscles [1]. The most fre-
quently involved sports are soccer, hockey, rugby,
football, long-distance running, and basketball
indeed [5].

A further predisposing factor is the lack of
balance between a hypertonic adductor muscle
and a hypotonic large flat muscular sheet of the
abdomen, sometimes in addition to a hypertonic
femoral quadriceps muscle [7].

The abdominal and paravertebral muscles act
together to stabilize the pubic symphysis, espe-
cially during static or dynamic single-leg stance.
The adductor muscles act as antagonists on the
pubic symphysis, through an opposite traction
on it [8].

The femoral triangle is located in the upper
inner thigh and includes the femoral nerve, the
femoral vessels, the sartorius, the iliopsoas, the
pectineus, and the adductor longus muscles [9].
The adductor muscles are the adductor longus,
the pectineus, and the gracilis in the superficial
layer; the adductor brevis in the intermediate
layer; and the adductor magnus in the deep layer.
Two further examples of adductor muscles are
the obturator externus and the quadratus femoris,
though they are part of the gluteal region. The
adductor longus is thought to be the most fre-
quently injured adductor muscle: its origin and
insertion do not guarantee mechanical advan-
tages, making it more susceptible to traumatic
lesions [10].
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This type of insertional tendinopathy involves
both the adductor muscles (gracilis, pectineus,
adductor longus, and adductor magnus)
(Fig. 14.1) and the rectus abdominis muscle [11]
(Fig. 14.2). Arthropathy of the pubic symphysis
and insertional pubic area may also occur in
advanced phases.

Several studies have addressed both intrinsic
and extrinsic possible risk factors.

The main intrinsic factor consists of the strength
imbalance between the adductor and abdominal
muscles, but also reduced flexibility, important
asymmetry or dysmetria between the lower limbs,
lumbar hyperlordosis, and sacroiliac or hip
arthropathy are listed as intrinsic risk factors for

Fig.14.1 Adductor longus

Fig.14.2 Rectus abdominis

the development of adductor and abdominal tendi-
nopathy [9]. Other extrinsic risk factors are incor-
rect athletic training, unfavorable conditions of the
playground, and wrong sport equipment, above all
footwear.

14.2 Clinical Assessment
and Diagnosis

Because of the several anatomical structures in the
groin area, the diagnosis is often difficult, and
attention to differential diagnosis must be paid [8].
The physical examination should rule out a
hypothetic inguinal or abdominal hernia, as well
as the femoroacetabular impingement (FAI) with
a concomitant labral tear or a pubic symphysis
affection [12].
The most common clinical presentation is groin
or lower abdominal pain, often associated with a
pain irradiation to the medial aspect of the thigh, to
the abdomen, or even to the perianal area [9].
Usually unilateral, pain starts after physical activ-
ity and moves progressively to the other side, often
compromising everyday activities and social life. In
advanced stages, even actions like sneezing, cough-
ing, defecating, or sexual activity cause pain [13].
For a proper evaluation and a correct diagno-
sis, several factors must be taken into account.
Clinical evaluation is important to determine
whether the cause is articular, musculotendinous,
hernia related, or of combined origin [14].
Observation of the patient is chiefly important
in order to evaluate the mobility of the hips on all
planes, the plantar support, the hindfoot and fore-
foot structure, as well as the posture, the rachis
mobility, the spinal curvatures, and the modified
rotation of the pelvis, if present. In fact it is well
demonstrated that the adductor tendinopathy is
commonly correlated with lumbar hyperlordosis
and anteversion of the pelvis [9]. Furthermore,
the clinician should observe the inguinal canal,
the symmetry of posterior superior iliac spines
with the patient in supine position, the knee axis,
and the patellar orientation.
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The palpation of some specific point helps to
identify the most painful areas. The most frequently
finding for adductor tendinopathy is tenderness
along the tendon during passive abduction and
resisted hip adduction in extension [15] (Fig. 14.3).

Fig.14.3 Adductor
muscle and tendon strain
associated with medial
thigh and anterior groin
pain during resisted
adduction and passive
abduction

Fig.14.4 Rectus
abdominis. Pain with
resisted trunk flexion
and localized tenderness
to palpation

Also rectoabdominal and iliopsoas tendon insertions
are considerable typical painful points in this tendi-
nopathy [5] (Fig. 14.2). Pain may be also evocated
during the adduction or contraction of the abdominal
muscles (Fig. 14.4), iliopsoas (Fig. 14.5), and rectus
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Fig. 14.5 Tliopsoas strain: pain with hip hyperextension
or resisted hip flexion at 90°

Fig.14.6 Rectus femoris

femoris (Figs. 14.6 and 14.7), while the clinician
exerts counter resistance during passive stretching of
the adductors and iliopsoas muscles [9].

Specific clinical tests are for the evaluation of
the articular mobility and to identify more accu-
rately the painful points: through these tests it is
possible to prove the shortening of the anterior
chain, the posterior chain, and the sacroiliac
joint [9]. Similarly, the peripheral neurological

examination may be performed using the
Lasegue test, the Wassermann test, the patellar
and Achilles tendon reflexes, and the cutaneous
sensibility. As regards the adductor muscles, it is
mostly common to evaluate the isometric con-
traction against proximal or distal resistance,
with flexed or extended legs, for the assessment
of the abdominal muscles and the eccentric con-
traction of both the rectus abdominis and the
oblique muscles.

The instrumental confirmation of the diagno-
sis consists of conventional radiographs, ultra-
sound, and magnetic resonance.

X-ray assessment is used to confirm the diag-
nosis and to exclude bone or coxofemoral joint
disorders [14]. Plain radiographs show the hips
and pelvis symmetry and observe the tendon
insertional areas and the bone structure. The
anteroposterior weight-bearing view of the pelvis
is particularly useful. It is not uncommon to
locate hip osteoarthritis and modified limiting
bone in the presence of groin pain [9]. The fla-
mingo stress views are also used to evaluate pel-
vic stability [16].

Ultrasound is the first-line imaging modality
to assess musculotendinous structures, inser-
tional tendon areas, ligaments, and all the soft tis-
sues. It is useful to distinguish between an acute
trauma and a chronic overload injury, and it may
also individuate an inguinal hernia or any altera-
tion of the posterior wall of the inguinal canal
[17]. Longitudinal and axial images are then
compared to the contralateral side.

Magnetic resonance imaging (MRI) is used to
investigate some morphological details, because
of the elevated contrast resolution images. It is
usually helpful to individuate bone marrow edema,
insertional tendinopathy, and symphysis capsular
disruption [9] (Fig. 14.8). Central disc protrusion
is relatively common among soccer players [18].

MRI is generally preferred over computed
tomography (CT) in case of acute lesions; con-
versely, CT images are commonly used for
calcific or insertional chronic tendinopathies
because of its detailed evaluation [19].
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Fig.14.7 Rectus
femoris strain: pain with
resisted hip flexion and
knee extension

Fig. 14.8 MRI imaging: bilateral adductor tendinopathy
associated with osteitis pubis

14.3 Management

The management of adductor and abdominal ten-
dinopathies consists of multimodal measures,
such as pharmacological therapy, physical reha-
bilitation, and instrumental procedures.

The rehabilitation period may be distinguished
in acute phase, subacute phase, and return to sport.
During the whole healing time, a neuromuscular
taping may be applied in order to promote muscu-
lar relaxation and to protect the musculotendinous
units from any overstretching [20].

In the acute phase, the most important goal is
pain reduction, mainly through muscular relax-
ation. This may be obtained using local injections
of NSAIDs, corticosteroids, supplements for
muscles and tendons, or platelet-derived growth
factor (PDGF) [9].

Rehabilitation starts with postural balance mea-
sures, such as global and site-specific stretching,
decontracting massotherapy, mechanical and pro-
prioceptive recovery, and global postural exercises.
During this first stage, isometric strengthening of
the abdominal and adductor muscles is advised.

In the subacute phase, concentric and eccen-
tric exercises may be started to promote muscle
strengthening, always paying attention to the
cardiovascular system. Massotherapy is also
useful to stimulate microcirculation and to
reduce inflammation [9]. Heat therapy, extracor-
poreal shock wave therapy, and laser therapy are
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the most commonly used instrumental treat-
ments, since they effectively promote tendon
enthesis regeneration [21]. With the introduction
of core stability exercises, it is possible to stimu-
late the synergic strengthening of the adductors,
abdomen, and lumbar muscles [22]. Running is
gradually reintroduced, starting on the treadmill,
without interrupting any instrumental therapy.

The return-to-sport phase reintroduces aerobic
activity, gradually increasing running speed,
alternated with anaerobic training, stretching,
and repeated exercises [9]. The neuromuscular
system must be fully recovered, according to the
sport-specific functional requests, also through
tendon overloading exercises. It is fundamental
to prevent any recurrent lesion by performing
training matches and preventive postural and
eccentric strengthening and plyometric exercises,
in order to guarantee a good stability of the pos-
terior chain and an ideal balance between agonist
and antagonist muscle groups [23].

It is possible that conservative measures do
not guarantee a safe and effective return to sport.
In this case, after at least 3 months of failed con-
servative management, surgery may be consid-
ered. In particular, the surgical technique for the
adductor tendinopathy consists of a release of
the adductor longus, through a detensioning
open or percutaneous tenotomy. It is important
to release partially the tendon; the anterior fibers
are sectioned, leaving the deeper muscular body
intact (Figs. 14.9, 14.10, and 14.11). After the
surgical procedure, a minimum loss of the
adductor longus strength can occur, although
other muscles such as the adductor brevis,
adductor magnus, and pectineus easily compen-
sate this reduction [24].

In case of a concomitant inguinal hernia, sev-
eral authors recommend the surgical placement
of a polypropylene or biologic mesh over the
posterior wall of the inguinal canal, in order to
strengthen the area, relieving pressure and
improving the inflammatory response [25, 26],
and mechanically tighten the abdominal sheet.

Some authors have recently proposed the
resection of degenerative soft tissue and the sub-
sequent reattachment with suture anchors [27],

Fig.14.10 Adductor longus tendon release. Deeper mus-
cular body left intact

possibly associated with arthroscopic debride-
ment of the pubic symphysis. Other authors pre-
fer to perform a bilateral adductor tenotomy even
if the affection is unilateral as a preventive mea-
sure [2].

Generally, the patient may return to the pre-
injury sport activity after 3 months [9]. After fol-
lowing adductor stretching programs, closed
chain adductor strengthening exercises, straight-
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The sport-specific training, finally, consists of
crossover pulls, slide skating, and standing
resisted stride lengths. Obviously every sport
requires a different specific training.

Fig.14.11 Accurate peritenon suture

line jogging, and then open chain exercises may
be started once the closed chain movements do
not cause any pain or discomfort. After a mean
time of 3 weeks, the pace of running may be
increased, introducing also side-to-side move-
ments [28].

14.4 Prevention Programs

It has been well documented that increasing
adductor muscle strength reduces the risks of
recurrent lesions. Tyler et al. [10] reported a
specific prevention program for ice hockey
players, divided into three distinct stages, in
order to obtain an adduction-to-abduction
strength ratio of at least 80% and to ensure the
proper balance between agonist and antagonist
muscle groups.

The “warm-up” phase consists of biking,
squats, side lunges, kneeling pelvic tilts, and
adductor strengthening exercises. The strength-
ening program requires ball squeezes, concen-
tric adduction against resistance, and several
other adduction exercises using different
machines.

Conclusions

The tendinopathy of the adductors and the rec-
tus abdominis is a common cause of groin
pain in athletes. If preventive measures and
conservative treatment fail, an open or percu-
taneous approach may be effective and allows
return to sport activities.
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Gianni Nanni

15.1 Introduction 12th rib
There is no epidemiological data in the literature
on the actual incidence of the iliopsoas tendinopa-
thy in both the sport and non-sportive population.

However, it is more commonly found in young
people with prevalence in females.

The incidence of this pathology is more prom-
inent in athletics: football/soccer; artistic gym-
nastics; canoeing; running, especially uphill; psoas major
dance and in all those activities that require repet-
itive movements of flexion or extra-rotation of
the hip joint [1-3].

lliacus muscle

15.2 Anatomy

The iliopsoas muscle is made up of two distinct
parts: the psoas major muscle and the iliac mus-
cle which unite and insert on the lesser trochanter  Sacro tuberal ligament
(Fig. 15.1).

The psoas major muscle is fusiform and orig-
inates through a series of fibrous arches, from
the lateral aspect of the bodies of the last tho-
racic vertebra and the first four lumbar vertebrae
and from the interposed intervertebral discs and

llipsoas muscle
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the base of the transverse processes of the first
four lumbar vertebrae. It continues caudally and
laterally through the lumbar and iliac region. It
exits the pelvis passing under the inguinal liga-
ment, between the anterior inferior iliac spine
and the iliopectineal eminence. It then passes
anterior to the hip joint and inserts into the
lesser trochanter, after a characteristic rotation
in its course, so that its ventral surface becomes
medial [4, 5].

The iliopectineal bursa, the largest in the
human body, is interposed between its robust dis-
tal tendon and the hip joint fibrous capsule [1, 5]
(Fig. 15.2).

The fan-shaped iliacus muscle originates from
the inner lip of the iliac crest, the two anterior
iliac spines, and from the notch interposed
between them, the upper 2/3 of the iliac fossa, the
iliolumbar ligament, and the lateral portion of the
sacral wing.

Anterior superior \ i

iliac spine — |

Anterior inferior
iliac spine

Greater trochanter

Fig. 15.2 Iliopsoas

bursa Intertrochanteric line

From this extensive origin line, the muscular
fibers converge inferiorly and terminate by par-
tially merging with those of the psoas major mus-
cle, while the most lateral muscle fibers insert on
the lesser trochanter without joining with the
main tendon.

The iliopsoas muscle is innervated by branches
of the lumbar plexus and then the femoral nerve
(L1-L4) [4].

15.3 Symptoms and Clinical
Examination

Iliopsoas tendinopathy occurs most frequently as
aresult of overuse and, as we have already noted,
more often in those sports that require repetitive
hip flexion and external rotation movements [1].

More rarely, the pain starts following a single
eccentric iliopsoas contraction. In this case the

lleus femoral ligament

Bursa ileus pectineal

Pubo femoral ligament

Obturator crest

Pubis upper branch

Lesser trochanter
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pain is most frequently caused by a myotendi-
nous junction lesion of the iliopsoas itself.

This chapter includes: the insertional tendi-
nopathy with inflammatory characteristics
affecting the distal bone-tendon junction at the
level of the lesser trochanter; the peritendinitis
with possible and frequent involvement of the
iliopectineal mucous bursa that is anterior to the
hip joint capsule and lies between the iliopsoas
tendon and the bone margin of the iliopubic
branch; the tendinosis, actual fibrillar tissue
degeneration of the tendon; the peritendinitis
and tendinosis: the partial or total (very rare)
lesion of the tendon itself.

The iliopsoas muscle tendon unit may also be
affected by true injuries to the muscle or to the
myotendinous junction by direct or, more fre-
quently, by indirect trauma. If not properly reha-
bilitated, reaching full extensibility and strength
recovery, it could then cause tendinopathies of
the iliopsoas tendon or lead to “internal snapping
hip.”

Internal snapping hip is the patient’s percep-
tion of a “clicking” sound in the groin also audi-
ble by the operator, which can be more or less
painful depending on the degree of inflammation
of the iliopsoas tendon [1, 6-8].

The snapping occurs when moving the hip
joint from a position of flexion, extra-rotation,
and hip abduction to a position of extension,
intra-rotation, and adduction, and it can be per-
ceived when rising from sitting to standing,
especially with the hip at an acute angle (sitting
low) [9].

The snapping is due to the rubbing of the ilio-
psoas tendon on the iliopectineal eminence or to
the movement of the psoas tendon onto the iliac
tendon.

The Thomas test can be positive [9, 10]
(Fig. 15.3).

This condition must be differentiated from the
hip snap due to intra-articular pathologies such as
injuries of the acetabular labrum or as cartilagi-
nous loose bodies.

The snapping hip can also be due to an
“external snapping hip” caused by the tensor
fasciae latae muscle tendon passage on the fem-
oral greater trochanter, diagnosed by the Ober
test [1, 9, 10].

In iliopsoas tendinopathies, the pain is located
in the groin and below the pubic area with possi-
ble radiation to the medial thigh.

Most often the pain occurs subtly and does not
prevent any sport activity.

Fig. 15.3 Thomas test. The Thomas test is a physical
examination test used to highlight short hip flexor and
iliopsoas tendinopathy. The patient lies supine on the
examination table and holds the uninvolved knee to the
chest while allowing the involved extremity to lie flat.

Holding the knee to the chest flattens out the lumbar lor-
dosis and stabilizes the pelvis. If the iliopsoas muscle is
shortened, the lower extremity on the involved side will be
unable to fully extend the hip, which will remain raised
from the couch
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Subsequently a progressive increase in the
intensity of pain is reported during sporting activ-
ity with pain even at rest. This establishes com-
pensatory postural mechanisms which over time
determine changes in pain characteristics giving
rise to pain in other locations of the pelvis as well
(contralateral, suprapubic, etc.).

During hip movement, pain can be coupled by
a noise (internal snapping hip) [1, 8, 9].

It can be difficult to understand whether a
groin pain comes from iliopsoas or adductor lon-
gus tendinopathy or another tendon which inserts
onto the pubis.

The contraction tests against manual resis-
tance can be helpful.

A positive iliopsoas contraction test elicits
pain with flexion at the externally rotated hip, and
the knee fully extended is positive, while adduc-
tor and abdominal contraction against resistance
is less painful and shows less functional impair-
ment [11, 12].

Furthermore, the Thomas test is almost always
positive on the side of tendinopathy [1, 10].

The Liedloff test is positive with the patient
seated and the knee extended as the patient is
asked to lift the heel off the ground causing
pain and functional impairment on the affected
side.

A characteristic snap is classically caused by
passing from a flexed hip position, abducted and
externally rotated, to an extended one, adduced
and internally rotated.

When evaluating a patient with iliopsoas ten-
dinopathy, the back and pelvis mechanics should
be checked.

In fact the psoas major muscle is the only one
that connects the spine with the lower limb.
Besides being a flexor and a femur rotator, it is
also a spine flexor and an important postural
muscle activated during many movements and
daily activities [13].

It is in fact a muscle with a prevalence of type 1
fibers (slow twitch) [1].

In the trunk flexion movement (Piédallu test),
patients with reduced iliopsoas extensibility tend
to have an anterior ileum with an increased

excursion of the ipsilateral PSIS (posterior supe-
rior iliac spine) [14] and a tendency of walking
with a slightly flexed knee.

Tests for core stability are also important as
they can highlight iliopsoas changes in strength,
even unilaterally [15].

These patients can both present with the typ-
ical inguinal symptoms and ipsilateral back
pain [11].

15.4 Differential Diagnosis

The differential diagnosis should be made with
hip intra-articular orthopedic pathologies such as
FAI (femoral acetabular impingement) [1, 9, 16],
acetabular labrum tears, femoral head edema,
osteochondral detachments, or systemic condi-
tions such as rheumatic or nonrheumatic osteoar-
thritis [17].

Differential diagnoses of the iliopsoas tendi-
nopathies include insertional tendinopathies;
proximal myotendinous lesions of the adductor
muscle, the rectus femoris, and the sartorius; dis-
tal myotendinous lesions of the abdominal mus-
cle; and obturator muscolotendinous pathologies
[1, 16].

In the period of age growth, the detachment of
the lesser trochanter following a violent iliopsoas
contraction with hip flexion resistance can occur,
although, rarely, mostly during sport activities
(Fig. 15.4).

Fig. femoral lesser trochanter

15.4 X-ray: left
detachment
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15.5 Imaging

X-rays can be useful to differentiate a groin pain
due to FAI (anteroposterior pelvic X-rays and
frog lateral view with the hip abducted to 45°) [9]
or document an avulsion fracture (e.g., of the
lesser trochanter).

Ultrasound: it is useful in imaging iliopsoas mus-
cle-tendon injuries of the extra pelvic tract. It can
show a thickening of the iliopsoas tendon and/or an
associated bursitis, with both an increase of the liquid
component within the bursa and its volume.

A dynamic ultrasound can be nullifying in
documenting an internal snapping hip [7, 18, 19].

It can be useful in the differential diagnosis
with other tendon muscle pathologies, which for
anatomical reasons can cause groin pain.

It is a difficult area to study with ultrasound,
and being operator dependent, it requires a cer-
tain amount of experience.

MRI: it is the gold standard in the psoas tendi-
nopathy evaluation and is particularly useful in
the differential diagnosis with other pathologies
that cause groin pain [20, 21] (Fig. 15.5).

It is essential in documenting an iliopsoas injury
affecting the intrapelvic portion before passing
under the inguinal ligament where an ultrasound
may not provide diagnostic images [22] (Fig. 15.6).

In a muscle tendon injury with edema and
inflammation, the T2-weighted images show an
increase in the intensity of the signal. In the case of
blood extravasation, both the T1- and T2-weighted
images show an elevated intensity of the signal.

In evaluating peritendinitis, the liquid pooling
in the peritendineum tissue is detected in the T2
or STIR images as an area of high signal intensity
surrounding a normal tendon.

Fig. 15.5 MRI: obturator internus muscle injury in the
left side

Fig. 15.6 MRI: right iliac muscle contusion in a profes-
sional soccer player

Tendinosis, in T1-weighted images, shows an
increase of signal intensity within the tendon
associated with myxoid degeneration or angiofi-
broblastic proliferation. The T2 images may have
a normal or less intense signal than those in the
T1-weighted ones [21].

15.6 Therapy

Most patients benefit from conservative treat-
ment. Surgery is required only in rare cases
where pain is not resolved and they fail to resume
sport activities or when suffering from a painful
and debilitating internal snapping hip.

Surgery is rare in iliopsoas tendinopathies.
Surgery consists of a tendon release, mostly
endoscopically [23, 24].

Rehabilitation treatment is divided into five
steps:

— Step 1: pain, swelling, and inflammation
reduction

— Step 2: range of motion and extensibility
recovery

— Step 3: strength and resistance recovery

— Step 4: coordination and proprioception
recovery

— Step 5: specific technical movements and
athletic sport-specific parameters recovery

In step 1 the aim is to reduce pain and inflam-
mation. It is important to let the patient rest espe-
cially if it concerns an athlete. Provide crutches if
the pain alters proper walking pattern. Use
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NSAIDs for the first 5-7 days in those few patients
with very intense pain, and apply cryotherapy.

The second step involves exercises that restore
extensibility and full range of motion of the hip
and the lumbosacral spine. Iliopsoas tendinopa-
thies often show a reduction of extensibility and
an anterior ipsilateral ilium. Stretching exercises
of the iliopsoas, rectus femoris, and tensor fascia
latae are therefore important, as well as including
chiropractic treatment of the pelvis and lumbosa-
cral spine. If there are no muscle or myotendinous
junction injuries, iliopsoas myofascial massage
helps to promote relaxation of the muscle-tendon
units, frequently the seat of trigger points [1].

Stretching exercises should be performed
under the threshold of pain (without pain) and
must not be done after cryotherapy application.
In this phase massotherapy is very important and
must precede the execution of the exercises.
Strength recovery of both the iliopsoas and core
muscles is very important. Core stability exer-
cises must precede those for iliopsoas strength
recovery, and an optimum selective abdominal
muscle control should be obtained before under-
taking those for the iliopsoas [15, 25].

It is imperative to perform exercises without
pain and progress very gradually. Exercises to
improve iliopsoas strength are based on hip flex-
ion. The exercise starts in the supine position
with bigger knee and hip flexion angles at first,
until being able to perform the exercise with the
knee fully extended and the hip in line with the
body, with the leg flat on the couch. The progres-
sion continues in a sitting position with toning
exercises, sitting on an unstable surface (e.g.,
Bobath ball), then standing against the wall,
standing without support, then standing on a
foam mat, and finally using a ballasted anklet or
a rubber band (Fig. 15.7). It is important to
observe the patient while performing the hip
flexor exercises in order to execute them with an
excellent pelvis and spine control [15]. When
the progression of the exercises with a good pel-
vic and trunk movement control has been com-
pleted without problems, the athlete patient will
have to start recovering technical sport-specific
gestures, again with proper progression, before
returning to free training [22]. Finally, the ilio-
psoas bursitis may require an infiltrative-guided
corticosteroid treatment.

Fig. 15.7 Hip flexion progression for iliopsoas tendinopathy
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Osteitis pubis is a painful inflammatory disorder
that affects the pubic symphysis and the inser-
tions of the surrounding adductor and abdominal
muscles. This well-defined clinical entity is one
of the main causes of rectus-adductor-symphysis
syndrome, commonly known as “groin pain” [1].

The typical presentation of the disorder is pro-
gressive pain with insidious onset in the pubic
adductor region, often radiating along the adduc-
tor muscles and into the suprapubic region. Pain
is exacerbated by dynamic stresses such as kick-
ing, side-to-side movements, accelerations and
decelerations, leaps and pivoting on one leg.
However, the most effective clinical test for
determining the disorder is the onset of pain
when standing on one leg, while dressing.

Some authors consider the disorder to be self-
limiting, with the presence of erosions affecting
one or both edges of the joint with resulting
repair processes [2].
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16.1 Epidemiology

Today osteitis pubis is considered the most com-
mon inflammatory disease of the pubic symphy-
sis. Although it can theoretically occur at any
age, it is very rare in the paediatric population
and typically occurs in males during the third and
fourth decades of life. Its incidence in the athletic
population has not been widely investigated;
according to some authors, it ranges from 0.5 to
6.4% [4] and is higher among footballers; basket-
ball, hockey and rugby players; and long-distance
and middle-distance runners.

Orchard [3] gave an indirect estimate of the
incidence of osteitis pubis in a population of
Australian footballers studied over a period of
4 years. In his epidemiological study, osteitis
pubis was included in a nonspecific category
indicated as “other groin/hip/thigh injuries”, with
an incidence of 0.2%.

One epidemiological study conducted on 189
athletes with groin pain demonstrated that oste-
itis pubis was the first cause of pain in 14% of
athletes [4].

A magnetic resonance imaging study of 97
athletes affected by groin pain found that 9.3%
were affected by isolated osteitis pubis, whereas
in 42.3% osteitis pubis was associated with con-
current microtear of the adductor attachment [5].

This demonstrates that osteitis pubis is a com-
mon clinical entity in the athletic population,
with a male predominance that is unlikely to be
justified by a mere proneness related to the male
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sex but more probably results from a gender dif-
ference in sports participation which continues to
be evident.

16.2 Aetiopathogenesis

Osteitis pubis was first described in 1924 by a
urologist, Beer [6], who reported on five patients
who had developed a form of osteitis pubis after
undergoing gynaecological and urological sur-
gery, and the disorder is still known to be a pos-
sible complication of invasive pelvic procedures
such as suprapubic herniorrhaphy, prostatectomy
and cystectomy. Subsequently, in 1932, the
Italian Antonino Spinelli described the onset of
this painful syndrome in athletes, especially foot-
ballers and fencers [7], thereby attracting the
attention of the scientific community which has
since produced numerous publications on the
clinical diagnostic assessment and treatment of
osteitis pubis.

Many conditions are associated with the
development of osteitis pubis: not only pelvic
surgery but also the abuse of parenteral drugs,
pregnancy and childbirth, major trauma or
repeated microtrauma to the pubic region and its
muscle attachments as well as a variety of rheu-
matological conditions. Although the precise
aetiology is still uncertain, recent studies seem to
agree that the most likely cause is repeated micro-
trauma or shearing forces across the pubic sym-
physis [8]. In fact, the disorder is observed in
athletes who engage in activities involving repeti-
tive abnormal shearing forces across the symphy-
sis, as in accelerations—decelerations or sudden
changes of direction, which are, for example,
common in football and all sports involving kick-
ing [9]. The abdominal muscles act in synergy
with the posterior paravertebral musculature to
stabilise the symphysis, allowing the subject to
maintain his balance while standing on one leg
and therefore contributing to the strength and
precision of the kick. Even the adductor muscles
work to stabilise the symphysis, but they act as
antagonists to the abdominal muscles and trans-
mit traction forces towards the pubic symphysis
during dodges or ball passes. Imbalances among

these muscle masses alter the forces around the
pubic symphysis, predisposing the athlete to sub-
acute periostitis.

It has been suggested [10] that the antago-
nistic action between the longus adductor,
which produces a shearing force in an anterior—
inferior direction at the level of the symphysis,
and the rectus abdominis, which pulls on the
symphysis in a posterior—superior direction,
may significantly affect the normal biomechan-
ics of the pubic symphysis, creating strain and
joint degeneration.

When the tissue’s intrinsic regeneration capa-
bilities are exceeded, tissue degeneration occurs.
Moreover, abnormal shearing forces acting on
the pubic symphysis can cause sacroiliac joint
dysfunction thereby aggravating the pelvic bio-
mechanical changes and pubic symphysis micro-
traumas and leading to inflammation and muscle
contracture [11].

A correlation has been shown between pubic
symphysis stress injury and degenerative
changes of the sacroiliac joint, such as sacral
stress fractures [12].

16.3 Anatomy

The anatomy of the pelvic girdle is quite com-
plex. The pelvis presents as a ringlike structure in
which any change to the anatomy or forces
applied to it (e.g. due to different length of lower
limbs or sacroiliac joint dysfunction) can lead to
an increase in stress and pain.

The pubic symphysis is described in recent
anatomy books as a secondary or fibrocartilagi-
nous joint, definitions that have replaced the func-
tional terms of synarthroses or amphiarthroses
used in the classic textbooks. It is a stiff, or better
a semimobile, joint capable of resisting high ten-
sile, tangential and compressive forces and allow-
ing only slight physiological articular movement
(<2 mm) in the majority of adults. It is made up of
two pubic bones presenting, on their medial
aspect, an elliptical or oval facet, the long axis of
which slants downwards and backwards. In the
space between the two pubic bones there is a
fibrocartilaginous disc, the interpubic disc, which,



16 Osteitis Pubis

137

by closely adhering to the joint facets, guarantees
most of the stability of the diarthrosis. It has a
transverse anterior width of around 5-6 mm and
an anterior—posterior width of 10—15 mm [13].

This structure has two different portions: a
peripheral portion which is very dense and resis-
tant and a central portion which is softer and less
dense. Other differences are related to sex: the
effects of hormones on elastin during pregnancy
cause the interpubic disc, as well as the soft parts
of the interpubic and sacroiliac joints, to become
more elastic to aid distension of the pubic joint
and descent of the fetus. As a result of this
increased pelvic elasticity, pregnant women may
suffer from groin pain, which may be exacer-
bated by standing, walking and climbing up and
down stairs because alternating weight bearing
from one leg to the other creates tangential stress
on the symphysis. These symptoms do not neces-
sarily resolve with childbirth and may prove
debilitating for some women [14].

Moreover, interpubic fibrocartilage is related
to the peripheral ligaments as it is continuous with
them with no distinct boundary. The superior
pubic ligament is made up of a fibrous slip that
extends horizontally between the pubic tubercles.
Inferiorly, it blends with the fibrous membrane
and superiorly with the abdominal linea alba. The
inferior pubic ligament, or arcuate ligament of the
pubis, is composed of a very resistant fibrous lam-
ina, in the shape of a crescent with posterior—infe-
rior concavity, which extends between the inferior
pubic rami. Its upper border is closely adherent to
the fibrous membrane, and the lower border
makes up the pubic arch (wider in women than in
men). The pubic symphysis is reinforced by
extensions of the aponeurosis of insertion of the
rectus abdominis, pyramidalis, external oblique
and internal oblique muscles and extensions of
the tendons of the pectineus, gracilis, adductor
longus, adductor brevis, external obturator and
internal obturator muscles. All these interlacing
fibres form a thick network in front of the anterior
surface of the pubic symphysis [15].

The pubis is completely covered by perios-
teum with the exception of the articular facet with
the pubic bone on the other side. The periosteum
histologically consists of an outer or superficial

layer, also called fibrous layer, made up of longi-
tudinally aligned, parallel bundles of connective
tissue, intermingled with elastic fibres. The inner
or deep layer has an abundant, tightly knit elastic
reticulum, interspersed with thin, more or less
arciform connective tissue fibres arranged longi-
tudinally and transversally, which penetrate the
bone and are commonly known as Sharpey’s
fibres. In young individuals, the deep layer of the
periosteum is rich in osteoblasts that form Ollier’s
subperiosteal osteogenic layer. During growth,
this layer decreases progressively until it disap-
pears in adults, in whom periosteum is essentially
devoid of regenerative capacity. It is therefore
easy to understand why any repeated trauma on
periosteum can lead to exostosis originating from
the subperiosteum and pain [7].

The pubic joint is richly innervated by the
genitofemoral nerve (L1, L2) and pudendal
nerves (S2, S3 and S4), and it receives both sym-
pathetic and parasympathetic nerve supplies
from the same lumbar and sacral levels. For this
reason, symptoms may be referred to the derma-
tomes and myotomes supplied by L1, L2, S2, S3
and S4. The L1 and L2 dermatomes include the
groin, the greater trochanter, the lumbar spine
area and the anterior surface of the thigh. The L2
myotome includes the hip flexor and adductor
muscles. The S2, S3 and S4 dermatomes include
the perineum, the medial surface of the thigh, the
sacral and gluteal region and the groin area. The
myotomes include external rotator muscles of the
hip and the gluteal muscles [13].

16.4 Signs and Symptoms

The signs and symptoms associated with osteitis
pubis are varied and nonspecific so that in many
cases the condition is not readily recognised and
treated: some studies report an average diagnos-
tic delay of 3 months, with a range between 1
week and 1 year [13].

Typically, osteitis pubis occurs with pain in
the inguinal region and lower abdomen that may
radiate to the groin, genitals, perineum, thigh or
hip. Onset is usually subtle with patients present-
ing days or even weeks after the appearance of
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pain; however, in some cases, onset is sudden.
The most common presentations include:

* Pubic pain that radiates outwards, especially felt
when the subject is standing on one leg, often
described as a burning sensation in the groin or
in other cases as a sharp or stabbing pain

* Pain at the adductor musculature insertion on
the symphysis pubis, frequently unilateral

e Pain exacerbated by dynamic stresses such as
running, kicking, side-to-side movements,
accelerations and decelerations, leaps, pivot-
ing on one leg and lying on the affected side

e Pain occurring with plain activities like walk-
ing, climbing stairs, coughing and sneezing
and that disappears with rest

e A sensation of clicking at the pubic-
coxofemoral level when sitting up, turning
over in bed and walking on uneven surfaces

*  Weakness and difficulty walking

e Sometimes fever possibly associated with
chills (in such cases, osteomyelitis must be
ruled out especially if the patient has under-
gone pelvic surgery) [8]

The objective signs of osteitis pubis may vary
widely and include:

* Tenderness on palpation of the area overlying
the superior pubic ramus

e Pain over one or both sacroiliac joints, fre-
quently associated with piriformis spasm and
consequent sciatic-like pain

 In the event of different-length legs, coxofem-
oral pain in the longer limb [8]

Complications of osteitis pubis are uncom-
mon and include injury to the adductor muscle
tendons and, if the condition is misdiagnosed,
progression to bone erosion. Cases of femoral
artery involvement have also been reported, but
the incidence is extremely low.

16.5 Diagnosis

The diagnosis of osteitis pubis is essentially
clinical.

A thorough history and a careful physical
examination are fundamental. The range of
motion of one or both hips may be reduced, in
particular in abduction, due to spasm of the antag-
onist musculature.

One of the various possible tests is the single-
leg hop test, which may reproduce the patient’s
symptoms, and having the patient place his or her
fists between the knees and press against them
while maintaining a prolonged contraction of the
adductor muscles. The most specific, albeit sim-
ple, test for the diagnosis of osteitis pubis is the
so-called direct-pressure spring test which
involves palpating over the symphysis pubis to
elicit tenderness to touch. Sliding the fingertips a
few centimetres laterally and applying direct pres-
sure on the pubic ramus will elicit pain in a patient
with osteitis pubis [8]. Examination of the patient
must also include an assessment of gait and of the
strength of the adductor and flexor muscles.

At this stage of the assessment, it is important
to rule out other pathological conditions that may
give rise to a similar clinical picture to osteitis
pubis. These include:

* Gynaecological conditions (pelvic inflamma-
tory disease or extrauterine pregnancy)

e Urological conditions (prostatitis, prostatic
cancer, urinary tract infection)

e Inguinal hernias

e Bursitis

e Tendinopathy

e Acetabular labral tears

e Muscle strains or contusions

¢ Pelvic or coxofemoral fractures

e Osteomyelitis

e Maigne syndrome (rare)

e Reiter syndrome

e Psoriatic arthritis

* Ankylosing spondylitis [8]

Laboratory investigations are not usually nec-
essary but may nonetheless help to rule out other
diagnoses. These include blood tests (ESR and
WBC), urinalysis and possible blood culture in
febrile patients.

Imaging studies appear more useful. Plain
radiography may be totally negative in the early
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Fig. 16.1 Plain radiograph of the pelvis in a patient with
osteitis pubis shows the classical findings of reactive scle-
rosis, widening of the symphysis pubis, bone thinning,
osteolysis and joint irregularities

stages of the disorder, but after a few weeks
(about 4 according to recent studies), there may
be widening of the symphysis pubis, followed
by possible sclerosis, osteolysis and bone ero-
sions (Fig. 16.1). Sometimes there may also be
evidence of pubic instability, defined as a ceph-
alad translation greater than 2 mm of the supe-
rior pubic ramus, with the patient standing
on one leg. The sacroiliac joint may also be
evaluated.

Bone scintigraphy with technetium-99m or
single-photon emission computed tomography
(SPECT) may also be negative in early osteitis
pubis but become positive over time and show
increased tracer uptake directly over the pubic
symphysis. However, there is no correlation
between the degree of positivity on imaging and
the severity of symptoms.

A computed tomography (CT) scan may also
be requested to evaluate the pubic symphysis and
the posterior pelvic ring.

A growing role is played by magnetic reso-
nance imaging (MRI) (Fig. 16.2), especially
when performed with fat-suppressed sequences.
Typical findings of osteitis pubis of less than 6
months’ duration include subchondral bone
oedema, periarticular effusion and oedema. Some
of these findings may also be detected in asymp-
tomatic patients. Osteitis of more than 6 months’

Fig. 16.2 Coronal MRI of a patient with osteitis pubis.
The boxed area shows bone oedema, a finding which,
combined with the clinical findings, can help define the
diagnosis

duration will typically show subchondral sclero-
sis, bone resorption and irregularity of the bone
margins and osteophytes [16].

16.6 Treatment

The treatment of osteitis pubis is essentially con-
servative. The main treatment goals are to relieve
pain and identify and correct the underlying bio-
mechanical imbalances. The mainstay of treat-
ment is rest, which can be combined with physical
treatments, especially useful in early stages, and
the scrupulous administration of nonsteroid and
steroid anti-inflammatory drugs. Initially the ath-
lete will be instructed to refrain from sport activi-
ties, as the condition is self-limiting and generally
resolves in 6-12 months. Mean duration of pre-
scribed rest ranges from 2 weeks to 3 months,
depending on the case. In the acute phase, physi-
cal therapies such as ultrasound or TENS may be
useful, and alternating ice and heat may help ease
the pain. In the early phase, it is useful to pre-
scribe ambulation with an assistive device (e.g. a
cane or crutches) and possible orthoses (e.g. a
lumbar corset) in the presence of concurrent lum-
bosacral overload or sacroiliac joint disorder.

In the acute phase, the patient will benefit
from physical therapy in water to preserve
mobility of the pelvic girdle and coxofemoral
joints in a controlled environment. During the
acute phase, nonsteroid anti-inflammatory drugs
can be prescribed to reduce the pain and inflam-
mation. Less frequently, if the symptoms persist,
steroid injections into the pubic symphysis may
be taken into consideration [13].
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Once the pain has subsided, the patient can
start strengthening therapy, with specific exer-
cises for the hip flexors and hip adductors,
abdominal muscles and lumbar stabilizers.
Stretching exercises for the hamstrings and femo-
ral quadriceps are also commonly included.

A treatment strategy focusing on a programme
of active exercises proves to be superior compared
to an approach based on physical therapies such
as laser therapy, deep transverse massage and
TENS. The use of exercises to improve neuro-
muscular coordination, strengthen the pelvic gir-
dle musculature and strengthen any muscle
groups found to be weak on clinical kinesiologi-
cal tests, such as the gluteus medius, iliopsoas
and abdominal muscles, has shown to be more
effective, as demonstrated by a prospective ran-
domised trial [17].

In some cases, swimming may be advised,
with the exception of the breaststroke to avoid
excessive use of the adductors. Manipulations
may also alleviate pain, relax muscle spasms and
increase flexibility of the pubic symphysis.

Return to running should be gradual and well
managed, decreasing the intensity and duration
of activity if the symptoms reappear.

Surgical treatment is rare and reserved for
those few cases in which conservative treatment
fails. Various surgical techniques may be per-
formed including curettage, arthrodesis and vary-
ing extents of bone resection. Surgery has been
associated with an initial improvement of symp-
toms, but it may lead to posterior pelvic instabil-
ity in the long term [6, 7].

Return to play is recommended only when the
patient is pain-free.

The prognosis of osteitis pubis is excellent,
although in some cases the condition has a ten-
dency to recur. Fundamental measures to prevent
recurrence are an adequate training programme
with daily sessions to preserve the normal flexi-
bility of the pubic symphysis and sacroiliac joint,
the use of adequate equipment and shoes and the
early recognition of symptoms to enable timely
and appropriate intervention.
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Nerve Entrapment Syndromes

Giancarlo Barolat

17.1 Anatomy

The main nerves innervating the inguinal/groin
region include the ilioinguinal, iliohypogastric,
genitofemoral, and obturator nerves. Globally
they can be referred to as the “inguinal nerves.”

17.1.1 llioinguinal
and lliohypogastric Nerve

The ilioinguinal and iliohypogastric nerves
sometime arise as a common trunk and, in their
course, usually separate between the transversus
and internal oblique muscles.

lliohypogastric nerve. The iliohypogastric
nerve arises primarily from the ventral primary
rami of L1 and occasionally with a twig from
T12. This nerve has a pathway similar to that of
the intercostal nerves in the thoracic region. The
iliohypogastric nerve traverses the psoas major
muscle, piercing the lateral border of the muscle
anterior to the quadratus lumborum muscle and
posterior to the kidney to traverse the lateral
abdominal wall. Superomedial to the anterior
superior iliac spine, the iliohypogastric and ilio-
inguinal nerves pierce the transversus abdominis
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to lie between it and the internal oblique muscles.
After traveling a short distance inferomedially,
their ventral rami pierce the internal oblique to lie
between the internal and external oblique mus-
cles before giving off branches, which pierce the
external oblique to provide cutaneous sensation.
The iliohypogastric nerve supplies the skin over
the inguinal region as well as a small region just
superior to the pubis.

llioinguinal nerve. The ilioinguinal nerves
emanate from the first lumbar spinal root. In one
study of 200 human bodies, the ilioinguinal nerve
arose from the lumbar plexus in 72.5% and by a
common trunk with the iliohypogastric nerve in
25%; it was absent in 2.5% (Fig. 17.1). The ilioin-
guinal nerve was formed from one root in 92.5%
and from two roots in about 5% of cases. In 86%,
the ilioinguinal carried fibers from one spinal
nerve (primarily from L1) and, in 11%, from two
spinal nerves (T12, L1; L1, L.2; or L2, L3) [1].

Within the inguinal canal, the nerve usually
lies ventral to the spermatic cord (60% of cases),
but it may lie beneath (dorsal) the cord and/or
within it. The ilioinguinal nerve runs anteroinfe-
riorly to the superficial inguinal ring, where it
emerges to supply the skin on the superomedial
aspect of the thigh. The ilioinguinal nerve, usu-
ally smaller than the iliohypogastric nerve, arises
with it from the first lumbar nerve. It emerges
from the lateral border of the psoas major just
below the iliohypogastric and, passing obliquely
across the quadratus lumborum and iliacus,
perforates the transversus abdominis, near the
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Fig. 17.1 Origin of “inguinal nerves” from the lumbar
plexus

anterior part of the iliac crest, and communicates
with the iliohypogastric nerve between the trans-
versus and the obliquus internus. The nerve then
pierces the obliquus internus and, accompanying
the spermatic cord through the subcutaneous
inguinal ring, is distributed to the skin of the
upper and medial part of the thigh, to the skin
over the root of the penis and upper part of the
scrotum in the male; in the female it provides
sensory innervation to the skin covering the mons
pubis and labium majus in the female (Fig. 17.2).
The size of this nerve is inversely proportional to
that of the iliohypogastric nerve. Occasionally, it
is very small and ends by joining the iliohypogas-
tric nerve; in these instances, a branch from the
iliohypogastric might take the place of the ilioin-
guinal, or the latter nerve may be altogether
absent. The ilioinguinal nerve may partially or

completely replace the genital branch of the geni-
tofemoral nerve or the lateral femoral cutaneous
nerve.

Of note, the ventral rami of the lower intercos-
tal nerves (T11 and T12) also pierce the transver-
sus abdominis muscle to lie between it and the
internal oblique. These latter nerves also supply
sensation to the inferior abdominal wall.

17.1.2 Genitofemoral Nerve

The genitofemoral nerve refers to a human nerve
that is found in the abdomen. Its branches, the
genital branch and femoral branch, supply sensa-
tion to the upper anterior thigh, as well as the skin
of the anterior scrotum in males and mons pubis
in females. The femoral branch is different from
the femoral nerve, which also arises from the
lumbar plexus. The genitofemoral nerve origi-
nates from the upper L1-2 segments of the lum-
bar plexus. It passes downward and emerges
from the anterior surface of the psoas major mus-
cle. The nerve continues downward and divides
into two branches, the genital branch and the
femoral branch. The genital branch passes
through the deep inguinal ring and enters the
inguinal canal. In men, the genital branch contin-
ues down and supplies the scrotal skin. In women,
the genital branch accompanies the round liga-
ment of uterus, terminating in the skin of the
mons pubis and labia majora.

The femoral branch passes underneath the
inguinal ligament, traveling adjacent to the exter-
nal iliac artery and supplying the skin of the
upper, anterior thigh.

17.1.3 Obturator Nerve

The obturator nerve originates from the ventral
divisions of the ventral rami of the L2 through
L4 spinal nerves within the psoas major muscle.
The obturator nerve descends through the psoas
muscle to emerge from its medial border at the
pelvic brim. The nerve then curves downward
and forward, around the wall of the pelvic cavity,
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and travels through the obturator foramen in
which it divides into the anterior and posterior
branches.

17.1.4 Lateral Femoral Cutaneous
Nerve

The lateral femoral cutaneous nerve is a branch
of the lumbar plexus, exiting the spinal cord
between the L2 and L3 vertebrae. It emerges at
the lateral edge of the psoas muscle group, below
the ilioinguinal nerve, and then passes beneath
the iliac fascia and the inguinal ligament. It
divides into two branches—anterior and poste-
rior—8-10 cm below the spine, where it also
emerges from the fascia lata. The anterior branch
innervates the skin of the anterior and lateral
regions of the thigh to the knee; the posterior
branch supplies the lateral portion of the thigh,
from the greater trochanter in the hip to mid-
thigh, just above the knee.

Rab et al. [2] conducted an anatomical study
of the groin nerves in 64 halves of 32 human
embalmed anatomic specimens. Four different
patterns of cutaneous branching were identified:
type A, with a dominance of genitofemoral
nerve in the scrotal/labial and the ventromedial
thigh region. In type A, the ilioinguinal nerve
gives no sensory contribution to these regions
(43.7%). In type B, with a dominance of ilioin-
guinal nerve, the genitofemoral nerve shared a
branch with the ilioinguinal and gave motor
fibers to cremaster muscle in the inguinal canal
but had no sensory branch to the groin (28.1%).
In type C, with the genitofemoral nerve being
dominant, the ilioinguinal nerve had sensory
branches to the mons pubis and inguinal crease
together with an anteroproximal part of the root
of the penis or labia majora. In type D, cutane-
ous branches stemmed from both the ilioingui-
nal and the genitofemoral nerves. In addition,
the ilioinguinal nerve provided innervation to
the mons pubis and inguinal crease together
with a very anteroproximal part of the root of
the penis or labia majora (7.8%). These patterns
of innervation were bilaterally symmetric in
40.6% of the cadavers.

Al-dabbagh [3] conducted a study in a con-
secutive series of 110 primary inguinal her-
nias repaired by the mesh technique. Particular
attention was paid to early identification and
recording of the course of both the ilioingui-
nal and iliohypogastric nerves and preserving
them throughout the operative procedure. The
course of both nerves was found to be consis-
tent with that described in anatomical texts in
only 41.8% of the surgical explorations. The
course of one or both nerves was found to be
a variant in the other 64 of 110 (58.2%) explo-
rations and often rendered them susceptible to
injury.

17.2 Clinical

It is important to recognize the difference
between conditions where the nerve is subjected
to persistent compression (which can eventually
lead to permanent damage) versus condition
where the nerve has been intrinsically damaged
(and the damage can be temporary or permanent,
partial or complete). Sometimes this differential
diagnosis is feasible; in other instances, it might
be extremely difficult to differentiate the two
conditions, particularly in situations where both
might be coexisting (nerve damage and ongoing
entrapment).

The different conditions would be best
described as “inguinal entrapment neuropathy”
and “inguinal neuralgia.” The symptomatology
may start in the exact distribution of one of the
“inguinal region” nerves but then spread
beyond their territory, including, at times, the
abdomen or the whole thigh. Since there is sig-
nificant overlap in the distribution of the groin
nerves, the exact contribution of the individual
nerves to the pain might not be clear in
advanced cases.

Entrapment occurs where the nerve passes
through the muscles of the abdominal wall
medial to the anterior superior iliac spine. The
most frequent cause of ilioinguinal neuropathy is
inadvertent damage during herniorrhaphies and,
less commonly, appendectomies [4, 5]. Other
operations that may be associated with this neu-
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ropathy include tubal ligation, hysterectomy, and
cesarean section. Other pathological conditions
in the inguinal canal that can involve either the
ilioinguinal or genitofemoral nerves are lipomas,
leiomyomas, and endometriosis. Injuries to the
iliohypogastric nerve mainly occur if the inci-
sion extends beyond the lateral margin of the
inferior rectus abdominis fibers. Nerve(s) dam-
age can result from direct surgical trauma, such
as passing a suture around the nerve and incor-
porating it into the fascial repair, or postopera-
tive entrapment in scar tissue or neuroma
formation. Sports injuries, such as trauma or
muscle tears of the lower abdominal muscles,
may also result in injury to the nerves [6]. Injury
to the iliohypogastric nerve may also occur dur-
ing pregnancy, owing to the rapidly expanding
abdomen in the third trimester. This is called the
idiopathic iliohypogastric syndrome and is rare.

Neuralgia symptoms include burning or lanci-
nating pain immediately following the abdominal
operation. The pain extends from the surgical
incision laterally into the inguinal region and
suprapubic region.

Pain, numbness, and paresthesiae secondary
to damage to the ilioinguinal nerve involve the
upper media thigh, the base of the penis and scro-
tum in men, and the labia majora and mons pubis
in women. Discomfort may occur immediately or
up to several years after the procedure and may
last for months to years. The pain could be per-
manent. This discomfort is possibly because of
the formation of scar tissue in the region.
Occasionally, the pain may extend into the geni-
talia because of significant overlap with other
cutaneous nerves.

Rarely, ilioinguinal neuralgia will occur
spontaneously. Many patients with an ilioingui-
nal neuropathy notice minimal numbness in the
distribution of the nerve that resolves during
days or weeks, but others complain of more
severe pain. This syndrome has been called
post-herniorrhaphy neuralgia, inguinal neural-
gia, and genitofemoral and ilioinguinal neural-
gia. It might be preferable to refer to it as
inguinal neuralgia because a specific nerve is
not implicated. Ilioinguinal neuralgia is one of
the most common causes of lower abdominal

and pelvic pain encountered in clinical practice.
These patients have severe burning and stabbing
pain in the lower abdomen, inguinal area, and
upper thigh often aggravated by changing posi-
tion and walking. On exam, if the neuropathy
has been of sufficient intensity for a long enough
period, there will be an alteration of sensation in
this cutaneous zone. This could result in hypo-
esthesia as well as hyperesthesia. In extreme
cases, there is allodynia, which consists of
extreme pain even to light touch. Tinel’s sign
may be elicited by tapping over the ilioinguinal
nerve at the point at which it pierces the trans-
verse abdominal muscle. The pain of ilioingui-
nal neuralgia is made worse by extension of the
lumbar spine, which puts traction on the nerve.
Patients suffering from ilioinguinal neuralgia
will often assume a bent-forward novice skier’s
position. If the condition remains untreated,
progressive motor deficit consisting of bulging
of the anterior abdominal wall muscles may
occur. This bulging may be confused with ingui-
nal hernia.

The symptoms in genitofemoral neuropathy/
algia usually consist of an unpleasant painful
feeling in the lower abdomen and groin, with
pain radiating to the inner side of the upper leg,
scrotum, or greater labia.

Injuries to the obturator nerve are uncom-
mon. Pelvic fractures are an obvious cause. The
obturator nerve can be damaged due to hip sur-
gery or by pelvic malignant neoplasms or her-
nias, foci of endometriosis. Pain typically is
localized to the adductor origin at the pubic
bone [7].

17.3 Management

Initial treatment of inguinal neuropathy/algia
should consist of simple analgesics, nonsteroidal
anti-inflammatory drugs, membrane-stabilizing
medications (carbamazepine, gabapentin, prega-
balin), and/or tricyclic antidepressant drugs.
Opioid medications are seldom indicated at this
stage. Avoidance of repetitive activities thought
to exacerbate the symptoms of ilioinguinal neu-
ralgia (e.g., squatting or sitting for prolonged
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periods) will also help ameliorate the patient’s
symptoms.

If the patient fails to respond to these conser-
vative measures, a next reasonable step is nerve
blockade with local anesthetic and steroid.

Because of the overlapping innervation of the
ilioinguinal and iliohypogastric nerve, it is not
unusual to block branches of each nerve when
performing ilioinguinal nerve block. The clini-
cian should be aware that due to the anatomy of
the ilioinguinal nerve, damage to or entrapment
of the nerve anywhere along its course can pro-
duce a similar clinical syndrome.

For patients who do not rapidly respond to
nerve(s) block, or whose pain has spread
beyond the mere distribution of an individual
nerve, consideration should be given to epi-
dural steroid injection of the T12-L1 segments
intraspinally.

Repeated nerve blocks can be given, and
sometimes they can result in cure from the
condition.

If nerve blocks are effective but their efficacy
is short-lived, pulsed radiofrequency lesioning
(PRF) of the involved nerves might obtain long-
term results [8]. Werner et al. performed a sys-
tematic review of the available data on PRF
ablation in the treatment of chronic post-
herniorrhaphy inguinal pain [9]. They report that
there is a limited level of evidence to support the
use of PRF ablation in the management of this
condition, stating that the evidence is of low
quality and the strength of recommendation is
weak to moderate.

If the above treatments have not resulted in
any improvement, a reassessment of the situation
is in order.

Namely, one has to decide whether this is a
nociceptive, curable pain, or whether this is a per-
manent neuropathic pain (Fig. 17.3). Persistent
nociceptive pain is a reflection of a nerve still
affected by ongoing damage by pressure or con-
striction (scar tissue, mesh, suture, etc.) or whether
this constitutes a “neuropathic” pain, a reflection
of an intrinsically permanently and irreversibly
damaged nerve. To make matters more compli-
cated, when “neuropathic” pain persists for a long
time, it might become “centralized,” which means

that alternative pain-generating/self-maintaining
circuits originate in the central nervous system.
To complicate the situation even further, some-
times both nociceptive and neuropathic pain can
be present concurrently, and sometimes they can
be very difficult to be teased apart clinically. In
the author’s experience, three clinical signs/symp-
toms are almost always indicative of neuropathic
pain. The first is the fact that the pain is usually
present 24 h/day. In most instances of nociceptive
pain, the pain is greatly lessened by rest. Secondly,
neuropathic pain is usually described as a burning
sensation. Thirdly, the presence of allodynia (pain
even to light touch) is almost always associated
with neurogenic pain. Therefore, if a patient is
complaining of constant burning pain and dis-
plays allodynia, it is safe to assume that at least a
component of the pain is neuropathic and most
likely “centralized.”

The differential diagnosis is important, since
the goals of treatment are drastically different. In
the presence of nociceptive pain, one should try
to “cure” the condition. Neuropathic pain cannot
be cured, but only managed.

If one is aiming for the treatment of nocicep-
tive pain, surgical intervention might be indi-
cated. Different surgical approaches can be
considered.

A decompression of a possibly entrapped
nerve can be performed. This might entail lysis
of adhesions or take down of scar tissue and/or
removal of implanted hardware such a mesh or
retained sutures. Aasvang and Kehlet [10] per-
formed a literature review for data on surgical
treatment of chronic pain after hernia repair. In
some patients, pain may have been of inflam-
matory or nerve entrapment origin from the
mesh, suggesting the need for mesh removal or
nerve decompression. However, there were no
data on how to diagnose these conditions and
few on the success of mesh removal; only four
patients with mesh removal alone were reported.
Lee and Dellon [11] reported on their surgical
management of 54 patients with groin pain his-
tory and physical examination were sufficient
to relate the pain to one or more of the lateral
femoral cutaneous, ilioinguinal, iliohypogas-
tric, or genitofemoral nerves. In their series,
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Fig.17.3 Neuropathic vs. nociceptive pain. Diagnostic and therapeutic considerations
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neurolysis was performed in all instances of lat-
eral femoral cutaneous nerve entrapment.
Ninety percent of those patients experienced
good to excellent results. Entrapments of the
other three nerves were addressed by resection.
Pain related to the genitofemoral nerve had the
worst outcome.

Often a resection or sectioning of the nerve(s)
is performed [12, 13]. Some authors have
reported excellent results after sectioning of the
three nerves involved (ilioinguinal, iliohypogas-
tric, and genitofemoral nerves), called the “triple
neurectomy’” procedure [14—16]. This can be per-
formed either laparoscopically or via an open
technique. Madura et al. [17] reported on a con-
secutive series of 100 patients who underwent
inguinal neurectomy for inguinal nerve entrap-
ment. Seventy-two percent of the patients
obtained good long-term relief. The authors
emphasized the need to address the distal end of
the resected nerves, in order to prevent formation
of painful neuromas. These include burying the
cut end of the nerve into muscle, end-to-side
nerve anastomosis, and epineural ligation and
flap. Experimentally, treatment of the nerve end
with electro-fulguration, YAG laser destruction,
and tissue bioglues also is reported to prevent
neuroma formation.

One should beware of the fact that, if the origi-
nal pain is exquisitely neuropathic (defined as
excruciating constant burning pain and allo-
dynia), these surgical ablative approaches can
result in a severe (at times permanent) worsening
of the pain.

In the author’s experience, if the pain is clearly
neuropathic, the condition is a reflection of an
“electrical” problem within the nervous system.
In these instances, electrical stimulation through
an implantable neurostimulation device can often
be very effective in reducing the pain signals and

can actually represent the most effective treat-
ment option [18-23]. Certainly, it is the most
reversible surgical modality and the one that
would cause the least irreversible damage to the
nervous system. Electrical signals are delivered
through implanted electrodes. The electrodes can
be implanted on the peripheral nerves, on the
small subcutaneous nerve fibers of the affected
painful area, or on the nerve roots or dorsal root
ganglia (DRG) serving that area (usually T12-L1,
Figs. 17.4, 17.5, and 17.6). The stimulation can
be delivered as a test trial on a temporary basis.
The electrodes are usually placed for about 7-15
days and then removed. If the patient experienced
good pain relief, a complete neurostimulation
system can then be implanted. This usually con-
sists of a pulse generator and one or more elec-
trodes. The pulse generator, very much like a
pacemaker, contains a lithium battery (which can
be externally rechargeable) and the electronic cir-
cuitry. The parameters of stimulation (polarity,
intensity, frequency, waveform, etc.) can be mod-
ified externally via a hand-held wireless
controller.

Since the neurostimulation modality can be
tested in a reversible and non-damaging manner,
it should be the preferred modality in cases of
severe persistent pain where it is not clear of the
relative contribution of nociceptive vs. neuro-
pathic pain.

Neurostimulation can be effective for a very
long time, and the author has a number of patients
that were implanted 30 years ago and still main-
tain excellent pain relief.

Patients with chronic severe pain often develop
severe depression, anxiety, and other mood dis-
turbances. Psychological and psychosocial inter-
vention is often of crucial importance in the
support and management of these unfortunate
individuals.
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Fig.17.4 Intraoperative
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distribution for a
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Fig.17.5 X-rays of
implanted peripheral
nerve stimulation
systems for inguinal
pain

Case 1-Patient
experienced good
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permanent
implantation.
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Fig.17.6 X-rays of implanted T12-L1 dorsal nerve root stimulation systems for inguinal pain

Conclusions
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Treatment in Groin Pain Syndrome

[laria Maria Marchetti, Cristiano Sconza,
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18.1 Introduction

Evaluation and treatment of groin pain syndrome
in athletes is challenging since different patholo-
gies may cause similar symptoms and many sys-
tems can refer pain to the groin. All the anatomic
structures in the hip and groin region, like muscles,
tendons, nerves, ligaments and joints, interact and
depend on each other [1]. In addition to a complex
anatomy, we have a varied range of pathologies
originating from multiple aetiological processes
that can cause activation of pain fibres in the ingui-
nal region [2]. The origin of pain can be simple as
a muscle injury, caused by a direct trauma or an
adductor strain, or more complex as a “sport her-
nia”. The groin pain could also be due to a referred
pain that may come from different anatomical
regions like the spine, the sacroiliac joint, the testes
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or the urinary tract. Other possible causes could be
stress fractures affecting the femoral neck or the
inferior pubic ramus, osteitis pubis or hip patholo-
gies like femoro-acetabular impingement (FAI),
acetabular labral tears, hip instability or osteoar-
thritis [3]. The possibility of coexisting injuries fur-
ther complicates the management of these patients:
if more than one affliction can cause groin pain, it
is difficult to establish which is the main contribu-
tor and which is secondary. It has been shown that
treating more than one condition at the same time
can lead to better clinical results: for example,
when an athlete has a surgical sports hernia repair
and a hip arthroscopy at the same time, the success
rate is much better than performing surgery on just
one pathology [4]. These observations suggest that
groin pain has a complex pathogenesis and is con-
nected to various diseases, each having its role in
determining the risk of injury.

The conservative treatment of patients with
groin pain could be even more complicated.
When the athlete first come to the rehabilitation
specialist observation, in a lot of cases he has
already received a non-specific diagnosis of groin
pain, and he has usually tried to take a prolonged
period of rest and different types of treatments.
These confounding factors and the insidious
onset of the pathology can make the diagnostic
process really challenging. In addition, during the
rehabilitation programme, the patient may expe-
rience periods of improvement interspersed with
episodic pain exacerbations, making the long-
term success sometimes difficult. As regards the
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current literature, the available evidence provides
some useful starting points, but it is insufficient to
give universal rehabilitation guidelines [5].

For all these reasons, we think that it’s primar-
ily important to start from a proper evaluation for
identifying a correct and complete diagnosis and
correlate it with the mechanism and biomechani-
cal aspects of the injury. Each patient has a dis-
tinct injury history and unique clinical findings,
thus only understanding the specific dysfunction,
we can assess an effective customized rehabilita-
tion programme.

The aim of a conservative rehabilitation project
is to treat not only the current injury but also all the
underlying risk factors. For example, we must con-
sider that sports involving sudden changes of direc-
tion, acceleration, deceleration, sliding tackles and
kicking (e.g. football, hockey, basket) can lead to
muscular overload and imbalance. The overload of
pubic symphysis and insertional tendons could be
induced by strength imbalance between hip adduc-
tor muscles and rectus abdominis [6]. Literature
suggests that coexisting postural impairments like
reduced flexibility of the posterior chain muscles,
lumbar hyperlordosis with pelvic anteversion and
dissymmetry of the lower limbs often lead to a pel-
vic complex instability that can predispose the ath-
lete to groin-related injuries [6].

When a patient comes to our observation com-
plaining of long-term groin pain, a meticulous pos-
tural examination has a crucial importance in order
to evaluate even minimal dysfunctions that, in
combination with muscular imbalance, can lead to
groin pain syndrome especially in professional ath-
letes. Initially the patient is examined in an ortho-
static position, to assess the symmetry of the pelvis
and the shoulders. It is important to observe the
plantar support with the assistance of the podo-
scope and the structure of the hindfoot and fore-
foot. Mobility on all planes of the lumbosacral
rachis should be examined as well as the presence
or absence of scoliosis or scoliotic posture. Lateral
examination of spinal curvatures, rotation of the
pelvis and posture of hip and knees should be done.
A typical report of the adductor syndrome is the
lumbar hyperlordosis with pelvis anteversion. In
case of suspected inguinal hernia or sports hernia,
it is helpful to evaluate the testicles and the inguinal
canal with the Valsalva manoeuvre. Painful points

like tendon insertions of adductor, recto-abdominal
and iliopsoas muscles, pubic symphysis and iliac
spines should be evaluated. Pain can also be repro-
duced by isometric contraction of abdominal mus-
cles, iliopsoas, rectus femoris and adductor muscles
or by passive stretching of the anterior chain
(Thomas test) and the posterior chain. A specific
examination of the hip joint should not be forgot-
ten: the articular mobility of the hip on all planes
should be assessed with the patient lying in supine
position. Reduced joint ROM (range of motion),
especially in hip internal rotation, flexion and
adduction (FADDIR test), is a common finding in
people with FAI and early osteoarthritis. Impaired
posture of the spine and pelvis can also predispose
to FAI like the swayback posture (see the chapter
below). Evaluation of hip muscle strength and
length can provide further information to confirm
the diagnosis and guide the treatment [6]. Finally, a
peripheral neurological examination should be
conducted in order to exclude radiculopathy or
other neurological diseases.

In some cases the rehabilitation specialist
needs to perform imaging techniques, like plain a
radiograph, an ultrasound scan or a magnetic
resonance (MRI). The can be useful to confirm
the diagnosis or to exclude different causes of
groin pain, including hip osteoarthritis or frac-
tures [7].

In order to illustrate the concepts that underlie
the preparation of a rehabilitation programme, we
are going to describe the most frequent pathologies
that cause groin pain, referring to current literature.
Remember once again that, despite the strategic
importance of a correct diagnosis, only treatment
of specific clinical findings and coexisting risk fac-
tors can guarantee the clinical success.

18.2 Conservative Treatment
in Tendon and Muscle
Pathology

Insertional tendinopathy of the hip adductor mus-
cles and rectus abdominis is a really frequent
cause of groin pain, with an incidence of 2.5-3%
among elite athletes [7]. The most frequent
involved activities are soccer, basketball, hockey,
rugby and long-distance running. It is considered
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Table 18.1 Example of exercise therapy protocol that could be used for the conservative rehabilitation treatment of

adductor-related groin pain

First phase (first 2 weeks)

Static adduction against ball placed
between feet lying supine

Static adduction against ball placed
between knees when lying supine

Abdominal sit-up both in
straightforward direction and in
oblique direction

Combined abdominal sit-up and hip
flexion, starting from supine position
and with ball between knees

Balance training on wobble board

One-foot exercises on sliding board,
with parallel feet as well as with 90°
angle between feet

Third phase (from 6th week to

Second phase (from 3rd week) return to run)
Leg abduction and adduction exercises

performed in side lying

Slow jogging
* Slow running at easy pace
* Can progress if no pain
Straight sprints

e 100 m sprints at
increasing speed and
repetition

Low-back extension exercises prone over
end of couch

» Can progress if no pain
One-leg weight pulling abduction/adduction
standing

Cutting
 Sport-specific sprints
involving change of
directions
Abdominal sit-up both in straightforward
direction and in oblique direction

One-leg coordination exercise with flexing
and extending knee and swinging arms in
same rhythm

Training in sideways motion on a
mini-skateboard

Balance training on wobble board and
skating movements on sliding board

The protocol is divided in three chronological progressive phases. The athletes start to perform the exercises of the first
phase; after indicatively 2 weeks, they can pass to the second phase. At 6 weeks they can start the return to running

programme [10]

an overuse disease, but it can also occur as a result
of a previous injury like a groin strain. It consists
of inflammation (in the acute phase) and conse-
quently degeneration (in the chronic phase) of ten-
dons directly at their insertion on the ischio-pubis
bone, and it can involve the common adductors
tendon and/or the rectus abdominis tendon [8].
The conservative treatment consists of a mul-
tidisciplinary approach depending on the clinical
phase of the pathology and progresses through

functional steps.

It has been shown that the addition of an active
physical training is more effective than the use of
passive treatments alone and that a multimodality
approach, including manual therapy techniques,
can provide a quicker return to sport in the athlete
(Table 18.1) [9, 10]. Active training of strength
and coordination of muscles acting on the pelvis,
in particular the adductors, is very effective in the
treatment of insertional tendinopathy and groin

pain in general [1].

The first step of the conservative treatment is
focused on inflammation and pain control. We
can use anti-inflammatory drugs, instrumental
and manual therapy. Pharmacotherapy consists of
systemic administration or local injection of
NSAIDs, corticosteroids and, recently, platelet-
derived growth factor (PDGF) [6].

Heat therapy with resistive to capacitive system,
laser therapy and electrical therapy can be really
useful in order to decrease local swelling and
inflammation and to reduce pain acting on nocicep-
tor’s membrane and the nervous fibres by the mod-
ulation of the painful stimulus and its transmission.
Extracorporeal shockwave therapy can also facili-
tate tendon enthesis healing and regeneration due
to the stimulation of nitric oxide and growth factor
production and stem cell proliferation, migration
and differentiation. Physical therapy is recom-
mended as the first-line treatment after a period of
rest or restricted activity [11]. In the acute phase,
we can use postural balance techniques through
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global and site-specific stretching, mechanical and
proprioceptive orthotic insoles and global postural
re-education. Improving the hip ROM, specifically
internal and external rotation, has been proposed as
a possible method to reduce stress across the pubic
symphysis and the surrounding structures [12].
Muscular imbalance between abdominal and hip
muscles may contribute to mechanical overload
and loss of functional stability of the groin [1]. Hip
adductors are essential stabilizers of the pelvis
together with gluteus, hamstrings and abdominal
muscles in sport activities like running, pivoting
and kicking [13]. Thus, it may be possible that
improving control and strengthening of these mus-
cles [14] may restore the function of the groin
region [5]. Decontracting massotherapy is useful to
relax and stretch adductors and abdominal mus-
cles. A correct application of neuromuscular taping
can detent tendon insertions, promote muscle
relaxation and protect the muscle-tendon unit from
overstretching. In the early stages, active exercise
therapy involves isometric strengthening of abdom-
inal and adductor muscles in the gym or in the
warm water of a therapeutic swimming pool. In the
subacute phase, muscle strengthening is increased
by introduction of concentric and eccentric exer-
cises and cardiovascular reconditioning. Core sta-
bility exercises should be introduced as soon as
possible and consist of the contextual and synergic
activation of abdomen, adductor and lumbar mus-
cles. Finally, running is gradually started at first on
a treadmill, proceeding with free aerobic run at
increasing speed. The last rehabilitation step will
be focused on the return to sport [7]. Learning pre-
ventive postural, eccentric and plyometric exer-
cisesisimportant during and after the return-to-sport
phase in order to maintain a good stretch of the
posterior and adductor chain, as well as a global
balance between agonist and antagonist muscle
groups [6].

18.3 Conservative Management
of Sport Hernia

Sport hernia is defined as a weakness of the
posterior inguinal wall without a clinically pal-
pable hernia, which results from injury of mus-

cular and/or fascial attachment to the anterior
pubis bone [15]. Tears associated with an ath-
letic pubalgia may involve the transversalis fas-
cia at the posterior inguinal wall, the insertion
of the distal rectus abdominis, the conjoined
tendon and the external oblique aponeurosis
[15]. The hallmark symptom is a severe lower
abdominal, pubic or groin pain with exertion
that improves with rest but typically returns
upon resumption of sport-related activities.
Pain is usually deeper, more proximal and more
intense than an adductor or rectus abdominis
strain. It is common to find a point tenderness
near the lower abdominal insertion at the pubic
tubercle that can involve the adductor longus
tendon origin as well.

Rehabilitation is usually the first option in
treating a nonathlete patient with a diagnosis of
sport hernia because evidence suggests poor sur-
gical outcomes in these cases [16]. Moreover
most physicians agree that a conservative treat-
ment should be in many cases the first option
even in athletes [15]. The current literature shows
significant improvement after 6-8 weeks of phys-
ical therapy intervention [17]. The duration of the
rehabilitation process depends on the nature of
the injury, the level of preinjury performance of
the athlete and the length of time before the ath-
lete is expected to return to play [15]. The diag-
nosis of sport hernia usually implicates several
weeks of rest and a gradually return to sports
activities, depending on the single patient’s injury
history.

First of all, the conservative treatment consists
in pain control and reduction of swelling and
inflammatory reaction. The patient should be able
to move and conduct daily activities with little to
no pain present. We can use oral anti-inflammatory
drugs, physical agents or local injections in order
to accelerate the reduction of symptoms. The
rehabilitation treatment is mainly based on the
association of exercise therapy and manual ther-
apy. It has been shown that the use of these two
treatments in combination allows achieving better
results than using exercise therapy alone, with a
faster return to sport [10]. Manual therapy works
by improving soft tissue and fascia restrictions,
reducing the viscoelastic stiffness in the adductor
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Fig. 18.1 Adductor squeeze test: pain provocation by
isometric hip adduction. It can be performed at 0° (on the
right), 30° (on the left), 45° and 90° hip flexion. It is pos-

muscles and mechanical loads on the pubic bone.
It also seems that manual therapy can influence
core stability: the manipulation of the sacroiliac
joint can enhance abdominal muscles function,
improving the feedforward action of transversus
abdominis muscle. Those techniques include soft
tissue manipulation of the lumbar and hip regions,
mobilization of the pelvis, sacroiliac and hip
joints, neuromuscular re-education and manual
stretching [10]. The main part of the conservative
treatment is based on a customized and progres-
sive exercise therapy programme that aims to
minimize pre-existing risk factors and compensa-
tory strategies, implement core stabilization and
maintain good motor control around the pelvis.
Safe progression through the various stages of the
rehabilitation programme requires strict monitor-
ing using objective tests and measures like the
adductor squeeze test (Fig. 18.1) and the hip range
of motion.

All interventions address specific objective
impairments found during the physical examina-
tion, including muscle length deficits, strength
imbalances and joint hypo-mobility. In fact these
impairments may have led to, or been the result
of, the sports hernia injury.

Clinical assessment of core stability, and
identification of hip muscular compensation and
imbalance are crucial. Treatment should target
strengthening and neuromuscular re-education
regarding timing and recruitment patterns dur-
ing functional motion. In the early phase, the
patient can perform a sequence of submaximal

sible to quantify the adductor strength during this test
through pressure values measurement (mmHg), using a
simple sphygmomanometer pre-inflated to 10 mmHg [18]

isometric contraction of hip abductors, adduc-
tors, flexors and extensors. Core stability exer-
cises begin with static contraction of the deep
core muscles and an initial emphasis on correct
activation. These exercises are progressed by
adding single-leg activities in stable positions
and, subsequently, in unstable positions, incor-
porating external perturbation in order to
improve proprioception and kinesthetic aware-
ness [19]. Functional strength training includes
a pattern of bilateral squat to single-leg squat
and lunge, adding direction to lunge in the final
stages. Dynamic stabilization of the pelvic ring
is the central goal [20]. Active stretching of the
spine and lower extremities to ensure the preser-
vation of flexibility and full range of motion
should be added. Joint range of motion of the
hips and lumbar spine is expected to be optimal
prior the return to sport.

The final step of the rehabilitation programme
of all athletes with groin pain syndrome is the
return to sport phase. Once completed this step,
the athlete is expected to return to full competi-
tive sport. This phase should begin with a gradual
return to running; the player may start with a
short run every 2 days improving gradually under
supervision. Clinical criteria to start a safe return
to running should be pain-free adductor squeeze
test, minimal adductor guarding (i.e. spasm of the
adductor muscles on passive hip abduction),
pain-free pubic symphysis shear test into exten-
sion (feel for hypermobile pubic symphysis while
shearing vertically through anterior superior iliac
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spines) and pain-free fast walking [20]. Running
is progressed into straight-line speed, changing
direction and then accelerative drills. Finally it
can be introduced the sport-specific training on
the field. Physicians and trainers typically allow
the return to play once the athlete has no pain
with sport-specific activities like sprinting and
cutting and he can complete an abdominal curl-
up and bilateral straight-leg raise/hip flexion
without symptoms.

18.4 Conservative Management
of Femoroacetabular
Impingement

In recent times the hip joint has been recognized
as a significant cause of hip and groin pain in the
athletic population. Groin pain is frequently
reported in patients attending for hip arthroscopy,
evidenced by 92% of patients with labral tears
[21]. As previously described, hip pathologies
often coexist with other groin-related diseases
including adductor strain and sports hernia,
which can make definitive diagnosis and man-
agement difficult and often multifactorial. Recent
studies have found that 94% of athletes with
adductor-related groin pain have radiological
signs of FAI [22]. FAI is not considered to be a
hip pathology; it is recognised as a morphologi-
cal variant seen in approximately 20% of general
population that may increase the risk of intra-
articular hip pathology including labral tears and
chondropathy, contributing to the development of
groin pain. When the hip joint is placed into a
position of impingement in a repetitive fashion
during sport activities, microtraumas may occur
due to the friction of labrum between the hip
bony components, causing labral tears [23].
Moreover the presence of FAI and labral pathol-
ogy may lead to an increased risk of chondropa-
thy and early hip osteoarthritis [24].

The published literature suggests that conser-
vative treatment is a reasonable first choice for
patient with FAI [25]. However, no studies have
compared the effectiveness of hip arthroscopy to
conservative management. Depending on multi-
ple factors such as the clinical presentation, pres-

ence of comorbidity and time in season, the
current evidence suggest to attempt a period of at
least 6-8 weeks of conservative treatment prior to
an eventual surgical treatment. This is a very gen-
eral recommendation that must be individualized
to the patient [26].

Current strategies for the conservative man-
agement are mainly based on the clinical find-
ings of physical impairments in people with
FAI. Rehabilitation programme focuses on
modifying adverse hip joint forces created by
abnormal hip morphology and pathology. This
can be achieved by three different steps:
improving hip muscles function, modifying hip
external loads (such as the volume and intensity
of physical activity) and providing an appropri-
ate education for activities of daily living
predisposing to FAI [27].

Hip muscle strength and length and hip joint
ROM are wusually limited in patients with
FAI Impaired biomechanics of the hip and pelvis
is present, which may partially explain the asso-
ciation with groin pain. Individuals with FAI usu-
ally present a swayback posture that consists of
loss of normal lumbar curve with the pelvis
swayed forward in front of the centre of gravity
and tilted posteriorly and the hip joint extended.
In this type of posture, the external oblique mus-
cles and the iliopsoas are excessively stressed,
while the hip flexors such as rectus femoris and
tensor fascia latae are short. The line of gravity
moves posteriorly to the hip joint, resulting in
disuse atrophy of the gluteal muscles. The stiff-
ness of the hip extensors and posterior joint struc-
tures and the excessive flexibility of anterior hip
joint structures result in a path of least resistance
to anterior glide [26]. Hip muscle strength impair-
ment contributes to modify intra-articular hip
loads: a typical finding in these patients is a
weakness of gluteus medius and maximus and
iliopsoas, while the tensor fascia latae is short
and dominant. Limited ROM and pain during hip
internal rotation, flexion and adduction (FADDIR
or anterior impingement test) is a classical physi-
cal examination finding in people with symptom-
atic FAIL. Probably maximum hip flexion and
extension increases load on the anterior and supe-
rior joint regions, which is the anatomical site
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Fig. 18.2 Example of exercises aimed at restoring trunk and deep hip stabilizer muscle function

associated with the majority of FAI lesions.
Another common finding in these patients is a
positive FABER test: during flexion, abduction
and external rotation of the hip joint, the vertical
distance of the knee to the examination table is
increased on the symptomatic hip in comparison
to the unaffected side [28]. Muscle function and
ROM recovery with suitable rehabilitation strat-
egies have the potential to modify hip joint loads
and mitigate the progression of hip and groin
pain. Improvement hip muscle strength appears
to be an important treatment goal for this pur-
pose. It is fundamental to focus at first on the
primary deep stabilizer of the hip (iliopsoas, glu-
teus maximus, gluteus medius, quadratus femo-
ris, obturator internus, inferior and superior
gemelli, adductor brevis and pectineus) which
are thought to provide a posterior, medial and
inferior force on the femur, ensuring the head of
the femur located in a position that minimize
stress on the anterosuperior acetabular labrum
and rim (Fig. 18.2).

The goal is to improve posterior glide of the
femur, decreasing the mechanical contact
between the acetabular edge and the femoral
neck. This can be achieved in part with muscular
strengthening and in part using joint passive
mobilization. The patient’s hip is flexed, mild
abducted and internally rotated with the foot
fixed on the table; the clinician provides a
posterior-lateral force directed longitudinally
through the femur if tolerated. Joint mobilization
is followed by self-mobilization and active exer-
cises to maintain mobility.

Once adequate control of the deep hip stabiliz-
ers has been obtained, a staged hip-strengthening
programme can be undertaken.

As regards the external loads, there is minimal
evidence examining the influence of type and
volume of physical activity on hip joint loads.
However probably the intensity of the activity
and the hip ROM required may increase anterior
hip joint forces, like when the hip is extended
beyond 10° of ROM. This force increases when
weakness in the gluteal muscles or iliopsoas is
present [29]. Moreover, there is evidence that a
great amount of high impact physical activity is
associated with a raised risk of hip osteoarthritis.

It appears that hip joint loads can be modulated
by type and amount of physical activity; there-
fore rehabilitation programmes should include
strategies to address the volume and intensity of
activity undertaken.

Another key target in these patients is to
modify activity of daily living predisposing to
FAI The safe range of motion to avoid FAI is
between maximum internal and external rota-
tion, avoiding hip internal rotation associated
with flexion and adduction. The patient has to
be instructed to adapt to this safe range of move-
ment in activities of daily living with minimal
friction. Stretching exercises can help to
improve hip external rotation and abduction and
to avoid the “W” sitting position, with the hip in
abduction and internal rotation. The patient
should avoid sitting continuously of a long time
with the spine fully straight and the hip in flex-
ion; leaning back every 5 min is encouraged as
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it can decrease stress on the acetabular labrum.
Cycling and running on a treadmill or narrow
straight trails are not recommended to prevent
hip flexion and internal rotation. Using primar-
ily this behavioural approach, encouraging
results have been achieved in young sportive
patients, without limiting the level of physical
activity [30].

Before the return to sport, the athlete with FAI
may benefit from a running training with increas-
ing step rate in order to avoid any improper run-
ning technique. When satisfactory muscular
control is regained, we focus on running form,
and the athlete is ready to start a specific graded
programme. The runner should begin on softer
surface, such as grass or track. As form and con-
fidence improves without pain, speed may be
increased gradually.
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19.1 Introduction

Rehabilitation following hip arthroscopy has
long been recognized as an integral component of
the clinical outcome of the procedures [1].

Over the past 10 years, the number of hip
arthroscopies has increased in an important way
[2]. Based on the increase of this type of surgery,
its complexity, and the diversity of procedures
performed, the creation of appropriate rehabilita-
tion protocols to adequately satisfy the needs of
the different techniques.

The etiology of femoroacetabular impinge-
ment (FAI) is multifactorial, and it can be post-
traumatic, it can be a sequela of a pediatric
disease, or it can be idiopathic [3]. In this way,
before speaking of a rehabilitation program after
arthroscopic surgery, it is essential to carefully
study patient history. It becomes very important
for the success of the rehabilitation process to
examine any muscle imbalances and postural
changes that we need to try to correct during the
rehabilitation program. Another fundamental
point is the collaboration between the surgeon
and the physiotherapy team that treats him. In
this article we will try to analyze the various
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rehabilitation programs that there are in literature
and propose the one we use based on our clinical
experience.

19.2 Current Concepts
of Rehabilitation

In recent years there are several works in litera-
ture that propose different protocols of rehabilita-
tion after hip arthroscopy. At this point, works
that carry out a systematic review concluded that
“the current literature of hip arthroscopy rehabili-
tation lacks high-quality evidence of support to
specific protocol” [4].

For a proper setting of the rehabilitation proto-
col, we first need to know specifically which type
of surgery was performed. The type of operation
together with the type of patient will allow us to
set the proper protocol for that patient. Currently
we can summarize the surgical techniques in
labral debridement, femoral osteochondroplasty,
pincer acetabuloplasty, teres ligament debride-
ment, acetabuloplasty rin trimming, labral repair,
microfracture of the femoral head and/or acetab-
ulum, loose body removal, and iliopsoas release
[4]. We can also find several techniques together
in one operation. This makes us understand that
the information and protocols described are to be
used as a guide that permits us to tailor it to suit
each patient.
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19.3 Weight-Bearing Status
and Range of Motion

The majority of the authors propose weight bear-
ing as tolerated in cases of labral debridement,
loose body removal, and osteoarthritis debride-
ment. In cases of labral repair, femoral osteo-
chondroplasty, and pincer acetabuloplasty, we
recommend a partial weight bearing or slight
weight bearing for 3—4 weeks. In case of micro-
fractures, the literature proposes protected bear-
ing time for up to 6 weeks [3].

With regard to the limitations in range of
motion (ROM), there are differences in the litera-
ture. All guidelines suggest initiating early, pro-
tected ROM. The utilization of gentle ROM
circumduction for the hip joint has been sug-
gested early in the rehabilitation process [3, 5].
Some authors propose a limited flexion up to 90°
for 2 weeks (no limit extension, rotation, or
abduction) for labral debridement, flexion lim-
ited up to 90° for 2 weeks, extension to 10° for 2
weeks, abduction 25° for 2 weeks, and gentle
rotation for 2 weeks for labral repair [6]. With a
labral repair, the location and side of the tear
should be held in consideration. Most of these
tears are located in the anterior or anterosuperior
portion of the labrum; movements that stress this
area should be avoided [5, 7]. Others suggest a
gradual recovery of the ROM without limits, to
prevent adhesions [8]. In the case of tissue release
procedures, avoidance of early initiation of long
lever hip flexion (iliopsoas release) or abduction
(iliotibial release) is suggested [9].

19.4 Rehabilitation Phases
19.4.1 Phasel

It is a protection period, with a duration of 0—4
weeks in simple cases with little osseous degen-
erative pathology and with good structural stabil-
ity and neuromuscular control that will rapidly
progress (uncomplicated) and 0—6 weeks in indi-
viduals who have a more complex combination
of osseous abnormalities and poor neuromuscu-
lar control (complicated). The goal is to reduce

lower limb edema, gently progress hip range of
motion, and regain normal neuromuscular firing
patterns of the pelvis and hip.

We recommend that, during the first 2 weeks
at home, the program must be performed two
times a day. This program involves isometric
exercises for the transversus abdominis, quadri-
ceps, and gluteus, exercises for the ankle pump,
and gentle hip circumduction. The progression
depends on the patient’s tolerance and should not
be overly aggressive. One key component of the
home program is local stabilization of the hip
joint by retraining and strengthening the deep hip
rotator muscles. This includes the deep muscula-
ture quadratus femoris, the gemellus superior and
gemellus inferior, and the obturator internus. It
has been suggested that they may, in the end, pro-
vide control of the hip joint stability, acting as
“rotator cuff” of the hip joint [10, 11] (Fig. 19.1).

The aquatic program usually commences 3
weeks after surgery. This will initially consist of
walking in the pool and using a stationary bike
and cross-trainer. The use of hydrotherapy in gait
retraining and weight bearing is very effective

Fig. 19.1 Deep hip rotators activation facedown
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Fig. 19.2 Soft tissue
mobilization and
massage

;

once the incisions have healed. Lastly, proprio-
ceptive exercises in bilateral stance are started as
soon as weight-bearing restrictions are lifted.

After 2 weeks, the patient can begin working
daily without resistance on a stationary bike. Soft
tissue mobilization and massage focus on the
adductor muscle group, which tends to quickly
develop tone (Fig. 19.2). Clinically, it appears
that while other pelvic and hip stabilizers are
inhibited on account of pain or neuromuscular
dysfunction, the adductors are often the first mus-
cle group that compensate. Following hip arthros-
copy, the psoas muscle is often inhibited.
Clinically, the tensor fascia lata and the rectus
femoris tend to compensate for the lack of the
function of the psoas and become overused and
irritated during the postoperative course. These
muscles, along with the gluteus, benefit from
massage to reduce tone throughout the rehabilita-
tion process [3].

Criteria transition to Phase II: walking with
full loads; absent or minimal pain with exercises
of Phase I; proper muscle activation during the
activity; no inflammation at the hip flexor.

19.4.2 Phasell

With a duration of 4-6 weeks for uncomplicated
forms and 6-12 weeks for complicated forms, the
goal of the second phase is for the patients to

achieve independence in daily activities with lit-
tle or no discomfort. The focus of this phase is to
continue progressing ROM (pain-free) and soft
tissue flexibility while beginning to transition the
emphasis to strengthening. We continue with hip
circumduction and deep massage and mobiliza-
tion. It’s very important to reeducate and address
the psoas muscle imbalance. Edelstein suggests it
is most effective to reeducate the psoas from the
trunk down versus the leg up. The results have
thus far been successful, in that the patients
regain full hip flexion strength without develop-
ing tendonitis of the psoas or the secondary hip
flexors. Progressive eccentric exercises for the
psoas should be introduced. Another important
point is the gluteal function, and this may be
accomplished by having the patient lie prone and
reeducate transversus firing, then gluteal firing,
followed by a small hip extension motion being
careful to not permit the activity to nullify the
core stabilizers as shown by lumbar extension or
pelvic rocking. Anterior (Fig. 19.3) and posterior
capsular stretching (Fig. 19.4) and kneeling hip
flexor stretch as tolerated. Phase II is the time to
progress from closed chain bilateral dynamic sta-
bility exercises to unilateral exercises. Examples
include forward step downs, three point stepping
with elastic band, windmill, and lawnmower
(Fig. 19.5).

Other exercises are core and hip and pelvis
strengthening, adding resistance to the stationary
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Fig. 19.3 Anterior capsular stretching

Fig. 19.4 Posterior
capsular stretching

bike, for athletes progressive cardiovascular fit-
ness and upper extremity.

Criteria transition to Phase III: Ambulation with
full load in the absence of pain; complete recovery
of ROM; recovery of hip flexion strength >60%
compared to the contralateral limb; abduction,
adduction, external rotation, internal rotation >70%
compared to the contralateral limb. Precautions: No
ballistic stretching; no running on the treadmill.

19.4.3 Phaselll

With a duration of 8-12 weeks for uncompli-
cated forms and 12-20 weeks for complicated
forms, the goal is to become asymptomatic rec-
reationally. Strengthening exercises should now
incorporate multi-planar movement involving
multiple muscle groups. Manual therapy should
be performed as needed. Flexibility and passive
ROM exercises should become slightly more
aggressive if limitations persist. The patient will
need periodic verbal and tactile cueing for both
trunk stabilization and body position awareness,
especially when they begin to tire. The proprio-
ceptive retraining program should reestablish
neuromotor control and is an important part of
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Fig. 19.5 Elastic band in three point

this phase. Depending on patient tolerance, the
exercise program may progress from slow to
fast, simple to complex, stable to unstable, low
to high force, and general to specific [12, 13].
For athletes, it is important to increase the vol-
ume and intensity of aerobic activities. Core
exercises initiated during this phase may include
kneeling cable crossovers, T-position side sup-
ports, T-position eye of the needle, side support
rowing, side support hip abduction, front leg
support, and raise kneeling chops/lifts, for exam-
ple. Edelstein et al. suggest that prior to com-
mencing running, the person should be capable
of asymptomatically performing the “Triple 10
Rep.” This includes ten front step downs without
kinetic collapse, ten single-leg squats without
kinetic collapse, and ten side-lying leg raises
against resistance with manual muscle with test-
ing score 4/5 for all repetitions without compen-
sation [3].

Criteria transition to Phase IV: Recovery of
hip flexion strength >70% compared to the con-
tralateral; abduction, adduction, external rotation,
internal rotation >80% compared to the contralat-

eral; ability to perform agility drills (sports cords
forward/back run, multi-planar lunges).

19.4.4 PhaselV

The duration for uncomplicated forms is 12-16
weeks and 20-28 weeks for complicated forms.
The primary objective of this phase is a safe and
effective competition or return to previous activ-
ity level. Phase IV generally requires pain-free
full-motion, strength, without any subjective or
objective deficit during training. In literature,
there is only one study that reported an explicit
requirement of passage of return-to-sports test-
ing. The athlete must perform a series of
dynamic functional activities with resistance
from a sport cord such as single-leg squats for
3 min, lateral bounding for 80 s, and forward/
backward jogging for 2 min each. He or she is
graded on the ability to demonstrate good neu-
romuscular control of the lower extremity dur-
ing multi-planar movements that simulated
athletic activities [6].
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19.5 Patient-Reported Outcome

The rehabilitation protocol efficacy should be
assessed using patient-reported outcome. The
instruments that are appropriate for use in this
patient population and have been recommended
to guide therapy progression are Hip Outcome
Score (HOS), the International Hip Outcome
Tool (iIHOT-33/iHOT-12), and the Copenhagen
Hip and Groin Outcome Score (HAGOS) [9].

Conclusion

Rehabilitation following hip arthroscopy
should be individualized and evaluation based
rather than time based. Weight bearing and
motion progression are based upon the spe-
cific surgical techniques performed. The pro-
tocol proposed here is a summary of the
current literature together with our experience
and the protocols applied in our daily work.

It becomes very important to the clinical
evaluation to use scales for initial evaluation
and at the end of the rehabilitative path. As we
have developed a criteria-driven rehabilitation
protocol for safe integration and return to
sports after ACL reconstruction, the same
must be done following hip arthroscopy.
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Postsurgical Rehabilitation:

Hernioplasty

Simona Cerulli

If the definition of sports hernia and its etiopatho-
genesis and consequently its treatment are already
not unambiguous, we have even less indications on
rehabilitation program. In fact, if we analyze the
bibliography (PubMed, PEDro, Science Direct),
items on post hernioplasty rehabilitation are almost
absent, compared with publications for the manage-
ment of inguinal pain after surgery. This is because
there is still a need for guidelines and methods of
assessments in order to produce scientific papers of
value. However, a distinction arises in literature
between the conservative approach, recommended
for the first 4-6 weeks of the onset of pain, and the
surgical approach, recommended for those suffer-
ing from chronic groin pain for wall weakness (pain
present for at least 6 months). Another distinction is
placed according to the interventions the surgeons
used for the athlete, i.e., minimal repair technique
(see Muschaweck and Berger), mini open mesh
approach (LM Brunt), and laparoscopic approach
with increasing degrees of complexity and therefore
of functional recovery.

Anyway, prior to considering a surgical solu-
tion, it’s important to give a conservative chance
for recovery.

As a lower abdominal muscle strain or a groin
injury, the treatment should hold rest, medication
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as NSAIDs, and physical therapy. About this, it
will be important to consider all the other noso-
logical entities that could be present, as pubic
osteitis, femoroacetabular impingement, adduc-
tor strains, or tendinopathy. In most of the publi-
cations about it, training programs including
physical therapy, as ultrasound, laser, and electric
stimulation [1]. Weir et al. [2] proposed a ran-
domized controlled clinical trial based on previ-
ous studies by Holmic et al. and Weir et al. [3].
They compare a new model of therapy (MMT,
multimodal treatment) with the current therapy
with the highest level of evidence (ET, exercise
therapy). Athletes in ET group received instruc-
tions on performing 2 weeks of exercises: static
adduction against ball soccer between feet or
knees lying supine, abdominal contractions in
straightforward and oblique directions, combined
abdominal sit-ups and hip flexion, balance train-
ing on wobble board, and one-foot exercises on
sliding board. After 2 weeks of training program,
they were instructed on the second training
module during at least 4 weeks: leg abduction
and adduction exercises, low back extension
exercises, one-leg weight pulling adduction/
abduction standing, abdominal sit-ups both
straightforward and oblique directions, one-leg
coordination exercises, and balance training.
During these 6 weeks, only cycling was allowed.
At the sixth week, athletes can return to running
program (slow jogging then straight sprints then
cutting). All the programs were for 8 weeks. In
the MMT group, the athletes were treated before
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performing training by a sports medicine physi-
cian that works on muscles, checking tensions
and stretching adductor muscles (warmed before
the manual therapy with paraffin packs for
10 min). The treatment involved even hip circular
motion and compression. After this, the athletes
have to perform a 5 min warming up every day
using slow jogging or cycling. After 15 days of
stretching and daily warming up, the athletes if
there is no pain are able to start the return to run-

Fig.20.1 Walking on plane surface

ning program as in the ET group. At the end, the
results show that the athletes who were treated
with the MMT were able to return to sports activ-
ities more quickly than the ET group.

Searching for items on postsurgical programs,
the sources are very poor and the phases through
which to implement the training were not
explained.

Muschaweck suggests [4—6] that all patients
have to be discharged on the day of intervention;
NSAIDs were used for postsurgical pain relief;
patients are allowed to lift up to 20 kg immedi-
ately after operation, running and cycling on the
second postoperative day (POD), specific train-
ing on POD 3-4, and complete their training on
POD 5. But in both of items, she doesn’t tell us
what kind of specific training is allowed to have.

Brunt and Barile in their point of view prefer
to use an open tension-free mesh repair: in this
way, the floor is reconstructed by suturing the
mesh to the transversus aponeurosis and to the
inguinal ligament and even resecting the ilioin-
guinal nerve if entrapped. The postoperative pro-
tocol [7] that they suggest is focused on
abdominal strengthening, stabilization, and flex-
ibility as well as lower body strength, flexibility,
and balance. The program develops into five
phases, one per week, starting in the first week
with walking for short distance (Fig. 20.1); when
the patient is able to walk for 30 min continu-
ously, he can start light hamstrings, quadriceps,
calf, and low back stretching as tolerated. At the
second week, the patient can start with active hip
ROM exercise, walking on incline treadmill
(emphasizing full extension on walking gait),
backward walking, bike workouts, wall sit with
Swiss ball, and abdominal drawing-in maneuver
(Figs. 20.2, 20.3, 20.4, and 20.5). At the third

Fig.20.2 Starting with pelvic tilt (not shown in picture) and bridge on the right
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Fig.20.4 Rectus abdominis isometric contraction

Fig.20.5 Postural exercises for lumbar spine

week, he has to continue exercise form phase 2
and begin scar mobilization, pool walking, and
monitored sports-specific skill activities (ball
dribbling, ball hitting progression, skating, and
so on). At the fourth week, exercise is increased,
with progression in strength, weight, and stabili-
zation so as to arrive at the fifth week during
which proper muscle length and abdominal
strength are maintained and a core stabilization
program is emphasized (Figs. 20.6, 20.7, 20.8,
and 20.9). After this period, a medical advice
could give the authorization for the reprise of
sports activity.

Paajanen et al. [8] give their point of view
about the treatment of 60 patients with laparos-
copy surgery (endoscopic total extraperitoneal
(TEP) mesh placement), demonstrating by their
studies that TEP is more effective than nonopera-
tive treatment in athletes. But they didn’t tell us
anything about postsurgical protocol. It is easier
on items [9, 10] to find protocols on postsurgical
pain.

Van Veen et al. [11] describe a 6-week post
laparoscopic repair protocol. In the first week,
walking 5 km/h is allowed; in the second, aquatic
training, power walking, stationary cycling, iso-
metric rectus abdominis training, and step-ups
are all admitted. During the third through the
fifth, the athlete can do training with weight and
normal activities within pain-free limits. At the
sixth week, the athlete can get unrestricted
training.

A more detailed program, and by the way
closer to the author’s activity in laparoscopic
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Fig.20.6 Hip control and core stabilization exercise with mirror feedback

Fig.20.7 Pelvic control on unstable surface

approach, is proposed by Ellsworth et al. [12].
The whole program takes at least 68 weeks. In
the first week, wound care, ice, walk in flat sur-
face, and activities of daily living are allowed.
During the second and third week, the athlete
starts with light resistive exercise in pool, stand-
ing closed chain activities for lower extremities

and hip, local activation of transversus abdominis,
multifidus, iliopsoas, deep hip rotators, deep tis-
sue massage of adductor muscles, and light stretch
(lateral trunk, hip extensor, psoas, hamstrings,
quadriceps). At the fourth week, core stability
program and proprioceptive/balance exercise will
start. Scar mobilization over incisional area will
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begin. During the successive weeks, the work will
increase as far as the cardiovascular activities at
the sixth week, when jogging, rope jumping,
crossover cariocas, agility and coordination drills,
and plyometrics are all allowed.

In a review on 2008, Caudill [13] reports that
postsurgical recovery time, suggested as the return
to sports activity, for patients who underwent open
repair was 17.7 = 13.1 weeks compared with
6.1 £ 4.5 weeks for laparoscopic repairs.

According to Caudill, several items are needed
to have a real postsurgical guideline:

e More standardized patient outcome

e Activity level assessments

e Serial measurement (there’s one study [9] in
which preoperative and postoperative isomet-
ric/isokinetic evaluation is reported) on specific
criteria as pain, strength, and functional pain

<
<

Fig.20.9 Trunk and pelvic control in different shoulders
placing, on the forearm, on the hand, and on unstable
surface
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The fact is that the way to approach surgery is
quite different between operators, each one with
different complications and outcomes, and obvi-
ously the rehabilitation has to follow with the
limits that we’ve discussed.

Author’s opinion is that the achievement of a
univocal way to approach post hernioplasty reha-
bilitation program is necessary in order to gain an
evidence-based protocol.
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21.1 Introduction
Diagnosis and appropriate management in groin
pain are difficult and often attributed to the complex
anatomy of the groin area with frequent overlap-
ping extra-articular and intra-articular causes [1]. It
is important to know that the 27% of the cases of
athletic groin pain can be multifactorial [2, 3].
Until now, the most common cause of groin
pain in athletes was considered adductor dysfunc-
tion [4], but in a recent review, we can see that the
top causes for groin pain can be found in femoro-
acetabular impingement (FAI) (32%) followed by
athletic pubalgia (24%), adductor-related pathol-
ogy (12%), inguinal pathology (10%), and labral
pathology (5%) [5]. The adductors play an impor-
tant role in acting with the lower abdominal mus-
cles to stabilize the pelvis. The most frequent
chronic lesion can be attributed to the tendonitis of
the adductor longus muscle and may be caused by
an underlying partial tendon rupture resulting
from an overuse or strain injury [6]. Various stud-
ies have confirmed greater frequency in footballers
followed by hockey players [5, 7]. It is important
to know that while a lack of flexibility plays an
important role in hamstring and quadriceps injury,
it is not considered a risk factor for adductor inju-
ries. Instead, previous injury and a history of
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reduced muscle strength have been identified as
risk factors for adductor injuries [8]. Studies have
demonstrated a less successful outcome with a
rehabilitation program of massage and stretching
in chronic adductor injury. Adductor strengthen-
ing is essential for the prevention and also for non-
operative treatment. It has been demonstrated that
a rehabilitation program with strengthening of
adductors and pelvis-stabilizing muscles is more
effective than a program consisting of local ther-
apy and stretching [9].

Surgical approach in groin pain in athletes
remains a significant challenge [10]. When we
consider tendon surgery in groin pain, we con-
sider adductor tenotomy.

For a good rehabilitation program, it is essen-
tial to know the proximal anatomy of the adduc-
tor. Davis et al. in a study in 20 dissected
adductors muscles saw the differences in the
proximal tendon in females and males. They
found statistically significant differences in the
vascularization of each of the proximal tendons
of the adductor longus (AL) and adductor brevis
(AB) with a significant decrease nearer the enthe-
sis, and a distinctive intramuscular tendon was
present in both [11]. They found that the AL and
AB had a deep tendon extension like the ham-
string muscles [12]. Functionally, an intramuscular
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tendon may provide extra strength and stability
during muscle contraction and could be especially
important in muscle such as the AL whereby the
muscle-tendon junction is subjected to large
mechanical stresses [13]. When we speak of
adductor surgical pathology, there is not much in
literature; there is not a consensus neither on the
technique nor on the rehabilitation program to
follow [5]. In this work therefore, we are trying to
do a revision of the surgical techniques and the
protocols followed.

21.2 Surgical Techniques
and Complications

The consensus of all authors is that the crite-
rion for surgery is a history of long-standing
and localized district pain at the origin of the
adductor longus muscle, refractory to conser-
vative treatment. Unfortunately, little is pub-
lished on the surgical treatment when
conservative measures fail [14] and the follow-
up after surgery of the studies does not exceed
10 years.

In a recent review of surgical diagnoses,
investigations and treatment of athletic groin
pain the surgical techniques used to treat adduc-
tor pathology were 5 in a total of 570 patients:
percutaneous adductor longus tenotomy (186
patients), open adductor longus tenotomy (155
patients), unspecified adductor longus tenotomy
(62 patients), adductor reattachment with suture
anchors (5 patients), and partial adductor release
(162 patients) [5]. We think that for the success
of a rehabilitation program, it is important to
know the characteristics of the patient and the
specific surgical technique used. One funda-
mental point is the collaboration between the
surgeon and the physiotherapy team. The post-
operative complications included are adductor
bruising, scrotal edema, wound infection,
monolateral weakness in adduction, and painful
scar [14-16].

21.3 Rehabilitation Protocols

Unfortunately, the literature on the rehabilitation
protocols after surgery on the adductor longus is
little, and there are no studies demonstrating that
a protocol is better than another. The majority of
the protocols are not very specific and not well
described, as well as surgical techniques are not
homogeneous, and even some studies do not
specify clearly the type of surgical approach
made on the adductor [5].

Before illustrating the described protocols, we
always recommend to make an assessment at the
beginning of treatment and at the end; in fact it
would be better to pre-op and at the end of the
rehabilitation program. But, if by chance, you get
a patient without an assessment, we strongly rec-
ommend using the rating scales, either the ones
we suggest or any other used by you. We recom-
mend the Groin Disability Score (GDS), which is
a new scoring modified from the Oxford Hip
Score [17], where patients are asked a series of
eight questions with response scores ranging
from O (best) to 4 (worst) for each, resulting in a
total score of 0-32 (Table 21.1). In addition, we
advise a ten-point pain visual analog scale (VAS)
(0 defining no pain and 10 defining the worst pos-
sible pain) and the four-point pain functional
classification scales Puffer and Zachazewski [18]
(Table 21.2).

Postoperative rehabilitation consists of three
separate phases.

21.3.1 Phasel

Phase I occurs during the first week after surgery.
Patients are discharged home with full weight
bearing using crutches for assistance. The goal is
to allow the wound to heal to prevent reattach-
ment of the adductor longus tendon [4].

When a complete tenotomy is performed, some
authors advise only regular ice packs 10-20 min
several times a day for the first week [14, 15].
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Table 21.1 Groin disability score (total 0-32) Table 21.2 Functional pain classification scale of Puffer

and Zachazewski [18]

During the past 4 weeks Scoring categories
How would you describe the 0. None Classification  Characteristics
pain you usually have in 1. Very mild Type 1 Pain after activity only
your groin? - Mild Type 2 Pain during activity, not restricting
Ml performance
S Type 3 Pain during activity, restricting
Have you been troubled by . No nights perfor@mce — -
Type 4 Chronic, unremitting pain

pain from your groin in bed
at night?

2

3

4

0

1. Only one or two nights

2. Some nights

3. Most nights

4. Every night
Have you had any sudden, 0
severe pain—"‘shooting,” 1
“stabbing,” or “spasms”’ )
from your groin? 3
4
0
1

. No days

. Only 1 or 2 days
. Some days

. Most days

. Every day

Have you been limping . Rarely/never

when walking because of . Sometimes or just at
your groin? first
2. Often, not just at first
3. Most of the time
4. All of the time

For how long have you been 0. No pain for 30 min or
able to walk before the pain  more

in your groin becomes 1. 1630 min

severe (with or without a 2. 5-15 min

g
walking aid)? 3. Around the house only

4. Unable to walk at all
because of the pain

Have you been able to climb 0. Yes, easily

a flight of stairs? 1. With little difficulty
2. With moderate 8
difficulty
3:With extreme Fig. 21.1 Stretch the legs (without pain) into wide
difficulty abduction every 2-3 h

4. No, impossible
Have you had any trouble 0. No trouble at all
getting in and out of a car or | Very little trouble
using public transportation 5 N rogeiaie trouble
because of your groin? 3. Extremely difficult
4. Impossible to do
0. Not at all
1. A little bi

We advise a closed-chain adductor strengthening
exercise program starting 2 days after surgery. By
postoperative day 3, patients are instructed to
stretch the legs (without pain) into wide abduction

How much has pain from
your groin interfered with

your usual work, including 5 derately

housework?

3. Greatly
4. Totally

every 2-3 h (Fig. 21.1). Some advise the use of
pillows between the legs when sleeping to main-
tain abduction [4, 16].
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21.3.2 Phasell

This phase occurs during the second to fifth post-
operative week depending on the type of surgery
performed. The goals for this phase are to prevent
reattachment, as well as the formation of excess
scar tissue, and to improve flexibility of the adduc-
tor muscles. When the closed-chain adductor
strengthening exercises could be carried out pain-
free, open-chain adductor strengthening exercises
were started. These strengthening exercises

include standing single-leg abduction, supine sin-
gle-leg straight-leg lifts, standing single-leg cir-
cumduction, and straight-leg sit-ups (Fig. 21.2).

Fig. 21.2 Increase adductor strengthening exercises

All exercises are performed 20 times each, 2-3
times per day if possible. Hydrotherapy was
encouraged and was started from the moment the
wound was healed. In this phase care is taken to
improve the overall core strength and reestablish
recruitment patterns of the core musculature
abduction [4, 16] (Fig. 21.3). Increasing degrees of
adductor resistance were introduced over the fol-
lowing weeks with a similarly gradual reintroduc-
tion of walking, straight-line jogging, and agility
training.

21.3.3 Phaselll

This phase begins 6-12 weeks postoperative.
The goal of this phase is a return to sports.
Sprinting and kicking were attempted before
week 7-8. Patients are allowed to return to their
respective sports level when they show com-
plete wound healing, full hip range of motion,
painless adductor muscle activity, and resolu-
tion of their preoperative groin complaints. This
typically occurs by 8-10 postoperative weeks
[4, 14, 16].

Take-Home Message

There was limited evidence for all the rehabili-
tation protocols after surgery on the adductor
longus tendon. Other treatment options were
evaluated in the included studies, as all low-
quality studies showed an improvement in time
in the intervention groups. Anyway, adductor
tenotomy provides good symptomatic and func-
tional improvement in chronic adductor-related
groin pain refractory to conservative treatment.

Fig.21.3 Core stability
exercises
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22.1 A Controversial Pathology

The first diagnosis of groin pain is due to Spinelli
and dates more than 80 years ago [1]. Since then
this disease has never ceased to arouse interpre-
tative and conceptual controversies. From
etiopathogenic point of view, we know that the
groin pain syndrome (GPS) is more frequent in
sport activities like football, hockey, rugby, and
distance running [2—11]. However, none of these
publications relate the incidence of the injury to
the number of licensed athletes into the various
activities in question, and most of these studies
would be rejected if we follow the minimum cri-
teria of a meta-analysis. In effect, in the litera-
ture we find classified different types of GPS
according to the type of pathologic lesion and to
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symptoms that are reported by the patient. For
this reason often, an inaccurate diagnosis, lead-
ing to inadequate therapeutic interventions, can
further lead to a very debilitating medical prob-
lem, sometimes forcing the athlete to long sus-
pension of sport activity.

22.2 The Various Classification
Attempts

The first attempts of a rational classification are
attributable to Durey and Rondineau [2] and
Brunet in 1983 [12]. According to the experience
of these authors, the GPS in athletes refers to
three different anatomo-clinical entities often
associated as follows:

1. Parieto-abdominal pathology, affecting the
lower part of the anterior abdominal muscles
(external and internal oblique muscles and
transverse muscle), fascia transversalis, con-
joint tendon, and inguinal ligament

2. Adductor muscle pathology mainly affecting
the adductor longus and pectineus muscle

3. Pubic symphysis pathology

Then, to this classifications followed by many
authors, a certain number of other classifications
are more or less interesting and conceptually
more or less correct [5, 13, 14].
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However, to arrive to a first rational and
complete GPS classification, we must to wait
2008 with the classification of Omar et al. [15].
This classification suggests a differential diag-
nosis of groin pain syndrome based on 37 major
diseases, subdivided in ten different
categories.

22.3 The Consensus
Conference Era

The real conceptual revolution into the GPS clas-
sification will come with the era of Consensus
Conference, the first of which will be in
Manchester in 2013 [16].

The aim of this first consensus conference
was to produce a multidisciplinary consensus to
determine the current position on the nomencla-
ture, definition, diagnosis, imaging modalities,
and management of GPS. The real news was in
the fact that for the first time, a group of experts
met to create a consensus document. Experts in
the diagnosis and management of GPS were
invited to participate in a consensus conference
held by the British Hernia Society in Manchester
on 11-12 October 2012. This team of experts
included a physiotherapist, a musculoskeletal
radiologist, and surgeons with a proven track
record of expertise in this field. One of the most
important results of the consensus conference
was the adoption of the term “inguinal disrup-
tion” (ID) agreed as the preferred nomenclature.
It was established that ID is a common condition
where no true hernia exists. It should be man-
aged through a multidisciplinary approach to
ensure consistent standards and outcomes are
achieved. It was the first time that the concept of
“multidisciplinary approach” was strongly
stressed.

After the Manchester Consensus Conference
followed soon the Consensus Conference of
Doha [17]. The aim of this second consensus
conference was to agree on a standard terminol-

ogy, along with accompanying definitions. At the
end the expert participating to the consensus
established that the classification system has
three major subheadings of groin pain in athletes,
ie.

1. Defined clinical entities for groin pain:
adductor-related, iliopsoas-related, inguinal-
related, and pubic-related groin pain

2. Hip-related groin pain

3. Other causes of groin pain in athletes

The third consensus in the order of time was
the “Groin Pain Syndrome Italian Consensus
Conference on terminology, clinical evaluation
and imaging assessment in groin pain in ath-
lete,” held in Milan in February 2016 [18], con-
cerning which we talk extensively in Chap. 1.
One of the most important results of this confer-
ence was the formulation of a flow chart as pre-
viously hoped, as “future direction,” into the
Manchester Conference. This is the first time
that a flow chart for the decision-making pro-
cess in GPS is presented. The flow chart is
showed in Fig. 22.1.

22.4 Future Directions

Future developments of the GPS study are
undoubtedly entrusted to the development of the
consensus conference and then of the multidisci-
plinary study. In fact, only by involving all the
professional figures concerned in GPS manage-
ment, we can hope to progress in its knowledge.
Specifically, many efforts should be made inves-
tigating the relationship between FAI and ingui-
nal pathologies. Furthermore, the study of
inguinal pathologies in which a true inguinal her-
nia is not present (in which, therefore, it may be
suspected an injury at conjoined tendon, inguinal
ligament, aponeurosis of the external oblique
muscle, a nerve entrapment, etc.) represents a
very interesting field of study.
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Fig. 22.1 Flow chart based on the results of the “Groin
Pain Syndrome Italian Consensus Conference on termi-
nology, clinical evaluation and imaging assessment in
groin pain in athlete.” After the anamnesis and the clinical
evaluation, the patient performs the imaging evaluation.
The decision-making process is based on the results of
clinical and imaging evaluations. In case of GPS of trau-
matic origin (as explained in guidelines), the possibility of

choice among the various imaging tests is indicated in the
flow chart with the dashed line. In the case in which it is
possible to have a diagnosis, the patient may be advised
for a conservative or surgical treatment. In the case in
which a diagnosis is not reached, the patient may be
advised for further diagnostic investigations (i.e., blood
tests, urine test, CT, scintigraphy, etc.) in order to obtain
diagnosis and decide the treatment path
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