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Preface

This book is intended to provide a concise, yet comprehensive introduction to some 
common hip and ankle pathologies and their treatment. Newer concepts continue 
to evolve and to keep abreast with these one should have a sound basic knowledge of 
the subject.

Every attempt has been made to narrate the concepts in a simplified manner 
keeping the originality. Wherever possible illustrations have been used to help 
the reader to understand the subject. The target audience comprises orthopedic 
surgeons, either in practice or in training, as well as clinicians, radiologists, and 
physical therapists.

The text is divided into two sections with short chapters providing a broad overview 
of the anatomy, pathology, and treatment. Selected references are also provided 
without the claim of being exhaustive and with the aim of stimulating interest and 
discussion.

We hope that we have succeeded in providing a useful and practical tool for the 
identification of some hip and ankle pathologies, and we remain open to any 
suggestions and criticisms for improvement in the future.

Carlos Suarez-Ahedo
Hospital Medica Sur,

Mexico City

Anell Olivos-Meza
Instituto Nacional de Rehabilitación,

Mexico

Arie M. Rijke
University of Virginia,

USA



Preface

This book is intended to provide a concise, yet comprehensive introduction to some 
common hip and ankle pathologies and their treatment. Newer concepts continue 
to evolve and to keep abreast with these one should have a sound basic knowledge of 
the subject.

Every attempt has been made to narrate the concepts in a simplified manner 
keeping the originality. Wherever possible illustrations have been used to help 
the reader to understand the subject. The target audience comprises orthopedic 
surgeons, either in practice or in training, as well as clinicians, radiologists, and 
physical therapists.

The text is divided into two sections with short chapters providing a broad overview 
of the anatomy, pathology, and treatment. Selected references are also provided 
without the claim of being exhaustive and with the aim of stimulating interest and 
discussion.

We hope that we have succeeded in providing a useful and practical tool for the 
identification of some hip and ankle pathologies, and we remain open to any 
suggestions and criticisms for improvement in the future.

Carlos Suarez-Ahedo
Hospital Medica Sur,

Mexico City

Anell Olivos-Meza
Instituto Nacional de Rehabilitación,

Mexico

Arie M. Rijke
University of Virginia,

USA



1

Section 1

Hip



1

Section 1

Hip



3

Chapter 1

Surgical Anatomy of Acetabulum 
and Biomechanics
Sachin Kumar Sharma and Hemant Mathur

Abstract

Both column acetabular fractures are challenging articular injuries. Majority of 
them are treated operatively. The concept of “secondary congruence” was intro-
duced by Letournel. Despite this, biomechanical data on secondary congruence 
indicate that nonoperative treatment leads to an increase in peak pressures in the 
supra-acetabular region with the potential risk of developing posttraumatic degen-
erative osteoarthritis. Operative management is therefore justified. A cohort of 10 
patients having both column (anterior and posterior) acetabular fractures managed 
using bicolumnar plating between Jan 2016 and Dec 2017 were enrolled in the study 
and were analyzed during follow-up period. Eighty percent of the patients had 
excellent to good result. Average postoperative score was 85.7. Assessment was done 
using Modified Harris Hip score.

Keywords: anterior and posterior column fracture, modified Harris Hip score, 
corona mortis, secondary congruence

1. Introduction

Hip arthroscopy requires a thorough knowledge of acetabular and pelvic 
anatomy. Acetabular and pelvic anatomy is complex yet important for any procedure 
to be done on hip joint. The articular surface of acetabulum can be visualized as 
being supported between the limbs of an inverted “Y”. These two limbs are consid-
ered anterior and posterior columns of acetabulum. On radiographic view, anterior 
column is represented by iliopectineal line and posterior column by ilioischial line. 
Discontinuity in any of these lines is considered fracture of anterior or posterior 
column. The external iliac and internal iliac arteries lie in close relation to these 
columns. An anomalous connection of these two arteries called circle of death or 
corona mortis should be identified and ligated properly as injury to this artery can 
lead to catastrophic results. Lumbar plexus and its various nerve roots traverses the 
lesser and greater sciatic notches and are vulnerable to injury in portal placement and 
various other hip surgeries. This chapter mainly focuses on various aspects of surgi-
cal anatomy of acetabulum and biomechanics relevant to hip arthroscopy in detail.

2. Surgical and applied anatomy of the acetabulum

Treatment of acetabular fractures requires a deep understanding of pelvic anatomy. 
With advent of various minimally invasive approaches and fixation methods, knowl-
edge of acetabular anatomy plays a pivotal role in treatment of displaced acetabular 
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fractures. This chapter focuses on various aspects of acetabular anatomy, which are 
very vital in acetabular fracture fixation and also in other pelvic surgeries [1–5].

2.1 Osseous anatomy

The pelvis is the bony structure that transmits the weight of the upper axial 
skeleton to both the lower extremities via hip joint [1–5]. It comprises of the sacrum 
and three bones on each side that coalesce during adolescence to form the innomi-
nate bone of the adult pelvis. The iliosacral joint connects the sacrum to ilium. The 
ilium becomes the pubis anteriorly and the ischium inferiorly. Two pubic bones are 
connected to one another via the symphysis.

2.1.1 Acetabulum

The three bones, the ilium, ischium and pubis, join each other centrally to form 
the acetabular cavity. The blood supply to the femoral head traverses through the 
cotyloid fossa and ligamentum teres in childhood. The horse shoe-shaped cartilagi-
nous portion of acetabulum is the main region through which the weight is trans-
mitted from lower limb to innominate bone [4–6].

2.1.1.1 Column concept of the acetabulum

The acetabulum is an incomplete hemispherical socket with an inverted horse 
shoe-shaped articular surface surrounding the nonarticular cotyloid fossa. Two 
columns of bone which form an inverted ‘Y’, form and support the cotyloid fossa 
anteriorly and posteriorly [6–8] (Figure 1).

The anterior half of the iliac crest, the iliac spines, the anterior half of the 
acetabulum and the pubis form the anterior column.

The ischium, the ischial spine, the posterior half of the acetabulum and the 
dense bone forming the sciatic notch form the posterior column.

The shorter posterior column meets with the anterior column at the top of the 
sciatic notch. The column concept is very vital not only for classification of acetabular 
fractures but also in deciding the operative approach and hence the management. 
The weight-bearing portion of the articular surface is known as the dome or roof that 
supports the femoral head. The goal of both operative and nonoperative treatment is 
the anatomic restoration of roof or dome with concentric reduction of femoral head 
[8–10] (Figure 2).

Figure 1. 
Column concept of the acetabulum by Letournel and Judet.
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The flat plate of bone forming the lateral border of true pelvic cavity is known 
as quadrilateral surface. It lies adjacent to the medial wall of the acetabulum. The 
iliopectineal eminence is the prominence in the anterior column that lies directly 
over the femoral head. Both these structures limit the fixation of anterior column 
fractures of acetabulum [10] (Figure 3).

2.1.2 Iliac wing and innominate bone

The external iliac fossa is marked with two semi-circular lines dividing it into 
three zones [1–5]:

• Posterior (gluteus maximus)

• Middle (gluteus medius)

• Anterior (gluteus minimus)

Looking from above iliac wing appears S shaped. It begins anteriorly with a 
slight medial oblique orientation. Posteriorly it forms posterior iliac spine which 
is sagittally oriented. The iliac wing contains hematopoietic and osteogenic 

Figure 3. 
Quadrilateral surface and iliopectineal eminence.

Figure 2. 
Anterior column and posterior column.
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marrow elements and is the primary source of autogenous bone graft. Various 
structures are attached on different sides of iliac crest. The lower extremity 
hip motors are attached on the outer side. Along the inner portions, the iliacus 
and obturator internus and the pelvic floor musculatures are attached. The 
abdominal (anteriorly) and paraspinal (posteriorly) muscles are attached on 
the top [11, 12].

There is a strong buttress of bone extending from the iliosacral joint toward the 
acetabulum known as the sciatic buttress. The lumbosacral plexus as well as the 
gluteal vasculature lies in the vicinity. These vessels are the main source of bleeding 
and they can also be injured during surgical approach. The posterior superior iliac 
spine is adjacent to the sacroiliac joint and outer ilium.

The neurovascular structures exit the pelvis along with the piriformis muscle 
through sciatic notch. Sacrospinous ligament, the gemellus superior and the levator 
ani are inserted on the ischial spine. On the inferior side of ischial spine is the lesser 
sciatic notch, which contains the obturator internus tendon. The pudendal vessels 
and nerves pass through this area first exiting the pelvis via grater sciatic notch and 
then re-entering the pelvis via lesser sciatic notch.

The anterior-most border of the iliac bone begins with the anterosuperior iliac 
spine (ASIS), which gives origin to:

• Fascia Lata

• Sartorius

• Inguinal ligament

The antero-inferior iliac spine (AIIS) lies just below the ASIS where the direct 
head of the rectus femoris is inserted. The iliopsoas muscle passes just medial to AIIS 
under which lies the iliopectineal eminence. Indirect head of the rectus femoris is 
attached inferior to AIIS.

The boundaries of obturator foramen is formed by the pubis superiorly, the 
ischium inferiorly, and the anterior horn of the acetabulum posteriorly. Medially, 
the ischial and pubic rami join to form the symphyseal pubic junction. At its supero-
lateral border, the obturator duct is present, which is occupied by obturator vessels 
and nerve. Obturator membrane covers the foramen circumferentially, which is a 
thick fascial structure. The integrity of the inguinal ligament and obturator mem-
brane prevents the separation of rami fractures during reduction and fixation of 
symphyseal plate.

2.2 Ligament anatomy: the joints

The iliosacral joint is a fibrocartilaginous joint that acts as a dual wedge in axial 
and antero-posterior directions [12–15]. It acts as a keystone during the transmis-
sion of force to the lower limbs. The joint is supported anteriorly and posteriorly by 
strong ligaments. The posterior sacroiliac ligament consists of

• The superficial part going from the posterior iliac crest and posterior iliac 
spines to the posterior tubercles of the sacrum made up of several fascicles.

• The deep portion or interosseous ligament, which is the strongest ligament in 
the human body.
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The sacrotuberous ligament connects sacrum to the ischial tuberosity 
(Figure 4).

The sacrospinous ligament connects the border of sacrum and coccyx and sciatic 
spine deep to sacrotuberous ligament. This ligament divides the ischial area into two 
foramens:

i. The Greater Sciatic Foramen: contains the piriformis muscle, superior glutei 
nerves, sciatic nerve, ischial vessels, and internal pudendal vessels and 
nerve.

ii. The Lesser Sciatic Foramen: contains the obturator internus muscle and 
internal pudendal vessels. These structures exit the pelvis via greater sciatic 
foramen and after crossing over the sacrospinous ligament re-enters the 
pelvis via lesser sciatic foramen [13–15].

2.3 Vascular anatomy

The aorta bifurcates in the lower peritoneal region into the common iliac arter-
ies. The common iliac artery is begins at around L4 and divides at around the L5–S1 
junction into the external and internal iliac arteries.

The internal iliac artery also known as hypogastric artery, branches to form 
the superior and inferior gluteal vessels, the obturator, the pudendal, and the 
coccygeal, the sacral and vesicular vessels. The internal pudendal artery exits 
the pelvis underneath the piriformis and re-enters the pelvis through the lesser 
sciatic notch and terminates as the dorsal artery of the penis and clitoris and 
cavernous artery [16, 17].

The external iliac artery just proximal to the inguinal ligament branches to 
form the femoral artery.

The femoral artery has three rami: urethral inferior, epigastric and iliac circumflex. 
The epigastric travels deep and then anastomoses with obturator vessels. The corona 

Figure 4. 
The sacrotuberous and sacrotuberous ligaments.
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The boundaries of obturator foramen is formed by the pubis superiorly, the 
ischium inferiorly, and the anterior horn of the acetabulum posteriorly. Medially, 
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the human body.
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The sacrotuberous ligament connects sacrum to the ischial tuberosity 
(Figure 4).
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The epigastric travels deep and then anastomoses with obturator vessels. The corona 

Figure 4. 
The sacrotuberous and sacrotuberous ligaments.
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mortis is the anomalous connection between epigastric and obturator vessels. It can 
cause fatal bleeding if not identified and ligated during surgery [17, 18] (Figure 5).

2.4 Neurologic anatomy

There are two important plexus: lumbar plexus and sacral plexus.
The Lumbar plexus consists of the first three lumbar anterior rami and a portion 

of the anterior ramus of the fourth lumbar nerve. There are also short collateral 
rami, which include the hypogastric, ilioinguinal, genitofemoral, and lateral 
femoral cutaneous nerve. Femoral and obturator nerves are the terminal rami of 
lumbar plexus.

The obturator nerve receives contributions from the L2, L3, and L4 trunks. It 
continues into the pelvis underneath the iliopectineal line, reaches the obturator 
orifice. It exits the pelvis together with the obturator vessels.

The femoral nerve receives contributions from the L2, L3, and L4 trunks 
[19–21].

Figure 5. 
Corona mortis artery.
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The Sacral Plexus is formed by the coalescence of the lumbosacral trunk (L5 
anterior ramus with L4 anastomotic ramus) and the anterior rami of the first 
four sacral roots. The plexus ultimately becomes the sciatic nerve (posterior tibial 
and peroneal nerve). The posterior branches relevant to orthopedic surgery are 
the superior gluteal nerve, branches to the external rotators and inferior gluteal 
nerve. The sciatic nerve exits the greater sciatic notch. In 85% of the cases, it 
courses in front of the piriformis. The other variants include penetration and 
splitting around the muscle. After exiting through greater sciatic notch, it courses 
behind the obturator internus, under the gluteal sling to enter the thigh. The 
sciatic nerve is a vital structure that is encountered during posterior approaches to 
the acetabulum. Due to proximity of sciatic nerve and its branches to the posterior 
part of acetabulum, fractures and dislocations in this area have very high inci-
dence of sciatic nerve injury. Most common to be involved is the peroneal division 
of sciatic nerve [21, 22] (Figure 6).

3. Radiographic evaluation

The classification and subsequent treatment of acetabular fractures are based 
on imaging studies that have been derived from a thorough understanding of the 

Figure 6. 
The greater sciatic notch is divided by the piriformis.
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anatomy of the innominate bone [17–19]. Two limbs of an inverted “Y” of bone 
support the articular surface of acetabulum. These columns are connected to the 
sacroiliac articulation by a thick strut of bone lying above the greater sciatic notch 
known as the sciatic buttress.

The radiographic anatomy of the acetabulum can be determined using AP 
pelvis and two 45-degree oblique radiographs as proposed by Judet and Letournel. 
Therefore, three radiographic projections of the pelvis that are used to evaluate the 
fractures of acetabulum are as follows:

• The antero-posterior view of the pelvis

• The obturator (or 45-degree internal, Judet) oblique view

• The iliac (or 45-degree external, Judet) oblique view

These plain films are interpreted based on the understanding of normal radio-
graphic landmarks of the acetabulum, and disruption of these landmarks represents 
a fracture involving that portion of the bone. These landmarks are referred to as 
“lines”. They are generated by the tangency of the applied x-ray beam to a region of 
cortical bone.

3.1 Antero-posterior radiograph

There are six basic landmarks (Figure 7)

• Iliopectineal line

• The ilioischial line

• The radiographic teardrop

• The roof of the acetabulum

• The anterior rim of the acetabulum

• The posterior rim of the acetabulum

The Iliopectineal Line is the major landmark of the anterior column. The pelvic brim 
is represented by anterior three-quarters of the iliopectineal line. The posterior quarter 
of this line is formed by the tangency of the x-ray beam to the internal cortical surface 
of the sciatic buttress and the internal part of the roof of the greater sciatic notch.

The Ilioischial Line is considered a radiographic landmark of the posterior 
column. It is formed by the tangency of the x-ray beam to the posterior portion of 
the quadrilateral surface.

The Radiographic Tear drop is not a true anatomic structure. It represents a radio-
graphic finding and consists of a medial and lateral limb. The lateral limb represents 
the inferior aspect of the anterior wall in the acetabulum whereas the medial limb 
is formed by the obturator canal and the antero inferior portion of the quadrilateral 
surface. Dissociation of the teardrop and the ilioischial line indicates a fracture of 
the quadrilateral surface.

The Roof of the Acetabulum is a radiographic landmark that results from the 
tangency of the x-ray beam to a narrow portion of the subchondral bone of the 
superior acetabulum. Dissociation of the radiographic line of the roof indicates a 
fracture involving the superior acetabulum.
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The Anterior Rim of the Acetabulum represents the lateral margin in the anterior 
wall of the acetabulum and is contiguous with the inferior margin of the superior 
pubic ramus. The anterior rim is typically medial to the posterior rim and has a 
characteristic undulation in its midcontour in the AP pelvis view.

The Posterior Rim of the Acetabulum represents a lateral margin in the posterior 
wall of the acetabulum. Inferiorly, the posterior rim is contiguous with the thick-
ened condensation of the posterior horn of the acetabulum and approximates a 
straight line, being more vertical than the anterior wall.

3.2 The iliac oblique view (also known as external oblique view)

This view is obtained by rotating the patient so that the injured hemipelvis is 
tilted 45 degrees away from the x-ray beam. Structures visible on this view are 
greater and lesser sciatic notches, anterior rim of acetabulum and iliac wing in 
its largest dimension. This is the best view to see the fractures involving poste-
rior column. Fractures of the anterior column traversing the iliac wing can also 
be detected.

3.3 The obturator oblique view (also known as internal oblique view)

This view is obtained by rotating the patient so that the injured hemipelvis is 
rotated 45 degrees toward the x-ray beam. This view shows the obturator foramen 
in its largest dimension and profiles the anterior column. The posterior rim of the 
acetabulum is best visualized in the obturator oblique view.

Posterior subluxation of femoral head can be detected by comparing the 
relationship of the femoral head with the posterior wall on the normal hip and 
the injured hip on the obturator oblique view. A dislocated hip will become more 
obvious in the obturator oblique view, and this view has been advocated for routine 
evaluation of all posterior fracture dislocations of the hip joint. It is prudent not to 
delay the reduction of a known dislocated hip (Figure 8).

Dynamic stress views under general anesthesia have also been used in acetabular 
fractures. They serve as a clinical measure of dynamic stability and congruence of 

Figure 7. 
Radiographic landmarks on AP radiograph of hip.



Essentials in Hip and Ankle

10

anatomy of the innominate bone [17–19]. Two limbs of an inverted “Y” of bone 
support the articular surface of acetabulum. These columns are connected to the 
sacroiliac articulation by a thick strut of bone lying above the greater sciatic notch 
known as the sciatic buttress.

The radiographic anatomy of the acetabulum can be determined using AP 
pelvis and two 45-degree oblique radiographs as proposed by Judet and Letournel. 
Therefore, three radiographic projections of the pelvis that are used to evaluate the 
fractures of acetabulum are as follows:

• The antero-posterior view of the pelvis

• The obturator (or 45-degree internal, Judet) oblique view

• The iliac (or 45-degree external, Judet) oblique view

These plain films are interpreted based on the understanding of normal radio-
graphic landmarks of the acetabulum, and disruption of these landmarks represents 
a fracture involving that portion of the bone. These landmarks are referred to as 
“lines”. They are generated by the tangency of the applied x-ray beam to a region of 
cortical bone.

3.1 Antero-posterior radiograph

There are six basic landmarks (Figure 7)

• Iliopectineal line

• The ilioischial line

• The radiographic teardrop

• The roof of the acetabulum

• The anterior rim of the acetabulum

• The posterior rim of the acetabulum

The Iliopectineal Line is the major landmark of the anterior column. The pelvic brim 
is represented by anterior three-quarters of the iliopectineal line. The posterior quarter 
of this line is formed by the tangency of the x-ray beam to the internal cortical surface 
of the sciatic buttress and the internal part of the roof of the greater sciatic notch.

The Ilioischial Line is considered a radiographic landmark of the posterior 
column. It is formed by the tangency of the x-ray beam to the posterior portion of 
the quadrilateral surface.

The Radiographic Tear drop is not a true anatomic structure. It represents a radio-
graphic finding and consists of a medial and lateral limb. The lateral limb represents 
the inferior aspect of the anterior wall in the acetabulum whereas the medial limb 
is formed by the obturator canal and the antero inferior portion of the quadrilateral 
surface. Dissociation of the teardrop and the ilioischial line indicates a fracture of 
the quadrilateral surface.

The Roof of the Acetabulum is a radiographic landmark that results from the 
tangency of the x-ray beam to a narrow portion of the subchondral bone of the 
superior acetabulum. Dissociation of the radiographic line of the roof indicates a 
fracture involving the superior acetabulum.

11

Surgical Anatomy of Acetabulum and Biomechanics
DOI: http://dx.doi.org/10.5772/intechopen.92330

The Anterior Rim of the Acetabulum represents the lateral margin in the anterior 
wall of the acetabulum and is contiguous with the inferior margin of the superior 
pubic ramus. The anterior rim is typically medial to the posterior rim and has a 
characteristic undulation in its midcontour in the AP pelvis view.

The Posterior Rim of the Acetabulum represents a lateral margin in the posterior 
wall of the acetabulum. Inferiorly, the posterior rim is contiguous with the thick-
ened condensation of the posterior horn of the acetabulum and approximates a 
straight line, being more vertical than the anterior wall.

3.2 The iliac oblique view (also known as external oblique view)

This view is obtained by rotating the patient so that the injured hemipelvis is 
tilted 45 degrees away from the x-ray beam. Structures visible on this view are 
greater and lesser sciatic notches, anterior rim of acetabulum and iliac wing in 
its largest dimension. This is the best view to see the fractures involving poste-
rior column. Fractures of the anterior column traversing the iliac wing can also 
be detected.

3.3 The obturator oblique view (also known as internal oblique view)

This view is obtained by rotating the patient so that the injured hemipelvis is 
rotated 45 degrees toward the x-ray beam. This view shows the obturator foramen 
in its largest dimension and profiles the anterior column. The posterior rim of the 
acetabulum is best visualized in the obturator oblique view.

Posterior subluxation of femoral head can be detected by comparing the 
relationship of the femoral head with the posterior wall on the normal hip and 
the injured hip on the obturator oblique view. A dislocated hip will become more 
obvious in the obturator oblique view, and this view has been advocated for routine 
evaluation of all posterior fracture dislocations of the hip joint. It is prudent not to 
delay the reduction of a known dislocated hip (Figure 8).

Dynamic stress views under general anesthesia have also been used in acetabular 
fractures. They serve as a clinical measure of dynamic stability and congruence of 

Figure 7. 
Radiographic landmarks on AP radiograph of hip.



Essentials in Hip and Ankle

12

X-ray view Information regarding

Antero-posterior pelvis

Iliopectineal line Anterior column

Ilioischial line Posterior column

Posterior lip Posterior column or wall

Anterior lip Anterior column or wall

Roof Superior articular surface

Teardrop Relationship of columns

Obturator oblique

Pelvic brim Anterior column

Posterior rim Posterior column or wall

Obturator ring Column involvement

Roof Superior articular surface

Iliac oblique

Greater and lesser sciatic notch Posterior column (posterior border of innominate bone)

Quadrilateral surface of ischium Posterior column (posterior border of innominate bone)

Anterior lip Anterior column or wall

Iliac wing Anterior column

Roof Superior articular surface

Table 1. 
Information obtained from X-ray landmarks on each standard view [17–19].

Figure 8. 
(A) obturator oblique view and (B) iliac oblique view.
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the hip thus helps in assessing the need for operative treatment in small and inter-
mediate fractures of the posterior acetabular wall. This stress examination is most 
applicable to the fractures of posterior wall.

Each fracture pattern in the classification of Letournel and Judet has typical 
radiographic characteristics. These fracture patterns are described with respect to 
the disruption or intactness of the radiographic landmarks.

In the operating room, the three standard views can be obtained with fluoros-
copy. The restoration of the radiographic landmarks marks the adequacy of fracture 
reduction (Table 1).

4. Computed tomography

CT plays a pivotal role in the treatment of acetabular fractures [18, 19]. Axial 
cuts should be taken with thin (3-mm) intervals and corresponding slice thick-
nesses. To avoid missing a portion of the fracture the entire pelvis is generally 
included and comparison to the opposite hip is performed routinely. In general, the 
transverse fracture lines and fractures of the anterior and posterior walls are in the 
sagittal plane, paralleling the quadrilateral surface when they are viewed on axial 
CT images.

Some authors have suggested that axial CT images overestimate the extent of 
comminution of acetabular fractures. An oblique fracture line divides the acetabu-
lum, so the more inferior CT cuts appear to have three fragments when in reality 
there are only two. By studying the individual fragments on multiple successive 
cuts, the entire fracture can be appreciated, giving a true mental three-dimensional 
picture. High-resolution coronal and sagittal reconstructions of the fracture are 
helpful in the preoperative evaluation of complex fractures by delineating the 
fracture lines that lie directly in the plane of a given axial CT image.

CT scans can give the same information about the acetabular dome as the roof 
arc measurements on the antero-posterior and oblique radiographs.

Three-dimensional CT reconstructions of a fracture have become sophisticated 
and can be projected in many different views with the subtraction of the femoral 
head that show unique features of the various fracture patterns [16] (Figure 9).

4.1 Role of 3D CT in acetabular fractures

The late 1970s and early 1980s saw the development of software and hardware 
that made it possible to produce 3D reformats of complex anatomical structures 
from sets of transaxial CT images [19]. However, the acceptance of 3D was limited 
because of poor image quality, lack of user-friendly systems, and limited display 
flexibility. In past few years, several manufacturers have introduced software that 
is easier to use and that produces 3D views much faster than the earlier systems. 
Several investigators now believe that the spatial analysis of a complex acetabular 
fracture is best made with 3D imaging. Some investigators have stated that 3D CT is 
a valuable addition to the imaging of acetabular fractures.

The original transaxial slices show the diagnostic details, but 3D imaging 
integrates the finding into a whole that is more easily assimilated than the sum 
of its parts. By having an access to a 3D image, the surgeon can decide whether 
or not to operate and which approach to use. Although 3D images may present 
less detail to the radiologist than the 2D series, but for an operating surgeon 3D 
images are very helpful for re orientation during surgical repair. Minor non-
displaced fractures are unlikely to require or benefit from 3D reformats [23–26] 
(Figure 10).
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Figure 9. 
Orientation of fracture lines on two-dimensional computed tomography as they relate to fracture morphology. 
(A) Fracture of one or both columns. (B) Transverse fracture. (C) Anterior wall. (D) Posterior wall.

Figure 10. 
Three-dimensional CT reconstruction of both-column fracture.
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5. Classification

Classification of acetabular fractures is the key element in understanding the 
injury and is the first stage of surgical planning [17, 18]. Decisions concerning the 
choice of approach and the alternative fixation techniques available require full 
appreciation of the fracture anatomy. There are various classifications for acetabu-
lar fractures, out of them Letournel and Judet and AO/OTA classification has been 
discussed in detail here.

5.1 Letournel and Judet classification

The classification of acetabular fractures that is most widely used is that of 
Letournel and Judet. This system divides fracture of acetabulum into five simple 
(elementary) and five complex (associated) patterns. The elementary fracture 
patterns were defined as those that separated all or parts of a single column of the 
acetabulum. The associated patterns are either a combination of elementary pat-
terns with an additional fracture line (Figures 11 and 12).

Elementary/simple fractures

• Posterior wall

• Posterior column

• Anterior wall

• Anterior column

Figure 11. 
Simple/elementary fractures: (A) posterior wall fracture, (B) posterior column fracture, (C) anterior wall 
fracture, (D) anterior column fracture, (E) transverse fracture.
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• Transverse

Associated fractures

• Posterior column + wall

• Anterior + posterior hemitransverse

• Transverse + posterior wall

• T-shaped

• Both columns

6. Surgical approach for each fracture pattern

One of the most important aspect of the preoperative planning for acetabular 
fracture surgery is the selection of appropriate surgical approach [23, 24]. The main 
determinants in the decision-making process are the type of fracture, the elapsed 
time from injury to operative intervention, and the magnitude and location of 
maximal fracture displacement. The mainstay surgical approaches to the acetabu-
lum are those described by Letournel and Judet (Table 2):

Figure 12. 
Associated fractures: (F) Posterior column and posterior wall fracture, (G) Transverse and posterior wall 
fracture, (H) T-shaped fracture, (I) Anterior column and posterior hemitransverse fracture (J) Complete both 
column fracture.
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• The Kocher-Langenbeck

• The ilioinguinal

• The iliofemoral

• The extended iliofemoral

6.1 Modified Stoppa approach

General agreement exists for the use of the modified Stoppa approach for all frac-
tures that can be managed with an ilioinguinal approach [24]. This includes anterior 
wall, anterior column, and associated anterior column and posterior hemi transverse 
fractures, as well as certain both- column, T-shaped, and transverse fractures. The 
Stoppa approach is particularly useful for fractures that involve the quadrilateral 
surface with or without comminution and medial dislocation of the femoral head.

7.  Biomechanics of the acetabulum and applied mechanics of fracture 
fixation

7.1 Normal mechanics of the hip joint

Of the many joints in the human body, the hip joint has been the one which 
has attracted the most attention from investigators [26, 27]. The reasons are; first, 
in normal activity this joint carries the greatest load, load intensity fluctuating 
between zero and its maximum during each cycle of activity; secondly, probably 
because of this loading, mechanical failures of the hip joint and of the neighboring 
bony structure, particularly the upper femoral region, constitute a large proportion 
of the problems confronting the orthopedic surgeon.

Fracture pattern Approach

Elementary

Posterior wall Kocher-Langenbeck

Posterior column Kocher-Langenbeck

Anterior wall Ilioinguinal or iliofemoral

Anterior column Ilioinguinal or iliofemoral

Transverse Kocher-Langenbeck or ilioinguinal

Associated

Posterior column + posterior wall Kocher-Langenbeck

Anterior column + posterior hemitransverse Ilioinguinal

Transverse + posterior wall Extended iliofemoral or Kocher-Langenbeck

T-shaped Extended iliofemoral or combined

Both columns Ilioinguinal or extended iliofemoral or combined

Table 2. 
Surgical approaches used for various fracture patterns.
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Mechanical forces acting within the normal hip joint are complex and dif-
ficult to quantify precisely. During locomotion, large forces occur across the 
hip joint in which each leg alternately supports the weight of the body. During 
mid-stance, little acceleration and relatively constant force are applied across the 
joint, making midstance ideal for a static loading model of investigation. Forces 
across the joint itself are greatest during midstance and are derived from two 
primary sources:

• Body weight (BW)

• Abductor moment (Abd)

Body weight is centered just anterior to S2 vertebra and exerts a force on the hip 
joint, which acts to rotate the pelvis about the femoral head toward the center of 
gravity. Counteracting this force is the abductor moment, this act to rotate the pelvis 
in the opposite direction. During single-leg stance, these two forces cancel each 
other out and, therefore, the pelvis remains upright.

Because both of these forces have magnitude and direction, they can be 
expressed as vectors on a free body diagram. The Abd is greater than BW, owing to a 
shorter moment arm, so that in the steady state.

   (BW × a)    =     (Abd × b)    2   (1)

The joint reactive force is the compressive force experienced at the femoroac-
etabular articulation, and it is the result of the need to balance the moment arms 
of the body weight with the pull of the hip abductors at the greater trochanter to 
maintain a level pelvis (Figure 13).

The primary contributions to the joint reactive force are the muscular forces 
generated to level the pelvis during standing and gait, with a smaller contribution 
from body weight. The magnitude of this force varies with activities such as the 
single leg stance phase of gait and it has been found to be as much as 2–4 times the 
body weight during level walking and stair ascent and slightly higher during stair 
descent [27, 28].

Smooth gait relies on a well-synchronized series of concentric and eccentric 
muscular contractions to facilitate a balanced stride. A complete neuromuscular 
loop exists that maintains the appropriate position between the femoral head and 
acetabulum with balanced muscular regulation achieved at both the voluntary and 
involuntary level.

The weight-bearing portion of the hip has been found to vary with position  
of the femur in relation to the acetabulum and the amount of load placed through 
the articulation. During normal loading of a nonarthritic joint during activities 
such as walking, majority of the articular surface participates in weight bearing. 
This involves the anterior, superior and posterior parts of the femoral head and 
forms two columns of force that are transmitted within the acetabular margin, 
joining at the superior aspect of the acetabular fossa. The geometric orientation 
of the articular cartilage is also optimized for load transfer, because the thickest 
portions are at the areas of the acetabulum and femoral head most frequently 
loaded during gait.

7.2 Biomechanical consequences of acetabular fracture

A number of studies have focused on the biomechanical consequences of 
acetabular fracture [28–32]. These studies can be divided into those focusing on.
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1. Intra-articular contact area and pressure.

2. Rigidity of fracture fixation.

3. Instability or loss of congruence after fracture.

The studies that focus on contact area and pressures argue that increased 
joint stress from incongruity or altered loading characteristics eventually will 
lead to degenerative posttraumatic arthritis through repetitive cartilage damage. 
The guiding hypothesis is that increased stresses within the cartilage exceed the 
capacity of the tissue to adapt, initiating a cascade of degenerative changes that 
ultimately leads to arthritis in the joint. It showed that increased peak pressures, 
especially in the superior region of the acetabulum, do lead to degenerative 
arthritis.

Clinically, attempts to define the weight-bearing portion of the acetabulum have 
used the roof arc measurement, which represents the angle formed between a vertical 
line drawn to the geometric center of the acetabulum and a tangential line drawn 
from the geometric center to the point at which the fracture line enters the joint on 
antero-posterior and Judet view radiographs. When measured on standard antero-
posterior and 45° oblique radiographs, the roof arc measurement gives an estima-
tion of the amount of articular surface remaining intact (Figure 14).

Figure 13. 
A line drawing of hip joint loading. The joint reaction force vector of the hip is the result of the moments 
around the hip caused by two opposing surface. The body weight (BW) is centered in front of S2 and is 
distance away from the center of the femoral head. The force of the abductor muscle (Abd), centered from 
the midiliac wing to the greater trochanter is distance b away from the femoral head. During single-leg stance, 
the product of BW × distance a will equal the force of the Abd × distance b. Because distance b is much shorter 
than a, the force of the abductor mechanism is greater.
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7.2.1 Intra-articular contact characteristics

Several studies have focused on the alteration of contact area and stresses in the 
joint as a result of the fracture [28–32]. All fracture patterns showed a change from 
a uniform contact pattern to one of increased contact area and peak pressures in the 
superior acetabulum.

Letournal introduced the concept of “secondary congruence” in both col-
umn fractures of the acetabulum. In this group, the complete separation of all 
articular acetabular bony fragments can lead to an extra anatomical orienta-
tion around the femoral head with the possibility of healing in secondary 
congruence. In contrast, Levine et al. found an increase of the mean pressure 
and peak pressure in the acetabular roof area, whereas the contact area and 
mean pressure between femoral head and acetabular surface was decreased 
significantly in the anterior articular region and on a lesser degree in the poste-
rior region.

8. Significance of surgical anatomy in hip arthroscopy

Surgical anatomy plays a pivotal role in hip arthroscopy as erroneous placement 
of portals can lead to injury to various important structures as described previously 
in the chapter. A surgeon should be well aware of various landmarks as well as 
vital structures around the hip joint while making portals and also while working 
through these portals.

One of the disastrous complication of hip arthroscopy is injury to sciatic nerve 
or femoral nerve and vessels. Various evidences suggest that these injuries can be 
prevented when proper technique in portal placement was used.

Another structure that is quite often injured during hip arthroscopy id lateral 
femoral cutaneous nerve of thigh (LFCN). LFCN is mostly injured during anterior 
portal placement. Injury to this nerve leads to loss of sensation on lateral aspect of 
thigh. The nerve is essentially vulnerable to laceration by a skin incision placed too 
deeply through the subcutaneous tissue.

Apart from these, if proper surgical anatomy is known, injury to various soft 
tissues around hip can also be minimized considerably. It is prudent for the surgeon 
to be aware of various anatomical structures around hip then only a safe and suc-
cessful surgery can be performed.

Figure 14. 
Medial, anterior and posterior roof arc angle.
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Abstract

Femoroacetabular impingement (FAI) is an often unrecognized hip disorder 
in young adults that can lead to early hip osteoarthritis and a decrease in sports 
performance. The diagnosis and treatment of this entity have rapidly evolved 
in recent years. Hip arthroscopy finds its place in the treatment of this conflict, 
and its indications are more and more frequent. The technical challenge of this 
operation involves a relatively long learning curve and a good knowledge of the 
hip anatomy in order to minimize the risk of complications and iatrogenic lesions. 
In addition to intra-articular structures of the hip joint, the anatomical structures 
that may be affected by the main and accessory arthroscopic approach are primar-
ily the lateral femorocutaneous nerve, the lateral circumflex femoral artery, the 
medial circumflex femoral artery, and the circumflex superior iliac artery. A little 
further, 3–5 cm from the main portals, we must pay attention to the femoral nerve, 
the sciatic nerve, the superior gluteal nerve, the profunda femoris artery, the 
superficial femoral artery, and the common femoral artery. The pathogenesis of 
femoroacetabular impingement is not fully understood. The multifactorial origin is 
still relevant today. We have divided factors incriminated in the genesis of FAI into 
three groups.

Keywords: femoroacetabular, impingement, anatomy, pathogenesis, arthroscopy

1. Introduction

Femoroacetabular impingement (FAI) is a common cause of early hip osteoar-
thritis. Often underdiagnosed, this entity deserves a particular interest in orthope-
dic surgeons.

In some cases of FAI, the underlying structural abnormality is secondary to 
residual childhood hip disorders, such as Legg-Calvé-Perthes disease, slipped 
capital femoral epiphysis, and others. In other cases, there is no obvious history 
of previous hip pathology, and the impingement is referred to as primary FAI [1]. 
The exact description of this morphological anomaly and how it causes early hip 
osteoarthritis has been studied by Ganz in 2001 [2]. However, Smith Petersen and 
Stulberg have talked about this pathology several years before [3, 4].

Diagnosis has become easier and easier with new imaging techniques, but clini-
cal suspicion remains essential before any exploration.

Arthroscopy is the most common surgical procedure for FAI involving acetabu-
loplasty, labral repair/debridement, and/or femoroplasty [5].
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Nakano [6], in a systematic review published in 2017, reported a complication 
rate of 3.3% after hip arthroscopy, and potential complications include neurovas-
cular injuries, chondral and labral injuries, muscle pain, and avascular necrosis of 
femoral head and even femoral neck fracture [6–8].

This chapter reviews the bony, muscular, and neurovascular anatomies of the 
hip joint with specific attention to structures of greatest relevance to FAI and hip 
arthroscopy.

2. Methods

This chapter is a descriptive study of FAI anatomy and pathogenesis.
Anatomy figures were drawn by us to explain some anatomical relationships as 

well as the pathogenesis of FAI. Other figures are photographs and radiographs of 
patients followed and treated at our university hospital.

Concerning the literature research, the data sources used in our manuscript were 
PubMed, MEDLINE, and ScienceDirect.

The search terms used were femoroacetabular impingement OR FAI, anatomy, 
pathogenesis, and hip arthroscopy.

All study types were included, including case reports and review articles. Studies 
referenced in the selected papers were retrieved individually.

3. Anatomy of FAI

The morphology of the proximal femur and acetabulum can vary significantly, 
which can have an important clinical relevance and impact on hip joint biomechanics. 
The detailed anatomy of the hip is well described in the manuals of anatomy. In FAI, 
two types of hip morphology have been described, namely, the cam type and the pin-
cer type. These two types may exist separately or be associated within the same patient.

Thus, the isolated presence of either cam or pincer morphology is insufficient 
for a diagnosis of FAI syndrome. It is important to note that these morphologies are 
thought to be fairly common (around 30% of the general population) including in 
people without hip symptoms [9, 10].

3.1 Cam morphology

It describes a flattening or convexity of the femoral head neck junction [6] 
(Figures 1, 2).

This morphology is more common in men [10].

Figure 1. 
Normal aspect of femoral head-neck junction versus cam morphology.
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3.2 Pincer morphology

It describes the overcoverage of the femoral head by the acetabulum in which the 
acetabular rim is extended beyond the typical amount, either in one focal area or 
more generally across the acetabular rim [6] (Figure 3).

This morphology is more common in women [10].
These two types (CAM and Pincer Morphology) may exist separately or be 

associated within the same patient (Figure 4).

Figure 2. 
CAM morphology in a young man with a childhood hip disease.

Figure 3. 
Normal aspect of femoroacetabular junction versus Pincer morphology.

Figure 4. 
Mixed morphology with both aspects of CAM and Pincer morphology.
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Recently, several studies have shown that the prominence of the anterior-infe-
rior iliac spine (AIIS) could also contribute to a conflict with the cervico-cephalic 
junction even if the hip anatomy is normal. This subspine impingement can simu-
late FAI and thus represents a differential diagnosis [11, 12].

3.3 Arthroscopic approach for FAI and anatomy of the hip

3.3.1 Superficial landmarks of the hip

Given the proximity of vasculo-nervous elements, identification of a so-called 
safe zone is essential in such a minimally invasive surgery requiring a good knowl-
edge of hip region anatomy (Figure 5).

The identification of certain structures will depend on the degree of obesity of the 
patient.

The superficial landmarks conventionally used in hip arthroscopy for an FAI are 
the following.

3.3.1.1 The anterior-superior iliac spine (ASIS)

The hip being in neutral rotation, a vertical line joining the anterior-superficial 
iliac spine and the middle of the base of the patella forms the medial limit of the 
“safe zone.” Beyond this line there is a higher risk of femoral nerve and femoral 
vessel injuries [13].

3.3.1.2 Great trochanter (GT)

Identification of the tip of the GT and its anterior and posterior edges is essential 
and easily felt. The anterolateral portal (AL) and the posterolateral portal (PL) are 
located 1 cm proximal and anterior or posterior to the tip of the GT, respectively. The 

Figure 5. 
Landmarks and main portal used in hip arthroscopy: PL, posterolateral portal; AL, anterolateral portal; AP, 
anterior portal; FA, common femoral artery; FN, femoral nerve.
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anterior portal (AP) is located at the intersection of a transverse line passing through 
the AL and PL portals and a sagittal line drawn distally from the ASIS [13, 14].

3.3.1.3 Muscles

The muscles crossed during hip arthroscopy for a FAI are [14, 15]:

• The AP crosses the sartorius and then the rectus femoris. A more recent 
interpretation of AP is described as 1 cm laterally compared to the first marker, 
and it crosses tensor fascia latae before intersecting the interval between the 
gluteus minimus and rectus femoris.

• The AL portal crosses superficially the gluteal fascia at its junction with tensor 
fascia latae before deepening through the fibers of the gluteus medius muscle.

• The PL portal crosses the gluteal fascia and the gluteus medius; medially to 
the GT, it passes anterosuperiorly to the piriformis tendon before entering the 
lateral capsule in its posterior aspect.

3.3.2 Neurovascular structures

The vascular structures that need attention in hip surgery in general and in hip 
arthroscopy in particular are essentially the common femoral artery (CFA) and 
its two terminal branches, the profunda femoris artery (PFA) and the superficial 
femoral artery, (SFA) as well as three lateral branches, which are the circumflex 
superficial iliac artery (CSIA), the lateral circumflex femoral artery (LCFA), and 
the medial circumflex femoral artery (MCFA) (Figure 6).

Figure 6. 
Vessels to be considered in hip arthroscopy. (1) External iliac artery (EIA); (2) common femoral artery 
(CFA); (3) profunda femoris artery (PFA); (4) superior femoral artery (SFA); (5) medial circumflex femoral 
artery (MCFA); (6) lateral circumflex femoral artery (LCFA), ascending branch; (7) LCFA, transverse 
branch; (8) LCFA, descending branch; (9) circumflex superior iliac artery (CSIA); (10) anterior superior 
iliac spine (ASIS).
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3.3.1.3 Muscles

The muscles crossed during hip arthroscopy for a FAI are [14, 15]:

• The AP crosses the sartorius and then the rectus femoris. A more recent 
interpretation of AP is described as 1 cm laterally compared to the first marker, 
and it crosses tensor fascia latae before intersecting the interval between the 
gluteus minimus and rectus femoris.

• The AL portal crosses superficially the gluteal fascia at its junction with tensor 
fascia latae before deepening through the fibers of the gluteus medius muscle.

• The PL portal crosses the gluteal fascia and the gluteus medius; medially to 
the GT, it passes anterosuperiorly to the piriformis tendon before entering the 
lateral capsule in its posterior aspect.

3.3.2 Neurovascular structures

The vascular structures that need attention in hip surgery in general and in hip 
arthroscopy in particular are essentially the common femoral artery (CFA) and 
its two terminal branches, the profunda femoris artery (PFA) and the superficial 
femoral artery, (SFA) as well as three lateral branches, which are the circumflex 
superficial iliac artery (CSIA), the lateral circumflex femoral artery (LCFA), and 
the medial circumflex femoral artery (MCFA) (Figure 6).

Figure 6. 
Vessels to be considered in hip arthroscopy. (1) External iliac artery (EIA); (2) common femoral artery 
(CFA); (3) profunda femoris artery (PFA); (4) superior femoral artery (SFA); (5) medial circumflex femoral 
artery (MCFA); (6) lateral circumflex femoral artery (LCFA), ascending branch; (7) LCFA, transverse 
branch; (8) LCFA, descending branch; (9) circumflex superior iliac artery (CSIA); (10) anterior superior 
iliac spine (ASIS).



Essentials in Hip and Ankle

30

3.3.2.1 The common femoral artery

It continues the external iliac artery (EIA) and lies anterior and medial to the hip 
capsule. Only the iliopsoas lies between the vessel and capsule at this point, and it is 
continued by the superficial femoral artery. The femoral vein lies medial to the artery.

3.3.2.2 The circumflex superior iliac artery

A collateral branch of the CFA originates from its proximal part at the level of 
the Scarpa triangle and goes out toward the ASIS.

3.3.2.3 The profunda femoris artery

It lies medial to the SFA and continues the CFA 3 to 4 cm below the femoral 
triangle. It gives at the level of the hip the following collaterals.

3.3.2.4 The lateral circumflex femoral artery (LCFA)

It is a collateral branch of the PFA that originates from its proximal part 
(2–3 cm). It lies behind the sartorius and the rectus femoris and is divided into three 
branches:

• An ascending branch that vascularizes the GT and participates in the irrigation 
of the head and neck of the femur

• A transverse branch that passes through the large external muscle to anasto-
mize with the MCFA

• A descendant branch that sometimes originates directly from the deep femoral 
artery and runs along the medial part of the vast outer back of the anterior right

The ascending branch of LCFA averaged 3.7 cm from the anterior portal. A 
terminal branch of this vessel was present in three specimens 0.3 cm from this 
portal [15] (Figure 7).

Figure 7. 
Position and trajectory of the lateral circumflex femoral artery.
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3.3.2.5 The medial circumflex femoral artery (MCFA)

It is a collateral branch of the PFA that originates 1–2 cm from its proximal part, 
journeys medially, and then wraps itself around the femoral diaphysis to give an 
ascending branch and a transverse branch that anastomoses with their counterparts 
of the LCFA.

Nerve structures that are at risk in hip arthroscopy are the femoral (FN), the 
sciatic nerve (SN), the lateral femorocutaneous nerve (LFCN), and the superior 
gluteal nerve (SGN).

3.3.2.6 The lateral femorocutaneous nerve (LFCN)

It emerges from underneath the inguinal ligament just medial to the ASIS and 
courses down along the surface of the sartorius muscle.

The proximal path of the nerve is relatively constant, but its branching is rather 
irregular, giving 0–5 branches when becoming more superficial; the most lateral of 
them are potentially on the course of AP (Figures 8, 9).

Byrd [14] in an anatomic study of portal placement and relationship to the extra-
articular structures in hip arthroscopy found that the LFCN had divided into three 
or more branches at the level of the AP and that this portal averaged only 0.3 cm 
from one of these branches.

Larson and Clohisy [16, 17] in a prospective multicenter trial including 1505 hip 
arthroscopies and in systematic review found that the most common complication 
was postoperative LFCN disturbance (16.5%), which persisted beyond 6 months in 
only 1.6%.

3.3.2.7 The femoral nerve

The femoral nerve is the most lateral structure within the femoral triangle. It 
lies on the Psoas muscle belly at the approximate midpoint between the anterior 
superior iliac spine and pubic tubercle.

Figure 8. 
Origin and branches of the lateral femorocutaneous nerve. (1) Femoral nerve; (2) lateral femorocutaneous 
nerve with its branch; (3) psoas muscle; (4) sartorius muscle; (5) tensor fascia latae muscle.
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The average minimum distance from the anterior portal to the femoral nerve 
was 3.2 cm [15].

3.3.2.8 The sciatic nerve

The sciatic nerve averaged 2.9 cm from the poster lateral portal. From this study, 
these portal placements appear to be safe [15].

3.3.2.9 The superior gluteal nerve

It averaged 4.4 cm superior to the anterolateral and posterolateral portals [15].
Relations of these structures with arthroscopic portals have to be assessed and 

topographic knowledge of the delicate anatomy surrounding the hip fully under-
stood [14].

4. Pathogenesis

The presence of a conflict between the acetabulum and the femoral head-neck 
junction was noted by several surgeons as being the cause of early hip osteoarthritis 
(Figure 10); however, it was Ganz [1] who was the first to describe details of FAI 
pathogenesis. He defined it as a condition of abnormal contact between femoral 
head-neck junction and the acetabulum due to abnormal morphological features 
and/or as a result of subjecting the hip to the excessive and supraphysiologic range 
of motion.

This repetitive contact causes a microtraumatic effect and subsequently irrevers-
ible chondral damage to the acetabular as well as femoral surfaces [18].

Based on a systematic review performed by Chaudhry and Ayeni, the etiology of 
FAI syndrome is likely multifactorial [4].

Figure 9. 
A branch of the lateral femorocutaneous nerve accidentally cut in an anterior hip approach.
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The main factors incriminated in the genesis of FAI belong to three groups:

• Factors related to the level and type of physical activity of the patient; indeed the 
FAI is particularly common among young athletes requiring extreme and repetitive 
movement of the hip in flexion and internal rotation such as hockey and basketball.

• Morphological abnormalities such as acetabular retroversion and coxa pro-
funda or changes in hip morphology due to the history of childhood hip disease 
which may have altered the shape of the femoral head-neck junction such as 
slipped capital femoral epiphysis (SCFE) or Legg-Calvé -Perthes disease [4].

• Iatrogenic factors such as excessive correction of hip dysplasia or following an 
osteosynthesis of a neck or head fracture.

Figure 10. 
Pathogenesis of femoroacetabular impingement. (A) Normal morphology; (B) mechanism of impingement in 
pincer morphology; (C) mechanism of impingement in cam morphology.
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Given that cam and pincer morphologies can be present in asymptomatic 
individuals, Casartelli [19] propose that other factors out with the bony structures 
may be involved with FAI syndrome. Weakness of deep hip muscles could not 
only compromise hip stability but also lead to overload of secondary movers of the 
hip, thus causing an anterior glide of the femoral head into the acetabulum and 
increased joint loading.

5. Discussion

The hip region is an area where several noble elements pass including the femo-
ral neurovascular bundle anteriorly, the LFCN anterolaterally, and the sciatic nerve 
and gluteal vessels posteriorly. Direct neurovascular injury is rare, except the LFNC; 
however, their proximity to portals and the effect of traction have to be considered 
by the surgeon especially during the learning curve.

In fact, during hip arthroscopy, a perineal post is used for countertraction and 
traction and is needed to provide space for instrument introduction which can lead 
to soft tissue injuries, and this is the most commonly reported complication of hip 
arthroscopy [20].

Risks and recommendation during hip arthroscopy and portals placement are 
detailed in Table 1.

6. Conclusion

FAI is explained by morphological abnormalities reaching the femoral head-
neck junction or the acetabulum. Hip arthroscopy is widely used nowadays for its 
management.

To avoid complications of this technique, a good knowledge of hip anatomy is 
necessary as well as the risks incurred during its practice.

Traction and portal placement are the cause of most complications.
The lateral femorocutaneous nerve is the noble structure and the most exposed to 

injuries through the anterior portal. With the exception of it, direct major neurovas-
cular injury is very rare; however, care is needed especially during the learning curve.

Risks Recommendations [20]

Traction 1. Femoral and sciatic nerve 
neurapraxia
2. Pudendal nerve injury

1. Continuous traction should not exceed 2 hours
The force of traction should be limited to <22.7 kg
2. Well-padded and wide enough perineal post

Anterior portal 1. Direct injury of the LFCN
2. Vascular injury (rare)
3. Iatrogenic labral and 
chondral injuries

1. Use lateralized anterior portal, and the skin 
incision should not extend into the subcutaneous fat
2. Optimal landmarks spotting and portal 
placement
3. Adequate traction (≥10 mm)
Avoid repetitive exchange of instruments

Anterolateral 
portal

Iatrogenic labral and 
chondral injuries

Optimal portal placement

Posterior portal Inferior gluteal artery and 
sciatic nerve injury (rare)

Optimal portal placement
Avoid internal rotation of the hip while positioning 
this portal

Table 1. 
Risks incurred during traction and portal placement.
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Chapter 3

Arthroscopic and Endoscopic 
Management of the Internal 
Snapping Hip Syndrome
Adinun Apivatgaroon

Abstract

Internal snapping hip syndrome or coxa saltans interna results from the iliopsoas 
tendon snapping over the superior pubic ramus, iliopectineal eminence, anterior 
hip joint, femoral head or the lesser trochanter. This condition occurs in either the 
native hip or a prosthetic hip joint. Conservative management is the mainstay treat-
ment, but iliopsoas release continues to be the definitive treatment in patients with 
failed conservative measures. The arthroscopic iliopsoas release from the central or 
peripheral compartment is useful in the management of internal snapping syn-
drome and may have less hip flexion strength deficits postoperatively as compared 
to the releasing from the lesser trochanteric level. Endoscopic iliopsoas release at 
the lesser trochanter level is the preferred operative treatment option for internal 
snapping patients who have undergone a total hip replacement.

Keywords: internal snapping hip syndrome, iliopsoas impingement, coxa saltans 
interna, iliopsoas release

1. Introduction

Snapping hip syndrome or coxa saltans is an abnormal hip condition that 
includes a painful popping sensation and sound with movement around the hip 
joint. In the general population, snapping hip can be found in about 5–10% and for 
most are asymptomatic. Snapping hip syndrome can be divided as intra-articular 
and extra-articular snapping as seen in Table 1.

Internal snapping hip syndrome is snapping hip caused by the iliopsoas tendon 
migrating over the superior pubic ramus, iliopectineal eminence, anterior hip joint, 
femoral head or the lesser trochanter. Multiple or bifid iliopsoas tendons can also be 
found during transcapsular iliopsoas release in about 17.85% of cases [1].

Signs and symptoms include pain or a popping sensation in the area near the 
anterior groin. The clicking or popping sensation can be reproduced by allowing the 
patient to perform active hip extension and/or external rotation in a flexion position 
of the hip (Figure 1). Some patients present with a positive C-sign at the painful 
area. The patients may have focal tenderness over the iliopsoas (anterior groin) and 
a positive impingement test (Flexion-Adduction-Internal Rotation test, FADIR test) 
either with or without concomitant femoroacetabular impingement syndrome.

The resisted straight leg raise (RSLR) test is performed by the patient flexing 
the hip actively at approximately 30° in full knee extension. The examiner places a 
hand just above the patient’s knee to resist hip flexion in that position (Figure 2). 



39

Chapter 3

Arthroscopic and Endoscopic 
Management of the Internal 
Snapping Hip Syndrome
Adinun Apivatgaroon

Abstract

Internal snapping hip syndrome or coxa saltans interna results from the iliopsoas 
tendon snapping over the superior pubic ramus, iliopectineal eminence, anterior 
hip joint, femoral head or the lesser trochanter. This condition occurs in either the 
native hip or a prosthetic hip joint. Conservative management is the mainstay treat-
ment, but iliopsoas release continues to be the definitive treatment in patients with 
failed conservative measures. The arthroscopic iliopsoas release from the central or 
peripheral compartment is useful in the management of internal snapping syn-
drome and may have less hip flexion strength deficits postoperatively as compared 
to the releasing from the lesser trochanteric level. Endoscopic iliopsoas release at 
the lesser trochanter level is the preferred operative treatment option for internal 
snapping patients who have undergone a total hip replacement.

Keywords: internal snapping hip syndrome, iliopsoas impingement, coxa saltans 
interna, iliopsoas release

1. Introduction

Snapping hip syndrome or coxa saltans is an abnormal hip condition that 
includes a painful popping sensation and sound with movement around the hip 
joint. In the general population, snapping hip can be found in about 5–10% and for 
most are asymptomatic. Snapping hip syndrome can be divided as intra-articular 
and extra-articular snapping as seen in Table 1.

Internal snapping hip syndrome is snapping hip caused by the iliopsoas tendon 
migrating over the superior pubic ramus, iliopectineal eminence, anterior hip joint, 
femoral head or the lesser trochanter. Multiple or bifid iliopsoas tendons can also be 
found during transcapsular iliopsoas release in about 17.85% of cases [1].

Signs and symptoms include pain or a popping sensation in the area near the 
anterior groin. The clicking or popping sensation can be reproduced by allowing the 
patient to perform active hip extension and/or external rotation in a flexion position 
of the hip (Figure 1). Some patients present with a positive C-sign at the painful 
area. The patients may have focal tenderness over the iliopsoas (anterior groin) and 
a positive impingement test (Flexion-Adduction-Internal Rotation test, FADIR test) 
either with or without concomitant femoroacetabular impingement syndrome.

The resisted straight leg raise (RSLR) test is performed by the patient flexing 
the hip actively at approximately 30° in full knee extension. The examiner places a 
hand just above the patient’s knee to resist hip flexion in that position (Figure 2). 



Essentials in Hip and Ankle

40

A positive result is when there is pain at the anterior groin or weakness in the hip 
flexion that represents iliopsoas problems or intra-articular pathologies [2].

The investigations include plain radiographs of the pelvis/hip that might be 
helpful in ruling out other causes of hip pain or detecting associated pathologies 
that can affect the hip joint. MRI of the affected hip could aid in ruling out others 
causes of hip pain or detect associated pathologies, particularly, an anterior labral 
lesion. Some studies showed the correlation of a 3 O’clock positioned labral tear/
injury with iliopsoas impingement by the friction of the iliopsoas tendon to the 
predominately, anterior portion of the labrum caused tear [3, 4]. Dynamic ultraso-
nography is useful to detect snapping of the iliopsoas during actual hip motion and 
can be conjugate with an ultrasound-guided bursal injection. In iliopsoas impinge-
ment, the pain could be improved after an iliopsoas bursal injection rather than an 
intra-articular injection of anesthetic agents [4].

Nowadays, total hip replacements (THR) are increasing in numbers and indi-
cations [5]. An iliopsoas impingement can be a complication of this procedure 
from impingement of the iliopsoas tendon with the acetabular component [6, 7] 
(Figure 3). This is noticeable in the large size of the acetabular components or in 
patients with dysplastic morphology of the native hip associated with under cover-
age of the anterior/superior acetabular rim.

Conservative management of internal snapping hip syndrome includes rest, 
activity modification, anti-inflammatory medications, injections of a local anes-
thetic combined with a corticosteroid into the involved bursa or around the tendon 
sheath and the stretching of the iliopsoas (Figure 4).

The surgical treatment consists of iliopsoas release via an open, arthroscopic or 
endoscopic approach with or without intra-articular procedures. In the total hip 

Figure 1. 
The internal snapping test is performed by letting the patient performs active hip extension and/or external 
rotation from the starting flexion position of the examined hip. Positive result when the clicking or popping 
sensation can be reproduced.

Intra-articular snapping Extra-articular snapping

Soft tissue
• Labral tears
• Ligamentum teres rupture, impingement

Bone and cartilage
• Chondral damage
• Loose bodies
• Chondromatosis
• Femoroacetabular impingement (FAI)

Anterior or internal
• Iliopsoas snapping (internal snapping hip)

Lateral or external
• Iliotibial band snapping (external snapping hip)
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Approach of the snapping hip syndrome that can be divided as intra-articular and extra-articular causes.
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replacement patient with obvious acetabular component malposition or promi-
nence, acetabular cup revision maybe necessary [6]. For the arthroscopic/endoscopic 
iliopsoas release techniques, these can be performed using: 1. the transcapsular 
release (proximal arthroscopic release) via the central or peripheral compartment 
and 2. releasing at the lesser trochanteric level (distal endoscopic release) (Figure 5).

In this chapter, two common iliopsoas release procedures will be presented. The 
contents of indications, patients positioning, arthroscopic/endoscopic portals and 

Figure 2. 
The resisted straight leg raise (RSLR) test is performed by allowing the patient flex to the hip actively to 
approximately 30° in a full knee extension, the examiner places a hand just above the patient’s knee to resist hip 
flexion in that position. Positive result when pain or weakness represents iliopsoas pathology or intra-articular 
causes.

Figure 3. 
A lateral cross table radiograph of the left hip following total hip arthroplasty demonstrates the anterior 
overhang of the acetabular component (red circle) at about 5 mm, leading to iliopsoas impingement.
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nence, acetabular cup revision maybe necessary [6]. For the arthroscopic/endoscopic 
iliopsoas release techniques, these can be performed using: 1. the transcapsular 
release (proximal arthroscopic release) via the central or peripheral compartment 
and 2. releasing at the lesser trochanteric level (distal endoscopic release) (Figure 5).

In this chapter, two common iliopsoas release procedures will be presented. The 
contents of indications, patients positioning, arthroscopic/endoscopic portals and 
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approximately 30° in a full knee extension, the examiner places a hand just above the patient’s knee to resist hip 
flexion in that position. Positive result when pain or weakness represents iliopsoas pathology or intra-articular 
causes.

Figure 3. 
A lateral cross table radiograph of the left hip following total hip arthroplasty demonstrates the anterior 
overhang of the acetabular component (red circle) at about 5 mm, leading to iliopsoas impingement.
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Figure 5. 
Demonstration of the iliopsoas release techniques: (A) proximal arthroscopic transcapsular release via a central 
compartment approach; (B) proximal arthroscopic transcapsular release via a peripheral compartment 
approach; and (c) distal endoscopic release at the lesser trochanteric level.

Figure 4. 
Demonstrate the stretching method of the right iliopsoas muscle/tendon. The affected hip is extended during 
controlled trunk balancing.
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the details of procedures are described. The evidence-based reviews of the proce-
dures will also be presented.

2. Arthroscopic transcapsular release (proximal arthroscopic release)

2.1 Indications

• Internal snapping hip syndrome with failed conservative treatments for more 
than 4–6 months.

• Conjugate with the arthroscopic procedure of the hip (such as anterior labral 
repair).

2.2 Patient position

The iliopsoas release could be performed using the supine or lateral decubitus 
position. The author’s preferred patient position is supine on a traction radiolucent 
table (Maquet, Rastatt, Germany). Both legs and feet are well padded and wrapped 
with soft cotton and hung on the footplate. A large, well-padded perineal post is 
used to prevent complications from pudendal nerve compression. The C-arm is 
placed at the non-operative side and positioned horizontally to check the antero-
posterior view of the affected hip. Traction is performed to check the possibility of 
central compartment assess and intra-articular arthroscopic work.

2.3 Surgical technique

The peripheral compartment approach is introduced in hip flexion of 20–30° 
using a proximal anterolateral portal (PAL). Peripheral compartment examina-
tion and synovectomy are performed using an anterior working portal (Figure 6). 
Following the peripheral compartment work that includes synovectomy and 
cam resection, the central compartment is assessed under traction of the hip in a 
full extension position. Intra-articular examination and surgical procedures are 
completely performed. These include; debridement, acetabuloplasty, and labral 
surgery.

The arthroscopic iliopsoas tenotomy can performed by two methods: (1) central 
compartment approach under traction and (2) peripheral compartment approach 
with hip flexion of 20–30°.

In a central compartment approach. After performing the intra-articular 
procedures, the arthroscope is retracted to the peripheral compartment to assess 
under traction the anterior hip capsule at approximately the 3 O’clock position 
of the anterior labrum. This step uses the anterolateral viewing portal and the 
anterior portal for the procedure. Inflammation of the anterior labrum may rep-
resent evidence of iliopsoas impingement. The iliopsoas tendon is located near the 
anteromedial aspect of the anterior hip capsule. The anterior capsule at this area 
is thin and some patients have an anterior capsular hole directly connected to the 
iliopsoas tendon [8]. A capsulotomy of approximately 1–2 cm is performed to the 3 
O’clock position of the right hip. After capsulotomy, the synovial tissue around the 
iliopsoas tendon is identified and resected using an arthroscopic shaver or electro-
cautery. The iliopsoas tendon is identified and released until the iliacus muscle can 
be observed beneath the released portion of the tendon. Keeping this portion of 
the iliacus muscle may decrease of the risk of hip flexion weakness, postoperatively 
(Figure 7).
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Figure 5. 
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compartment approach; (B) proximal arthroscopic transcapsular release via a peripheral compartment 
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posterior view of the affected hip. Traction is performed to check the possibility of 
central compartment assess and intra-articular arthroscopic work.

2.3 Surgical technique
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tion and synovectomy are performed using an anterior working portal (Figure 6). 
Following the peripheral compartment work that includes synovectomy and 
cam resection, the central compartment is assessed under traction of the hip in a 
full extension position. Intra-articular examination and surgical procedures are 
completely performed. These include; debridement, acetabuloplasty, and labral 
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The arthroscopic iliopsoas tenotomy can performed by two methods: (1) central 
compartment approach under traction and (2) peripheral compartment approach 
with hip flexion of 20–30°.

In a central compartment approach. After performing the intra-articular 
procedures, the arthroscope is retracted to the peripheral compartment to assess 
under traction the anterior hip capsule at approximately the 3 O’clock position 
of the anterior labrum. This step uses the anterolateral viewing portal and the 
anterior portal for the procedure. Inflammation of the anterior labrum may rep-
resent evidence of iliopsoas impingement. The iliopsoas tendon is located near the 
anteromedial aspect of the anterior hip capsule. The anterior capsule at this area 
is thin and some patients have an anterior capsular hole directly connected to the 
iliopsoas tendon [8]. A capsulotomy of approximately 1–2 cm is performed to the 3 
O’clock position of the right hip. After capsulotomy, the synovial tissue around the 
iliopsoas tendon is identified and resected using an arthroscopic shaver or electro-
cautery. The iliopsoas tendon is identified and released until the iliacus muscle can 
be observed beneath the released portion of the tendon. Keeping this portion of 
the iliacus muscle may decrease of the risk of hip flexion weakness, postoperatively 
(Figure 7).
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In the peripheral compartment approach, following the intra-articular work, the 
traction is released to reduce the hip joint. The arthroscope is inserted via the same 
AL viewing portal or re-inserted from the PAL portal in the hip at 20–30° in a flexion 
position. Then, the zona orbicularis, medial synovial fold, and the anterior labrum 
are identified. The medial synovial fold is the landmark for the most inferomedial 
head–neck area, also known as, the 6 O’clock position. The 1–2 cm capsulotomy is 
performed at the capsular space between the anterior labrum and the zona orbi-
cularis close to the proximal attachment of the medial synovial fold. After capsu-
lotomy, the synovial tissue around the iliopsoas tendon is resected as previously 
described and the iliopsoas tendon is released while preserving the iliacus muscle.

It is not necessary to perform the capsular closure if the capsulotomy is less than 
1–2 cm. With complete tenotomy of the iliopsoas, either in the central or peripheral 
approach, the portals are sutured simple and the wounds are closed in standard 
fashion.

2.4 Post-operative rehabilitation

Active hip range of motion is allowed immediately post operatively. The hip 
flexion strength may decrease in the first 6 to 8 weeks and usually restores after 
8 weeks. Active hip flexor strengthening exercises are allowed after 6 weeks 
postoperatively.

Weight bearing is dependent on the intra-articular conditions. The patients 
apply partial weight bearing for 6 weeks if the cartilage or the labral lesions were 
repaired/fixated, or if osteochondroplasty of the cam lesion is done. In the isolated 
iliopsoas release patients, there is no need to protect weight bearing after post 
operatively. Return to sport activities are allowed after 3 months.

Figure 6. 
The portals used in peripheral compartment approach of the right hip. Proximal anterolateral portal (PAL) is 
the start and viewing portal. Anterior (A) and anterolateral (AL) portals are shown. GT, greater trochanter; 
ASIS, anterior superior iliac spine.
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3.  Endoscopic iliopsoas release at the lesser trochanteric level  
(distal endoscopic release)

3.1 Indications

• Painful iliopsoas impingement following a total hip replacement, no obvious 
malposition of the acetabular cup and the anterior overhang is <8 mm.

• Failed conservative more than 4–6 months with positive iliopsoas injection test.

• No evidence of prosthesis loosening or infection.

Figure 7. 
Arthroscopic view of the central compartment transcapsular iliopsoas tenotomy of the right hip. (A and B) 
Peripheral compartment first approach using the proximal anterolateral (PAL) viewing portal and anterior 
working portal. (C and D) Approach to the central compartment by direct visualization and inserting the 
switching stick through the anterior portal. (E and F) Examination in the central compartment. (G) Create 
the anterolateral (AL) portal under direct visualization using anterior viewing portal. (H and I) Switch 
the scope to the AL viewing portal and working from the anterior portal. (J to L) After a small anterior 
capsulotomy to about the 3 O’clock position, the iliopsoas tendon (IP) is cut using electrocautery. The iliacus 
muscle (*) is preserved. [L-labrum, FH-femoral head, FN-femoral neck, A-acetabulum, C-capsule].
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3.  Endoscopic iliopsoas release at the lesser trochanteric level  
(distal endoscopic release)

3.1 Indications

• Painful iliopsoas impingement following a total hip replacement, no obvious 
malposition of the acetabular cup and the anterior overhang is <8 mm.

• Failed conservative more than 4–6 months with positive iliopsoas injection test.

• No evidence of prosthesis loosening or infection.
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Arthroscopic view of the central compartment transcapsular iliopsoas tenotomy of the right hip. (A and B) 
Peripheral compartment first approach using the proximal anterolateral (PAL) viewing portal and anterior 
working portal. (C and D) Approach to the central compartment by direct visualization and inserting the 
switching stick through the anterior portal. (E and F) Examination in the central compartment. (G) Create 
the anterolateral (AL) portal under direct visualization using anterior viewing portal. (H and I) Switch 
the scope to the AL viewing portal and working from the anterior portal. (J to L) After a small anterior 
capsulotomy to about the 3 O’clock position, the iliopsoas tendon (IP) is cut using electrocautery. The iliacus 
muscle (*) is preserved. [L-labrum, FH-femoral head, FN-femoral neck, A-acetabulum, C-capsule].
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Figure 8. 
Patient positioned for the endoscopic iliopsoas release of the left hip. Supine on the radiolucent traction table. 
The surgical hip is in external rotation, fully stretched in full knee extension that brings the lessor trochanter 
further anteriorly.

3.2 Patient position

Preoperative physical examination, blood analysis for white blood cell count, 
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), hip X-rays, 
and CT assessment are needed to evaluate possible other causes of hip/groin pain 
in total hip replacement patients. Infection and prosthesis loosening need to be 
ruled out.

The author’s preferred patient position is supine on a radiolucent traction table 
(Maquet, Rastatt, Germany) similar for the patient with an arthroscopic proximal 
release. Both legs and feet are well padded, wrapped with soft cotton and hung to 
the footplate. A large, well-padded perineal post is used to prevent complications 
from pudendal nerve compression. The C-arm is placed at the non-operative side 
and positioned horizontally to check the anteroposterior view of the affected 
hip. Traction of the prosthetic component is not a requirement and the release is 
performed at the lesser trochanter level. The affected leg is placed in an externally 
rotated position of the hip in full knee extension. This moves the lesser trochanter 
further anteriorly (Figure 8).

3.3 Surgical technique

The endoscopic portals are marked as seen in Figure 9. The anterolateral portal 
(1–2 cm anterior to level of tip of greater trochanter) and distal anterolateral portal 
(5–7 cm distal to anterolateral portal) are identified. The direction of the instru-
ment and arthroscope can be aligned under fluoroscopic control toward the tip of 
the lesser trochanter (Figure 10). The needle and guidewire are inserted through 
the anterolateral portal with the designed trajectory toward the lesser trochanter. A 
4.5-mm cannulated switching-stick (Smith and Nephew, MA, USA) is inserted then 
changed to a 5.0-mm cannula and an obturator. Blunt dissection using the cannula is 
performed above the lesser trochanter in a superior-inferior direction to create more 
working space anteriorly under fluoroscopic guidance. A 70° arthroscope is inserted 
via this anterolateral portal and the distal anterolateral portal is created as a second 
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Figure 9. 
Endoscopic portals of the left hip in supine position without traction. Left hand is patient’s up and right is the 
legs. AL, anterolateral portal; DAL, distal anterolateral portal; ASIS, anterior superior iliac spine; GT, greater 
trochanter.

Figure 10. 
Demonstration of the direction of the instrument and endoscope under fluoroscopic control in a left, prosthetic 
hip: (A) both instruments aimed toward tip of the lessor trochanter in the convergence direction. (B) and (C)
the endoscope is inserted from the AL portal and the radiofrequency abrasion is inserted from the DAL portal.
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Figure 8. 
Patient positioned for the endoscopic iliopsoas release of the left hip. Supine on the radiolucent traction table. 
The surgical hip is in external rotation, fully stretched in full knee extension that brings the lessor trochanter 
further anteriorly.
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erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), hip X-rays, 
and CT assessment are needed to evaluate possible other causes of hip/groin pain 
in total hip replacement patients. Infection and prosthesis loosening need to be 
ruled out.
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(Maquet, Rastatt, Germany) similar for the patient with an arthroscopic proximal 
release. Both legs and feet are well padded, wrapped with soft cotton and hung to 
the footplate. A large, well-padded perineal post is used to prevent complications 
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hip. Traction of the prosthetic component is not a requirement and the release is 
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the endoscope is inserted from the AL portal and the radiofrequency abrasion is inserted from the DAL portal.
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Figure 11. 
Endoscopic view from the anterolateral portal of the left hip; right is the proximal aspect and left is the distal 
aspect of the proximal femur: (A) and (B) identification of the anterior femoral cortex, iliopsoas bursa  
(IP bursa) and lessor trochanter (LT) using the distal anterolateral working portal; (C) identification of 
the iliopsoas tendon (IP) which attaches to the lessor trochanter; (D) peeled-off iliopsoas tendon from the 
lessor trochanter using radiofrequency; and (E) and (F) lessor trochanter and the surrounding tissue after the 
iliopsoas tendon release.

portal using a needle and guidewire under fluoroscopy. The 4.5-mm, cannulated 
switching stick is inserted through the guidewire under endoscopic control. The 
iliopsoas tendon is identified at the lesser trochanteric insertion then, the radiofre-
quency or an arthroscopic shaver is used via the distal anterolateral portal to remove 
the iliopsoas bursa surrounding the tendon and to obtain adequate visualization of 
the tendon. The iliopsoas tendon is ‘peeled’ from the lesser trochanter using radio-
frequency under direct vision (Figure 11). After completion of the tenotomy, the 
portals are simply sutured, and the wounds are closed in standard fashion.

3.4 Postoperative rehabilitation

Active hip range of motion exercises are allowed immediately following surgery. 
Hip flexion strength may decrease in the first 6–8 weeks and usually returns to 
baseline after 8 weeks. Active hip flexor strengthening exercises are allowed after 
6 weeks postoperative. The patients progress to full weight bearing as soon as 
possible, postoperatively. Return to normal activities is allowed 6–8 weeks after 
surgery.

4. Discussion

An iliopsoas tenotomy has shown good to excellent postoperative outcomes in 
indicated patients with iliopsoas snapping/impingement. The systematic reviews 
of 11 eligible studies (248 patients), level IV studies revealed ‘the resolution of 
snapping’ as seen in 100% of patients who underwent an arthroscopic release 
and 77% of those who underwent open procedures. The complication rates 
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were higher in patients undergoing an open procedure (21%) compared with 
an arthroscopic procedure (2.3%). The analysis of the open procedure; either 
open transection of the iliopsoas tendon at the level of the lesser trochanter (14 
patients) or open tendon lengthening of the iliopsoas tendon (105 patients) has 
shown 27 of 119 patients with recurrence of snapping and 4 of 119 experienced 
snapping with pain, 6 patients needed a second surgical intervention. There was 
an increased prevalence of recurrent snapping with open transection of the ilio-
psoas tendon as compared to patients with iliopsoas tendon lengthening (43% vs. 
20%). The complications of the open procedure are postoperative pain (11–36%) 
and the hip flexion weakness (8–14%). In the arthroscopic group with transec-
tion at the lesser trochanter and transcapsular release, 3 of 37 (8%) patients of 
the group with transection at lesser trochanter reported complications including 
2 cases of ischial bursitis and 1 case of greater trochanteric bursitis. No reported 
complications from the transcapsular release group. No hip flexion weakness was 
reported in the arthroscopic groups. None of the arthroscopically treated patients 
required a second surgical intervention [9].

A study of 25 patients with 2-year follow up following transcapsular release with 
intra-articular procedures in the internal snapping hip with combined pathologies 
revealed 88% of patients with good to excellent results without serious complica-
tions [10]. A comparative case-series with 20 patients, including 6 patients with 
a release at the lesser trochanter level vs. 14 central compartment release patients 
revealed the same favorable results based-on WOMAC scores. Just 1 of 14 patient 
with central compartment release had a recurrence of snapping that required surgi-
cal intervention. No complications were reported in both groups [11].

The iliopsoas release/tenotomy is the treatment option for iliopsoas tendinopathy 
or impingement following a total hip replacement. A systematic review of level IV 
studies in 18 studies (11 case series, 6 case reports and 1 prospective cohort) of 171 
patients who underwent hip arthroscopy after an arthroplasty revealed the pathol-
ogy, including 35.8% of iliopsoas tendinopathy, 24.6% of symptomatic hips with no 
clear diagnosis, 6.4% of periprosthetic infection, and 3.5% of intra-articular loose 
bodies. Almost all patients who underwent hip arthroscopy experienced positive out-
comes from the procedure [12]. A systematic review of 11 studies, 280 hips treated 
for iliopsoas impingement, following a total hip replacement, showed improved 
outcome scores in all three treatment groups including: 1. conservative treatment 
group (54 patients using local injections and physical therapy), 2. Iliopsoas tenotomy 
group (133 patients using either arthroscopic, endoscopic or an open approach), 
and 3. Revision arthroplasty (93 patients by exchange of the acetabular component). 
The tenotomy group reported 5 (3.76%) complications that included 1 patient with a 
13-mm acetabular prominence with continuing groin pain and subsequently needed 
component revision, 1 patient with a heterotrophic ossification, 1 anterior disloca-
tion, 1 compressive hematoma affecting the peroneal nerve, and 1 periprosthetic 
ossification. The revision arthroplasty group reported 18 (19.4%) complications 
including 5 developing trochanteric bursitis, 4 with recurrent groin pain, 2 revision 
surgeries, 2 dislocations, 1 DVT, 1 deep infection, 1 trochanteric nonunion, 1 superfi-
cial wound infection, and 1 disarticulation [13].

A retrospective review of 49 patients [6] who had been treated for iliopsoas 
impingement after a primary total hip arthroplasty with 4 years of mean follow-
up show 50% (10 patients) in the nonoperative group had groin pain resolution 
as compared to 76% (22 patients) in the operative group (p = 0.06). The patients 
with <8 mm of component prominent tenotomy stated 100% resolution of groin 
pain (5 patients) but patients with ≥8 mm of prominent tenotomy led to groin pain 
resolution at only 33% (3 patients). Acetabular revision in patients with ≥8 mm of 
prominence had groin pain resolution in 92% (12 of 13 patients) (p = 0.07). Thus, it 
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Figure 11. 
Endoscopic view from the anterolateral portal of the left hip; right is the proximal aspect and left is the distal 
aspect of the proximal femur: (A) and (B) identification of the anterior femoral cortex, iliopsoas bursa  
(IP bursa) and lessor trochanter (LT) using the distal anterolateral working portal; (C) identification of 
the iliopsoas tendon (IP) which attaches to the lessor trochanter; (D) peeled-off iliopsoas tendon from the 
lessor trochanter using radiofrequency; and (E) and (F) lessor trochanter and the surrounding tissue after the 
iliopsoas tendon release.

portal using a needle and guidewire under fluoroscopy. The 4.5-mm, cannulated 
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is suggested that use of tenotomy in patients with <8 mm of component prominence 
and acetabular revision in patients with ≥8 mm of prominence is indicated.

5. Conclusion

Iliopsoas snapping is one of the causes of hip pain in either, native or prosthetic 
hips. The mainstay treatment is conservative management, especially, in iliopsoas 
stretching. The iliopsoas release is the definite treatment in failed conservative 
patients. Either arthroscopic iliopsoas release from the central/peripheral compart-
ment or, endoscopic iliopsoas release at the lesser trochanter level have shown 
good to excellent results in the postoperative outcomes. Acetabular revision may 
be considered in patients with ≥8 mm of prominence with persistent groin pain 
following a total hip replacement.
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stretching. The iliopsoas release is the definite treatment in failed conservative 
patients. Either arthroscopic iliopsoas release from the central/peripheral compart-
ment or, endoscopic iliopsoas release at the lesser trochanter level have shown 
good to excellent results in the postoperative outcomes. Acetabular revision may 
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The Practice of Computer-
Assisted Planning and Navigation 
for Hip Arthroscopy
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Abstract

Despite significant developments in hip arthroscopic surgery in recent years, 
precise preoperative planning and accurate performance remain challenging. 
Preoperative planning is particularly important in cases of osteochondroplasty 
for cam-type femoroacetabular impingement (FAI), and can be aided by several 
computer-assisted tools, including three-dimensional imaging analysis or kinematic 
analysis. Initially, the exact point of the bony impingement is identified using 
simulation analysis; then, virtual osteochondroplasty is performed. Improvements 
in the range of motion can then be evaluated using computer simulation again. 
In this way, the required area and depth of bone resection can be assessed pre-
operatively. In addition, computed tomography-based navigation assistance can 
be used to complete the osteochondroplasty in accordance with the preoperative 
planning. After surgery, postoperative evaluation provides valuable feedback to 
improve future planning and procedures. In this chapter, we describe the practice of 
computer-assisted planning and navigation for hip arthroscopy.

Keywords: hip arthroscopy, femoroacetabular impingement, computer-assisted 
surgery, navigation

1. Introduction

In the last decade, hip arthroscopic surgery has become widely recognized as an 
effective option for the treatment of femoroacetabular impingement (FAI). In order 
to achieve optimal clinical results, it is essential to correct the bony impingement, 
and therefore, precise osteochondroplasty is one of the most important factors. 
However, it is not possible to predict the impingement point in each case based 
only on radiographic images [1]; and computer simulation modeling is important 
to provide three-dimensional identification. This is the starting point of computer-
assisted hip arthroscopy; thereafter, preoperative planning is conducted by virtual 
osteochondroplasty in a computer model, before transferring to a navigation 
system. Therefore, the computer-assisted tool not only provides surgical assistance, 
but also supports the preoperative planning. The real value of the computer naviga-
tion system lies in the ability to undertake precise preoperative planning, and it is 
difficult to achieve precise and reliable surgical results without computer naviga-
tion. After surgery, the area of impingement can be re-evaluated using postopera-
tive computed tomography (CT) data. Furthermore, it is possible to validate the 
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Figure 2. 
Identification of the impingement point by computer simulation. Impingement simulation with 90° flexion and 
maximum internal rotation is conducted. The impingement point is identified in the three-dimensional femur 
model and axial image (arrow).

mechanical bone strength after osteochondroplasty using finite element analysis. 
These postoperative evaluations provide important feedback for future cases, as 
illustrated in Figure 1.

2. Identification of impingement points

The distribution of impingement points in cam lesions is dependent on the 
morphology in each femoral head-neck junction, as well as acetabular morphology, 
such as dysplasia [2]. Bone-to-bone impingement occurs during the dynamic phase 
of hip motion, such as flexion and internal rotation. Therefore, it is not possible to 
identify the impingement point by radiograph only. Computer modeling based on 
CT data allows the identification of the exact impingement point in each lower limb 
position. As a representative position for anterior impingement, maximum internal 
rotation at a 90° flexion is preferred for impingement simulation (Figure 2). The 
ZedHip (Lexi, Tokyo) system is used for the computer simulation analysis. It is 
important to note that the impingement point is dependent on the hip position 
setting, i.e., flexion angle or additional adduction of the hip. The position setting is 

Figure 1. 
Flow of computer-assisted hip arthroscopy for FAI.
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variable, and it is difficult to define the optimal setting, which is one of the limita-
tions of this approach, as discussed later in this chapter.

In a previous study by Oishi et al. [3], impingement simulation was applied 
and compared with the abnormal uptake point by positron emission tomography. 
This study showed that impingement may occur more frequently at <90° flexion 
in patients with FAI syndrome with cam morphology. In addition, the range of hip 
motion in daily life is activity-dependent. Therefore, further evaluation is required 
to establish the appropriate hip position setting for impingement simulation 
representing the variety of hip positions during different activities associated with 
daily life.

3.  Virtual osteochondroplasty and assessment of improved range  
of motion

The next step in the preoperative planning process is computerized “virtual 
osteochondroplasty” (Figure 3). The bony region is deleted in the editing mode 
of the ZedHip software with the central focus on the impingement point. It is 
important to delete the bony region smoothly, rather than creating a notch, as it is 
with the actual osteochondroplasty. Flexion angle at 70 or 45° should be added as a 
simulation condition. It should be noted that virtual osteochondroplasty should be 
performed using the same assumptions as actual surgery, i.e., excessive osteochon-
droplasty should be avoided to maintain bone strength. A previous study using an 
animal model of mechanical testing and finite element analysis revealed that up to 
36% of the femoral neck diameter could be safely resected during simulated osteo-
chondroplasty [4]. By contrast, residual cam deformity is one of the most important 
risk factors for revision surgery [5]. It is, therefore, important to pay close attention 
to the trade-off between bone strength and the risk of residual deformity.

After deleting the impinging bony region during virtual osteochondroplasty, a 
bone model is reconstructed. Using this model, the range of motion can be re-eval-
uated and compared with the situation prior to virtual osteochondroplasty. It is dif-
ficult to judge the improvement in maximum internal rotation angle; however, we 
suggest that the threshold is set at 10°. Therefore, virtual osteochondroplasty should 
be performed until an improvement of more than 10° is confirmed. Kubota et al. 
evaluated the improvement of range of motion after virtual osteochondroplasty, 
comparing FAI and borderline dysplasia cases [6]. Figure 4 shows the difference 
in improvement between cam-type FAI and borderline dysplasia with or without 

Figure 3. 
Virtual osteochondroplasty in preoperative planning. With the central focus on the impingement point, 
osteochondroplasty is performed in the computer simulation model. The purple colored area shows the post-
resected bone region; bone resection must be conducted smoothly to avoid creating a notch (arrows).
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Figure 2. 
Identification of the impingement point by computer simulation. Impingement simulation with 90° flexion and 
maximum internal rotation is conducted. The impingement point is identified in the three-dimensional femur 
model and axial image (arrow).
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Figure 3. 
Virtual osteochondroplasty in preoperative planning. With the central focus on the impingement point, 
osteochondroplasty is performed in the computer simulation model. The purple colored area shows the post-
resected bone region; bone resection must be conducted smoothly to avoid creating a notch (arrows).
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cam morphology [6], demonstrating that the improvement in the range of motion 
is dependent on the extent of bone resection. An interesting clinical implication 
in this study is that borderline dysplasia with cam morphology showed the most 
significant improvement by virtual osteochondroplasty. Therefore, even in cases of 
borderline dysplasia, the co-existence of cam morphology should be considered.

4. Computer navigation-assisted arthroscopic osteochondroplasty

The planning data are transferred directly to a CT-based navigation system 
(Orthomap 3D; Stryker, Kalamazoo, MI). The technical details of computer navi-
gation-assisted arthroscopic surgery have been published previously [7]. The most 
important and challenging aspect is point-to-point matching under fluoroscopic 
guidance (Figure 5). After matching five or six landmark points, surface matching 
of 40–50 points is performed. It is important to add several distal femur points to 
ensure accurate registration, and to add points from as large an area as possible. The 
final mean deviation error after registration must be <1 mm. After registration, an 
instrument tracker device is attached to the abrader burr. The tracker device must 
be fixed securely to the abrader burr, as any loosening of the device will result in 
variance in the navigation. Computer navigation-assisted osteochondroplasty is 
then initiated, during which time fluoroscopic guidance is not required.

The most notable advantage of navigation assistance is that it provides informa-
tion on the actual depth and range of the resected area in real-time, seen as the tip 
of abrader burr (Figure 6). In addition, the planned resection area can also be seen 
as a red zone. It is, therefore, possible to accurately resect a cam lesion, without 
deficiency or excess. Using a pointer device, the resected region can be reliably 

Figure 4. 
Improvement in the internal rotation angle after each type of resection. The mean improvement in the internal 
rotation angle in the DDH with cam group after slight resection was significantly greater than that in the 
DDH without cam group (P = 0.046), as was that after sufficient resection (P = 0.002). The improvement 
in the cam-FAI group was significantly greater than that in the DDH without cam group (P = 0.043). DDH: 
developmental dysplasia of the hip.
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verified (Figure 7). Occasionally, it may be necessary to use pincer resection. In 
these cases, it is also possible to plan the pincer resection and to use navigation 
assistance once pelvic registration has been completed (Figure 8). Particularly in 
pincer resection, it is difficult to identify the acetabular rim three-dimensionally 
by fluoroscopy, while navigation assistance can clearly identify the actual point on 
acetabula rim. Thus, the navigation assistance may contribute to the reduction of 
operative time during lower limb traction. This is important in terms of reducing 
the complication such as neurological disturbance caused by perineal post.

Figure 5. 
Point matching under fluoroscopic guidance (A) and surface matching (B) during navigation system 
registration. Point matching is performed under fluoroscopic guidance for 5–6 landmark points (A). Thereafter, 
surface matching is performed without fluoroscopic guidance for 40–50 points, including on the distal femur 
(arrow) (B).

Figure 6. 
Navigation assistance during osteochondroplasty. The center of the cross (arrow) indicates the tip of the abrader 
burr located in the planned resection area (red area).
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5. Postoperative evaluation

Postoperative evaluation is also possible and provides useful clinical feedback. 
Improvement in the maximum internal rotation angle indicates a release from the 
bony impingement. Ross et al. also adopted computer simulation analysis to evalu-
ate the three-dimensional morphology of hips with residual symptoms prior to 
revision FAI surgery [5].

Another application of postoperative evaluation after osteochondroplasty 
is the assessment of mechanical bone strength by finite element analysis. This 
approach was used by Oba et al. to calculate changes in simulated fracture load 
between pre- and postoperative femur models in a clinical study of postoperative 

Figure 7. 
Verification of resected area and depth using a pointer device. The pointer device indicates the distal margin of 
the resected area from the anterolateral portal view with the pointer via the mid-anterior portal (A), which 
is also identified by the computer navigation monitor (B). The lateral margin of the resected area is clearly 
verified from the mid-anterior portal view with the pointer via the anterolateral portal (C, D).

Figure 8. 
Navigation assistance for pincer resection. The purple colored area shows the planned resection for a pincer 
lesion. The center of the cross indicates the tip of the abrader burr.
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FAI subjects [8]. The results suggested that the bone resection depth measured at 
the head-neck junction and transcervical reference plane correlates with fracture 
risk after osteochondroplasty. By contrast, bone resection at more proximal areas 
did not have a significant influence on the postoperative femur model strength [8]. 
Similarly, Alonso-Rasgado et al. concluded that resection depth should be kept to 
<10 mm or 1/3 of the diameter of the neck based on their finite element study [9]. 
These clinical implications provide valuable feedback to improve the preoperative 
planning of future cases (Figure 1).

6. Limitations and future prospects

There are several important limitations in the methodology of computer simula-
tion. First, the bone model used in the simulation does not assess factors related 
to the soft tissue, including the labrum. Therefore, impingement simulation that 
includes consideration of the soft tissues may be required. Secondly, the simulation 
conditions, i.e., the variation of flexion angle, have not yet been fully established. 
In addition, the influence of pelvic tilt must be considered, as dynamic changes 
significantly influence the impingement location and simulated range of motion 
[10]. Currently, we use the functional pelvic plane as the reference plane; however, 
pelvic tilt would certainly be influenced by interventions, such as rehabilitation or 
surgery [11].

7. Conclusion

A summary of the preoperative assessment, planning, and navigation for 
arthroscopic FAI surgery using computer-assisted technology is presented. Each 
step of computer-assisted technology is mutually related, and it is important to 
comprehend this technology as a sequential flow. Although there are several limita-
tions that need to be addressed, the notable benefits can contribute to the successful 
treatment of FAI.
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Chapter 5

Patient-Report Outcome Measures 
for Ankle-Related Functionality
Tarcísio Santos Moreira

Abstract

A patient’s subjective perception about his/her own functional status and also 
about health-related quality of life represents a challenge both for clinicians and 
researches, particularly in the field of rehabilitation. Clinicians often overlook the 
functional limitations and disability experienced by patients. Because functional 
limitations and disability are most important to the patient, it is essential that clini-
cians quantify dysfunction at this level. Client-based assessment instruments, like 
questionnaires, are tools suitable for comprising the domains of activity and social 
participation and are often the selected instrument for the assessment of health-
related quality of life. In this chapter, the main aspects of such outcome measures 
are discussed in order to help clinicians and researchers in the selection of appropri-
ate assessment tools in their daily practice.

Keywords: self-report measures, psychometric analysis, ankle/foot disorders,  
item response theory, Rasch model

1. Introduction

The main purpose of this chapter is to present a clinical and scientific perspec-
tive of the applicability of self-report outcome measures on the assessment of 
rehabilitation intervention designed to treat ankle/foot disorders. Some aspects 
about the development of these clinical tools will be briefly discussed in order to 
offer clinicians and scientists some criteria to better select an appropriate mea-
sure for a given clinical goal. In addition, a presentation is given of how the item 
response theory (IRT), by using Rasch analysis, can be used to assess such clinical 
measurement tools and to enrich rehabilitation data concerning clinical interven-
tion effectiveness.

2.  Patient-based outcome measures: the importance of quantifying 
patient’s perspectives about health treatments

Throughout the history of orthopedic field, the main focus of clinical relevant 
outcome measures used to be those related to body structure and function, quantify-
ing movement restrictions, such as range of motion or functional impairments like 
muscle strength. By this point of view, treatment goals and definitions of successful 
interventions captured mainly what is direct important for the healthcare profes-
sional rather than for the patient. However, what is crucial and naturally under-
standable for patients is functionality and disability, which brings a clear necessity 
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to measure dysfunction at this level. Furthermore, the International Classification of 
Functionality (ICF) proposed by the World Health Organization (WHO) suggests 
that health issues should be considered by taking into account individual function, 
activity, and social participation. The impact that injuries, illnesses, and any other 
harm might have upon health, especially over functionality and quality of life, must 
be considered in a context of clinical evaluation in the health area.

Usually, ankle dysfunctions require the involvement of a wide variety of health-
care professionals in order to achieve excellence in recovery and functionality. This 
is particularly true when the treatment plan includes surgery, medications, rehabili-
tation program, and many other interventions carried out by different profession-
als. Multidisciplinary healthcare thus requires instruments that work across distinct 
disciplines in a sense of combining them and unifying perspectives.

The health team may have priorities that can diverge from patient-specific needs 
or beliefs. This may happen often because both look for a health condition from 
different backgrounds and starting points and this communication noise may lead 
to inappropriate treatment plan and can decrease patient’s compliance.

Focusing on the patient, who is most interested in full recovering of his/her 
health, quantifying subjective perception of functional status as well as health-
related quality of life represents a challenge both for clinicians and researches, 
particularly in the field of rehabilitation. A patient-centered or also called client-
based assessment tool is needed and should meet the clinical needs of both the 
patient and the healthcare team, in such a way that it must be practical and accepted 
by everyone involved in a treatment context [1–17].

Client-based assessment instruments, like questionnaires, are tools suitable 
to comprise the domains of activity and social participation being commonly the 
selected instrument for the assessment of health-related quality of life. They have 
the ultimate goal of transforming subjective measures into objective data that can 
be quantified and analyzed. Self-report questionnaires are useful both for clinical 
and scientific research purposes once they combine efficiency, reliability, and low 
cost and, at the same time, meeting the necessity to quantify patient-centered clini-
cal outcome measures.

3. Practical scenario: clinical use of self-report assessment tools

Every clinical outcome measure may have five goals in order to be useful in 
a clinical-based scenario. The acronym that exemplifies this feature is known as 
SMART goals and can be visualized in Figure 1.

3.1 Target population and purpose of the measurement tool

One way to classify questionnaires and functional scales is by their assessment 
application (see Figure 2). In this case, they can be categorized as being generic or 
specific. Generic questionnaires measure overall health, within biopsychosocial 
approach, and are intended to be applicable across a wide spectrum of diseases, 
interventions, demographic, and cultural subgroups. The most famous and used 
instrument that encompasses this properties is the 36-item short-form health 
survey (SF-36), which measure health-related quality of life in two main domains 
of mental and physical health. On the other hand, disease-specific measures aim to 
assess the most important traits usually affected by a condition of interest and that 
can be used to determine clinical improvement or deterioration. The foot and ankle 
outcome score (FAOS) and the American Orthopedic Foot and Ankle Society ankle-
hindfoot scale (AOFAS) are both examples of condition-specific measures.
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Another form in which self-report tools can be organized is in relation to the 
clinical function (see Figure 2). Within this context, they can be discriminative or 
evaluative instruments. The selection of one type over the other depends on the 
desired use of the instrument. Discriminative instruments, such as the Cumberland 
ankle instability tool (CAIT), can be used to identify individuals with a particular 
disorder, in this case, chronic ankle instability. Evaluative instruments are devel-
oped to follow up and measure an individual’s change, thus assessing the effective-
ness and outcome of treatment. The foot and ankle ability measure (FAAM) and 
lower extremity functional scale (LEFS) are examples of evaluative instruments. 
Information acquired from an evaluative instrument is useful only if evidence is 
available to support the interpretation of scores obtained in the specific population 
in which the instrument is intended to be used.

Figure 1. 
SMART goals for a clinical assessment tool.

Figure 2. 
Questionnaires and functional scale classification schema.
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3.2 Practicality and feasibility

The main factors when considering practicality are the following:

1. The time expended to self-answer or to administer the questionnaire

2. The necessity of formal training or prior experience

3. Special or specific set up

4. Scoring method and use of electronic devices or software

Although patients may appear to have time to complete self-report measures in 
the waiting room before being seen for therapy, lengthy or numerous self-report 
forms may interfere with patient care. Some people may fatigue while completing 
self-report forms, and this fatigue could influence their responses. When selecting a 
self-report instrument, clinicians should pay attention on the time needed to fulfill 
the questionnaire. Usually, the authors report this time in scientific publications or 
in user’s manual, when applicable. For a self-administered questionnaire, ideally no 
more than 10 min should be needed to answer all items.

Another important point to consider is the form of test administration. Some 
self-report questionnaires, especially translated versions, may require a structured 
interview for a proper measurement reliability. Although this procedure is likely 
to increase the time needed to fill in the questionnaire, it is essential to achieve 
an acceptable level of accuracy in measurement. Instructions for taking a test are 
sometimes not sufficient, and special training and experience may be necessary. 
Usually, there is no need for special training, but test familiarization and reading 
the user’s guide, when applicable and suggested by the test developers, may be 
helpful. A great advantage of self-report measures is that no equipment or specific 
setups, and no professional or support staff are needed to help with the tests.

A strong point for a clinician is the importance of immediate feedback and inter-
pretation of test result. Consequently, a scoring method that can be done manually 
without any software or computer assistance is desirable. It is common practice for a 
test’s score to be attained by just summing up the individual items score and then trans-
forming this result into a percentage. It is important to know the correct interpretation 
of this value, whether 100% means full function or the worst score for functionality.

Some instruments result in a single composite score or in a composite score and 
subscale scores for components of the item being measured. A single composite 
score can be desirable for communicating findings to others and for identifying 
people who are at risk for chronic ankle instability, for example. A composite 
score can be useful for discriminative instruments once a single cutoff score is an 
important clinical information for a diagnosis process. However, a single composite 
score may not represent a comprehensive analysis about physical function or ankle-
related functionality for a specific task or domain. Subscale scores for components 
of physical function, like activities of daily living or sport related tasks, may be 
more useful for planning intervention and monitoring outcomes.

4. Psychometric properties

In order to ascertain that a questionnaire has proper methodological qual-
ity, information about its psychometric properties must be available. Ideally, 
although potentially time-consuming, information about the development of the 
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questionnaire can sometimes be useful for a better comprehension about target 
population and/or medical conditions. Some author’s suggest eight criteria that 
should be taken into account when assessing the quality of such outcome measures. 
These include (1) conceptual and measurement model; (2) content and construct 
validity; (3) reliability; (4) responsiveness; (5) floor and ceiling effects; (6) 
internal consistency; (7) feasibility to answer, administer, and interpret; and (8) 
cultural and language adaptations (translations). Reference values for each of these 
variables have also been suggested aiming to help clinicians and researchers in the 
selection and use of the clinical assessment tool that bests suits their necessity.

For the purposes of this chapter, four basic variables will be addressed in detail. 
They contain the minimum information needed to select and use a self-report ques-
tionnaire. They are validity, reliability, internal consistency, and responsiveness.

4.1 Validity

Content validity examines the extent to which the concepts of interest are 
comprehensively represented by the items in the questionnaire. It is very important 
to know about the following aspects regarding the development of a questionnaire 
for an appropriate judgment of content validity:

• Measurement aim of the questionnaire: it can be discriminative, evaluative, 
or predictive. Different items may be valid for different aims.

• Target population: it indicates whether the items were at the appropriate level 
of difficulty for the sample or the population for which the questionnaire was 
developed. If a questionnaire is intended to measure the functional status of 
patients with ankle/foot disorders, it is expected that items like standing on tiptoes 
should be much more relevant for such group than it would be for patients with 
knee problems. Nevertheless item’s appropriateness, also the item’s difficulty 
level, is another issue to be considered. Different populations demand different 
outcome measures. Ankle-related functionality of volleyball professional play-
ers, for example, requires items that measure function in a higher level of ability, 
with more challenging functional tasks, such as jumping and landing. In sum, a 
detailed description of the target population is crucial for judging the compre-
hensiveness and the applicability of the questionnaire for a given population.

• Concepts: for what the questionnaire was developed to measure. Clinicians 
must be aware about the relevant concepts that a questionnaire is able to 
measure. Quality of life, functionality, and symptoms are examples of differ-
ent concepts a questionnaire may assess. These different outcome levels should 
clearly be distinguished and measured by separate subscales. Self-report 
instruments measures at the level of individual’s capacity, that is, what he/she 
thinks they are able to do. Functional scales usually assess individual’s perfor-
mance, which is what he/she actually can do.

• Item selection and item reduction: a thorough list of potential items relating 
to symptoms, signs, and limitations can be gathered from literature review and 
input from expert clinicians (in the case of ankle-related functionality, from 
physicians, surgeons, and physical therapists) who treat individuals with foot 
and ankle-related disorders. Another important source of information is individ-
uals with musculoskeletal pathologies within this scope. A common procedure is 
ask for all these people to rate each potential item from −2 (not important) to +2 
(very important), and after that, reject all items with a score below +1.
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internal consistency; (7) feasibility to answer, administer, and interpret; and (8) 
cultural and language adaptations (translations). Reference values for each of these 
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For the purposes of this chapter, four basic variables will be addressed in detail. 
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Content validity examines the extent to which the concepts of interest are 
comprehensively represented by the items in the questionnaire. It is very important 
to know about the following aspects regarding the development of a questionnaire 
for an appropriate judgment of content validity:
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patients with ankle/foot disorders, it is expected that items like standing on tiptoes 
should be much more relevant for such group than it would be for patients with 
knee problems. Nevertheless item’s appropriateness, also the item’s difficulty 
level, is another issue to be considered. Different populations demand different 
outcome measures. Ankle-related functionality of volleyball professional play-
ers, for example, requires items that measure function in a higher level of ability, 
with more challenging functional tasks, such as jumping and landing. In sum, a 
detailed description of the target population is crucial for judging the compre-
hensiveness and the applicability of the questionnaire for a given population.

• Concepts: for what the questionnaire was developed to measure. Clinicians 
must be aware about the relevant concepts that a questionnaire is able to 
measure. Quality of life, functionality, and symptoms are examples of differ-
ent concepts a questionnaire may assess. These different outcome levels should 
clearly be distinguished and measured by separate subscales. Self-report 
instruments measures at the level of individual’s capacity, that is, what he/she 
thinks they are able to do. Functional scales usually assess individual’s perfor-
mance, which is what he/she actually can do.

• Item selection and item reduction: a thorough list of potential items relating 
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• Interpretability of the items: completing the questionnaire should not require 
reading skills beyond that of a 12-year-old to avoid missing values and unreli-
able answers. To meet this recommendation, items should be as short as pos-
sible and, written with friendly vocabulary, understandable for a layperson out 
of health area. Another two points are direct questions, one attribute at a time, 
and direct reference about the time frame to which the questionnaire refers to.

Evidence for construct validity includes how the scores on the instrument relate 
to other measures of the construct, in a manner that is consistent with theoretically 
derived hypotheses concerning the concepts that are being measured. Construct 
validity should be assessed by testing predefined hypotheses. When testing 
expected correlations between measures, this can be called convergent validity 
or divergent validity when dealing with expected differences in scores between 
“known” groups.

Similar to construct validity is the criterion validity, which refers to the extent 
to which scores on a particular instrument relate to a gold standard. In a situation 
where there is no gold standard test or, at least, a well-established measurement 
tool for a given clinical condition, the analysis of criterion validity can become quite 
challenging. In these cases, face validity can be achieved by the process of item 
selection and item reduction. This indicates whether a measure appears to have 
been designed to measure what it is supposed to measure, in case, ankle-related 
functionality. Face validity, while contributing to the validity of the data obtained 
with a measure, is not represented by the outcome of a statistical test but by the 
judgment of the tester to make sure the measure has been used under similar condi-
tions of measurement.

Evidence of validity is the first step when choosing an instrument to assess and 
interpret the effect of pathology and subsequent impairment on physical function, 
as well as to compare clinical intervention effectiveness.

4.2 Reliability

Reliability relates to score stability, and it concerns the degree to which patients 
can be distinguished from each other, despite measurement error. Reliability coef-
ficients such intra-class correlation coefficient (ICC) take into account three sources 
of variation, that is:

• The variation among individuals, also known as interindividual variation

• The personal variation, which is the same as intraindividual variation

• At last, a variation that combines those previous mentioned, which is the error 
attributed to the measurement itself (measurement error)

Index like ICC is used for continuous measures and is expressed as a ration 
between 0 (low reliability) and 1 (high reliability). High reliability is particularly 
important for discriminative purposes because the difference observed in a measure 
should be a perfect reflection of a real change and not overlapped or shadowed by 
any sources of error.

Authors and test developers should provide clear information about which 
reliability measure they have used; if ICC is the case, the two-way random effect 
model is the best option for the far majority of cases. Pearson correlation coefficient 
is inadequate, because systematic differences are not considered. The correspondent 
of ICC for ordinal measures is the weighted Cohen’s kappa coefficient, which is so 
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the preferred option for such variables. In groups or samples with 50 subjects or 
above, the value of 0.70 is the minimum recommendation for both indexes.

4.3 Internal consistency

When adding up items with the purpose to measure, a construct is very important 
to know if those items are well correlated with each other and with the total score 
generated by them. In other words, it is highly desirable to know if the instrument is 
homogenous or unidimensional and so if the questionnaire as a whole measure the 
same concept or construct. This measure of unidimensionality is the internal consis-
tency and is quite presumable that it should be as high or as good as possible.

There are many ways to measure internal consistency. Usually they complement 
each other in the process of measuring unidimensionality. The principal component 
analysis or the factor analysis is both very good ways to determine whether the items 
form only one overall dimension or not. Also confirmatory or exploratory analysis, 
when applicable, is useful to determine if a given group of items measure one same 
construct, and therefore are grouped in one scale, or if it would be better to join the 
items in two or more subscales. The Rasch model is also a way to measure internal 
consistency by using the fit statistics, which is used to assess unidimensionality, and 
can be simply explained as a ratio between the observed response and the response 
predicted by the model. This analysis is also important for evidence of construct 
validity, which will be better explained in the proper section ahead in this chapter.

Once the scale(s) is(are) defined, then the Cronbach’s alpha is the appropriate 
measure of choice. Here we have two possible situations:

• A very low Cronbach’s alpha indicates that there is no reason to group the items 
together in a same scale or questionnaire, because there are not well correlated 
with each other

• On the other hand, a very high Cronbach’s alpha suggests that maybe there are 
redundant items, which means that they measure almost the same attribute of 
functionality. When this happens it is valuable to judge if one or more items 
could be removed from the questionnaire.

Cronbach’s alpha should be interpreted with caution when applied to question-
naires with too many items, approximately more than 20 items. In these cases, the 
index is usually very high, because Cronbach’s alpha is dependent upon the number 
of items in a scale. The reference value for adequate internal consistency when using 
the Cronbach’s alpha range between 0.70 and 0.95.

4.4 Responsiveness

A large number of definitions and methods have been proposed for assessing 
responsiveness. A very good comprehensive definition for responsiveness is the 
ability of the instrument to detect clinically important changes in an individual’s 
status over time even when these changes are small. This ability is the accuracy of 
the instrument that must be able to differentiate clinical observed changes from 
measurement error. Even though an instrument can capture very small changes, 
what really matters is to know if a change is clinically relevant. The Guyatt’s 
responsiveness ratio (RR) does precisely this comparison by relating the variability 
found within the subject with between the subjects. The reference value for RR is 
1.96 because this happens when the minimal important change equals the smallest 
detectable change.
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the preferred option for such variables. In groups or samples with 50 subjects or 
above, the value of 0.70 is the minimum recommendation for both indexes.
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When adding up items with the purpose to measure, a construct is very important 
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generated by them. In other words, it is highly desirable to know if the instrument is 
homogenous or unidimensional and so if the questionnaire as a whole measure the 
same concept or construct. This measure of unidimensionality is the internal consis-
tency and is quite presumable that it should be as high or as good as possible.

There are many ways to measure internal consistency. Usually they complement 
each other in the process of measuring unidimensionality. The principal component 
analysis or the factor analysis is both very good ways to determine whether the items 
form only one overall dimension or not. Also confirmatory or exploratory analysis, 
when applicable, is useful to determine if a given group of items measure one same 
construct, and therefore are grouped in one scale, or if it would be better to join the 
items in two or more subscales. The Rasch model is also a way to measure internal 
consistency by using the fit statistics, which is used to assess unidimensionality, and 
can be simply explained as a ratio between the observed response and the response 
predicted by the model. This analysis is also important for evidence of construct 
validity, which will be better explained in the proper section ahead in this chapter.

Once the scale(s) is(are) defined, then the Cronbach’s alpha is the appropriate 
measure of choice. Here we have two possible situations:

• A very low Cronbach’s alpha indicates that there is no reason to group the items 
together in a same scale or questionnaire, because there are not well correlated 
with each other

• On the other hand, a very high Cronbach’s alpha suggests that maybe there are 
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of items in a scale. The reference value for adequate internal consistency when using 
the Cronbach’s alpha range between 0.70 and 0.95.
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the instrument that must be able to differentiate clinical observed changes from 
measurement error. Even though an instrument can capture very small changes, 
what really matters is to know if a change is clinically relevant. The Guyatt’s 
responsiveness ratio (RR) does precisely this comparison by relating the variability 
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Another adequate and common measure of responsiveness is the area under the 
receiver-operating characteristics (ROC) curve. It is very useful to define cutoff 
scores for discriminative purposes and to define injury severity. The reference value 
for the area under the curve is at least 0.70.

One point that impact negatively on responsiveness is the presence of floor or 
ceiling effects. They are considered to be present when more than 15% of respon-
dents achieved the lowest or highest possible score. Thus, the responsiveness is 
limited because changes cannot be measured in these patients nor is it possible to 
distinguish one from another, which compromises reliability.

Limitations in measurements, such as ceiling or floor effects, can usually be 
avoided by selecting measures that have been demonstrated to provide meaningful 
information about people who are similar to those being measured. In other words, 
the target population of each measurement tool must be considered by matching 
the sample, e.g., patients with the appropriate questionnaire or functional scale.

5.  “Traditional statistics” and item response theory (Rasch and factor 
analysis)

The Rasch model and the factor analysis constitute two ways of assessing 
psychometric properties of an instrument and can be, and frequently are, used 
in functional scales development. These two statistical procedures have the same 
theoretical model, which is the item response theory. The basic concept behind IRT 
is that the probability of choosing a response for each item is a function of both the 
subject’s or patient’s ability and the difficulty level of each item.

When applying the concepts of IRT to psychometric properties analysis, it is 
possible to obtain more detailed information about validity, accuracy, and targeting 
that helps understanding the clinical meaning of a self-report instrument. It goes 
beyond just looking at the final score of a questionnaire or at cutoff scores. This 
closer look at outcome measures like functional scales adds information to those 
obtained by traditional statistical tests, e.g., Cronbach alpha or ICC. IRT not only 
improves the methodological quality when elaborating new instruments but gives 
clearly insights into effects of intervention as well, whether comparing groups or 
the subject longitudinally.

Rasch analysis can be applied to examine instruments or assessment scales 
applicable in wide spectrum of disciplines, including studies in health area, educa-
tion, marketing, economy, and social sciences. In the majority of evaluations, a 
well-defined group is selected to answer a series of predefined items. The Rasch 
model offers a mathematical theoretical reference by which researches that elabo-
rate instruments are able to create comparable measures. The main point behind 
this model is the concept of unidimensionality, which can be summarized by the 
idea that useful clinical measures involve the analysis of only one human attribute 
at the time. In other words, it implies that the instrument measures a single latent 
ability. Taking a self-report questionnaire as an example, this would mean the items 
are organized according to their difficulty level and are placed in a single linear 
hierarchic scale.

The Rasch model transforms ordinal scales into interval measures. This process 
allows us to calibrate item difficulty and subject’s ability in a same linear continuum, 
which is divided into equal intervals or logits. The logits is defined by items and 
works similarly as a ruler on which individuals are organized accordingly to their 
level of ability. The probabilistic model of Rasch analysis can be defined by the 
following formula:

 Pni  (x = 1)   =   f (Bn − Di)  
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where P is the probability of an “n” individual to succeed on a given event “i” 
in any trial. This probability equals to the mathematical function f of the sub-
traction from the “n” individual’s ability “B” in relation to the “i” item’s difficulty 
level “D.” This probability can be extrapolated for multilevel items, i.e., for 
non-dichotomous responses. As a result of this procedure under IRT concepts, 
an item characteristic curve can be drawn, which represents the probability of 
choosing a response for each item based on the subject’s or patient’s ability. A 
typical item characteristic curve is defined by two properties: item’s difficulty 
and item’s discrimination power. Taking back the ruler analogy cited above, the 
difficulty of an item functions as a location index that is where in the continuum 
of ability the item works better. Hard items function with high-ability individu-
als as well as easy items do the same with low-ability subjects. By discrimination 
power, it means how well an item can separate individuals whose abilities are 
below or above the item location. Graphically, this property appears as the 
steepness of the item characteristic curve and can be interpreted as the steeper 
the greater the discrimination power. A flat curve means that the probability of a 
right answer is nearly the same with low or high levels of ability. It is worthwhile 
to stress out that this two properties only describe the form of item characteristic 
curve, and consequently how well an item function, but it cannot be used as 
a proof of item validity. Applying these concepts for multilevel item, Likert-
like scale, for example, each answer possibility would have its own curve with 
distinct peaks. All the curves together should measure the spectrum of ability 
measured by the item.

If all items meet this probabilistic expectation, it is possible to state that the 
questionnaire, as a whole, assesses an unidimensional construct. This probabilistic 
framework constitutes the basis of Rasch model and thereby makes it possible to 
organize items by their difficulty level as well as by the patients’ ability level, both 
based on the observed answering pattern.

Questionnaires should be responsive to changes in the status of the patient 
across the spectrum of ability. Another benefit of IRT is that it provides the amount 
of information that each item contributes at varying levels of ability. Easy items 
should provide information among low-ability levels examinees, and conversely, 
hard items that describe difficult tasks give information among high-ability exam-
inees. The questionnaire final score is, therefore, the sum of all these information 
collected by each item, and the accuracy of it is directly proportional to the amount 
of information provided. The target of an evaluative instrument is to provide infor-
mation across all ability ranges. Therefore, such an appropriate evaluative question-
naire should contain items that assess an individual’s ability to perform activities 
that span from easy to more challenging ones.

The results of an item characteristic curve are valuable only when the following 
requirements are met:

1. Unidimensionality

a. The questionnaire measures a single latent trait.

2. Local independence

a. The answer for each item is independent from another item.

3. No time constraints

a. Should be no time limit or restriction when answering the test.
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4. No guessing as an answer

a. A correct answer may not due to guessing but reflect the person’s ability.

This implies that only one latent ability accounts for the individual’s response for 
each of the items contained on the instrument, which is exactly the unidimension-
ality mentioned throughout this section. Both factor analysis and the Rasch model 
can ascertain this aspect of construct validity. Those items that did not fit to the 
model should be revised or eliminated accordingly with scale’s goals.

6. Questionnaires and functional scales

Measures should be chosen based on whether they have been designed for and 
have been used with people similar to the people to be measured. For example, to 
assess an elite athlete’s functionality after an ankle sprain, sport subscale of the 
foot and ankle ability measure questionnaire should provide more clinical useful 
information than the whole lower extremity functional scale (LEFS). This is not 
because one instrument is better than the other is, but because it is a better instru-
ment selection to the target population or the right patient.

The next section shows four self-report questionnaires that are currently available 
for measuring ankle-related functionality. Some systematic reviews report that these 
instruments have very good psychometric properties and are quite useful for clinical 
scenarios as well as for research contexts. A brief overview for each of them is provided. 
For full information, we suggest to read the original studies about their development.

6.1 Lower extremity functional scale

The LEFS is a measure of activity limitation developed for musculoskeletal con-
ditions of the lower extremity. On this scale, participants rate the difficulty in per-
forming 20 activities of the lower extremity on a 5-point Likert scale, rating grade 
0, meaning “extreme difficulty or unable to perform activity,” to grade 4, meaning 
“no difficulty”. The responses are summed to give a score ranging from 0 to 80, with 
0 indicating high functional limitation and 80 indicating low functional restriction. 
LEFS was tested in a heterogeneous population with different lower limb conditions 
and was found to have high internal consistency (.96) and high test-retest reliability 
(r = .86) and correlated well with the physical function subscale and the physical 
component summary scores of the medical outcomes study 36-item short-form 
health survey (r = .80 and .64, respectively).

6.2 Foot and ankle ability measure

The FAAM is composed of two subscales named activities of daily living (ADL) 
and sports subscale, respectively. ADL subscale has 21 items and the sports subscale 
8 items. Each item is scored on a 5-point Likert scale anchored by 4 (no difficulty at 
all) and 0 (unable to do). Item score totals, which range from 0 to 84 for the ADL 
subscale and from 0 to 32 for the sports subscale, are transformed to percentage 
scores. A higher score represents a higher level of function for each subscale.

6.3 Foot and ankle outcome score

The FAOS is a 42-item questionnaire divided into 5 subscales: “pain” (9 items), 
“other symptoms” (7 items), “activities of daily living” (17 items), “sport and 
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recreation function” (5 items), and “foot- and ankle-related quality of life” (4 
items). Each question can be scored on a 5-point Likert scale (from zero to four) 
and each of the five subscale scores is calculated as the sum of the items included. 
Raw scores are then transformed to a 0 to 100, worst to best score.

6.4 Cumberland ankle instability tool

The CAIT is a nine-item questionnaire designed to be a discriminative instru-
ment of chronic ankle instability. The questionnaire is structured so that the feeling 
of instability is reported for different types of activities such as running, walking, 
hopping, and descending stairs. The nine items generate a total score from 0 to 30 
for each foot, in which 0 is the worst possible score, meaning severe instability, and 
30 is the best possible score, meaning normal stability. The CAIT is a reliable (ICC 
0.96) instrument that can discriminate stable from unstable ankles and measure the 
severity of functional ankle instability.

Table 1 summarizes the main psychometric properties of each instruments 
reported above.

LEFS FAAM FAOS CAIT

Validity 92% of variance 
explained at baseline
Concurrent validity 
r = .80 and .87, at 
short and medium 
term follow up, 
respectively 
(correlation with 
Olerud-Molander 
ankle score)

Experts and 
patients were 
involved in item 
generation
and reduction

Item selection 
and reduction by
patients 
(n = 213)
Experts: not 
involved

CAIT and LEFS 
(α = .50, P < .01) 
and VAS (α.76, 
P < .01)
Construct validity 
and internal 
reliability were 
acceptable
(α = .83; point 
measure correlation 
for all items, >0.5; 
item reliability 
index, .99)

Reliability No information ADL subscale: 
ICC = .89; 
SEM = 2,1 points
Sport subscale: 
ICC = .87; 
SEM = 4,5 points

Subscale pain, 
rs = .96; subscale
symptoms, 
rs = .89; subscale 
ADL,
rs = .85; subscale 
sports, rs = .92;
subscale quality 
of life, rs = .92

ICC, 0,96

Internal consistency α = .92 at base line; .94 
short term; .90 long 
term.

Cronbach alpha 
for ADL subscale, 
α = .96 in stable
group (n = 79); in 
changed group, 
α = .98 (n = 164)
Cronbach alpha 
for sport subscale 
from a combined
sample, α = .98

Subscale pain, 
α = .94; subscale
symptoms, 
α = .88; subscale 
ADL,
α = .97;
subscale sports, 
α = .94; subscale
“quality of life,” 
α = .92

The threshold 
CAIT score was 
27.5 (Youden index, 
68.1); sensitivity 
was 82.9% and 
specificity was 
74.7%.

Responsiveness Guyatt = 1.99
AUC ROC = 0.79 
(95% CI = 0.70-0.88)

MDC ADL 
subscale, 5.7
MDC Sport 
subscale, 12.3

No information No information

Table 1. 
Main psychometric properties of ankle-related self-report measures.
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Chapter 6

Diagnosis and Treatment of
Chronic Ankle Instability
Yanyu Chen

Abstract

Ankle sprains involve up to 30% of all sport injuries. About 30% of patients
may develop chronic ankle instability (CAI), which significantly limits their pro-
fessional or recreational activities. The diagnosis of CAI relies on the understanding
of anatomy and a thorough assessment of the patient. Imaging studies, including
plain radiographs, sonography, MRI, and arthroscopic examinations, are beneficial
in evaluating the extent and structures involved. Once conservative treatment
has failed, surgery is indicated to restore ankle joint stability. Suture repair is
sufficient, whether open or arthroscopically, if the remnant ligament quality is
acceptable. Anatomical graft reconstruction is used for poor remnant quality or
revision.

Keywords: ankle instability, ankle sprain, arthroscopy, Broström, reconstruction

1. Introduction

Ankle sprains are among the most common of sports injuries, and lateral
ankle sprains comprise more than 80% of these [1]. Even though most of them
heal well with conservative treatment, a 56–74% recurrence rate has been
reported [2]. Up to 30% of patients with lateral ankle sprains end up having chronic
ankle instability (CAI) [3]. The predictors of patients with single or repeated
ankle sprains who may develop CAI include a grade II–III sprain [4], postural
instability [5], lower limb muscle weakness or imbalance [6], and decreased ankle
dorsiflexion [7].

1.1 Pathophysiology

The pathophysiology of CAI includes anatomical and/or functional deficiencies.
Anatomical factors consist of pathological laxity of ankle ligaments and problematic
bony structures such as hindfoot varus [8, 9]. Functional factors include neuro-
muscular and proprioception impairments [6, 10].

The traditional spectrum of CAI is divided to mechanical instability, which
means a structurally unstable ankle and functional instability, which means a
perceptionally unstable ankle. Mechanical instability of the ankle can be demon-
strated manually or subjectively. Functional instability is much more difficult to
evaluate; a comprehensive questionnaire is usually needed for better communica-
tion and understanding [11].
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1.2 Functional anatomy

1.2.1 Bony structure

The ankle joint consists of the ankle mortise and talus. The tibial plafond forms
the ankle mortise, together with the distal fibula through syndesmosis ligaments.
The width of the talar dome is wider in the anterior aspect. Hence, the ankle joint is
more stable in dorsiflexion position than in plantarflexion.

The stability of ankle joint will be at risk if the mortise is relatively less
constrained. A posteriorly positioned fibula, either congenital or post-traumatic,
may increase the anterior opening of ankle mortise and cause instability [12, 13].
The length of the fibula does not affect the stability of the ankle [14]. A decreased
talar dome coverage of the tibia plafond, evaluated from plain, weight-bearing, and
lateral view radiographs as well as an increased lateral radius of the talus, is linked
to the development of lateral ankle instability (LAI) [13, 15].

Medial ankle instability (MAI) is less discussed in the literature. It has been
reported that during arthroscopic exploration for lateral ankle instability, 20%
of patients show a concomitant injury of the deltoid [16]. MAI involves the
dysfunction of the deltoid ligament complex, which may cause valgus deformity
of the ankle, and, vice versa, hindfoot valgus deformity carries a higher risk of
developing MAI.

1.2.2 Ligamentous structure

The lateral ankle ligaments comprise of the anterior talofibular ligament
(ATFL), the calcaneofibular ligament (CFL), and the posterior talofibular ligament
(PTFL). The ATFL is taut when the ankle is in plantarflexion position, whereas the
PTFL and CFL are taut when the ankle is in dorsiflexion position (Figure 1) [17].

Broström surgically opened 105 sprained ankles and reported ATFL injury in
two-thirds and combined ATFL and CFL injuries in one-fourth of patients [18].
This finding suggested that the ATFL is the first-line structure against supination.
The ATFL has two fascicles; the superior fascicle is positioned intra-articularly,
which suggests a poor healing potential and becomes stretched in ankle
plantarflexion. The inferior fascicle, on the other hand, is extra-articular and shares
a common insertion with the CFL in the fibula and is not stretched in ankle
plantarflexion [19].

Figure 1.
Lateral view of the right ankle. The tension of the ATFL and CFL can be observed in different ankle positions:
(a) dorsiflexion, (b) plantar flexion (with kind permission from Vega et al. [68]).
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If the ATFL does not heal well after rupture, its laxity will result in excessive
plantarflexion and supination of the ankle, which decreases the stability of the joint,
increases the compensative burden of peroneal muscles, and increases the wearing
of articular cartilage. Even after healing, some patients may still have lateral ankle
pain and swelling despite their return of full pre-injury activity. The presence of
local painful scarring, synovitis, post-traumatic weakness of peroneal muscles, and
injury to the proprioception afferent fibers inside the ATFL may be the causative
reasons of these residual symptoms.

The deltoid ligament is composed of a superficial layer and a deep layer. The
superficial layer, which is positioned across the ankle and subtalar joint, consists of
four components: the tibionavicular ligament, the tibiospring ligament, the
tibiocalcaneal ligament, and the superficial posterior tibiotalar ligament [20]. The
deep layer, which is thicker and positioned across the ankle joint only, consists of
two components: the anterior tibiotalar ligament and the deep posterior tibiotalar
ligament (Figure 2).

The deltoid ligament complex is composed of the deltoid ligament and the spring
ligament (the calcaneonavicular ligament). The spring ligament helps not only to
maintain the supination of midfoot but also to support the medial ankle structure
through its connection with the deltoid ligament by the tibiospring ligament. A
patient with MAI often presented with dysfunction of these two structures.

1.2.3 Neuromuscular structure

The peroneal musculature is the dynamic stabilizer of the lateral ankle joint.
Lateral ankle sprains may cause injury to the ATFL as well as to the peroneal
muscles. Not only can the muscular fibers be injured, the neuromuscular function
can also be affected. It has been reported that the reaction time of the peroneal
muscles may be delayed in patients with a history of repeated sprains, which may
increase the risk of another lateral ankle sprain when the ankle lands in a supinated
position [21]. This delay may be related to the deafferentation of receptors in the
muscle tendon and ligaments around the ankle joint after a sprain injury [22].

Proprioception deficits are frequently encountered in patients with CAI. The
dysfunction of proprioception will result in poor joint position sense, which means

Figure 2.
Superficial and deep layers of deltoid ligament. (a) Superficial deltoid ligament. (1) Tibionavicular ligament,
(2) tibiospring ligament, (3) tibiocalcaneal ligament, (4) deep posterior tibiotalar ligament, (5) spring
ligament complex (plantar and superomedial calcaneonavicular ligaments), (6) anterior colliculus,
(7) posterior colliculus, (8) intercollicular groove, (9) sustentaculum tali, (10) medial talar process,
(11) lateral talar process, (12) navicular, (13) navicular tuberosity. (b) Deep deltoid ligament. (1) Tibionavicular
ligament, (2) tibiospring ligament, (3) tibiocalcaneal ligament, (4) deep posterior tibiotalar ligament,
(5) spring ligament complex (superomedial calcaneonavicular ligament), (6) medial talar process,
(7) sustentaculum tali, (8) medial talocalcaneal ligament, (9) tibialis posterior tendon (from Vega et al. [68]).
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in a patient with CAI that the actual ankle joint position may be much more
inverted than perceived by the patient [23]. This error in joint position sense may
increase the risk of lateral ankle sprains.

2. Diagnosis of chronic ankle instability

The diagnosis of CAI is mostly a clinically based diagnosis. There is no generally
accepted standard of “how much laxity” is true unstable. The key idea is trying to
determine whether the condition of instability could be the leading cause of the
symptoms of the patient.

2.1 Presenting symptoms

The symptoms of CAI may be vague and nonspecific. Typical complaints are
“insecurity” and “giving way”when running or walking on uneven ground. Patients
may also complain of recurrent pain, swelling, and tenderness over medial or lateral
ankle after prolonged standing or walking. Repeated ankle sprains are also a com-
mon complaint.

It should be noted that about 30% of the patients with CAI may be asymptom-
atic between sprains, which makes it an easily missed diagnosis [24]. Symptoms
related to tendinitis, osteochondral lesion of talus, and even arthrosis of ankle joint
may also be presented in patients with CAI.

2.2 Physical examinations

A comprehensive examination to check for tender points, alignment, stability,
calf tension, muscle power and balance, and joint range of motion is essential for
patients with potential CAI.

2.2.1 Tender points

A thorough palpation of the ankle/foot is essential in the initial evaluation of
patients with CAI. An understanding of the surface anatomy is crucial for the
assessment of the involved structures.

The presence of tenderness just anterior to the fibula tip indicates inflammation
of the ATFL. Tenderness on the anterolateral ankle mortise that could be elicited by
passive dorsiflexion of the ankle indicates possible anterolateral ankle impingement
of the Bassett’s ligament frequently seen in patients with CAI [25]. Bony spurs
secondary to ankle arthrosis could also be a cause of anterior ankle impingement.

Tenderness on the anteromedial aspect of the ankle could indicate an
osteochondral lesion of the talus or coexisting deltoid ligament injury. Tenderness
on the posterolateral ankle may point to peroneal tendinitis, whereas medial foot
tenderness along the posterior tibia tendon or the spring ligament is prevalent in
patients with MAI.

A posteromedial ankle tenderness located anterior to the Achilles tendon indi-
cates a possible posterior ankle impingement. A recent study showed that CAI may
increase the likelihood for surgery in athletes with os trigonum syndrome [26].

2.2.2 Stress tests

Manual stress tests such as anterior drawer test and talar tilt can be positive in
patients with ligament laxity, but the reliability of these tests is doubted [27].
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Several modifications of the stress tests have been postulated such as the varus
talar tilt test combined with an internal rotation pivot stress (VTTT with IR) and
the anterior talar palpation (ATP) test [28, 29]. The VTTT with IR adds an internal
rotational stress on the hindfoot with varus stress, which may better detect the
rotational instability in ATFL deficiency judging from its orientation [28]. The ATP
test increases the sensitivity of traditional anterior drawer test by pressing the
examiner’s thumb on the anterolateral ridge of the talus to better detect the anterior
talar translation during the anterior draw [29].

The superficial deltoid ligament can be evaluated using the external rotation test.
With the sitting patient’s leg relaxed and hanging free, the degree of ankle external
rotation of both legs can be compared manually. The eversion stress test can be used
to assess the deep deltoid ligament by similar manner [30].

2.3 Image studies

2.3.1 Plain radiographs and dynamic radiographs

Plain weight-bearing radiographs of the ankle and foot are essential in the
evaluation of patients with CAI to exclude any bony lesions and malalignment.
Osseous fragments on the medial or lateral malleolar tip may indicate ligamentous
or retinacular avulsion.

Dynamic radiographs can be performed manually, intraoperatively, or using a
Telos stress device to demonstrate the anterior drawer test, the talar inversion, and
the eversion test (Figure 3). For lateral ankle ligaments, a stress radiograph is
considered positive when more than 5° difference compared with normal ankle or
more than 10° absolute varus tilt is observed [31].

Dynamic radiographs are useful for determining the extent of instability
objectively and for documentation purposes. The reported specificity of dynamic
radiographs is high, but their sensitivity is low [32]. A recent study showed that
preoperative stress radiographic findings do not affect the clinical outcomes of CAI
after surgical treatment [33]. Therefore, the dynamic radiographs are better suited
for follow-up than for diagnosis.

Figure 3.
Dynamic radiographs. A dynamic test using the Telos stress device showing marked varus tilt and anterior
subluxation of the talus.
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2.3.2 Musculoskeletal sonography

Musculoskeletal sonography allows real-time evaluation of the integrity and
laxity of ligaments. It can also be used to check for tenosynovitis and periarticular
synovitis of the ankle.

Evidence of an acute sprain is found when the compact fibrillar pattern of
the ligament is disrupted by edema or adjacent hematoma [34]. The accuracy of
sonography for an acute sprain of the ATFL and CFL is reported to be 95 and
90%, respectively [35]. Ultrasound is also highly accurate for the assessment of
deltoid ligament injury after supination-external rotation fractures of the
ankle [36].

In patients with CAI, the sonogram may show loss of compact fibrillar
pattern and complete disorganization of the ligamentous tissue or even non-
visualization (Figure 4) [34]. It can be used to detect small avulsion fractures in the
malleolus frequently seen in patient with CAI. Stress ultrasound, either done in
real-time or in combination with the drawer test, has been proposed. One
study compared the relative diagnostic values of the anterior drawer test,
stress radiography, stress ultrasound, and magnetic resonance imaging (MRI)
using arthroscopic finding as the reference standard. The results showed 78.6%
sensitivity of the anterior drawer test, 86% of the stress radiographs, and 100%
of both stress ultrasound and MRI [37]. In view of the clinical availability and cost,
sonography may well be the imaging tool of choice for the diagnosis of CAI [38].

The major drawback of sonography is its operator dependency and its lack of
standards in the communication with other health-care professionals.

Figure 4.
Sonogram of the ATFL. (a) Normal ATFL. (b) Rupture ATFL. (c) Peroneal tendon tenosynovitis.
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2.3.3 MRI

MRI is useful for the evaluation of ligament integrity, thickness, and bony
attachment. Normal ligaments appear as low-signal-intensity structures often
surrounded by high-signal-intensity fatty tissue [39]. The ATFL is best seen in the
axial plane, while the CFL and the deltoid are best seen in the coronal plane.
Chronic ligament injury usually presents with morphological changes on MRI such
as heterogeneous, intra-substance signals, wavy contour, thinning or elongation,
and poor visualization or absence of ligament (Figure 5). The surrounding fatty
tissue may show fibrosis with medium-signal-intensity or may show a synovitis
with a high-signal-intensity [40].

The diagnostic sensitivity of MRI without contrast for ATFL rupture is
reported to be 100%, whereas the specificity is only 50% [41]. MRI in combination
with arthrography may improve the accuracy for diagnosing ATFL rupture to
100% [42].

MRI can also show the presence of concomitant intra- and periarticular pathol-
ogies such as osteochondral lesions, articular degeneration, bone marrow edema,
tendon injury or tenosynovitis, and ankle impingement syndrome. However, MRI
cannot be used to evaluate the mechanical stability of the ankle.

2.3.4 Arthroscopic examination

In the United States, nearly one-half of the patients undergo arthroscopic evalu-
ation before ligament reconstruction [43]. Ankle arthroscopy can be performed
under regional anesthesia without traction in an outpatient setting. It can provide
information on the integrity, thickness, attachment, and laxity of the ligaments
around the ankle joint. It can also aid in the detection of intra-articular lesions such
as injuries to the articular cartilage, bony or soft tissue impingement, and syndes-
mosis [16, 44–47]. In ATFL and deltoid ligament injuries, the most common site of
avulsion is found at the proximal insertion at the anterior aspect of fibula. The

Figure 5.
MRI of injured ankle ligaments. (a) Axial view of the left ankle. The arrow points to the absent ATFL.
(b) Coronal view of the right ankle. The arrow points to the injured deep deltoid ligament along with bone
marrow edema in the medial malleolus.

89

Diagnosis and Treatment of Chronic Ankle Instability
DOI: http://dx.doi.org/10.5772/intechopen.89485



2.3.2 Musculoskeletal sonography

Musculoskeletal sonography allows real-time evaluation of the integrity and
laxity of ligaments. It can also be used to check for tenosynovitis and periarticular
synovitis of the ankle.

Evidence of an acute sprain is found when the compact fibrillar pattern of
the ligament is disrupted by edema or adjacent hematoma [34]. The accuracy of
sonography for an acute sprain of the ATFL and CFL is reported to be 95 and
90%, respectively [35]. Ultrasound is also highly accurate for the assessment of
deltoid ligament injury after supination-external rotation fractures of the
ankle [36].

In patients with CAI, the sonogram may show loss of compact fibrillar
pattern and complete disorganization of the ligamentous tissue or even non-
visualization (Figure 4) [34]. It can be used to detect small avulsion fractures in the
malleolus frequently seen in patient with CAI. Stress ultrasound, either done in
real-time or in combination with the drawer test, has been proposed. One
study compared the relative diagnostic values of the anterior drawer test,
stress radiography, stress ultrasound, and magnetic resonance imaging (MRI)
using arthroscopic finding as the reference standard. The results showed 78.6%
sensitivity of the anterior drawer test, 86% of the stress radiographs, and 100%
of both stress ultrasound and MRI [37]. In view of the clinical availability and cost,
sonography may well be the imaging tool of choice for the diagnosis of CAI [38].

The major drawback of sonography is its operator dependency and its lack of
standards in the communication with other health-care professionals.

Figure 4.
Sonogram of the ATFL. (a) Normal ATFL. (b) Rupture ATFL. (c) Peroneal tendon tenosynovitis.

88

Essentials in Hip and Ankle

2.3.3 MRI

MRI is useful for the evaluation of ligament integrity, thickness, and bony
attachment. Normal ligaments appear as low-signal-intensity structures often
surrounded by high-signal-intensity fatty tissue [39]. The ATFL is best seen in the
axial plane, while the CFL and the deltoid are best seen in the coronal plane.
Chronic ligament injury usually presents with morphological changes on MRI such
as heterogeneous, intra-substance signals, wavy contour, thinning or elongation,
and poor visualization or absence of ligament (Figure 5). The surrounding fatty
tissue may show fibrosis with medium-signal-intensity or may show a synovitis
with a high-signal-intensity [40].

The diagnostic sensitivity of MRI without contrast for ATFL rupture is
reported to be 100%, whereas the specificity is only 50% [41]. MRI in combination
with arthrography may improve the accuracy for diagnosing ATFL rupture to
100% [42].

MRI can also show the presence of concomitant intra- and periarticular pathol-
ogies such as osteochondral lesions, articular degeneration, bone marrow edema,
tendon injury or tenosynovitis, and ankle impingement syndrome. However, MRI
cannot be used to evaluate the mechanical stability of the ankle.

2.3.4 Arthroscopic examination

In the United States, nearly one-half of the patients undergo arthroscopic evalu-
ation before ligament reconstruction [43]. Ankle arthroscopy can be performed
under regional anesthesia without traction in an outpatient setting. It can provide
information on the integrity, thickness, attachment, and laxity of the ligaments
around the ankle joint. It can also aid in the detection of intra-articular lesions such
as injuries to the articular cartilage, bony or soft tissue impingement, and syndes-
mosis [16, 44–47]. In ATFL and deltoid ligament injuries, the most common site of
avulsion is found at the proximal insertion at the anterior aspect of fibula. The

Figure 5.
MRI of injured ankle ligaments. (a) Axial view of the left ankle. The arrow points to the absent ATFL.
(b) Coronal view of the right ankle. The arrow points to the injured deep deltoid ligament along with bone
marrow edema in the medial malleolus.

89

Diagnosis and Treatment of Chronic Ankle Instability
DOI: http://dx.doi.org/10.5772/intechopen.89485



examiner can often see a bare patch of the periosteum normally covered by liga-
ment insertion on the medial or lateral malleolus. Many authors recommended a
functional arthroscopic test, which includes axial traction to quantify the tibiotalar
opening, anterior drawer test, and varus and valgus tilt test [48, 49].

Using visual inspection and probe testing, injury to the ATFL can be classified in
four grades (Figure 6) [50]:

Grade 0, which represents a normal and continuous ligament with normal
thickness and tautness

Grade 1, a distended ligament with normal thickness but decreased tension by
hook palpation

Grade 2, a fibular or talar avulsion (with fibrous tissue) of the ATFL, normal
thickness, but decreased tension by hook palpation

Grade 3, a thin ATFL ligament with no mechanical resistance by hook
palpation, with or without scar tissue

Grade 4, which shows as scar tissue with no residual ligament and leaving a bald
malleolus

The author also postulated different surgical strategies according to different
grading. Surgical repair and reconstruction techniques are still under debate as will
be discussed later.

Figure 6.
Arthroscopic classification of chronic ATFL injury. (a) Grade I, distended ATFL. (b) Grade II, avulsion from
fibula with decreased tension. (c) Grade III, tear and thinning with no mechanical resistance. (d) Grade IV,
bald fibula (with kind permission of Thomas Bauer and the French Society of Arthroscopy [50]).
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3. Treatment of CAI

3.1 Conservative treatment

Conservative treatment is usually reserved for the correction of proprioception
deficits, balance deficits, and any static disorders. A meta-analysis showed rehabil-
itation attempts, including balance training, manipulation, and muscle stretch/
training, which are beneficial by health-related quality of life standards in patients
with CAI [51]. It has also been reported that patients with primarily functional
instability are more likely to benefit from rehabilitation than patients with primarily
mechanical instability [52].

3.2 Operative treatment

Operative treatment is indicated when conservative treatment failed to resolve
the patients’ symptoms. Patients with higher physical demands are less likely to
become asymptomatic with conservative measures. Patients with mechanical insta-
bility, repeated ankle sprains, osseous fragments in the malleolar region, and limi-
tations in on-demand activities may benefit most from operative treatment. It has
been reported that patients who received surgical repair showed better muscle
endurance and postural stability than patients who had conservative treatment [53].

The goals of surgery are to reestablish ankle joint stability with reduced risk of
future sprains in the short term and of articular degeneration in the long term.

Several surgical techniques to reestablish ankle joint stability have been reported
either by open or arthroscopic approach. These techniques can be roughly divided
into two categories: suture repair and graft reconstruction.

3.2.1 Suture repair

The Broström procedure is the gold standard for patients with CAI and comes
with several modifications [24]. After exposure of the remnant ligaments, the
ligaments are either folded (if elongated) or reattached (if detached) back to the
distal fibula using suture anchors or transosseous sutures [54]. If the quality of the
remnant ligament is poor or the quality of the repaired structure is unsatisfactory,
the repair can be reinforced using the nearby inferior extensor retinaculum [55]. A
complication of using inferior extensor retinaculum as augmentation is that it may
cause a decrease in ankle plantarflexion or pain on plantarflexion after the surgery.

Osseous fragments in the lateral malleolar region should be removed if they cause
pain or are detached. However, if the fragment size is large, removal may cause a
considerable soft tissue defect, which may complicate later repair [56]. Therefore,
screw fixation should be considered in cases of large-sized osseous fragments.

In patients with MAI, similar procedures are used to expose, fold, and reattach
the remnant ligament to the medial malleolus. If the remnant tissue quality is poor,
a periosteal flap reflected from medial malleolus can be used as augmentation. The
key to repair the deltoid ligament is, first, to tie the sutures with the ankle in
plantigrade position and, second, to avoid sutures through the deep and superficial
deltoid ligaments [27]. Sutures across both layers of deltoid ligament may cause a
decrease in ankle plantarflexion or pain on plantarflexion after the surgery.

Techniques for arthroscopy-assisted or all-inside repair of both medial and lat-
eral ankle ligaments have been proposed over many years (Figure 7) [57–59]. In a
recent review, the postoperative functional scores, patient’s satisfaction, and
surgery-related complications of open and arthroscopic lateral ankle ligament repair
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have been compared. Excellent results were shown for both open and arthroscopic
surgical procedures in the treatment of the chronic ankle instability. The higher
complication rate of arthroscopic procedures relative to open ones represents a
major issue; however, this does not seem to affect the patient’s satisfaction [60].

Table 1.
Postoperative treatment protocol.

Figure 7.
Arthroscopic all-inside repair of the ATFL using suture anchor. (a) Detached ATFL and periosteum from distal
fibula along with an osseous fragment. (b) Complete detachment of an osseous fragment from the fibula.
(c) Application of suture anchor to fibula tip after excision of osseous fragment. (d) Reattachment of the ATFL
using a suture anchor.
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3.2.2 Graft reconstruction

Using tendon grafts to reconstruct the medial or lateral ligaments is indicated
when local tissue quality is poor or in case of revision surgery.

Numerous graft reconstruction techniques have been reported. They can be
divided into roughly two types: anatomical and nonanatomical reconstruction.

Anatomical reconstruction is intended to reproduce the course of the ATFL and
CFL as anatomically as possible. The nonanatomical reconstruction, also called
peroneus tenodesis, leads to nonphysiological intra-articular pressure peaks, sacri-
fices a dynamic stabilizer, and causes movement restrictions. It should therefore
only be used when all other treatment options have failed [61]. Recent meta-
analysis concluded that nonanatomical reconstruction may abnormally increase the
inversion stiffness at the subtalar level [62].

Numerous graft options have been reported including the plantaris longus ten-
don, hamstrings tendon, and bone-tendon-bone grafts [63–66]. These tendon grafts
are fixed to the malleolus, talus, and calcaneus in various ways including the suture
anchor, interference screw, and endo-button. The remnant ligaments are debrided
or left in situ. There is still a lack of consensus as to which technique is biomechan-
ically stronger or gives better functional results.

3.2.3 Postoperative treatment

Postoperative treatments of both suture repair and graft reconstruction are
similar to that of acute ankle sprain. Recommendations according to the Cochrane
review are listed in Table 1 [67].

4. Conclusions

Ankle sprains are involved in up to 30% of all sport injuries with 30% of patients
likely to develop CAI. These traumas can limit their professional or recreational
activities significantly. The diagnosis of CAI is mainly clinically based. Sonography
is cost-effective and allows real-time assessment of ligament integrity and laxity.
Arthroscopic examination has the highest accuracy rate and allows direct visualiza-
tion of both ligaments and intra-articular lesions.

Once conservative treatment has failed, surgery is indicated to restore ankle
joint stability. Suture repair is satisfactory, whether performed open or
arthroscopically if the remnant ligament quality is acceptable. Anatomical graft
reconstruction is used if remnant quality is poor or a revision is required.
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Chapter 7

Rehabilitation of Lateral Ankle 
Sprains in Sports
Rachana Dabadghav

Abstract

Lateral ankle sprains are one of the most common injuries in athletes. The rate 
of injury is as high as 70%. The most commonly involved ligament is the anterior 
talofibular ligament (ATFL), followed by the calcaneofibular (CFL) and posterior 
talofibular ligament (PTFL). The common mechanism of injury is inversion with 
excessive ankle supination in forced plantarflexion when the ankle joint is in its 
most unstable position. There are three grades of ankle sprains: Grade I, mild with 
an incomplete tear of ATFL; Grade II, moderate with a complete tear of ATFL with 
or without an incomplete tear of CFL; and Grade III, severe with complete tear of 
ATFL and CFL. Grades I and II respond well to functional treatment. Functional 
treatment includes RICE protocol, i.e., rest, ice, compression, and elevation. It also 
includes range of motion and strengthening exercises, proprioceptive training, and 
sports-specific exercises. Bracing and taping of the ankle joint help in preventing 
the sprains and also reduce the recurrence of the injury. Grade III ankle injury 
may be treated with surgery if the symptoms persist post functional treatment. 
The guidelines provided for the treatment of ankle sprains are of general validity, 
but each athlete is different with different needs. Hence, a personalized exercise 
protocol should be followed to achieve best results.

Keywords: lateral ankle sprains, athlete, sports, rehabilitation, exercise

1. Introduction

The ankle joint is the most commonly affected joint in sports of which lateral 
ankle sprains are the most common. The sports in which lateral ankle sprains are a 
frequent occurrence are football, basketball, running, volleyball, tennis, badmin-
ton, ballet/dance, etc. In many sports the rate of injury is as high as 70%. Unilateral 
ankle sprains are reported in 52%, whereas for bilateral ankle sprains, the number is 
48%. The recurrence rate of ankle injury in athletes is 73% [1]. The incidence is high 
between 15 and 19 years of age with no significant difference in the gender [2].

2. Biomechanics

The lateral ankle compartment comprises the anterior talofibular ligament 
(ATFL), the calcaneofibular ligament (CFL), and the posterior talofibular ligament 
(PTFL). The most commonly injured ligament is the ATFL as it is the weakest of all 
three ligaments. In frequency of injury, the ATFL is followed by the calcaneofibular 
ligament CFL [3]. The PTFL is rarely injured as it is the strongest of all the three 
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ligaments. The most common mechanism of injury in lateral ankle sprains is when, 
in forced plantar flexion, inversion occurs with excessive ankle supination. In that 
position the ankle joint is the most unstable. In the course of the inversion, the 
body’s center of gravity moves over the ankle leading to ankle sprains [2]. There are 
three clinical grades of lateral ankle sprains [4–6].

Grade I—Mild. There is an incomplete tear of ATFL with little swelling and 
tenderness, minimal or no functional loss, and no mechanical joint instability.

Grade II—Moderate. Complete tear of ATFL with or without an incomplete tear 
of CFL with moderate pain, swelling, and tenderness over the involved structures; 
some joint motion is lost, and joint instability is mild to moderate.

Grade III—Severe. Complete tears of ATFL and CFL with marked swelling, 
hemorrhage, and tenderness. There is loss of function, and joint motion and insta-
bility are markedly abnormal.

3. Chronic ankle instability (CAI)

Athletes with chronic ankle instability give a history of two or three severe ankle 
sprains with the main complaint being intermittent giving out of the ankle. The 
athlete often complains of difficulty and apprehension on uneven surfaces. Even 
mild exacerbations lead to short-term dysfunction. It is characterized by residual 
ankle instability as a result of either mechanical ankle stability or functional ankle 
instability or a combination of both [6].

4. Mechanical and functional instability

Mechanical instability (MI) and functional instability (FI) are both due to 
recurrent lateral ankle sprains. Mechanical instability is defined as an increase in 
the accessory movements in the joint leading to hypermobility. Residual MI usually 
results from a tear or lengthening of one of the ligamentous structures supporting 
the joint and suggests a suboptimal healing process after injury. A lesser known 
phenomenon is hypomobility leading to ankle instability. Joint hypomobility can 
be intra-articular or extra-articular, giving rise to restricted range of motion at the 
ankle. Hypomobility occurs at the subtalar, talocrural joint, distal tibiofibular joint, 
and proximal tibiofibular joint [7, 8].

As the joint develops MI, proprioceptive changes occur, which result in altera-
tions in defense mechanism to prevent injuries, thus leading to CAI. FI can result 
in balance deficits, joint position sense deficits, delayed peroneal muscle reaction 
time, altered common peroneal nerve function, strength deficits, a decreased range 
of motion (ROM), sinus tarsi syndrome, and anterolateral impingement syndrome.

5. Rehabilitation

Early mobilization of ankle sprains as compared with cast immobilization has 
been shown to be more comfortable as it results in less pain and provides for an 
earlier return to work. Cast immobilization does not improve healing compared 
with an active mobilization rehabilitation program and may have negative implica-
tions in relation to muscle wasting and stiffness. Functional treatment is considered 
better in achieving more effective mobilization and an earlier return to daily 
activities. Lateral ankle sprains respond well to the conservative treatment which 
includes initially RICE—rest, ice, compression, and elevation—followed by early 
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mobilization. Rehabilitation focuses on restoring ROM, strength, balance, and 
normal gait patterns. Functional rehabilitation begins on the day of injury and con-
tinues until pain-free gait and activities are attained. Functional rehabilitation has 
four aspects: ROM, strengthening, proprioception, and activity-specific training. 
Ankle joint stability is a prerequisite to the institution of functional rehabilitation. 
Since Grade I and Grade II injuries are considered stable, functional rehabilitation 
should begin immediately.

5.1 Reduce pain and swelling

5.1.1 Rest

Rest is prescribed to avoid undue stress on the joint. It is required to reduce the 
metabolic demands on the injured tissue and thus avoid increased blood flow. It also 
helps in avoiding stress on the injured tissue that might disrupt the fragile fibrin 
bond, which is the first element of the repair process. Rest can be applied selectively 
to allow some general activity, but athletes must avoid stressful activities.

5.1.2 Ice

Cryotherapy involves a nice bath with a temperature of 4°–10°C for 12–20 min, 
one to three times per day, and applying an ice pack to the injured area for 
15–20 min, one to three times per day. Ice therapy should be started immediately 
after the injury and ice application initiated within day 0 or day 1. Both have shown 
better results and return to full activity as compared to when the ice was applied 
after 48 h. Ice application should provide deep penetration to gain full benefits. 
Also the ice should not be held immobile in one area or frostbites may occur.

Ice application causes vasoconstriction which decreases blood flow and there-
fore swelling to the injured area. The lowering of tissue temperature decreases 
the metabolism and the chemical actions of cells and thus lowers the oxygen and 
nutrient needs in the affected area. Decreased blood flow limits edema; there is 
less histamine release and therefore less capillary breakdown than would normally 
be present after injury. There is better lymphatic drainage from the injured area 
because of the lower pressure on the extravascular fluid (Table 1).

Hence, the rationale of minimum 15 min of cryotherapy per treatment.

5.1.3 Compression and elevation

Compression and elevation work better in combination with cryotherapy. 
Compression with an adhesive bandage and a foot elevation of more than 45° is the 
standard prescribed treatment for lateral ankle sprains. Compression can also be 

Stage Duration (min) Sensation

Stage 1 1–3 A cold feeling is noted

Stage 2 2–7 Burning or aching

Stage 3 5–12 Local numbness and anesthesia (decreased conductivity of regional nerve 
fibers)

Stage 4 12–15 Reflex deep tissue vasodilation without an increase in metabolism

Table 1. 
Cryotherapy generates four stages of sensation [9].
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achieved by both adhesive and nonadhesive tapes, but it is important to renew them 
timely as the compression wears off with time. Normally a nonadhesive tape should 
be renewed after 3 days, and an adhesive tape should be renewed after 5 days [10]. 
This prevents swelling and immobilizes the injured area which prevents further 
injury and thus promotes healing. Passive exercises can be started in stage 3 which 
is the local numbness stage in which the athlete experiences less discomfort when 
exercising.

5.2 Improve range of motion (ROM)

5.2.1 Range of motion exercises

Range of motion exercises include both active and passive exercises. Achilles 
tendon stretching should be started within 48–72 h in a pain-free range irrespec-
tive of weight-bearing status of the athlete to avoid the tissue from contracting. 
Self-passive stretches can also be given with the help of a towel. Next, the stretches 
should be extended to weight-bearing position, which can be done by standing 
on an inclined surface and asking the athlete to shift his/her weight forward. The 
stretches should be maintained 15–30 s, repeated 10 times, and should be done 3–5 
times per day. Passive exercises are followed by active ROM exercises whereby the 
athlete can do alphabet letter exercises, i.e., drawing letters in the air both in upper 
and lower cases. The exercises should be done 2–3 times per hour, 4–5 times per day. 
Stationary biking can also be included to improve dorsiflexion and plantar flexion 
motion in a controlled environment while providing a cardiovascular workout for 
the athlete.

5.2.2 Manual therapy

Manual therapy is started within 48 h after the injury when ankle dorsiflexion is 
restricted. To improve range, a gentle oscillating passive joint mobilization is given. 
Here the talus is moved posteriorly. By the convex concave rule, when the talus 
is moved posteriorly, the convex talus rolls upward and slides posteriorly on the 
concave surface of the crux, thus improving the dorsiflexion range. In a technique 
described by Maitland [11], with the athlete in supine position, the affected foot is 
taken in the available pain-free ROM in dorsiflexion. Gentle oscillations are then 
given to the joint to avoid pain and spasm. The oscillations are given for 60 s, 2 or 
more times with a rest of 10 s taken in between.

Mobilization with movement is another technique of manual therapy sug-
gested by Mulligan [12] which helps with increasing the ROM actively. In this 
technique the athlete position is high kneeling with weight-bearing on the 
affected limb or standing with the affected foot placed forward. In both positions 
the ankle is in neutral position. A padded belt is used for mobilization and is 
placed in such a way that the bottom of the belt is leveled with the inferior margin 
of the medial malleolus. The position of the mobilization belt allows the examiner 
to fix the talus and calcaneus with his/her hands and draws the tibia forward on 
the talus, thereby creating a relative posterior talar glide. Once the glide is given, 
the athlete actively dorsiflexes the ankle in a pain-free range. The glide should 
be maintained throughout the movement. Two sets of 10 repetitions, separated 
by a 2-min rest, are performed. Once ROM is achieved and swelling and pain are 
controlled, the athlete is ready to proceed to the strengthening phase of rehabili-
tation. Guidelines suggest that a normal ROM should be achieved within 2 weeks 
after injury [13].
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5.3 Improve strength

Strengthening of weakened muscles is essential for a quick recovery and thus 
helps in preventing re-injury. An eversion to inversion strength ratio >1.0 is an 
important indicator of ankle sprain injury [14, 15]. Exercises should focus on 
strengthening the peroneal muscles because insufficient strength in this group of 
muscles has been associated with CAI and recurrent injury. However, all muscles 
of the ankle should be targeted, and all exercises should be performed bilaterally. 
When the training is performed bilaterally, we can expect substantial strength 
gains in both extremities. Strengthening begins with isometric exercises performed 
against an immovable object in four directions of ankle movement and is progressed 
to dynamic resistive exercises (isotonic exercises) using ankle weights, surgical 
tubing, or resistance bands.

With a structured rehabilitation program, the athlete can create continuous 
goals and more easily appreciate improvements. A daily adjustable progressive 
resistance exercise (DAPRE) strength progression, originally described by Knight 
[16] and later modified by Perrin and Gieck [17], can be used to create a struc-
tured progression of exercises for the athletes. The strengthening exercises should 
be performed with an emphasis on the eccentric component. Athletes should be 
instructed to pause 1 s between the concentric and eccentric phases of exercise 
and perform the eccentric component over a 4-s period. Concentric contraction 
refers to the active shortening of the muscle with resultant lengthening of the 
resistance band, while eccentric contraction involves the passive lengthening of 
the muscle by the elastic pull of the band. Resistive exercises should be performed 
(2–3 sets of 10–12 repetitions) in all four directions twice a day. As weight-bearing 
strengthening exercises, toe raises, heel walks, and toe walks should be incor-
porated to regain strength and coordination. Toe curling exercises with paper or 
towel and marble picking should also be included for strengthening of the foot 
musculature (Table 2).

5.4 Improve proprioception and balance

Once the athlete achieves full weight-bearing without pain, proprioceptive 
training is started for the recovery of balance and postural control. Various devices 
have been designed for this phase of rehabilitation. Their use in performance with 
a series of progressive drills has effectively returned athletes to a high functional 
level. As somatosensory and visual feedback is altered, the athlete must develop 
consistent motor patterns even with inconsistent feedback. Furthermore, the ath-
lete can be tested under various visual and support conditions. The simplest device 
for proprioceptive training is the wobble board. The athlete is instructed to stand 
on the wobble board on one foot and shift his or her weight, causing the disc’s edge 
to scribe a continuous circular path. These exercises can be progressed by having 
the athlete use different-sized hemispheres and by varying visual input. A common 
progression when performing balance exercise is to move from a position of non-
weight-bearing to weight-bearing, bilateral stance to unilateral stance, eyes open to 
eyes closed, firm surface to soft surface, uneven or moving surface. Another variant 
is when the therapist manually moves the ankle and foot through various positions 
and then asks the athlete to actively and passively replicate the joint angles. This 
helps improving joint position sense. As the body is trained to sense directions from 
perturbation, sensory input is received from all parts of the body and sent to the 
central nervous system via afferent pathways. Therefore, conscious and uncon-
scious appreciation is important to protect functional joint stability. Proprioception 
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5.3 Improve strength

Strengthening of weakened muscles is essential for a quick recovery and thus 
helps in preventing re-injury. An eversion to inversion strength ratio >1.0 is an 
important indicator of ankle sprain injury [14, 15]. Exercises should focus on 
strengthening the peroneal muscles because insufficient strength in this group of 
muscles has been associated with CAI and recurrent injury. However, all muscles 
of the ankle should be targeted, and all exercises should be performed bilaterally. 
When the training is performed bilaterally, we can expect substantial strength 
gains in both extremities. Strengthening begins with isometric exercises performed 
against an immovable object in four directions of ankle movement and is progressed 
to dynamic resistive exercises (isotonic exercises) using ankle weights, surgical 
tubing, or resistance bands.

With a structured rehabilitation program, the athlete can create continuous 
goals and more easily appreciate improvements. A daily adjustable progressive 
resistance exercise (DAPRE) strength progression, originally described by Knight 
[16] and later modified by Perrin and Gieck [17], can be used to create a struc-
tured progression of exercises for the athletes. The strengthening exercises should 
be performed with an emphasis on the eccentric component. Athletes should be 
instructed to pause 1 s between the concentric and eccentric phases of exercise 
and perform the eccentric component over a 4-s period. Concentric contraction 
refers to the active shortening of the muscle with resultant lengthening of the 
resistance band, while eccentric contraction involves the passive lengthening of 
the muscle by the elastic pull of the band. Resistive exercises should be performed 
(2–3 sets of 10–12 repetitions) in all four directions twice a day. As weight-bearing 
strengthening exercises, toe raises, heel walks, and toe walks should be incor-
porated to regain strength and coordination. Toe curling exercises with paper or 
towel and marble picking should also be included for strengthening of the foot 
musculature (Table 2).

5.4 Improve proprioception and balance

Once the athlete achieves full weight-bearing without pain, proprioceptive 
training is started for the recovery of balance and postural control. Various devices 
have been designed for this phase of rehabilitation. Their use in performance with 
a series of progressive drills has effectively returned athletes to a high functional 
level. As somatosensory and visual feedback is altered, the athlete must develop 
consistent motor patterns even with inconsistent feedback. Furthermore, the ath-
lete can be tested under various visual and support conditions. The simplest device 
for proprioceptive training is the wobble board. The athlete is instructed to stand 
on the wobble board on one foot and shift his or her weight, causing the disc’s edge 
to scribe a continuous circular path. These exercises can be progressed by having 
the athlete use different-sized hemispheres and by varying visual input. A common 
progression when performing balance exercise is to move from a position of non-
weight-bearing to weight-bearing, bilateral stance to unilateral stance, eyes open to 
eyes closed, firm surface to soft surface, uneven or moving surface. Another variant 
is when the therapist manually moves the ankle and foot through various positions 
and then asks the athlete to actively and passively replicate the joint angles. This 
helps improving joint position sense. As the body is trained to sense directions from 
perturbation, sensory input is received from all parts of the body and sent to the 
central nervous system via afferent pathways. Therefore, conscious and uncon-
scious appreciation is important to protect functional joint stability. Proprioception 
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is useful for preventing injury in slow, moderately quick, or even quick tasks; 
however, it may not be adequate for forces that challenge the neuromuscular system 
at the highest levels. The therapist should also focus on variability of speed and 
intensity while training proprioception and balance (Table 3).

5.5 Sports-specific training

Once the distance walked by the athlete is no longer limited by pain, he/she can 
be put on sports-specific training or advanced training. The use of sports-specific 
means of training, parallel to general conditioning training, leads to considerable 
improvement of performance among athletes. The sports-specific training includes 
intricate activities like jogging which eventually progresses to running, backward 
running, and pattern running. Circles and figure of 8 are commonly employed pat-
terns. These activities can also be done using ankle weight to increase the difficulty 
level. Star excursion balance training can also be used in which the athlete stands 
on the sprained ankle while using another foot to reach as far as possible in eight 
directions as outlined in the Star Excursion Balance Test. The exercise can consist of 
8–10 rounds clockwise and counterclockwise foot reach with 3 s rest between each 
direction. The difficulty level can be increased by adding variations to the exercise 
such as with the sprained ankle (affected leg’s knee) flexed, eyes opened, followed 
by eyes closed. At higher speed, i.e., at an angular velocity of 120°/s, the eversion to 
inversion ratio is >1.0, adding to the risk of injuries [19]. Hence, resistance bands 
can be used to strengthen the ankle musculature, i.e., training an athlete on an iso-
kinetic machine while tying the band on the affected ankle and with the therapist 
holding the other end and maintaining the resistance through the movement.  

1st set: 10 repetitions 2nd set: 10 repetitions 3rd set: 10 repetitions 4th set: 10 repetitions*

0 lbs (0 kg) 5 lbs (0.23 kg) 1 lbs (0.45 kg) 1.5 lbs (0.68 kg)

1(0.45) 1.5 (0.68) 2 (0.91) 3 (1.36)

2 (0.91) 3 (1.36) 4 (1.81) 5 (2.27)

3 (1.36) 4.5 (2.04) 6 (2.72) 8 (3.63)

4 (1.81) 6 (2.72) 8 (3.63) 10 (4.54)

5 (2.27) 7.5 (3.40) 10 (4.54) 15 (6.80)

7.5 (3.40) 11.25 (5.10) 15 (6.80) 20 (9.07)

10 (4.54) 15 (6.80) 20 (9.07) 25 (11.34)

12.5 (5.67) 18.75 (8.51) 25 (11.34) 30 (13.61)

15 (6.80) 22.5 (10.21) 30 (13.61) 35 (15.88)

17.5 (7.94) 26.25 (11.91) 35 (15.88) 40 (18.14)

20 (9.07) 30 (13.61) 40 (18.14) 45 (20.41)

22.5 (10.21) 33.75 (15.31) 45 (20.41) 50 (22.68)

25 (11.34) 37.5 (17.01) 50 (22.68) 55 (24.95)

27.5 (12.47) 41.25 (18.71) 55 (24.95) 60 (27.22)

30 (13.61) 45 (20.41) 60 (27.22) 65 (29.48)

32.5 (14.74) 48.75 (22.11) 65 (29.48) 70 (31.75)
*The athlete should proceed to the next line when he/she can lock out (complete with correct form) the 4th set 10 times.

Table 2. 
Structured strength training progression.
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No material Ball Balance board Ball + balance board

Exercise 1
One-legged 
stance with the 
knee flexed. Step 
out on the other 
leg with the knee 
flexed, and keep 
balance for 5 s. 
Repeat 10 times 
for both legs
Variations 1 2 3 4

Exercise 3
*Make pairs. Both stand 
in one-legged stance with 
the knee flexed. Keep a 
distance of 5 m. Throw 
and/or catch a ball 5 times 
while maintaining balance. 
Repeat 10 times for both 
legs
Variations 1 2

Exercise 5
One legged stance 
on the balance 
board with the 
knee flexed. 
Maintain balance 
for 30 s and 
change stance leg. 
Repeat twice for 
both legs
Variations 1 2 3 4

Exercise 10
Athlete stands with both 
feet on the balance board. 
Throw and/or catch a ball 
10 times with one hand 
while maintaining balance. 
Repeat twice

Exercise 2
One-legged stance 
with the hip and 
the knee flexed. 
Step out on the 
other leg with 
the hip and knee 
flexed, and keep 
balance for 5 s. 
Repeat 10 times 
for both legs
Variations 1 2 3 4

Exercise 4
*Make pairs. Stand both in 
one-legged stance with the 
hip and knee flexed. Keep a 
distance of 5 m. Throw and/
or catch a ball
5 times while maintaining 
balance. Repeat 10 times for 
both legs
Variations 1 2

Exercise 6
One-legged stance 
on the balance 
board with the hip 
and knee flexed. 
Maintain balance 
for 30 s and 
change stance leg. 
Repeat twice for 
both legs
Variations 1 2 3 4

Exercise 11
Athlete stands in one-
legged stance with the knee 
flexed on the balance board. 
Throw and/or catch a ball 
10 times with one hand 
while maintaining balance. 
Repeat twice for both legs
Variations 1 2

Variations on basic exercises:
1. The standing leg is stretched
2. The standing leg is flexed
3. The standing is stretched and first eyes are 

opened, followed by eyes closed
4. The standing leg is flexed and first eyes are open 

followed by eyes closed
5. The standing leg is stretched and upper hand 

technique (throwing the ball from above the 
head)

6. The standing leg is flexed and upper hand 
technique

7. The standing leg is stretched and lower hand 
technique (throwing the ball while keeping the 
hand below the waist)

8. The standing leg is flexed and lower hand 
technique

*This can be done by the therapist, and the athlete or 
the athlete can stand opposite to the wall at a distance 
of 5 m

Exercise 7
Step slowly over 
the balance board 
with one foot on 
the balance board. 
Maintain the 
balance board in a 
horizontal position 
while stepping 
over. Repeat 10 
times for both legs

Exercise 12
Athlete stands in one-
legged stance with the hip 
and knee flexed on the 
balance board; the other has 
the same position on the 
floor. Throw and/or catch a 
ball 10 times with one hand 
while maintaining balance. 
Repeat twice for both legs
Variations 1 2

Exercise 8
Stand with both 
feet on the balance 
board. Make 10 
knee flexions 
while maintaining 
balance

Exercise 13
Athlete stands with both 
feet on the balance board. 
Throw the ball with an 
upper hand technique 10 
times while maintaining 
balance. Repeat twice for 
both legs
Variations 5 6 7 8

Exercise 9
One-legged stance 
on the balance 
board with the 
knee flexed. Make
10 knee flexions 
while maintaining 
balance. Repeat 
twice for both legs

Exercise 14
Athlete stands in one-
legged stance with the 
knee flexed on the balance 
board. Throw the ball with 
an upper hand technique 
10 times while maintaining 
balance. Repeat twice for 
both legs
Variations 5 6 7 8

Adapted from: The Effect of a Proprioceptive Balance Board Training Program for the Prevention of Ankle Sprains: 
A Prospective Controlled Trial [18].
*All the exercises done by the Athlete, can be done in pairs or the athlete can stand opposite to a wall at distance of 5 m

Table 3. 
Proprioceptive exercises (the variation and changes should be according to the athlete’s requirements).
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is useful for preventing injury in slow, moderately quick, or even quick tasks; 
however, it may not be adequate for forces that challenge the neuromuscular system 
at the highest levels. The therapist should also focus on variability of speed and 
intensity while training proprioception and balance (Table 3).

5.5 Sports-specific training

Once the distance walked by the athlete is no longer limited by pain, he/she can 
be put on sports-specific training or advanced training. The use of sports-specific 
means of training, parallel to general conditioning training, leads to considerable 
improvement of performance among athletes. The sports-specific training includes 
intricate activities like jogging which eventually progresses to running, backward 
running, and pattern running. Circles and figure of 8 are commonly employed pat-
terns. These activities can also be done using ankle weight to increase the difficulty 
level. Star excursion balance training can also be used in which the athlete stands 
on the sprained ankle while using another foot to reach as far as possible in eight 
directions as outlined in the Star Excursion Balance Test. The exercise can consist of 
8–10 rounds clockwise and counterclockwise foot reach with 3 s rest between each 
direction. The difficulty level can be increased by adding variations to the exercise 
such as with the sprained ankle (affected leg’s knee) flexed, eyes opened, followed 
by eyes closed. At higher speed, i.e., at an angular velocity of 120°/s, the eversion to 
inversion ratio is >1.0, adding to the risk of injuries [19]. Hence, resistance bands 
can be used to strengthen the ankle musculature, i.e., training an athlete on an iso-
kinetic machine while tying the band on the affected ankle and with the therapist 
holding the other end and maintaining the resistance through the movement.  

1st set: 10 repetitions 2nd set: 10 repetitions 3rd set: 10 repetitions 4th set: 10 repetitions*

0 lbs (0 kg) 5 lbs (0.23 kg) 1 lbs (0.45 kg) 1.5 lbs (0.68 kg)

1(0.45) 1.5 (0.68) 2 (0.91) 3 (1.36)

2 (0.91) 3 (1.36) 4 (1.81) 5 (2.27)

3 (1.36) 4.5 (2.04) 6 (2.72) 8 (3.63)

4 (1.81) 6 (2.72) 8 (3.63) 10 (4.54)

5 (2.27) 7.5 (3.40) 10 (4.54) 15 (6.80)

7.5 (3.40) 11.25 (5.10) 15 (6.80) 20 (9.07)

10 (4.54) 15 (6.80) 20 (9.07) 25 (11.34)

12.5 (5.67) 18.75 (8.51) 25 (11.34) 30 (13.61)

15 (6.80) 22.5 (10.21) 30 (13.61) 35 (15.88)

17.5 (7.94) 26.25 (11.91) 35 (15.88) 40 (18.14)

20 (9.07) 30 (13.61) 40 (18.14) 45 (20.41)

22.5 (10.21) 33.75 (15.31) 45 (20.41) 50 (22.68)

25 (11.34) 37.5 (17.01) 50 (22.68) 55 (24.95)

27.5 (12.47) 41.25 (18.71) 55 (24.95) 60 (27.22)

30 (13.61) 45 (20.41) 60 (27.22) 65 (29.48)

32.5 (14.74) 48.75 (22.11) 65 (29.48) 70 (31.75)
*The athlete should proceed to the next line when he/she can lock out (complete with correct form) the 4th set 10 times.

Table 2. 
Structured strength training progression.
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No material Ball Balance board Ball + balance board

Exercise 1
One-legged 
stance with the 
knee flexed. Step 
out on the other 
leg with the knee 
flexed, and keep 
balance for 5 s. 
Repeat 10 times 
for both legs
Variations 1 2 3 4

Exercise 3
*Make pairs. Both stand 
in one-legged stance with 
the knee flexed. Keep a 
distance of 5 m. Throw 
and/or catch a ball 5 times 
while maintaining balance. 
Repeat 10 times for both 
legs
Variations 1 2

Exercise 5
One legged stance 
on the balance 
board with the 
knee flexed. 
Maintain balance 
for 30 s and 
change stance leg. 
Repeat twice for 
both legs
Variations 1 2 3 4

Exercise 10
Athlete stands with both 
feet on the balance board. 
Throw and/or catch a ball 
10 times with one hand 
while maintaining balance. 
Repeat twice

Exercise 2
One-legged stance 
with the hip and 
the knee flexed. 
Step out on the 
other leg with 
the hip and knee 
flexed, and keep 
balance for 5 s. 
Repeat 10 times 
for both legs
Variations 1 2 3 4

Exercise 4
*Make pairs. Stand both in 
one-legged stance with the 
hip and knee flexed. Keep a 
distance of 5 m. Throw and/
or catch a ball
5 times while maintaining 
balance. Repeat 10 times for 
both legs
Variations 1 2

Exercise 6
One-legged stance 
on the balance 
board with the hip 
and knee flexed. 
Maintain balance 
for 30 s and 
change stance leg. 
Repeat twice for 
both legs
Variations 1 2 3 4

Exercise 11
Athlete stands in one-
legged stance with the knee 
flexed on the balance board. 
Throw and/or catch a ball 
10 times with one hand 
while maintaining balance. 
Repeat twice for both legs
Variations 1 2

Variations on basic exercises:
1. The standing leg is stretched
2. The standing leg is flexed
3. The standing is stretched and first eyes are 

opened, followed by eyes closed
4. The standing leg is flexed and first eyes are open 

followed by eyes closed
5. The standing leg is stretched and upper hand 

technique (throwing the ball from above the 
head)

6. The standing leg is flexed and upper hand 
technique

7. The standing leg is stretched and lower hand 
technique (throwing the ball while keeping the 
hand below the waist)

8. The standing leg is flexed and lower hand 
technique

*This can be done by the therapist, and the athlete or 
the athlete can stand opposite to the wall at a distance 
of 5 m

Exercise 7
Step slowly over 
the balance board 
with one foot on 
the balance board. 
Maintain the 
balance board in a 
horizontal position 
while stepping 
over. Repeat 10 
times for both legs

Exercise 12
Athlete stands in one-
legged stance with the hip 
and knee flexed on the 
balance board; the other has 
the same position on the 
floor. Throw and/or catch a 
ball 10 times with one hand 
while maintaining balance. 
Repeat twice for both legs
Variations 1 2

Exercise 8
Stand with both 
feet on the balance 
board. Make 10 
knee flexions 
while maintaining 
balance

Exercise 13
Athlete stands with both 
feet on the balance board. 
Throw the ball with an 
upper hand technique 10 
times while maintaining 
balance. Repeat twice for 
both legs
Variations 5 6 7 8

Exercise 9
One-legged stance 
on the balance 
board with the 
knee flexed. Make
10 knee flexions 
while maintaining 
balance. Repeat 
twice for both legs

Exercise 14
Athlete stands in one-
legged stance with the 
knee flexed on the balance 
board. Throw the ball with 
an upper hand technique 
10 times while maintaining 
balance. Repeat twice for 
both legs
Variations 5 6 7 8

Adapted from: The Effect of a Proprioceptive Balance Board Training Program for the Prevention of Ankle Sprains: 
A Prospective Controlled Trial [18].
*All the exercises done by the Athlete, can be done in pairs or the athlete can stand opposite to a wall at distance of 5 m

Table 3. 
Proprioceptive exercises (the variation and changes should be according to the athlete’s requirements).
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Figure 1. 
Star excursion balance test [20]. Note: Star Excursion Balance Test for left-leg dominant participants 
(Posterior direction is behind athlete’s right leg). Abbreviations: A, anterior; AM, anterior-medial; M, medial; 
PM, posterior-medial; P, posterior; PL, posterior-lateral; L, lateral; AL, anterior-lateral.

This should be done for 15–20 repetitions 1–2 times/day and with increasing 
progression. Specific training can include functional activities on various surfaces, 
e.g., trampoline and foam, and in water with weights. Repetitions should be 5–20, 
1–2 times/day (Figure 1).

5.6 Criteria for return to sports

The athlete can participate fully in the sporting activity once the pain has been 
reduced completely. The progression should be gradual in order to stress the liga-
ments without causing further harm. Full participation should be allowed once the 
athlete has complete range of motion, 80–90% of preinjury strength and a normal 
gait pattern including the ability to perform sports-specific activities such as cutting 
and landing without any compensation due to the injury. The athlete should be able 
to complete a full practice without pain or swelling.

5.7 Taping and bracing

Taping and bracing the ankle can be used for prevention as well as for rehabilita-
tion. Application of tapes and braces is helpful in the prevention of lateral ankle 
sprains and in the recurrence of injuries. Application of a tape or a brace increases 
the afferent feedback from cutaneous receptors, which lead to improved ankle joint 
position sense. This increased stimulation results in a more appropriate positioning 
of the unstable ankle and protects it from re-injury. Hence it helps improve joint 
position sense through proprioceptive mechanism.

a. Taping: The major role of taping is to prevent extreme range of movements and 
to reduce abnormal patterns of movements of the ankle. Various techniques are 
in use, but the most common techniques are basket weave with stirrup and heel 
lock and basket weave and heel lock techniques. Taping has mechanical effects: 
it decreases movement of inversion and plantar flexion and increases the force 
required for a specific displacement in inversion and plantar flexion. Taping 
helps in decreasing the extent of non-weight-bearing talar tilt. It also limits the 
full weight-bearing talar tilt. Athletes with the greatest instability benefit most 
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from the tape. Although taping does improve mechanical instability, the restrict-
ing effect is lost after varying periods of exercise. About 40% of taping effect is 
lost after 10 min of vigorous exercise like jumping, pivoting, running, etc.

b. Kinesio™ taping: Unlike structurally supportive tape, such as white athletic 
tape, Kinesio™ tape is therapeutic in nature. It differs from the traditional ath-
letic tape with respect to its elasticity, i.e., it can be stretched up to 140% of 
its original length before applying it on the skin. It provides a constant pulling 
(shear) force to the skin unlike traditional white athletic tape. The fabric of this 
tape is air permeable and water resistant and can be worn for repetitive days. The 
proposed mechanisms in which the Kinesio™ tape works are:

i. It corrects muscle function by strengthening weakened muscles.

ii. It improves circulation of blood and lymph by eliminating tissue fluid or 
bleeding beneath the skin by moving the muscle.

iii. It reduces pain through neurological suppression.

iv. It repositions subluxated joints by relieving abnormal muscle tension, 
helping to return the function of fascia and muscles [21].

v. It improves proprioception through increased stimulation to cutaneous 
mechanoreceptors [22].

c. Bracing: Ankle bracing can make a significant contribution to preventing lat-
eral ankle sprains. It also shows a significant reduction in the frequency of ankle 
sprain recurrence. Ankle braces have certain advantages over tape allowing self-
application without the expertise of qualified personnel. They are convenient 
to apply and to remove; they are reusable, readjustable, and washable. There 
are nonrigid and semirigid braces. The nonrigid ones are often made of canvas 
or a neoprene-type material, which can easily be slipped on and off, and some 
are with additional lacing. The semirigid braces mostly consist of bimalleolar 
struts made of thermoplastic materials attached by Velcro straps. Nowadays 
different braces are used such as lace-up braces and the Swede-O (Swede-O-
Universal, North Branch, MN) and multiple models by McDavid Sports Medical 
Products (Woodridge, IL); lace-up braces with straps such as the ASO (Medical 
Specialties, Charlotte, NC), the RocketSoc (DonJoy Orthopedics, Inc., Vista, 
CA), and the Ankle Brace Lock (Breg, Vista, CA); and semirigid plastic braces 
with strapping configurations such as the Ankle Ligament Protector (DonJoy 
Orthopedics, Inc.), the Universal Ankle Stirrup (DonJoy Orthopedics, Inc.), the 
T2 Active Ankle Support (Active Ankle, Louisville, KY) and the Ultra Ankle, 
and the Guardian Ankle (McDavid Sports Medical Products).

Semirigid brace like Swede-O-Universal and nonrigid brace like subtalar sup-
ports provide a better non-weight-bearing restriction in plantar flexion, dorsi-
flexion, and eversion than taping after 15 min of activity. A strong thermoplastic 
semirigid ankle brace significantly reduces talar and subtalar motions of plan-
tarflexion, inversion, and adduction. In summary, ankle taping and bracing:

i. Restrict ankle range of motion.

ii. Reduce injury and recurrence rate.
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Figure 1. 
Star excursion balance test [20]. Note: Star Excursion Balance Test for left-leg dominant participants 
(Posterior direction is behind athlete’s right leg). Abbreviations: A, anterior; AM, anterior-medial; M, medial; 
PM, posterior-medial; P, posterior; PL, posterior-lateral; L, lateral; AL, anterior-lateral.

This should be done for 15–20 repetitions 1–2 times/day and with increasing 
progression. Specific training can include functional activities on various surfaces, 
e.g., trampoline and foam, and in water with weights. Repetitions should be 5–20, 
1–2 times/day (Figure 1).

5.6 Criteria for return to sports

The athlete can participate fully in the sporting activity once the pain has been 
reduced completely. The progression should be gradual in order to stress the liga-
ments without causing further harm. Full participation should be allowed once the 
athlete has complete range of motion, 80–90% of preinjury strength and a normal 
gait pattern including the ability to perform sports-specific activities such as cutting 
and landing without any compensation due to the injury. The athlete should be able 
to complete a full practice without pain or swelling.

5.7 Taping and bracing

Taping and bracing the ankle can be used for prevention as well as for rehabilita-
tion. Application of tapes and braces is helpful in the prevention of lateral ankle 
sprains and in the recurrence of injuries. Application of a tape or a brace increases 
the afferent feedback from cutaneous receptors, which lead to improved ankle joint 
position sense. This increased stimulation results in a more appropriate positioning 
of the unstable ankle and protects it from re-injury. Hence it helps improve joint 
position sense through proprioceptive mechanism.

a. Taping: The major role of taping is to prevent extreme range of movements and 
to reduce abnormal patterns of movements of the ankle. Various techniques are 
in use, but the most common techniques are basket weave with stirrup and heel 
lock and basket weave and heel lock techniques. Taping has mechanical effects: 
it decreases movement of inversion and plantar flexion and increases the force 
required for a specific displacement in inversion and plantar flexion. Taping 
helps in decreasing the extent of non-weight-bearing talar tilt. It also limits the 
full weight-bearing talar tilt. Athletes with the greatest instability benefit most 
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from the tape. Although taping does improve mechanical instability, the restrict-
ing effect is lost after varying periods of exercise. About 40% of taping effect is 
lost after 10 min of vigorous exercise like jumping, pivoting, running, etc.

b. Kinesio™ taping: Unlike structurally supportive tape, such as white athletic 
tape, Kinesio™ tape is therapeutic in nature. It differs from the traditional ath-
letic tape with respect to its elasticity, i.e., it can be stretched up to 140% of 
its original length before applying it on the skin. It provides a constant pulling 
(shear) force to the skin unlike traditional white athletic tape. The fabric of this 
tape is air permeable and water resistant and can be worn for repetitive days. The 
proposed mechanisms in which the Kinesio™ tape works are:

i. It corrects muscle function by strengthening weakened muscles.

ii. It improves circulation of blood and lymph by eliminating tissue fluid or 
bleeding beneath the skin by moving the muscle.

iii. It reduces pain through neurological suppression.

iv. It repositions subluxated joints by relieving abnormal muscle tension, 
helping to return the function of fascia and muscles [21].

v. It improves proprioception through increased stimulation to cutaneous 
mechanoreceptors [22].

c. Bracing: Ankle bracing can make a significant contribution to preventing lat-
eral ankle sprains. It also shows a significant reduction in the frequency of ankle 
sprain recurrence. Ankle braces have certain advantages over tape allowing self-
application without the expertise of qualified personnel. They are convenient 
to apply and to remove; they are reusable, readjustable, and washable. There 
are nonrigid and semirigid braces. The nonrigid ones are often made of canvas 
or a neoprene-type material, which can easily be slipped on and off, and some 
are with additional lacing. The semirigid braces mostly consist of bimalleolar 
struts made of thermoplastic materials attached by Velcro straps. Nowadays 
different braces are used such as lace-up braces and the Swede-O (Swede-O-
Universal, North Branch, MN) and multiple models by McDavid Sports Medical 
Products (Woodridge, IL); lace-up braces with straps such as the ASO (Medical 
Specialties, Charlotte, NC), the RocketSoc (DonJoy Orthopedics, Inc., Vista, 
CA), and the Ankle Brace Lock (Breg, Vista, CA); and semirigid plastic braces 
with strapping configurations such as the Ankle Ligament Protector (DonJoy 
Orthopedics, Inc.), the Universal Ankle Stirrup (DonJoy Orthopedics, Inc.), the 
T2 Active Ankle Support (Active Ankle, Louisville, KY) and the Ultra Ankle, 
and the Guardian Ankle (McDavid Sports Medical Products).

Semirigid brace like Swede-O-Universal and nonrigid brace like subtalar sup-
ports provide a better non-weight-bearing restriction in plantar flexion, dorsi-
flexion, and eversion than taping after 15 min of activity. A strong thermoplastic 
semirigid ankle brace significantly reduces talar and subtalar motions of plan-
tarflexion, inversion, and adduction. In summary, ankle taping and bracing:

i. Restrict ankle range of motion.

ii. Reduce injury and recurrence rate.
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iii. Improve proprioception.

iv. Lose limitation of movement after exercise.

v. Have no negative effect on most performance tests.

vi. Have little negative effect on other joints.

6. Grade III lateral ankle sprains

Grade III lateral ankle sprains occur when there is a complete rupture of both ATFL 
and CFL. Although the initial line of management remains a functional rehabilita-
tion, surgery should be considered if the symptoms persist. The feeling of giving 
way, defined as functional instability or true mechanical instability, is frequently 
experienced. This can be demonstrated by provocative tests such as the anterior drawer 
or talar tilt (either clinically or by stress radiography). Particular attention should be 
directed at the diagnosis and correction of subtle subtalar instability in individuals with 
functional instability. Surgical repairs are aimed at the reconstruction of the normal 
anatomy by overlapping the existing joint capsule and lateral ligaments. The rehabilita-
tion protocol post-surgery remains the same as that of the conservative treatment.

7. Conclusion

The early rehabilitation of lateral ankle ligament sprains focuses on gaining 
full recovery by starting it within 24–48 h post injury. Most of the sprains respond 
well to functional treatment. Rehabilitation programs should be structured and 
individualized. In the acute phase, the focus should be on controlling inflammation, 
reestablishing full range of motion and gaining strength. Once the athlete achieves 
a pain-free range of motion and weight-bearing, balance-training exercises should 
be included to regulate neuromuscular control. Advanced-phase rehabilitation 
exercises should focus on regaining normal function. These should include sports-
specific exercises specific to the particular sport played by the athlete. While having 
a basic guideline to follow for the rehabilitation of lateral ankle sprains, it is impor-
tant to remember that individuals respond differently to exercises. Therefore, each 
program needs to be modified to fit the individual’s needs.

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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iii. Improve proprioception.

iv. Lose limitation of movement after exercise.

v. Have no negative effect on most performance tests.

vi. Have little negative effect on other joints.

6. Grade III lateral ankle sprains

Grade III lateral ankle sprains occur when there is a complete rupture of both ATFL 
and CFL. Although the initial line of management remains a functional rehabilita-
tion, surgery should be considered if the symptoms persist. The feeling of giving 
way, defined as functional instability or true mechanical instability, is frequently 
experienced. This can be demonstrated by provocative tests such as the anterior drawer 
or talar tilt (either clinically or by stress radiography). Particular attention should be 
directed at the diagnosis and correction of subtle subtalar instability in individuals with 
functional instability. Surgical repairs are aimed at the reconstruction of the normal 
anatomy by overlapping the existing joint capsule and lateral ligaments. The rehabilita-
tion protocol post-surgery remains the same as that of the conservative treatment.

7. Conclusion

The early rehabilitation of lateral ankle ligament sprains focuses on gaining 
full recovery by starting it within 24–48 h post injury. Most of the sprains respond 
well to functional treatment. Rehabilitation programs should be structured and 
individualized. In the acute phase, the focus should be on controlling inflammation, 
reestablishing full range of motion and gaining strength. Once the athlete achieves 
a pain-free range of motion and weight-bearing, balance-training exercises should 
be included to regulate neuromuscular control. Advanced-phase rehabilitation 
exercises should focus on regaining normal function. These should include sports-
specific exercises specific to the particular sport played by the athlete. While having 
a basic guideline to follow for the rehabilitation of lateral ankle sprains, it is impor-
tant to remember that individuals respond differently to exercises. Therefore, each 
program needs to be modified to fit the individual’s needs.
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