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Foreword

Message from the Honorary President of the International Olympic Committee

Ankle lesions are frequent in football. They represent /4 % of the total number
of injuries and and lead to a game incapacity of 164 days per season. This has
important repercussions on players’ careers and their teams’ performance. Over
recent years, the diagnostic approach to ankle lesions has changed completely
thanks to the introduction of new clinical visions and new technical possibilities.
This has led to more appropriate therapeutic measures, both conservatively and sur-
gically, achieving much better results and faster resumption of competition.

The purpose of this book is to present these new preventive, diagnostic, and
therapeutic strategies.

As an Olympian, orthopaedic surgeon, and IOC Honorary President, I have
always promoted a healthy approach to sports practice.

I therefore congratulate the authors for producing what is a very useful and well-
written book.

Lausanne - Vidy, Switzerland Jacques Rogge
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Foreword

Football (soccer) is played by more than 300 million people globally. It is the most
popular sport in the world, and participation in this dynamic sport continues to grow
among men and women exponentially. As a high-impact contact sport, football is
associated with significant acute and chronic foot and ankle contact forces with
consequent and potential injury to the ligaments, bone, and the joint surfaces. FIFA’s
“Football Medicine” mission is manifest through the FIFA Medical Assessment and
Research Center (F-MARC) and aims to prevent injury, optimize performance of
the athlete and provide efficient care for the injured player. It is the aim of FIFA to
communicate, educate, and implement the basic principles of this mission. This
book The Ankle in Football, as edited by D’Hooghe and Kerkhoffs, systematically
depicts critical anatomical and pathoanatomical issues and disorders that are of par-
ticular importance to the football athlete’s ankle. In addition to identification of the
spectrum of injury, the text clearly presents a comprehensive multidisciplinary and
algorithmic approach that includes the prevention, diagnosis, treatment, rehabilita-
tion, and return to play progressions. This book also provides a complete but con-
cise reference guide for players, coaches, medical and training staff, and researchers
working with football players. Furthermore, it intends to facilitate the advancement

ix



X Foreword

of science and education in football and the development of innovative treatment
concepts and prevention strategies that help to further reduce the incidence of injury
and risk of osteoarthritis in football players of all ages and skill levels.

Zurich, Switzerland Bert R. Mandelbaum MD, DHL (hon)
Zurich, Switzerland Jiri Dvorak MD, F-MARC
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Continuous education is a current priority of ESSKA and FIFA. The current publica-
tion is an important part of a strategy to provide sports medicine up-to-date knowl-
edge and facilitate access to recent insights concerning some hot topics in a friendly,
clear, and practical way. To achieve such goal we tried to gather contributions from
some of the more renowned experts in the field, whom we thank for their precious
contributions.

The goal of the authors was to provide high-performing educational sets. You
will be joining us in this priceless educational mission. Consequently, it will allow
you to keep in touch with the most advanced techniques, with ultimate technologies
and under guidance of the best current practice rules. This way we expect to assure
that high-quality standards in patient care will be achieved.

FIFA has a mission on Football for Health: “...playing football, protect yourself
from injuries and learn how to live a healthy life. Health is key to development and
growth. Football, the one passion that unites people of all ages, gender, languages,
colour, cultures and religions, may prove a uniquely effective and low-cost tool in
the world’s fight for health.” This is also part of the goals of this book.

xi



Xii Foreword

In the subsequent pages dedicated to The Ankle in Football, the reader will be
able to get acquainted with state of the art on that subject. This outstanding and
generous share of knowledge conveys a comprehensive resource to education and
clinical practice. There are many relevant improvements in the understanding of
anatomy, biomechanics, and biology of the ankle and football lesions. In the same
way we have changed from classical view of anatomy to the “arthroscopic” joint
approach, we are now entering the era of biology and molecular understanding of
healing.

Several surgical techniques addressing new problems have gained space from
experimental therapies to evidence-based treatments.

The reading you are about to begin consubstantiates a text gathering the new
fundamentals of basic science and clear explanation of surgical techniques to pro-
vide the best health care to patients. Science and skills brought to you by this book’s
authors arise from talented and passionate personalities that bring novelty to ortho-
pedics. ESSKA and FIFA’s “families” strive to give no less in education.

ESSKA President
Porto, Portugal Jodo Espregueira-Mendes



Preface

Football is the most popular sport worldwide. People played football from the eigh-
teenth century onwards, and the game has developed tremendously through the
years. Nowadays, it’s the world’s biggest side issue with all (dis)advantages that
come with that status.

As football has evolved so importantly, the physical and psychological impact on
the players’ health, together with the upgraded multidisciplinary care for the play-
ers, grew along by becoming a big issue.

In this regard we see that ankle injuries present a high burden for all sports medi-
cine physicians, physiotherapists, players, coaches, and paramedics involved world-
wide in and around the football pitch. The challenge for the technical and medical
staff in football nowadays is to prevent and treat injuries, according to their best
possible standards.

xiii



Xiv Preface

Ankle joint injuries present approximately 20 % of all injuries on the football pitch
and can therefore put forward an increasing challenge to the player and his/her staff.

The current book aims at creating a unique platform that covers frequent ankle
pathologies, specifically related to football. One chapter (on Metatarsal 5 base frac-
tures) goes beyond the anatomical ankle region but has been added because of its
ankle-related frequency and importance in football.

Most commonly, injuries are described from trauma mechanism, physical exam-
ination findings, and diagnostic and treatment algorithms towards rehabilitation
programs and full return to sports. The extra dimension in this book is the “Interview
Sections,” where the input by elite level players, coaches, team doctor, physical
therapist, scout, and referee offers a personal view on ankle-related treatments and
rehabilitation in a much broader aspect than just the injury itself.

Therefore, this book is directed to orthopedic surgeons, sports medicine physicians,
physiotherapists, general practitioners, club managers, football players, and coaches.

The authors are all scientifically active in the field of sports but are also well
known for their great clinical experience in the care of football players, with often
more than 20 years of expertise in the field.

The book is structured in a fashion that allows people to use it as a reference
manual combining educational material with evidence-based information on ankle
injuries in football.

We hope The Ankle in Football will help in your clinical practice, nourish your
further interest, and improve your treatment strategies with the ultimate goal of
protecting the ankles in football players.

Pieter PR.N. d’'Hooghe
Gino M.M.J. Kerkhoffs
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Chapter 1
Anatomy of the Ankle

Pau Goland, Miquel Dalmau-Pastor, Jordi Vega, and Jorge Pablo Batista

The best Football referee has the sharpest eyes and the
lousiest ears.

Mario van der Ende
Ex-international Referee

Abstract A thorough knowledge of the ankle anatomy is absolutely necessary for
diagnosis and adequate treatment of ankle injury. The ankle is among the most prev-
alent joints injured in sports, the ankle sprain being the most common ankle lesion.
The ankle joint is formed by the distal tibia and fibula, and the superior talus. Two
ligamentous complexes join the bones that form the ankle: the ligaments of the tib-
iofibular syndesmosis (anteroinferior tibiofibular, posteroinferior tibiofibular, and
the interosseous tibiofibular ligament) and the lateral (anterior talofibular, calcaneo-
fibular, and the posterior talofibular ligament) and medial (superficial and deep
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component) collateral ligaments. The anterior talofibular ligament is the main stabi-
lizer on the lateral aspect of the ankle, limiting the anterior translation and internal
rotation of the talus. Because most ankle sprains occur by inversion, this ligament is
the most frequently injured, and it has been involved in the soft-tissue impingement
syndrome and the microinstability and the major instability of the ankle.

1.1 Introduction

The talocrural or ankle joint is a load-bearing joint formed by the articular surfaces
of the tibial and fibular distal epiphyses and the talus in its superior, lateral, and
medial aspects. The talus is firmly gripped between the tibia and the two malleoli,
medial and lateral malleoli, respectively, which form a mortise to receive the talus
(Fig. 1.1). The morphology of these surfaces forms a ginglymus or hinge-type syno-
vial joint (Fig. 1.2) with a single axis of movement (bimalleolar axis) that allows
dorsiflexion (flexion) and plantar flexion (extension) of the ankle and foot in the
sagittal plane. The range of ankle motion is variable. The methodology used to
measure it (clinical, roentgenographic, or anatomic) accounts for some of the
reported discrepancies. The normal range of motion has been reported to be 13-33°
of dorsiflexion and 23-56° of plantar flexion [1].

Fig. 1.1 Bone components
of the ankle joint. / Inferior
articular surface of the tibia.
2 Articular surface of the
medial malleolus. 3 Articular
surface of the lateral
malleolus. 4 Superior
articular surface of the talus.
5 Lateral articular surface of
the talus. 6 Medial articular
surface of the talus. Cartilage
has been colored digitally

by Adobe® Photoshop®
software (Figure

copyright © Pau Goland)
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Fig. 1.2 Frontal section of
the ankle and subtalar joints.
1 Tibia. 2 Medial malleolus.
3 Lateral malleolus. 4 Talus.
5 Calcaneus. 6 Sustentaculum
tali. 7 Tibiofibular
syndesmosis. 8 Interosseous
talocalcaneal ligament.

9 Peroneus brevis tendon.

10 Peroneus longus tendon.
11 Tibialis posterior tendon.
12 Flexor digitorum longus.
13 Flexor hallucis longus.

14 Sural nerve and small
saphenous vein. /5 Medial
plantar nerve, plantar medial
artery and veins. /6 Lateral
plantar nerve, lateral plantar
artery and veins. The nerves
and vessels have been colored
digitally with Adobe®
Photoshop® software (Figure
copyright © Pau Goland)

The bones are connected by a fibrous capsule which is similar to the capsule of
any other joint, with the exception of a singular characteristic: the anterior capsular
insertion in the tibia and talus occurs at a distance from the cartilaginous layer
(Fig. 1.3). According to Testut and Latarjet [2], the distance is approximately
6-8 mm in the tibia and 8—10 mm in the talus. In a recent study, the distance was
found to be 4.3 mm (0.5-9.0 mm) and 2.4 mm (1.8-3.3 mm) in the tibia and talus,
respectively [3]. This anatomic detail belies the hypothesis of formation of talotibial
spurs, frequently found in athletes, due to recurrent traction of the joint capsule. The
repetitive direct (micro) trauma on the ankle cartilage rim by repetitive kicking
action in soccer will induce inflammation, the development of scar tissue, calcifica-
tion, and, subsequently, reactive spur formation [4]. The pain is probably caused by
impingement of synovial or posttraumatic scar tissue between the bony surface of
the distal tibia and/or malleoli and the bony contours of the talus (Fig. 1.4).

On the other hand, this peculiarity of the ankle capsule insertion determines the
existence of a substantial anterior capsular recess that allows the arthroscopist to
encounter a working area. Nevertheless, the size of this area depends on the position
of the foot.

Together with the elbow, the ankle is one of the most congruous joints in the
body. The stability of the ankle is determined by passive and dynamic factors. The
passive stability depends on the contour of the articular surfaces, the articular
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Fig. 1.3 (a) A lateral weight-bearing foot x-ray showing a tibial osteophyte. (b) Arthroscopic view
of the ankle through anterolateral portal showing tibial and talar osteophytes. / Tibial osteophyte.
2 Articular surface of the medial malleolus. 3 Talar osteophyte (Figure copyright © Pau Goland)

capsule and integrity of the collateral ligaments, and the retinacula around the joint.
The dynamic stability is conferred by the muscle action mainly.

Based on its functional relationship to the rest of the body, it is not surprising that
ankle injuries are among the most common, particularly in sport such as basketball
(45 %), football (31 %), and handball (25 %) [5]. The ankle sprain accounts for
85 % of all ankle lesions [6, 7].

The most common mechanism of injury to the ankle ligament is inversion sprain
(Fig. 1.5). This mechanism affects from 75 % [8] to over 90 % [9] of the cases involv-
ing the lateral collateral ligament. With this mechanism of injury, the anterior talofibu-
lar ligament is the first or only ligament to sustain injury [10]. The anterior talofibular
ligament restricts the anterior translation and the internal rotation of the talus [11, 12].
An abnormal anterior drawer sign has been reported in 42 % of patients after an ankle
sprain [13]. When the mechanism of injury continues around the lateral aspect of the
ankle, rupture of the anterior talofibular ligament is followed by the damage to the
calcaneofibular ligament and finally to the posterior talofibular ligament [14].

Injury to the medial collateral ligament is much less frequent, accounting for
about 5-15 % of all ankle ligamentous lesions [15, 16]. Medial collateral ligament
injury rarely occurs alone; it is more often associated with other ligamentous injuries
or fractures. Syndesmotic injuries occur in 1-18 % [17] of patients with an ankle
sprain and are more common in collision sports involving a forced ankle dorsiflexion.

Most of these patients are successfully treated conservatively. However, residual
symptoms after ankle sprain are reported in 30—40 % of patients [18], including
chronic pain, muscular weakness, and recurrent giving way or instability [18, 19].
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Fig. 1.4 Sagittal section of the ankle with joint distraction showing the characteristic insertion of
the anterior capsule joint. / Ankle anterior joint capsule (and black arrows). 2 Inferior articular sur-
face of the tibia. 3 Anterior cartilage rim. 4 Superior articular surface of the talus. 5 Intra-articular
but extrasynovial fat pad located in the anterior synovial recess. This structure can be compared to
the Hoffa fat pad of the knee. 6 Transverse ligament (deep component of the posterior tibiofibular
ligament). 7 Posterior intermalleolar ligament. 8 Posterior talofibular ligament. 9 Posterior talar pro-
cess. 10 Posterior subtalar joint. // Ankle posterior joint capsule (and black arrows). 12 Deep fascia
(fibular-talocalcaneal ligament). /3 Flexor hallucis longus muscle belly. /4 Ankle joint. Cartilage
has been colored digitally by Adobe® Photoshop® software (Figure copyright © Pau Goland)

The most frequent cause of chronic pain after an ankle sprain is known as soft tis-
sue impingement syndrome [5] (Fig. 1.6). However, recurrent instability of the ankle
is a known sequela following inversion injuries and is estimated to occur in approxi-
mately 10-20 % of patients regardless of the type of initial treatment [20, 21].

The primary etiology of all these conditions is injury to the ligamentous
structures.

An understanding of the anatomy and biomechanics of the ligamentous com-
plexes is essential for diagnosis and adequate treatment of this condition. Therefore,
and because there are relatively few published studies centering on these ligaments
[22, 23] as compared to those in other joints, the aim of this chapter is to review the
anatomy of ankle ligaments.

In order to simplify the description of the ankle ligaments, we have divided the
structures involved into two sections as follows:

Ligaments that join the distal epiphyses of the bones of the leg (tibia and fibula): the
ligaments of the tibiofibular syndesmosis

Ligaments that join the tibia and fibula to the skeletal structure of the foot: the lat-
eral collateral ligament and medial collateral ligament



Fig. 1.5 Adobe® Photoshop®
photocomposition of the
ankle inversion sprain
mechanism. The anterior
talofibular ligament is the
weakest of three lateral
collateral ligaments involved
in practically all ankle
inversion sprains. / Anterior
talofibular ligament
(Reproduced with permis-
sion: Golan6 and Vega [24].
Figure copyright © Pau
Goland)

Fig. 1.6 Arthroscopic view
of the ankle impingement
through the anteromedial
portal (Image courtesy of Dr
José Achalandabaso (San
Sebastian, Spain))

P. Golano et al.
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1.2 Ligaments That Join the Distal Epiphyses
of the Tibia and Fibula

The distal epiphyses of the tibia and fibula are firmly joined by ligaments, creating
a moveable joint system that encompasses the talus, thus forming the talocrural
joint.

The articular surfaces of the tibia and the fibula form a triangular configuration
with a distal base. The surface provided by both the fibula and the tibia, called the
tibial and fibular notch, respectively, is rough in the proximal region since it is the
insertion site for one of the syndesmotic ligaments, the interosseous tibiofibular
ligament, which is simply the continuation of the interosseous membrane at this
level. Distal to the insertion site of this ligament, the remaining anterior surface cor-
responds to the tibiofibular synovial recess of the ankle joint, and at the posterior
surface there is a small bundle of adipose tissue called the fatty synovial fringe. This
structure has been implicated as a cause of chronic pain following ankle sprain in
the condition known as syndesmotic impingement [25, 26] (Fig. 1.7).

As can be deduced from the above description, the distal tibiofibular joint has no
articular cartilage (Fig. 1.2). It is a syndesmotic articulation that allows the tibia-
fibula as a whole to adapt to the varying width of the upper articular surface of the

Fig. 1.7 (a) Arthroscopic view of the normal syndesmotic area through the anteromedial portal.
(b) Typical appearance of a syndesmotic ankle impingement showing the erythematous synovial
fringe during arthroscopic resection. / Synovial fringe. 2 Inferior articular surface of the tibia. 3
Articular surface of the lateral malleolus. 4 Superior articular surface of the talus. 5 Transverse
ligament (deep component of the posterior tibiofibular ligament) (Image courtesy of Dr José
Achalandabaso (San Sebastidn, Spain))
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talus; it does so through the slight ascending and medial rotation movements of the
fibula during extreme dorsiflexion (maximum width) and by inverse movements
during plantar flexion (minimum width) [27].

Three ligaments join the distal tibial and fibular epiphyses: the anterior or antero-
inferior tibiofibular ligament, the posterior or posteroinferior tibiofibular ligament,
and the interosseous tibiofibular ligament. The inferior segment of the interosseous
membrane also helps stabilize the tibiofibular syndesmosis.

1.2.1 Anterior or Anteroinferior Tibiofibular Ligament

The anterior tibiofibular ligament is the weakest of all the syndesmotic ligaments
and the first to yield when the fibula is turned outward over its longitudinal axis [28].
The ligament originates in the anterior tubercle of the tibia, and its fibers extend in
a distal and lateral direction to the insertion site in the anterior margin of the lateral
malleolus. Upon examination, the ligament is seen to be divided into several fasci-
cles, which gives it a multifascicular morphology (Fig. 1.8a). This multifascicular
appearance is probably due to its relationship with the perforating branch of the
peroneal artery, which runs along the surface of the ligament, providing small
vessels that penetrate through the interfascicular spaces [22].

The importance of this ligament lies in its distal portion, which has been associ-
ated with anterolateral pain after ankle sprain [29]. Knowledge of its configuration
is important to understand the anatomic bases for anterolateral soft tissue impinge-
ment [30], since abrasion between the distal fascicle of the anterior tibiofibular liga-
ment and the talus will lead to pain.

On careful inspection, the most distal fascicle of the anterior tibiofibular ligament
appears to be independent from the rest of the structure. It is separated by a septum
of fibroadipose tissue and may be slightly deeper than the rest of the ligament. This
relative independence of the distal fascicle from the anterior tibiofibular ligament
led authors such as Nikolopoulos [31] to give it a separate name: the accessory
anteroinferior tibiofibular ligament. This term was refuted years later by Basset et al.
[29] which led to its designation as distal fascicle of the anteroinferior tibiofibular
ligament. Due to its intracapsular and extrasynovial location, the distal fascicle of
the anteroinferior tibiofibular ligament can be seen by arthroscopy (Fig. 1.8b, ¢).

»
>

Fig. 1.8 Osteoarticular dissection of the ankle joint. (a) Anterolateral view. (b) Anterior view.
(c) Arthroscopic correlation view of the distal fascicle of the anterior tibiofibular ligament through
anteromedial portal. / Anterior tibiofibular ligament. 2 Distal fascicle of the anterior tibiofibular
ligament. 3 Anterior tubercle of the tibia. 4 Interosseous membrane. 5 Interosseous membrane
perforation for the passage of the anterior peroneal artery branch (red arrow). 6 Anterior talofibular
ligament. 7 Calcaneofibular ligament. 8 Dorsal talonavicular ligament. 9 Interosseous talocalca-
neal ligament. /0 Inferior extensor retinaculum (cut). 11 Bifurcate ligament. /2 Cuboid bone. /3
Peroneus brevis tendon. /4 Peroneus longus tendon. /5 Calcaneal or Achilles tendon. /6 Superior
peroneal retinaculum (cut). 17 Superior extensor retinaculum (cut) (Figure copyright © Pau
Goland)
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In its oblique course toward insertion in the fibula, the distal fascicle covers the
angle formed by the tibia and fibula and comes into contact with the dorsolateral
border of the talus during flexion of the ankle. Basset et al. [29] measured the dimen-
sions and the degrees of dorsiflexion needed for the distal fascicle to come into
contact with the talus (mean 12°). The author also published a series of seven case
studies in which resection of the distal fascicle of the anterior tibiofibular ligament
satisfactorily resolved the symptoms of patients with chronic ankle pain who had a
history of inversion sprains of the ankle. Thickening of the ligament was seen in all
these cases, and five patients additionally showed abrasion of the joint cartilage in
the region where the ligament came into contact with the talus. Resection of the
distal fascicle as a therapeutic approach, whether by open surgery or arthroscopy,
does not produce noticeable changes in the stability of the ankle [31-33] and leads
to clinical improvement. However, impingement of the distal fascicle of the anterior
tibiofibular ligament seems to depend on changes in the ankle mechanics [29] and
on the distal fascicle obliquity [34]. An injury to the lateral collateral ligament,
specially to the anterior talofibular ligament, would increase anteroposterior laxity
of the ankle [11, 12]. This, in turn, would result in increased anterior extrusion of
the talus and cause the distal fascicle to have greater contact and pressure on the
talus [29]. Another factor related to distal fascicle impingement is its obliquity or
the level at which the anterior tibiofibular ligament is inserted in the fibula with
respect to the joint line. More distal insertion of the ligament could lead to increased
contact in the neutral position of the ankle and a higher potential for ligamentous
pathology [34].

Our observations in the dissection room have allowed us to identify contact
between the distal fascicle and the talus in the neutral position [22]. Contact
decreases with joint distraction [34] or dorsal flexion of the ankle, which should be
taken into account during arthroscopy. These findings should be considered as a
normal feature [22, 34]. In cases of anatomic variation or ankle instability, the fea-
ture may be pathological. The lateral ankle instability is a direct factor in the ante-
rior tibiofibular ligament pathology, and therefore, its impingement should be
considered a consequence of the ankle instability. In fact, Kim and Ha [35] consid-
ered that isolated impingement by this entity is uncommon, the condition usually
being associated with anterior talofibular ligament pathology (ankle sprain).

1.2.2 Posterior or Posteroinferior Tibiofibular Ligament

According to the classic descriptions, the posterior or posteroinferior tibiofibular
ligament is formed by two components, one superficial and the other deep [36],
although this subdivision is not accepted by all authors (Fig. 1.9). On the basis of its
position, Nikolopoulos et al. [32] compared this ligament to the anterior tibiofibular
ligament and its distal fascicle. The terminology used for this ligament and its com-
ponents is controversial [37], and this fact is particularly evident in the arthroscopic
literature [38].
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Fig. 1.9 Posterior view of an osteoarticular dissection of the ankle joint. / Posterior tibiofibular
ligament, retracted by surgical instrument. 2 Posterior tibial tubercle. 3 Transverse ligament (deep
component of the posterior tibiofibular ligament). 4 Fibular malleolar fossa. 5 Posterior talofibular
ligament. 6 Calcaneofibular ligament. 7 Posterior intermalleolar ligament (and gray arrows).
8 Lateral talar tubercle. 9 Medial talar tubercle. /0 Medial collateral ligament. //. Inferior peroneal
retinaculum (and black arrows). 12 Peroneal tendons path. /3 Tibial malleolar sulcus. /4 Flexor
retinaculum (and black arrows). 15 Tibialis posterior tendon path. /6 Flexor intertendinous septum
(and black arrows). 17 Flexor digitorum longus tendon path. /8 Flexor hallucis longus tendon
path. 79 Flexor hallucis longus tendon retinaculum (Figure copyright © Pau Goland)

The superficial component originates at the posterior tubercle and runs distally
and laterally toward the fibula, where it inserts in the posterior edge of the lateral
malleolus. This component would be homologous to the anterior tibiofibular liga-
ment. The term posterior or posteroinferior tibiofibular ligament is usually used to
refer to the superficial component.

Sarrafian coined the term transverse ligament to refer to the deep component
[36]. This is a cone-shaped structure, with its fibers turning on during its course. It
originates at the posterior edge of the tibia, immediately posterior to the cartilagi-
nous covering of the inferior tibial articular surface, and runs toward the fibula, with
insertion at the proximal area of the malleolar fossa. The transverse ligament extends
beyond the osseous margin in a distal direction, conforming a true labrum [36]
dependent on the inferior articular surface of the tibia. By increasing the size and
concavity of the tibial joint surface, it provides talocrural joint stability and prevents
posterior talar translation [39].

On arthroscopic examination through anterior portals, many authors report that
the posterior tibiofibular ligament (superficial component) is readily visualized,
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Fig. 1.10 Arthroscopic view of the normal ankle posterior area through the anteromedial portal.
On arthroscopic examination through anterior portals, only the deep component of the posterior
syndesmotic ligaments is visible arthroscopically. The superficial component cannot be seen. /
Synovial fringe. 2 Inferior articular surface of the tibia. 3 Articular surface of the lateral malleolus.
4 Superior articular surface of the talus. 5 Transverse ligament (deep component of the posterior
tibiofibular ligament). 6 Posterior intermalleolar ligament (Image courtesy of Dr José
Achalandabaso (San Sebastidn, Spain))

but there is some controversy regarding the transverse ligament (deep component).
We have shown that only the deep component is visible arthroscopically and that the
superficial component cannot be seen, thus helping to clarify previous descriptions
of this ligament that might be confusing [38] (Fig. 1.10). The superficial component
can be seen during ankle posterior endoscopy.

1.2.3 Interosseous Tibiofibular Ligament

The interosseous tibiofibular ligament is a dense mass of short fibers, which,
together with adipose tissue and small branching vessels from the peroneal artery,
span the tibia to the fibula. It can be considered a distal continuation of the interos-
seous membrane at the level of the tibiofibular syndesmosis [2, 36].



1 Anatomy of the Ankle 13

1.3 Ligaments That Join the Leg Bones to the Skeletal
Structure of the Foot

The ligaments that join the tibia and fibula to the skeletal structure of the foot have
been grouped into two main ligamentous complexes, the lateral collateral ligaments
and the medial collateral ligaments.

1.3.1 Lateral Collateral Ligaments

Located on the lateral part of the joint, the lateral collateral ligament (LCL) is com-
prised of three fascicles or ligaments, entirely independent from each other: the
anterior talofibular, the calcaneofibular, and the posterior talofibular ligaments.

1.3.1.1 Anterior Talofibular Ligament

The anterior talofibular ligament (ATFL) is the most frequently injured ligament of
the ankle. This ligament is the main stabilizer on the lateral aspect of the ankle [40].
Due to the fact that most ankle injuries occur by inversion with the foot in plantar
flexion, the ATFL is the most vulnerable to injuries.

This flat, quadrilateral ligament is in close contact with the capsule and is consid-
ered an intrinsic ligament reinforcing the joint capsule. The ATFL is typically com-
posed of two bands separated by an interval that allows penetration of the vascular
branches from the perforating peroneal artery and its anastomosis with the lateral
malleolar artery; the upper band is larger than the lower one (Fig. 1.11). Occasionally,
there are three bands [36], although we have never observed this morphology in our
dissections [22]. Milner and Soames [41] found that the ligament had a single band
in 38 % of cases, two bands in 50 % of cases, and three bands in 12 %, in contrast
with Sarrafian’s observations [36]. Nevertheless, it is notable that subsequent ana-
tomic studies [42, 43] to determine the anatomy and dimensions of the parts of the
lateral collateral ligament do not stress this aspect. In a study using MRI to investi-
gate 22 patients with no history of ankle sprains, Delfaut [44] found that the anterior
talofibular ligament had a single band in 9 % of cases, two bands in 55 %, and a
striated appearance in 36 %. Our dissections [22] have shown that this ligament
most commonly has a double-band morphology, as described by Sarrafian [36]. The
upper band reaches the insertion on the fibula of the anterior tibiofibular ligament.
This anatomic fact is critical to locate the anchor position during the new arthroscopic
lateral ligament repair techniques [45]. The inferior band reaches the origin of the
calcaneofibular ligament. In many specimens, these latter ligaments (ATFL and cal-
caneofibular ligament) are joined by arciform fibers at the malleolar origin [36].
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Fig. 1.11 Lateral view of the
osteoarticular dissection of
the ankle joint showing the
typical morphology of the
anterior talofibular ligament.
1 Anterior talofibular
ligament. 2 Calcaneofibular
ligament. 3 Anterior
tibiofibular ligament.

4 Distal fascicle of the
anterior tibiofibular ligament.
5 Anterior tubercle of the
tibia. 6 Lateral talocalcaneal
ligament. 7 Interosseous
talocalcaneal ligament.

8 Cervical ligament.

9 Bifurcate ligament.

10 Dorsal talonavicular
ligament. // Superior
peroneal retinaculum (cut).
12 Long plantar ligament
(Figure copyright

© Pau Golano)

In its entirety, the ATFL originates at the anterior margin of the lateral malleolus.
The center of this fibular insertion is an average 10 mm proximal to the tip of the
fibula as measured along the axis of the fibula [42]. At this level, it is important to
remind that the fibular origin (inferior band) shares the fibular origin of the CFL as
recently demonstrated [46]. From its origin, the ATFL runs anteromedially to the
insertion points at the talus body, immediately anterior to the joint surface occupied
by the lateral malleolus, consisting of two small tubercles visible in osseous ana-
tomic preparations and corresponding to the insertion sites of each of the bands. The
ligament is virtually horizontal to the ankle in the neutral position but inclines
upward in dorsiflexion and downward in plantar flexion. This condition can be seen
during ankle arthroscopy to be located in the floor of the lateral recess of the ankle
[45].

Ferkel [47, 48] has cited this ligament as a cause of anterolateral soft tissue
impingement. An inadequate treatment of the ankle sprain could lead to an inflam-
matory process in the area of the injury, followed by synovitis and the formation of
prominent scar tissue. This mass of tissue would occupy the lateral recess of the
joint, possibly causing pain and irritation that would lead to the development of
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additional inflammatory tissue and eventually to chronic pain. Chronic progression
of this inflammatory tissue, together with remnant scar tissue, would produce the
so-called meniscoid tissue described by Wolin [47—49].

Although anterolateral soft tissue impingement syndrome has been well
described by Ferkel, patients can continue to experience symptoms and instability
even after an operative procedure in which the pathological soft tissue has been suc-
cessfully resected [48, 50-58]. The possibility of lesion to other regions and the
presence of an injured lateral ligament should also be considered. We must remem-
ber that the bands of this ATFL have a different behavior during the ankle move-
ments. In plantar flexion, the inferior band of the ligament remains relaxed, while
the superior band becomes tight. In dorsiflexion, the superior band remains relaxed,
and the inferior band becomes tight. Since the superior band of the ATFL restricts
inversion in plantarflexion, it may be the most important of the two bundles. Injury
of this superior band of the ATFL is always present after an inversion ankle sprain.
Although an injury to the ATFL may not be severe enough to cause a major instabil-
ity, as we have observed in our arthroscopic experience in treating patients with
anterolateral chronic pain, partial injuries affecting the superior band are present in
most of these patients. In fact, we consider that isolated impingement, as Ferkel
referred in its original studies [47, 48], is uncommon and that the condition is usu-
ally associated with an injury of the superior band of the ATFL, resulting in a minor
instability or microinstability of the ankle. This partial injury of the ATFL is not
severe enough to cause an instability detected in stress explorations. However, these
patients describe complaints similar to those to the ankle instability. Repairing the
partial injury of the ATFL should be performed to treat ankle microinstability.
A complete or nearly complete injury of the ATFL results in a major instability.

1.3.1.2 Calcaneofibular Ligament

The calcaneofibular ligament (CFL) is a thick, cord-like ligament that originates at
the anterior edge of the lateral malleolus, right below the origin of the lower band
of the ATFL, to which it can be joined by arciform fibers. It is important to note that
the origin of this ligament does not reach the tip of the malleolus, which remains
free from ligamentous insertions (Fig. 1.11). In the neutral position, the ligament
courses backward, downward, and medially and inserts in a small tubercle in the
posterior region of the lateral calcaneus, posterior to the peroneal tubercle.

This ligament is superficially crossed by the peroneal tendons and sheaths, which
can leave a concavity over the ligament; only about 1 cm of the ligament is uncov-
ered [36]. In addition, the CFL is separated from the subtalar (talocalcaneal) joint
by the lateral talocalcaneal ligament and is separated from this ligament by adipose
tissue.

The CFL controls two joints, the talocrural joint and the subtalar joint, unlike the
other two elements comprising the LCL, which only affect the talocrural. Little
attention has been given to this ligament as compared to the other ligaments of the
LCL, although variants in the orientation of the structure have been studied by
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Ruth [59]. The CFL becomes horizontal during extension and vertical in flexion,
remaining tense throughout its entire arc of motion. A valgus or varus position of
the talus considerably changes the angle formed by the ligament and the longitudi-
nal axis of the fibula. The ligament is relaxed in the valgus position and tensed in the
varus position. This would explain the potential for injury even without dorsi-plan-
tar flexion movement in the ankle.

Isolated rupture of the CFL remains very rare and usually is combined with a
rupture of the ATFL [40].

1.3.1.3 Posterior Talofibular Ligament

The posterior talofibular ligament (PTFL) is a strong, thick, fascicled, trapezoidal
ligament in an intracapsular but extrasynovial location, found in an almost horizon-
tal plane (Fig. 1.12). It originates on the medial surface of the lateral malleolus
in the malleolar fossa and courses toward the posterolateral talus. In the posterior
view, the overall structure is triangular in shape, with the vertex located laterally and

Fig. 1.12 Posterior view of
the osteoarticular dissection
of the ankle joint. / Posterior
talofibular ligament. 2 Lateral
talar tubercle. 3 Posterior
intermalleolar ligament

(and gray arrows).

4 Calcaneofibular ligament.

5 Posterior tibiofibular ligament
(superficial component).

6 Transverse ligament (deep
component of the posterior
tibiofibular ligament).

7 Posterior tibial tubercle.

8 Interosseous membrane. 9
Interosseous tibiofibular
ligament. /0 Medial talar
tubercle. 7/ Peroneal tendons
path. /2 Tibialis posterior
tendon path. /3 Flexor
digitorum longus tendon path.
14 Flexor hallucis longus
tendon path. /5 Flexor hallucis
longus tendon retinaculum.
16 Calcaneal or Achilles
tendon (Figure copyright

© Pau Goland)
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the base medially. The fibers of the ligament are inserted along the lateral aspect
of the talus, on a rough, grooved surface situated along the posteroinferior border of
the talar lateral malleolar surface. Other fibers are inserted in the posterior surface
of the talus and may reach the lateral talar tubercle, trigonal process, or os trigonum
by expansion. These fibers can be seen during posterior endoscopy and must be
disinserted in order to achieve a successful lateral prominent tubercle or os trigo-
num excision during posterior ankle impingement treatment. The PTFL is tight dur-
ing dorsiflexion and relaxed during plantarflexion of the ankle and is usually not
injured after an ankle sprain, unless a true dislocation of the ankle joint occurs [40].

Furthermore, fibers from the PTFL can contribute to form the tunnel of the flexor
hallucis longus tendon. Another group of fibers originates at the upper edge of the
ligament near its origin and courses in an upward medial direction to the insertion
site at the posterior edge of the tibia. These fibers fuse with the deep component of
the posterior tibiofibular ligament (or transverse ligament), reaching the posterior
surface of the medial malleolus and helping to form the existing labrum in the pos-
terior margin of the tibia. This group of fibers has been given several names (capsu-
lar reinforcement bundle [60], ascending or tibial bundle of the posterior talofibular
ligament [2]) although we prefer the one proposed by Paturet [61]: posterior inter-
malleolar ligament (Fig. 1.12). This ligament has been designated the tibial slip by
Chen [62] and Ikeuchi [63] in several articles on arthroscopy.

The posterior intermalleolar ligament has been the subject of several studies
because of its involvement in the posterior soft tissue impingement syndrome of the
ankle [64, 65]. Rosenberg et al. [66] observed this ligament in 56 % of the dissec-
tions he performed and 19 % of patients in an MRI study, attributing the difference
in frequency to the limited spatial resolution of MRI. In an MRI study of 23 classi-
cal ballet dancers with symptoms of posterior ankle impingement syndrome, Peace
et al. [67] detected the posterior intermalleolar in 48 % of the cases, a higher inci-
dence than found by Rosenberg. The author ascribed the difference to the possibility
that among these patients the ligament would be more obvious on MRI because of
scar thickening and inflammation resulting from repeated trauma. In the recent
study of Oh et al. [68] on the morphology of the posterior intermalleolar ligament
and its correlation with MR images, the posterior intermalleolar ligament was
observed in 81.8 % of the specimens.

In their anatomic study, Milner and Soames [43] reported the presence of the
posterior intermalleolar ligament in 72 % of the specimens. Golano et al. [38] iden-
tified this ligament in all his dissections as well as in the arthroscopic study per-
formed. In our opinion, the difference in frequency is probably due to the small size
of the posterior intermalleolar ligament (mean 2.3 mm, range 1-5 mm), interracial
variations [68], and the fact that it is difficult to dissect [38]. In addition, the liga-
ment may be divided (20 % [66]-100 % [68]) into 2 or 3 different bands, any of
which may not achieve bony insertion and become inserted in the joint capsule of
the ankle. Upon examination by arthroscopy, the division of this structure into bands
should not be confused with an injury.

In the posterior view, the posterior intermalleolar ligament is situated between
the transverse ligament and the posterior talofibular ligament and runs obliquely
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from lateral to medial and from downward to upward. The posterior intermalleolar
ligament tenses during dorsiflexion and relaxes during plantar flexion [38], and
therefore trauma that causes forced dorsiflexion of the ankle can be assumed to
produce either injury or rupture of this ligament or osteochondral avulsion [69].
Plantar flexion would cause it to relax and become susceptible to entrapment
between the tibia and the talus, leading to impingement. The possibility of impinge-
ment is accentuated by the presence of predisposing factors such as an os trigonum
or a prominent lateral tubercle of the os talus (Stieda process). Debridement of this
ligament or resection of the os trigonum or lateral tubercle through an endoscopic
technique [70] has been reported with excellent results [71-79].

1.3.2 Medial Collateral Ligament

The medial collateral ligament (MCL) is a strong, broad ligament with a multifas-
cicular appearance that spans out from the medial malleolus toward the navicular,
talus, and calcaneus (Fig. 1.13a). Because the origins and insertions of the various
fascicles or components of the MCL are contiguous and poorly defined, the ana-
tomic descriptions show several interpretations, with artificial division being com-
mon. However, most authors appear to agree that the MCL has two components,
one superficial and another deep, separated by a fat pad, each one formed by mul-
tiple components [36, 80-82]. The ligaments that comprise the superficial plane
cross over two articulations, the ankle and the subtalar joints, whereas those com-
prising the deep plane only cross the ankle joint [81]. Nevertheless, this differentia-
tion is not entirely clear [82].

Most of the MCL is covered by tendons as it extends down the leg to the bony
insertions in the foot. The anterior region, in continuation with the joint capsule, is
covered by the tendon of the posterior tibial muscle, and the middle and posterior
area is covered by the tendons of the posterior tibial and long flexor muscles of the
toes. The floor of the fibrosynovial sheaths covering these tendons is frequently
composed of fibrocartilaginous tissue that is firmly adhered to the MCL. Precise
dissection is needed to separate the fibrous sheath from the MCL. In the posterior
region, the MCL continues with the posterior capsule of the ankle joint.

The most commonly accepted description of the MCL is the one proposed by
Milner and Soames [81] and later corroborated by Boss and Hintermann [82]
(Table 1.1). According with their attachments, six bands or components have been
described for the MCL: four components or fascicles belong to the superficial layer
and two to the deep. Three of them are always present (the tibiospring ligament,
tibionavicular ligament, and deep posterior tibiotalar ligament), whereas the pres-
ence of the other three may vary (superficial posterior tibiotalar ligament, tibiocal-
caneal ligament, and deep anterior tibiotalar ligament) (Fig. 1.13a, b).

The superficial layer is composed of four fascicles. However, only two of these
are found in every instance, the tibiospring and tibionavicular ligaments. The other
two, superficial tibiotalar and tibiocalcaneal ligaments, may vary. The deep layer is
formed by two components, one posterior and one anterior. The deep posterior
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Fig. 1.13 Medial view of the osteoarticular dissection of the ankle joint showing the morphology
of the major components of the medial collateral ligaments. (a) Plantar flexion. (b) Dorsiflexion.
1 Medial malleolus. 2 Tibiospring ligament. 3 Spring ligament (superomedial calcaneonavicular
ligament). 4 Tibionavicular ligament. 5 Deep posterior tibiotalar ligament. 6 Medial talar tubercle.
7 Navicular tuberosity. 8 Tibialis posterior tendon insertion (cuf). 9 Plantar calcaneonavicular liga-
ment. /0 Long plantar ligament. // Sustentaculum tali. /2 Anterior tibialis tendon (cut).
13 Calcaneal or Achilles tendon. /4 Medial talocalcaneal ligament
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Table 1.1 Comparison of the nomenclature used for the medial collateral ligament components,
as suggested by Sarrafian [36] and Milner and Soames [81]

Sarrafian [36] Milner and Soames [81]

Superficial layer

Tibioligamentous fascicle Tibiospring ligament (major component)
Tibionavicular fascicle and anterior Tibionavicular ligament (major component)

superficial tibiotalar fascicle
Superficial posterior tibiotalar ligament Superficial tibiotalar ligament (additional band)

Tibiocalcaneal ligament Tibiocalcaneal ligament (additional band)

Deep layer

Deep posterior tibiotalar ligament Deep posterior tibiotalar ligament (major component)
Deep anterior tibiotalar ligament Anterior deep tibiotalar ligament (additional band)

tibiotalar ligament always is present, while the deep anterior tibiotalar ligament is
nonconstant. The deep plane of the MCL can be seen during ankle arthroscopy.

Although the description proposed by Milner and Soames [81] has been accepted,
the anatomy of this ligament and its elements is still confusing, partly because dif-
ferentiation between the components during dissection is difficult and probably arti-
ficial since its origins and insertions are complex. Furthermore, the nomenclature
used still has not been reviewed and accepted by the Federative Committee on
Anatomical Terminology [83]. Moreover, the images, sketches, and diagrams shown
in the literature are also imprecise [82].

The MCL is a primary medial stabilizer of the ankle and restrains against valgus
tilting and anterior translation of the talus [84]. It is also the most prominent restraint
against lateral translation. Functionally, the superficial component helps to maintain
the alignment of the talus and medial malleolus, as well as to resist external rotation
of the talus to the tibia and valgus stress [85]. The deep component prevents lateral
displacement and external rotation of the talus specially in ankle plantarflexion; it is
also the primary restraint to medial opening [86, 87].

The injury to the MCL is far more uncommon than LCL injury. The mechanism
of injury to this ligamentous complex is controversial. Although some authors
report that the most frequent mechanism is inversion [88, 89], the primary mecha-
nism of acute ligament injury is eversion or external rotation of the ankle [90-92].
Such injuries often occur while walking or running on uneven ground or jumping
and landing on uneven surfaces [93]. However, a minority of ankle injuries are
medial sprains affecting only the MCL, and these are often associated with complex
ligamentous injuries [94].

The soft tissue impingement syndrome related to the MCL has also been
described. According to the location of the fibrous tissue mass at the level of the
medial recess and relative to the medial malleolus, the condition is differentiated
into anteromedial soft tissue impingement, as described by Egol and Parisien
[95], or posteromedial soft tissue impingement, as described by Liu and
Mirzayan [91].
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‘Los Merengues’, he won 6 Spanish Liga titles, 3 Champions League titles, 1 UEFA
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Supercup and DFB-Pokal with Schalke 04 in Germany and is now currently playing
and winning league titles with Al Sadd Football Club in Qatar.

PPR.N. d’Hooghe, MD ()
Department of Orthopaedic Surgery, Aspetar Hospital, Aspire Zone, Doha, Qatar
e-mail: pieter.orthopedie @ gmail.com

G.M.M.J. Kerkhoffs, MD, PhD

Department of Orthopedic Surgery, Academic Medical Centre Amsterdam,
University of Amsterdam, Meibergdreef 9, Amsterdam 1105 AZ, The Netherlands
e-mail: g.m.kerkhoffs @amc.uva.nl

PP.R.N. d’Hooghe, G.M.M.J. Kerkhoffs (eds.), 25
The Ankle in Football, Sports and Traumatology,
DOI 10.1007/978-2-8178-0523-8_2, © Springer-Verlag France 2014


mailto:pieter.orthopedie@gmail.com
mailto:g.m.kerkhoffs@amc.uva.nl

26

P.P.R.N. d’'Hooghe and G.M.M.J. Kerkhoffs

What is the most important for an ankle-injured player to experience from his
staff to be able to cope with his rehabilitation? What advice can you give to
injured players?

That really depends on the injury itself and how long the expected rehab will
take. The most important is that the player needs to know all the information
about the ankle injury and the expected time frame to recover. Coping with an
ankle injury is like with all other types of injury: very individual and depending
on the coping mechanisms of the player. Sometimes it’s better for a player to give
him/her some space the first 3—4 days after a sustained injury if no quick surgery
is needed. The family is often of upmost important as a heaven for the player in
order to start his/her coping process after an injury.
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With the ankle injury that I personally suffered from, I had huge confidence in
the physio and doctor. Checking my ankle daily and touching it, see the evolution
and work along a clear and well-defined program gave me the confidence to
believe in a good outcome. Confidence is very important and is what a doctor
should offer his players. I cannot stress more the importance of the doctor and
physio also in this regard since they will see you for hours and hours, day in,
day out.

* What’s your philosophy on ankle injury prevention?
As an athlete, you know the signals of your body very well. When you have a
good relation with your doctor and physio, you can determine easier the protocol
when medical attention injuries should occur. Sometimes there’s no magic to be
expected, but with mutual respect and close communication, the player can feel
very supported by the preventative strategies from its medical staff.

When [ suffered from a severe contact lesion — after long meetings with the
medical staff —we decided as a team to go for conservative treatment, and it took
us 7 months to fully recover from the pain. Since then, I perform extra exercises
in my everyday workout to prevent it from coming back. That’s hard work. It’s a
big part of the duty of the medical staff — especially towards young players — to
stress the importance of injury prevention.

* Are the new generation of artificial grass, newer football shoe designs and new
training strategies beneficial to avoid ankle injuries in your opinion?
Artificial grass is in my opinion very bad for your body and especially for your
ankles. I played from my 17 years old in the first team of Real Madrid, and I was
lucky only to have two injuries in my whole career until now, but every time I
played or trained on artificial grass, my body suffered a lot.

I realize that many efforts are taken with the new generations of artificial
grass to improve this, and in many parts of the world, it’s the only solution to
play the game anyway. Still ...as a football player and along with the opinion of
many of my team players, nothing beats playing on natural grass.

The new-generation football shoes have evolved in the most fantastic and
comfortable way, and this is a great example of how the industry helped in the
development of the game. When comparing shoes from 15 years ago and now, a
huge improvement has been established. The new-generation shoes offer the
player a nice natural skin feeling, and along with that improved comfort goes the
playing performance.

In the beginning of my professional career, some players even didn’t visit the
gym and just did some running for training and prior to the game. The top
coaches that I had the privilege to work with, captured very much the new medi-
cal input on injury prevention and implemented them fully into their training
sessions. The physical exercise nowadays is individually tailored, very specific
and not anymore focussed on endurance only. In the morning — when arriving at
the club —we are now offered a program that takes into account our nutrition and
hydration strategies, along with extra exercises on injury prevention, prior to the
general training sessions.
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e What is a good team doctor/medical staff for you and what do you expect from
them?
I believe for a team it is really crucial to have a good team doctor and staff.

For me there are two important people that need to take care of the daily
checkup: the physiotherapist and the doctor. It’s your first contact before every
training. It’s also important to have this on a daily basis so that you can establish
a professional friendship and that they know how your body responds to training,
games, physiological tests and injuries. If 1 day a decision has to be made on
playing or not, this close interaction helps to do the right thing. The physio is
somebody that you see at least 4 h per day in the club and is your first line of
contact. Nevertheless, for me the doctor has the last decision, and to be able to
do that well, he/she needs to first know the injury and second know the player on
a very individual basis.

* How did you experience your rehab after ankle injury, and what were the positive
and negative moments that you distil out of it retrospectively?
Much of this depends on the mentality of the player. If the player’s mentality is
professional and compliance is not an issue, fast recovery can be expected more
easily. Sometimes sport-psychological support can be very helpful, but commu-
nication, motivation and courage are the three pillars that one needs in that situ-
ation. Younger players can fear the end of their career in case of an ankle injury,
and the medical staff needs to make sure that the player’s entourage gives him/
her what he/she needs.

* Did the medical setup in your club changed the last 10 years, and what do you
think about the evolution seen?
There has been a mind-boggling evolution in the medical staff of clubs since the
last 15 years. In my early professional years, we had one club physio and three
masseurs. Nowadays, next to the physiotherapists, we have recovery trainers,
physiologists, osteopaths, nutritionists, podologists, chiropractors, acupunctur-
ists, yoga and mindfulness experts.

Also the evolution of clothes, socks and test technologies are of great added
value in the team’s performance. The greatest evolution of all for me is the indi-
vidual approach that the players now can have. Every player now has one daily
program, completely tailored to his/her needs. The era where in a club you had
one coach, one doctor and one physio lies miles behind us now.

* Do you think you are performing enough injury prevention strategies for your
ankle in your daily workout?
I always consider three parts of training: before, during and after.
‘Before’ concerns the prevention protocol based upon your testing results.
‘During’ is about the general football training sessions with the team.
‘After’ is the individual extra that your body needs and is aimed to improve in
your individual field and to avoid recurrence of previous problems.
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Do you believe that your sport will cause early joint problems (in your ankle)
after your career?

That’s a difficult one. I agree that the overload in daily training sessions and
games also overloads the (ankle) joints. On the other hand, you have to feel fit
100 % in order to perform at a certain level, and that requires a player to push
his/her body to the limit and sometimes over it. But it’s the whole staff that has to
give 100 %.

In the long term, it’s better to base your protocols upon cure and care for the
player.

Nevertheless, sometimes you have to take a risk that is not always well defined.
It’s the staff’s responsibility to communicate well with the player. The most
important thing is the honesty of the doctor in his/her relation with the player.
The emotional intensity and pressure can be very high in certain circumstances.
Having the physio and the doctor as trustworthy companions is a great feeling to
encounter as player.

Who will win WC 2014 in Brazil?
Spain
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Epidemiology and Mechanisms
of Ankle Pathology in Football
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A defender should always focus on the opponent’s lower legs.
I've never seen a ball score on its own...

Co Adriaanse
Dutch coach

Abstract The ankle is one of the most commonly injured joints in football and
represents a significant cost to the healthcare system due to time lost from play. The
ligaments that stabilize the ankle joint determine its biomechanics, and alterations
of those normal biomechanics result from various football-related injuries. Acute
sprains are generally treated conservatively, with emphasis placed on secondary
prevention to reduce the risk of future sprains and progression to chronic ankle sta-
bility. Repetitive ankle injuries in footballers may cause chronic ankle instability,
which include both mechanical ligamentous laxity and functional changes. Chronic
ankle pathology often requires surgery to repair ligamentous damage and remove
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soft tissue or osseous impingement. Proper initial treatment, rehabilitation, and
secondary prevention of ankle injuries can limit the amount of time lost from play
and avoid negative long-term sequelae.

Keywords Sport * Football * Injuries * Ankle * Traumatology * Epidemiology

3.1 Epidemiology of Football

Nicholas Kennedy, Robert LaPrade, and Lars Engebretsen

Including players and refereeing officials, there are over 270 million participants in
football, according to FIFA’s 2006 Big Count. Football is widely growing in popu-
larity with high school participation in the United States increasing fivefold in the
last 30 years [25]. In a sport where games are 90+ minutes long, with only one
halftime and no time-outs to stop the clock and catch your breath, one can expect to
find a heavy occurrence of injuries. Due to the repetitive kicking motion, constant
changing of direction, and frequent acceleration and deceleration, one of the joints
that is particularly susceptible to fatigue and injury is the ankle joint.

Ankle sprains specifically are quite a common occurrence in football [3, 4, 6, 7,
9, 11, 13, 18]. As with most sports, due to common ankle anatomy, the lateral aspect
of the ankle is most susceptible and experiences the most sprains [1, 9, 18]. However,
Morgan et al. note that football players are far more susceptible to medial ankle
injuries than other sports due to the use of the medial aspect of the foot and ankle to
kick, and pass the ball, which puts the ankle in an abducted and externally rotated
position [18]. Because of the sport’s overall worldwide popularity, and vast partici-
pation, it becomes important to evaluate the overall occurrence and mechanisms of
ankle injuries in soccer and also the treatment options and patient outcomes.

3.2 Prevalence

Ankle injuries are extremely common in football and usually are the first or sec-
ond most prevalent injury reported overall. They have been reported to account
for between 13 and 36 % of all football-related injuries [2-4, 6, 7, 9, 11, 13, 18,
21]. The dominant leg has been reported to be the more common site of injury
[20]. Ankle injuries occurrence per 1,000/h of activity has been reported between
342 and 9 [3, 8, 10]. This occurrence has great variation and has been found to be
much greater for match time, or games, when compared to practice time. Ankle
injuries are oftentimes up to a factor of ten more prevalent in games compared to
practices [1, 6, 11, 19, 25]. Also, there has been a correlation reported between the
occurrence of ankle injuries and the age of participants, with older players expe-
riencing a higher occurrence. This trend was especially evident in the adolescent
age range [4].
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Of the injuries that are associated with the ankle, ankle sprains have been found to
be the far and away most common injury of all soccer-related injuries [2, 4, 11]. Ankle
sprains have been found to account for between 42 and 98 % of all soccer-related ankle
injuries [2, 7]. Ekstrand reported a higher incidence of ankle sprains on the dominant
leg and hypothesized it was caused by increased inversion strain due to repetitive
Jjumping and kicking actions [7]. Other common injuries associated with football inju-
ries are dislocations and fractures, especially of the lateral malleolus, although these
injuries are much less frequent in occurrence [2, 7]. Also, there are injuries found to be
more specific and relatively unique to football, such as anterior ankle impingement.
These and other injuries have specific injury mechanisms, which will be explained.

3.3 Mechanism of Injury

As has previously been mentioned, there is a great diversity of football-related ankle
injuries: fractures, ligament sprains/ruptures, anterior ankle impingement syn-
drome, tendonitis, bone spurs, dislocations, muscle ruptures, and other pathology.
We have chosen to explain the mechanism of two of the most prevalent injuries in
football: anterior ankle impingement syndrome and ligament sprains/ruptures.
The reasoning behind choosing these two injuries are mechanisms that have been
found to be specific to football activities and movements. Other common injuries
such as contusions and fractures have generic mechanisms similar to other sports,
such as blunt force trauma for contusions.

Anterior ankle impingement syndrome, previously known as footballer’s ankle,
is when talotibial osteophytes form at the anterior part of the ankle and cause
chronic anterior ankle pain [15, 24]. Massada reported that osteophytes of this
nature can be found in up to 60 % of football players [16]. The mechanism of this
injury is somewhat controversial. To date, there are three main accepted mecha-
nisms. Massada, Andersen, and others have reported that the osteophytes are trac-
tion spurs, caused by traction due to the repeated hyperplantar flexion of the foot
in the kicking action [1, 16]. Petersen et al. reported an alternative theory, which
stated that it was repeated dorsiflexion, as opposed to plantar flexion, which caused
anterior ankle impingement. The repeated dorsiflexion caused impact between the
talus and tibia, which leads to minor fractures that then caused the formation of
the osteophytes on the anterior edge of tibia and talus [21]. Tol et al. performed a
study which analyzed the kicking action of elite soccer players. In this study, they
measured the angle created during kicking and the contact force between the foot
and the ball during kicking. They reported that maximum plantar flexion was met in
only a minority of kicking actions, meaning it could only cause the osteophytes in a
minority of cases. On the other hand, they found ample evidence to support the third
prevailing hypothesis that the osteophytes are caused by the repetitive microtrauma
to the anteromedial aspect of the foot when you kick the ball [24]. Their data on
impact location and force of kicking the soccer ball demonstrated that direct dam-
age of the articular cartilage rim could lead to osteophyte formation and anterior
ankle impingement syndrome [24].
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In regard to sprains, there are numerous reported mechanisms of injury. Ankle
sprain mechanisms include the most prevalent actions involved in football, includ-
ing cutting, kicking, running, tackling, being tackled, and landing [1, 7].

Ankle sprains can preliminarily be broken into two categories: lateral ankle
sprains and medial ankle sprains. As with most sports, the lateral aspect of the ankle
is far more susceptible to injury [1, 2, 7, 18]. However as previously mentioned,
Morgan and others have found that the movements involved with football put the
medial ankle at higher risk than other popular sports, with the occurrence rate being
closer to 3 lateral to 1 medial sprain [1, 7, 18].

Lateral and medial ankle sprains can further be divided into contact and noncon-
tact ankle sprains. Contact ankle injuries are quite common and have been reported
to comprise over 70 % of ankle sprains [10, 21]. Andersen found that of 23 ankle
sprains recorded on video, 21 occurred during some form of contact. Regarding
contact injuries, Anderson reported two common mechanisms specific to football
actions that lead to ankle sprains: contact between two players where a collision on
the medial side of one of the player’s legs before or at foot strike leads to a laterally
directed force which causes the player to land in an inverted position and contact of
an injured player and an opponent when the injured player is trying to kick the ball
and this leads to forced plantar flexion [1].

The first common mechanism of contact injuries was found in 13 out of 14 ankle
injuries involving one player tackling or trying to dispossess the opponent of the
ball. Nine of the 13 tackling injuries caused by the first common mechanism lead to
injury of the player being tackled, eight of those being ankle sprains, while four lead
to injury by the tackler, and all four being ankle sprains. There was also one ever-
sion sprain caused by a similar mechanism but a blow from the lateral side causing
a medially directed force. The second common mechanism was found in three out
of four injuries that occurred while one player made contact with another attempt-
ing to kick the ball. All three lead to ankle sprains for the player kicking the ball [1].

Noncontact ankle sprains have a much wider range of reported injury mecha-
nisms. The mechanisms were not noticeably different or unique for football when
compared to other athletic activities. All four ankle injuries that occurred while
running were inversion injuries, with three resulting in ankle sprains. One of the two
injuries that resulted from a player landing after going up for a header was the result
of inversion mechanism [1].

3.4 Acute Injury Treatment

The most common acute injuries in football are ankle sprains and contusions. While
fractures do occur occasionally, they are far less prevalent.

The treatment of contusions is fairly simple in most cases. The most common
treatment would be the RICE principle: rest, ice, compression, and elevation. This
treatment is utilized to reduce swelling and inflammation immediately post-injury.
After using RICE principle, the athlete can attempt to return to competition, making



3 Epidemiology and Mechanisms of Ankle Pathology in Football 35

sure to continue to monitor pain and swelling. Sometimes, that return can be as soon
as immediately to 24-48 h after the injury; other times, the return can take longer
in the 7-14 days range.

Ankle sprains, on the other hand, have a very wide range of treatment options for
acute injuries. Treatment of acute ankle sprains, for example, differs depending on
whether the injury is to the medial or lateral ligaments. For lateral ankle sprains,
there are three grades: grade I, grade I, and grade III. A grade I injury is a stretching
of the lateral ligaments, with little swelling, little to no functional loss, no mechani-
cal instability, and no macroscopic tearing [22]. Grade II sprains do have slight
macroscopic tearing, with moderate symptoms such as pain, stiffness, and swelling.
A grade III sprain is a complete tear or rupture of the lateral ligaments and has more
severe symptoms that accompany the tear. Grades I and II lateral acute ankle sprains
are the most common and have the best prognosis. Usually, grades I and II lateral
sprains are first treated with the RICE principle for 48 h following the injury. Then,
they are usually treated functionally with the use of a brace, which allows early
motion and weight bearing. Taping and strapping are not widely utilized in the long-
term treatment of ankle sprains in sports [15]. The reason for this is because Shapiro
and others have reported that the mechanical effect of tape wears off with activity,
whereas a brace retains its effect throughout activity [23].

Grade III lateral acute ankle sprain treatment is far more controversial than
grades I and II. Immediately after the injury, the RICE principle is again employed;
however, the next step in treatment is highly debated. The three most common treat-
ment options are surgical repair, cast immobilization, and early controlled mobiliza-
tion. All three have been shown to restore mechanical stability and produce
satisfactory subjective results [22]. However, Kannus and Renstrom demonstrated
in their review of numerous studies, regarding the treatment of grade III lateral
ankle sprains, that early controlled mobilization is superior [14, 22]. The studies
looked at numerous subjective outcomes such as functional instability, pain, swell-
ing, stiffness, mobility, and return to work. While all three treatments were shown
to prevent late residual problems, like functional instability, early mobilization
allowed for the quickest return to work, which is especially important for a profes-
sional athlete such as a football player [14, 22].

It is the opinion of those writing this chapter that this is an area of study which
should be further pursued. Lateral ankle sprains, being one of, if not the most com-
mon football injury, should have a set acute injury treatment protocol. While a
quicker return to gameplay should be a target in treatment, it must also be taken into
account that residual disability of ankle sprains is often caused by inadequate reha-
bilitation and a potentially overly hurried return to play [22]. Therefore, studies
which look at long-term subjective and objective outcomes of football players
returning to play after specific treatment protocols for acute ankle injuries would be
very helpful for future treatment and hopefully decrease the recurrent nature of this
injury.

Medial ankle sprains are less frequent and generally are more severe in nature
than lateral ankle sprains [5, 18]. A tear of the medial deltoid ligament caused by an
eversion mechanism sprain is quite serious because oftentimes the interosseous
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membrane is torn and there is a potential for diastasis of the tibia and fibula as well.
Because this injury is much more complex than the more common lateral ankle
sprain, the recovery time and healing process are much longer [5]. Similar to lateral
ankle sprains, the first step of treatment is again the RICE principle for 48 h. Some
less severe injuries can be casted for 6 weeks following the RICE principle.
However, if the diastasis is severe, the ankle needs to be treated surgically to reduce
the diastasis and also to repair the medial deltoid ligament.

3.5 Chronic Injury Treatment

Many acute injuries, such as ankle sprains or contusions, can lead to residual ankle
weakness and susceptibility to future reinjury. Therefore, many acute injuries can
turn into chronic injuries. In the case of ankle sprains and contusions, the treatment
options for a chronic injury are usually the more aggressive option for treating the
acute version of the injury. For example, chronic ankle instability and continued
ankle sprains will more likely have to be treated surgically or casted as opposed to
early controlled mobilization.

In regard to chronic injuries specific to football, one that has been discussed
frequently is anterior ankle impingement syndrome. What can sometimes happen
with lateral ankle sprains is that over time a mass of hyalinized tissue will form
over the anterior aspect of the ankle, which causes both pain and swelling.
Usually, a more conservative treatment is first attempted, with up to 6 months of
RICE. However, the patients in McCarroll et al.’s study did not experience any
reduction in symptoms with the conservative treatment. The next treatment option
is arthroscopic surgery, in which the fibrous meniscus-like tissue found between
the talus and the fibula is surgically removed. This treatment has been reported to
successfully reduce and eliminate the symptoms and allow players to return to

play [17].

3.6 Rehabilitation

As it was mentioned earlier, the primary cause of chronic ankle injuries and con-
tinuing ankle pain and disability is insufficient rehabilitation [22]. This means that
sufficient rehabilitation is extremely important not only to short-term outcomes but
also to long-term outcomes and overall career and physical success of football play-
ers. Each injury again has a specific rehabilitation program. We have chosen to
again describe the two of the most common and football-specific injuries: anterior
ankle impingement syndrome and ankle sprains.

McCarroll et al. reported on a postoperative rehabilitation program for the
removal of meniscoid lesions that form in anterior ankle impingement syndrome.
The patients followed a protocol which included cryotherapy, range of motion, and
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strengthening exercises for a minimum of 3 weeks. At that time, McCarroll et al.
reported that patients had a 90 % return of strength on Cybex testing and passed
functional testing [17].

Renstrom et al. summarized an ideal rehabilitation schedule for acute severe
ankle ligament injuries complied from numerous different studies [22]. The first
part of the rehabilitation program was the RICE principle. This part of the rehabili-
tation stressed prevention of swelling, inflammation, and other setbacks that could
prolong the healing process. The next phase was proliferation phase where the
injured ligament was protected by some sort of bracing or support. This protection
allows for fibroblasts to migrate into the injured area and stimulate the production
of collagen fibers. Also, this phase helped prevent injury to secondary structures,
which were more susceptible to further injury at this time. At about 3 weeks, col-
lagen fiber formation was in the maturation phase when final scar tissue was form-
ing. At this point, mobilization was initiated with repeated exercises such as
stretching, and controlled movements, because prolonged immobilization at this
phase could lead to atrophy. During the final phase, the athlete was 4—-8 weeks post-
injury and the new collagen fibers were healing to the point that they could with-
stand almost normal stresses. The next goal was to ease the athlete back into
competition, while at the same time ensuring not to rush the process which could
lead to long-term recurring disability [22].

3.7 Conclusion

What has been stressed throughout this chapter is that there is a very high incidence
rate of ankle injuries in football, especially ankle sprains. These injuries have mech-
anisms that are very specific to football-specific movements and activities. However,
for as prevalent and specified as these ankle injuries are, there is a lack of research
and studies done to design treatment and rehabilitation protocols specific to return-
ing athletes to football competition. With the popularity of the sport, and the wide-
spread participation, it is now important to pursue more sport-specific treatment and
rehabilitation protocols for ankle injuries in football.

3.8 Ankle Pathology in Football

Ryan L. Anderson, Adam M. Wegner, and Eric Giza

The most popular team sport worldwide is football [26]. During the 2010 FIFA
World Cup, nearly half of the world’s population watched the tournament on televi-
sion [27]. It is estimated that 265 million men, women, and children actively partici-
pate in the game, with continued growth in popularity expected, particularly among
women and at the youth level [28].



38 R.L. Anderson et al.

The risk of injury to the professional footballer is considerable and well docu-
mented in the literature [29-32]. The lower extremity is most commonly affected
[12, 18, 19, 29, 33-38], with ankle sprains comprising approximately one-quarter of
all football injuries [12, 29, 35, 39—42]. Recent injury data collected during FIFA
tournaments and Olympic Games from 1998 to 2012 (totaling 1,681 matches,
equivalent to 55,473 player-hours) found the incidence of injury to be 77.3 injuries
per 1,000 player-hours or 2.6 injuries per match [43]. Seventy percent of the reported
injuries were of the lower extremities, with contusions (55 %), sprains (15 %), and
strains (10 %) most commonly diagnosed. Eighty percent of injuries occurred dur-
ing player-player contact, with nearly half caused by a foul based on the judgment
of the team physician. The average incidence of time-loss injuries was 32.8 per
1,000 player-hours or 47 % of all injuries. Other studies have found time-loss inju-
ries to represent 40-84 % of total match injuries [6, 12, 44], with variability most
likely due to different definitions of injury and populations used in epidemiologic
studies [12, 32]. These findings on injury incidence differ from the 12 to 35 injuries
per 1,000 player-hours reported in a meta-analysis of 20 epidemiologic studies [45]
and a recent prospective study covering 15 consecutive seasons (1993-2007) of
Japanese professional football [37]. From a socioeconomic standpoint, treatment of
football injuries is substantial, as the primary medical costs associated with one
football injury are estimated to be $150 US dollars [45]. With 265 million partici-
pants, this equates to an annual cost of nearly $40 billion US dollars.

3.9 Anatomy

3.9.1 Joints

Knowledge of the biomechanics of the foot and ankle joints is essential in under-
standing football injuries. The ankle joint (talocrural articulation) is comprised of
the distal ends of the tibia and fibula, which form the mortise, and the superior
aspect of the talar dome [46]. As a hinge joint, the ankle provides 20° of dorsiflex-
ion (DF) and 50° of plantar flexion (PF) [47], with stabilization mediated by lateral,
medial, and superior ligament complexes. The superior articular surface of the talus
(trochlea) is narrower posteriorly, which creates a looser fit within the mortise dur-
ing plantar flexion [46]. This decreased stability could help explain why the most
common injury in football involves a plantar flexion mechanism [48, 49]. Inferiorly,
the talus articulates with the calcaneus to form the subtalar joint. It is at this site that
the majority of foot inversion and eversion occur. The transverse tarsal joint sepa-
rates the hindfoot from the midfoot. Movement of this joint depends on the relative
alignment of its two articulations: the talonavicular and calcaneocuboid. During
foot eversion, these two joints are aligned in parallel allowing supple motion and
aiding in shock absorption during the heel strike phase of the gait cycle. With foot
inversion, the joints are nonparallel creating a stiff transverse tarsal joint necessary
for push-off [46, 47].
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3.9.2 Lateral Ligaments

The ankle joint is stabilized laterally by a ligament complex consisting of three
individual ligaments, all originating at the lateral malleolus: (1) the anterior talo-
fibular ligament (ATFL), (2) the posterior talofibular ligament (PTFL), and (3) the
calcaneofibular ligament (CFL) [46, 47, 50]. The ATFL is a primary resistor of
plantar flexion and internal rotation of the talus within the mortise. It works in syn-
ergy with the CFL, a resistor to hindfoot adduction and guide for subtalar axis
motion. The PTFL restricts external rotation when the ankle is in dorsiflexion [47,
48, 51]. In addition, the Y-shaped inferior extensor reticulum (IER), which runs
from the lateral anterosuperior surface of the calcaneus to the medial malleolus and
navicular, covers the tendons of the anterior compartment muscles and plays an
important role in stability by linking the lateral ligament complex with the subtalar
joint [46—48] (Fig. 3.1).

3.9.3 Deltoid Ligament

The deltoid ligament complex consists of six continuous adjacent superficial and
deep ligaments that function synergistically to resist valgus and pronation forces,
as well as external rotation of the talus in the mortise [46—48, 52]. The superficial
deltoid is periarticular. It originates at the anterior colliculus of the medial mal-
leolus (MM), crossing both the ankle and subtalar joints. The deep layer of the
deltoid is intra-articular and covered by synovium. It originates at the posterior
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Fig. 3.2 Medical sketch of the superficial and deep layers of the deltoid ligament (Reprinted from
Penner [144]: Fig. 48.2; with permission)

colliculus of the MM and intercollicular groove, crossing only the ankle joint [47,
52, 53] (Fig. 3.2).

3.9.4 Syndesmosis

The ankle syndesmosis, or inferior tibiofibular joint, is the distal articulation
between the tibia and fibula. The syndesmosis contributes to ankle mortise integrity
through its firm fixation of the lateral malleolus against the lateral surface of the
talus [46]. Ligaments comprising the ankle syndesmosis include (1) the anterior
inferior tibiofibular ligament (AITFL), (2) the posterior inferior tibiofibular liga-
ment (PITFL), (3) the inferior transverse ligament (ITL), and (4) the interosseous
ligament (IOL) [47].

3.10 Acute Sprains

Injury to the lateral ligaments of the ankle represents 77-91 % of all ankle sprains
in football [7, 40]. Less commonly affected are the medial and syndesmotic liga-
mentous complexes, with reports of injury in footballers of 14 % [40] and 3—4 %
[40, 51], respectively. This trend extends to the general athlete population, where
the incidence of isolated syndesmosis sprains is low, responsible for only 10-20 %



3 Epidemiology and Mechanisms of Ankle Pathology in Football 41

of all ankle sprains [54-56]. The greatest risk factor for ankle sprain in the foot-
baller is a history of prior sprain [57]. Also implicated are increasing age, player-to-
player contact, condition of the pitch, weight-bearing status of the injured limb at
the time of injury, and joint instability or laxity [10, 58].

Evaluation of an ankle sprain is focused on eliciting severity of the injury, and a
proper history and physical exam can also identify involved structures. The anterior
drawer and talar tilt tests evaluate ankle instability [42, 59]. They are most reliable
4-7 days after initial injury when pain and swelling have diminished [60]. The talar
tilt test aids in identifying CFL instability, while the anterior drawer test detects
excessive anterior displacement of the talus relative to the tibia, indicative of ATFL
laxity [42].

Diagnostic studies may also be required to rule out fracture in ankle injuries. The
Ottawa Ankle Rules were developed in an effort to reduce medical costs associated
with unnecessary imaging [61], and they have since been verified as highly predic-
tive of those patients with ankle injury who likely need and should receive an x-ray
[62]. Accordingly, ankle radiographs should be obtained if ankle pain is reported
near the malleoli and one or more of the following: (1) inability to bear weight
immediately after the injury and for four steps in the emergency department and (2)
bony tenderness at the tip or posterior edge of the malleolus. A radiographic series
of the foot is also necessary if the patient has hindfoot pain or bony tenderness at the
navicular, cuboid, or base of the 5th metatarsal [63]. Stress radiographs are gener-
ally not indicated in acute ankle sprains because the results will not change the
treatment protocol; however, they can be useful in differentiating between mechani-
cal and functional instability in chronic ankle instability [60].

A grading system has been devised to aid in guiding the treatment of ankle inju-
ries [42, 59, 60]. Grade I (mild) sprains involve minimal swelling or tenderness with
ligaments remaining intact and no functional loss or mechanical joint instability;
grade II (moderate) sprains are defined as partial ligament tears associated with
moderate pain, swelling, and tenderness; grade III (severe) sprains include complete
ligament tears with marked swelling, hemorrhage, tenderness, loss of function, and
abnormal joint motion and instability [60].

Initial treatment for all ankle sprains is nonoperative and should follow a conser-
vative functional treatment program [64], as a previous systematic literature review
has shown this to be superior to immobilization alone [65]. Other studies have con-
firmed the superiority of early mobilization as compared to cast immobilization
[66—68] or surgery [69]. The functional treatment program consists of three phases
that correspond to the biological healing process. The RICE (rest, ice, compression,
elevation) method is applied for the first 4-5 days to avoid excess tissue swelling
and injury occurring during inflammation. This is followed by a short period of 5-7
days (maximum 10 days) of immobilization with supportive taping, bandaging, or
bracing to protect the ligaments during the proliferation phase as fibroblasts invade
the injured area and form collagen fibers. Functional treatment concludes with early
active range of motion exercises, weight bearing, and neuromuscular ankle training
to promote proper collagen fiber orientation and prevent stiffness during the remod-
eling or maturation phase [42, 60, 70, 71].
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Long-term outcome of treatment choice for acute ankle injury is also important
to consider, especially in the elite footballer. A meta-analysis of 12 prospective,
randomized studies revealed earlier return to work and quicker recovery in ankle
mobility after functional treatment compared to surgery or cast immobilization,
with no difference in the incidence of chronic functional instability [14]. In contrast,
a more recent prospective, randomized study found that after 8 years, patients who
received surgery versus functional treatment reported less residual pain, less chronic
ankle instability, and fewer recurrent sprains [72]. Given that secondary surgical
repair has comparable results to those achieved with primary repair and functional
treatment seems to yield similar outcomes, surgical intervention is rarely indicated
for acute ankle sprains [42, 71]. An exception could include footballers with severe
ruptures associated with other pathology requiring acute intervention such as osteo-
chondral fracture of the ankle joint.

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been shown in random-
ized controlled trials to be more effective when compared to placebo in control-
ling pain, lessening swelling, and reducing the time needed for return to activity
[73, 74]. Other prospective, randomized double-blind trials have also shown effi-
cacy for NSAID treatment in terms of decreased time for improvement in ankle
function, tenderness, swelling, and pain; however, the differences were small,
short-term, and not significant in the long-term outcome [75-77]. Animal studies
demonstrate conflicting results for NSAIDs on ligament healing [78-80]. Based
on available evidence, a short course (3—7 days) of NSAIDs for ligament sprain is
likely to be beneficial [81].

3.11 Prevention

Since ankle injuries are so common in football, and sports in general, many studies
have attempted to look at both primary and secondary prevention of injuries in
numerous populations. Ankle instability can arise from several factors including
decreased sensorimotor control due to poor muscular reaction time or decreased
proprioception, mechanical instability as a result of ligament damage, or compro-
mised muscular strength, power, or endurance. Modes of prevention include ortho-
ses, taping, neuromuscular/proprioception training, and muscular strengthening.
Several studies have identified specific factors worthy of focus in football injury
prevention. A review of the literature by Holmes et al. [§2] concluded that strength-
ening protocols may be more effective in addressing invertor muscle deficits, in
contrast to evertor muscle deficits, since these were more frequently present in sub-
jects with chronic ankle instability. Footballer age may also be an important area of
prevention focus, as a phone survey of amateur Dutch footballers found the highest
rate of ankle injuries in senior players (17-34 years old) versus juniors (4—16 years
old) [83]. In addition, up to 32—-69 % of all ankle sprains are a result of reinjury [2,
7,9,12, 19, 35], with one study showing radiographically documented instability in
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Fig. 3.3 Example of a
low-profile ankle brace
designed specifically for the
footballer

80 % of patients with recurrent sprains [S1]. This highlights the importance of
secondary prevention in minimizing future ankle injuries.

Taping restricts inversion of the ankle, but it requires expertise and assistance to
perform. It loses much of its supportive effect after as little as 30 min of play [84]
and has minimal effects on primary prevention of ankle injuries [85]. Studies have
shown potential for ankle taping in the prevention of reinjury [85-87], although not
as effective as a lace-up ankle orthosis [86]. Nonetheless, the low profile of taping
allows easy accommodation into boots and under shin guards, making it an attrac-
tive option for the footballer.

Application of an orthosis has been shown to be ineffective for primary prevention
of ankle injuries [88], yet in football players with previous ankle sprains, these exter-
nal support devices had a significant effect in reducing the incidence of ankle reinjury
[87, 88]. In contrast to tape, orthoses do not require expertise or assistance for applica-
tion and may be retightened during play. Furthermore, they have been shown to slow
the speed of ankle inversion, while maintaining correct anatomic alignment. A major-
ity of studies have found minimal, if any, effect of orthoses on athletic performance
[57]. A low-profile brace for football (Fig. 3.3) has been developed which allows for
minimal disruption of the player’s boot and space proximally to insert the shin guard.

Neuromuscular/proprioception training such as balance exercises including sin-
gle leg stance, tilt board, or ankle disc training has been shown to reduce the risk
of ankle reinjury. Position sense of the ankle is significantly decreased at both 1
week and 12 weeks after ankle injury in the general population [89], indicating
that decreased proprioception could contribute to reinjury. A study of first division
men’s league footballers in Iran showed a significant decrease in reinjury rates with
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proprioceptive training, but not with strengthening or orthoses [90]. It has also been
shown that balance training can improve overall postural alignment of the body and
decrease stress on the ankle through the hip and knee joints, potentially leading to
decreased rates of reinjury [82].

It is currently unclear why prophylactic taping or orthosis use does not decrease
primary ankle injuries, but there seems to be a consensus on prevention of reinjury,
which should include a supervised rehabilitation program with neuromuscular and
proprioceptive training before return to play. Additionally, footballers with moder-
ate to severe strains should wear an orthosis for at least 6 months following injury
[57]. A prospective study by Ekstrand et al. showed that close supervision of male
senior football players by a physiotherapist and doctor combined with prophylac-
tic ankle taping and technique correction reduced all injuries by 75 % [91]. In
2003, FIFA introduced a comprehensive warm-up program (FIFA 11+) which has
since been shown in several studies to decrease the risk of injury in amateur foot-
ball players [92-94], although one study has shown that the injury rate is related
to skill level and not adherence to the FIFA 11+ program at the amateur level of
football [95].

3.12 Chronic Ankle Instability

Chronic ankle instability develops over the course of a player’s career through repet-
itive injuries and includes a wide spectrum of pathology. Alternatively, ankle insta-
bility may occur from a single insult. Two general forms of chronic ankle instability
have been described: mechanical instability and functional instability. Mechanical
instability includes laxity of the lateral or medial ligamentous structures, whereas
functional instability involves intra- or periarticular changes without ligamentous
laxity. Importantly, footballers often have a combination of the two conditions with
overlapping pathology [48, 96].

In football, 20-40 % of acute sprains develop into chronic ankle instability [97].
Common symptoms may include persistent synovitis or tendinitis, stiffness,
swelling, pain, muscle weakness, limping, intermittent locking, or frequent giv-
ing way [71, 98]. Diagnosis of chronic ankle injury is made clinically, based on
history and physical exam, and through the use of stress radiographs or other
imaging techniques. Although the anterior drawer and talar tilt tests are com-
monly used clinically to assess ankle instability, their use in radiographic stress
imaging may underestimate the true magnitude of talar tilt or anterior displace-
ment [99]. MRI can confirm ligament tears and help identify associated injuries
that may be overlooked in the physical exam [100], including cartilage injury,
peroneal tendon tear, or flexor hallucis longus stenosis. In those patients with a
prolonged history (>6 months) of ankle pain refractory to conservative treatment,
arthroscopy can be used as a diagnostic tool [98]. Functional rehabilitation, as
previously described, is more likely to successfully treat functional rather than
mechanical ankle instability [42].
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3.13 Mechanical Ankle Instability

3.13.1 Lateral Ligament Instability

The most common mechanism of lateral ankle ligament injury is the result of com-
bined plantar flexion and inversion motion. This position causes vulnerability of the
ATFL, which is the most frequently torn ligament in ankle sprains [51, 70].
Combined rupture of the ATFL and CFL is also commonly seen in ankle sprains
with more severe inversion. Lateral ligament rupture may also cause talar sublux-
ation, resulting in collision between the medial malleolus and medial talar facet
with subsequent articular cartilage damage [101]. Other injuries associated with
ankle inversion injuries include loose bodies, peroneal tendon tears, flexor hallucis
longus stenosis, or damage to the superficial and deep peroneal nerves [51, 98].

Lateral ligament instability is the most common diagnosis of chronic ankle
pathology [98], with associated subtalar ligamentous injury and instability only
present in about 10 % of patients with lateral ankle instability [51]. The PTFL is
usually not involved [42]. Arthroscopy can confirm ligamentous instability and
reveal the state of the articular surface, while also removing chondral fractures and
loose bodies; however, the definitive treatment of lateral instability requires surgical
repair of the lateral ligaments [98]. The indications for lateral ligamentous recon-
struction include persistent symptomatic mechanical instability and failed func-
tional rehabilitation. Operative treatments for lateral ankle instability can be divided
into anatomic repair and anatomic or nonanatomic reconstruction [42].

Anatomic repair of the ATFL using the Brostrom-Gould modified technique in
the presence of CFL insufficiency has been shown to be highly successful with
reports of 93 % excellent results at an average of 64 months follow-up [102], 80 %
excellent or good results at 6 years follow-up [103], and 91 % good-to-excellent
results at 26 years follow-up [104]. Major advantages of this method are its simplic-
ity and small incision size [105]. The Brostrom procedure also avoids use of tendon
grafts, maintains normal ligamentous anatomy, and preserves physiologic tibiotalar
and subtalar motion. The disadvantage lies in the fact that strong repair relies on
innate tissue quality [70].

Common nonanatomic reconstruction techniques include the Watson-Jones,
Evans, and Chrisman-Snook procedures. Nonanatomic reconstruction permanently
changes normal ankle kinematics, resulting in impaired subtalar motion and resid-
ual instability. As such, many studies have reported poor long-term results for these
procedures [42], and nonanatomic reconstructions should be avoided in the active
footballer.

Use of an anatomic reconstruction has replaced historic nonanatomic reconstruc-
tion techniques [105]. Anatomic tenodesis reconstruction using an autograft or
allograft augments anatomic repair without compromising lateral ankle anatomy or
kinematics. This technique is indicated when poor tissue quality is present or for
revision surgery and may be an excellent option for high-demand ankles with
chronic instability [42]. Colville et al. found that 12 of 15 patients available at 3.5
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years follow-up showed radiographically confirmed restoration of mechanical sta-
bility [106]. Sammarco et al. reported good-to-excellent results in 29 of 31 ankles
(94 %) at a mean follow-up of 44 months using a split peroneus brevis tendon graft
for reconstruction [107].

3.13.2 Medial Ligament Instability

Football places a high demand on the medial foot and ankle structures since striking
the ball requires a player to abduct and externally rotate the foot, preloading the
medial structures [18]. In a prospective study of 54 cases of medial ankle instability,
Hintermann et al. found that injury to the medial ankle ligaments commonly
occurred during landing on an uneven surface [53]. This may apply to the footballer
in scenarios such as landing after heading the ball or jumping over a tackle. Pronation
with eversion and extreme rotational injuries are well known to cause deltoid liga-
ment injury, yet most patients will report multiple ankle sprains and be unable to
identify a single causal event [52]. Complete deltoid ligament rupture is rare and is
more often associated with ankle fractures [108]. Due to its close proximity and
similarly shared function in medial plantar arch stabilization with the tibiospring
and spring ligaments, posterior tibialis (PT) tendon dysfunction is also frequently
seen in medial ankle instability [52].

Patients with medial ankle instability often describe the ankle as “giving away,”
especially when walking on uneven surfaces, downhill, or downstairs. A history of
eversion trauma to the ankle is common. After acute injury, patients can present
with a medial ankle hematoma and pain along the deltoid ligament [52]. Chronic
deltoid insufficiency is diagnosed based on this feeling of “giving away,” pain in the
medial gutter of the ankle, and a valgus and pronation deformity of the foot that can
be corrected by activating the PT muscle [52]. Tenderness can also be present along
the PT tendon and anterior border of the lateral malleolus. The tiptoe test is used to
identify PT dysfunction [52]. Arthroscopy is the most specific way to confirm clini-
cally suspected instability of the medial ankle [53]; however, MRI can demonstrate
loss of organized medial fibers.

In the setting of symptomatic ankle instability with clinically and arthroscopi-
cally confirmed medial ankle instability, surgical exploration of the medial ankle
ligaments should be performed [52]. Primary surgical repair of deltoid ligament
tears yields good-to-excellent results and should be considered in the footballer to
prevent the associated problems with chronic non-repaired tears such as instability,
osteoarthritis, and impingement syndromes [52, 53]. Additional procedures may be
necessary such as posterior tibial tendon debridement or repair, calcaneal lengthen-
ing osteotomy, or reconstruction of lateral ankle ligaments [53].

3.13.3 Syndesmosis Instability

Footballers may have increased risk for syndesmotic sprains due to foot planting
and cutting action [108]. Acute syndesmotic injury occurs when the fibula is pushed
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away from its distal articulation with tibia. This has been described to occur through
several possible mechanisms, including external rotation of foot, eversion of the
talus, or ankle dorsiflexion [109]. Chronic injury can occur through instability that
causes shear stress on the ankle joint with eventual ankle arthritis [108].

Syndesmotic injury is diagnosed though several physical exam findings,
including pain with palpation of the AITFL, external rotation of the foot, or dor-
siflexion of the foot. Proximal extension of pain indicates involvement of the
underlying interosseous membrane with potential for more serious injury.
Patients often walk with a heel-raise gait, thereby maintaining the foot in plantar
flexion to avoid pain during push-off. An antalgic gait may also be observed in
which the patient displays a shortened stance phase relative to swing phase to
minimize the pain felt when weight bearing. The injury is associated with mini-
mal swelling, which may lead to misdiagnosis of a common ankle sprain [108,
109]. Importantly, the deltoid ligament can be associated with syndesmotic sprain
as they share similar external rotation and eversion mechanisms of injury [108].
Increased swelling, pain with palpation, ecchymosis over the medial ankle, and
greater than 4 mm widening of the syndesmosis on plain films may be indicative
of deltoid ligament involvement [110]. Special clinical tests used for diagnosis of
syndesmotic injury include the external rotation test, the squeeze test, the crossed-
leg test, the cotton test, the point test, the dorsiflexion maneuver, and one-legged
hop test [108].

Imaging for syndesmotic injury begins with anteroposterior (AP), lateral, and
mortise ankle radiographs to rule out ankle fracture. Two measurements made 1 cm
above the tibia plafond are used to evaluate the integrity of the syndesmosis, tibio-
fibular clear space, and tibiofibular overlap [108]. Tibiofibular clear space greater
than 6 mm and tibiofibular overlap less than 1 mm indicate a disrupted syndesmosis
[111]. MRI is indicated for syndesmotic injuries and has high sensitivity and speci-
ficity [112]. It can reveal secondary findings such as bone bruises, ATFL injury,
osteochondral lesions, and tibiofibular joint incongruity [113]. Finally, arthroscopy
has been shown to be an invaluable diagnostic tool for syndesmotic injury with the
characteristic triad finding of PITF scarring, disrupted interosseous ligament, and
posterolateral tibial plafond chondral damage [114].

There is currently no consensus for optimal management of a syndesmotic
injury [115]; however, classification of the ligaments involved can aid in selection
of appropriate treatment. Grade I involves AITFL tears; grade Ila involves AITFL
and interosseous ligament tears; grade IIb includes AITFL, PITFL, and interosse-
ous ligament injury; and grade III involves injury to all three syndesmotic liga-
ments, as well as fibula fracture. Conservative treatment is recommended for
grades I and Ila, whereas surgical intervention is necessary in grades IIb and III
syndesmotic injuries. These injures take twice as long to heal as other ankle sprains
[109]. Hopkinson et al. reported a mean recovery time of 55 days following syn-
desmosis injury in cadets at the United States Military Academy at West Point
[116]. Rehabilitation should be gradual and pain-free, starting with low-level bal-
ance training, then progressing through to double leg heel raises, single leg heel
raises, walking, fast walking, jogging, cutting, and finally sport-specific training
[108]. Players are able to return to sport after an average of 4 months following
initial syndesmotic injury.
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Fig. 3.4 Syndesmosis injury in a 21-year-old footballer. (a) Axial MRI of syndesmotic injury
demonstrating a ruptured AITFL (arrow). (b) Arthroscopic image of open syndesmosis prior to
repair. (¢) Syndesmosis injury after fixation with combination of screw and TightRope (Arthrex,
Inc., Naples, FL, USA). (d) Arthroscopic view of syndesmosis after repair

Historically, the most commonly used surgical technique is syndesmotic screw
fixation. It is indicated if there is a laterally displaced fibula or significant mortise
widening with positive lateral radiography and external rotation stress test [117].
Lateral talus subluxation greater than 1 mm is also an indication for screw fixation,
which is suggested to assure reduction and stability of the ankle mortise [118].
Unfortunately, there is no consensus on optimal screw size, level of placement, or
timing of removal [119, 120]. TightRope (Arthrex, Naples, FL) is a fixation tech-
nique consisting of a fiberwire secured between two endobuttons (Fig. 3.4). It has
been shown to provide more accurate stabilization of the syndesmosis as compared
to screw fixation [121]. Since malreduction is the most important indicator of poor
long-term functional outcome, TightRope fixation should be considered in treat-
ment of the footballer [122]. To date, there is no evidence of improvement in short-
term functional outcomes with the TightRope, although there may be a decreased
need for implant removal [123]. Surgical intervention is also recommended in the
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Fig. 3.5 Peroneal tendon injury. (a) Axial MRI showing peroneal tendon subluxation (arrow).
(b) Lateral incision reveals an anteriorly translocated peroneal longus tendon superficial to the
fibrocartilaginous ridge (probe)

presence of persistent pain following syndesmotic injury due to the development of
anterior impingement syndrome and heterotopic ossification [108].

3.13.4 Superior Peroneal Reticulum Injury

The superior peroneal retinaculum (SPR) forms the roof of the superior peroneal
tunnel. The tunnel contains the peroneus brevis and longus tendons and is bordered
by the retromalleolar groove of the fibula and the lower aspect of the posterior
intramuscular septum of the leg [124, 125]. Injury to the retinaculum results from
ankle dorsiflexion and inversion and forceful reflex contraction of the peroneal
muscles, which causes subluxation or dislocation of the contained tendons [124].
Since these patients present with similar injury mechanisms as simple lateral ankle
sprains, the clinician must maintain high suspicion for peroneal tendon injury,
especially in the presence of retrofibular pain, snapping or popping sensations
about the lateral malleolus, or chronic ankle instability that worsens on uneven
surfaces [124].

SPR injury can be divided into three grades [126]. A grade I injury involves SPR
separation from its periosteum origin at the lateral malleolus, leading to anterior
displacement of the peroneal tendons about the fibrocartilaginous ridge. In grade II
injury, the fibrocartilaginous ridge is stripped with detached SPR. Grade III injury
involves both SPR detachment and fibrocartilaginous ridge stripping, as well as
osseous fibular fragmentation [124]. MRI is the best imaging modality to assess
peroneal tendon and SPR pathologies, although ultrasound may be more useful in
revealing an episodic subluxation [124]. Conservative management is often associ-
ated with poor outcomes, and surgery is indicated for all acute and chronic disloca-
tions in footballers [127]. Anatomic reconstruction of the SPR (Fig. 3.5) is the
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preferred surgical method [128]. Peroneus brevis debulking and fibular groove
deepening may also augment retinaculum repair [129].

3.14 Functional Ankle Instability

Painful mechanical limitation of ankle motion defines ankle impingement syndrome
[52] and can be classified as either soft tissue or osseous [130]. Soft tissue impinge-
ments occur most commonly in the anterolateral gutter, medial ankle, or syndes-
motic area as a result of scarring and fibrosis associated with synovial, capsular, or
ligamentous injury [130]. Osseous impingements are a consequence of osteophyte
formation, most commonly along the anterior distal tibia and talus or posteriorly as
the os trigonum. These conditions are important to recognize as they may result in
chronic ankle pain, especially in footballers [131].

3.14.1 Footballer’s Ankle (Anterior Ankle
Impingement Syndrome)

Anterior talotibial osteophytes are found in up to 60 % of footballers [16]. These
lesions were first described as “athlete’s ankle” by Morris in 1943 [132]. Later,
McMurray speculated that the etiology of these osteophytes was repeated ligamen-
tous strain from kicking a football with the foot in equinus, suggesting the term
“footballer’s ankle” [133]. It is now known that these lesions are not specific to the
footballer but may occur in any sport involving running or jumping [134]. Although
asymptomatic ankle osteophytes are reported in 45 % of football players [135],
chronic pain may be experienced in what is now termed anterior ankle impinge-
ment syndrome (AAIS). This condition results from entrapment of hypertrophied
synovial tissue or posttraumatic scar tissue between the distal tibia and malleoli
and talus, exacerbated by the presence of anterior osteophytes (Fig. 3.6) [130, 135].
Early stages of anterior impingement can be treated successfully with injections and
heel lifts, but surgery may be necessary for osteophyte and soft tissue debridement
in more chronic cases [130].

On physical examination of a patient with anterior impingement syndrome, pal-
pation along the anterior joint line results in point tenderness and pain can be elic-
ited by placing the foot in maximum plantar flexion or dorsiflexion. Patients will
complain of limited painful dorsiflexion exacerbated with squatting or stair climb-
ing. Radiographic imaging is important in preoperative planning because osteo-
phytes can be difficult to detect during arthroscopy, especially those located in the
anteromedial compartment. MRI aids in preoperative planning through identifica-
tion of reactive synovitis and fibrosis, subchondral marrow edema, collateral liga-
ment complex injury, osteochondral lesions, intra-articular bodies, or osteoarthritis.
Most patients with no preexisting osteoarthritis treated arthroscopically will
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Fig. 3.6 Radiographic image
of anterior impingement in a
22-year-old footballer. An
osteophyte is seen on the
superior aspect of the talar
neck (arrow)

experience pain relief and return to full activity, though recurrent osteophyte forma-
tion has been noted at long-term follow-up [130].

3.14.2 Anterolateral Ankle Impingement Syndrome

Anterolateral ankle impingement syndrome is most often caused by an acute ankle
inversion injury [130]. The subsequent reactive inflammation can cause fibrosis
leading to distal fascicle enlargement of the AITF. Impingement in the anterolat-
eral gutter of this enlarged fascicle can also cause chronic reactive synovitis and
chondromalacia of the lateral talar dome [108]. The ATFL may also be involved
with irregular thickening or nodularity [130]. Arthroscopy can reveal the common
meniscoid-like lesion (Fig. 3.7) [130]. Bone scans and radiographs are not useful in
diagnosis. MRI can identify abnormal areas of pathology, although 50 % of cases
are diagnosed based on clinical presentation alone [98]. Common presentation is a
history of anterolateral ankle pain and swelling with a popping or snapping sensa-
tion. The patient will have tenderness to palpation along the anterolateral aspect
of the ankle, with pain elicited at extreme passive dorsiflexion [130]. Initial injec-
tion with local anesthetic and corticosteroid can be both diagnostic and curative.
After 4 weeks, the patient should return for follow-up and further discussion of
surgical treatment if symptoms have not resolved. Arthroscopy is used to confirm
clinical findings prior to resecting the involved scar tissue, debriding the AITFL
and ATFL, or removing any chondral lesions of the talar lateral dome [98]. The best
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Fig. 3.7 Meniscoid-like
lesion of anterolateral ankle
impingement syndrome

Arthroscopic
Punch

arthroscopic results occur in patients with no concurrent intra-articular lesions [130]
or ankle osteoarthritis.

3.14.3 Anteromedial Ankle Impingement Syndrome

Anteromedial impingement syndrome is the most rare ankle impingement syn-
drome and likely occurs as a rare complication resulting from deltoid ligament com-
plex disruption following an inversion event [131, 136]. Alternatively, anteromedial
impingement lesions are also associated with eversion injuries or following medial
malleolar or talar fractures [132]. It is thought that previous injury to the anterior
tibiotalar fascicle of the deltoid complex leads to ligament thickening and subse-
quent impingement on the anteromedial corner of the talus. Adjacent fibrosis and
synovitis are common consequences of impingement, but osteophyte formation and
chondral stripping along the anteromedial talus can also be present. Typical com-
plaints include pain along the anteromedial joint line that increases with walking,
clicking sensations, and painful, limited dorsiflexion. Anteromedial impingement
can be identified clinically through palpation over the anterior tibiotalar fascicle of
the deltoid ligament and eversion or extreme passive dorsiflexion of the foot, all of
which will elicit medial ankle tenderness [52, 130]. Initial conservative manage-
ment consists of rest, physical therapy, and NSAIDs. Refractory cases may undergo
arthroscopy or open resection of the anterior tibiotalar fascicle with debridement of
any adjacent synovitis or scar tissue [130].

3.14.4 Posterior Ankle Impingement Syndrome

Posterior ankle impingement syndrome (PAIS) (Fig. 3.8) is also referred to as “os
trigonum syndrome” since the posterior impingement is often associated with a
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Fig. 3.8 X-ray showing a
prominent os trigonum
(arrow)

prominent os trigonum (unfused posterolateral talar process). Pain results from
impaction between the posterior tibial plafond and the os trigonum or posterior
calcaneal process or as a result of soft tissue compression between the two opposing
osseous structures. Because football is a sport requiring repetitive and extreme plan-
tar flexion, players often experience posterior ankle impingement [130, 137]. In
addition, slide tackles from behind resulting in acute trauma to the posterolateral
talar process predispose the footballer to PAIS.

Clinically, posterior impingement can be much more difficult to detect and
diagnose when compared to other types of ankle impingement because the
affected structures lie much deeper and can be mimicked by or coexist with other
disease processes such as peroneal tendinopathy, retrocalcaneal bursitis, osteo-
chondral lesions of the posterior talar dome, Achilles tendinopathy, flexor hal-
lucis longus tendinopathy or tenosynovitis, posterior tibial osteochondral injuries,
tarsal tunnel compression, tarsal coalition, and Haglund’s deformity [130, 137].
Patients will complain of chronic deep posterior ankle pain that is worsened with
push-off activities such as jumping. Physical examination includes palpation
over the posterolateral process and the crunch test. Diagnosis can be confirmed
with abatement of pain following injection of an anesthetic into the posterolat-
eral capsule of the tibiotalar joint. MRI is useful for more accurately identify-
ing the anatomic site of abnormality, as well as revealing coexisting pathologies.
Fortunately, rest is often an adequate therapy regardless of whether the symptoms
are acute or chronic [130, 137]. When nonoperative measures have failed, open
or arthroscopic removal of the os can quickly return the footballer to play. Calder
et al. demonstrated the effectiveness of posterior ankle arthroscopy in the treat-
ment of PAIS in the elite footballer, with return to training expected at an average
of 5 weeks [138].
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3.15 Conclusion

Ankle injuries are very common in football and can result in decreased performance
or significant loss of playing time. Treatment of acute injury should be conservative,
with surgical intervention reserved for severe ruptures or osteochondral fracture of
the ankle joint. Chronic ankle pathology resulting in mechanical or functional insta-
bility generally requires surgery and/or arthroscopy to repair ligamentous damage
and restore normal ankle kinematics. It is critical for the footballer to receive appro-
priate rehabilitation prior to returning to play in order to reduce the risk of reinjury
and further chronic instability. Since former elite footballers are at a higher risk of
ankle osteoarthritis than the general population [139-141], and lateral ligament
instability is a major cause of posttraumatic ankle arthritis [142], prevention and
early intervention of ankle injuries could potentially prevent the long-term inci-
dence of arthritis in former footballers.
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Did your players experience many ankle problems last season?

Really, lesional ankle incidents have not increased in recent seasons. The pre-
vention programs in the team are demanding, and in recent years we have
reduced the incidents specifically in the ankle. In any case, the most frequently
affected pathologies are capsular impingements (chronic pathology) and syndes-
mosis (acute).

Did you see an increase in ankle pathology related to the high number of compe-
titions your players perform in?
No. we didn’t observe more pathology specifically in the ankle..

Is it important for you to talk a lot with an injured player? Is your approach dif-
ferent for a player who has just come back from injury?

Obviously, empathy, knowing how to explain the injury, and paying attention
[from different angles without forgetting the emotion are crucial in dealing with
an injured player. It is extremely important to be in the day-to-day beside the
injured player; otherwise he might feel abandoned even by the medical team.

How do you manage medical secrets with TV and journalists watching your
neck?

The most important thing is to communicate well with the coach and the player.
The press should be informed, but always under the umbrella of professional
secrecy.

How do you make the call on the pitch on the severity of a player’s lesion?
The physician should always impose his authority, otherwise there are daily
arguments with players, and be very expeditious and clear in the orders given.

Is the stress higher when treating million-dollar players medically?
Of course, these players are a special group of people whose management takes
great care. A single mistake can cost you the confidence of all the players.
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What’s your philosophy on injury prevention? Are club directors in general sup-
portive on this topic?

Injury prevention should be daily and strictly attended to. My experience has led
me to verify that a single physiotherapist should serve players for a particular
type of pathology. Therefore, our philosophy is to have professionals specializing
in each pathology in our medical services to prevent injuries. We have different
areas of work: knee, ankle, hip, hamstrings ....

How do you decide to send a player for further treatment and to who/where? Do
you have a network?

Yes, it is very important to have a network of several professionals, depending on
the pathology affected, to get complementary opinions. In my experience, it is not
important where the best specialist is located. We have the philosophy to look for
the best in the world in cases of severe and complicated injury, especially if sur-
gery will be required.

How do you treat a player when traveling abroad?

We contact the medical network in the country before we travel in order to have
everything prepared in case injuries occur. I had an intense experience with
David Villa, who was, injured in Japan during the world team championship. We
came with the player on the 14-h flight to Barcelona on a highly medicalized
aircraft to serve the maximum tibia fracture he suffered during the championship
tournament.

Are the new generation of artificial grass, newer football shoe designs, and new
training strategies beneficial to avoid ankle injuries in your opinion?

I believe only the shoe companies are able to collaborate with this specific site
(ankle). We have seen that five metatarsal stress fractures have decreased due to
protection of this area provided by new shoe technology. Regarding the new gen-
eration of artificial turf, no differences are shown. Otherwise, our training and
match procedures are always on natural grass.

How do you form your opinion of new medical treatment strategies, and how do
you communicate this with players who ask about it (e.g. PRP)?

We are aware that new treatments have to be investigated to find out if they are
effective for elite football players’ injuries. Every time that a new technology
appears in the medical world, we plan a meeting with players to explain clearly
this option and possibilities. Growth factors are used in severe muscular injuries
and in several injured ligaments in our club (like MCL, collateral
ligament—ankle).
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» Has the medical setup in your club changed in the last 10 years, and what do you
think about the evolution seen?
Immensely. We are the first football club to achieve accreditation of FIFA. The
structure, hierarchies, working groups, and technological possibilities provided
as well as the level of research and scientific publications have grown tremen-
dously in the last 7 years.

* What constitutes a good football club doctor in your opinion?
This is a complete definition: The team doctor has to meet various qualities, have
empathy, be a great communicator, be able to make decisions quickly; they must
be aware that their main function is to manage the healthcare structure while
working in group network. They must have deep knowledge of soft tissue pathol-
ogy and physiology of performance.

*  Who will win the World Cup in Brazil 20147
For me, the favorite national team is Brazil.
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Some people say that Football is a matter of life and death.
They are wrong since Football is far more important than that.

Bill Shankly
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Abstract Prevention of injuries is important for the health of an individual player,
as well as for the overall performance of the team. Injured players do not play at their
full physical capacity or may not be able to play at all. The majority of ankle injuries
that occur in football result in complete inability to participate in training and/or
competition. This chapter will discuss strategies for the prevention of ankle injuries
in football. First, we will introduce a pragmatic approach towards injury prevention
in general, after which we will discuss a number of general preventive measures to
be employed in football. Thereafter, measures to prevent acute lateral ligament injury
will be described in depth. These injuries are the most commonly encountered by
football players and are the underlying cause of many of the other injuries described
in this book. We will finish this chapter with general considerations regarding the
implementation of prevention measures within a team sport as football.
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5.1 Introduction

Prevention of injuries is important for the health of an individual player, as well as
for the overall performance of the team. Injured players do not play at their full
physical capacity or may not be able to play at all. The majority of ankle injuries that
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occur in football result in complete inability to participate in training and/or compe-
tition. This chapter will discuss strategies for the prevention of ankle injuries in
football. First, we will introduce a pragmatic approach towards injury prevention in
general, after which we will discuss a number of general preventive measures to be
employed in football. Thereafter, measures to prevent acute lateral ligament injury
will be described in depth. These injuries are the most commonly encountered by
football players and are the underlying cause of many of the other injuries described
in this book. We will finish this chapter with general considerations regarding the
implementation of prevention measures within a team sport as football.

5.2 A Pragmatic Approach Towards Injury Prevention

Effective prevention of ankle injuries does not stand by itself and requires a systematic
approach [12]. The underlying factors that lead to injury to the ankle are multifactorial
and may differ between players [10]. As such, optimal prevention would imply an
individualised approach to tackle ruling risks and risk factors. However, from a practi-
cal approach — especially where it concerns a team sport as football — an individual-
ised effort to prevent injury proves to be a challenge. At the elite level, an individual
programme with detailed analysis of individual risk factors should be the preferred
approach. For recreational footballers, a team-based approach might be more realistic.
Yet, for both, the objective of prevention is identical: to take away the cause of injury
and hence to prevent injury. Before we go into more detail of prevention programmes
for ankle injury, we first introduce a theoretical framework for successful prevention.

Defining preventive measures and its potential consequences on a timeline allows
for a step-to-step approach to prevention. The levels on which prevention can inter-
fere in the presentation of an injury are as follows:

(a) Primary prevention. Prevent the injury from occurring or reduce its impact.
Primary prevention can include prevention or preventive measures without the
existence of a prior injury.

(b) Secondary prevention. Rapidly diagnose and treat the injury in order to reduce
the clinical symptoms and severity of the injury. Secondary prevention is impor-
tant to reduce the risk for reinjury. Accurate and rapid diagnosis and correct
treatment are crucial for success in this phase.

(c) Tertiary prevention. Limit the long-term consequences of the injury by promot-
ing recovery. Tertiary prevention can be described as (long-term) rehabilitation.

These three prevention levels can also be placed in a so-called Haddon matrix.
This matrix was initially modelled on motor-vehicle collisions but has been adapted
to be applicable to sports-related injuries [2, 7]. This matrix summarises potential
preventive hooks by presenting injury timing phases (pre-injury, crash and post-
injury) in relation to levels of prevention (athlete, equipment and environment). The
pre-injury phase consists of primary preventive efforts that ensure that the player
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Table 5.1 Haddon’s matrix applied to ankle sprains in football

Pre-event Crash Post-event
Athlete Technique training Rehabilitation

Fair play
Environment Playing surface First aid given by medical staff
Equipment Proper shoes Tape/brace

will abstain from a harmful situation. The crash phase constitutes measures that will
prevent the athlete from suffering an injury in case a harmful situation occurs. The
post-event phase is made up of secondary and tertiary preventive measures that
reduce the immediate- and long-term consequences of injury.

An example of a completed Haddon matrix for acute lateral ankle ligament inju-
ries (ankle sprains) in football is presented in Table 5.1. As one can see in the table,
it is not always possible or required to apply all the cells. Such a matrix can be
applied for various specific injuries by coaches and medical staff of football teams.
This aids in the establishment of multifaceted preventive approaches applicable to a
team’s or club’s situation.

Ideally, one wants to fill the different cells in the Haddon matrix with evidence-
based preventive measures, i.e. measures for which the preventive effects have been
proven in scientific studies. However, this is not fully possible. The reason for this is
simply being that measures to prevent sports injuries do not stand by themselves. They
are part of what might be called the sequence of prevention [12] which has not been
completed for the majority of preventive measures. First, the problem must be identi-
fied and described in terms of incidence and severity of injuries. Then, the factors and
mechanisms that play a part in the occurrence of injuries have to be identified. The
third step is to introduce measures that are likely to reduce the future risk and/or sever-
ity of injuries. Such measures should be based on the aetiologic factors and the mecha-
nisms as identified in the second step. Finally, the effect of the measures must be
evaluated by repeating the first step, which will lead to so-called time-trend analysis
of injury patterns. However, from an epidemiological standpoint, it is preferable to
evaluate the effect of preventive measures by means of a randomised controlled trial
(RCT). Unfortunately, RCTs have only very rarely been conducted in sports injury
prevention studies, and most of the RCTs that have been conducted so far in this area
of research were carried out in settings other than football. As such, there is diminutive
scientific evidence on the value of preventive measures. This holds especially true for
less common and less severe injuries that — apart from methodological issues — have
not yet gathered sufficient attention of the scientific sports medicine field.

Evidence should therefore not be the holy grail in effective injury prevention
programmes but function as supplement to practical and clinical experience com-
bined with in-depth knowledge of players’ health status. The pragmatic preventive
approach outlined above can aid the development and introduction of preventive
measures when combined with personal expertise and the information on specific
injuries provided in subsequent chapters.
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5.3 General Preventive Measures

Historically, a number of general preventive measures have been proposed. Although
for some there is ongoing debate on their true effectiveness and scientific validation
for their effect on ankle injuries has not been reported, good practical results have
been reported. As such, the measures presented below are recommended to keep
players in good health.

5.3.1 Warm-Up and Stretching

To progress from rest to high-intensity exercise requires a transformation of the whole
body including the muscles, tendons and blood vessels. Proper warm-up ensures a
more gradual process and may add to injury prevention. The likely benefit of warm-up
includes increased blood flow to the muscles, increased oxygen delivery to the mus-
cles, increased nerve conduction, decreased stiffness of connective tissue leading to
decrease risk of tears, increased cellular metabolism and increased range of motion
[1]. With regard to football, the FIFA 11+ programme can be used as a complete
warm-up protocol (Fig. 5.1). The strength of the 11+ programme is that in addition to
providing a complete football-specific warm-up programme, it also includes injury-
specific preventive exercises, including prevention of ankle injuries [6]. The 11+ pro-
gramme has been shown to reduce injury risk at various levels of football play [11].

5.3.2 Appropriate Progressive Training Load

Training load is the combination of training duration, frequency and intensity. Each
individual player has its own capacity depending upon, amongst others, overall
health status as well as training and competitive cycle. In football, with a clear
annual cycle, training load should be adjusted in such a way that there is room for
adequate recovery between training sessions and matches. Periodisation, the varia-
tion in training load according to the season, should be aiming at peak performance
during the end of the competitive season with a championship or final. There is
general consensus that in order to improve performance, training load should gradu-
ally increase in either duration, frequency and intensity or a combination of these.
However, when athletes are asked to perform at a greater intensity or to perform a
greater volume of work, there is the risk of overload and consequently an increased
risk for injuries. To avoid excessive overload, a number of principles should be
considered:

1. Increase volume or intensity or frequency. Increases in frequency should precede
increased volume which should precede increasing intensity.

2. Allow for adequate recovery in order to benefit fully from supercompensation —
the additional improvement in performance as a result of temporary overload.
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Fig. 5.1 FIFA F-MARC 11+ programme (Accessible through www.f-marc.com/11plus/home/.
Accessed 20 July 2013)

Coaches/trainers should be willing to adjust training load according to the indi-
vidual players’ capacity.

3. Focus on accurate execution instead of fast execution when introducing new
training activities.
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4. Monitor the athlete closely for signs of overtraining such as decreased perfor-
mance, fatigue and mood disturbances. This can be done by retrospective ques-
tionnaires, training diaries, physiological screening and direct observation.

5. Avoid excessive monotony of training.

6. Encourage and reinforce optimal nutrition, hydration and sleep.

7. Schedule regular health checks performed by a multidisciplinary team consist-
ing of at least (sports) physicians, psychologists and nutritionists.

8. Allow full recovery after illness and be aware of upper respiratory tract infec-
tions or other infectious episodes during which athletes should suspend from all
training.

9. Take notice of personal matters of each individual players such as relational
changes, alteration of lodgings or other potential stress factors.

10. Special care must be given to the introduction of high-intensity speed training,
plyometric (jump) training and eccentric exercises as their explosive nature
implies a high risk of injury.

5.3.3 Fair Play

Data from the FIFA World Cup 1998-2010 showed that foul play during competition
is the cause of a large percentage of all injuries. The incidence of match injuries due
to foul play during the World Cup was 23 % (2010), 61 % (2006) and 51 % (2002).
This leads to the conclusion that stricter application of the laws of the game by refer-
ees will lead to a further reduction of injures [3]. In a precedent study, it was shown
that during the three men’s world soccer tournaments (the 2000 Olympics, the 1999
Under-17 World Championships and the 2001 Under-21 World Championships), the
vast majority (72 out of 76) of injuries were due to players contact. Noteworthy is
that significantly more injuries involved a tackle from the side (52 side, 18 behind, 6
front) and a tackle force from the lateral of medical direction (37 lateral, 31 medial,
4 posterior, 3 anterior, 1 not identified). Players who stay on their feet during the
tackle are more likely to sustain an injury (43 stayed on feet, 28 sliding, 14 horizon-
tal jumps and 1 vertical jump). In addition, ankle sprains are more likely to occur on
a player’s dominant side as this leg is more exposed to force inversion [5].

Initially, the FIFA 11+ consisted of 10 exercises. The 11th point added was
meant to promote fair play. The FIFA actively encourages fair play as a means to
reduce the incidence of injuries.

5.4 Ankle Sprain Prevention

An ankle sprain involves the lateral ankle ligaments and is the result of an acute
inversion trauma, damaging the lateral ankle ligament complex. This injury is not
only common in football but the most commonly encountered specific sports-related
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injury in general. In contrast to other ankle injuries, ankle sprains have received
much attention from a preventive standpoint. Also, although generally deemed a
‘minor’ injury, without proper care, an ankle sprain can develop into chronic com-
plaints such as ankle impingement or osteochondral defects. The risk of such
chronic complaints is especially high due to recurrent sprains that may lead to sub-
sequent damage to the ankle joint. As such, primary and secondary prevention of
ankle sprains can also be regarded as a preventive means to counteract other, more
chronic, ankle injuries in football.

Prophylactic taping, braces, shoes (specially designed) and neuromuscular train-
ing (e.g. balance board training) have been postulated as preventive measures
against ankle sprains. Multiple reports have been published in which the effects of
each of these preventive measures have been studied. According to the literature —
which varies in quality and quantity between different measures — the prevention of
ankle sprains with external measures that limit ankle range of motion (i.e. brace or
tape) is equally effective as the use of neuromuscular training. Both types of mea-
sures are linked to a 50 % reduction of the risk to sustain an ankle sprain. A preventive
effect has been shown only for athletes with a previous injury [13].

5.4.1 Shoe Type

Few studies have examined the effect of shoes on the risk to sustain an ankle sprain,
and studies have been conducted in basketball alone. No difference between low- and
high-top shoes has been reported [13]. It has been suggested that it is the newness of
shoes — irrelevant of shoe height — which has most effect on injury prevention. Newer
shoes are hypothesised to be more rigid, providing stability to the ankle when in a
vulnerable position. On the other hand, it can be postulated that the sole of a new
shoe generates more shoe-surface friction. From a biomechanical standpoint, this
may predispose to injury as inversion forces can be increased. Shoe-surface interac-
tion may specifically play a role in football where improper cleats may affect ankle
injury. Cleats that provide too much traction will not allow the player to react prop-
erly to an inversion movement as the foot is fixed. This may happen, for instance,
during a misstep or when the player is being tackled while the foot is planted on the
pitch. While different shoe manufacturers provide different cleat designs for various
circumstances, it is not feasible to give a general guideline on cleat usage here. As
such, it recommended to have players follow the manufacturers’ recommendations.

5.4.2 Taping

Taping of the ankle is the earliest prophylactic measure used to prevent ankle sprains
and arguably the most well-known and widely used preventive measure against
these injuries. Although there is limited scientific evidence, taping has shown to
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effectively reduce the risk of injury in athletes with a history of ankle sprains. Taping
is a form of strapping by which tape is attached to the skin in order to physically
maintain a certain joint position. While tape loosens during play, part of its effec-
tiveness comes from stimulation of additional nerve receptors on the ankle surface,
allowing for earlier response to ankle inversion movements.

Over time, a large variety of taping methods have been developed. Additionally,
many different types of athletic tape are manufactured, which can be divided into a
nonelastic and an elastic variant. For standard ankle application, the tape of choice
is 3.8 cm (1.50 in.) or 5.1 cm (2.01 in.) white porous athletic nonelastic tape.

The two most commonly used and widely accepted methods are the so-called
basket weave method and the figure-eight method. Other taping methods as well as
different variations are also applied. This illustrates one of the greatest benefits of
taping, being that one can adjust the method of taping to the needs and preferences
of the individual player. On the downside, taping is the most expensive preventive
measure discussed in this chapter. Taping provides single-use prophylactic mea-
sures, and in one season, the material costs to tape the ankles of an entire football
team can be substantial.

5.4.3 Bracing

The concept of ankle bracing evolved from ankle taping. Braces are currently being
used instead of traditional taping by many athletes at all levels of competition. They
offer several advantages; amongst others, they are self-applied, reusable and read-
justable. In the long run, they are argued to be more cost-effective than taping. Also,
there is much more evidence available of a preventive effect of bracing. Recent trials
have even indicated a strong primary preventive effect of bracing [9].

Although braces are considered to have important advantages over tape, many
players do not feel as comfortable or as stable wearing braces. More importantly for
football, braces attach a bulk to the outside of the ankle which may compromise
play. Braces have never been linked to a decrease in sporting performance, but
results of studies have been derived using standardised exercise protocols that mea-
sure speed, agility and jumping ability. Ball handling in football while wearing a
brace has not been the subject of research and may very well be compromised due
to restricted ankle motion. Thereby, the advice to use braces in soccer may result in
non-compliance, and it would be better to recommend the use of ankle tape.

Braces come in different basic varieties which may go by different names. In
general, one can speak of the following:

(a) Ankle sleeves, which do not provide stability but provide compression and can
be used for prevention due to their positive proprioceptive (balance and posi-
tioning) effect.

(b) Non-rigid ankle braces, which come in two basic types: (1) with an elastic
sleeve with ‘wrap-around’ straps and (2) nylon, canvas or neoprene lace-up
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brace with elastic wrap-around straps. Both types provide minimal stabilising
effect and assist with proprioception. Although many of these braces are
reported to be uncomfortable, there is an abundance of various types and fits
available, making it possible for each player to find a suitable model.

(c) Semi-rigid braces, which are similar to the non-rigid versions, with the added
feature of medial and lateral moulded plastic struts or air cushions. These braces
are effective at stabilising the ankle in inversion (rolling out) and eversion (roll-
ing in), but less effective when the athlete is in a dorsiflexed position (the most
common mechanism of ankle sprain).

5.4.4 Balance Training

One measure that has been studied extensively in recent years is improvement of
neuromuscular function and more specifically balance board (proprioceptive)
training. Trauma to mechanoreceptors of the ankle ligaments after an ankle sprain
can produce a proprioceptive impairment in the ankle. This might explain the
increased risk of reinjury within 1 year after an ankle sprain. Neuromuscular
training is designed for the rehabilitation after an ankle sprain and is thought to
improve proprioception by re-establishing and strengthening the protective
reflexes of the ankle. Thereby, neuromuscular training has the potential to be very
effective measure in reducing the risk of injury recurrences. This potential effect
has been shown in studies in a variety of different sports, all showing an injury
risk reduction for players with previous ankle sprains. A basic proprioceptive
training programme that can be embedded in regular football practice is described
in Table 5.2.

5.4.5 Strength Training

Both range of motion (ROM) and strength deficits have been established in players
who suffered an ankle injury [8]. Although no research is available on the effec-
tiveness of strength training programmes to reduce the risk of ankle injury, these
deficits suggest that strength and flexibility training may have a preventive effect.
Individual functional performance testing should determine the presence and sever-
ity of strength and ROM deficits. Repetition of such testing at regular intervals
may chart a player’s progress after exercises are prescribed. Although there is no
consensus on the exact training mode and intensity for optimal recovery, it is rec-
ommended that both open and closed chain exercise in a variety of modes should
be performed [8]. For range of motion, especially ankle dorsiflexion should be
targeted.
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Table 5.2 Neuromuscular training progrcblamme for football warm-up

No material Ball Ball and balance board Balance board
One-legged stance Make pairs and stand ~ Make pairs. One One-legged stance on
with flexed knee. in one-legged stands with both the balance board
Step out on the stance with flexed feet on the balance with the knee
other foot with knee. Keep a board. Throw a ball flexed. Maintain
the knee flexed. distance of 5 m ten times with one balance for 30 s and
Balance for 5 s. (16.4 ft) and throw hand. Repeat two change stance leg.
Repeat ten times a ball five times times for both Repeat two times
for both legs while keeping players on the for both legs
balance. Repeat ten balance board
times for both legs
Variations A-D Variations A, B Variations A-D
One-legged stance Make pairs and stand ~ Make pairs. One One-legged stance on
with hip and knee in one-legged stands in one- the balance board
flexed. Step out stance with the hip legged stance with with the hip and
on the other foot and knee flexed. flexed knee. Throw knee flexed.
with the hip and Keep a distance of a ball ten times Maintain balance
knee flexed. 5 m (16.4 ft) and with one hand. for half a minute
Balance for 5 s. throw a ball five Repeat two times and change stance
Repeat ten times times while keeping for both players leg. Repeat two
for both legs balance. Repeat ten and both legs on times for both legs
times for both legs the balance board
Variations A-D Variations A, B Variations A, B Variations A-D
Instructions Make pairs. One Move slowly over the
Choose 1 exercise per warm-up session stands in one- balance board with
Each category (no material, ball, ball and legged stance with one leg while the
balance board, balance board) may only be flexed hip and other foot is on the
chosen once per week knee. Throw a ball balance board.
Choose variations to make exercises more ten times with one Repeat ten times for
challenging hand. Repeat two both legs
Variation A: stretch the weight-bearing leg times for both
Variation B: flex the knee of the weight- players and both
bearing leg legs on the balance
Variation C: stretch the weight-bearing leg board
and keep eyes closed Variations A, B Stand with both feet on
Variation D: flex the knee of the weight- the balance board
bearing leg and keep eyes closed and perform knee
flexions. Repeat ten
times

Adapted from Verhagen et al. [15]

5.5 Prevention of Ankle Injury in Practice:
Additional Considerations

In order to effectively reduce the risk of an ankle injury, the compliance to intro-
duced measures is of utmost importance. Especially in preventive measures that
require active participation, such as the neuromuscular training programme, pro-
gramme adherence is the key to success or failure [14]. Such programmes are only
effective when players are exposed to a critical dose of exercises. This is very much



5 Prevention of Ankle Injuries 5

equal to the acquisition of a cardiovascular training effect: one will only achieve
better cardiovascular fitness when exposed to a substantial amount of endurance
training.

However, the introduction of preventive measures implies a modification of
sporting behaviour which may be in conflict with the ruling behaviour. Simply put,
players and coaches do not like to change their regular routine. This is not unique to
football, but rather a generic issue surrounding the introduction of preventive mea-
sures in sports. As such, it is crucial to determine which preventive measures will
work in each individual setting. It is important that there is effective communication
between players, coaches and medical staff to get a feel of how they perceive the
problem that needs to be solved and what solutions they believe in or apply, as these
are usually the solutions they will comply to.

Having said so, we do recommend the following to prevent ankle injury in foot-
ball. Earlier in this chapter, we already mentioned the FIFA F-MARC 11+ warm-
up programme. The 11+ is a multifaceted preventive programme that has been
developed especially for football by the FIFA Medical Assessment and Research
Centre (F-MARC, www.f-marc.com). It includes exercises to develop core stabil-
ity, strength, balance and agility. A fair play component is also included. Figure 5.1
depicts the complete FIFA 11+ programme, which has been designed as full warm-
up programme aimed to reduce injury risk in male and female football players aged
14 years and older. Most of the recommendations made in this chapter on ankle
injury prevention are also embedded in the 11+ programme, e.g. balance, coordina-
tion, strength, endurance and fair play. It is highly recommended for all football
coaches to replace regular warm-up with the 11+ programme.

Also, additional preventive measures may be implemented for players who are at
increased risk and thus require special measures. This goes especially for the sub-
group with a history of previous injury or episodes of ankle instability [4]. In this
subgroup, subsequent reinjury risk is highly dependent on the type of rehabilitation
employed, whether or not the subject complied with the rehabilitation programme,
and the quality of recovery. From this perspective, structured rehabilitation pro-
grammes that include restoration of normal ankle motion, strengthening and resto-
ration of neuromuscular control and proprioception of the ankle complex should be
advocated to all injured players. Until function is completely normal, players should
be urged to make use of either a tape or a brace.
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Abstract Frank de Bleeckere is a Belgian international elite football referee, born
in 1966.

He has been a referee since 1984 till 2012 and an international (FIFA) official
since 1998 till 2012. De Bleeckere was refereeing in his first World Cup finals in
Germany 2008 and had to pass a late fitness test following injury. He has been
appointed to referee elite football matches in European and international competi-
tions for three decades and is accredited to be one of the world’s best referees of his
generation.

PP.R.N. d’Hooghe, MD (<)
Department of Orthopaedic Surgery, Aspetar Hospital, Aspire Zone, Doha, Qatar
e-mail: pieter.orthopedie @ gmail.com

G.M.M.J. Kerkhoffs, MD, PhD

Department of Orthopedic Surgery, Academic Medical Centre Amsterdam,
University of Amsterdam, Meibergdreef 9, Amsterdam, 1105 AZ, The Netherlands
e-mail: g.m.kerkhoffs@amc.uva.nl

P.PR.N. d’Hooghe, G.M.M.J. Kerkhoffs (eds.), 77
The Ankle in Football, Sports and Traumatology,
DOI 10.1007/978-2-8178-0523-8_6, © Springer-Verlag France 2014


mailto:pieter.orthopedie@gmail.com
mailto:g.m.kerkhoffs@amc.uva.nl

78

P.P.R.N. d'Hooghe and G.M.M.J. Kerkhoffs

How did you experience medical evolution of refereeing in football over the
years?

Medical evolution has progressed significantly during the last decades. Especially
in refereeing, there has been a huge increase of awareness towards injury pre-
vention. This is an important topic for referees since we are generally 15 years
older than the players. During a game, we normally run backwards for about
2 km, and because this puts a high load on our Achilles tendons, injury preven-
tion is a hot topic for referees nowadays.

Sport-specific ankle lesions are very frequent in football refereeing due to the
high amount of backward running. Is that a topic when you prepare for big tour-
naments with your colleagues?

Yes, sure this is a topic for me and my colleagues. Backward running overloads
the tendons quickly; therefore, the choice of shoes is very important. Personally,
I always used my “running shoes” during my games. It offers you more energy
absorption on the heels and consequently unloads the Achilles tendon also. This
is in contrast with regular football shoes where you can see less absorption and
supportive areas.

Did you suffer any significant ankle-related time-loss injuries in your career of
elite refereeing (Achilles tendon)?

The last 2 years in my international career, I suffered from time-loss Achilles
tendinopathy injuries. This was mainly overuse — triggered due to the high load



6 Interview — Frank de Bleeckere 79

of games in combination with my daily workouts. Laser therapy helped me
somewhat during that period, and it kept me going for a while and train without
significant pain. Although, thanks to my injury-preventative program before and
after training, I never suffered from severe surgery-related injuries, I was lucky
to have a professional team around me consisting of performance professor
Werner Helsen (Leuven University) and my loyal physiotherapist Bernard van
de Velde (physiotherapist Belgian National Team).

* Do you think you are performing enough injury prevention strategies for your
ankle in your daily workout?
I am personally convinced that injury prevention attention led me to continue
until my 45 years of age (which is the maximum age to allow international refer-
eeing). Treatment, rest, and expert follow-up on all levels helped me to reach the
international level and stay there for all these years. A referee is nowadays
expected to be a top sport athlete, and that requires balance and a lot of disci-
pline to get to the international level.

* Do you think the newer football shoe designs are improved compared to previous
designs?
More and more big companies have taken interest to create a referee football
shoe. I personally took part in a Belgian project in order to develop the referee
football shoe with ultimately great success. Since the demands on the feet in
refereeing are significantly different to that of the football player, the “referee
shoe” should be tailored to the specific needs.

* Do you fear joint problems in your ankle after your career?

[ quit refereeing now for 2 years, and my Achilles tendons do well. I train three
times a week still, and no more inflammations are present. Still, my training load
is totally different now: I changed my interval training towards endurance (10 K)
training. This change in training has shifted my workout perception from “neces-
sary” to “fun.’

My previous ankle issues have completely resolved by training less on interval
and frequency.

e Who will win the World Cup in Brazil 2014?
That’s probably the trickiest question of all! Of course, my team is the Belgian
Red Devils. They have a strong generation of players and attitude. Although I
honestly believe that Brazil comes too early for them and that we will enjoy them
more on the Euro 2016 stage, Belgium has potential to win in Brazil so let’s stick
fo that.
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You only stop learning about Football when you quit.

Ruud Gullit

Abstract This chapter describes injury to the ankle ligaments, including the lateral
ankle ligaments, the syndesmotic ligaments and the deltoid ligaments. All aspects
on diagnosis, clinical appearances and therapeutic treatment options are highlighted,
specified if possible for the footballer.

Keywords Ankle ¢ Lateral ligaments ¢ Deltoid ligaments * Syndesmosis

7.1 Introduction Including Epidemiology

The majority of ankle sprains occur in individuals under 35 years of age, most com-
monly in those aged 15-19 years. They account for up to 40 % of all athletic inju-
ries, and 29 % of football injuries can be attributed to ankle injuries, and 12 % of
time lost in football is due to ankle injuries. Three-quarters of ankle injuries involve
the lateral ligamentous complex; there is conflicting evidence as to whether females
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are more prone to these injuries when compared to males [3]. Without adequate
diagnosis and treatment, ankle injuries may lead to chronic instability, osteoarthritis
and other permanent sequelae. Football players have significantly greater load and
demand on their ankle joints than the average population, and in addition sports
performed at the highest level are possibly an unfavourable prognostic factor for the
development of residual complaints.

Syndesmotic injuries can be associated with prolonged pain, disability and an
unpredictable time away from the pitch or sports in general. The incidence ranges
from 1 to 18 % of ankle ligament sprains [19]. Syndesmosis involvement following
lateral ankle ligament injury was the most predictive factor of chronic ankle dys-
function at 6 months post-injury [11] and then becomes chronic by definition. Also
patients take twice as long to return to sports if associated syndesmosis injury is
present as compared to isolated lateral ligament sprains.

These injuries may occur in isolation or in association with other ligamentous,
bony or cartilaginous injuries around the ankle. Missed and chronically unstable
injuries may lead to osteoarthritis. It is likely that this is an underestimate as these
injuries are frequently missed or undertreated.

7.1.1 Deltoid Ligaments

Isolated deltoid ligament injuries are a rare occurrence, representing 3—4 % of all
ankle sprains [3, 11]. Lesions of the deltoid ligament may present as acute, chronic or
concomitant injuries involving other ligamentous or bony injuries. Medial-sided ankle
injuries may be associated with syndesmosis injury, but those isolated to the medial
side may also involve the tibialis posterior tendon and spring ligament complex.

7.2 Functional Anatomy

The ligaments around the ankle can be divided in groups depending on their location
and function; from lateral to medial, the first group consists of the ligaments that
form the tibiofibular syndesmosis and the second group the lateral ligaments, and
the third group located on the medial side is formed by the deltoid ligaments.

The ankle joint can be regarded as a fork, at one side formed by the distal tibia
and at the other side the fibula. In between this fork, the talus is orientated. The tib-
iofibular syndesmotic ligaments ensure that the fork can resist axial, rotational and
translational forces which tend to distend the distal tibia and fibula. The syndesmotic
ligament complex is formed by the anterior tibiofibular ligament, the posterior tibio-
fibular ligament and the interosseous tibiofibular ligament. The anterior tibiofibular
ligament originates in the anterior tubercle of the tibia and inserts in the anterior
margin of the lateral malleolus. Following a lateral ligament injury, the most distal
fibres will have an increased contact pressure with the anterolateral talus due to the
increased anterior to posterior talar laxity. Subsequent fraying of the anterior tibio-
fibular ligament could cause anterolateral soft tissue impingement secondary to an
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inversion injury. The posterior tibiofibular ligament is formed by two independent
bands: the superficial and deep component, also known as the transverse ligament.
The superficial component originates at the posterior edge of the lateral malleolus
and directs proximally and medially to insert in the posterior tibial tubercle. This
component would be homologous to the anterior tibiofibular ligament. The deep
component originates in the proximal area of the malleolar fossa to insert in the pos-
terior edge of the tibia and is responsible for ankle joint stability and also to prevent
posterior talar translation [12]. The interosseous tibiofibular consists of a mass of
short fibres connecting the distal fibula and tibia and can be regarded as a continua-
tion of the interosseous membrane. Its exact function remains unclear; some inves-
tigators have suggested that the interosseous ligament is mechanically insignificant,
whereas others consider it the primary bond between the tibia and fibula.

The lateral ligament complex of the ankle is formed by three ligaments: the ante-
rior talofibular ligament (ATFL), the posterotalofibular ligament (PTFL) and the
calcaneofibular ligament (CFL). The ATFL originates at the distal part of the ante-
rior fibula to insert in the talar body. This ligament is mainly responsible to prevent
anterior translation of the talus. In the neutral ankle position, it is orientated hori-
zontally with respect to the anterior ankle joint line. Ankle plantar flexion results in
tensioning of this ligament. This lateral ligament is the most frequently damaged
ligament in an inversion injury [4]. Just distal to the origin of the ATFL, the CFL
originates. In the neutral ankle position, the ligament runs in an oblique orientation
to insert in the lateral surface of the calcaneus. In the valgus ankle position, the liga-
ment is relaxed, whereas in varus the ligament is in tension and could potentially be
damaged. Isolated injuries to the CFL are very rare; nevertheless, combined injuries
to both the ATFL and the CFL account for up to 20 % of the ankle sprains. The
PTFL originates from the posterior and distal part of the lateral malleolus to run
almost horizontally to insert in the posterolateral talar process. This ligament is
tensed in ankle dorsiflexion and is relaxed in the neutral and in the plantar flexion
position. Therefore, this ligament is usually not damaged in inversion injuries.

7.2.1 Deltoid Ligaments

The deltoid ligament has deep and superficial layers, each consisting of multiple
components. Milner and Soames [27] described the superficial layer with four com-
ponents, each originating from the anterior colliculus of the medial malleolus: the
tibiospring ligament inserts on the superomedial band of the calcaneonavicular liga-
ment; the tibionavicular ligament inserts on the dorsomedial surface of the navicular;
the tibiocalcaneal ligament inserts on the sustentaculum tali; and the tibiotalar liga-
ment inserts at the medial talar tubercle. The deep layer of the deltoid only spans the
ankle joint. A small anterior component of the deep layer originates from the anterior
colliculus and inserts on the medial talus. The larger and stronger posterior deep layer
originates from the intercollicular groove and the posterior colliculus and inserts on
the medial talus. Not all anatomic components are constant, and other investigators
have classified the distinct ligaments and layers with slight variation [2].



84 G.M.M.J. Kerkhoffs et al.

The deltoid ligament as a whole functions to resist talar abduction within the
mortise, although the discreet functions of individual components of the deltoid
complex have been variably described in the literature. The tibiocalcaneal portion of
the superficial deltoid is the strongest check to talar eversion. The deep deltoid
serves as a secondary restraint to lateral and anterior displacement of the talus, with
the lateral ligaments and fibula acting as a primary restraint [13].

7.3 Aectiology and Injury Mechanism

7.3.1 Tibiofibular Syndesmosis

Distal tibiofibular syndesmotic injuries most commonly are caused by pronation-
external rotation, pronation-abduction and infrequently the supination-external
rotation mechanism. In the patients with an ankle fracture following the pronation-
external mechanism (Lauge-Hansen), also known as the Weber C ankle fractures,
damage to the syndesmotic ankle ligaments is present by definition. Isolated total
ruptures of the syndesmosis are relatively rare but are reported in football as well as
in American football and skiing [36].

7.3.2 Lateral Ankle Ligaments

Understanding the injury mechanism is important for optimising treatment, injury
prevention and research goals. A twisting injury or ‘going over on the ankle’ usually
results in an inversion of the foot and ankle. The most common trauma mechanism
is supination and adduction (inversion) of the plantar-flexed foot. Sometimes, there
is also an external rotation of the lower leg with respect to the ankle joint [14].
Inversion injuries of the plantar-flexed foot result in ATFL injury because the liga-
ment is tight in this position. The majority of ankle sprains during football were
sustained during player contact (59 %) except for goalkeepers in whom 79 %
occurred during noncontact situations [37]. Andersen et al. analysed the ankle supi-
nation sprain injury with video and reported that there were two major mechanisms:
(1) impact by opponent on the medial aspect of the leg just before or at foot strike,
resulting in a laterally directed force causing the player to land with the ankle in a
vulnerable inverted position, and (2) forced plantar flexion when the injured player
hits the opponent’s foot when attempting to shoot or clear the ball.

7.3.3 Deltoid Ligaments

Deltoid ligament injury is most commonly associated with other injury patterns,
including the syndesmosis, lateral ligament ankle sprains and rotational ankle
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fractures. In the rare cases of isolated deltoid injury, eversion, external rotation or
abduction mechanism may be recalled by the patient. Common sporting activities
involved in deltoid ligament injuries include soccer, American football, basketball,
long and triple jump and dancing [30].

Considerable force is required to injure the deltoid ligament, which has a higher
load to failure than the lateral ligaments. The posterior tibiotalar component of the
deep deltoid typically ruptures near its talar insertion. The posterior inferior tibio-
fibular ligament of the syndesmosis is the only ligamentous structure about the
ankle with a higher load to failure [1].

7.4 Clinical Examination

7.4.1 Tibiofibular Syndesmosis

In the acute setting, a patient presenting with ankle pain following a twisting injury,
a fracture with possible subsequent syndesmotic ligament injury must be ruled out;
see also the chapter on ankle fractures in this book. In the acute setting, a high per-
centage of the ‘normal’ ankle sprain patients also presents with pain at the area of
anterior distal tibiofibular ligament; therefore, it is difficult to distinguish a lateral
ankle ligament rupture from a tibiofibular ligament injury solely on (delayed) physi-
cal examination.

In patients with persistent ankle pain following a healed ankle fracture or follow-
ing a severe ankle sprain, instability of the syndesmosis must be ruled out. Patients
typically have a sensation of giving way and difficulty to walk on uneven grounds,
and also difficulty ‘pushing’ off when running is a common presentation. On clini-
cal examination, stiffness, limited dorsiflexion and sometimes swelling in the
anterolateral aspect, just proximal to the ankle joint, can be observed. A recent
systematic review on eight different tests, all aimed to reproduce symptoms by
applying stress to the syndesmosis, shows that not a single test can accurately diag-
nose syndesmotic ligament injuries. However, we feel that in experienced hands, a
combination of a positive squeeze test, a positive fibular translation test and local
palpation pain—that is, recognisable for the patient—is highly specific for the pres-
ence of chronic syndesmotic injury. However, we advocate that additional diagnos-
tics should be used in case of a clinical suspicion [32].

7.4.2 Lateral Ankle Ligaments

After a supination trauma, it is important to distinguish a simple distortion from an
acute ankle ligament rupture because adequate treatment is associated with a better
prognosis [35]. A player with a simple distortion can be back on the pitch in just a
few days; a complete rupture however needs serious treatment to prevent chronic
problems later on in the career. If a haematoma is present accompanied by local
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pressure pain at palpation or a positive anterior drawer test is present or both, it is
most likely that a (partial) lateral ankle ligament rupture exists. Delayed physical
diagnostic examination (4—5 days) gives a better diagnostic result than the same
examination done within 48 h after the initial trauma. The sensitivity to correctly
diagnose an acute lateral ligament rupture during a delayed physical examination is
96 % with a specificity of 84 % [35].

7.4.3 Deltoid Ligaments

A patient with suspected acute deltoid ligament injury presents with tenderness,
swelling and often ecchymosis at the medial ankle, although none of these are abso-
lutely predictive [34]. A feeling of instability may be described on the medial side.
Chronic injuries may have pain in the medial gutter, especially with palpation of the
anterior medial malleolus, as well as a progressive hindfoot valgus deformity.
Posterior tibial dysfunction contributing to the deformity can be excluded by a
reconstitution of the arch of the foot when the patient is asked to go onto his or her
toes.

With the patient sitting and the feet hanging free, stability testing is performed.
Anterior drawer stress as well as varus and valgus tilt stress testing of the ankle is
compared to the contralateral side.

7.5 Diagnostic Imaging
7.5.1 Tibiofibular Syndesmosis

A mortise or AP and lateral ankle weight-bearing radiograph should be used to
evaluate the tibiofibular clear space, tibiofibular overlap and medial clear space and
to rule out any ankle fracture. Also stress radiographs are recommended. With these
‘conventional’ additional diagnostics, still syndesmotic ligament injuries can easily
be missed. For this reason, more advanced imaging such as magnetic resonance
imaging (MRI) is recommended, which has been reported to have a sensitivity and
specificity of respectively 95 and 90 % [3] (Fig. 7.1).

7.5.2 Lateral Ankle Ligaments

The Ottawa ankle rules have been developed to rule out fractures after acute ankle
injuries in the emergency setting, within the first week after acute ankle injury.
Weight-bearing radiographs should be made in case the Ottawa ankle rules are
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Fig. 7.1 Axial T1 MR image
of a left ankle indicating

the presence of a rupture

of the anterior tibiofibular
ligament (*)

positive and there subsequently is a ‘high’ suspicion of an ankle fracture following
a lateral ankle injury. Stress radiographs can demonstrate the degree of laxity in the
ankle joint but are difficult to perform for acute ankle sprains because of patient
pain, oedema and muscle spasms, and this is therefore not advised. Ultrasound and
MRI can be useful in diagnosing associated injury (bone, chondral or tendon) and
are routine investigations in professional athletes. Ultrasound has been demon-
strated to be an accurate investigation that leads to little discomfort in patients but
requires technical expertise, and the data may be difficult to interpret on retrospec-
tive review by other physicians. The sensitivity and specificity of ultrasound inves-
tigation for a ligament rupture are 92 and 64 %, respectively. The predictive value
of a positive ultrasound investigation is 85 % and of a negative ultrasound investiga-
tion 77 % [35]. Ultrasound is accurate in demonstrating the presence of joint effu-
sion. MRI is reliable in the diagnosis of acute ligamentous ankle injuries (Fig. 7.2),
evaluation of tendon disorders, occult fractures and osteochondral lesions, although
the last can be diagnosed more reliably with a computed tomography (CT) scan.
For chronic ankle instability, the lateral instability/laxity test (talar tilt) and the
anterior instability/laxity test (anterior talar translation) are the two radiographic
tests that can be used. Increased laxity can be defined as anterior talar translation of
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Fig. 7.2 Axial T1 MR image
of a right ankle indicating

the presence of a rupture of
the anterior talofibular
ligament (*)

more than 10 mm or talar tilt of more than 9°. Another way of defining increased
laxity is a difference in anterior talar translation between the functionally unstable
ankle and the contralateral ankle of more than 3 mm or a talar tilt of more than 3° in
patients who have unilateral instability.

7.5.3 Deltoid Ligaments

Similar to evaluation of other ankle ligamentous injuries, plain radiographs of the
ankle are the initial choice for imaging to assess suspected injuries of the deltoid
ligament. In addition to the AP, mortise and lateral weight-bearing views, a hindfoot
alignment view [31] is important, particularly in the setting of chronic injury when
a planovalgus deformity may be present.

In the setting of an acute injury, particularly rotational ankle fractures, stress
radiographs are helpful to assess the competency of the deltoid ligament [33]. With
fractures of the lateral malleolus or syndesmotic injury, medial clear space widening
of the mortise may be evident. With an isolated deltoid ligament injury, no widening
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Fig. 7.3 (a) T2 weighted MRI coronal image showing normal deltoid ligament, and (b) same
image from a patient with an acute deltoid injury interposed into the medial gutter of the ankle
from an associate rotational ankle injury

at the medial mortise will occur. A radiographic stress examination using both varus
and external rotation may help detect occult deep deltoid ligament injuries [10].

Ultrasound has been used to evaluate the deltoid ligament in supination-external
rotation ankle fractures as a means of assessing stability of the fracture pattern, with
sensitivity and specificity of 100 % in small case series [5]. CT scan is a useful
modality if injury to the articular surface, avulsion fractures or abnormal osseous
anatomy, such as an underlying talocalcaneal coalition, are suspected. MRI may
also be able to show injury to individual components of the deltoid ligament [6],
although the benefit of the additional detail should be measured against the increased
expense of the study (Fig. 7.3).

7.6 Classification

7.6.1 Tibiofibular Syndesmosis

A differentiation must be made between functional and mechanical instability.
Functional instability refers to the subjective patient symptoms, whereas mechanical
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instability refers to objective parameters based on both clinical and radiological
criteria. The West Point Ankle Grading System is widely used and is based on the
clinical examination of the syndesmosis and divides pathology into three grades.
Grade I represents a mild sprain/tear to the anteroinferior tibiofibular ligament with-
out instability, and grade III represents definite instability with complete rupturing
of all the ligaments which form the syndesmosis. Grade II is somewhat in between
these severities with some instability with a tear of the anteroinferior tibiofibular
ligament and a partial tear of the interosseous ligament [11].

7.6.2 Lateral Ankle Ligaments

There are several grading and staging systems for lateral ankle ligament injuries
based on anatomic injury, clinical symptoms, trauma mechanism, stability and
‘severity’ of the injury. A classification is only relevant when it has consequences
for treatment of prognosis. Grade I injuries include stretching of the ligament with-
out a macroscopic rupture. There is a minor swelling and tenderness on palpation
without increased laxity. Grade II injuries include partial ruptures of the ligaments,
with moderate swelling, tenderness and pain. There is a mild to moderate increase
in laxity, some loss of motion and moderate functional disability. In grade III inju-
ries, a complete rupture of the ligaments and the joint capsule are present with
severe bruising, swelling and pain. There is a major loss of function and an increased
laxity. The patient is most frequently unable to bear weight. In clinical practice,
only the difference between a simple sprain (grade I) and real instability (grade II or
III) is relevant because only grades II and III require an additional treatment.

7.6.3 Deltoid Ligaments

A classification of deltoid ligament injury based on anatomic location has been
proposed by Hintermann [16], divided into three types. Type I is a proximal avul-
sion involving the tibionavicular or tibiospring ligament. A Type II lesion is an
intermediate tear in which the deep deltoid remains attached distally and the super-
ficial deltoid remains attached proximally, again involving the tibionavicular and
tibiospring. Lastly, the Type III injury involves a distal tear or avulsion of the tibi-
onavicular and spring ligaments.

7.7 Treatment and Rehabilitation

7.7.1 Tibiofibular Syndesmosis

For grade I sprains without instability and only partial disruption of the AITFL, the
maximum management entails immediate rest, ice and immobilisation in a pressure
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bandage, or compression-cooling system is advocated, and rehabilitation can be
initiated with players’ pain complaints as a guide. If the ankle is very painful,
because of concomitant injuries, immobilisation in a cast or non-weight-bearing
boot for 5-7 days can be considered to allow the acute inflammation and swelling
to subside. Partial weight bearing commences when pain complaints have subsided
or approximately 7-14 days post-injury as tolerated, and active-assisted physio-
therapy concentrating on range of motion and light proprioception exercises is insti-
tuted. Progression to the next phase, also with players’ complaints as the guide. Full
weight bearing as tolerated, strength training and proprioception are emphasised,
and thereafter sport-specific functional exercises are started—toe standing and light
running are commenced initially, increasing to toe—toe running and single-leg hop-
ping. A sign of a healing syndesmosis is the ability to repeatedly single-leg hop.
Return to sporting activity is permitted when able to single-leg hop for 30 s without
significant pain. The time to pain-free full recovery is variable.

Grade II injuries are varied, and decision-making can be difficult. The recre-
ational football player without diastasis can be treated nonoperatively as discussed
above with good results. Prolonged time to return to sports is expected, and patients
must be told this. For the professional player with a grade II injury and clinical sus-
picion of dynamic instability, we recommend an examination under anaesthesia
(EUA) and arthroscopy with assessment of the syndesmosis. Dynamic diastasis of
2 mm or more warrants fixation. Post-operative CT scanning is indicated in some
cases where an accurate reduction is a concern.

Grade III injuries are uncommon in the professional football player and are often
associated with other injuries around the ankle. An arthroscopy prior to fixation can
identify intra-articular pathology and address this pathology if present (Fig. 7.4). If
the syndesmosis is grossly unstable, two screw fixation or two tightropes will stabi-
lise the ankle. Post-operatively, the ankle is treated in a non-weight-bearing splint
for 10 days to 2 weeks allowing wound healing and resolution of inflammation.
Range of motion is regained first with early proprioception training and partial
weight bearing at 3—4 weeks post-op. Full weight bearing is commenced at 4 weeks
as tolerated and strength training continued. Return to running and high-impact
activity is commenced after 8 weeks as dictated by rehabilitation progress and reso-
lution of pain [26]. Screw removal is optional and depends grossly on the surgeons’
preference.

Chronic syndesmosis injuries usually do not respond to a conservative treatment
method and require a surgical intervention. These surgical interventions include
arthroscopic debridement, screw fixation, anatomic reconstruction of the syndes-
motic ligaments or an arthrodesis. A recent meta-analysis found that none of these
surgical treatment modalities is superior, with a success rate for screw fixation,
arthrodesis and arthroscopic debridement of 88, 80 and 78 %, respectively [28].
Most studies published used screw fixation as surgical intervention. Noteworthy is
that the rates of success of this procedure are not significantly affected by gender,
age, average follow-up, mean duration of symptoms or the method in which the
diagnosis was initially set [28]. We feel that in cases where syndesmotic pain rather
than functional syndesmotic instability is the key complaint (syndesmotic impinge-
ment), an arthroscopic debridement can be successful as sole treatment. In all other
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Fig.7.4 (a) Anterior arthroscopic image of a right ankle indicating this might be an intact syndesmosis.
(b) On ankle dorsiflexion in the same patient the syndesmosis clearly widens, indicating its instability

cases, an arthroscopy is useful to inspect the ankle joint and to treat concomitant
intra-articular pathology, but surgery should really consist of a ligament reconstruc-
tion technique or an arthrodesis of the distal tibiofibular joint.

7.7.2 Lateral Ankle Ligaments

For over many years, there is a wide spread debate concerning the optimal treatment
of acute lateral ligament injuries. Recently, the current best evidence was formu-
lated in a guideline [23], consisting of recommendations based on formerly pub-
lished research. The quality of included articles was assessed by epidemiologists on
the basis of ‘evidence-based guideline development’ assessment forms (EBRO) and
classified in order of probative and scientific value [23]. This guideline was then
used by experts in the field of sports for a debate on the best treatment for acute
lateral ligament injuries in athletes.

A patient suffering from an acute lateral ankle ligament injury benefits from the
use of the so-called RICE (rest, ice [cryotherapy], compression and elevation) [23];
also, the use of nonsteroidal anti-inflammatory drugs is recommended in the acute
phase of recovery. Manual mobilisations of the ankle must be discouraged. More
than 2 weeks of immobilisation in a lower-leg cast is not an effective treatment
strategy. However, a short period of plaster immobilisation or similar rigid support
could well facilitate a rapid decrease of pain and swelling and can thus be helpful in
this phase of the treatment.

Thereafter, a functional treatment is recommended, and, as part of this functional
approach, the use of an ankle support is advocated. An elastic bandage gives fewer
complications than tape but is associated with a delayed return to work and sports. It
seems that overall, a lace-up brace or semirigid brace is preferable. In professional
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players, the use of tape can be considered, although this requires careful application
because the risk of complications such as skin problems is greater than when a
brace or elastic bandage is used [21]. We know from years on the pitch that most
professional football players do not like brace because they do not seem to fit in the
typical football shoes.

Exercise therapy should also be recognised as an essential element of the func-
tional treatment of acute lateral ankle ligament injury, and this form of therapy can
also be effectively performed at home [23]. In the general population, functional
treatment is preferred over surgical therapy [21]. However, in professional athletes,
surgical treatment may be considered on an individual basis [23]. A personal treat-
ment approach for the athlete with an acute lateral ankle ligament injury is advo-
cated in which a direct anatomic repair of the ruptured ligaments by an expert foot/
ankle or sports surgeon may be considered. This might result in a more stable ankle
joint at follow-up without compromising or delaying return to participation in sports
[24, 26]. The rehabilitation regime after direct anatomic repair of the ruptured liga-
ments is a lower-leg cast for 1 or 2 weeks followed by 2—4 weeks in a walking boot.
Then an active exercise protocol with the use of an ankle support is advocated.

In case of chronic ankle instability, the initial treatment consists of neuromuscu-
lar training, thereby optimising lower limb postural control and restoring active
stability by training, which provides good results in a short time [8]. If however
symptoms persist and increased ankle laxity remains present, surgical treatment can
be considered [20].

Surgical procedures fall into two main categories. In ‘anatomic’ reconstructions,
the previously ruptured ligaments are tightened by overlapping (imbrication) or by
reattaching one end of the ligament into the bone (reinsertion) [4]. In ‘nonanatomic’
reconstructions, the structural laxity is corrected using other tissues, normally ten-
don (tenodesis). A Cochrane review by de Vries et al. showed that there is not
enough evidence to support one specific superior surgical intervention in the treat-
ment of chronic ankle instability. However, based on Krips’ early work on sports
after surgical treatment of chronic ankle instability and our personal experience, we
advocate anatomic reconstruction for chronic lateral ankle ligament laxity in foot-
ball players [25]. The rehabilitation regime after anatomic reconstruction for chronic
lateral ankle instability is the same as in the acute phase with a lower-leg cast for 1
or 2 weeks followed by 2—4 weeks in a walking boot. Then an active exercise pro-
tocol with the use of an ankle support is advocated. Furthermore, it is recommended
that the rehabilitation protocol after a surgical intervention for chronic ankle laxity
is functional with early mobilisation of the ankle joint, rather than 6 weeks of immo-
bilisation. This will reduce the time to return to work and the football field [8].

7.7.3 Deltoid Ligaments

Isolated deltoid ligament injuries typically recover well with a functional rehabilita-
tion programme without surgical intervention. Initial rest and bracing should be
used until acute inflammation and tenderness resolve. The decision to surgically
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Fig. 7.5 Arthroscopic visualization of an acute deltoid injury associated with a rotational ankle
injury (* medial malleolus, ** talus)

versus conservatively treat the deltoid injury in a combination injury will depend on
the severity of the lateral ligament, syndesmotic and osseous injuries and resultant
instability. In the setting of chronic injuries to the deltoid ligament, nonoperative
management may be attempted initially. Surgical options are discussed when physi-
cal therapy, shoe modifications and other nonoperative modalities fail.

Arthroscopy may be an initial tool in the surgical approach to deltoid ligament
injury (Fig. 7.5). Direct intra-articular visualisation with the arthroscope may eluci-
date or confirm the preoperative diagnosis. The usual open approach to the medial
deltoid ligament employs a longitudinal curving incision along the course of the
posterior tibial tendon, first incising the laciniate ligament. The superficial deltoid
ligament may be inspected anteriorly. The posterior tibial tendon is directly visual-
ised and inspected and then retracted to allow exposure of the underlying deltoid
and spring ligament complex.

Repair or reattachment of the ligament is frequently possible with the use of
proper suture materials with or without anchors, even in chronic cases [18]. When
direct repair is not possible, the use of autograft or allograft tendon for reconstruc-
tion has been described [9, 16, 18]. When appropriate, midfoot and hindfoot realign-
ment osteotomies should be considered to place the repaired or reconstructed deltoid
ligament in an advantageous mechanical position.

Medial ankle impingement is less common than its anterior and posterior coun-
terparts. The location may be anteromedial or posteromedial, caused by injury or
irritation to the superficial or deep components of the ligament, respectively [29].
For cases refractory to conservative management, surgical treatment with
arthroscopy or small arthrotomy may be indicated.
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Degenerative changes and ossicles at the medial malleolar tip are a relatively

common finding, as high as 4.6 % in the series reported by Coral [7]. Early arthritic
changes involve a sharpening of the tip of the medial malleolus from its rounder,
native shape. Avulsion injuries of the superficial deltoid from the anterior colliculus
may contribute to inframalleolar ossicle formation. An accessory ossicle called an

0os

subtibiale is a potential source of misdiagnosis for acute or chronic avulsion

injuries. Further imaging investigation such as plain CT, MRI or single-photon
emission CT may help to determine the possible donor site for an avulsion injury
and the contribution of the ossicle to the patient’s symptoms.
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Abstract Wouters played for several clubs including PSV, FC Utrecht, Bayern
Munich, and Ajax Amsterdam. He was also a Dutch international (70 caps, 4 goals)
and was hugely influential in 1988 when the Netherlands won the European Football
Championship. As a coach, Jan Wouters worked for AJAX Amsterdam, PSV
Eindhoven, and Glasgow Rangers and from 2011 onward as coach of his club FC
Utrecht. He represents a new generation of international top coaches with a success-
ful history as a player in football at the highest level.
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e Jan, what do you feel you can add as a coach to a player’s ankle injury
rehabilitation?
The most important for me is that I have confidence in the medical staff so I feel
comfortable listening to their strategy. In good harmony with the players’ per-
sonal experience and the opinion of the medical professionals, my role will be to
allow a smooth return of the player into the training with the group.

¢ Do you address a player differently when just coming out of an ankle injury?
Yes of course. Again after consulting the medical staff, we will adjust the pro-
gram of the player according to the functional phase of his rehabilitation pro-
gram. In addition, it is important to anticipate the play time of the player for the
upcoming games; ideally, there is a logical buildup in the number of minutes that
the player will be in the team; however, sometimes necessity knows no law, again
in close collaboration with the medical staff. This whole process goes for the
injured player as much as for the other players as well. Medical staff, technical
staff, physical trainer, and players work together to make this a smooth process.
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Do you feel that an ankle-injured player should always do his rehabilitation near
the team?

Usually yes; however; there can be exceptions to the rule. For example, the for-
eign players that are injured for a long time, they can do part of the rehabilita-
tion program in their home country in familiar circumstances. Long-term
rehabilitation programs are also mentally tough so a part of the total program in
domestic surroundings can help with this aspect too. External rehabilitation pro-
grams are always discussed in detail with the medical staff with periodical feed-
back moments.

How do you manage the team’s confidence if one of the best players is injured?

Actually by focusing on the rest of the group. I try to prevent the other players to
take notice that I am disappointed. It is an important part of the job to coach
positive and not to emphasize on negative issues as, for example, the absence of
injured players.

What do you expect exactly from a medical staff?

A medical staff should facilitate a quick diagnosis and thereafter a fast
return to the pitch! It needs no saying that the return should be within good
reason in order to prevent re-injuries. The medical staff should take a clear
decision and communicate this within the team; these are decisions that 1
cannot make, and for me it is crucial that there is a good and early commu-
nication on diagnosis and prognosis. I will then always follow the advice of
the medical staff.

How did you experience medical staff evolution in football over the years?
There has changed a lot since my time as an active player. The medical staff has
grown and involves more people. An injured player gets a quick analysis of his
injury; the medical staff acts as a case manager for the injured player, taking
care of getting him to the right people in time and providing the best treatment
and rehabilitation protocol. The rehabilitation possibilities are much better than
in earlier years. In my time as a player, we had to run blocks around the pitch;
nowadays, the rehabilitation is much more specific and better thought of.
Certainly, the increased knowledge and experience help us a lot; for each player
and for each injury, there is an individual rehabilitation plan. At the start of the
season, there are numerous tests in order to facilitate injury prevention pro-
grams to be developed per player. In my days, a player went out on the pitch
even with a fever; nowadays, we are much more careful with the players, some-
times maybe too careful. Although the pressure is high for the players, I feel that
there is a danger that players are mentally pampered too much, and mental
toughness is an important feature in top football. This aspect needs special
attention.

Do you think that the frequency of ankle injuries has increased compared to your
time as a player?

The margins for the play on the pitch are smaller, the game has become more
physical, there are more duels, and thus the physical demands for the players
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have become much bigger. The whole body needs to be in optimum state, and the
training has to take care of this aspect too.

* Do you discuss a medical record of a player that you want in your team exten-
sively before getting the player to the club?
Yes, certainly I want to know the injury pattern of a player. If the risk of being
injured for a certain player is very high, then I would rather go for a player with
less chance of being injured. You can spend your money only once.

* How important is it for you as a coach that a player is 100 % fit to play? Or how
fit should a player be in order to put him on the team?
If players are injured, they will only be at my disposal once they are medically fit.
Thereafter, we have to get them to be game fit. This really is a gray zone where
sometimes I will bring a player on the pitch that is not 100 % game fit, although
always 100 % medically fit. The arguments to bring a player that is not yet 100 %
game fit depend on the experience of the player, position on the pitch, or the sake
of the upcoming game. In principle, a player will first make minutes in the devel-
opment team before returning to team, experienced players can make their first
minutes after injury in the team.

e What’s your philosophy on ankle injury prevention, and is ankle injury preven-
tion a topic in coach courses?
Sure there is a lot of attention for injury prevention. Injury prevention is a per-
manent topic in the courses coach in professional football of the Royal Dutch
Football Association (KNVB).

Physical tests at the start of the season provide solid information for an indi-
vidual training schedule for core stability and strength exercises as well as spe-
cific injury prevention strategies. Medical staff and physical fitness trainer work
closely together to get the best results.

e Which nation will win the World Cup 2014?
Brazil



Chapter 9
Osteochondral Defects in the Ankle Joint

Rogier Gerards, Maartje Zengerink, and C. Niek Van Dijk

Football is a simple game, but the hardest in Football is to play
simple.

Johan Cruijff

Abstract Osteochondral defects (OCDs), also known as osteochondritis dissecans,
can cause pain and decreased function in patients and offer a significant challenge to
the foot and ankle surgeons. An OCD is a lesion involving articular hyaline cartilage,
the subchondral bone plate and the subarticular spongiosa. An OCD is mostly caused
by a single or multiple traumatic events leading to partial or complete detachment of
the osteochondral fragment with or without osteonecrosis. Osteochondral ankle
defects can be seen in the tibial plafond but occur predominantly on the talar dome.

9.1 Introduction

Osteochondral defects (OCDs), also known as osteochondritis dissecans, can cause
pain and decreased function in patients and offer a significant challenge to the foot
and ankle surgeons. An OCD is a lesion involving articular hyaline cartilage, the
subchondral bone plate and the subarticular spongiosa. An OCD is mostly caused
by a single or multiple traumatic events leading to partial or complete detachment
of the osteochondral fragment with or without osteonecrosis. Osteochondral ankle
defects can be seen in the tibial plafond but occur predominantly on the talar dome.

Osteochondral defects can occur in any joint; however, the most common loca-
tion is the knee, followed by the elbow. Of the total number of OCDs, the ankle
comprises approximately 4 %, and they occur most frequently in 20- to 30-year-old
males [1, 2]. Little is known about the incidence of osteochondral defect in the
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general population. A study following US military personnel (1999-2008) described
an average incidence of 27 per 100,000 people. The incidence rate was 16 per
100,000 in 2002, with steady annual increases resulting in an incidence rate of 56
per 100,000 in 2008, corresponding to the years of active involvement in combat
operations and thus increased physical activities [3].

The ankle is one of the most frequently injured joints in sporting activities and in the
general population [4, 5]. Ankle sprain injuries account for 14.8 % of all reported inju-
ries in the emergency department. These injuries are more common among athletes
who participate in sports that involve running on changing terrains, repetitive jumping,
or frequent changes in direction, such as in basketball, volleyball, football, American
football and cross-country [6-8]. Ankle injuries comprise of 45 % of all basketball
injuries, 31 % of all football injuries and 25 % of all volleyball injuries [9, 10].

Ankle sprains are accepted as being the most common cause of osteochondral
ankle defects. The incidence of osteochondral lesion after chronic ankle sprains is
reported in the literature as 7 % [11, 12]. The results of acute ankle arthroscopy in a
series of acute ankle sprains revealed a medial osteochondral talar lesion in 66 % of
cases (20 lesions in 30 patients) [13]. In a retrospective study on 108 ankle sprains,
the MRI findings showed bone bruises in 39 % [14].

Treatment of an ankle sprain is directed at returning the athlete to the previous
level of competition in the shortest possible time. However, after standard treatment
for acute ankle sprains, residual symptoms are reported in up to 40 % of patients
[11, 15]. In case of persisting symptoms, the possibility of an OCD needs to be
considered. The aim of this chapter is to provide an overview of osteochondral ankle
defects, their symptoms and specific treatment indications in football players.

9.2 History

Osteonecrosis of subchondral bone was first described by Ambroise Pare in 1558 after
finding loose bodies in a patient’s knee. Monro was, in 1856, the first to report the pres-
ence of cartilaginous bodies in the ankle joint [16]. Paget further described the pathol-
ogy and named the process “quiet necrosis” when describing two patients with knee
pain in 1870 [17]. In 18871888, Konig was given credit for his original description.
He suggested that the loose bodies, found in the knee joint, resulted from a spontaneous
osteonecrosis secondary to vascular occlusion of the subchondral bone. He used the
term osteochondritis to refer to an inflammatory process and dissecans, derived from
the Latin word dissecare, to separate [18]. However, throughout the years, inflamma-
tion was never revealed as a contributing factor, making the name osteochondritis a
misnomer. In 1922, Kappis [19] was the first to describe a similar lesion in the talar
dome, but it was not until 1959, when Berndt and Harty were the first to mention
trauma as the main aetiological factor of osteochondral ankle defects. They used the
term transchondral fracture of the talus to describe the defect and presented a classifica-
tion system and guidelines for indications for surgery. Since Berndt and Harty’s classic
paper, indications for surgical treatment have changed, and nowadays, a large variety
of treatment options exist for the different forms of osteochondral ankle defects [20].
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9.3 Aetiology

Although trauma is mentioned as the main aetiological factor of OCDs, not all
patients report a history of ankle injury. A subdivision can be made between trau-
matic and non-traumatic defects. In the aetiology of traumatic OCDs, ankle
sprains play a large role. A severe ankle sprain can cause a small fracture and
subsequent impaired vascularity, leading to the formation of an OCD.
Microtraumas, caused by repetitive articular cartilage surface loading or exces-
sive stress, can lead to cellular degeneration or death by the disruption of the col-
lagen fibril ultrastructure and thickening of the subarticular spongiosa [21]. In
lateral OCD lesions, trauma is described in 98 % of cases; in medial lesions, this
is 70 % [22]. In non-traumatic OCDs, ischemia, subsequent necrosis and genetics
are possible aetiological factors. OCDs have been described in identical twins and
in siblings [23-25]. And in 10-25 % of patients, the occurrence of the defect is
bilateral [20, 26, 27].

9.4 Mechanism of Injury

When an inversion trauma occurs, the talus twists inside its boxlike housing, and the
cartilage lining and the underlying bone can be damaged. Trauma may lead to a
bone bruise and softening of the cartilage or even a crack in the cartilage with sub-
sequent delamination. Due to the shearing forces separation may also occur in the
subchondral bone, giving rise to a subchondral lesion. These fragments can detach
completely and become a loose body in the ankle joint or remain partially attached.
When trauma has caused microfractures in the subchondral plate and subarticular
spongiosa, it creates a situation in which liquid from the damaged cartilage can be
forced into the subarticular spongiosa during loading. The smaller the diameter of
the defect in the subchondral plate, the higher the fluid pressure. This intermittent
local rise in high fluid pressure will cause osteolysis and the eventual formation of
a subchondral cyst. The ongoing intermittent flow of fluid from the joint through the
damaged subchondral bone plate into the spongiosa can prevent healing of the
lesion in the subchondral bone plate [28].

In cadaver ankles, Berndt and Harty could reproduce lateral defects by strong
inversion of a dorsiflexed ankle [20]. When the foot is inverted, the lateral part of the
talar dome is compressed against the fibula (Fig. 9.1). Due to the forces released
when the lateral ligament ruptures, an avulsion of the lateral talar border can occur.
They were also able to reproduce a medial lesion in a plantar-flexed ankle with a
slight anterior displacement of the talus accompanied by an inversion and internal
rotation of the talus. Until recently, it was estimated that lateral osteochondral
lesions were usually located in the anterior third of the talar dome and medial lesions
in the posterior half of the talus. Anteromedial, posterolateral and central lesions
were also seen but less frequent. A study to evaluate the location and morphologic
characteristics of osteochondral lesions on the talar dome showed that medial
lesions are more frequent than lateral lesions. Lateral lesions are typically shallow
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Fig. 9.1 Inversion of the
talus; a shear mechanism
injury resulting in a lateral
osteochondral defect

and wafer shaped, indicating a shear mechanism of injury. In contrast, medial
lesions are generally deep and cup-shaped, indicating a mechanism of torsional
impaction. Because of their shape, location and trauma mechanism, lateral lesions
are more often displaced than medial lesions (Fig. 9.2) [29].

9.5 C(linical Presentation

In the acute situation, after a traumatic incident, an OCD of the talus often remains
unrecognised. This is because of swelling and pain from soft tissue injury like lat-
eral ligament lesion. The radiographs taken at the emergency unit may not reveal
any pathology. In case of a large OCD, the initial radiographs may be positive.
When the symptoms of the ligament injury have resolved after some weeks, symp-
toms like persistent swelling, limited range of motion and pain on weight bearing
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Fig. 9.2 Main shape and locations of OCDs of the right talar bone [29]

may persist. In patients with an isolated ligamentous ankle injury, these symptoms
usually resolve after functional treatment within 2-3 weeks. If symptoms do not
resolve after 4—6 weeks, an OCD of the talus should be suspected. Locking and
catching are symptoms of a displaced fragment.

A differentiation has to be made between the acute and chronic situation. Chronic
lesions classically present as deep lateral or medial ankle pain associated with
weight bearing. Reactive swelling and stiffness can be present, but the absence of
swelling, locking or catching does not rule out an OCD. Recognisable tenderness on
palpation is typically not present in these patients, but can be present in case of
synovitis. Some patients have a diminished range of motion.

Differential diagnoses are:

¢ Posttraumatic synovitis
* OCD of tibial plafond

* Sinus tarsi syndrome

e Ligament laxity

e Osteoarthritis
 Subtalar joint pathology
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Cartilage has a liquid and a solid component (i.e. collagen and proteoglycans)
that enables it to withstand compressive stress. Fluid from the damaged cartilage
can be forced into the microfractured subchondral bone plate underneath during
loading. The smaller the diameter of the defect in the subchondral plate, the higher
the fluid pressure. This intermittent local rise in high fluid pressure will cause
osteolysis and the eventual formation of a subchondral cyst. Malalignment of the
ankle joint may aggravate this process by increasing the local pressure in specific
locations of the ankle. The pain in osteochondral defects is most probably caused
by the repetitive high fluid pressure, sensitising the highly innervated subchondral
bone [28].

9.6 Diagnosis

After medical history and physical examination of the ankle, routine radiographs
are made consisting of weight-bearing anteroposterior (mortise) and lateral views
of both ankles. OCDs may be visible on the plain AP radiograph shown as an area
of radiolucency (Fig. 9.3), although the findings may be subtle and require very
careful attention. Displaced fragments are more likely to be detected on the plain
radiograph than those which are undisplaced. However, it is not unusual for the
initial radiograph to be normal. Small fragments are rarely visible. A heel-rise
view with the ankle in a plantar-flexed position may reveal a posteromedial or
posterolateral defect [30].

Fig. 9.3 Radiolucency of the
medial talar dome indicating
an osteochondral defect
(x-ray)
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Fig. 9.4 Computed tomography (CT) scan of a medial osteochondral defect before and after exci-
sion, debridement of the sclerotic bone and bone marrow stimulation

Table 9.1 Classification and

. - Stage Description
staging of lesions

I Small compression fracture

1T Incomplete avulsion of a fragment

I Complete avulsion of a fragment without displacement
1A% Displaced fragment

According to Berndt and Harty [20]

The sensitivity of routine radiography is 50-75 %, whereas pickup on bone scan
is 99 % sensitive and can differentiate between a symptomatic and asymptomatic
lesion. CT scan may be useful for bony anatomy and location of the lesion and is
therefore more valuable for preoperative planning (Fig. 9.4) [30].

MRI is indicated if standard radiographic results are normal; it may give infor-
mation regarding vascularity, healing and cartilage integrity. However, the true
extent of the OCDs may be obscured by concomitant bone marrow oedema [31].

9.7 Classification and Staging

In 1959, Berndt and Harty suggested a classification system for staging the lesions
at the time of surgery based on plain radiographs of the ankle [20].

In stage I, there is local compression of the cartilage and subchondral bone, and
usually there are no radiographic findings. In stage II, there is avulsion or partial
detachment of the osteochondral fragment, but the main part is still attached to the
talus. In stage III, there is complete avulsion of an osteochondral fragment without
any displacement. In stage IV, the osteochondral fragment is completely detached
and displaced inside the ankle joint (Table 9.1 and Fig. 9.5).

Loomer et al. later modified the staging system to include stage 5, subchondral
cysts [32]. Ferkel and Sgaglione developed a classification system based on CT:
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1] v

Fig. 9.5 Classification of osteochondral ankle defects [20]

stage I, intact roof/cartilage with cystic lesion beneath; stage IIA, cystic lesion with
communication to the surface; stage IIB, open surface lesion with overlying frag-
ment; stage III, non-displaced fragment with lucency underneath; and stage IV, dis-
placed fragment [33]. Hepple et al. revised the MRI classification in 1999 to
resemble Berndt and Harty’s original classification. Stage 1 represents articular car-
tilage damage only. Stage 2a represents articular cartilage damage with underlying
fracture and bony oedema. Stage 2b is similar to 2a without bony oedema. Stage 3
represents a detached but undisplaced osteochondral fragment. The fragment is dis-
placed in stage 4, and in stage 5, subchondral cyst formation occurs. Pritsch et al.
were one of the first to stage talar osteochondral lesions with arthroscopic findings
according to cartilage quality [34]. Cheng et al. further developed arthroscopic stag-
ing of the lesions. In stage A, the articular cartilage is smooth and intact, but soft. In
stage B, the articular cartilage surface is rough. In stage C, fibrillation or fissuring
of the cartilage is present. In stage D, an osteochondral flap is present or bone is
exposed. In stage E, the osteochondral fragment is detached but undisplaced. In
stage F, the osteochondral fragment is detached and displaced. Arthroscopy is use-
ful in staging talar osteochondral lesions, but it is unable to completely assess
underlying bony lesions [35].

9.8 Current Treatment Options

There are widely published nonsurgical and surgical techniques for treatments of
symptomatic osteochondral lesions.
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9.8.1 Nonoperative Treatment

Conservative treatment consists of rest and/or restriction of (sporting) activities,
with or without treatment with nonsteroidal anti-inflammatory drugs (NSAIDs) or a
cast immobilisation for at least 3 weeks and up to 4 months. A systematic review of
treatment strategies for OCDs demonstrated only a 45 % success rate for nonopera-
tive treatment [38]. The treatment aim is to unload the damaged cartilage, so oedema
can resolve and necrosis is prevented.

9.8.2 Bone Marrow Stimulation (BMS)

Surgical treatment can include excision, in which the partially detached fragment
is excised and the defect itself is left untreated; excision and debridement, in
which, after excision of the loose body, the surrounding necrotic subchondral
bone is curetted using either an open or arthroscopic technique; and finally exci-
sion, debridement and bone marrow stimulation (BMS) (Fig. 9.4). BMS is the
current treatment of choice regarding OCDs. Following excision and curettage
(debridement), multiple connections with the subarticular spongiosa are created.
This can be accomplished by drilling or microfracturing. The objective is to par-
tially destroy the calcified zone that is most present and to create multiple open-
ings into the subchondral spongiosa. Intraosseous blood vessels are disrupted, and
the release of growth factors leads to the formation of a fibrin clot. The formation
of local new blood vessels is stimulated, bone marrow cells are introduced in the
osteochondral defect, and fibrocartilaginous tissue is formed. Diameter of the
lesions usually did not exceed 1.5 cm. Treatment was reported to be successful in
85 % of described cases [36]. In the case of large defects, a cancellous bone graft
can be placed.

9.8.3 Antegrade (Transmalleolar) Drilling

Transmalleolar antegrade drilling is considered in cases of OCDs that are diffi-
cult to approach because of their location on the talar dome. In this technique, a
K-wire is inserted about 3 cm proximal to the tip of the medial malleolus and
directed across the medial malleolus into the lesion through the intact cartilage.
In case an osteochondral lesion is hard to reach because of its location on the
talar dome, the defect can be drilled through the malleolus. A K-wire is inserted
about 3 cm proximal to the tip of the medial malleolus and directed across the
medial malleolus into the lesion through the intact cartilage [36]. This method
is not recommended in football players since it damages the intact cartilage of
the distal tibia.
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9.8.4 Retrograde Drilling

Retrograde drilling is done for primary OCDs when there is more or less intact
cartilage with a large subchondral cyst or when the defect is hard to reach via the
usual anterolateral and anteromedial portals. For medial lesions, arthroscopic drill-
ing can take place through the sinus tarsi. For lateral lesions, the cyst is approached
from anteromedial. A posterior arthroscopic approach is possible by drilling through
the posterior talar process. The aim is to induce subchondral bone revascularisation
and subsequently to stimulate the formation of new bone. A cancellous graft may be
placed to fill the gap [36, 37]. It is the treatment of choice when there is a large
subchondral cyst with overlying healthy cartilage.

9.8.5 Osteochondral Autograft Transplantation

Osteochondral autografts have been introduced as an alternative to allografts for
the treatment of OCDs. Two related procedures have been developed: mosaic-
plasty and osteochondral autograft transfer system (OATS). Both are recon-
structive bone grafting techniques that use one or more cylindrical osteochondral
grafts from the less weight-bearing periphery of the ipsilateral knee and trans-
plant them into the prepared defect site on the talus. Its goal is to reproduce the
mechanical, structural and biochemical properties of the original hyaline articu-
lar cartilage which has become damaged. It is carried out either by an open
approach or by an arthroscopic procedure. Indications involve large, often
medial lesions, sometimes with a cyst underneath [36, 37]. Osteochondral graft-
ing of defects yielded 90-94 % good to excellent results at intermediate follow-
up; recent studies suggested significant midterm donor-site morbidity at the
previously uninjured knee joint [39—41]. On the search for an alternative method
that addresses both the osseous and chondral levels and provides intrinsic osteo-
chondral stability without harming another joint, a modified mosaicplasty pro-
cedure was developed for severe and recurrent talus OCL: bony
periosteum-covered iliac crest plug transplantation. But more research is needed
to prove its effect [42]. OATS is not recommended as initial treatment in foot-
ball players because of the high donor-site morbidity.

9.8.6 Autologous Chondrocyte Implantation (ACI)

Autologous chondrocyte implantation attempts to regenerate tissue with a high per-
centage of hyaline-like cartilage. The ACI technique involves placing cultured
chondrocytes under a periosteal patch that covers the lesion. It is done for lesions
larger than 1 cm? in the absence of generalised osteoarthritic changes. Harvesting is
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first accomplished from either the knee or ankle from the region on the perimeter of
the talus lesion. A second procedure is performed after the cells have been cultured
for 6-8 weeks. An osteotomy of the medial malleolus can be performed for medial
defects. The damaged articular surface is curetted to a stable border, and a periosteal
patch is harvested from the tibia. The patch is sutured to the defect and sealed with
fibrin glue. Finally, cultured chondrocytes are injected under the patch. Matrix-
based chondrocyte implantations (MACI) are also available [43]. It differs from
traditional ACI in that chondrocytes are not placed under the periosteal patch but
embedded in a type I/III collagen membrane bilayer. As with ACI, the membrane is
placed in the defect, but sutures are not required. The membrane bilayer is secured
using fibrin sealant. MACI is technically easier than ACI and does not require an
osteotomy [36, 37].

9.8.7 Fixation

Large fragments are treated surgically with reduction and fixation of the osteo-
chondral fragment. Several types of internal fixation have been reported, includ-
ing Herbert screws, Kirschner wires, absorbable fixation and fibrin glue. The
advantage is that the graft fits anatomically. Fixation is recommended for lesions
of more than 15 mm [36].

9.9 Treatment in Primary Lesions

The surgical treatment of osteochondral lesions of the talus remains controversial
among orthopaedic surgeons worldwide. The choice of treatment for osteochondral
ankle defects depends on symptomatology, duration of complaints, size of defect
and whether a primary or secondary OCD. None of the current grading systems are
sufficient to direct the choice of treatment [30]. Pure cartilage lesions and asymp-
tomatic and low symptomatic lesions are treated conservatively with rest, ice, tem-
porarily reduced weight bearing or non-weight bearing using a cast and, in case of
giving way, an orthosis. Consideration for surgical treatment is failure of nonopera-
tive treatment or continuing or exacerbation of symptoms after 6 months or residual
symptoms after previous surgical treatment.

Arthroscopic bone marrow stimulation is the primary treatment in primary OCDs
smaller than 15 mm, with good success proven by Level II or III studies with con-
sistent findings (Table 9.2) [36, 44].

The treatment of symptomatic OCDs has difficulties and limitations because of
the poor regeneration of articular cartilage and the limited access to the ankle joint.
It is important that the surgeon understand the causes of failure as well as the factors
influencing the results of BMS and other treatments of OCDs (Table 9.3).



112 R. Gerards et al.

Table 9.2 Primary OCDsin [ egion type Best treatment
football players, best

. Asymptomatic lesions Conservative
treatment options . i
Symptomatic lesions <15 mm BMS
Symptomatic lesions >15 mm Fixation
Talar cystic lesions Retrograde drilling

Table 9.3 Conceptions and misconceptions regarding results after BMS

Factors influencing the results of BMS of OCDs

Increasing age is not an independent risk factor for poor clinical outcome after the arthroscopic
treatment of OCDs

In patients with a large area of more than 15 mm, the clinical failure rate is significantly higher

The existence of a cyst in osteochondral defects has not demonstrated to affect the postopera-
tive prognosis

Patients with an uncontained lesion experienced inferior clinical outcomes as compared with
patients with a contained lesion after arthroscopic treatment

Osteochondral transplantation is a viable alternative secondary procedure for treating
unstable OCDs that are refractive to arthroscopic treatment

9.9.1 BMS Surgical Technique

Preoperatively, the best approach to the defect is decided. Upon the preference of
the surgeon and the location of the lesion, the approach can be either from the ante-
rior, from the posterior or by means of a medial malleolar osteotomy. On the lateral
side, a detachment of the anterior talofibular ligament (ATFL) and the calcaneofibu-
lar ligament (CFL) can extend the approach to a posterolateral lesion. In case of
arthroscopic treatment, we recommend to place the ankle in full plantar flexion. We
use a 4.0-mm arthroscope or a 2.7-mm scoop of 11-cm length with a high volume
shaft of 4.6 mm. All defects in the anterior half of the talus as well as lesions located
in the anterior part of the posterior half can thus be reached and treated.

The procedure is started without distraction. The standard anteromedial and
anterolateral approaches are created as described [45]. When introducing instru-
ments for an anterolateral defect, the ankle is in fully dorsiflexed position, and the
scoop is introduced through the anteromedial portal and a 4.5- or 5.5-mm shaver
through the anterolateral portal. If the OCD is located anteromedially, the arthro-
scope is moved over to the anterolateral portal, and the instruments are introduced
through the anteromedial portal.

If osteophytes are present, they can be removed by chisel, burr or aggressive full-
radius resector (bone cutter). Synovitis located anterolaterally (in case of an antero-
lateral defect) or anteromedially (in case of an anteromedial defect) is removed by
a4.5- or 5.5-mm full-radius resector with the ankle in the dorsiflexed position. The
completeness of removal of osteophytes and synovitis is checked by bringing the
ankle into plantar flexion. It should be possible to palpate and visualise the OCD
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Table 9.4 Timetable recovery after BMS
2

0 6 12 16 20 24 weeks

Formation Formation Fibrocarti-
fibrin clot of fibrocar- | laginous Mixture of fibrocartilage and hyaline cartilage
and tilaginous tissue turns Formation of bone plate and restored subarticular
granulation tissue and into hyaline spongiosa
tissue bone like cartilage

BMS Full weight baring Normal Easy Non- Contact

walking jogging contact sports

sports

without disturbance of the synovium or overlying osteophyte. If this is not the case,
then a further synovectomy is performed with the ankle in the dorsiflexed position.
After sufficient synovectomy, it is possible to identify the lesion with the ankle in
the forced plantar-flexed position by palpating the cartilage with a probe. In case of
a posteriorly located osteochondral lesion, a full forced plantar flexion is needed for
adequate visualisation. A little joint laxity helps to open up the joint. During this
part of the procedure, we apply a soft tissue distractor [46]. Debridement is per-
formed by means of the aggressive full-radius resector or a small closed cup curette.
It is important to remove all dead bone and overlying unsupported, unstable carti-
lage. Every step in the debridement procedure is checked by regularly switching
portals. A precise and complete debridement with removal of all loose fragments
can be performed.

After full debridement, the sclerotic zone is drilled by multiple drill holes using
a 2-mm burr or a 1.4-mm Kirschner wire. A K-wire has the advantage of flexibility,
whereas a 2-mm drill can break more easily if the position of the ankle is changed
during drilling. When a 2-mm drill is used, a drill sleeve is necessary to protect the
tissue. Microfracturing by means of a microfracture probe offers the possibility to
work “around the corner”. Make sure that the calcified area is penetrated.

9.9.2 Aftercare

Aftercare depends on the type of surgical treatment. After arthroscopic treatment of
OCDs, a 4-level activity scheme, derived from rehabilitation after Achilles tendon
rupture, has been described (Table 9.4) [46, 50].

Level 1: The first level of activity phase is a return to normal walking that com-
mences on the day of the operation with partial weight bearing. Training for ROM
is important in this phase. Patients are encouraged to make active plantar-flexed and
dorsiflexed ankle movements. The most important factor is the quality and strength
of the tissue repair. The formation of granulation and thereafter fibrocartilaginous
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tissue starts on the day of the operation. Partial weight bearing provides synovial
fluid to nourish chondrocytes. Allowing full weight bearing depends on size and
location of the lesion. A lesion of up to 1 cm is allowed to progress to full weight
bearing within 2—4 weeks. Larger lesions and anteriorly located lesions require par-
tial weight bearing of up to 6 weeks. After 6-8 weeks, fibrocartilaginous tissue is
formed, and full weight bearing is allowed to further stimulate osteoblasts in the
formation of bone underneath the cartilage. At the end of this phase, training of
proprioception is commenced to regain normal active stability.

Level 2: The next level of activity phase is to resume running on even ground.
Progression from walking to running on even ground is permitted between 12 and
16 weeks. Further training of proprioception might be needed, in case active stabil-
ity has not yet been achieved. The ROM should be normal. By training for force,
endurance and technical skills, the aim is to achieve controlled sideways movement,
with the lower-leg force increasing to a left/right difference of less than 12 %. After
increased activity, pain and swelling should have ceased after 24 h.

Level 3: The third level of activity phase is a return to noncontact activities.
Depending on the size and location, full return to noncontact sporting activities is
usually possible 20-24 weeks postoperatively. By means of further training for speed
and endurance, running on even ground and sprinting should become possible. At the
end of this phase, rope jumping, turning and twisting should also be possible. Some
pain may occur after increased activity but should be absent after 24 h.

Level 4: This, the highest level of activity phase, is defined as a return to contact
sports. Contact sports are permitted from 24 weeks and up. Final training for speed,
muscle strength and endurance should enable running on uneven ground, generating
explosive force, changing direction and other sports-specific movements.

The course of rehabilitation after other treatment options, like fixation or OATS,
is slightly different. Large fragments are treated surgically with reduction and fixa-
tion of the osteochondral fragment. If a fragment is fixed, the period of non-weight
bearing is 6 weeks followed by another 4—6 weeks of controlled weight bearing to
ensure proper fixation.

After medial malleolar osteotomy, weight bearing is dependent on the surgical
treatment of the osteochondral lesion. After OATS, running is not permitted until the
graft has been incorporated. Furthermore, the literature describes several factors, like
growth factors, PRP, bisphosphonates, hyaluronic acid and PEMF, that can influence
the natural recovery of an OCD and, thereby, the speed of rehabilitation and return to
sports. Since most factors are investigated in vitro and in animal studies, more
research on potentially influencing factors is needed for talar OCDs in humans [46].

9.10 Important Notes Concerning Football Players

The major cause of osteochondral ankle defects is supination trauma. Prevention
should therefore be aimed at preventing ankle sprains. A 2011 Cochrane
Systematic Database Review provides good evidence for the beneficial effect of
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ankle supports in the form of semi-rigid orthosis or air-cast braces to prevent
ankle sprains during high-risk sporting activities. Football players with a history
of previous sprain can be advised that wearing such supports may reduce the risk
of incurring a future sprain. However, any potential prophylactic effect should be
balanced against the baseline risk of the activity, the cost of the device and — for
some — the possible or perceived loss of performance [47]. Proprioceptive training
has also been shown to be effective for prevention of ankle sprain recurrences
[48]. The majority of lesions can be treated arthroscopically. Many posteromedial
lesions do not have to be treated by malleolar osteotomy but can be treated
arthroscopically by bringing the foot in hyperplantar flexion although skill and
experience are required. Advantages of arthroscopic treatment are low morbidity,
low cost, fast recovery and fast mobilisation.

Possible disadvantages of a medial malleolar osteotomy in case of a posterome-
dial osteochondral ankle defect are persisting ankle stiffness, use of fixation screws,
malunion, non-union and degenerative changes due to the osteotomy over the long
term [49]. We do not recommend the use in professional football players.

Morbidity at the donor site in OATS is seen in up to 36 % of cases [36]. For a
football player, this is a concern since knee pain may prevent the patient from
returning to competitive play. For secondary lesions, BMS is still a good option,
with a success rate of 75 %. Other options are OATS and ACI.

Rehabilitation in athletes is directed not only at progressing the patient from
protected mobilisation to partial and full weight bearing but also at strengthening
and proprioceptive activity.
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Chapter 10
Interview — Velibor “Bora” Milutinovié¢

Pieter P.R.N. d’Hooghe and Gino M.M.J. Kerkhoffs

Abstract Velibor “Bora” Milutinovi¢ (born 7 September 1944) is a Mexican-
Serbian football coach and former player. He and Carlos Alberto Parreira are the
only two persons to have coached five different teams at the World Cup: Mexico
(1986), Costa Rica (1990), the United States (1994), Nigeria (1998), and China
(2002). He is also the first coach to take four different teams beyond the first round —
Mexico (1986), Costa Rica (1990), the United States (1994), and Nigeria (1998) —
earning the nickname of Miracle Worker, first given to him by Alan Rothenberg,
then president of the United States Soccer Federation. In total, Milutinovi¢ has
coached eight different national football teams.

He has been in professional elite football for over 35 years and therefore has
extensive experience in the evolution of football throughout the last three
decennia.
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¢ What do you expect exactly from a medical staff?

A good team doctor is extremely important to a coach; it is even of importance
nr.1. The doctor needs to predict and prevent problems and deal with it in some-
times very intense situations. To do that, the doctor should be competent, under-
stand football, and also be a great psychologist. The confidence with the player
is created through adequate medical management and close availability, and
that’s why the doctor should always be operating close to the team. A coach
wants his player back as quick as possible and a good team doctor prioritizes
this without compromising the player’s health.

¢ How did you experience medical staff evolution in football over the years?
Impossible to still compare! When I started as a coach in 1976, a severe ankle
injury was a career-ending lesion for a player. Now they complain if they can’t
play yet after 6 weeks.... Also in that era, we didn’t know what a cartilage
lesion of the ankle was. What an evolution we have gone through with foot-
ball-related medical knowledge since then but don’t underestimate the experi-
ence-based remedies from the past either (starts to talk with melancholy):
I remember in 1977 in Partizan Belgrade, a player sustained a severe lesion
over the ankle. Surgeons advised him ligament reconstruction but couldn’t
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give him any guarantee. The player decided to stay conservative and was
treated by an old village herb lady with salt, pili pili, and special olive oil. He
sweated for 6 nights like a mad man but played afterwards all games until the
end of his professional career without any problem.

Nowadays players are even called injured if they have inflammatory macera-
tion between the fourth and fifth toe of their feet (opens brown sugar package
next to his coffee, removes his shoe and socks, and puts the sugar in the web-
space). In the past we treated it with brown sugar, and I assure you that it heals
much quicker than with all the other fancy treatments of today!

* Do you address a player differently when just coming out of an injury?
All players are different and should be coached individually. A coach needs to
know exactly what happened to the player in order to give confidence. A bad
injury period for the player can result in a major mental advantage afterwards,
if managed well by the coach and doctor together:

* How do you manage the team’s confidence if one of the best players is injured?
Every player in the team has to give its maximum and that’s what makes a team.
Therefore, dialogue is the key and the team needs to take that to the next step.

Due to the high load of games nowadays, we adapt and individualize training
sessions much more now. Still, especially for the young players, even if everything
has changed, there’s no need to forget or change the fundamentals of the game.

* Is injury prevention (especially in ankles) a topic in coach courses?
This has become imperative because of the effect it can have on a team’s perfor-
mance. This is for sure not underestimated in modern coaching courses.

The problem nowadays is that many have forgotten the fundamentals of the
game: how to run, turn, play, and feel the game. Electronic tools are now “hot”
but football is TALENT and GAME; you have to learn the game itself, how to
stay safe and how to enjoy what you make out of it.

This is also a responsibility of the player. Due to economic reasons, players
sometimes decide to play with different shoe types, etc.... This can have detri-
mental effects on his/her performance and making him/her more prone to spe-
cific injuries. It’s all about looking for quality and depending on experience.
There is nowadays a business danger that can make players more prone to inju-
ries, and the players also take a big responsibility in that regard.

* How do you manage the medical secret with all the media around?
The most important is that you protect the club and the player. Everybody has to
be on the same page, work in the same direction. In that way, you can avoid many
problems regarding that sensitive issue.

*  What is the secret of your coaching?
Talent detection — football strategy — psychology

e Who will win the World Cup 2014?
The one who scores the most goals in the final...



Chapter 11
Anterior Ankle Impingement
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Football is like life: pure art with little pure artists.
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Abstract The anterior ankle impingement syndrome is the most common cause of
chronic ankle pain in football players. It is characterized by anterior ankle pain on
forced dorsiflexion movements. Clinical investigation reveals pain on palpation
along the anterolateral and/or anteromedial ankle joint line. There is recognizable
pain on forced dorsiflexion which is limited as compared to the contralateral side. In
patients with anteromedial impingement, the plain X-rays are often negative and are
therefore insufficient. An additional oblique view is required for visualization of the
anteromedial osteophytes. The effectiveness of conservative treatment has not yet
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been well documented. After conservative treatment fails, an arthroscopic interven-
tion is the treatment of choice for professional football players. Arthroscopic
excision of soft tissue and/or the bony impediment is known to be successful in the
players without signs of joint space narrowing. The majority of professional football
players will return to their former level within 2 months after surgery.

Keywords Anterior impingement ¢ Ankle * Football

11.1 Introduction Including Epidemiology

Anterior ankle impingement syndrome is the most common cause of chronic ankle
pain in football players. The overall percentage of ankle injuries in elite football is
19 % [10], but the exact prevalence and incidence for anterior ankle impingement
has not been documented. The typical clinical features are anteriorly located ankle
pain, which increases with forced hyper dorsiflexion. The cause can either be soft
tissue or bony impingement. In literature, the first authors describing bony impinge-
ment lesions in the ankle were Morris [13] and McMurray and classified this pathol-
ogy as “athlete’s” ankle or “footballer’s” ankle. In recent literature, these terms have
been replaced by the anterior ankle impingement syndrome [18, 22, 25].

11.2 Functional Anatomy

As for any pathology, anatomical knowledge is essential in the understanding and
treatment of this pathology. Some believe that the traction spurs (osteophytes) originate
due to recurrent capsular traction at the attachment sites at the distal tibia and talus.

Probably the anterior ankle pain is caused by the soft tissues being compressed
in between the distal tibia and talus during forced dorsiflexion movements.

In specimens, the anterior joint capsule inserts in the distal tibia on an average of
6 mm proximal to the anterior tibial cartilage rim. On the talar site, the capsule inserts
approximately 3 mm from the distal talar cartilage border [23]. Based on these ana-
tomic observations, the hypothesis of formation of talotibial spurs due to recurrent trac-
tion to the joint capsule (traction spurs) is not likely to be true. In patients with bony
impingement, the location of tibial spurs is reported to be at the joint level and within
the confines of the joint capsule [26]. Along the distal tibia, the width of the non-weight-
bearing cartilage rim extends up to 3 mm proximal to the joint line. It is this non-
weight-bearing anterior cartilage rim that undergoes the osteophytic transformation. On
the talar side, the typical osteophytes are found proximal to the talar neck notch [22].

11.3 Etiology and Injury Mechanism

In the ankle, osteophytes typically originate at the site of the non-weight-bearing
cartilage, without pathologic changes of the weight-bearing ankle articular cartilage.
It should therefore be differentiated from osteoarthritis.
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In football players, the ankle osteophytes are a manifestation of repetitive trauma
in combination with recurrent kicking of the ball [21]. The cause of the pain is most
probably the inflamed and increased amount of soft tissue in the anterior ankle com-
partment which is squeezed in between the osteophytes during dorsiflexion, causing
an impingement [26]. Typically in football players, pain is experienced on kicking,
when the anterior capsule is stretched over the tibial and talar osteophytes. Recurrent
trauma to this soft tissue component may lead to hypertrophy of the synovial layer,
subsynovial fibrotic tissue formation, and infiltration of inflammatory cells.

11.4 Clinical Features

The typical symptomatic player will present with a history of previous ankle inju-
ries [22]. On history taking, the main symptoms are persistent anteriorly located
ankle pain during dorsiflexion movements or while kicking the ball, post-exercise
ankle swelling, and restricted dorsiflexion. With an adapted training program, most
players can continue playing.

The physical examination reveals recognizable pain on palpation along the
anterolateral and/or anteromedial joint line. In plantar flexion the joint capsule
stretches over the osteophytes, inducing pain and difficulties palpating the osteo-
phytes. The optimal palpation position is at slight ankle dorsiflexion. Depending
on the recognizable pain on palpation, a differentiation can be made being either
an anteromedial or anterolateral ankle impingement. Forced hyper dorsiflexion
can provoke the pain, but this maneuver might be negative in the prone position
[26].

11.5 Diagnostic Imaging

Standard weight-bearing lateral and anteroposterior radiographs can detect the ante-
riorly located osteophytes but might be false negative. Due to the anteromedial
notch, anteromedial osteophytes up to 7 mm are undetected on these “standard”
radiographs [23]. Medially located talar osteophytes remain undetected due to over-
projection of the lateral part of the talar neck and body.

The oblique anteromedial impingement (AMI) view is recommended to detect
the anteromedial osteophytes (Fig. 11.1). As compared to the standard lateral pro-
jection, the beam is tilted into a 45° craniocaudal direction with the leg in 30° exter-
nal rotation and the foot in plantar flexion (Fig. 11.2). Routine computed tomography
(CT) and/or magnetic resonance imaging (MRI) for the ankle impingement syn-
drome is not advised, although MRI has a high sensitivity to detect the (anterolat-
eral) soft tissue impediments.

Ultrasound and conventional MRI have a debatable role on the footballers’ popu-
lation. Literature demonstrated that osteophytes are not strictly solely related to the
clinical entity of impingement, suggesting that soft tissue pathology may also play
a significant role [8]. As mentioned previously, the associated synovial abnormality
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Fig. 11.1 Professional footbal player with an anteromedial impingement syndrome (red circle). (a)
Lateral view shows a normal joint space and no osteophytes. (b) Anteroposterior view shows no signifi-
cant abnormalities. (¢) Anteromedial impingement (AMI) view shows a tibial osteophyte (red circle)

secondary to the osseous spurs is critical for inducing the clinical syndrome rather
than the osseous spurs alone [17]. Gray-scale ultrasonography is performed with a
linear probe (12—17 MHz) in an axial and coronal plain with the foot in slight dor-
siflexion for better visualization of the etiologic causes. Sensitivity and specificity
of the ultrasound examination is conflicting. Thickening of the synovium over
10 mm with nodular appearance of the synovial capsule, especially within the
anterolateral recess (meniscoid lesion or synovitic lesion), is strongly associated
with impingement [11, 27]. Cochet et al. elucidated in a more recent study that
detection of smaller lesions can have a positive predictive value for diagnosing
impingement [1]. Fluid effusion at the anterolateral side of the ankle can most effi-
ciently be visualized in the sagittal plain. Even spurs in an early phase of formation
can hereby be detected. The detection of these findings is not hampered by the pres-
ence of fluid at the ankle recess, which is a potential limitation in the conventional
MRI. Color Doppler ultrasound might be helpful, since hypervascularity of the
synovial or meniscoid mass seems to depend on the repetitive injuries and the
amount of the fibrosis in it [1, 11]. Another advantage of sonography over MRI is
the possibility to directly infiltrate the inflamed tissue with steroids in a controlled
manner, most suitable anterolaterally.
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Fig. 11.2 Following patient’s history and the physical examination, in case an anteromedial
impingement is suspected, an anteromedial impingement view (AMI) can be made to confirm or
reject an anteromedial bony impingement on the tibia and/or talus. The AMI view showing the
medial osteofyt (red circle) is made with the ankle in plantar flexion and the leg in 30° external
rotation, the beam tilted in a 45° craniocaudal direction

Conventional MRI is nowadays widely used as an additional diagnostic tool in
case a clinical ankle impingement is suspected; however, results are conflicting.
Sensitivity and specificity for the detection of abnormality varies widely, and the
accuracy depends on the presence of a significant joint effusion [17]. Although the
spatial resolution of the conventional MRI is nowadays increased and special
sequences are used, anatomical variants are still difficult to recognize. An example
in this case is the Bassett ligament; this anatomical variant, being an accessory
anteroinferior tibiofibular ligament, can easily be pointed out as an increased soft
tissue mass responsible for a clinically suspected anterolateral impingement with a
negative conventional radiograph. In these cases, a static and dynamic ankle ultra-
sonography and/or anterior ankle arthroscopy is superior [8, 16, 27].

Although some authors have proposed MR arthrography enabling a high sensi-
tivity and specificity as an additional diagnostic tool to diagnose ankle impingement
[1, 8, 17], no large radiographic series have been published in literature up to pres-
ent [8]. On an MR arthrography, an irregular or nodular contour of the anterolateral
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soft tissues is considered to be pathological and would be highly correlated to ankle

Table 11.1 Classification of anterior ankle impingement [19]

Type Characteristics

Typel  Synovial impingement. X-rays show an inflammatory reaction, up to 3 mm spur
formation

Type Il Osteochondral reaction exostosis. X-rays manifest osseous spur formation greater than
3 mm in size. No talar spur is present

Type Il Significant exostosis with or without fragmentation, with secondary spur formation on
the dorsum of the talus seen, often with fragmentation of osteophytes

Type IV Pantalocrural arthritic destruction. X-rays suggest medial, lateral, or posterior,
degenerative, arthritic changes

Table 11.2 Classification  Grade Characteristics
for osteoarthritic changes
of the ankle joint [26]

Grade 0  Normal joint or subchondral sclerosis

GradeI  Osteophytes without joint space narrowing

Grade II  Joint space narrowing with or without osteophytes

Grade III  (Sub) total disappearance/deformation of the joint
space

scar tissue and synovitis at arthroscopy. An indirect positive sign for anterolateral
impingement is the extent of the anterior recess [17]. CT arthrography has also been
used for the evaluation of anterolateral impingement with a lower sensitivity and
specificity as compared to MR arthrography [1, 17].

11.6 Classification

Up to present, there is not a uniform classification system for anterior ankle impinge-
ment. Scranton and McDermott [19] published on the size of the osteophytes and
their location, based on the lateral radiographs (Table 11.1). To predict the surgical
outcome following the removal of the osteophytes, van Dijk et al. published an
osteoarthritic classification [26] (Table 11.2).

11.7 Treatment

11.7.1 Conservative Treatment

Conservative treatment, consisting of intra-articular injections and/or heel lifts, is
recommended in the early stages but has never been systematically studied and
might frequently be unsuccessful [22].
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11.7.2 Invasive Treatment

McMurray reported on the first surgically treated patients [12]. After removal of
anterior located osteophytes by open arthrotomy, the patients successfully returned
to professional soccer. In subsequent studies numerous authors have reported good
results with an open ankle arthrotomy [7, 14, 15]. Open ankle arthrotomy can be
complicated by cutaneous nerve entrapment, damage of the long extensor tendons,
wound dehiscence, and formation of hypertrophic scar tissue [3]. Arthroscopic
intervention with an earlier return to sports is generally accepted as the preferred
procedure for professional football players [27].

Anterior ankle arthroscopy is carried out as an outpatient procedure under gen-
eral or spinal anesthesia. The patient is positioned in the supine position with slight
elevation of the ipsilateral buttock. The heel of the affected ankle is placed at the
very end of the operating table (Fig. 11.3). In this way, the surgeon can fully dorsi-
flex the ankle by leaning against the foot sole. Routine anterior portals used are the
anteromedial and anterolateral portal. A soft tissue distraction device can be used
when indicated (Fig. 11.4). Accessory portals are located just in front of the tip of
the medial or lateral malleolus.

The anteromedial portal is made just medially to the anterior tibial tendon
through the skin only (Fig. 11.5); subsequently the subcutaneous tissue is spread
with a mosquito clamp in ankle dorsiflexion, thereby preventing iatrogenic damage

R~

Fig. 11.3 Patient positioning in anterior ankle arthroscopy: the patient is in the supine position,
the hip on the contralateral side is supported, the ipsilateral buttock is elevated, and a tourniquet
applied around the upper leg, with the affected ankle at the end of the operation table. Hereby,
ankle dorsiflexion can be achieved by leaning against the foot during surgery
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Fig. 11.4 In some cases, a noninvasive soft tissue distractor can be helpful. This device is posi-
tioned around the ankle and is connected to a belt around the surgeon’s hips. Hereby, the surgeon

can distract the ankle by leaning backwards

Fig. 11.5 Anteromedial por-
tal location in anterior ankle
arthroscopy: while palpating
the joint line with the thumb
(notch of Harty), the location
of the anterior tibial tendon is
observed, and subsequently
with the ankle in dorsiflexion,
the portal is made by a verti-
cal incision through the skin
only just medial to the ante-
rior tibial tendon

to the tibial and talar cartilage. Routinely a 4.0 mm 30° angled arthroscope is intro-
duced, again in maximal ankle dorsiflexion (Fig. 11.6). Iatrogenic cartilage lesions
by instrument introduction can thereby be prevented. For irrigation, normal saline
by an arthroscopic pump (50 mmHg, FMS DUO®+, DePuy Synthes-Mitek) is now-
adays routinely used. By arthroscopic visualization laterally, the location of the
anterolateral portal can be controlled directly. A spinal needle is introduced just
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Fig. 11.6 A 4.0 mm 30° angled arthroscope is introduced while the ankle is in full dorsiflexion,
thereby preventing iatrogenic damage to the talar cartilage (* ankle capsule, ** talus)

lateral to the peroneus tertius tendon. A vertical skin incision is made with respect
for the local anatomy, being the superficial peroneal nerve. Although this nerve is
unique for the human body with respect to its possibility being visualized by com-
bined ankle plantar flexion and inversion, it is the most frequently reported compli-
cation with the creation of the anterolateral portal [5]. Another possibility to
visualize this nerve is by means of fourth toe flexion [20]. Marking its course prior
to the creation of the anterolateral portal is advised; nevertheless, one should realize
that the course of this nerve changes with the ankle position. The anterolateral portal
should be made medially to the position of the nerve in ankle plantar flexion and
inversion [4]. Other important tricks to prevent superficial peroneal nerve injury
include vertical skin incisions, through the skin only, followed by blunt dissection
up to the joint and the use of transillumination [5, 20]. The contour of the anterior
tibia is identified, and in case of an osteophyte, soft tissue superior from this osteo-
phyte is removed with a shaver. The extent of the osteophyte is determined, and the
osteophyte is subsequently removed using a 4 mm chisel and/or shaver. When an
osteophyte is located on the medial distal tibial rim or the front of the medial mal-
leolus, the arthroscope is moved to the anterolateral portal and the instruments are
introduced through the anteromedial portal. Osteophytes at the tip of the medial
malleolus and ossicles or avulsion fragments in this area can be removed in a similar
manner. It can be helpful to create an accessory portal in front of the tip of the
medial malleolus. In case of osteophytes at the tip of the medial malleolus, usually
overcorrection of the tip is feasible using a bonecutter shaver. Also in case of a soft
tissue impingement, a shaver is helpful for the debridement (Fig. 11.7).

In case besides the impingement also, an osteochondral defect needs to be addressed;
the talus can be inspected by ankle plantar flexion. In some cases a soft tissue distractor
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Proximal

Distal

Fig. 11.7 Arthroscopic treatment anterolateral soft tissue impingement in a right ankle. (a) The
4.0 mm 30° arthroscope is introduced through the anteromedial portal, and the soft tissue impinge-
ment anterolaterally can be identified. (b) Under arthroscopic control a spinal needle is introduced
to determine the optimal anterolateral portal position. (¢) After skin incision only, a hemostat is
used to spread the subcutaneous tissue to subsequently open the anterolateral ankle capsule. (d) A
shaver is introduced to debride the soft tissue responsible for the impingement. (e) Postoperative
arthroscopic image

can be helpful, mainly in case these lesions are situated in the tibial plafond. Most
anteriorly located osteochondral lesions can subsequently be treated arthroscopically
by debridement and bone marrow stimulation. In case history taking, physical exami-
nation, and the additional diagnostics indicate an anterior ankle impingement and an
additional syndesmotic instability, the syndesmosis can be tested arthroscopically.

To prevent sinus formation, at the end of the procedure, the skin incisions are
sutured with 3.0 Ethilon. A sterile compressive dressing is applied (Klinigrip, Medeco
BV, Oud Beijerland, the Netherlands). Prophylactic antibiotics are not routinely given.

A recent review of the literature showed sufficient evidence for arthroscopic
treatment of anterior ankle impingement [6]. The number of prospective cohort
studies is still limited but shows an overall success rate of grade I (bony impinge-
ment without joint space narrowing) in over 85 %.

Osteophytes reoccur in 67 % at 5—8 years follow-up [24]. Coull et al. [2] reported
even a recurrence of osteophytes in all their 27 patients who underwent open
debridement. There was, however, no statistical correlation between the recurrence
of osteophytes and the return of symptoms [24]. As mentioned previously it is prob-
ably not the osteophyte itself which causes the pain, but the compression of the
synovial fold or fibrotic (scar) tissue. In theory, arthroscopic excision of the soft
tissue can relieve pain. Talar and tibial osteophytes, however, reduce the anterior
joint space. After arthroscopy, a postoperative hematoma may develop and again
form an anterior soft tissue impediment. It is therefore important to restore the
anterior space and reduce the chance of symptoms to reoccur.
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11.8 Rehabilitation

Postoperative rehabilitation treatment consists of a compression bandage and par-
tial weight bearing for 3—5 days. The athlete is instructed to actively dorsiflex his or
her ankle and foot upon awakening and to repeat this exercise a few times every
hour for the first 2-3 days after surgery [22, 24]. The added value of physical ther-
apy has insufficiently been documented. A small retrospective series showed that
patients receiving more than 1 month physical therapy scored better on a 7-point
ankle scale as compared to the ones who were not treated with physical therapy [9].
In the absence of high-level evidence, in professional football players, physical
therapy with a focus on restoration of dorsiflexion, reduction of swelling, func-
tional training, and supervised return to sport specific training after 6-8 weeks is
advised.
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e Whatdo you feel you add as a physical therapist to a players’ injury rehabilitation?
When a player is injured the physiotherapist, team physician, and, if necessary,
a medical specialist together develop the rehabilitation program. The physio-
therapist takes care of the patient on a daily basis. You correspond with the team
physician regularly to monitor the player’s progress and to adjust the rehabilita-
tion program if necessary. As a team physiotherapist, you work with a player
one-on-one during a longer period; hereby, you develop a relationship of trust
with the player, which is beneficial for the rehabilitation.

e Do you feel that an injured player should always do his rehabilitation near the
team?
The answer is not solely “yes” or “no;” it depends on the type of injury and the
player’s preference. Advantages for a rehabilitation program near the team are,
for example, that a player will feel more connected with the team and can feel the
support of the rest of the team during the rehabilitation. The last phase of sport-
specific rehabilitation can be easier if the rehabilitation takes place near the
team. Besides, as a team physiotherapist, it is easier to control the rehabilitation
and to monitor the player’s progress.

Rehabilitation near the team has also disadvantages such as that the injured
player can interfere with the rest of team and it can be difficult for the player to
be close to a team where he/she can not be part of because of his/her injury. My
preference is a rehabilitation program near the team, but in case of a longer reha-
bilitation period, it should be possible for a player to rehabilitate somewhere else.
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Can you describe your role in the medical staff?

The medical staff of the team where I am part of consists of two physiotherapists
and one sports medicine physician. Sometimes, also exercise physiologists and
human movement scientists are involved to monitor the physical condition and
recovery of the players. We are a “performance team” within a larger team of
medical specialists and paramedics who work for the club. Our common goal is
to improve the performance of the players to keep them fit (prevention), to get
them fit after an injury (cure), and to improve their health by offering them sup-
port with sport-related issues, such as nutrition, recovery, and individual perfor-
mance programs.

Together with my colleague, we take care of the necessary preparations and
posttreatments for the practices and matches (e.g., mobilization, strapping, det-
onizing). During a game, I am responsible for the treatment of injuries sustained
during the game and to make the decision if a player can play with an injury or
not. Besides, I am responsible for an individual performance program for each
player based on his or her injury risk profile. This performance program also
consists of injury prevention. Furthermore, I am strongly involved with the reha-
bilitation of the injured players. I am in service of the team and contribute to an
optimal environment for the elite player.

What do you expect from the team coach?

Trust and mutual respect for each other and each other’s work. I think that those
are the most important aspects for a good working relationship with a coach. In
which clear communication has a key role. I expect from the coach that he will
give me insight in his training schedule, so I can take this into consideration for
the rehabilitation of the injured players, for example, to effortlessly make the
transition to the team practices. Furthermore, I appreciate it when a coach gives
me insight in the content of the practices so that I can advise the coach and the
players who are not completely fit which exercises they can or cannot do and
whether a player can make the transition to group practices. Moreover; I expect
a coach to pay attention to injury prevention, which sometimes requires exercises
outside the soccer field.

On the contrary, it is necessary that the medical staff informs the coach on the
ability of the players, presence of injuries, and the expected return to playtime;
hereby the coach can adjust the training exercises and make the line up on time.
I expect from the coach that he will take my advice into consideration. Yet, a
coach will only take advice into consideration if he is confident about the quality
of the medical staff.
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How important is it for you as a physical therapist that a player is 100 % fit to
play? Or how fit should a player be in order to advise him to return on the team?
[ think it is important that a player is completely recovered after an injury before
he/she returns to play matches. When a player returns to sports too soon, it will
increase the risk on reinjury or delayed recovery. In case of a more serious
injury, we will conduct “return-to-play” tests to measure the player’s physical
capacity to resume full training load. If a player practices again with the team
for some time and the physical condition is also on the desired level, the player
can gradually increase the minutes he can play during a match. In case of minor
injuries or early signs of overtraining, the medical staff can decide to adjust the
player’s training schedule in frequency or content. It is possible that we advise
the coach not to let a player play a complete match. These decisions are always
in agreement with the player, the history of previous injuries and the type of
injury are taken into consideration.

You are working with male as well as with female football players; is there a dif-
ference in physical fitness, training schedule, and injury prevention program?
There is definitely a huge difference between men’s and women’s soccer. Despite
women’s soccer being the fastest growing sport for girls and women it is less
professional compared with men’s soccer. This is understandable but the fact
remains that you have to recognize the differences and have to take these differ-
ences into consideration as medical or technical staff. The female players of my
team are offered many facilities and a small financial compensation, yet this is
not enough for daily living expenses. Besides playing soccer they have to work
or study. On average there are six practices and one match in a week; this is less
when compared with the men’s soccer on the elite level. Because the players
have to work or study besides playing soccer, they have less time to recover and
rest, and therefore, they are at increased risks, for example, to over train.
Furthermore, there is a difference between physical condition between men and
women such as physical stature, muscle strength, and hormonal differences.
These physical differences account for the difference in injury prevention pro-
grams for men and women.

What’s your philosophy on injury prevention, and is injury prevention a topic in
physical therapy courses?

Injury prevention is one of the most important tasks of the medical staff. Moreover,
injury prevention has gained a lot of attention within the past years. At the start
of the season, I develop an individual injury prevention program for each player
based on the player’s risk profile; this program consists of strengthening and
stability exercises. You can clearly see the improvement in strength and physical
capacity of the players during the season.

The subject “prevention” is also part of the postgraduate training sports
physiotherapy. Injury prevention was a neglected subject in the undergraduate
study physiotherapy when I completed it 8 years ago. I am unaware if injury
prevention is implemented in the study at the moment.
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Do you think injury prevention is also the responsibility of coaches and players?
Yes, absolutely! Injury prevention is the responsibility of the whole team includ-
ing the coach. As I said before, I expect a coach to reserve time in his trainings
schedule for injury prevention, as it is an important part of elite sports.

We expect a certain degree of self-responsibility from the players as they have
to do part of the prevention programs by themselves and sometimes also away
from the club. If they fail to do this or less serious than we expect, it is clear that
the injury prevention programs will be less effective. Overall physical ability is
also part of injury prevention; this is for the most part the responsibility of the
player. It can be difficult for a player to truthfully answer questions about over-
training and fatigue, because a player wants to play as many matches as possi-
ble. Yet, we expect the players to pay attention to their work and rest schedule as
well as their nutrition and to report physical complaints. Advice and guidance is
offered, but in the end the player has his or her own responsibility.

Who will win World Cup 2014?
Brazil

Who will win Women’s World Cup 2015?
USA
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Posterior Ankle Impingement

Gino M.M.J. Kerkhoffs, Peter A.J. de Leeuw, and Pieter P.R.N. d’Hooghe

Behind every kick of the ball there has to be a thought.
Dennis Bergkamp

Abstract The posterior ankle impingement syndrome is a common cause of ankle
pain in football players. It is characterised by posterior ankle pain on forced plan-
tar flexion movements. Clinical investigation reveals pain on palpation along the
posterolateral and/or posteromedial ankle joint line. There is recognisable pain on
forced plantar flexion which can be limited as compared to the contralateral side.
An infiltration with 1 cc anaesthetic posterolateral over the pain spot that temporar-
ily reduces the pain is an additional proof for the diagnosis posterior impingement
pain. In patients with posterior impingement pain, the plain X-rays can be negative
and are therefore insufficient. An additional straight lateral (posterior impingement)
view is required for visualisation of posterior bone structures, i.e. an 0s trigonum
or an elongated posterior talar process that can cause the posterior impingement
pain. The effectiveness of conservative treatment has not yet been well documented.
After conservative treatment fails, an arthroscopic intervention is the treatment of
choice for professional football players. Posterior ankle arthroscopic release of the
retinaculum of the flexor hallucis longus with reduction of the elongated posterior

G.M.M.J. Kerkhoffs, MD, PhD (I<)

Department of Orthopaedic Surgery, Orthopaedic Research Center Amsterdam,
Academic Medical Center, Meibergdreef 9, Amsterdam 1105 AZ, The Netherlands
e-mail: g.m.kerkhoffs @amc.nl

P.A.J. de Leeuw, MD

Department of Orthopaedic Surgery, Academic Medical Center,
Meibergdreef 9, Amsterdam 1105 AZ, The Netherlands

e-mail: p.a.deleeuw @amc.nl

PPR.N. d’Hooghe, MD

Department of Orthopaedic Surgery, Aspetar Orthopaedic

and Sportsmedicine Hospital, Aspire Zone, 29222, Doha, Qatar
e-mail: pieter.dhooghe @aspetar.com

PP.R.N. d’Hooghe, G.M.M.J. Kerkhoffs (eds.), 141
The Ankle in Football, Sports and Traumatology,
DOI 10.1007/978-2-8178-0523-8_13, © Springer-Verlag France 2014


mailto:g.m.kerkhoffs@amc.nl
mailto:p.a.deleeuw@amc.nl
mailto:pieter.dhooghe@aspetar.com

142 G.M.M.J. Kerkhoffs et al.

talar process or removal of the os trigonum or excision of loose bodies is known to
be successful in football players, without signs of joint space narrowing. The major-
ity of professional football players will return to their former level within 2 months
after surgery.

Keywords Ankle * Impingement ¢ Flexor hallucis longus ¢ Arthroscopy * Football

13.1 Introduction Including Epidemiology

Posterior ankle impingement syndrome is a common cause of chronic ankle pain in
football players. The overall percentage of ankle injuries in elite football is 19 %
[3], but the exact prevalence and incidence for posterior ankle impingement has not
been documented. The typical clinical features are posteriorly located ankle pain,
which increases with forced hyper plantar flexion. The cause can either be soft tis-
sue or bony impingement.

In the early 1930s — and mainly because of its anatomical features — the ankle
joint was found unsuitable for arthroscopy. Forty years later, in 1970 Tagaki and
later Watanabe made considerable contributions to the arthroscopic surgery of the
ankle, and the latter published a series of 28 ankle arthroscopies in 1972.

Over the last three decades, arthroscopy of the ankle joint has become a stan-
dardised and important procedure, with numerous indications for both anterior and
posterior intra-articular pathology, as well as for tendinous problems around the ankle.

The advantages of ankle arthroscopy are the direct visualisation of the structures,
improved assessment of the articular cartilage, faster rehabilitation and earlier
resumption towards sports.

There is nowadays enough evidence that there is a limited value in performing a
diagnostic arthroscopy because of the increased imaging modalities in ankle
pathology.

However, because of the lack of direct access and the nature and deep location of
its hindfoot structures, posterior ankle problems still pose a diagnostic and thera-
peutic challenge nowadays.

Historically, the hindfoot was approached by a three-portal technique, i.e. the
antero-medial, anterolateral and posterolateral portals, with the patient in the supine
position. It is known that the traditional posteromedial portal is associated with
potential damage to the tibial nerve, the posterior tibial artery and its surrounding
tendons locally.

Therefore, a two-portal endoscopic technique was introduced in 2000 by Van
Dijk et al. [9], and since then, this technique has shown to give a safe [4] and excel-
lent access to the posterior ankle compartment, the subtalar joint and the surround-
ing extra-articular posterior ankle structures [6, 9].

Posterior ankle arthroscopy has shown the need for specific anatomical knowl-
edge, has modified classic arthroscopic tools and skills and has introduced a broad
spectrum of new indications in posterior ankle pathology.
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13.2 Functional Anatomy

As for any pathology, anatomical knowledge is essential in the understanding and
treatment of this pathology. Anatomical knowledge is particularly important in
ankle arthroscopy since the significant risk of associated complications can be
prevented or decreased only by profound familiarity with the anatomy of the
region.

The main anatomical structure for the orientation and to determine the safe
working area is the flexor hallucis longus tendon (FHL). Just medial to this tendon
runs the posterior neurovascular bundle (tibial nerve and posterior tibial artery and
veins).

The posterior ankle arthroscopy should therefore routinely be performed lateral
to the FHL tendon. Proper positioning of the ankle and the hallux results in better
visualisation of the tendinous portion of the FHL muscle and avoids unnecessary
resection of some of the muscle fibres that reach the lateral tendinous border in a
semipeniform morphology.

Plantar flexion of the ankle or hallux flexion facilitates visualisation of the FHL
tendon proximal to the lateral talar process.

Also obligatory for the orientation during posterior ankle arthroscopy are the
posterior ankle ligaments. The most distal and vertically orientated ligament is the
talocalcaneal ligament, originating from the posterior talar process to the calcaneus.
Superior to this ligament, also originating from this process, is the posterior talo-
fibular ligament (PTFL), running in a slight oblique orientation to insert in the
medial border of the posterior distal fibula. Both the posterior talocalcaneal liga-
ment and the PTFL need to be (partly) released in case of removal of a symptomatic
os trigonum/hypertrophic posterior talar process.

Superiorly to the PTFL, the posterior intermalleolar ligament, also called the
tibial slip in arthroscopic literature, is recognised (Fig. 13.1) and proximal to
this ligament is the posterior tibiofibular ligament which is composed of a super-
ficial and deep component or transverse ligament. A distinction between the
transverse and intermalleolar ligament can easily be made by dorsiflexion of the
ankle [8].

In order to gain arthroscopic access to the talocrural joint, the posterior intermal-
leolar ligament and the transverse ligament need to be lifted and/or partly excised.
Until now no literature is present on the function of these ligaments, but most prob-
ably these can be at least partly removed without significant consequences.

13.3 Aectiology and Injury Mechanism

In the ankle, the posterior area is mostly well protected from trauma, and posterior
impingement complaints therefore mostly originate from repetitive strains or over-
use as is seen in professional (ballet) dancers. In contrast, in football players, the
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Fig. 13.1 Arthroscopic images indicating the important anatomical landmarks during posterior
ankle arthroscopy in a right ankle. Superior to the subtalar joint (¥), the posterior talofibular liga-
ment is orientated and proximal to this ligament is the tibial slip (75). By elevation of the TS, the
ankle joint (**) can be entered. Prior to treatment of any pathology, the flexor hallucis longus
(FHL) must be identified

main cause is a trauma to the posterior part of the ankle joint; this can be an inver-
sion injury with an additional injury to the posterior ligaments or a direct trauma
from a football shoe into the posterior area causing a fracture of the posterior talar
process, an avulsion fracture of the posterior ligament complex, or an instability in
the pseudo-joint of the os trigonum. The latter will then remain symptomatic in
most cases because there is now instability in this joint allowing (painful) motion of
the os trigonum in relation to the posterior talar process (Fig. 13.2). The pain in
posterior impingement syndrome can originate from a number of causes, as men-
tioned above already: a traumatised os trigonum, a fracture of posterior talar pro-
cess, an avulsion fracture of the posterior ligament process, a tear in the posterior
ligament process, a flexor hallucis longus tendinitis and an impingement of a bulky
distal flexor hallucis longus tendon in the flexor retinaculum in dorsal flexion of the
hallux. Typically in football players, pain is experienced on kicking, when the pos-
terior structures are crushed in the little posterior space between the Achilles ten-
don, talus and distal tibia (Fig. 13.3). Recurrent trauma to the soft tissue component
can lead to hypertrophy of the synovial layer, subsynovial fibrotic tissue formation
and infiltration of inflammatory cells and can thus cause a posterior soft tissue
impingement.
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Fig. 13.2 Schematic drawings of the talus. (a) At the posterolateral aspect of the talus, the pos-
terolateral talar process can be identified. This bony prominence, forming the groove for the flexor
hallucis longus (*) together with the posteromedial talar process, can be enlarged (hypertrophic)
and can subsequently cause a posterior ankle impingement. (b) In case the posterolateral talar
process is not fused after the ossification is finished, it is called an os trigonum and could also
become symptomatic

Fig. 13.3 With repetitive
trauma in the posterior ankle
compartment, specifically
kicking the ball in football,
the anatomical structures
become compressed in
between the Achilles tendon,
the talus and the distal tibia
which can result in posterior
ankle impingement
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13.4 Clinical Features

The typical symptomatic football player will present with a history of previous
ankle injuries [3]. On history taking, the main symptoms are persistent posteriorly
located ankle pain during plantar flexion movements or while kicking the ball,
postexercise ankle swelling and restricted dorsal as well as plantar flexion. With an
adapted training programme, most players can continue playing. Sometimes taping
the ankle joint can help.

Physical examination reveals recognisable pain on palpation along the postero-
lateral and/or posteromedial part of the ankle joint. The patient will recognise the
pain on palpation or on provocation with plantar flexion provocation test. In plantar
flexion the flexor hallucis longus tendon is further entrapped in the retinaculum and
the posterior structures are crushed in the narrowed posterior ankle space, inducing
pain and possible synovial swelling. The optimal palpation position is at slight
ankle plantar flexion.

13.5 Diagnostic Imaging

Standard weight-bearing lateral and anteroposterior radiographs can detect a poste-
riorly located os trigonum but might be false negative. Due to the posterior overlap
with the fibula in the standard lateral radiograph, there is a possible over-projection
and an os trigonum or an elongated posterior talar process might be missed. The
straight lateral ankle (posterior impingement) view is recommended to detect the
posterior osseous structures causing impingement. As compared to the standard
lateral projection, the beam is tilted into a 90° craniocaudal direction with the leg in
neutral position and the foot in neutral flexion (Fig. 13.4). Routine computed tomog-
raphy (CT) and/or magnetic resonance imaging (MRI) for the posterior impinge-
ment syndrome is not advised, although MRI has a high sensitivity to detect the
(posteromedial) soft tissue impediments.

Ultrasound and conventional MRI have a debatable role on the footballers’
population.

A CT scan is most sensitive in detecting small calcifications in the posterior liga-
ment complex or small loose bodies as well as a small os trigonum or even a Cedell
fracture. Ultrasound might be helpful, since hypervascularity of the synovial or
meniscoid mass seems to depend on the repetitive injuries and the amount of the
fibrosis in it. An additional advantage of sonography over MRI is the possibility to
directly infiltrate the inflamed tissue with steroids in a controlled manner, most suit-
able posterolaterally.

Although some authors have proposed MR arthrography enabling a high sensi-
tivity and specificity as an additional diagnostic tool to diagnose posterior ankle
impingement, no radiographic series have been published in literature until now. On
an MR arthrography, an irregular or nodular contour of the posterior soft tissues is
considered to be pathological and would be highly correlated to ankle scar tissue
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Fig. 13.4 (a) Standard lateral weight-bearing radiograph of the ankle can be negative in relation
to a prominent posterior talar process/os trigonum (*). (b) By tilting the beam into a 90° craniocau-
dal direction with the leg in neutral position and the foot in neutral flexion, bony anomalies in the
posterior ankle can more precisely be exposed (* os trigonum)

and synovitis at arthroscopy. Our conclusion is that posterior impingement is a clin-
ical diagnosis and imaging assists in understanding the cause of the posterior
impingement pain as well as in facilitating the meticulous preoperative planning
that is the secret to success.

13.6 Classification

Until now there is not a uniform classification system for posterior ankle impingement.

13.7 Treatment

13.7.1 Conservative Treatment

Conservative treatment, consisting of intra-articular injections and physiotherapy, is
recommended in the early stages but has never been systematically studied and
might frequently be unsuccessful by itself.
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Fig. 13.5 Arthroscopic image of the posterior ankle compartment in a right ankle indicating the
good exposure of the subtalar joint (**). Again proximally to the subtalar joint, the posterior talo-
fibular ligament can be identified (PTFL), inserting in the posterolateral talar process (***). The
flexor hallucis longus (*) should always be identified prior to treating posterior ankle pathology
through posterior ankle arthroscopy

13.7.2 Invasive Treatment

Hindfoot endoscopy enables the surgeon to more easily assess the posterior ankle
compartment (Fig. 13.5), as compared to open surgery. Also it compares favourably
to open surgery with regard to an overall lesser morbidity and quicker recovery
[2,5,10].

In the initial description of the technique, the main indications to perform a pos-
terior ankle arthroscopy were the treatment of an os trigonum and FHL pathology
(Fig. 13.6). Nowadays, however, numerous ankle pathologies in our athletes can be
treated through this minimal invasive technique and still indications are added.

The procedure is carried out in an outpatient setting under general or spinal
anaesthesia [5, 9]. The patient is positioned in the prone position with a tourniquet
above the knee at the affected side. The affected ankle is positioned just over the
edge of the operation table and is supported to allow free ankle movement
(Fig. 13.7).



13 Posterior Ankle Impingement 149

Proximal

Y EGIE w— - Lateral

Fig. 13.6 Arthroscopic image in a right ankle treating the os trigonum pathology. (a) The os tri-
gonum is released from the posterior talofibular ligament with the use of a punch. (b) Subsequently
the os trigonum is removed with a grasper (* flexor hallucis longus). (¢) Postoperative situation;
fraying of the flexor hallucis longus (*) can be visualised, indicating the prior impingement by the
os trigonum

The anatomical landmarks for portal placement are the sole of the foot, the lat-
eral malleolus and the medial and lateral borders of the Achilles tendon. With the
ankle in the neutral position (90°), a straight line, parallel to the sole of the foot, is
drawn from the tip of the lateral malleolus to the Achilles tendon and is extended
over the Achilles tendon to the medial side (Fig. 13.8). The posterolateral portal is
located just proximal to — and 5 mm anterior to — the intersection of the straight line
with the lateral border of the Achilles tendon (Fig. 13.9).

The posteromedial portal is located at the same level as the posterolateral portal,
but on the medial side of the Achilles tendon.
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Fig. 13.7 Patient positioning in posterior ankle arthroscopy; the hip at the affected side is sup-
ported, a tourniquet is applied and the lower leg is elevated allowing free ankle movement

Fig. 13.8 The lateral i
malleolus is marked; a hook \

can be used to identify the

level of the posterolateral and :
medial portal. These are
located at the level of the
lateral malleolus, lateral and
medial to the Achilles tendon

Before addressing any pathology, the FHL tendon should be localised since just
medially to it, the posterior neurovascular bundle is located. Therefore, the FHL
tendon determines the working area, which is basically only laterally to this tendon.
Once this working area is determined, the whole spectrum of posterior pathology
can be treated supero-inferiorly from the talocrural over the subtalar joint towards
the Achilles tendon insertion and mediolaterally from tarsal tunnel release towards
the peroneal tendons (Fig. 13.10).
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Fig. 13.9 Right ankle in
which the posterolateral and
posteromedial are marked

Now the pathology can be addressed, ranging from debridement of soft tissue to
the removal of a hypertrophic posterior talar process (Fig. 13.11), an os trigonum or
the release of the FHL tendon from its adjacent structures.

13.8 Rehabilitation

Postoperative rehabilitation treatment consists of a compression bandage and partial
weight bearing for 3-5 days. The athlete is instructed to actively plantar and dorsi-
flex his or her ankle and foot upon awakening and to repeat this exercise a few times
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Fig. 13.10 Determining the working area for arthroscopy in posterior ankle pathology. (a) During
the insertion, the arthroscope is aiming towards the first webspace, in between the first and second
toe. This enables the surgeon to determine the safe working area. (b) The arthroscope is inserted
through the posterolateral portal and the working instrument through the posteromedial portal. The
shaft of the arthroscope is used to safely introduce the working instrument. Any instrument intro-
duced through the medial portal needs to slide over the shaft anteriorly (red arrow) until the
posterior ankle compartment is reached to avoid neurovascular injuries

every hour for the first 2-3 days after surgery [7, 8]. The added value of physical
therapy has insufficiently been documented. A small retrospective series showed
that patients receiving more than 1-month physical therapy scored better on a 7-point
ankle scale as compared to the ones who were not treated with physical therapy [1].
In the absence of high-level evidence, in professional football players, physical
therapy with a focus on restoration of dorsiflexion, reduction of swelling, functional
training and supervised return to sport-specific training after 6-8 weeks is advised.
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Fig. 13.11 Arthroscopic image of a left ankle indicating the removal of a hypertrophic posterior
talar process. (a) With the use of a chisel, the hypertrophic segment (**) is detached from the talus,
(b) detachment of the segment without iatrogenic FHL damage (*), (¢) postoperative situation, the
segment is removed without iatrogenic damage to the subtalar joint

13.9 Conclusion

Posterior ankle impingement is not always just a bony pathology, frequently a soft
tissue impediment with or without a bony component must be considered. Posterior
ankle arthroscopy is a challenging, safe, reliable and effective technique in the treat-
ment of posterior ankle impingement. Due to the improved functional outcome after
surgery and a quicker rehabilitation time, (football) athletes can hugely benefit from
this technique. The initial indications included flexor hallucis longus and os trigo-
num pathology. Nowadays, however, the technique can be used for an increasing
amount of posterior ankle pathologies.

How to Diagnose Posterior Ankle Impingement:
¢ Ask for sport-specific repetitive ankle movements
e Perform a hyper plantar flexion movement of the ankle
* Look for palpatory pain along the course of the flexor hallucis longus
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How to Treat Posterior Ankle Impingement:

Perform a diagnostic injection

Start with the standardised 2-portal hindfoot technique after initial cadaveric
training

Search for the flexor hallucis longus tendon and the posterior talofibular ligament
as these are the main anatomical landmarks
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* Do you notice a difference in attitude of the current young players when com-
pared to your generation?
In our days the young players gathered their experience on the streets in the
spontaneous matches between players of different ages. A young player had to
adapt to the different circumstances in these matches. Nowadays the young play-
ers are with players of their own age the whole year and they are at the club the
entire week, so there is no time for difficult street matches against older players.
All is taken care of, that makes a big difference. Besides that it is still very diffi-
cult to reach the absolute top and it takes a lot of discipline. The altered circum-
stances for the young players are a fact, but these players still need to invest in
themselves and need a lot of intrinsic motivation to be the best.

e What are the criteria to be successful in scouting young players?
Obviously there are many aspects to judge in the young players. The player
needs to have good technical as well as tactical skills, but there are also the
mental and physical aspects that need to be evaluated. A player should have the



14 Interview — Ron Spelbos 157

skills to take the right decisions in ample time and to be able to orientate in small
as well as open space. Also it is important that a player is able to restrict himself
to certain tasks if this is needed with a certain play that the team chooses to per-
form; detailed restriction to certain tasks is also important in ball possession,
ball loss, and counter play.

» At what age does the scouting start in modern football?
In professional football scouting starts at about 6 years. Players are transferred
from amateur clubs to professional clubs at a very young age and sometimes
even transferred to another country. Also within clubs scouting is started at a
young age to provide best education to the young football player.

* What does the organization of the scouting program look like within a profes-
sional football club?
Each club has their own system, depending on the club structure and the respon-
sibilities of the scouts. Normally a head scout will do the organization of the
scouting program and will give direction to the tasks of the other scouts. The
head scout will send his colleagues out with a clear task or without a task, depen-
dent on position and qualities of both scout and club. All scouts will report to the
head scout, and he will do the debriefing with the coaches and with medical
team.

* What is the difference between your normal work as a scout and your work as a
scout for the Dutch national team in preparation for the World Cup?
Sorry, I cannot answer this question in all honesty without getting into detail on
our opponents, so I will not answer it at this point in time. Ask me again after the
World Cup.

* What is the difference between a young talent and a potential top player?
A talented young player has shown his qualities to become a good football
player. His talents need further development and he has to mature as a player. A
potential top player is further in his development and has proven his value on a
certain level of play, he has proven to be able to cope with bigger problems on
the pitch, and he is ready for the “big matches.”

* How important is the physical shape of a player for you as a scout?
The physical abilities of a player are of upmost importance, because physical
fitness will contribute to the performance on the pitch. A player that is not fit will
play less engaged and will most probably fail to perform all tasks that are needed
in his position on the field and in the team. This can have a negative influence on
the team performance.

* Asascout are you up to date with the medical history/injury stats of a player?
To a certain level, yes. I know the injury pattern of a player and why he did or did
not play in a certain time period. Also I am used to know all major injuries in a
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players’ career, but the team doctor is the one to guard all details on the medical
history and injury pattern and prognosis; therefore, it is important to have an
open communication with the medical staff.

e Who will win the World Cup 2014?
From my position it is obvious to answer the Netherlands, but I believe that there

are a number of teams that can go for the title, and there are numerous factors
that will make the new champions.
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Abstract The incidence of fractures is small and less than 3 % of all ankle injuries
in modern professional football. Optimum management for the higher-level football
player has to address the demand for early and safe return to a high level of activity.
Sport-specific evidence for best practice is limited. A thorough history, examination
and adequate imaging are essential to correctly diagnose injuries and decide on best
treatment. Early rehabilitation can allow early return to sport within 2—4 months.
Surgical reduction when indicated and provision of stability by fixation can allow
this and appear to be advisable to optimise both the outcomes and return to competi-
tion in football-related ankle fractures.
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15.1 Introduction

The incidence of ankle fractures in football is fortunately small and less than 3 % of
all ankle injuries in the modern professional game (Chap. 2). Their management for
the higher-level football player has to address the demand for early and safe return
to a high level of activity. This can be challenging but is helped by the generally
healthy physiology of the athlete and the availability of a highly supportive team
and equipment to enhance rehabilitation.

15.2 General Assessment

A thorough history to ascertain the mechanism of the football ankle injury can help guide
the physician to the possibility of a specific injury, as initial presentation is often similar.
The use of video technology is now readily available and can help analyse the mechanism
of injury (Chap. 2). Most footballers have minimal co-morbidity that needs to be consid-
ered, but the pre-injury status of ankle function and symptoms need to be taken into
account, providing information with regard to full recovery and the optimal treatment for
the athlete, which may involve addressing previous ankle pathology at the same time.

A detailed examination needs to be undertaken, to exclude any other significant
injuries and assess limb vascularity, skin viability and injury to nearby structures. Any
obvious deformity needs to be reduced and splinted early to minimise further soft tis-
sue compromise and help with pain. In the absence of deformity, clues to the possibil-
ity of a fracture include the inability to bear weight both immediately after injury and
on later assessment and the presence of bony tenderness around the ankle: other than
the malleoli, it is important to palpate the calcaneus and the area of its anterior process,
the talus (head, neck and processes) and the base of the fifth metatarsal. The knee joint
also needs to be examined for tenderness, especially at the proximal fibula which may
be suggestive of a Maisonneuve-type injury. Although not usually possible to assess
initially, pain on external rotation is suggestive of an injury to the syndesmosis.

The history and examination will guide further investigations. The Ottawa rules
may be applied in deciding when to get plain radiographs, but we feel that espe-
cially in the high-level athlete, a lower threshold to image is important in order to
avoid any delay in diagnosis and missing any more subtle fractures. We regularly
use MRI scans to detect any concomitant injuries (e.g. soft tissue, osteochondral
injuries). In the presence of fractures, CT scans can provide a more detailed picture
of the configuration and help with preoperative planning.

15.3 General Management

Overall treatment follows the usual principles of fracture management. Further
treatment will depend on the actual type of injury sustained, and this is discussed
below for both common fractures around the ankle as well as the more subtle
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injuries that may be missed as a sprain. The evidence on best treatment in ankle
injuries in football or sports is discussed when available, but it is obvious that this
may be limited in specific injuries, and advice based on general evidence and our
own experience is provided. With involvement of even younger people in football,
the treatment of paediatric and transitional fractures around the ankle is also dis-
cussed. The management of osteochondral fractures (Chap. 4) and stress fractures
(Chap. 8) are thoroughly discussed elsewhere.

15.4 Malleolar Fractures

The stability of the ankle mortise depends on its bony configuration and surround-
ing ligaments (inferior tibiofibular complex or syndesmosis, and the lateral and
medial ligaments). Nondisplaced, stable malleolar and isolated fractures of the
medial malleolus can be treated nonoperatively [28]. Dislocated or unstable malleo-
lar fractures are generally treated with anatomic open reduction and internal fixation
(ORIF), as in a weight-bearing joint exposed to 1.25-5.5 times body weight, a mal-
union will lead to post-traumatic arthritis. Despite anatomic reduction there is still
a risk of this [70].

Standard AP, lateral and mortise (20° internal rotation) views are needed for
initial diagnosis. The two most common classification systems are the Weber-Danis
and the Lauge-Hansen. The former is based on the level of the lateral malleolar
fracture: type A (below the tibial plafond), B (oblique or spiral fracture at or near
the level of the ankle) and C (fracture higher than the ankle joint). The more proxi-
mal the fracture is, the higher the risk of a syndesmotic injury. Although easier to
use than the Lauge-Hansen, Weber only described the lateral injury. Lauge-Hansen
described four distinct injury patterns based on cadaveric studies and suggested that
most ankle fractures are supination-external rotation (SER) injuries and differenti-
ated between SER-II and SER-IV injuries. SER-II can be stable, but in type I'V there
is medial disruption, either with a fracture of the medial malleolus, or rupture of the
deltoid ligament (SER-IV equivalent). Medial tenderness, ecchymosis and swelling
may be unreliable clues to diagnose a medial injury, so inversion stress or gravity
radiographs can be helpful to determine whether there is medial instability [78].

A systematic review of ankle fractures was recently published [70]. A total of
1,822 fractures were indentified with a mean follow-up of 5.1 years. Outcome was
not perfectly related to the Weber classification, with type A fractures having an
82.7 %, type B an 83.8 % and type C a 70.4 % good/excellent outcome. A subclas-
sification of type B injuries showed that SER-II had a 92.2 %, whereas SER-IV an
81.7 % good/excellent outcome. It was suggested that the unexpected finding that
Weber A injuries did not do better than type B was due to the former involving a
supination-adduction trauma with impaction of the medial compression of the car-
tilage of talus and tibia. Weber B and C fibula fracture patterns are most often fixed
with a lag screw and a neutralisation one-third tubular plate in a lateral or posterior
(antiglide) position. In fractures with a medial malleolar involvement, the use of a
tension band wire or two bicortical lag screws is a good technique [62]. If the syn-
desmosis is unstable after fixation of the fibula and medial malleolus, this is fixed.
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Direct visualisation or radiographic intraoperative assessment is recommended, as
there is high risk of malreduction [47]. There is no consensus on the best technique
for syndesmotic stabilisation, with most opting for one bicortical (3.5 mm) screw.
The use of TightRope® (Arthrex, USA) for syndesmotic fixation has also been intro-
duced, whilst minimally invasive plate osteosynthesis (MIPO) techniques for ankle
fracture fixation have also been described. Mostly used for highly comminuted frac-
tures of the fibula using a bridging MIPO, the technique was shown to be safe [29].
The use of small or mini fragment low-profile fixation plates may be a good alterna-
tive for medial and lateral malleolus fixation [3, 7].

The treatment of an associated posterior malleolus fracture (part of a trimalleolar
ankle fracture) is still a matter of controversy [34]. The posterior malleolus fracture
pattern is heterogeneous, and there is no consensus on its optimal treatment. There is
poor reliability and accuracy in measuring the size of a posterior fragment on plain
films, and CT imaging is much better. Haraguchi et al. described various morpholo-
gies of the posterior malleolus fracture [27], but their reproducibility and clinical use
remains to be investigated. The posterior malleolus fails in stage III of supination-
external rotation injuries or in stage III of pronation-abduction injuries. A recent
meta-analysis showed no consensus on how to address the posterior malleolus frac-
ture, primarily because there is no standardisation of functional outcomes [78].
Several reports have recommended fixation for involvement of greater than a certain
percentage (>25 % or >33 %) of the tibial plafond. If the lateral malleolus is reduced
anatomically, the posterior malleolus tends to reduce by means of ligamentotaxis of
the posterior inferior tibiofibular ligament (PITFL). Recent studies have suggested
that fixation of posterior malleolus fractures might obviate the need for syndesmotic
stabilisation altogether [47]. Reduction of a posterior malleolus can be done indi-
rectly (an intact PITFL is necessary) or directly. Screws can be placed percutaneously
from anterior to posterior, but lag screws from posterior to anterior are better biome-
chanically. An open approach using the interval between the flexor hallucis longus
(FHL) and the peroneal tendons is common, although others advocate lateral retrac-
tion of the FHL or medial retraction of the peroneal tendons. This can be achieved
with the patient prone where by external rotation of the leg the medial malleolus
fracture can also be fixed [1, 43, 76]. When the medial malleolus is not fractured, the
patient can be placed on the lateral position, whilst the use of a medial approach to
address both the medial and posterior malleoli was reintroduced by Bois [11].

15.5 Distal Metaphyseal Tibial Fractures

A distal metaphyseal tibial fracture is an extra-articular fracture that extends to
within 4 cm of the plafond, whilst some also refer to such fractures that have sim-
ple extension of a nondisplaced fracture line into the plafond [8]. The distal tibia
has three surfaces, the lateral, posterior and medial surface. The medial surface
is mainly subcutaneous and forms the medial malleolus distally, whilst posterior
and lateral surfaces are for muscle attachments. The cross-section is triangular as
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opposed to the circular diaphysis. The blood supply to this area is divided between
an outer one-third (periosteal vessels) and inner two-third (nutrient vessels) supply.

The injury mechanism is usually a torsion or compression load. Compression
injuries are usually high-energy with substantial soft tissue compromise and com-
minution, with often an intra-articular extension blurring the distinction between a
such a distal metaphyseal tibial fracture and a pilon fracture. Classification of an
associated soft tissue injury is important and assessment of the neurovascular status
paramount, with a risk for compartment syndrome, but much lower than for diaphy-
seal fractures. Plain orthogonal films are often sufficient for classification and pre-
operative planning. To rule out intra-articular fracture extension, CT can be
considered. The fracture pattern itself can be classified using the AO or the Robinson
classification [65].

There is ongoing controversy regarding the ideal fixation method for such frac-
tures, fuelled by improvements in implant technology and surgical techniques [83].
The extra-articular fracture of the distal tibia can be treated by intramedullary (IM)
nailing with very distal locking screws, percutaneous plating/MIPO or external fixa-
tion (small wire hybrid or Ilizarov-type fixation). The most recent systematic review
of plating vs. IM nailing showed that both techniques can provide adequate treat-
ment, but no studies to date are of sufficient power [33].

Nonoperative treatment with functional cast bracing can be used [15, 66], but
outcomes were not impressive. Sarmiento’s series had a 13.1 % malunion rate,
whilst Bostman’s series of 103 patients included 32 cases that required IM nailing
for failure to maintain reduction. Malunion is common (26.4 %) with a small group
(4.2 %) developing a non-union. Overall, we advise nonoperative treatment only in
very few carefully selected cases.

The benefit of IM nailing is preservation of the soft tissue envelope at the fracture
site but is more difficult than for midshaft tibial fractures and should be considered
with caution. Known difficulties include maintaining alignment distal to the isth-
mus as the wide metaphysis allows a windshield wiper effect. This can be overcome
by the use of strategically placed Poller screws or large K-wires (palisade tech-
nique) to narrow the canal. Alternatively, reduction can be maintained during ream-
ing and nailing by use of a femoral distractor, with stability achieved with at least
two, or preferably three, very distal interlocking screws. Modern nails have multiple
distal locking options to allow better control of the distal fragment in the sagittal and
coronal planes, and more recently, locking interlocking screws have been developed
that might provide even better holding power. If there is simple extension of the
distal fracture into the articular surface, this can be addressed by firstly placing lag
screws followed by careful nailing [37, 53]. The use of the largest possible nail after
reaming might lower the stresses on the distal interlocking screws with less hard-
ware failure. Adjunctive fixation of the fibula may lower the risk of late malign-
ment [26]. A complication of tibial IM nailing is anterior knee pain (up to 33 %)
[65], which is a great concern in an athlete. The recently introduced technique of a
suprapatellar entry point might lower this risk, but data is still limited.

Open reduction and internal fixation of distal metaphyseal tibial fractures allows
anatomic fixation with stable fixation at the cost of devascularisation and possible
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complications with skin compromise and infection. The development of MIPO or
percutaneous plating has received great interest for the distal tibia, and studies have
shown that vascularity is preserved better and infection rate has decreased with
MIPO compared to open techniques. The saphenous vein and nerve are at risk,
however [48, 55], with resulting burning, numbness or shooting pains, mostly tran-
sient and mild, but some patients report a disturbed quality of life. Late infection
and impingement have been reported [41], but irritation of the soft tissues overlying
the medial malleolus is most common with up to 52 % hardware removal needed
[51]. Although most plates currently have locking technology and do not require
close apposition, close approximation is preferable to minimise prominence. The
best type of screw fixation is unclear, but earlier healing has been reported when
combining interfragmentary screws with locking plating [31].

Some authors have advocated definitive fixation of distal metaphyseal tibial frac-
tures with Ilizarov or hybrid frames [6]. In a retrospective review comparing exter-
nal fixation with IM nailing [63], functional results were similar, but the former
seemed to carry a greater risk of secondary intervention. Infections with external
fixation are relatively common [35], so in our practice we restrict external fixation
to ankle spanning delta frames for temporary stabilisation of high-energy fractures.

In an excellent systematic review of 1,125 distal tibial fractures [83], the overall
rate of non-union was 2.4 % and malunion 14.3 %, with a trend towards more mal-
union in those treated with IM nailing compared to plating. The latest systematic
review on nailing vs. plating of distal metaphyseal tibial fracture (2005-2010 litera-
ture) showed that both techniques can provide adequate treatment [33], with union
rates of 95.5 % vs. 97.7 %, infection rates of 5 % vs. 11.2 % and malunion rates of
25.9 % vs. only 5.3 % after IM nailing and plating, respectively. The MIPO technique
has been reviewed by others [51], with open vs. MIS plating showing no differences
in a retrospective study [18]. No difference in outcome was shown between low,
multidirectional locked nailing and MIPO, although nailing had shorter union times,
hospital stay and earlier full weight bearing [42]. In a prospective study comparing
open vs. MIPO plating, there were no differences for type A and B fractures, but for
type C fractures there was a trend towards shorter healing times using MIPO [84].

In conclusion, most distal tibial fractures need surgery. Ideal treatment depends
on multiple factors. The risk of anterior knee pain after nailing is of concern for
athletes, whilst perfect anatomic reduction using minimally invasive surgery and
fixation with low-profile plates would seem to offer a better chance of early return
to sports.

15.6 Pilon Fractures

Destot introduced the term pilon (a pharmacist’s pestle) in 1911 for a fracture
extending 5 cm off the joint line, involving the dome of the distal articular tibial
surface. Pilon fractures are the result of an axial loading force with varying amounts
of a torsional component. The fibula may or may not be involved. The limited soft
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tissue envelope combined with the often complex (high-energy) fracture pattern
requires carefully planned and executed surgery to prevent disastrous complica-
tions. Operative treatment of these fractures is widely accepted since the landmark
paper by Riiedi and Allgower in 1969 [61] and their principles still hold true today:
open reduction and fixation of the fibula to restore lateral column length, anatomic
restoration of the distal tibia, bone grafting and buttress plating of the varus defor-
mity of the distal tibia. Components of the pilon fracture include the proximal
extension, and the fibular and articular surface fragment most often divided into the
Tillaux-Chaput (anterolateral), Volkmann (posterolateral) and medial fragments. The
first two almost always remain connected to the fibula via the syndesmosis. There is
often impaction of the articular surface. The classification by Riiedi and Allgower
based on articular comminution is commonly used, but the AO/OTA one is an alter-
native. Topliss studied 126 CTs of pilon fracture and noted six major articular frag-
ments: anterior, posterior, medial, anterolateral (Chaput), posterolateral (Volkmann)
and the die-punch [75]. Two patterns were noted, namely, coronal fractures (usually
elderly patient with low energy and valgus deformity) and sagittal patterns (usually
younger patients with high energy in varus angulation). Others have expanded on
this issue focusing on the articular surface, showing that fracture patterns occur in a
predictable fashion [19].

The soft tissue should be carefully checked on assessment as open injuries are
relatively common (10-30 %), and patient factors affecting soft tissue complica-
tions, poor fracture healing and fixation failure should be identified. Plain films (AP,
lateral and mortise) will show the severity of the fracture pattern in these types of
fractures. Associated fibular fracture, degree of comminution and the direction of
talar displacement are important clues to surgical tactics and planning. A relatively
simple medial fracture pattern is caused by tension or a valgus injury, whereas a
more comminuted medial fracture pattern is caused by a varus injury. Although CT
is often performed at the initial workup, more information can be gained if CT
imaging is made after primary stabilisation with an ex-fix and/or fibular plating.

Surgical treatment of pilon fractures is difficult and requires careful planning
with outcomes difficult to predict. The skill and experience of the surgeon are
important, with timing of surgery critical, and a delay of 7-21 days allowing soft
tissues to recover is common. The good results shown by Riiedi and Allgower could
not initially be repeated by others [73], and criticism followed that their series rep-
resented low-energy, simple pilon fractures. As a result, many surgeons used exter-
nal fixators for the more high-energy fractures [4], but this led to more malunions
and worse function. A staged approach was the logical result of these changes in
surgical techniques.

Similar to distal metaphyseal tibial fractures, treatment of pilon fractures ranges
from nonoperative (very rare), hybrid external fixation and open vs. MIS fixation.
For the high-energy pilon fractures, the gold standard remains the spanning external
fixation (with or without primary fixation of the fibula) followed by definitive inter-
nal fixation of the distal tibia once the swelling has resolved. The so-called wrinkle
sign is useful in determining that surgery can be done safely. An open technique
requires careful soft tissue handling, whilst MIS techniques have recently gained
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popularity. Visibility of the articular component should not be compromised as the
long-term functional outcome is closely related to the ability to restore anatomy at
the time of surgery. In an excellent review of the literature, a satisfactory result was
seen in 70 % of high-energy and in 80 % of low-energy fractures, with ankle fusions
required in 3-27 % of pilon fractures [16].

The surgical approaches for ORIF depend on the fracture pattern and surgeon
preference. Most surgeons will use two incisions, one for the fibula (as posterior as
possible) and one anteromedial or anterolateral. The classic anteromedial approach
used by Riiedi and Allgdower required a skin bridge of at least 5 cm. Others have
modified the anteromedial approach [5] or have used a single anterolateral approach
for both the fibula and tibia, with more unusual fracture patterns requiring pos-
terolateral or posteromedial exposures. In general, after good exposure, the reduc-
tion is best started posterolaterally, followed by posteromedial, central, anterior
and anterolateral reduction. The anterolateral fragment is hinged open laterally to
allow access to the posterior and central parts. A laterally based femoral distractor
(pins in the talus and in the tibia) will greatly improve visualisation of the tibiotalar
joint. Areas of impaction should be carefully disimpacted and bone graft used liber-
ally to fill metaphyseal void. Multiple K-wires can be placed to hold the reduction
avoiding obstruction of plate and screw placement. Precontoured locking plates
can be used for medial, anterolateral and posterior plating. If the medial fracture
pattern is relatively simple, a medial buttress plate can be placed percutaneously.
The use of thin flexible plates will minimise medial prominence and still provide
adequate buttressing. Minimally invasive plating should be reserved for simple
fracture patterns [14]. High complication rates after formal ORIF of pilon fractures
led to the introduction of external fixation with or without limited internal fixation
of pilon fractures [4], with Ilizarov-type techniques proving powerful in the hands
of experts. They are, however, cumbersome for the patient and can have relatively
high complication rates.

Complications associated with the treatment of pilon fractures are common and
can be the result of both injury and treatment. Infection remains the most common
complication, and deep infection rates of 5-55 % have been reported [45]. Numbness
on the dorsum of the foot can be prevented by careful protection of the superficial
peroneal nerve branches during approach, reduction and fixation and closure.
Fortunately, such injuries in football are extremely rare.

15.7 Talar Body and Neck Fractures

The major concern in talar body and neck fracture (dislocation) after adequate pri-
mary treatment is the early recognition of avascular necrosis (AVN) that usually
occurs 68 weeks after injury. Incidence is quite similar in fractures of the body and
neck, but after body fractures a higher incidence of late subtalar osteoarthrosis is
noted. A useful tool in assessment is the ‘Hawkins sign’ which excludes AVN, rep-
resented by an objective thin line of subchondral atrophy on a lateral X-ray along
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the talar dome indicating the presence of revascularisation. Prevention of AVN is
paramount since prolonged non-weight bearing, bone grafting and necrotic tissue
excision have not been proven very successful in speeding the revascularisation of
the talar body.

15.7.1 Talar Body Fractures

Articular cartilage covers 60 % of the talus providing a very limited surface area for
vascular perforation. Since the talar blood vessels enter through the capsule or liga-
mentous talar attachments, a fracture (dislocation) can easily disrupt vascular access.
Inferior to the talar neck, the talar sinus and talar canal vessels form an anastomotic
sling and form the primary source of blood supply. With increasing displacement,
the rate of AVN also increases. Since talar body fractures usually present in different
fracture patterns, no specific classification is commonly used. In general, these inju-
ries present as shearing- or compression-type fractures. Axial compression is the
most common mechanism of injury and the location of the primary fracture line is
important to evaluate treatment strategy and avoid prolonged disability. Clinical pre-
sentation can range from very subtle findings to a markedly swollen and tender
ankle. Tenderness and effusion/haematoma are usually noted along the anterior tib-
iotalar joint line to the talonavicular joint, and associated midfoot injury or peritalar
dislocation should be considered. All talar body fractures are considered as intra-
articular injuries. Assessing the lateral process is important: fracture lines into or
posterior to the lateral process are considered talar body fractures; if the fracture line
runs anterior to the lateral process, it becomes a neck fracture.

Talar body fractures are relatively rare and associated with high-energy trauma,
so are rarely seen in football, but dislocations can be encountered; these should be
recognised and stabilised quickly to avoid the risk of future complications. In the
case of severe soft tissue swelling, definitive treatment can be delayed to improve
the player’s overall condition. In case of a fracture-dislocation, urgent orthopaedic
treatment is required and ORIF remains the golden standard. An initial attempt for
closed reduction is advocated in order to minimise skin necrosis and potentially
improve vascular supply. In case of a surgical intervention, a medial malleolar oste-
otomy may be necessary to achieve optimal fracture reduction and fixation.
Reduction of the fracture can be difficult, and a variety of techniques such as calca-
neal traction, distractor and direct manipulation may be used.

15.7.2 Talar Neck Fractures

Similarly, talar neck fractures in athletes are renowned for highly unsatisfactory
results and later complications such as AVN. Early detection and management are
essential in minimising complications (potentially career ending) of such injuries.
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After avulsion injuries, fractures of the talar neck are the second most commonly
found tarsal injuries [20], usually the result of a hyperdorsiflexion-type mechanism.
Described in World War I by Navy surgeon Anderson as the ‘aviator’s astragalus’,
it was frequently encountered in pilots during impact. In football, the injury mecha-
nism is more related to axial load than to a specific foot position, although dorsiflex-
ion is usually present. Injuries are usually associated with dislocations, and
neurovascular trauma can occur as a result, although most dislocations are postero-
medial, ‘protecting’ the neurovascular bundle. Disruption of vascularity after dislo-
cation frequently leads to AVN, nevertheless, especially in combination with a
severe soft tissue injury. Neurovascular assessment is thus the most important initial
management.

Other than plain radiographs, subtle talar neck fractures can be visualised by
views described by Canale and Kelly, where the plantigrade foot is placed in inter-
nal rotation whilst angling the beam at 75 degrees from the ground, a view also
frequently used as a fluoroscopic intraoperatively check of adequate reduction. CT
is frequently used to assess talar comminution and reduction congruency and is
proven superior to plain films in detecting more subtle avulsions in or around the
talar neck. MRI is especially helpful in detecting avascular necrosis later on, and
with evolving technology the issues with postoperative metallic artefact are now
limited. The most common classification for talar neck fractures is by Hawkins:
type 1 fractures refer to an undisplaced fracture without associated joint dislocation,
type 2 (most common) fractures refer to a combined dislocation at the subtalar joint,
whilst type 3 fractures involve a dislocation at the ankle and subtalar joints (and
almost always lead to AVN). Type 4 fractures refer to associated dislocation of the
talonavicular joint and are rare, especially in football. The grade of comminution is,
together with the Hawkins classification, the best predictor for avascular necrosis
risk in talar neck fractures. There is no universally used grading system for com-
minution, but the more severe it is, the worse outcome and rate of complications can
be expected.

Treatment of talar neck fractures requires specific attention to meticulous ana-
tomic reduction in order to avoid future AVN. Multiple surgical approaches can be
valuable, especially in comminuted cases, or if there is a combination between talar
body and talar neck fractures. In case of a combined dislocation, it can be very dif-
ficult to reduce the talus, and in these cases a medial malleolar osteotomy is advo-
cated. Infection, malunion or post-traumatic arthritis may be added to career-ending
complications for the football player.

15.8 Talar and Calcaneal Process Fractures
(Often Avulsion Type)

Fractures of both talar and calcaneal processes may be occasionally found and can
be mistaken for simple sprains. These are discussed below.
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15.8.1 Anterior Calcaneal Process Fractures

Although generally thought to be rare, studies have shown such fractures are often
missed as ankle sprains constituting 8—13 % of all calcaneal fractures and found in
up to 5 % of patients with a history of an ankle sprain and believed to be the result
of either an avulsion- or a compression-type injury. Extra-articular avulsion-type
fractures are commonly due to inversion plantar flexion and often seen in women
which may relate to the plantar-flexed position when wearing high-heeled shoe. The
‘nutcracker’ compression-type injury is associated with an eversion injury with the
foot in dorsiflexion [30]. Associated fractures of the talar neck, body of the calca-
neum and the metatarsals have been described, and there is an association with the
presence of previous ATFL injury and calcaneonavicular coalition. The latter is
thought to predispose to a stress-fracture type, with the relative lack of normal
movement resulting in increased stresses on the process, and has been reported in a
marathon runner [52] and a professional rugby player [59]. In the athletic popula-
tion, spontaneous development of foot pain may also be seen in stress-fracture-type
injuries [59], and in these patients the presence of pes planus or a stiff hindfoot
should raise suspicion. Patients will complain of pain in the dorsolateral aspect of
the foot with the possible inability to bear weight and associated swelling.
Localisation of pain 1 cm inferior and 3—4 cm anterior to the lateral malleolus is
suggestive of such fractures. Applying the ‘Gellman grip’, with the thumb on
the lateral malleolus and the middle finger on the base of the fifth metatarsal, brings
the index finger to point out the area of maximum tenderness. A lateral view of the
calcaneus would often show such injuries, but specialised views include a 45°
inverted oblique view or a 10-15° cephalad and a 10-15° posterior view. In the
athlete, we feel CT (and MRI) scans can show the fracture line, as well as associated
injuries and the possible presence of coalition (Fig. 15.1). In addition, they exclude
the presence of a secondary calcaneus secondarius ossicle, which is found in 2-5 %
of the population [64].

Classification is into three types (Table 15.1) [22]. Although good quality evi-
dence for the management of such fractures is limited, delayed diagnosis and treat-
ment has a negative effect on outcomes with regard to symptoms and union rates.
Symptoms may be persistent for over a year even when early treatment has been
initiated. The presence of non-union (0—40 % of cases) is prognostic of outcome, as
well as the presence of a type Il injury [22]. Some authors consider ORIF for type
IIT injuries, and we feel that in high-level athletes it would be advantageous for
allowing both healing and earlier return to sport. Although in the presence of a
stress fracture with associated coalition nonoperative treatment can be successful,
we feel that ORIF and excision of the coalition would limit the risk of non-union
and reduce the risk of refracture [59]. In the case of a professional rugby player, full
match fitness was possible 6 months after surgery [59].

Nonoperative treatment does vary greatly [67], but the use of a short-leg cast for
4-6 weeks with an increase in loading as symptoms dictate appears to produce gen-
erally satisfactory outcomes. The development of a non-union pseudoarthrosis is
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Fig. 15.1 Axial CT scan
slice demonstrating a stress
fracture of the anterior
process of the calcaneus in a
professional rugby player,
on a background of a fibrous
calcaneonavicular

coalition (Image

from Pearce et al. [59].
Copyright®2011 by and
reprinted with permission
of SAGE Publications)
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Table 15.1 Degan classification of fractures of the anterior process of the calcaneus

Type Description

I Undisplaced fracture of only the tip
11 Displaced fracture not involving the calcaneocuboid joint
1 Large displaced fracture involving the calcaneocuboid joint

not necessarily painful in most patients. Symptoms can improve for over a year in
about a quarter of patients [22], and it is important to wait before considering further
surgical management. In the case of a painful pseudoarthrosis, steroid injections do
not appear to be of any benefit, but an image-guided injection of local anaesthetic
can help decide on excision of the fragment if it proves to relieve symptoms.
Although excision was felt to never be indicated and potentially worsen, it was
shown to relieve symptoms in five out of seven patients [22], although recovery was
prolonged; the two patients that did not improve had a long delay in diagnosis

(22-24 months).
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Surgical access to the anterior process is through a lateral incision between the
tip of the lateral malleolus and the fifth metatarsal base, which can allow reduction
and fixation, excision, as well as resection of a coalition [59]. An image intensifier
is useful to identify the fracture site and also help with reduction and fixation; for
the latter we advise the use of a 3.0-3.2 mm partially threaded cannulated screw
with a washer. In high-level athletes we opt for early protected mobilisation. The
patient is kept non-weight bearing in a splint for 2 weeks, before a walker boot can
be applied and range of motion exercises of the ankle and hindfoot started. In cases
where fixation has been performed, the patient is allowed to partially bear weight at
this point and fully bear weight at 4 weeks, before free mobilisation is allowed at
week 6 based on clinical and radiographic findings. Impact activities are avoided
until 12 weeks when a CT scan is performed to confirm union. In our experience,
return to full training is possible by 15 weeks and full competition at 24 weeks [59].
When excision has been performed, patients are still protected in a walker boot for
4-6 weeks but allowed to bear weight as comfort allows after the second week once
the wound has healed. Patients are warned that resolution of symptoms may be
incomplete and prolonged [22].

15.8.2 Lateral Talar Process

The lateral process of the talus articulates with both the fibula and the subtalar joint,
with its tip forming the origins of the lateral talocalcaneal, cervical and bifurcate,
and in particular the anterior talofibular ligament. Although lateral talar process
fractures are considered rare, they have received increased attention recently
because of their increased frequency in snowboarding with a 2.3 % incidence of all
relevant injuries. In the general population, they are often misdiagnosed as lateral
ankle sprains, and a retrospective incidence of 0.86 % of ankle and 10.4 % of talar
injuries is seen. Although their reported association with football has been scarce,
we do occasionally see it in our practice. Stress fractures of the lateral process have
also been reported and present with non-resolving lateral ankle pain. Increased supi-
nation of the foot is a predisposing factor, with diagnosis made on CT scanning,
although bone scans will demonstrate increased activity in the area [9]. Although
there appears to be a reduction of symptoms over many months with nonoperative
treatment, reported cases did not always return to their previous level of activity
even if the fracture had healed. There is little evidence to suggest optimal treatment
for such injuries, but we believe delay in identification of such a stress fracture
would both delay return to a competitive level of activity and affect the footballer’s
function in the long term. Early identification using CT scanning is therefore impor-
tant: an initial trial of nonoperative treatment with non-weight bearing may be
attempted with repeat fine-cut CT scans to assess union. For the professional ath-
lete, however, with the need for early return to competition, fixation of the fracture
(£ bone grafting) should be considered.
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Table 15.2 Classification of lateral talar process fractures and suggested treatment [46]

Type

I Chip avulsion not extending to the talofibular articulation

I Single, large fragment extending from the talofibular articular surface to the posterior
talocalcaneal articular surface of the subtalar joint

1 Comminuted fracture

Such fractures should be considered in any footballer presenting with lateral
ankle pain in the acute setting. As a number of these injuries may be initially unde-
tected, it is even more important to exclude them in a footballer that has continuing
lateral ankle pain after an injury that has been managed as a lateral ligament com-
plex sprain. A detailed assessment of the mechanism of injury is essential, but there
has been controversy on how these injuries are produced. The commonly suggested
mechanism is one of forced dorsiflexion of the foot with associated inversion, but a
number of other studies are suggestive that dorsiflexion with external rotation or
eversion are more likely to cause this, and an inversion component during injury has
not been consistently shown. In the acute setting, examination findings are similar
to that of acute lateral ankle sprain, with tenderness about 1 cm anterior and inferior
to the lateral malleolus and possible inability to bear weight. In the chronic setting
there may be stiffness of the subtalar articulation. Although a number of classifica-
tions have been put forward, the one put forward by McCrory and Bladin appears to
better reflect outcomes and guide treatment [46] (Table 15.2).

Standard AP and lateral ankle radiographs should be obtained; internal rotation
(10-20°) mortise views may also often visualise fractures better, and it may be opti-
mal to perform these in plantar flexion and inversion [46]. A reverse Broden’s view
can be helpful to assess articular step-off; asymmetry or crookedness of the nor-
mally symmetrical V-shaped contour of the process on the lateral view is consistent
with a fracture, and the latter has been designated as a pathognomonic positive V
sign. Nevertheless, up to a half of fractures may not be detected, and their extent and
displacement may be underestimated. Bone scans may be helpful in chronic symp-
tomatic undetected injuries, but we feel that fine-cut (1 mm) CT scans are essential
to detect a fracture and also provide detailed information on its extend, comminu-
tion and displacement so as to optimise treatment (Fig. 15.2).

There is a lack of prospective, randomised studies to guide optimal management.
Consensus is that delayed diagnosis leads to a poor outcome and can lead to long-
term impairment, a high rate of non-union, bony overgrowth and degenerative
changes in 15-25 % of patients. Parsons reviewed 40 aggregated cases [57], and a
good outcome was seen in 12 of 20 (60 %) of nonoperatively managed patients
which included those patients treated conservatively or where the fracture was
missed. Conversely, they reported a good outcome in all 21 patients treated with
ORIF, closed reduction or initial excision. Non-union was associated with a poor
outcome and seen in 60 % of nonoperatively treated patients but only 5 % of aggres-
sively managed fractures. After excluding the missed fractures or early excision
cases, they showed that a period of immobilisation was still associated with a higher
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Fig. 15.2 AP and lateral plain films (a, b) showing a lateral process fracture (white arrows),
confirmed on coronal and sagittal (¢, d) CT images (Reprinted from Bonvin et al. [13], Copyright
(2003) from Elsevier)

non-union rate compared to operatively treated cases. Others similarly showed sig-
nificantly improved AOFAS hindfoot scores in their 14 patients that were treated
operatively, compared to the 6 who did not (97 vs. 85 points) [77].

From these and other reports [79], it is difficult to draw definitive conclusions on
the best management for such injuries but is important to consider the following in
the management of such injuries in the footballer: firstly, early diagnosis and man-
agement appear to optimise outcome and time to return to full activity, with surgical
management in displaced and/or comminuted injuries being of benefit. Secondly,
associated injuries need to be identified and managed accordingly. Lastly, athletes
need to be warned of a potentially long recovery, as well as the possibility that they
may be unable to return to their pre-injury level as well as the risk of development
of degenerative arthritis. The reported cases of stress fractures of the lateral process
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provide little information on best management and outcome [9, 49], but early iden-
tification may allow either a period of rest to allow fracture healing or surgical inter-
vention to fix the fracture and possibly reduce the time to return to sport.

Operative management involves a curved incision made from the tip of the fibula
towards the anterior calcaneal process, and the lateral process is exposed between the
anterior talofibular and calcaneofibular ligaments. Assessment of the process and
articulation is made, and excision of fixation can be performed. Fixation can be
achieved with 2.0 mm lag screws and/or 1.0 mm K-wires; in comminuted fractures a
2.0 mm T-plate has been used successfully as a buttress [77, 79]. The capsule is
repaired and any other associated injuries to the surrounding ligaments also addressed.
A concern of excising the lateral process is secondary instability of the subtalar joint.
We do not feel this is an issue, however: it has not been reported in the literature,
cadaveric biomechanical studies did not show this to be an issue [40], and on an ana-
tomic basis the only ligament contributing to subtalar joint stability is the lateral root
of the inferior extensor retinaculum that makes little contribution to the latter [57].

15.8.3 Posterior Talar Process

The posterior process of the talus articulates with the tibia superiorly and contrib-
utes significantly to the subtalar articulation inferiorly at the posterior facet. It con-
sists of a more prominent lateral (Steida’s process) and a medial tubercle with the
flexor hallucis longus (FHL) tendon running in the sulcus between them. Fractures
of either tubercle or the complete posterior process, although rare, have been
described and have been associated with sports injuries, including football [50, 58].
It has been common to misdiagnose these as ankle sprains initially, whilst the nor-
mal accessory os trigonum just posterior to the lateral tubercle can be erroneously
thought to be a fracture. In individuals that have an accessory os trigonum, a frac-
ture of the latter, or more commonly injury to its synchondrosis with the lateral
tubercle, can occur after injury that can lead to subsequent ‘os trigonum
syndrome’.

15.8.3.1 Fractures of the Lateral Tubercle and Os Trigonum Complex

The lateral tubercle serves as an attachment to the talocalcaneal and the posterior
talofibular ligament. An avulsion-type (Shepherd’s) fracture may be the result of a
plantar flexion and inversion force, whilst a compression-type fracture is usually the
result of the posterior process being squeezed between the posterior tibia and calca-
neum in extreme plantar flexion [58]. The same mechanisms can lead to injuries to
the os trigonum in individuals that have it [36]. Athletes will usually present with
pain and swelling in the posterolateral ankle. They will often describe the onset of
symptoms from kicking the ball and will have tenderness to deep palpation in the
area between the tendon of Achilles and the lateral malleolus and exacerbation of
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symptoms on plantar flexion of the ankle; compression of the fracture by the FHL
by dorsiflexion of the great toe can also be occasionally seen [36, 58]. A plain lateral
radiograph provides a good view of the lateral tubercle. Care must be taken when
reviewing the radiograph so as not to consider a fracture of the lateral tubercle as a
normal os trigonum. The latter when present usually has a smooth cortical rim,
compared to an irregular outline in the case of a fracture of the tubercle. Fractures
of the os trigonum can also be found, but are rare. A fine-cut CT scan is useful to
identify fractures and assess displacement, but an MRI scan is also advisable to
identify possible bone bruising or injury to the synchondrosis between the os trigo-
num and the lateral tubercle.

15.8.3.2 Fractures of the Medial Tubercle

Fractures of the medial tubercle are rare and can occur due to avulsion by the pos-
terior talotibial ligament (posterior aspect of the deltoid ligament) by dorsiflexion
and eversion (Cedell fractures), or by direct compression of the process as above or
with impingement of the sustentaculum tali in supination. In contrast to lateral
tubercle injuries, pain and swelling is usually present between the tendon of Achilles
and the medial malleolus, but there may be limited pain on walking or moving the
ankle. It is difficult to visualise fractures of the medial tubercle on plain AP and
lateral radiographs and has been suggested that the addition of two oblique views at
45° and 70° of external rotation may significantly aid detection prior to resorting to
a CT or MR imaging.

15.8.3.3 Fractures of the Entire Posterior Process

Fractures of the entire posterior process of the talus are rare but are significant in
that they can affect two articulations, the tibiotalar and the subtalar, with the poste-
rior process contributing a quarter of the articulation with the posterior facet of the
calcaneum. Fractures can occur due to direct trauma or compression between the
posterior tibia and calcaneum with extreme plantar flexion and tend to be associated
with high-energy injuries. An inversion component to the mechanism has also been
suggested, as well as injuries occurring with the foot in inversion and plantar flex-
ion. Plain radiographs usually demonstrate these more obvious injuries, but frac-
tures can often be missed, unless there is a high index of suspicion. It is important
to assess for associated injuries, such as subtalar dislocation which has been
described, and it is felt that CT imaging is essential in order to identify the fracture,
assess its extend and displacement, exclude other injuries and identify the presence
of small fragments (<1-2 mm) in either articulation that may not be obvious on
plain films. Early diagnosis and management is paramount for these injuries as
delay in diagnosis appears to be detrimental to the outcome. Avulsion fractures of
the tubercles are commonly extra-articular and can be treated nonoperatively if
undisplaced or minimally displaced, using a non-weight-bearing below-knee cast in
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neutral or 15° equinus for 4-6 weeks, followed by mobilisation and weight bearing
as tolerated. Nevertheless, in one series, two thirds of patients continued to have
pain and less than 10 % responded to further immobilisation and steroid injection.
If the fracture site continues to be painful, proprioceptive and muscle-strengthening
exercise with custom-made orthotics can help with the resultant posteromedial pain,
but late surgical excision (at 4-6 months) can provide good results and return to
sport in the majority of patients [17, 38, 68]. Although fractures of the os trigonum
are rare, treatment in a below-knee cast for 3 weeks has been shown to be successful
with resolution of symptoms at 6 weeks [39]; symptomatic non-unions have been
reported which responded well with excision of the os trigonum [2]. From the
results above, it is felt that if the fragment is >2 mm and/or interferes with the articu-
lation, operative fixation would be preferable. Significant displacement of the frac-
ture or extension into the talar body would also benefit from this in order to avoid
painful non-union, tarsal tunnel syndrome, posterior impingement of the FHL and
degenerative changes due to the intra-articular displacement or the presence of
small displaced fragment(s) trapped in the joint. Fractures of the entire process,
although rare, do not appear to do well with nonoperative treatment with high inci-
dence of non-union and early degenerative changes [54], but in the reported series
of four patients, there was significant delay in diagnosis and early unprotected
weight bearing was allowed. Early ORIF has, nevertheless, been shown to provide
satisfactory outcomes and has been recommended.

Open reduction and internal fixation has been recommended, and fixation with
K-wires or interfragmentary compression screws, with cannulated headless com-
pression screws, showed satisfactory results. Both the posterolateral and posterome-
dial approach may be used. In the former the sural nerve is at risk, whilst others use
the posteromedial approach protecting the neurovascular bundle in the tibial tunnel
which may provide good access to the fracture as well as the ankle and subtalar
joints. The use of a medial malleolar osteotomy has been described, but it is felt that
it may cause unnecessary injury to the distal tibia. Late fixation or excision can also
be surgically approach in a similar manner, whilst arthroscopic excision is an option
in those experienced with posterior ankle arthroscopy. In cases of late fixation,
6 weeks in a non-weight-bearing cast is recommended, whilst in patients who
undergo excision, early mobilisation at 7-10 days is recommended once soft tissue
healing is achieved to minimise stiffness.

15.9 Paediatric and Adolescent Fractures

The development of the youth game and football academies places significant
injury risk to young people involved in the sport, and the potential consequences
on the immature growing and the transitional skeleton with regard to development
of deformity and premature degenerative changes can be devastating. Particular
aspects have to be considered: ligaments and tendons are stronger compared to
bone, and injuries result in different injury patterns compared to adults, with often
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fractures propagating through the relatively weak physeal/apophyseal areas with
the relatively stronger ligaments remaining intact. In addition misdiagnosis is not
uncommon, as interpretation of plain radiographs can be difficult in the presence
of growth plates, with nontraumatic conditions often confusing the clinician
Finally, as physeal areas mature and become partially closed, specific patterns of
so-called transitional-type fractures are seen. A thorough history and examination
are essential but may be difficult, as children may be poor historians and symp-
toms may not be as localising. The accuracy of Ottawa ankle rules in children over
the age of 5 years has been demonstrated, but if interpretation is difficult, compari-
son views of the contralateral ankle are helpful. Both CT and MRI can be helpful
with the latter being advantageous in view of the lower radiation exposure and that
its ability to demonstrate concomitant soft tissue, physeal and osteochondral inju-
ries. Fractures around the ankle in children and adolescents can be described by
their anatomic location. Dias and Tachdjian [23] have modified the Lauge-Hansen
classification for paediatric injuries taking into account the mechanism of injury
and the involvement of the physes, whilst the commonly used Salter-Harris clas-
sification is helpful in communicating the type of injury and can have prognostic
value. Transitional fractures of the distal tibia are classified into either two-plane
type with no involvement of the metaphysic (such as Tillaux fractures) or triplanar
fractures; the latter are subdivided into ‘triplane I (with a metaphyseal fragment)
and ‘triplane I’ (where both epiphysis and metaphysis are involved). There is
limited data on what is the best management for fractures around the ankle in
paediatric and adolescent patients with regard to football and sports, but recent
reviews from general studies suggest that the following are important aspects in
optimising management, and we encourage the reader to consider these evidence
and recommendations [10, 82]:

1. Decision on management should take into consideration the type of fracture,
degree of displacement and restoration of normal alignment.

2. Adequate analgesia is important especially in the younger patient.

3. Internal fixation is not needed if satisfactory closed reduction is achieved and
maintained.

4. Displacement and articular gap of greater than 2 mm have been associated with
worse outcomes and should be reduced.

5. Although there is no significant evidence that multiple closed reduction attempts
will increase the risk of physeal injury and growth arrest, it is encouraged to
achieve reduction in one attempt under sufficient sedation or anaesthesia. This
should be timely done as injuries older than 1 week are at increased risk of phy-
seal injury.

6. Inability to reduce the fracture in a closed manner should alert the surgeon to the
likelihood of soft tissue interposition; once the latter is removed, the fracture is
usually both reducible and stable, with internal fixation often not necessary espe-
cially for Salter-Harris type I and II injuries.

7. Fractures or severe axial load injuries in the immature ankle should have follow-
up for at least 1 year to detect any growth disturbance.
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8. If fixation is necessary, K-wires or small fragment screws may be used, but con-
sideration should be taken to minimise further damage to the physis. Removal of
metalwork will often be necessary and advisable when transepiphyseal screws
are used. Bioabsorbable implants have thus been used by some and been shown
to be safe and effective and avoid the need, risk and costs of a second procedure
to remove metalwork. The use of screws crossing the physis in transitional
injuries has not been shown to have a negative effect on the overall outcome of
such injuries.

9. Initial protection in a non-weight-bearing cast for 4 weeks followed by the use of
a non-weight-bearing removable boot with initiation of range of movement exer-
cise for 2—4 weeks afterwards (depending on the degree of injury) appears to be
safe and consistent with good outcomes.

It appears that as long as displacement of >2 mm is addressed in transitional-type
fractures, with the majority of these occurring during the last 18 months of growth,
these have good to excellent outcomes and the majority of patients were able to
return to sport [81]. Follow-up of injuries for at least 1 year is important: growth
arrest and physeal bar development can be detected and potentially addressed.
Realignment osteotomies to address angular deformity (of which the acceptable
limit has not been clearly defined), bar resection when there is <50 % of physeal
involvement with >2 years of residual growth and contralateral epiphysiodesis have
been shown to be useful procedures to address problems. Such treatments should be
decided and provided by surgeons experienced in dealing with such problems.
There is limited evidence on the time to return to sport in youth football players; it
appears, however, that most can return to sport and in our experience return to train-
ing is possible at 2-3 months and return to full contact sport at 4-6 months.

15.10 Role of Arthroscopy

Arthroscopic management for chronic pathology after ankle fractures has showed
significant benefits, and although evidence on its use in the acute setting is limited,
we feel there is an important role for its use as an adjunct to the management of
fractures in the injured footballer, in both aiding diagnosis and optimising manage-
ment [12]. Its proposed advantages in the management of ankle fractures include its
minimally invasive nature and its ability to directly visualise the articulation, allow-
ing the diagnosis and treatment of concomitant pathology that may not be obvious
on other assessment and which may present with ongoing symptoms and hinder
rehabilitation and return to competition.

A substantial proportion of osteochondral injuries after an ankle fracture may
not prove symptomatic in the long run. Although one prospective randomised trial
showed no difference in outcome between patients that had arthroscopy and manage-
ment of articular damage at the time of fixation and those that did not [74], others in
a larger prospective randomised trial of 72 patients showed a statistically improved
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AOFAS score (91.0 vs. 87.6) in patients that had arthroscopically assisted fixation
[72]. As articular damage following an ankle fracture may be an independent pre-
dictor of the development of post-traumatic arthritis, with severity of the defects
and their position on the anterior and lateral aspects of the talus and on the medial
malleolus having the worst long-term outcomes [69], arthroscopic assessment at the
time of fracture would be advantageous in predicting long-term outcome.

Injury to the syndesmosis after an ankle fracture is seen in 47-66 % of patients
and can result in ongoing ankle problems. Intraoperative stress views are more reli-
able compared to plain radiographs at detecting definitive instability, but borderline
instability or partial injury to the syndesmotic complex without instability is diffi-
cult to detect. MR imaging has been shown to provide accurate information with
regard to the presence of a syndesmotic injury but has a significant false-positive
rate, whereas arthroscopic assessment has been shown to be more sensitive and
specific [71]. In addition, extra-syndesmotic fibres of the ruptured ligaments which
may go on to produce chronic pain and impingement can be debrided. Good to
excellent results have been reported in a number of studies where arthroscopic
assessment (with fixation) and/or debridement was used to manage such injuries,
and arthroscopic evaluation can detect sagittal and rotational instability that is not
obvious on intraoperative stress radiography [44].

Arthroscopic reduction and internal fixation (ARIF) of various fractures around
the ankle has been described in small series or case reports. The obvious benefits
would be the reduction in damage to the soft tissue envelope and blood supply to the
area, the reduced likelihood of infection, the improved visualisation and the accu-
rate restoration of the articular surface. Concerns certainly exist with regard to the
increased surgical time and surgeon-dependent ability and skill to successfully use
the technique, as well as the associated soft tissue swelling. Indeed, a leg anterior
compartment syndrome following ankle arthroscopy after a Maisonneuve fracture
in a football player has been reported [32]. ARIF has been described for fractures of
the talar body, talar neck or process, the distal tibia, malleolar and transitional frac-
tures. Hindfoot process fracture excision when symptomatic is also possible.

Fibrous tissue formation related to remnants of torn ligaments and capsular tis-
sue, including those from the syndesmotic, ATFL and medial deltoid ligaments after
an ankle fracture can cause impairment in ankle function through impingement.
This responds well to arthroscopic resection at a later stage. Arthroscopic evalua-
tion and debridement at the acute stage would likely be beneficial, but evidence to
support this at the moment is limited.

15.11 Rehabilitation

Rehabilitation is a central aspect of management of ankle fractures in the foot-
ball athlete. Although some of the evidence for best post-fracture management
for specific injuries has been mentioned above and mentioned in detail elsewhere
(Chap. 13), we feel that a close relationship with the rehabilitation team is essential
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to get the athlete back to competitive sport as early and as safely as possible. We
encourage strict elevation for the first 2 weeks after injury or an operation as well as
early range of motion exercises as soon as safely possible.

15.12 General Outcomes and Time to Return to Competition

Outcomes from the general population cannot be directly extrapolated to foot-
ballers, who usually receive better and more intense rehabilitation, tend to be a
healthier and younger group, and their safe and prompt return to a highly demand-
ing level of activity is paramount. Evidence on outcomes on the rarer fractures
around the ankle (i.e. process and talar fractures) in football is scarce and has been
discussed earlier. Some evidence on the more common malleolar-type fractures has
been documented and allows for some conclusions to be made. It has to be noted
that a number of studies reporting time lost from training and competition provide
limited information, as they often group ankle injuries depending on severity in
general, with that severity of injury often being defined by the time to return to sport
(rather than the type of injury, e.g. fracture per se).

Although surgical treatment may allow a more rapid recovery, with earlier weight
bearing and functional rehabilitation providing a speedier return to normal daily
living and work, a recent systematic review looking at surgical vs. conservative
intervention for treating ankle fractures in adults concluded that there is not suffi-
cient evidence to determine whether either type of treatment provides better long-
term outcomes [24]. The review, however, only identified four controlled trials (292
adults with displaced ankle fractures) from the general population with significant
issues assessing these in view of significant variations and limitations in the types of
patients, the surgical and rehabilitation protocols applied, the outcomes reported
and the duration of follow-up, whilst the risk of bias was unclear or high in general
with studies not being of a sufficient size to detect differences. Colvin et al. looked
at the ability of 243 patients who underwent operative fixation of an unstable ankle
fracture to return to ‘vigorous activity’ and sport [21]. Younger, healthier and male
patients were more likely to return to sport. At 1 year, although 88 % of recreational
athletes were able to return to sport, only 11.6 % of competitive athletes were able
to do so, with those with bimalleolar fractures being more likely to do so compared
to those with unimalleolar fractures. The study was limited, however, in that it ret-
rospectively looked at self-reported outcomes from a general trauma population and
did not control for the type of sport; patients were kept non-weight bearing for
6 weeks and not allowed to return to sport earlier than 3 months [21]. It is suggested,
nevertheless, that the surgical management by open reduction and internal fixation
of unstable fractures of the ankle in athletes may provide a number of advantages.
Firstly, it would avoid the issues with the significant proportion of these that would
displace and require surgical treatment anyway, and thus delay recovery. Secondly,
it can ensure anatomic fracture reduction and articular surface restoration. Finally,
it can allow early range of movement exercises and weight bearing (within
1-2 weeks of fixation) and a more rapid recovery and return to sport [60].
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Table 15.3 Time (in weeks) athletes required the use of rehabilitative devices and time when
athletes were able to resume activities in 27 athletes with ankle fractures that underwent ORIF

Classification N Crutches Boot Brace Daily living Practice  Competition
Lateral malleolus 6 13+0.5 3.0+09 43%3.8 1.2x08 5.0+09 6.8+24
fracture

Medial malleolus 2 20x14 2.0x14 7.0x14 2.0+0.0 12.0£5.7 17.0+9.9
fracture

Bimalleolar fracture 10 3.7x1.6 3.7x2.0 4.2.+22 1.0+0.5 10.9+£4.0 12.7+4.0
and equivalent

Syndesmosis 4 33+x1.0 23+1.3 6.8+6.1 0.8+0.5 13.5£2.5 15.8+1.7
disruption injury

Salter-Harris-type 4 2.0+0.8 3.5+1.7 9.0x1.2 1.0+0.0 6.3+1.3 85%1.0
fracture

Pilon fracture 1 4.0 2.0 2.0 1.0 8.0 16.0

From Porter et al. [60]. Copyright®2008 by and reproduced with permission of SAGE Publications

Studies specifically looking at ankle fractures in athletes are limited [25, 56, 60,
80] but appear to demonstrate that a successful return to high-level competition
should be expected. One study of three professional American football players
showed that all returned to their pre-injury level [25], and this was the case in
another reporting the results of surgical treatment of ankle fractures in three
American football players and one football player [80]. In another study looking at
the time lost from play in foot and ankle injuries of Turkish professional football
players, the three patients with surgically treated ankle fractures were all able to
return to sport [56]. Time lost was 150 days for two footballers (one with a
Maisonneuve fracture and one with a lateral malleolar fracture with deltoid rup-
ture), whilst the patient that was treated for a lateral malleolus pseudoarthrosis took
200 days.

Porter et al. detailed their management, rehabilitation and outcomes in 27 ath-
letes with ankle fractures that underwent ORIF (including repair of any injured
ligaments) either for displacement of >3 mm or if the athlete was ‘especially enthu-
siastic’ for an early return to sports [60]. The most common sport injuries were in
American football (10 athletes) and baseball (3 athletes), but included two athletes
involved in football. At an average follow-up of 2.4 years (12 months to 3.7 years),
athletes reported an average 96.4 % functional rating compared to their pre-injury
level, with 12 athletes rating their ankle as 100 %. Early rehabilitation and ambula-
tion was encouraged, which included the use of an ankle Cryo/Cuff™ and walking
boot, with athletes encouraged to bear weight within a week but protected in the
latter. The ability of athletes to be weaned of their rehabilitative devices and the time
required to reach activity goals are shown in Table 15.3. Those athletes with isolated
Weber A and B isolated lateral malleolar fractures were able to return to sport the
quickest, with return to full activity as early as 4 weeks; only two of the six athletes
did not rate their ankle 100 % in view of either flexibility or decreased stability
issues. There were only two athletes with isolated medial malleolar fractures, who
both had their deltoid ligament repaired at the same time; return to competition for
them took longer on average, with one patient taking 24 weeks to return to moto-
cross racing. Athletes with bimalleolar fractures required 12.7 +4.0 weeks to return



182 K.I. Eleftheriou et al.

to competition, with syndesmotic and pilon fractures taking slightly longer. The
authors did not document the recovery of patients with stable and undisplaced frac-
tures that underwent nonoperative treatment, and although there is a lack of guid-
ance evidence with regard to outcomes and return to competition in athletes with
such injuries, we feel that as early rehabilitation and ambulation would be possible
in such cases, similar return to sport should be expected.

15.13 Conclusion

The incidence of fractures is small and less than 3 % of all ankle injuries in the
modern professional game. Optimum management for the higher-level football
player has to address the demand for early and safe return to a high level of activity,
but as discussed above, the evidence for best practice in for the sport is limited.
A thorough history, examination and adequate imaging are essential to correctly
diagnose injuries and decide on best treatment. Early rehabilitation can allow early
return to sport within 2—4 months. Surgical reduction when indicated and provision
of stability by fixation can allow this and appear to be advisable to optimise both the
outcomes and return to completion in football-related ankle fractures.
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Chapter 16
Interview — Leonne Stentler

Pieter P.R.N. d’Hooghe and Gino M.M.J. Kerkhoffs

Abstract Leonne Stentler is a Dutch female football player that played for SV
Bolnes and with RVVH before she changed to ADO Den Haag in the season
2007/2008 to play in the Dutch professional league. In the season 2011/2012, she
won the “double,” the championship, and the national cup with ADO Den Haag.
She changed to play with Ajax in the season 2012/2013. Leonne made her debut in
the national team in 2009.

Next to her football career, she is a successful master in communication science
at the University of Amsterdam and writes a thesis on successful communication
measures in prevention of injuries in female football.
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¢ What is the most important for an ankle-injured player to experience from his
staff to be able to cope with his rehabilitation? What advice can you give to
ankle-injured players?
The most important to experience from the staff is the feeling that the injury is
taken very seriously. They should give you the idea that they would do anything
possible to help you recover; this leads to the fact that you as an injured player
will feel confident that you will fully recover. Whether it is a relatively small or
big injury does not really matter in this case. As an injured player, you have to
rehabilitate by yourself, but the physiotherapist and doctor can really add a lot
of positivity by taking your injury seriously. Some players are more touchy than
others, but overall the main thing that a physiotherapist should do is give him or
her the idea that theyre not alone. Beside this, I always like to have clarity about
the injury and the time it will take to recover. Physiotherapists and doctors can
improve the mental state of a player in a later stadium by creating a personal
recovery plan based on the growth and goals.
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My advice to injured players is to always communicate about the aches and
feelings that you have. That way the doctor and physiotherapist can help you
recover most efficiently. Also when you’re having a day in which you feel men-
tally lost, the physiotherapist can always try to help with different exercises or
some extra rest whenever you inform him or her. Clarity is important so when
you have the feeling that you’re not fully informed, just make sure you’ll ask the
doctor or physiotherapist.

Being injured for a longer period can really be a mental battle. Some periods will
be easier than others. Physiotherapists and doctors can, besides providing medi-
cal care, really help by supporting players in general during these times.

* What is a good team doctor/medical staff for you, and what do you expect from
them?
A good medical staff makes sure that they will always be approachable, helpful,
and forward thinking. Whenever they’re not sure about specific complaints, they
should be open to ask help from specialists. Clarity toward injured players is also
highly important, to make sure the players feel that they are being taken seriously.

* How do you experience your current ankle rehab, and how did you manage to
stay positive?
I have had some minor setbacks during my rehab so far. Of course I had some bad
days finding it difficult to accept the next periods in which I would not be able to
practice my sport. I managed to stay positive by not thinking in longer periods
anymore. I have really learned to live day by day and hold on to really small
improvements. Thereby I always had the feeling that the medical team around me
did everything they could to help me recover. Everyone involved with my treat-
ment supports me in the best possible way. As an injured player, that is really
what you wish for, being taken seriously by the doctor and physiotherapist.

* Did the medical setup in female football change the last 10 years, and what do

you think about the evolution seen? Do you experience differences in the medi-
cal setup if you compare this to the male football?
The medical setup in female football changed because the whole competition setup
changed. Instead of amateur clubs, the top league consists of professional clubs.
Therefore, financially there is more possible, but this still depends on which club
you represent. My former club did not have the same medical facilities as Ajax has.
The medical staff that I work with now is similar to the medical staff of a national
women squad, a doctor and two physiotherapists. A few club teams have the same
facilities as Ajax. But in general the medical staff in female football is very much
less professional comparing to male football. This has everything to do with the
financial state. For example, some clubs in the top league have difficulties finding
a decent physiotherapist because they cannot provide a normal salary.

* Do you think you are performing enough ankle injury prevention strategies for
your ankle in your daily workout?
[ think I can perform more injury prevention strategies for my ankle in my daily
workout. But I also think that the main injury prevention strategies that I do
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perform are based on the different physical characteristics comparing to the
male body. The attention in prevention strategies is now particularly based on
knee injuries, and we are performing a lot of core stability.

* What’s your philosophy on ankle injury prevention?

My philosophy has definitely changed in the last few years. In female soccer,
injury prevention strategies are still in a state of development. That is mainly due
to the soccer environment in the Netherlands that is getting more and more pro-
fessional. I play with Ajax now, where we have a really professional medical
staff. Performing your injury prevention programs is now normal, especially
comparing to a few years ago, when I did not perform any of these strategies.
I now believe that I can prevent a lot of injuries by doing these programs, espe-
cially when these are developed based on personal characteristics and goals. At
Ajax, we have this possibility, and I hope that this will be a normal environment
in all the top league clubs where female soccer is established.

* You're a student on the University of Amsterdam, and in your master in com-

munication science, you’re also involved in communication on injury preven-
tion; could you update us on your project and give your ideas on this important
topic?
So far, my research will be based on neuromuscular exercises. I will examine
whether there is a difference in effectiveness between messages that instruct
these exercises. The differences of the messages will be based on the use of a soc-
cer celebrity versus noncelebrity x gain or loss frame. The dependent variables
will inter alia contain neuromuscular behavioral attitude and intention. I will
definitely share my conclusions when I have finished this research.

* Are the new generations of artificial grass, newer football shoe designs, and new
training strategies beneficial to avoid ankle injuries in your opinion?
When I have to choose between artificial grass and natural grass, I will always
choose natural grass. I believe that despite the latest improvements, artificial
grass is not beneficial to avoid injuries. My body has a lot more difficulties to
recover after playing a match on artificial grass. Artificial grass sure has a lack
of natural cushioning that your body needs during a soccer game or practice.

I believe the newer football shoe designs can contribute. Earlier I would play
on shoes that didn’t completely fit my feet. Nowadays the designers have really
improved the fit of soccer shoes. Some designs do not provide the support you
sometimes need, but every player has got his or her own wishes. The increased
number of choice makes it possible for everyone to get a shoe that really meets
all your needs. Some brands even provide specific female soccer shoes, way
to go!

In my opinion the latest developments in research and associated training
strategies in female soccer are really beneficial. There are some specific female
soccer injuries which can be more avoided now. The more physical characteris-
tics are known, the more specific training strategies can be developed. Through
this, specific injuries can be avoided even more in the near future.
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* Do you believe that your sport will cause early joint problems (in your ankle)
after your career?
Yes I do believe that my sport will cause early joint problems, in my opinion you
can’t completely avoid this. Sometimes you take risks by, e.g., continuing to play
while you are suffering from injuries. Football simply is a sport with increased
risk, and I keep in mind that I possibly continue to suffer from old injuries. On
the other hand, in my case, the facilities that I can use help me to be as fit as pos-
sible. When I would not play at the highest level and did not have these facilities,
the probability that my sport would cause early problems would certainly
increase. Therefore, the differences in facilities are way too large within female
soccer.

¢ Who will win WC 2014 in Brazil?
The Netherlands

¢ Who will win WC 2015 in Canada?
United States
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Fifth Metatarsal Stress Fractures in Football

Hanneke Weel, Simon Goedegebuure, Pieter P.R.N. d’Hooghe,
and Gino M.M.]J. Kerkhoffs

Abstract Fifth metatarsal stress fractures are potentially career-ending injuries for
professional football players and are therefore considered a high-risk stress fracture.
Reported incidence among football players is relatively high. This metatarsal stress
fracture usually appears in the proximal part of the bone. The lack of vascularization
in the proximal part of the bone could be a reason for the healing problems. Surgical
treatment seems preferable with a median time to return to sports after 14 weeks.

Keywords MTS5 fracture * Football

17.1 Introduction Including Epidemiology

Stress fractures of the proximal fifth metatarsal (MT-5) are reported in football
[1, 2] accounting up to 78 % of all stress fractures in football players [3]. A survey
among club doctors of premier and first league professional football clubs in the
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Netherlands showed that every professional football club can expect a fifth metatar-
sal stress fracture each 6 years. This is comparable to the number of fifth metatarsal
stress fractures found in the UEFA football players database where the expectation
is one-fifth metatarsal stress fracture among the players of a professional football
club each 5 years [2]. Mostly young adolescents are affected, possibly due to a rapid
rise of exercise intensity. The impact of this fracture can be severe in professional
athletes, and it is potentially career ending. Union problems and refractures are
frequent. From a treatment point of view, the most important is, especially in profes-
sional football players, a quick return to sports at former level. Knowing this, a
stress fracture of the fifth metatarsal needs to be well understood by medical and
paramedical individuals involved in football.

17.2 Functional Anatomy

The fifth metatarsal is a rather non-curved toe, marking the lateral part of the foot
[4]. The tuberosity is very well recognizable on the outside of the foot. In this proxi-
mal area of the bone, a lot of adjacent structures are present. Some are firmly con-
nected to the proximal fifth metatarsal. The most described structures of interest in
this area are the ligaments to the surrounding bony structures, e.g., with the cuboid
bone and the fourth metatarsal. Also attachments of the peroneal tendons are
described (e.g., peroneus brevis, tertius, and sometimes fibers of the longus) and so
are the insertions of the m. abductor digiti minimi and m. flexor digiti minimi [5].
Sometimes fibers of one or more of these structures are woven with parts of the
lateral plantar fascia, which is also connected to the proximal fifth metatarsal [5, 6].
In the distal part of the fifth metatarsal, only weak muscles insertions and transverse
ligaments are presented [7].

The vascularization of the bone has been identified in a cadaver study of 56 ft [8].
This study verified the results of previous studies by describing a so-called water-
shed area [9]. This watershed area is a zone just proximal of the tuberosity, in the
metaphysic, where the blood supply is not optimal. The proximal part is provided of
vascularization by +/— 3 different arteries. One single nutrient vessel enters the
diaphysis on an average of 27 mm from the medial aspect of the base of the fifth
metatarsal and provides the intraosseous blood supply distally from there. Retrograde
branches are responsible to provide the proximal metaphysis of blood. In this study,
100 % of the nutrient arteries arose from the fourth plantar metatarsal artery.

17.3 Etiology and Injury Mechanism

Stress fractures are overuse injuries and also called fatigue fractures. The etiology
differs from a “normal” or traumatic fracture. A stress fracture develops over time
and is therefore more like an overload injury. The damage caused by repeated forces
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Fig. 17.1 Typical fifth meta-
tarsal stress fracture

on the bone outruns the remodeling capacity, resulting in microfractures, a weak
spot, and eventually a fracture [10-12]. Compared to normal fracture, stress frac-
tures do not seem to heal via callus formation, but more by primary bone healing
with remodeling across the fracture line [10, 13, 14] which is a slower process,
sometimes even progressing to complete fractures and refractory healing as similar
to nonunion [10, 14].

Several theories about anatomical risk factors like cavovarus foot [15, 16] and
curved type MT5 bone in the medial oblique radiograph [16] have been reported.
Although, firm evidence for either one of these anatomical variations is still
lacking.

Stress fractures usually appear in the proximal metaphysic of the bone (Fig. 17.1).
This is the location where the watershed area is present. Distinction from other
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fractures of the proximal part of the bone is important, because of the discussed dif-
ferences in genesis of traumatic fractures and stress fractures. This implicates a
different approach, treatment, and time to return to sport [17].

17.4 Clinical Examination

Patients suffering a fifth metatarsal stress fracture often do have a history with pro-
dromal symptoms. These symptoms include a dull pain in the lateral part of the foot
around the tuberosity which is usually aggravated during walking or sportive
actions. The prodromal symptoms eventually worsen after an acute moment of
severe pain; in other cases they have a more chronic character and are worsening
gradually. The athletes who recently increased their training intensity and are of
adolescent age are at risk to develop a stress fracture.

When performing physical examination, notice that the tuberosity of the fifth
metatarsal is a marker of the lateral foot. Patients could have a swollen area, some-
times colored red. They could suffer from pain when performing axial forces in the
metatarsal bone and local pressure on the tuberosity of the fifth metatarsal.

17.5 Diagnostic Imaging

A stress reaction and sometimes a stress fracture are not always seen on standard
AP-3/4 footprint views. In the early stage of the injury, the fracture line could be too
vague to distinguish. An MRI or CT scan can be of help at this stage. When prodro-
mal symptoms exist for a longer period of time, the fracture can have progressed
into a stress fracture well recognizable on an X-ray by a radiolucent fracture line
and evidence of a sclerotic intramedullary cavity, with or without a thickening of the
affected cortex. The fifth metatarsal stress fracture is usually located just distal from
its tuberosity, in the proximal metaphysic of the bone (Fig. 17.1).

17.6 Classification

The distinction and interpretation of stress fractures and other fractures to the
proximal part of the fifth metatarsal can be difficult. Besides stress fractures, avul-
sion and Jones’ fractures can occur in the proximal part, both with an acute origin.
Though some claim that differentiation between these fractures is not necessary
[18], a recent review showed a difference in outcomes between these fracture

types [17].
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Table 17.1 Torg classification for proximal fifth metatarsal fractures (Torg 84)

Type Radiographic characteristics

T1, Torg 1 No intramedullary sclerosis, a fracture line with sharp margins, no widening or
radiolucency, minimum cortical hypertrophy, or evidence of periosteal reaction
— acute fracture

T2, Torg 2 Fracture line involving both cortices, associated periosteal new bone, a widened
fracture line with adjacent radiolucency and evidence of intramedullary sclerosis
— delayed union

T3, Torg 3 Wide fracture line with periosteal new bone and radiolucency, complete obliteration
of the medullary canal at the fracture site by sclerotic bone — nonunion

Existing classifications of fractures of the proximal fifth metatarsal are the Torg
classification [19], zones according to Lawrence and Botte [20], and the plantar gap
[21]. These classifications might help to predict outcome and guide treatment. For
example, a plantar gap of more than 1 mm or Torg 2 or 3 fractures are likely to have
a prolonged healing time [21]. It seems that the Torg et al. classification [19] is the
most easy to use in clinical practice (Table 17.1); the Torg classification makes a
clear distinction between acute fractures (T1), a delayed union or stress fracture
(T2), and a nonunion (T3). Another radiological classification for stress fractures
has recently been introduced [22] and has yet to prove its value. This system is not
location specific, but useful to understand the fracture, although a particular stage is
not associated with treatment.

17.7 Treatment

17.7.1 Conservative

In the developing stage, rest from activities can provide the bone some time to
remodel and heal the microfractures before a definite stress fracture exists. After all
the origin of a stress fracture is overloading; training intensity should be deliberated
in order to prevent this type of fracture. Unfortunately, this preventive approach is
not always possible, because of match-play pressure or because the stress reaction
has already turned into a stress fracture. Conservative treatment is possible if the
football player can manage the pain and can still play despite it. According to the
biology of a stress fracture, a possible theory would be that when one keeps on play-
ing, a total fracture could occur. This means a fracture more like a traumatic fracture
and thus with more intention to heal. Keep in mind that the proximal fifth metatarsal
is a high-risk stress fracture due to the localization in a watershed area. When not
treated, healing problems could occur due to the lack of vascularization at the spot.
Alongside continuation of playing football, conservative treatment varies from limi-
tations of activities to non-weight-bearing cast immobilization. Average time to
return to sports is reported to be 24 weeks [17].
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17.7.2 Operative

In a recent review [17] about weighted averages of time to return to football and
combined with the opinion of an expert panel, surgical treatment is suggested as
first-choice treatment for professional football players. In this review an average
time to return to sports of 12 weeks was found after surgery. A specific prospective
study among professional football players [2] supported these results. When surgi-
cally treated, a faster healing, less refractures, and nonunions were found. Advice is
to revitalize the fracture surfaces prior to fixation. Performed surgical techniques
varied but are mostly based on providing compression by means of an intramedul-
lary screw fixation, tension band wiring, or plating. None of these techniques has
proven superiority in research.

17.8 Rehabilitation

Not much evidence is available about rehabilitation of fifth metatarsal stress frac-
tures in football players after surgery. Theoretically the fracture is stabilized and
thus ready for function after care. When fixated and stabilized, the fracture can be
loaded even when complete union is not fully achieved. This advantage of surgical
treatment shortens the time to return to sports and is of great importance for the
demanding professional football player.

Because the hypo-vascularization zone in which the stress fracture of the fifth
metatarsal is located, keep in mind that possible healing problems can occur. Due to
this, a stress fracture of the fifth metatarsal still has career-ending potentials. This
information should be explained to all patients in order to avoid disappointments.
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Chapter 18
Acute Achilles Tendon Rupture

Jon Karlsson, Nicklas Olsson, and Katarina Nilsson Helander

Abstract Total Achilles tendon ruptures are most common in racket sports, and the
incidence in football is low. Most footballers who sustain a total Achilles tendon
rupture are recreational players around 40 years of age. This injury also occurs in
top-level players, although not frequent. The diagnosis is made by clinical evalua-
tion, and only in few cases MRI and/or ultrasonography are needed to establish the
diagnosis. Treatment can be either nonsurgical or surgical, and in active football
players surgical treatment is recommended. The main reason for surgical treatment
is restoration of tendon length and improved muscle strength. The recommended
surgical treatment is mini-invasive approach, with end-to-end suture using stable
sutures and local adaptation of the tendon gap. Early range of motion (in some
cases, even without plaster or brace) is recommended. A recent study revealed a
rerupture rate of O % using this technique. During the last decade, major improve-
ments in terms of rehabilitation have shown promising results.

18.1 Background

Achilles is the heroic Greek warrior of Homer’s Iliad, son of Peleus and the nymph
Thetis. In the classical version his mother Thetis made Achilles immortal by
immersing him in the river Styx. Since she was holding him by the heel, this part
remained vulnerable. Another less famous story tells that Thetis anointed him in
ambrosia and put him into the fire to burn all the mortal parts of his body. Peleus
interrupted Thetis before she had completed the mission of burning all mortal parts
and leaving the heel vulnerable. In the Trojan War, Achilles killed Hector, the prince
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Fig. 18.1 Acute Achilles ten-
don rupture

of Troy. Hector’s brother Paris kills Achilles, with assistance from Apollo, in
revenge by shooting a poisoned arrow into Achilles unprotected heel (Fig. 18.1).

The incidence of Achilles tendon rupture appears to be rising, and approximately
75 % of all ruptures occur during sport activities, especially related to racket sports.
Total rupture is, however, not frequent among active football players. Today, an
Achilles tendon rupture is treated surgically, using either standard open technique or
mini-invasive (percutaneous) technique or nonsurgically with different mobilization
alternatives [35]. Surgical treatment is recommended in young and highly active
sports persons, e.g., football players. One main reason is the shorter layoff and ear-
lier and safer return to sports. There is a wide variation of immobilization methods
after both surgical and nonsurgical treatment including cast and functional brace
with or without weight-bearing and range-of-motion training. The main focus in the
literature has been to compare the outcome of different treatment options in terms
of rerupture and surgical complications.

18.2 Anatomy

The superficial group of muscles in the posterior crural compartment consists of the
gastrocnemius, soleus, and plantaris muscles. The most superficial muscle, the gas-
trocnemius, has two heads of origin. The medial head that arises from the medial
condyle of the femur is slightly larger and extends a little more distally than the lateral
head. The lateral head arises from the lateral surface of the lateral condyle of the femur.
The origin of the soleus muscle is entirely below the knee at the posterior aspect of the
head and superior fourth of the fibula, the soleal line, and middle third of medial border
of the tibia. The gastrocnemius and soleus muscles are sometimes together called the
triceps surae muscle. The plantaris muscle is very small and absent in approximately
10 % in the population, and its tendon lies in close proximity to the Achilles tendon
[21]. The plantaris tendon can be used as a graft for reinforcement during Achilles
tendon surgery but has no function when it comes to calf muscle strength.
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The Achilles tendon is formed by three flat and broad aponeuroses from each
muscle in the triceps surae. The Achilles tendon becomes progressively rounder in
shape until it reaches 4 cm from the insertion site at the superior calcaneal tuberos-
ity where it becomes flatter again [21]. Kager’s fat pad is located in the Kager’s
triangle between the anterior aspect of the Achilles tendon, the posterior aspect of
the tibia, and the superior aspect of the calcaneus. It has been hypothesized that this
fat pad lubricates the anterior part of the Achilles tendon and also reduces pressure
of the tendon. There is a retrocalcaneal bursa that is located between the tendon and
the calcaneus. Between the skin and the tendon, there is a subcutaneous bursa,
which reduces the friction between the tendon and the surrounding tissues.

The fibers of the Achilles tendon rotate approximately 90° during its descent,
such that the fibers that lie medially in the proximal portion becomes more posterior
further distally. This spiraling of the tendon contributes to the elongation and elastic
recoiling within the tendon. The gastrocnemius muscle acts on both the knee and
ankle joint by flexion of the knee and plantar flexion of the ankle but also supination
of the foot. The soleus muscle acts only over the ankle joint and therefore produces
a plantar flexion and to the same extent a supination of the foot. The gastrocnemius
muscle contains a greater number of white, type II fibers and produces fast action
that is important during activities like running. The soleus muscle contains more of
the slow, red type I fibers and is important to maintain posture. The triceps surae
muscles are innervated by the tibial nerve.

18.3 Tendon Structure

The Achilles tendon is in similarity to all tendons dominated by type I collagen,
which explains its high strength. The collagen accounts for 65-80 % of the dry weight
and elastin approximately of 1-2 %. The collagen is embedded in a proteoglycan-
water matrix. Collagen is produced by fibroblasts and fibrocytes that lie between the
collagen fibers in a complex structure [11]. Tendon stem cells have recently been
found in human tendons. The synthesis of collagen fibrils follows first as an intracel-
lular step assembling and secretion of procollagen. The extracellular step converts the
procollagen into tropocollagen. Five tropocollagen molecules (or microfibril) are
cross-linked and aggregated into collagen fibrils. The stability and quality of the col-
lagen is largely based on the cross-links [15]. Multiple collagen fibrils are embedded
in the extracellular matrix and forming collagen fibers. This is the basic unit of a
tendon and the smallest visible (light microscopy) tendon unit (Fig. 18.2).

The structure of the tendon forming the primary, secondary, and tertiary bun-
dles, even though the nomenclature may vary in the literature [15]. The collagen
fibers vary but could be as long as the tendon. Tendons in the hand and foot are
covered with a synovial sheet. The Achilles tendon does not have a true synovial
sheet, but instead a peritendinous sheet often called paratenon. The paratenon func-
tions as a sleeve that allows free movement of the tendon. A fine connective tissue
sheath called epitenon surrounds the tendon, and the outer surface is contiguous
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Fig. 18.2 Stress-strain curve showing elongation, minor rupture, and finally total rupture of the
Achilles tendon

with the paratenon. Inside the Achilles tendon, the endotenon surrounds the differ-
ent bundles of the tendon. Blood vessels and nerves run inside the endotenon.

18.4 Epidemiology

Jozsa and co-workers [9] reported that, of the tendons requiring surgery, the Achilles
tendon is the most frequently ruptured. The incidence of Achilles tendon ruptures in
the population is increasing. Leppilahti and co-workers [17] showed an annual inci-
dence rising from 2/100,000 between the years 1979 and 1986 to 12/100,000 between
the years 1987 and 1994, and Houshian and co-workers reported in a more recent
study an annual incidence rising from 18/100 000 in the year 1984 to 37/100,000 in
the year 1996. The incidence was highest in the age group 30-39 years. Houshian
and co-workers showed that 73 % of the injuries were sport related and the peak of
sport-related injuries occurred in the 30—49 age group. This age group is somewhat
older than most active football players. This means that acute Achilles tendon rup-
ture is relatively non-frequent in the elite football player, between 20 and 30 years of
age, but much more frequent in recreational football players, 30 years and older.
There is a second non-sport-related peak in incidence occurring at a mean age of
53 years [17]. The risk of a contralateral tendon rupture is significantly increased in
patients who have previously suffered an Achilles tendon rupture. Most Achilles
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tendon ruptures occur in men, and the ratio between men and women is between 3:1
and 18:1 (in meta-analyses 9—-10:1)

18.5 Mechanism of Rupture

The most common injury mechanisms for Achilles tendon ruptures have been clas-
sified into three main categories all with a very distinct patient history [1]. In the
first mechanism, the patient is pushing off with the weight-bearing forefoot while
the knee is extended. This mechanism is described by the majority of patients and is
seen in sprint starts, jumping, and racket sports. The second mechanism is a sudden,
unexpected dorsiflexion of the ankle, which occurs when the patient slips into a hole
or falls downstairs. The third mechanism is a violent dorsiflexion of a plantar-flexed
foot, such as after a fall from a height.

18.6 Presentation and Diagnosis

Patients who sustain an Achilles tendon rupture have a characteristic history of a
sudden pain in the Achilles tendon without any previous symptoms. It is often
reported from patients that it felt like they had been struck by something/someone
from behind and often accompanied by an audible snap. In the typical case the diag-
nosis is clear. The diagnosis is clinical, and there is a palpable gap at the site of the
rupture during the first week. The ability to plantar flex the ankle is absent or very
weak. In the literature there are numerous different clinical diagnostic tests described
[20]. Sensitivity and specificity have been evaluated for these various clinical tests.
The calf-squeeze test and Matle’s test had the highest sensitivity and specificity, and
these tests are also noninvasive, simple, and inexpensive [20].

The calf-squeeze test is also known as Simmonds’ or Thompson’s. The patient
lies in prone position, and the examiner squeezes the affected calf muscle, and if the
tendon is intact, the foot will plantar flex, but if the tendon is ruptured, there will be
no or minimal reaction on the foot and the test is said to be positive. In the Matle’s
test, the patient actively flexes both knees, and the change in position of the ankles
is observed. The test is positive if the foot on the injured side moves into neutral or
dorsiflexion. Imaging examinations by either ultrasonography (US) or magnetic
resonance imaging (MRI) are not recommended to be used routinely to establish the
diagnosis in acute ruptures.

18.7 Surgical or Nonsurgical Treatment

There is an ongoing debate of optimal treatment after an acute Achilles tendon rup-
ture, especially when dealing with sport-related injuries [3, 5, 8, 13, 14, 16, 18, 23,
24, 25,28, 30, 33, 34, 36]. Several randomized controlled studies and meta-analysis



206 J. Karlsson et al.

have been made in the literature; however, they are not related to football players in
the first place. The general discussion has been between surgical and nonsurgical
treatment. Each type of treatment is having its own drawbacks. One can conclude
from the literature that open surgical repair has two to four times lesser risk of
rerupture compared to nonsurgical treatment, but on the other hand having the risk
of surgery-related complications [3, 14, 23, 25, 27, 28, 33, 36]. These complications
are superficial or deep infection, n. suralis injury, and scar problems. From a func-
tional outcome perspective, no treatment has been shown to be superior to the other.
The knowledge in the literature has shown that patients are not fully recovered,
concerning symptoms and function, and these deficits seem to be permanent [29].

There are nonsignificant differences between surgical and nonsurgical treatment.
An exception is the heel-rise work test in the nonsurgical group having significantly
lower LSI values after both the first and second year [32]. The nonsurgical group did,
however, improve significantly in this test between the 1- and 2-year follow-up [25,
29]. This supports the interpretation that it appears to be a slower recovery after non-
surgical treatment, and this may be of major importance, for instance, for active foot-
ball players, in which timely return to sports may be important for the future carrier.

Due to the deficits in function seen in previous studies and the indication that
tendon elongation might be a major issue [10], a randomized controlled study
showed that a very stable surgical technique that could tolerate an accelerated reha-
bilitation protocol showed excellent results, with 0 % rerupture rate [30]. The ten-
don was directly postoperatively exposed to mechanical load, which has been shown
to be beneficial for tendon healing in animal studies.

This type of stable surgical technique and accelerated rehabilitation, including
immediate weight-bearing, range-of-motion, and strength training, is a safe, well-
tolerated method. There is some evidence that this treatment was superior to nonsur-
gical treatment with immediate weight bearing in a brace, when comparing
functional results [30]. In this randomized controlled study with stable repair and
accelerated rehabilitation, the LSI variables in the surgically treated group were
numerically higher when assessed by the functional evaluation tests including jump,
power, and endurance at the 12-month follow-up compared with the nonsurgical
group (Figs. 18.3 and 18.4). Favorable functional results after surgical treatment at
12 months have also been reported in the study by Nilsson-Helander and co-workers
[25]. In that study, the same functional evaluation was used, and the absolute values
in the different tests were 4—11 % higher in favor of surgical treatment compared
with nonsurgical treatment (both groups had identical rehabilitation). There are
approximately the same results in the two studies, indicating a tendency of superior
results for surgical treatment.

This surgical treatment had no reruptures (0 %), which is in strong contrast to
other previous randomized studies comparing open surgical technique to nonsurgi-
cal technique. Therefore, it is concluded that this method of treatment is safe
(Figs. 18.3 and 18.4) [30].

Animal studies show the importance of mechanical load in tendon healing [2, 4,
7, 31]. In the literature there are no convincing results from randomized controlled
studies that show that mechanical load is superior, even though from a historical
perspective, the outcome seems to improve over time, and we consider this as a
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Fig. 18.3 Suture of the
Achilles tendon, core sutures

result of more functional bracing rehabilitation. The AAOS guidelines recommend
early protected postoperative weight bearing. Presently, a treatment protocol that
promoted immediate weight bearing and also including controlled range-of-motion
and strength training early in the surgical group is recommended in young active
athletes, e.g., football players [22]. This indicates and supports a shift toward early
loading of the tendon. Percutaneous suture has also been shown to be a valuable
method (Fig. 18.5) [19].

There are general advantages of surgical repair that includes the opportunity of
putting the tendon ends in the optimal length, even though the optimal length is not
known. The surgeon can nevertheless put the tendon in tension, and the correct
length of the tendon is probably easier to achieve by surgical treatment compared
with nonsurgical, and this could explain the difference in function in favor of
surgical treatment.
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Fig. 18.4 Enforcement
sutures

In the treatment of Achilles tendon ruptures, there is a difficult balance between
loading the tendon for optimal stimulation and the risk of complications such as
rerupture [20, 25, 30]. There is another advantage of stable surgical repair that it
can allow the tendon to be early mechanically loaded in an accelerated rehab pro-
tocol that is not acceptable for nonsurgical treatment. In this randomized controlled
study, one should notice that the accelerated rehabilitation did not only mobilize
the patient, but the early range-of-motion and strength training gave the tendon a
direct mechanical load [30]. There are difficulties in quantifying the actual tendon
load, and there is probably a wide variation between patients in mechanical load to
the tendon. Weight bearing is possible to measure in pressure-sensitive soles and
can be used in future studies, but there are still difficulties in measuring the actual
tendon load.
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Fig. 18.5 Percutaneous
suture

18.8 Physical Activity and Return to Football

Since patients with an Achilles tendon rupture have been found to have long-term
functional deficits, it could be that this decrease in activity level is an adaptation and
adjustment to fit their current functional capacity. The adjustments to a lower activ-
ity level may occur not only in sport and recreational activities but also in activities
of daily life. The long-term effects of these limitations of physical activity level are
uncertain, but in this middle-aged population and not high-demanding athletes, the
interruption of daily training and the deficits in function may lead to persistently
decreased physical activity in the future. Consequently this could lead to increased
risk of general health-related disorders, and, therefore, an acute Achilles tendon
rupture could be detrimental to the general health.

There is a variation of definition of return to sport and previous physical activity
level among studies, but nevertheless in all studies, approximately half or two-thirds of
the patients return to previous activity level 1 and 2 years after an acute Achilles ten-
don rupture [6, 12, 23, 28, 30]. These studies include a span of 30 years, and the results
remain nevertheless fairly stable over time despite different treatment protocols.
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18.9 Conclusion

It is concluded that stable surgical repair with early accelerated tendon loading is a
safe method with a low risk of rerupture. However, this treatment might not be sig-
nificantly superior to nonsurgical treatment in terms of functional results, similar to
what have been previously reported in the literature. Nevertheless this kind of treat-
ment shows an important tendency of superior functional results, less degree of
symptoms, and no reruptures in patients treated with this type of stable surgical
repair and accelerated rehabilitation. This kind of treatment might also lead to less
risk of tendon lengthening and reduced strength during the first 6 months after the
injury. This kind of treatment will also lead to shorter rehabilitation period and safer
return to football play.
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Chapter 19
Achilles Tendinopathy

Robert Jan de Vos, Pieter P.R.N. d’Hooghe, Peter de Leeuw,
and Gino M.M.]J. Kerkhoffs

I always think about what I missed,
and I think that was my driving force
- never be satisfied with what I’'ve done.

Thierry Henry

Abstract Overuse Achilles tendon disorders are frequently seen in middle-
aged, active people. Achilles tendon injuries are also common in elite-level foot-
ball and result in the longest absences from playing. These tendon injuries are
currently referred to as ‘tendinopathy’, a clinical diagnosis that can be made in
the presence of pain, swelling of the Achilles tendon and an impaired load-bear-
ing capacity. Histopathological studies have shown that chronic tendinopathy is
frequently characterised by degeneration of the tendon tissue and not inflamma-
tion. When evaluating tendinopathies, it is important to differentiate between
midportion and insertional disorders and to separate acute from chronic injuries.
These injury characteristics will mainly guide treatment options and affect prog-
nosis. For both insertional and midportion acute tendinopathies, the first treat-
ment of choice is a symptom-based reduction in load and NSAIDs. For chronic
midportion Achilles tendinopathy, the cornerstone of treatment is currently
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eccentric exercise therapy. Efficacy of other treatment options needs to be proven.
Chronic insertional tendinopathy can be treated with anti-inflammatory treat-
ment if a bursitis is present. In cases of intratendinous pathology, eccentric exer-
cise therapy from a flat ground is proposed and extracorporeal shock wave
therapy might be another promising option. Surgery might be considered for
both insertional and midportion tendinopathies if conservative treatment fails.
The prognosis for chronic tendinopathies is currently disappointing and difficult
to predict, regardless of treatment.

Keywords Tendon overuse injuries * Tendinosis ¢ Tendinitis * Histopathology *
Imaging * Treatment * Surgery

19.1 Introduction

Overuse Achilles tendon disorders are frequently seen in middle-aged, active peo-
ple. Approximately 2-3/1,000 patients consult a general practitioner because of
pain in the Achilles region [1]. This probably only represents the tip of the iceberg
though, as it is known that in elite running athletes, there is a lifetime risk of sustain-
ing an Achilles tendon injury of 52 % [2]. In elite-level football, Achilles tendon
disorders are also common as this injury represents 2.4 % of all injuries [3].
Moreover, when evaluating the most frequent injuries in these football players,
Achilles tendon disorders were found to result in the longest absences from playing.
These overuse tendon injuries are therefore important to consider in football.

In recent decades, the popularity of football has increased in the general popu-
lation, and there are increased physical demands placed on high-level competi-
tive players. This might result in an increased risk of overuse injuries. The
aetiology of these overuse injuries is largely unknown. It is likely that a combina-
tion of ageing and increased activity levels leads to an increased risk of overuse
injuries.

The phrase ‘“Too much, too soon, too often’ is frequently heard in the patient’s
history.

The terminology for describing tendon disorders has changed over the past
decades [4]. Previously, this condition was referred to as ‘tendinitis’, implying
an inflammation of the tendon tissue. However, as there are no signs of inflam-
mation in chronic painful tendons, this term has been abandoned [4, 5]. The
term ‘tendinopathy’ as a descriptor of the clinical picture is now used to redress
this confusing terminology. Tendinopathy is a clinical diagnosis that can be
established in the presence of pain, swelling of the Achilles tendon and an
impaired load-bearing capacity [4, 6]. Histopathological studies have shown
that chronic tendinopathy is frequently characterised by degeneration of the
tendon tissue, also denoted as ‘tendinosis’ [7]. However, the term tendinosis is
based on histopathological characteristics and should only be used after
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histopathological confirmation [6]. The treatment of tendinopathy has always
been a challenge in sports medicine and orthopaedics, and therefore it is becom-
ing a major problem in this field.

19.2 Anatomy

The Achilles tendon connects the gastrocnemius muscles and soleus muscle with
the calcaneus and is the strongest and largest tendon in the human body. The plan-
taris tendon was previously thought to be absent in many cases [8]; however, a recent
study showed that the plantaris tendon contributed to the Achilles tendon in all
cases [9]. The musculotendinous junction of the Achilles tendon originates in the
middle of the lower leg, and the tendon is approximately 15 cm in length.

The tendon inserts on the posterior surface of the calcaneus and contains fibro-
cartilage tissue in this insertional site. Two bursae are present adjacent to the
insertion. The innate retrocalcaneal bursa is located proximal and ventral to the
Achilles tendon and on the posterior surface of the calcaneus [8]. The superficial
Achilles bursa is an acquired bursa that may be present between the distal Achilles
tendon insertion and the subcutaneous tissues [10]. The area between the proxi-
mal part of the calcaneus, the posterior margin of the tibia and the ventral side of
the Achilles tendon is known as Kager’s triangle and contains a fat pad. This
structure is thought to play a role in the blood supply of the tendon through small
vincula, although it is well known that vascularisation in this area of the Achilles
tendon is physiologically the lowest [11]. This midportion area of the Achilles
tendon, located 2—7 cm proximal to the insertion, shows a spiral rotation around
its axis that works as an elastic coil, functioning as an energy-storing tendon to
improve the efficiency of locomotion [12]. In vivo measurements revealed that
Achilles tendons of athletes are sometimes subjected to tensile loads up to 12.5
times their body weight during running [13]. These forces are transmitted through
the tendon collagen bundles. Microscopically, the tendon collagen tissue is hier-
archical in structure and well ordered, predominantly in a longitudinal direction.
The collagen is densely packed, and macroscopically it provides a typical white,
glistening appearance. Tendon collagen type I is the main extracellular matrix
(ECM) constituent, which is produced by tenocytes [7]. The major non-collage-
nous ECM constituents are water-attracting proteoglycans. The ECM does not
expand due to this water attraction in healthy tendons which may provide increased
internal strength due to a greater resistance to tensile and compressive forces [14].
The collagen fibres in the ECM of healthy tendons are in a state of dynamic equi-
librium between synthesis and degradation, regulated by matrix metalloprotein-
ases and their inhibitors [7]. The tendon is enveloped by the peritendineum, a thin
membrane of loose areolar tissue. This tissue comprises more blood vessels and
nerves, and its main function is to allow tendon gliding without restrictions against
the surrounding tissues [8].
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Fig. 19.1 Histology and histopathology of tendon tissue. On the left image, tissue of a healthy
tendon is presented. The collagen fibres are purple coloured. This collagen is produced by sparsely
distributed tenocytes and oriented in the direction of the tensile forces. On the right image, a tissue
sample of a patient with chronic Achilles tendinopathy is displayed. There is a clear loss of a well-
organised tendon tissue structure and the tenocyte nuclei may become more rounded, and there are
areas of hypercellularity and areas of hypocellularity. These characteristics might be an expression
of cellular dysfunction

19.3 Histopathology

Achilles tendon disorders can be divided into abnormalities of the intratendinous
tissues, peritendineum and bursae [15]. Tendinosis is a general descriptor of intra-
tendinous disorders, which encompasses a wide range of histopathological entities
(Fig. 19.1). The main abnormalities observed are the loss of a well-organised tendon
tissue structure, changes in morphology and distribution of tenocytes and increased
interfibrillar proteoglycans [6, 16]. Macroscopically, degenerative tendon has a soft
appearance with a greyish, white colour (Fig. 19.2). Another feature of tendinosis is
an increased number of blood vessels which are thought to be newly formed. This
‘neovascularisation’ is characterised by a tortuous phenotype and a small lumen, but
its functional relevance is still unknown [17].

Another feature that can be observed macroscopically is thickening of the peri-
tendineum [6, 18]. Adhesions between the tendon tissue and peritendineum may be
present, which may result in contractions around the tendon due to proliferation of
the connective tissue. Increased friction between the tendon and the surrounding
structures can be the consequence [15]. This condition is frequently referred to as
paratendinopathy if there is clinical or radiological suspicion. Recently, adhesions
with the plantaris tendon have also been postulated as a source of pain [9].

The above-mentioned abnormalities are well defined; however, there remain
some gaps in scientific knowledge regarding pain generation in tendinopathies.
Histological abnormalities are present in more than 50 % of previously asymptom-
atic Achilles tendons of older individuals [19]. This indicates that a certain degree of
degenerative tendon changes may be more frequent with increasing age. A clear
association between tendon structure organisation and reported patient symptoms
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Fig. 19.2 Macroscopic view on an incised degenerative Achilles tendon during surgery. The skin
and subcutaneous tissues are incised, and the peritendineum has been removed. An incision is
made in the Achilles tendon to identify degenerative tissue, which is macroscopically character-
ised by a greyish colour and loss of white glistening appearance

has not been found using current imaging modalities [20, 21]. One might therefore
conclude that there is a missing link between the pain experienced and the presence
of tendon structure disorganisation. Several biochemical agents and changes in peri-
tendinous structures have been advocated as pain generators in chronic tendinopa-
thies, but to date we can only speculate as to whether they are causative or a result of
tendon degeneration, since their association with the severity of symptoms is largely
unknown. There is also scarce scientific knowledge on the progression of tendon
tissue disorders in time. Recently, a continuum of tendon pathology model has been
proposed. Cook and Purdam [22] suggested that tendon overuse initially results in a
reactive phase, characterised by cell proliferation and increase in proteoglycans with
intact tendon collagen fibres. If overuse continues or recurs, tendon dysrepair might
be the next phase. This phase is characterised by tenocyte proliferation, disorganised
tendon tissue structure and neovascularisation. These first two phases are thought to
be more or less reversible. Degenerative tendinopathy is regarded as the end stage of
overuse tendon disorders, and this stage is obviously the area in which most research
is performed. The histopathological changes described in the reactive and dysrepair
phases are based on findings in animal studies and imaging studies in humans. This
is currently the best evidence available. However, the stages preceding this degen-
erative state might be very important in the understanding, prevention and treatment
of tendinopathies. Furthermore, the absence of inflammatory cells in chronic painful
tendons does not exclude the possibility of inflammatory mediators involved in the
development of tendinopathies. Several inflammatory markers have been proposed
to influence tendon cell activity. This could theoretically result in a change to growth
factor homeostasis and disturbance in tendon matrix turnover as a result of the dis-
turbance in proteolytic matrix metalloproteinase activity [23]. Animal studies have
previously shown that repetitive exposure of prostaglandins to tendons eventually



218 R.J. de Vos et al.

results in the degeneration of the collagen tissue [24]. These inflammatory markers
could not be the cause of pain in chronic tendinopathy because they have been shown
to be absent in this phase. Knowledge about pain physiology has advanced signifi-
cantly in musculoskeletal medicine, and new research is expected in the field of
central sensitisation mechanisms [25].

The histopathology of insertional disorders is not as well researched as midpor-
tion disorders. It is therefore important to address the relevant structures that might
be involved at the insertional site. Three main anatomical structures can be involved,
and abnormalities of these structures can coexist: the calcaneus, the Achilles tendon
insertion (which also includes the first 2 cm of the tendon proximal to the insertion)
and the two bursae [26]. It is thought that these structures are more susceptible to
compressive, rather than tensile forces. This may be caused by external compres-
sion or due to impingement from repetitive dorsiflexion of the ankle. The supero-
lateral portion of the posterior part of the calcaneus can be enlarged, which may
predispose to higher compressive forces. This anatomical variant is designated as
Haglund deformity. However, this deformity is also frequently present with an
absence of symptoms [27]. Degeneration and calcifications can be present within
the Achilles tendon insertional site. However, these findings have also been reported
in asymptomatic individuals, so the clinical relevance of these findings still needs to
be addressed. The retrocalcaneal bursa can show histopathological signs of bursal
fluid accumulation, degeneration of the fibro-cartilaginous bursal walls and hyper-
trophy of the synovial folds [28]. These signs on histopathology examination have
also been found in the superficial Achilles bursa where fluid accumulation and
synovial hypertrophy have been reported [27].

19.4 Clinical Features

As stated previously, tendinopathy is a clinical diagnosis characterised by pain,
swelling and impaired load-bearing capacity of the tendon. This diagnosis is straight-
forward, but a thorough history taking and physical examination are essential to the
establishment of a correct diagnosis and subsequent management strategy.

There are several important injury characteristics to evaluate initially. This is not
only because these characteristics influence the terminology used, but they also
affect management. The location of the symptoms is one important feature. True
tendon pain is almost always confined to the tendon itself, although other patholo-
gies in the ankle and Achilles region should always be considered. The tendon pain
can be either located in the Achilles tendon insertion or in the Achilles tendon mid-
portion, located 2—7 cm proximal to the calcaneus [26]. These conditions should be
distinguished clinically, because of the differing pathology, clinical decision-making
and prognosis. Musculotendinous disorders are located more proximally. These
injuries are less frequent and not within the focus of this chapter. Other important
features are the onset and duration of symptoms. An acute onset is suggestive of
tendon rupture or partial rupture, and this is discussed elsewhere (Chap. 18). The
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same accounts for neglected ruptures, which may be characterised by chronic pain,
but following thorough examination of the patient, an acute history and consider-
ably enlarged tendon can be found. A gradual onset is more suggestive of tendon
overuse injury, and this can be classified as either acute or chronic. There are no
specific time criteria for this classification; some advocate a cut-off for chronic inju-
ries as symptoms lasting greater than 6 weeks, but others define chronic injuries as
the presence of symptoms for more than 12 weeks [15]. However, these distinctions
are arbitrary and not based on histopathological features.

Characteristics that are more reminiscent of tendinopathy are the presence of
morning stiffness and the progress of activity-related symptoms. Initially pain is
often only present during the warming-up period or after activity. In this phase, rest
may have a positive influence, but symptoms will frequently recur with an increase
in activity. Finally, the tendon may even become painful during rest and activities of
daily living. Characteristics that may help to identify contributing factors to the
development and persistence of tendinopathy are change in training intensity, tech-
nique, equipment or training surfaces [26].

It is important to address the possibility of inflammatory arthropathy involve-
ment (e.g. theumatoid arthritis, M. Bechterew), presence of familial hypercholester-
olaemia, diabetes mellitus and preceding use of fluoroquinolone antibiotics, as these
are associated with tendinopathy [18, 29].

Physical examination is needed to confirm the clinical diagnosis, but it is also
helpful to address potential contributing factors. Many modifiable factors that have
been proposed in the literature are obesity, an excessive foot pronation, decreased
ankle dorsiflexion, decreased subtalar joint motion and decreased flexibility and
strength of the calf muscles [18, 26, 29]. The clinician can decide to take these fac-
tors into account when treating patients; however, scientific evidence for the contri-
bution of these factors is relatively scarce.

The Thompson calf squeeze test is used to evaluate the possibility of tendon
rupture. Neuromeningeal provocation tests can be used if there is suspicion of
referred pain from the spine. Classically, a nodular swelling can be palpated in the
Achilles tendon midportion in the presence of midportion tendinopathy. In cases of
acute paratendinopathy, crepitations may be felt during passive plantar flexion and
dorsiflexion [30]. Insertional tendinopathy may be characterised by swelling at the
central posterior aspect of the calcaneus in case of intratendinous involvement. In
cases of retrocalcaneal bursa enlargement, a painful soft tissue swelling may be
palpable lateral and medial to the Achilles tendon insertional site [31].

19.5 Imaging

There are several modalities available for imaging of the Achilles tendon.
Radiographic imaging is not the prime imaging method to evaluate acute or chronic
tendinopathy in the midportion of the Achilles. Ultrasonography (US) and magnetic
resonance imaging (MRI) are the additional diagnostics that can be used because of
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Fig. 19.3 Ultrasonography in patients with chronic midportion Achilles tendinopathy. On the
left image (a), a moderate thickening in the Achilles tendon midportion is observed. It shows a
lower degree of neovascularisation, observed with power Doppler ultrasonography. On the
right image (b), a high grade of neovascularisation within a thickened Achilles tendon can be
observed

their excellent visualisation of soft tissue. The question is whether these imaging
modalities will add beneficial information to the clinical diagnosis, resulting in bet-
ter recovery prediction or guidance of treatment.

US is readily accessible in many clinical centres, and it is quick and patient
friendly. The addition of power or colour Doppler can be helpful in examining the
blood flow within and around the tendon (Fig. 19.3). The major ultrasonographic
findings in chronic midportion Achilles tendinopathy are tendon thickening, pres-
ence of hypo-echogenic areas representing areas of disorganised tendon tissue
structure and increased Doppler flow [10].
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Fig. 19.4 MRI image of a
‘normal’ Achilles tendon
presentation in an elite
football player. Note the dark
signal in the flat Achilles
tendon, which is a normal
representation

The presence of blood flow in Achilles tendinopathy is frequently referred to as
‘neovascularisation’ because it is thought to represent a formation of new blood
vessels which can also observed on histopathology. This neovascularisation is fre-
quently located at the ventral side of the tendon, and a diffuse distribution within the
tendon can also be observed. However, to date it is unknown whether this phenom-
enon is due to the underlying pathology of the tendon tissue or a physiological
increased tendon Doppler flow. Tendon Doppler flow is significantly more frequent
in patients with Achilles tendinopathy compared to healthy controls [32]. However,
there is no association between the amount of reported symptoms and the severity
of neovascularisation [33], and it is not possible to predict recovery with evaluation
of tendon Doppler flow [34].

Hypoechoic areas and disorganised tendon structure are frequently observed in
patients with chronic Achilles tendinopathy. The structural arrangement of the col-
lagenous matrix determines the echogenicity of tendons. Disorganisation of tendon
structure leads to a decreased echogenicity. As a consequence, structural abnormali-
ties and hypoechoic lesions can be visualised. However, even with standardised
settings, no association could be found between the amount of symptoms and the
quantity of tendon structure disorganisation [21, 35]. Likewise, severity of tendon
structure abnormalities is not predictive for recovery [20, 21]. Therefore, US is less
valuable in daily clinical practice if the physician is confident with the clinical
diagnosis.

The advantages of MRI are the three-dimensional view offered and the excellent
soft tissue contrast imaging. A normal, healthy tendon is displayed as a dark signal on
MRI as a result of the parallel arrangement of the densely packed collagen and the low
intrinsic water content of the tendon. T1 sequences deliver a good delineation of ana-
tomic elements, and T2-weighted sequences are sensitive to an increase in water sig-
nal (Fig. 19.4). In cases of chronic midportion Achilles tendinopathy, tendon
thickening and an intratendinous increased water signal can be observed as a result of
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Fig. 19.5 MRI image of a
symptomatic midportion
Achilles tendinopathy in an
elite football player. Note the
increased thickness of the
Achilles tendon midportion
with slightly increased
signal intensity in the
peritendineum

the increased interfibrillar water-attracting proteoglycans (Fig. 19.5). This increased
signal intensity on MRI is, in contrast to US, associated with the amount of pain [36].
In addition, a lower amount of signal abnormalities was shown to be associated with
better clinical outcomes and thus indicative of a more favourable prognosis [37]. For
chronic midportion tendinopathies, the MRI result does not guide treatment, but for
the elite football player, it might be valuable as an indicator of injury recovery time.

Attempts to assess the reliability of peritendineum abnormalities using US and
MRI have previously been conducted. In this study, the demarcation of the periten-
dineum was subjectively classified as either normal or abnormal. With histological
findings as the reference, the assessment of the peritendineum seemed to be unreli-
able with both methods [38]. Another study suggested that paratendinopathy might
also manifest as linear areas of increased signal on the ventral side of the Achilles
tendon and in Kager’s triangle on T2-weighted images [10]. These findings are,
however, not related to histology.

Conventional radiography can be performed in cases of insertional tendinopathy.
The information provided to assess the soft tissue structures is limited, but X-ray
can show abnormalities that are frequently found with insertional tendinopathy.
A prominent superior portion of the posterior part of the calcaneus and the presence
of calcifications within the tendon can be visualised [10]. A loss of radiolucency in
the bursal recess located at the supero-posterior part of the calcaneus may be present
in cases of retrocalcaneal bursitis. All these findings might predispose an athlete to
compressive forces, but they do not necessarily cause symptoms. Furthermore, the
association between the presence of intratendinous calcifications and treatment suc-
cess needs to be established in future studies [31].

With US, insertional tendon abnormalities can be visualised as described for
midportion tendinopathies. However, its relation to symptoms and prognosis is
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Fig. 19.6 MRI image of a
symptomatic retrocalcaneal
bursitis in an elite football
player. Note an increased
signal intensity in the
retrocalcaneal bursa in the
upper image. The lower
image is of another elite
football player who sustained
insertional symptoms. Note
an increased intratendinous
signal intensity in the
Achilles tendon insertion

unknown. The retrocalcaneal bursa is found frequently in normal subjects, and there
is a substantial variation in ultrasonographic appearance [10]. The superficial
Achilles bursa is absent in healthy individuals, and its presence is thought to be a
sign of either post-traumatic or frictional forces.

MRI can also depict an enlarged retrocalcaneal or superficial Achilles bursa.
Especially on the T2-weighted sequences, the retrocalcaneal bursa normally con-
tains detectable high-signal-intensity fluid. As with US, the presence of a retrocal-
caneal bursa is not per se related to pathology, and the size of the bursa is variable.
It generally does not extend to 1 mm anteroposteriorly, 11 mm transversely or 7 mm
craniocaudally [39]. Presence of retrocalcaneal bursitis (Fig. 19.6) or superficial
Achilles bursitis might influence treatment strategies, and therefore US and MRI
can be of value in patients with insertional Achilles tendinopathy.
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Fig. 19.7 X-ray of an
asymptomatic elite football
player. Note the calcifications
located at the Achilles tendon
insertion, which are
sometimes found in
asymptomatic athletes

miop

As stated above, there are some limitations to imaging of tendons. Correlation
with the clinical picture is essential, because imaging abnormalities are also some-
times observed in asymptomatic athletes (Fig. 19.7). Furthermore, the imaging find-
ings of athletes with subacute pain are less researched. Ultrasonographic studies on
asymptomatic elite football players showed that Achilles tendon thickening may be
present without the presence of symptoms [40]. Almost half of the soccer players
with ultrasonographic abnormalities developed symptoms within 1 year, while the
other half did not. This finding emphasises that imaging results are hard to interpret
if not correlated with the clinical picture.

19.6 Treatment Options

19.6.1 Conservative Treatment

Treatment of tendinopathies in football remains challenging for the involved care
providers. It has changed considerably in the past decade due to changing knowl-
edge of the underlying pathology. Nonetheless, the treatment of choice can vary
from country to country, from clinic to clinic and from clinician to clinician.

The management of acute tendinopathies in football is rarely described in the
scientific literature, whether the condition is acute insertional or midportion
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tendinopathy. The reactive and dysrepair phases in the continuum model are prob-
ably representative for acute tendinopathy. The optimal intervention for each phase
of pathology is unknown, and therefore a more basic approach with differentiation
between acute and chronic tendinopathies is displayed in this chapter. It is generally
accepted that load reduction is the first method to apply in athletes with acute
Achilles tendinopathy. Cycling and strength training that does not affect the tendon
energy storage and release are encouraged within this period [22]. This will result
in a decrease in pain and will allow the tendon tissue to adapt. Usually, a few days
of adjusted training programme will result in reduced symptoms. However, longer
recovery times may be warranted if symptoms persist. There is limited evidence that
nonsteroidal anti-inflammatory drugs (NSAIDs) can provide a reduction in symp-
toms in patients with acute Achilles tendinopathy [41]. The NSAIDs have been
shown to reduce tendon repair, and in acute tendinopathy this may be preferable
because upregulation of tenocytes and increase in proteoglycans are present in this
phase [22]. If NSAIDs are considered in acute tendinopathy, ibuprofen and related
agents may be favoured. The final tendon repair seemed to be unaffected by these
pharmacologicals.

Treatment of acute paratendinopathy does not differ from acute tendinopathy,
although it is recognised as a separate entity [30]. Symptom-based load reduction
and NSAIDs are also the first treatment of choice in this condition. Injection with
corticosteroids in the peritendinous space performed by an experienced clinician
might be an option if symptoms persist. However, even with this indication, scien-
tific evidence for this treatment is absent.

Treatment options for chronic Achilles tendinopathies are increasingly described
in scientific literature; especially the midportion location has frequently been a sub-
ject for research purposes. Patients with chronic Achilles tendinopathy initially
need a comprehensive education about the injury, which may help then to adapt
better coping mechanisms. Rest and NSAIDs are less favourable in cases of chronic
tendinopathy. Rest can have an initial positive effect on symptoms, but it has also
been shown to induce a reduction in the amount of collagen. NSAIDs have fallen
out of favour because of the absence of inflammation in this chronic phase and the
possible reduction in tendon repair [22, 42].

The same accounts for the effects of corticosteroids, which do not have a ratio-
nale because of the absence of inflammatory cells. The efficacy of corticosteroids
have only been described in anecdotal reports or based on expert opinion, but no
large studies with long-term follow-up have been performed. A recent systematic
review showed that the effects of corticosteroids on patient symptoms are detrimen-
tal on the longer term and, moreover, the effects on tendon tissue in the football
player are detrimental as well [43]. Therefore, intratendinous injections are discour-
aged for the treatment of chronic Achilles tendinopathy.

There are many conservative treatment options for chronic midportion tendi-
nopathy. After decades of increasing research in this field, exercise therapy remains
the cornerstone of treatment [42]. Exercise therapy may result in cellular responses
with subsequent change in extracellular matrix turnover, a process called
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Fig. 19.8 Eccentric exercise therapy for patients with chronic midportion Achilles tendinopathy.
The exercises can be performed on a step or staircase to enable full dorsiflexion of the ankle.
Patients are instructed to start with a bilateral toe raise (left image), and after that the eccentric drop
can be performed on the injured leg with a straight knee (middle image). Patients are also instructed
to exercise with flexed knee in order to train the soleus muscle (right image). If the exercises can
be performed pain-free, the patients are instructed to increase the load (e.g. by putting weights in
a backpack)

mechanotransduction [26]. In the previous decade, eccentric exercise therapy gained
attention as a treatment for tendon injuries (Fig. 19.8). Several systematic reviews
have shown beneficial effects of eccentric exercises on perceived pain [44, 45].
However, it does not seem to matter which dosage of exercises are prescribed, and
other exercise therapies might be as beneficial as eccentric exercise [46, 47].
Nonetheless, eccentric exercises are currently the mainstay of treatment for chronic
midportion tendinopathy as it induces clinically meaningful treatment effects. It
may take up to 12 weeks or longer to notice substantial improvement in symptoms,
and it is currently difficult to predict which category of patients will respond well to
this treatment.

Less commonly used treatment options are orthotics, extracorporeal shock wave
therapy (ESWT), glyceryl trinitrate (GTN) patches and various injection therapies.

Orthotics may be helpful if a malalignment is observed. One small randomised
controlled trial (RCT) showed a positive effect of orthotics after 4 weeks when
compared to a ‘wait and see policy’. Referral to a qualified podiatrist could be
considered in cases of excessive foot pronation, although there is little evidence to
suggest that orthotics will be effective as the sole treatment for this condition [48].
ESWT delivers energy flux to the tendon tissue which can be achieved with sev-
eral machines. ESWT is thought to initiate biological responses and tissue regen-
eration. In a recent systematic review, it was concluded that this treatment can
result in an improvement in symptoms over time [49]. However, it remains incon-
clusive if it is superior to other treatments. GTN patches are applied locally to the
Achilles tendon and are originally thought to improve vascularisation and enhance
collagen production through nitric oxide delivery. Initial studies showed promis-
ing effects, but more recent studies could not reproduce these effects [42]. A vari-
ety of injection therapies have been proposed. Injection agents that have been used
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include corticosteroids, polidocanol (sclerosing therapy), dextrose (prolotherapy),
aprotinin, high volume injections, autologous blood and platelet-rich plasma
(PRP). The injection therapies that have been well explored are sclerosing injec-
tions and PRP. Sclerosing injections with polidocanol were introduced based on
new findings that the nerves were located close to the area of neovascularisation
ventral to the Achilles tendon. Polidocanol has the ability to destroy this neovas-
cularisation and accompanying nerves. The first RCTs with this treatment showed
promising results with high patient satisfaction after multiple injections by a
Swedish research group. However, these results could not be reproduced by other
research groups [50].

The method is technically demanding and therefore it is less suitable if there is
no experience with this procedure. Other research groups have been focussing on
injecting autologous platelets which may secrete growth factors with regenerative
effects on the tendon collagen tissue. The use of this PRP treatment has been evalu-
ated in one RCT, and it did not show a beneficial effect compared to placebo [51].
Therefore, PRP injections are currently discouraged. For the other injectable agents
mentioned, there is also a lack of good evidence for their efficacy [50]. Treatments
with autologous fibroblasts or tenocytes are currently developing, but these are not
routinely used in daily clinical practice and need further investigation.

Conservative treatment of chronic insertional disorders is even more challenging
as it is not as common or as well researched as midportion tendinopathy. As stated
previously, it is important to differentiate between insertional Achilles tendinopathy
with and without associated retrocalcaneal or superficial bursitis because this can
change treatment options. In cases of bursitis, a generally accepted approach is to
start with NSAIDs. If this medication does not reduce symptoms, a corticosteroid
injection into the bursa could be an option. However, intrabursal corticosteroid
injections have been shown to decrease tendon tissue properties in one animal study
[52]. Furthermore, there are no trials providing evidence for its effect. These disad-
vantages should be considered when opting for an intrabursal corticosteroid injec-
tion. If there is an absence of bursitis, the insertional tendinopathy should be
managed as compressive tendinopathy. Previously, eccentric exercises with full dor-
siflexion were studied in this patient group with disappointing results. More recently,
it was advocated to perform the eccentric exercises from a flat ground, thereby
decreasing the impingement of the Achilles tendon insertion with the retrocalcaneal
bursa and calcaneus [53] (Fig. 19.9). The results of this loading programme are
promising and are currently the first treatment of choice. Another treatment option
is ESWT, which was demonstrated to be efficacious in two studies evaluating
patients with insertional Achilles tendinopathy [31]. More research is needed to
draw definite conclusions, but based on the current knowledge, ESWT might be a
reasonable option for this indication.

If conservative treatment fails, surgery can be a final option for patients with
long-standing insertional or midportion tendinopathy. There are no specific time-
based criteria to progress to surgery, but it is generally accepted that the completion
of 6 months of conservative treatment is recommended prior to deciding on surgery.
However, surgery might be an earlier option for elite-level football athletes.
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Fig. 19.9 Eccentric exercise therapy for patients with chronic insertional Achilles tendinopathy.
The exercises are performed from a flat ground to limit dorsiflexion of the ankle and thereby pre-
venting impingement between the calcaneus, retrocalcaneal bursa and Achilles tendon. Patients
are instructed to start with a bilateral toe raise (left image), and after that the eccentric drop can be
performed on the injured leg with a straight knee until the heel touches the ground (right image).
If the exercises can be performed pain-free, the patients are instructed to increase the load (e.g. by
putting weights in a backpack)

19.6.2 Surgical Treatment

In the surgical treatment of a midportion Achilles tendinopathy, an attempt must be
made to distinguish an isolated paratendinopathy from a combined tendinopathy
and paratendinopathy. Open surgery can be performed; however, this strategy
remains controversial in the professional football athlete.

Preferably, they are being treated minimally invasive [54, 55]. Patient position-
ing in the minimally invasive treatment of isolated or combined paratendinopathy is
identical: in the prone position with the ankle elevated and at the end of the opera-
tion table to allow full range of motion. Routinely a 2.7 mm arthroscope is used.
The location of the portals for both entities is different.

In isolated paratendinopathy, the distal portal is made first, located about 3 cm
distally from the clinically palpable nodule, at the lateral aspect of the Achilles
tendon. The peritendineum is released first with the use of a blunt trocar, subse-
quently followed by the introduction of the arthroscope. Under direct view the sec-
ond proximal portal is made, about 3 cm proximal to the nodule but then on the
medial aspect of the Achilles tendon. Typically the peritendineum, the Achilles
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tendon and the plantaris tendon are melted together and should be released and
partly debrided accordingly [55].

In combined tendinopathy and paratendinopathy, both portals are located at the
medial aspect of the Achilles tendon, one about 10 cm proximal to the calcaneal
tuberosity, used mainly for the arthroscope, and the second portal just superior to
the tuberosity for the introduction of surgical instruments. The peritendineum
should be released from the Achilles tendon, mainly at the ventral side, since here
the former described neovascularisation and ingrowth of sensory nerves can be
present. The intratendinous disorders can be treated with the use of a retrograde
knife blade [54]. In the first described technique, the patient is allowed full weight
bearing directly postoperative, whether for the second technique this is allowed
after removal of the stitches 2 weeks postoperatively.

Chronic and/or a retrocalcaneal bursitis not responding to the conservative treat-
ment options can be treated with invasive surgery like a dorsal calcaneal wedge
osteotomy, although in the professional football athlete a minimally invasive endo-
scopic treatment is preferred [56]. The patient is positioned in the prone position, a
tourniquet applied on the upper leg and the affected ankle is supported, allowing
free movement throughout the procedure. The lateral portal is located at the postero-
superior aspect of calcaneus, just lateral to the Achilles tendon. After introducing
the 4.0 mm/30°-angled arthroscope into the retrocalcaneal space, the location of the
medial portal is determined under direct view. The supero-posterior calcaneal
process can be reduced with the use of a bonecutter shaver or a burr; it is important
to change portals frequently to assure sufficient bone removal. In doubt fluoroscopy
can be used. Postoperatively patients are allowed full weight bearing with a
compression bandage for up to 3 days; regular shoe wear can be used when
tolerated.

A recent systematic review showed a high patient satisfaction in all surgical stud-
ies regarding the treatment of insertional Achilles tendinopathy, despite differences
in outcome and complication ratios [31]. Furthermore, there are no randomised
studies comparing surgery to other treatment options. In general, an open surgical
debridement is indicated if conservative treatment options fail. Many surgical
approaches have been described, of which the central longitudinal splitting tendon
approach seems preferable for not disturbing too much of the Achilles tendon blood
supply with optimal functional outcomes [57]. The goal of the invasive treatment is
to expose the pathological tendon, the calcifications, the retrocalcaneal bursa and
the postero-superior calcaneal process. Subsequently these need to be resected ade-
quately, if present. Up to 50 % of the Achilles tendon can safely be elevated or
excised without disturbing early full weight bearing [58]. If up to 75 % of the ten-
don is elevated, it should be reattached by transosseous sutures or anchors at the
appropriate length [59]. If over 75 % of the tendon is released, an augmentation is
advised, most frequently with the use of the flexor hallucis longus tendon [60].
After treatment will depend on the extent of the surgery, in general a cast immobili-
sation is necessary in case the Achilles tendon is reinserted, and in all other cases
early full weight bearing is allowed.
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19.7 Prognosis

Although tendinopathy may seem like a relatively innocent injury, recovery times
are difficult to predict, and in many cases it follows a prolonged time course. There
are no prognostic data of acute tendinopathies because many remain under the radar
for the treating physician in a hospital.

Chronic midportion tendinopathies were thought to have a reasonable prognosis.
An 8-year observational study showed that 94 % of patients were almost asymptom-
atic and could run normally [61]. However, a recent study showed less reassuring
results. Approximately 60 % of a mainly conservatively treated patient group had
symptoms remaining at a 5-year follow-up [62]. This fact can be an element to share
with the patient before starting treatment. Management of the reasonable expecta-
tions from treatment can be very helpful for both the football player and the
doctor.
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Abstract Football is a demanding sport requiring specific repetitive technical ges-
tures involving the foot and ankle. This must be taken into account in the under-
standing of complaints, the search for diagnostics, and the selection of the
appropriate action. Patient’s expectations usually include full recovery with fast
return to previous activity level. Overuse and post-trauma events (isolated or in
association) are the most frequent etiologic factors of tendon-related problems. The
goal of this chapter is to present an overview of peroneal tendons (evertors) and
posterior tibial tendon (invertor) pathologies in football. The therapeutic options
herein discuss the aim to reflect the requirements of football players in their active
period. Complementary data including a broad analysis of ankle anatomy, biome-
chanics, physiopathology, and treatment including a complete surgical manual can
be found on http://www.ankleplatform.com.

Keywords Groove deepening ¢ Peroneal tendons ¢ Posterior tibial tendon e
Tendinopathy ¢ Tendon rupture ¢ Tendoscopy * Tenosynovitis

20.1 Introduction

Ball control during practice of football is far from being a simple achievement.
Enhanced proprioception and fine-tuned neuromuscular control during all foot and
ankle positions are required and demand training strategies [3].

The balance between pronation and supination is mandatory for normal gait but
even more solicited during football (e.g., ball reception or dribbling). It mostly
depends on adjustments of the subtalar joint, but the ankle joint and foot participate
at different levels. Foot pronation is a complex movement which combines abduc-
tion of the forefoot, eversion of the hindfoot, and dorsiflexion [8]. Supination also
occurs in three planes while combining internal ankle rotation, hindfoot adduction,
forefoot inversion, and medial arch elevation. Pronation provides some degree of
flexibility opposing to supination which is associated to increased foot stability [3].
The invertors of the foot comprise posterior and anterior tibial muscles [24].
Conversely, peroneal muscles (PMs), including peroneus longus, brevis, and tertius,
are the active evertors of the foot [35]. These muscles play a key role in controlling
pronation-supination.

Understanding the biomechanics of the foot and ankle is mandatory in under-
standing physiopathology. The navicular bone is the “key bone” providing distal
support to the talus. In standing position, it represents the higher structure of the
longitudinal medial arch. The harmony of these structures in static position relies on
the surrounding bones and the spring ligament (calcaneonavicular). In motion, the
action of the posterior tibial muscle (PTM) maintains the superior position of the
navicular supporting the medial arch. Thus, a weak PTM or diseased posterior tibial
tendon (PTT) is unable to keep the navicular in place and a fall of the medial arch
might occur (acquired flat foot condition) [17]. Conversely, hindfoot varus or ankle
instability creates increased persistent/repeated strain on the peroneal tendons (PTs)
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which will predispose to pathology [35]. These basic examples are representative of
the paramount relevance of biomechanical phenomena in this field.

In the light of the previously exposed, some therapeutic options implicate a sur-
gical modification of this complex biomechanics (e.g., tendon transfers, osteoto-
mies, or fusion of selected joints). Such procedures have been proposed through
time with strict selection criteria and usually addressing the general population and
not high-level athletes [16, 30, 41]. They are considered out of the scope of this text
and are properly described elsewhere (http://www.ankleplatform.com). Dealing
with patient’s expectations is mandatory. Implications of surgical options on func-
tion, including sports-specific skills, must be considered on an individual basis.

History taking and physical examination including gait analysis are the first and
most important step in the diagnostic process. In some cases, evaluation on the pitch
during football practice can be useful. History of medication consumption must be
addressed once some (e.g., fluoroquinolones — FQs) have been recognized as risk
factors for tendinopathies. FQs should indeed be used cautiously in athletes [14].

Radiological study must always include standing foot and ankle x-rays.
Ultrasound and MRI might be useful (Fig. 20.1); however, limitations exist and
must be acknowledged. Ultrasound is known to be operator dependent while pro-
viding dynamic evaluation [20]. MRI is considered diagnostically specific but not
sensitive [26]. It has presented fair sensitivity for diagnosing chronic peroneus

Fig. 20.1 MRI showing
peroneus brevis tendinopathy
(yellow arrow). Notice
flattening of the ruptured
tendon surrounding peroneus
longus and increased fluid
within the synovial sheath
surrounding both tendons
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longus pathology, but not in the peroneus brevis [26, 34]. Similar limitations have
been described for PTT [48]. Local anesthetic injection can be considered to con-
firm the origin of pain [2]. CT scans are particularly useful in the study of bony
structures which might be suspected (e.g., prominent peroneal tubercle, navicular
deformities, bone ossicles/spurs). Endoscopic/tendoscopic evaluation provides
direct inspection and is gaining popularity in either diagnostic or therapeutic
approaches [26, 48].

Morphological constitutional conditions can sometimes be favorably overcome
with adapted shoes, insoles, or orthoses when it brings athlete’s comfort without
negative implication in skills ([15], see also book Chap. 21).

One needs to listen and identify properly the nature of the complaints. The goals
are as follows: identify its etiology, understand how it affects the patient (in his/her
specific needs), and try to find a therapeutic option which might provide relief while
being compatible to football participation at the same level. These are the “golden
rules.” Sometimes, the surgeon might consider an option which suits demands on
general population might even provide more “anatomic” outcome but can endanger
the short career of a professional football player. All this information must be shared
with patients. In selected cases, patients might choose partial or temporary relief of
complaints with delay of more “aggressive” approaches.

Herein will be discussed the fundamentals of the most common pathological
conditions of PTs and PTT while considering the usual author’s approach when
dealing with these conditions within this specific group of patients.

20.2 Peroneal Tendons Pathology

As previously stated, the three muscles that evert the ankle are the peroneus longus,
brevis, and tertius. The peroneus longus (PL) arises from the proximal fibula, while
the peroneus brevis (PB) arises from the distal fibula. The deep peroneal nerve
passes under the upper end of the PL.

At the level of the ankle, the peroneus longus tendon (PLT) and peroneus brevis
tendon (PBT) pass behind the lateral malleolus and beneath the peroneal retinacu-
lum. PLT runs behind and PBT in front of it. PBT inserts on the base of the fifth
metatarsal. PLT runs around the cuboid bone, and along a deeply placed fibrous
tunnel, to insert on the base of the first metatarsal.

The PTs receive their nutritive irrigation from vincula supplied by posterior
peroneal and medial tarsal arteries. However, three relatively hypovascular zones
have been described and considered when dealing with degenerative changes: one
in PBT as it surrounds the malleolus and two in PLT (as it curves the malleolus also
and when it surrounds the cuboid) [27].

In front of PBT and PLT, there is the peroneus tertius. The peroneus tertius also
arises from the fibula. The tendon of peroneus tertius passes under the extensor reti-
naculum and in front of the lateral malleolus to insert on the base of the fifth meta-
tarsal, next to PBT. It is absent in nearly 10 % of subjects but has been implicated in
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cases of anterolateral pain and/or “snapping ankle” [13]. Peroneus quartus is a rare
anatomic variant. The consequences of a peroneus quartus tendon are unknown. In
case of pain or snapping at this level without further pathology, resection can be
considered. A prominent peroneal tubercle is another anatomic variant which has
been implicated in persistent lateral pain.

The main action of all three of the peroneal muscles is to evert the foot. The PL
locks the transversal arch and plantarflexes the first ray [35].

Os peroneum can be found within the length of PLT at the level of calcaneocu-
boid joint. It has been described in 5-26 % of people and sometimes associated with
lateral pain [37]. When observed, a proximal migration of this bony or cartilaginous
structure suggests PLT rupture.

All peroneal muscles assist in dorsiflexion of the ankle. We reinforce the rele-
vance of all muscles participating in inversion-eversion once they enable us to stay
balanced and upright on an uneven or unstable surface.

20.2.1 Peroneal Tendinopathy

The term “tendinopathy” generally describes a disease of a tendon with complaint
of pain and swelling. More specifically, it can refer to terms that were used in the
past but are now obsolete [46].

* Tendinitis: tendon injuries which involve predominantly acute injuries accompa-
nied by inflammation.

* Tendinosis: chronic tendon injury with damage to a tendon at a cellular level.

e When it involves a synovial sheath covering, a tendon is then called
tenosynovitis.

When there is no synovial envelope but instead a paratenon-covered tendon (e.g.,
Achilles tendon), then pathological changes are referred as “paratendinopathy”
(acute or chronic) [46].

In football athletes, most tendon-related problems are associated to overuse [34].
Traumatic events (contusions, sprains, fractures) are the second leading cause, but
morphological foot/ankle issues and football-specific gestures must also be taken
into account. It is always mandatory — in the presence of lateral foot and ankle pain
on a football player — to rule out concomitant ankle instability.

Clinical examination will show tenderness on palpation, local edema, and inten-
sification of symptoms on active eversion against resistance.

The first option in treatment is conservative treatment: rest, ice, massage therapy,
eccentric exercise, NSAIDs, ultrasound therapy, LIPUS, electrotherapy, taping,
glyceryl trinitrate patches, last-generation extracorporeal shockwave therapy
(ESWT), insoles, and shoe changes.

If conservative treatment fails, one can consider peroneal tendoscopy [43]. This
approach permits confirmation of uncertain findings after imaging study including
dynamic evaluation, treatment of hypertrophic tendinopathy, minimally invasive
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Fig. 20.2 Two needles point
proximal (2-2.5 cm) and
(1.5-2.0 c¢m) distal portals
using lateral malleolus as
superficial landmarks (a).
Notice that the little finger of
the surgeon’s left hand is
slightly supported in the
patient facilitating small
motion control (b).
Postoperative look after
closure of the wounds (c)

cleaning of synovitis, removal of debris and inflammatory fluid, or regularization of
prominent peroneal tubercle [33]. In properly selected cases, particularly in elite
football players, it “breaks” the vicious circle associated to repetition of complaints
after football gameplay (Figs. 20.2 and 20.3).
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Fig. 20.3 Peroneal tendoscopy showing both tendons and vincula (red arrow — a); rupture of
peroneus brevis noticed (b); further inspection revealed a length rupture (blue arrow — c¢); notice
the flattened aspect of the tendon on the right surrounding the tendon on the left bottom of the
image (d) similarly to what was suggested in MRI of Fig. 20.1

Compared to open surgery, tendoscopy presents several advantages: lower
aggression (minimizing scar tissue), lower morbidity, reduction in postoperative
pain, functional aftertreatment, and outpatient surgery.

20.2.1.1 Peroneal Tendoscopy Technique (Figs. 20.2 and 20.3)

The patient lies supine with a beanbag under the buttock to help endorotate the foot
or in lateral decubitus. A bloodless field is used. Two main portals are located
directly over the peroneal tendons. One portal is created 1.5-2 cm distal and
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2-2.5 cm proximal to the posterior edge of the lateral malleolus. The distal portal is
made first. A skin-only incision is made and then the tendon sheath is opened using
a blunt trocar within the scope’s sleeve.

The 30° 2.7-mm arthroscope (or sometimes 4.5 mm) can be used according to
patient profile, availability, and personal experience. It is possible to use 1.8-mm
scope; however, it must be considered as a general rule that the smaller the tools, the
more “aggressive”/sharp it tends to be comparing to relative bluntness of larger
devices. Furthermore, it provides more limited visualization capacity and fluid sup-
ply. We recommend keeping the fifth finger supported while controlling the arthro-
scope with the remaining four for fine control.

Postoperative treatment consists of dressings with partial weight-bearing for
2-3 days. Active motion is encouraged from the first day.

20.2.2 Peroneal Tendon Ruptures

Peroneal tendons have been misdiagnosed during several years [40]. Peroneal tears
might result from acute trauma, associated to ankle instability and retinaculum insuf-
ficiency with or without subluxation. A cavovarus foot produces increased strain on
lateral structures. A plantarflexed first ray must be ruled out opposing to calcaneus
varus by means of clinical examination including the Coleman block test [9].

Peroneal ruptures have been described as “Zone I (proximal injuries usually
involving PBT) or “Zone II”’ (distal injuries involving PLT pathology sometimes
associated to os peroneum) [38].

Patients complain of lateral pain and swelling, many times following an inver-
sion injury. Sometimes the feeling of a “pop” and subsequent ankle weakness is
described.

Radiographies should search for small ossicles, avulsions, or os peroneum
changes. US and MRI (Fig. 20.1) might help. As previously stated, local anesthetic
injections can confirm the origin of complaints.

Conservative treatment includes medication, physiotherapy, bracing, orthoses, or
temporary immobilization. However, particularly in high-level footballers, this
might fail on the long term.

The author’s preferred surgical approach is the tendoscopy one. Besides confirm-
ing the diagnosis with dynamic and precise knowledge of the characteristics of the
injury, it might permit definitive treatment of some partial tears. Furthermore, it
helps on determining the precise location of injuries, thus helping to minimize the
surgical aggression if open surgery is required. Basic principles of the technique
were formerly described.

20.2.2.1 Peroneal Tendons Open-Surgery Technique

The position of the patient can usually be the same following tendoscopy. A limited
lateral incision is performed according to the previously determined (tendoscopy)



20 Peroneal and Posterior Tibial Tendon Pathology 243

.
h -
\

Fig. 20.4 Peroneus brevis length rupture exposed (a), tubularization suture of PBT (b), concomi-
tant peroneus longus length rupture (c¢), repair of PLT using the same method (d), dynamic inspec-
tion of both tendons in place (e), closure of peroneal retinaculum (f)

injury position or need to approach the peroneal retinaculum. The common pero-
neal sheath is opened and both tendons inspected as well as concomitant bony struc-
tures (Fig. 20.4).

If a degenerated portion of the tendon is detected, it should be excised. A low-
riding muscle belly can be excised. In case of a clear length rupture, direct repair is
possible. Tubularization repair is performed in case of flattening of the tendon using
absorbable sutures (Fig. 20.4). Closure is performed by planes with re-tensioning of
the retinaculum when appropriate.

Postoperative care includes Walker boot immobilization with protected partial
weight-bearing for 4-6 weeks. Full weight-bearing follows. Closed-chain exercises
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with heel support are permitted if pain and swelling disappear at the same period.
Protected ankle range of motion exercises are permitted 3—4 weeks.

Several authors recommend tenodesis when more than 50 % of tendon thickness
or more than 2-cm length is affected; however, this represents a higher aggression
to consider carefully on an active soccer player [9]. If tendons are found to be irrep-
arable, tendon grafts (e.g., plantaris tendon) or transfers (e.g., flexor hallucis longus
tendon) might also constitute valuable options. If the os peroneum needs to be
removed, a tenodesis of PLT to PBT is required [9]. Selected cases might benefit
from bony procedures (e.g., osteotomies); however, this subject is considered out of
the scope of this chapter.

20.2.3 Peroneal Tendons Dislocation

Peroneal tendon instability was first described in the early nineteenth century in a
ballet dancer [19]. A peroneal tendon dislocation is a rare event which often occurs
after a single traumatic event which creates a sudden resisted contraction of the
peroneal muscles [32]. Most frequently the foot is dorsiflexed, abducted, and everted
but has also been described during forced dorsiflexion while the foot is everted [22].
Usually, this condition happens during sports participations (football, ski, American
football, running, gymnastics, tennis, ballet, basketball, or ice skating) [32]. The
superior peroneal retinaculum (SPR) is the primary restraint to PTs dislocation;
however, recurrent dislocation correlates with the groove depth [23]. Eckert and
Davis described that the superior retinaculum and the periosteum insertion can be
detached from the fibula [4]. They described a classification in which grade I repre-
sents detachment of SPR from the collagenous lip; in grade II, both structures are
separated from the fibula; and in grade III, a small bony avulsion accompanies the
detachment of both previous structures. A grade IV was added later, describing a
retinaculum rupture from its posterior attachment [23]. In general, grade I com-
prises more than 50 % of all cases.

When a dislocation occurs, this predisposes to recurrence. Furthermore, it has
been shown that lateral ankle ligament laxity increases the strain transmitted to the
retinaculum which explains the association between both conditions [7]. Differential
diagnosis with “snapping ankle” caused for peroneus tertius is required. Several
anatomic variants (tendinous or bony), concomitant ankle instability, or varus
malalignment predisposes to this condition.

Conservative treatment (physiotherapy, bracing, taping, orthoses, immobiliza-
tion) has been associated to a high recurrence rate [22] opposing to excellent results
reported with surgical treatment [32]. Several procedures have been described either
directed to repair or reinforcement of the SPR or bony procedures aiming groove
deepening (including bone-block procedures) [28].

There is a lack for large controlled series comparing results of several techniques.
It is therefore not possible to claim superiority of any technique over another con-
cerning re-dislocation rate.
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Fig. 20.5 A probe is used to remove the peroneals from their native grove (a). A needle assists in
the correct placement of accessory portal (b). A 5-mm shaver is used to deepen the groove
(red rectangle) (c). Final result with peroneals in place (d)

Considering a football population, the author’s preferred technique (Fig. 20.5)
comprises endoscopic groove deepening [32, 50]. Despite reported excellent results,
it constitutes outpatient surgery and enables functional treatment from day 1
enabling a faster rehabilitation. Open surgery comprises a higher risk of complica-
tions (sural nerve injury, secondary scar, and infection) [31]. Moreover, a plaster
cast is indicated after an open procedure which delays the rehabilitation process.

20.2.3.1 Technique for Endoscopic Peroneal Tendon Groove Deepening

The patient is placed prone as described for posterior ankle arthroscopy [45]. The
tendons are inspected after opening the peroneal tendon sheath (Fig. 20.5). A probe
is used to dislocate both tendons from the groove. An accessory portal is created to
introduce a 5-mm bone-cutter blade to deepen the groove. Tendons are then relo-
cated within the groove by removing the probe. The patient is discharged in the
same day. Immediate weight-bearing is permitted as tolerated as well as activities of
daily living. An ankle brace is applied during 6 weeks.
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20.3 Posterior Tibial Tendon Pathology

The tibialis posterior muscle arises from the back of the tibia, the back of the fibula,
and the interosseous membrane. PTT passes immediately behind the medial malleo-
lus, through a fibrous tunnel which is covered by the flexor retinaculum. Beyond the
malleolus, the tendon begins to fan out. It has a wide insertion including the navicu-
lar and first cuneiform bones and the bases of the second, third, and fourth metatar-
sals. The PTT does not have a mesotenon.

Immediately distal to the medial malleolus, it has an area with poorer vascularity
which can be implicated in degenerative changes of the tendon [6]. The PTT is an impor-
tant dynamic stabilizer of the medial arch and the most powerful invertor of the foot [8].

A patient suffering from PTT tendinopathy might refer posteromedial ankle pain
alone. However, on clinical examination, one can find local tenderness, a positive
PPT provocation test, and inability to walk on tiptoes. Radiographies assess global
foot and ankle morphology. MRI and US - despite their known limitations — are
useful to identify pathologies, such as tenosynovitis, (longitudinal) ruptures, degen-
erative changes, or adherences [2, 17].

Johnson and Strom proposed a classification system correlating the severity of
PTT dysfunction and subsequent adaptations of the foot (to the collapse of the
medial longitudinal arch) along with combined treatment recommendations [12].
Considering the football player, only grade I dysfunction will be herein considered.
This includes PTT tendinopathies without major deformity.

Conservative treatment comprises physiotherapy, medication, insoles, and cor-
rective shoes (medial heel and sole wedge). However, when it fails overtime, with
limited function, particularly on an athletic population, the author’s option is once
more tendoscopy.

Indications for posterior tibial tendon tendoscopy [44]:

e Tenosynovectomy

* Tendon sheath release

* Tendon debridement and cleaning of partial rupture

* Resection of pathological vincula

* Removal of exostosis/irregularity of posterior tibial sliding channel

* Endoscopic removal of implants (screws/anchors) from medial malleolus
* Adhesiolysis

* Diagnostic procedure

Posterior tibial tendoscopy enables diagnostic confirmation for patients with a
suspected or radiologically diagnosed partial tendon tear (once either false positives
and false negatives have been described) [48]. Partial tendon tears can be diagnosed
and treated while avoiding a large incision, increased postoperative pain, and pro-
longed rehabilitation. When a tendon tear suitable for reconstruction is identified,
the tendoscopic procedure can be converted to a mini-open approach, which is still
less invasive than the standard open procedure.
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Fig. 20.6 Creation of the distal portal 2.5 cm distal to the posterior edge of medial malleolus (a),
use of 2.7-mm shaver from proximal portal (b), inspection of all the tendon sheath surrounding the
tendon with the arthroscope (c), cleaning of tenosynovitis using the shaver blade (d)

20.3.1 Technique for Posterior Tibial Tendoscopy

The patient is positioned supine and a bloodless field used. For superficial land-
marks, the patient is asked before anesthesia to actively invert the foot, to facilitate
palpating the PTT to mark the portals. The level of maximum pain should also be
marked. The distal portal (Fig. 20.6) is performed first, 2.5 cm distal to the poste-
rior edge of the medial malleolus. A 30° 2.7-mm arthroscope is introduced, and the
complete tendon sheath should be inspected. The proximal portal is made under
direct vision using a needle, after which an incision is created in the tendon sheath
and a 2.7-mm shaver can be used. At the end of the procedure, the portals are
sutured, and a bandage is applied. Active range of motion exercises are performed
from day 1. Partial weight-bearing is advised for 2—3 days and gradually resump-
tion of daily activities as supported. Sutures are removed from the 10th to 14th
days.
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20.4 Anterior Tibial Tendon

The tibialis anterior acts as an ankle dorsiflexor. Tibialis anterior tendinitis is rare.
However, a direct trauma in a footballer might produce local tenderness and swelling.

Insertional tendinopathy has been described, more often in ballet dancers or
jumpers. Patients describe pain on the medial cuneiform particularly when loading
the foot immediately after heel strike or during swing phase of gait [29]. Spontaneous
rupture is also rare and usually occurs in elderly people causing a foot drop and
subsequent gait abnormality.

20.5 Injection Therapy

Percutaneous treatment of pain conditions has been gaining increased popularity,
particularly among football players.

Injection treatments have been including several agents such as corticosteroids
[11], polidocanol, platelet-rich plasma (PRP), high-volume injections, hyperosmo-
lar dextrose, brisement, aprotinin, and low-dose heparin [49].

Corticosteroids have a powerful anti-inflammatory effect. Its use in tendon
pathology is currently discouraged given the risk of subsequent tendon degeneration
and/or rupture [39].

Polidocanol has been proposed as a method to abolish neovascularity within and
around inflamed tendons [21]. However, the role of this neovascularization phe-
nomenon is not fully understood which is in line with inconsistent results obtained
from the method [47].

One must understand that each agent and technique presents its specific implica-
tions, and until now there is no such thing as a securely effective and harmless per-
cutaneous “panacea” capable to cure all sources of pain.

There is controversial data in literature involving percutaneous treatment/prolo-
therapy, and sometimes the rationale supporting its application, particularly in ten-
dons, is not completely understood.

These are promising and increasingly developing techniques and, while consid-
ering them as valuable options in specific conditions, one should keep some caution
and critical spirit.

Currently, the most popular is probably PRP in one of its different preparations
(with inherent different effects). It has been promoted for injection therapy as mini-
mally invasive, nonoperative approach for several conditions [25]. It proposes a
wide range of favorable defects in several tissues including tendon pathologies,
muscle injuries, or even cartilage and joint arthritis. However, there has been some
controversy on its clinical use [42]. Results have been obtained from pathologies,
considering different tissues and different preparations of PRP (e.g., with/without
leukocytes, platelet concentration, etc.) which limits the possibility for further con-
clusions or guidelines for its application [18]. It should be acknowledged that this is
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a promising technique. Growth factors provide consistent laboratorial results; how-
ever, extrapolation to clinical setting is demanding [1]. Improved methodology in
related research design and more clinical trials assessing outcome of PRP technol-
ogy are still required [5].

It is necessary to develop appropriate guidelines and increase evidence level
prior to its widespread application as a treatment option for joint diseases [36].

Many limitations persist concerning clinical and basic science aspects of tendon
healing. The critical goal is tendon repair that leads to faster rehabilitation with
regeneration of tissue with similar or better characteristics than those of the normal
tendon. Tissue engineering and regenerative medicine research envisions new
answers for the future [10].

20.6 Conclusions

Tendinopathies around the foot and ankle in footballers are frequently associated to
overuse and/or traumatic events. Fine control of pronation-supination has been
implicated in technical skills required for ball control. Dealing with patient’s expec-
tations is particularly demanding in elite football players. Tendoscopy of posterior
tibial tendon and peroneal tendons has been significantly developed in recent years.
It has shown to provide definitive diagnosis in previously dubious situations, enables
definitive therapeutic approach in an important percentage of cases, and assists in
diminishing surgical aggression when open surgery is required. Despite being a
demanding approach with challenging learning curve, it provides shorter recovery
with faster return to football participation in selected cases. Future developments
from biology and tissue engineering might further improve our course of action.
Peroneal tendons and posterior tibial tendon pathologies must be understood com-
bining a comprehensive approach of foot and ankle anatomy and biomechanics.
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Chapter 21
The Footballer’s Inlay Sole:
An Individualised Approach

D.P. Francisco Escobar Ruiz and Pieter P.R.N. d’Hooghe

One of the problems in Football is that the only people who
really know how to play the game... are sitting in the
pressroom.

Robert Lembke — German journalist (1919)

Abstract Football is one of the most popular sports and one in which the lower
extremities are most exposed to injury. Statistics show that between 2 and 9.4 players
per 1,000 h of exposure suffer injury to their lower limbs. Of these injuries, we most
commonly find sprains, fractures, tear ligaments as well as various blows and bruises.
The type of foot is considered to be an intrinsic factor when taking injury into con-
sideration while at the same time the football boot is considered an extrinsic factor.

The inlay sole or insole (foot orthotic, FO) has been used for many years as a tool
for health professionals in the treatment and prevention of injury to the feet and
lower limbs among football players. The principal objectives are improvement in
sports performance, optimisation of biomechanics and the reduction of pain.

The materials used in FO — and at the same time the making of the moulds and
the techniques employed in their manufacturing — have evolved at a rapid pace over
the last few years. It’s not so long ago that metal inlays were beaten into shape with
a hammer. Compare that to the carbon fibre ones (or the composites formed under
high temperatures) we have nowadays and you know what an evolution football
inlay soles have gone through over the last decennia.
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The advances in technology and the materials used in the fabrication have enabled
more and better results thanks to the wide range of options now available. Furthermore,
weight and size are now no longer a problem for the adaptation of the football boot.

The importance of the foot in the mechanics of the lower extremities is an unde-
niable reality, and custom-made foot orthoses (FOs) are possibly the best option for
the treatment and prevention of injuries, through the optimisation of the biomechan-

ics of the football player.

Keywords Football ¢ Inlay sole ¢ Orthosis

21.1 Introduction

No clear definition of foot orthosis or inlay sole exists. The definition taken from
Dorland’s Medical Dictionary ‘an orthopaedic appliance or apparatus used to sup-
port, align, prevent or correct deformities or to improve the function of movable
parts of the body’ is the most widely used, but it is not altogether complete.

Ray Anthony describes the inlay soles this way: ‘the functional orthosis is an
orthopaedic device which is designed to promote structural integrity of the joints of
the foot and lower limb, by resisting ground reaction forces that cause abnormal
skeletal motion to occur during the stance phase of gait’. This definition introduces
new concepts mentioning functional orthosis, reaction forces and the dynamic phase.

The description given by Kirby could possibly be the most complete and cur-
rently accepted: ‘An in-shoe medical device which is designed to alter the magni-
tudes and temporal patterns of the reaction forces acting on the plantar aspect of the
foot in order to allow more normal foot and lower extremity function and to decrease
pathologic loading forces on the structural components of the foot and lower extrem-
ity during weightbearing activities’.

Since its beginnings in 1845 boot makers and all through the twentieth century,
different podiatrists and medical practitioners tried to develop an orthopaedic treat-
ment for painful pathologies and deformations of the feet.

Midway through the twentieth century, Merton Root and collaborators produced
one of the first valid theories for a new lower extremity biomechanical classification
system based on STL neutral position and eight biophysical criteria of the foot and
lower extremity with the idea of finding the ideal or normal foot. Working further
on this theory, they began to work up thermoplastic sole inlays adapted from a plas-
ter mould in the attempt to find the neutrality of the foot. At this moment, a new era
in the development of FOs started really off.

It was later when newer investigations began to appear, investigations which
tried to refine and potentiate the therapeutic effectiveness and prescribe treatments
for new pathologies. Campbell, Blake and Kirby among others were the maximum
exponents of these new theories and orthopaedic treatments.
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21.2 Efficacy of Custom-Made Foot Orthoses (Inlay Soles)

In the world of sports and above all in football, a wide-ranging effectiveness is
demanded, meaning that we must provide greater scientific evidence that justifies
the most effective treatment for our football player. Because of this and thanks to the
technological advances in the last few decades — accompanied by greater clinical
experience — we now know more about the provision of scientific validation for each
and every treatment/prevention of injury through FO in football.

No criteria in the evaluation of the effectiveness of the FO exist through consulta-
tion of scientific literature. We can find multitudinous articles which try to demon-
strate the effectiveness based on the reduction of pain, mechanical change, reduction
of injury treatment times, and patient satisfaction. The importance however of com-
paring the effectiveness of custom-made FOs versus those of a standard fabrication
(as the results can be quite different) is related to whether the FOs are based on a
prior study of the patient or not.

Often, it helps in football to show the results of studies performed on different
populations, due to the lack of further sufficient evidence. As sprinting and run-
ning are integral parts of football, we quite often find ourselves obliged to base our
treatments upon studies that involve professional runners despite knowing that the
movements are not exactly the same. The study of the mechanical changes in foot-
ballers can be quite difficult to perform due to the complexity of movements and the
multiple external factors involved in these movements.

The comparison between the effectiveness of different FOs is often attempted to
be demonstrated through the control of certain movements. In 2000, Mc Poil and
Cornwall compared the effectiveness of FOs in relation to the control of tibial
rotation. This study concluded that the use of soft, accommodative, pre-moulded
FOs — in addition to shoes — can reduce the magnitude and acceleration of trans-
verse internal tibial rotation. They also showed that the use of rigid materials in the
construction of FOs (and the use of posting or wedging) is not more effective than
the aforementioned.

In 2006, MacLean et al. demonstrated that custom-made FOs reduce the maxi-
mum angle of rearfoot eversion and speed together with the moment of internal
inversion of the ankle in the short-term intervention in runners. This finding is usu-
ally seen in the initial midstance during the running cycle.

In 2007, Stacoff and Col demonstrated that a combined moulding and posting
orthosis in the treatment of the valgus foot reduces eversion best. They also showed
that individual variations may be due to subject-dependent proprioception, internal
foot mechanics and/or a combination of both.

Anderson and Stanek in 2013 revised the efficiency of FOs in the treatment of
plantar fasciitis — a common injury among football players — in which they proved
the effectiveness of different types of FOs for this condition. However, it was also
concluded that the reduction of symptoms was not complete in the majority of
cases.
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The clinical experience gained and the improved results obtained have led us to
base our treatments on personalised FOs together with a previously performed clini-
cal assessment of the patient. There are many intrinsic and extrinsic factors that we
should consider in a football player’s FO. The study and analysis of these factors
combined with experience in football lead us to a therapeutic successful outcome.

21.3 Theories

Different biomechanical theories search for the possible causative mechanisms that
produce injury. At the same time, these theories can be used in the study on the
effect of FOs related to the football player. Thorough background in these theories,
understanding the new technologies of Foot Function and dynamic ankle/foot
behaviour allow us to explain the biomechanical causes of the pathology/injury to
the ankle. This furthermore enables us then to successfully create a mechanical
design and use it in the personalisation of the FO for our football players.

These theoretical insights have always served as the basis to choose the most
appropriate FO for each player, tailored individually. This approach serves as the
basis for our daily clinical assessment, diagnostics and treatment strategy in football.

The use of force plates, pressure platforms, in-shoe plantar pressure analysis and
computerised three-dimensional motion analysis allows a more in-depth study of
the biomechanics involved. Newer computer modelling techniques enable us to cre-
ate a personalised design, tailored to the biomechanical needs of the football player.
In this way, we try to alter the extrinsic pathological effects on the ankle in
football.

One of the first theories was established by Morton in 1935. He concluded that
the ‘hypermobile first metatarsal segment’ would produce pain in the foot and he
proposed the fabrication of a compensating insole with a plantar extension of the
first metatarsal. This is known today as the ‘Morton’s extension’.

In the 1960s, Root and collaborators developed a classification for the ideal
ankle based on the neutrality of the subtalar joint with reference to the foot. In their
belief, FOs were designed to neutralise malalignment to the subtalar joint and thus
avoid further pathological compensation mechanisms towards the knee and foot.

In 1987, Kirby concluded that abnormal subtalar joint (STJ) rotational forces
(moments) were responsible for many mechanically based pathologies in the foot
and lower extremities. They also stated that the abnormal STJ axis spatial location
was the primary cause of pathological STJ moments. As an example, an ankle with
amedially deviated STJ axis was more likely to suffer from pronation-related symp-
toms, since the ground reaction force (GRF) would cause increased magnitudes of
external STJ pronation moments. An ankle with a laterally deviated STJ axis will in
the same way show supination-related syndromes since the GRF would cause
increased magnitudes of external STJ supination moments. Kirby concluded that
medial and lateral deviations of the STJ axis in the ankle will produce a change in
magnitudes and directions of the moments of the STJ. They showed that this finding
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consequently leads to a higher contractile activity in the musculature around the
ankle and foot. Kirby and Green hypothesised that FOs could control the pronation
of the STJ during weightlifting activities using a deep inverted heel cup known as
the Blake inverted orthosis. This orthosis has been shown to be particularly interest-
ing in the treatment of paediatric flatfoot deformity, posterior tibialis dysfunction,
sinus tarsi syndrome and the magnitude control of external STJ supination moments.

A new alternative of great importance at a biomechanical level — and one which
questions the validity of some of the current theories or standards (paradigms) in
relation to the treatment of foot and ankle disorders — is the ‘tissue stress model’ as
described by McPoil and Hunt in 1995. In their work, they presented assessment
and treatment strategies for tissues that are damaged through excessive mechanical
tension. Their model is based upon the ‘load/deformation curve’: as increasing load
is placed on a body tissue, deformation or change in the dimensions of that structure
gradually occurs. This ‘stress tension model’ generates a curve of deformation
through tension in two regions, an elastic and a plastic one. The area between the
two regions is the elastic limit and the final area is the rupture point. The normal or
abnormal foot does not exist in this concept. What does exist is that each individual
tissue has its own level of tolerance to the amount of tension it can withstand over
time, and the author’s belief is that the FO will aim to reduce this tension.

The Fuller model described in 1996 describes how to locate the pressure centres
of the sole of the foot and how to spatially orientate the STJ in order to assist in the
prevention and therapy of ankle injuries through the use of FO.

One of the latest theories of foot orthosis function, ‘The preferred Movement
Pathway Model’, is recently being proposed by Nigg. The authors state that if the
preferred ankle movement pathway is counteracted — e.g. with a combination of
insoles and shoes — an increase in muscular activity will be noted, whereas if the
movement is permitted, a reduction of muscular activity will be seen. Therefore,
they conclude that the function of the FO should not be to realign the skeleton but
to conduct the ‘muscular tuning’ during the sports.

These newer insights in functional ankle/foot models are receiving considerable
recognition within the biomechanics international community. Nevertheless, more
research is necessary to understand the efficacy of FOs in football particularly.

21.4 Biomechanical Effects of the FOs in Football

We often tend to believe that football is a sport where the player is in constant con-
tact with the ball, but the reality is quite different. If we measure the intensity of
exertion — represented by the total distance run and divided into separate actions — a
defender will run between 8 and 12 km per match divided into 1,000 separate
actions and with a pause every 6 s.

In total, the distance run is performed walking (25 %), at a slow jog (37 %), at
cruising speed (submaximum) (20 %), performing tackles (11 %), backwards (7 %)
and backwards and to the sides (16 %). The distance run with the ball is around 2 %
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of the total for which reason we must not consider this the predominant action of the
player. Also to the action of running with the ball, we must add jumps (1 every
5-6 min) and the hitting or kicking of the ball.

With regard to the lower extremities, the hitting or kicking of the ball is impor-
tant in as much for its frequency as for its aggression. The kicking or striking of the
ball has been studied on many occasions. However, the many different situations
and individual peculiarities make the establishment of a standard mechanical pat-
tern identical to all football players difficult.

In 2010, Juarez studied the starting speed of the ball when kicked with the instep.
The author observed that the speed of the foot at the moment of striking the ball was
of 24.59+1.33 m/s similar facts to the 20.4+ 1.3 m/s observed by Barfield and col-
laborators in 2002.

The diversity of the movements and gestures in football make it a singular sport.
In the first place, the player’s profile should be known: how is the player like, and
what are the player’s needs and requirements? It can also be very helpful to under-
stand their performance personality, the position and behaviour in which they play
on the pitch, quirks, footwear habits, etc.

Added to the importance of understanding the biomechanics of the player is
understanding the effects of FO on the ankle/foot and the lower extremity. This will
enable us to produce an integral personalised support that offers the desired out-
come to the player.

The first investigations into the effects of FOs on athletes showed little or no
changes in the gait kinematics and questioned whether FOs could have any demon-
strable effect on the ankle/foot and lower extremities. However, technological
advances and the ability to carry out research have shown how FOs can alter the
mechanical function of the ankle/foot and how they assist in the prevention of lower
limb football injuries.

It has been shown that FO intervenes in the kinetic control of the foot and lower
extremities. This control is produced through changes such as the reduction in the
angle of eversion and the speed of the hindfoot, angle of dorsiflexion of the ankle,
moment of maximum inversion of the ankle, changes in knee external rotation
moments and changes in knee abduction moment.

If we take, for example, an anterior tibialis tendinopathy in a football player, a
custom-made FO can shift the most medial forces of reaction in the heel and longi-
tudinal arch resulting in an increase in external STJ supination moment. This will
lower the contractile forces of the muscle and in turn the tensile forces in the tendon.
This example shows how an FO can improve the symptoms of an ankle/foot tendi-
nopathy and alleviate the player in the frontal tibia. It should be noted that every FO
has an immediate impact on the kinematics of the athletic football movement and
therefore should be used with caution.

Research has shown that EMG alters the activity of the muscles in the lower
extremities with athletic activity. Since FOs alter the contractile activity of lower
extremity muscles, they can also alter EMG activity and this should be taken into
account in further gait EMG research.
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Evidence of improvement in postural stability through the use of FOs exists.
With the help of 3D platforms, ankle inversion-eversion movements in subjects with
ankle instability were measured. The use of FOs showed to improve the mobility of
the foot and ankle. With unipodal standing, a decrease of medial control in the hind-
foot (pronated feet) can be seen. The importance of stability in unipodal standing in
the football player is important due to the necessary action of striking the ball.
Having good stability increases the postural control abilities and there is a reduction
in medial-lateral sway during bipodal standing.

The forces and pressures on the sole of the foot can also be modified by another
therapeutic mechanism for injured and painful areas. In players suffering from
metatarsalgia, the pressure peaks at the metatarsal heads and loading forces can be
diminished by FOs. With football players, we must also add the intrinsic pressure
on the metatarsal heads by the studs from the football shoes. At the moment of ankle
propulsion — owing to the poor distribution of the studs — an increase in the pressure
on the metatarsal heads may be produced, causing possible injury to the bone and
soft tissues in the joint. A double action on the redistribution of the loads on adja-
cent metatarsals — with reduced loads combined with the correct distribution of the
studs — will diminish the overload. This redistribution of forces and pressure is
considered nowadays as one of the primary functions of FOs in football.

21.5 Custom-Moulded Foot Orthoses (Custom-Fitted)

In recent years, the greater efficacy of custom-fitted FOs has been advocated com-
pared to standard ones. Considering the advances in gait kinematics, FO customisa-
tion and technological knowledge over the past few years, this should be considered
further. Some of the following studies demonstrate the effectiveness of custom-
fitted FOs for other ankle/foot treatments.

The personalisation of insoles improves in the following:

» Assessing ankle/foot pain reduction or functional limitation of deformity.

* Metatarsal padding was shown to relieve sesamoid overload in 80 % of patients
(Axe and Ray 1988).

* Impact reduction in plantar fasciitis or calcaneal spurs, compared to other treat-
ments such as anti-inflammatory treatment (corticosteroid injection plus
NSAIDs) or silicon heel cups (Lynch 1998).

* Saggini studied in 1996 the effectiveness of the custom dynamic FO versus heel
lift on myofascial trigger points in the peroneus longus muscle, in patients with
an anatomical leg-length discrepancy. The patients who wore custom-fitted
insoles experienced a significant reduction in pain. The author stated that con-
trolling the biomechanics with a custom-fitted FO was more important than
using a heel lift.

e They improve and reduce the plantar pressure in the forefoot by up to 1/3 in rela-
tion to sham insoles.
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* Greater control over skin lesions, callus, etc. where an increase of pressure pro-
duced these lesions.

* The efficacy of FOs on stress fractures in the military was proven already in 1989
by Simkin. The effect was demonstrated through the FO reduction of lesions in
low arched feet and the reduced stress in high arched feet.

Clinical experience has brought us to the conclusion that the use of custom-fitted
FOs is much more effective compared to the prefabricated ones. Prefabricated
insoles (less expensive devices) have solved above all mild injuries but have not
been as effective in the prevention of elite football player injuries.

Still, there is only limited data demonstrating the efficacy of custom-fitted
FOs being more effective than the prefabricated variety. For example, Sasaki and
Yasuda proved in 1987 the effectiveness of a prefabricated wedge (lateral heel/
valgus wedge) in order to reduce the symptoms of a mild medial osteoarthritis in
the knee. This shows that less expensive methods can help to reduce symptoms
with a slight wedge or prefabricated device in daily life activities. A study by Mc
Court in 1990 demonstrated no difference in the reduction of symptoms between
prefabricated FOs and the custom-fitted types. There was no significant differ-
ence between the controlled groups, costs and relief timing, associated with cus-
tom FOs compared to the non-custom types. Further credible research is
necessary to delineate specifically the differences between them, especially in
football.

21.6 Capture Mould (CAD-CAM)

The search for a reliable technique to obtain a correct mould of the foot — to enable
the most exact and trustworthy reproduction as possible — is one of the challenges
faced by modern orthopaedic technicians. First, a fitted cast allows us to create the
necessary corrections and enables us to compensate for the necessary mechanical
alterations. Then — with utmost precision — one can start the FO personalisation
process. Further, this personalisation phase is of high importance because the thera-
peutic success of the FO depends upon the method chosen.

One of the most commonly used techniques for the capture of the foot is the
pedigraphy method, where plaster casting or foam boxes are used with good objec-
tive and subjective outcome. In Europe, the method of direct adaptation was also
commonly used. Nowadays, advances in the latest 3D-scan technologies make it
possible to capture the foot in the most precise and anatomical way.

The essence for all used methods is to find a reliable neutral mechanical model
that reproduces the ankle/foot parameters as closely as possible matching with the
clinical measurements. The most commonly used method to create a correct and
neutral mould is the forefoot aligned with the hindfoot, the foot contour and plantar
surface in the correct angle along with the height and length of the internal longitu-
dinal arch.
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The choice of the 3D scanner system as a protocol method for capturing the foot
has been shown to be valid, reliable and a good tool in our clinical daily life activi-
ties. This 3D system is mainly used by commercial brands for the customisation of
shoes for football players.

In the last decennium, clinical results have been shown the best using 3D scan-
ning when comparing all the different methods and techniques of mould capture in
football.

The advantage of 3D surface scanning in foot capture is that it offers reliable
information and reduces the negative variables in the ankle/foot measurement. This
technique is independent of clinical experience in relation to other techniques such
as plaster casting or foam box moulding. In casting or foam box techniques, clinical
experience is essential, but a lack of it can evidently affect the reliability of the
mould.

In plaster moulding, clinical measurements of the ankle/foot can be affected, for
example, by the height of the arch or by the alignment of the forefoot to hindfoot.
Other affecting variables in the handling of the plaster mould are the amount of
water used (setting time), the ambient temperature and quantity of plaster. All of
these variables can influence the difficulty of casting with a prolonged immobilisa-
tion in a neutral position, a good grip of the ankle/foot or even the tiredness in the
arms of the castmaster. The result of a good casting mould is determined by the
correct handling and control over these above-mentioned variables.

With foam box moulding, there are errors in the pressure of the foot over the
foam that can increase the measurements due to the expansion of soft tissue areas
and of the lateral-to-medial ankle/foot movements. The width of the forefoot, for
example, is 1.5 cm greater with this technique than in comparison with other
techniques.

A good mould that is casted in the most optimal conditions remains the golden
standard in worldwide practice. With the use of the latest generation 3D scanners,
however, more reliable outcome is seen in sports such as in elite football.

To reduce possible errors and because of the flexibility of the foot, the correct
position of the foot on the scan is with the knees and ankles resting on a con-
trolled load support on the scanner mirror. Any increase in the load on the fore-
foot should be avoided, and the aim is to position the foot muscularly relaxed and
easy to manipulate. This allows us to find the point of neutrality in the mould and
adjust to the clinical measurements obtained. Through this method, we can repeat
the scan as many times as necessary until we can document the correct scanned
image (Fig. 21.1).

To minimise errors in the scan, we must place the foot on the glass in order to
gain precision (to thousandths of a millimetre) compared to a foot position at a
higher distance from the scanner. A correct calibration of the scanner and a good
resolution are extremely important to generate a virtual mould with the highest
accuracy possible so that the correct foot’s length, width and height can be mea-
sured. Evidently, the clinician needs to use the correct technique in order to mini-
mise errors also and this is where experience is key.
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Fig. 21.1 3D partial weightbearing digital scanner

One of the major disadvantages in the use of these above-mentioned techniques
is the difference in costs between them. The use of plaster casting or a foam box is
much lower than that of digitalisation. However, casts and moulds have a higher
cost in storage and materials compared to the digital materials that are cheaper in a
daily use setting.

21.7 The Design of FOs (Computer-Aided Design, CAD,
and Computer-Aided Manufacturing, CAM)

The precision of the digital image captured by the 3D scanner is an important tool
for the digital software to personalise the FOs. It also allows us to make the neces-
sary corrections and to treat the existing mechanical alterations with great accuracy.
Other methods (e.g. the manual ones) do not permit this speed of design in their
elaboration.

Once the digital mould is captured, the necessary points of reference for the
design are taken. The points of reference taken are those provided by the reliability
of this method of measurement of the foot, and in this way, a neutral mould is
obtained. The points of reference taken are the centre of the heel, the 1st and 5th
metatarsal heads and the medial tubercle point of the navicular bone at the longitu-
dinal internal arch. These are the points that determine the contour and measure-
ments of the 3D-based custom-fitted FO.

The advantage of this method is that we can modify the captured digital mould
and every individually generated image of the FO. It is possible to work with a mul-
titude of parameters such as changing the inclinations of the mould, the measure-
ments of the width of forefoot or hindfoot, invert or evert the mould to the exact
form, arch fill, forefoot tapers, flanges, raise or lower the first or fifth metatarsal,
heel cups, advance or postpone with relation to the FO, etc.
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Fig. 21.2 Software to design and type of corrective or accommodating custom orthotic insoles

It is also possible to make modifications on the FO directly. It is simple to add
intrinsic and extrinsic forefoot or hindfoot posts in order to adjust foot alignment,
posts like cutouts, kinetic wedge extensions, heel raise or lifts (that can be applied
in the event of leg-length discrepancies) and a wide range of mechanical corrections
with a high degree of accuracy. Even every effective personal design can be saved
with a high degree of control and adaptability. These options can be used for correc-
tive, as well as accommodative, applications (Fig. 21.2).

The true difficulty with FOs for football players is the space between the insole
and the shoe. In football, 3D image capturing is the preferred FO tool for perfect fit
in the shoe since it can create an exact design to the form of the shoe and also
change the width of the heel, midfoot and forefoot without the loss of any correction
or fitting.

A football player expects to have a light and comfortable FO. To create the cor-
rect width, shape and thickness in the FO production process is indeed the biggest
challenge today. FOs can be elaborated in a single layer of just 1.5 mm including the
necessary mechanical corrections, without the need to add any additional materials
that might affect the FO’s thickness and lightness. In this way, FOs can be made
lightweight and flexible without losing the necessary stability to maintain a correct
alignment.

Furthermore, the moulds and designs can be saved easily on computer and used
in a multifunctional way.

The advantages of these systems — aside from their ease of use and reliability —
are that the common problems of storing moulds and materials are avoided. Today,
it also still requires a technical craftsmanship — regardless of the digitalisation era —
as the outcome of the design is based upon a skilled experience that remains
completely personalised.
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Fig.21.3 Manufacturing four pairs of foot orthoses (homopolymer polypropylene for CAD-CAM)

21.8 Machining Custom Orthotic Insoles

The next step in the process after the scanning and design phase is the machining of
the different materials. In this process, the use of a digital laboratory and a system
capable of reading the designs is necessary. By doing so, the design is matched to
the selected materials through the use of a cutting machine of numerical control
(CNC) (Fig. 21.3).

The milling machine uses a sharp rotary blade, and through subtractive manufac-
turing, the different materials are formed into an FO. These materials can be EVAS
or plastic. Depending on the power and/or speed of the milling machine, we can
elaborate an FO in 15 min (if it is machined on just one side and in 25 min if it is
machined on both sides). The milling machine has an error margin of just 0.05 mm.

The performance time of a plaster of foam box mould is quite different since
it relies on thermo-adaptive materials that require time to cool down. Hence,
because we are working with different layers of materials, this process can take
up to over 1 h.

21.9 Materials to Customise the FOs

Correct material selection and correct design are the most important modalities to
create a football inlay sole that matches the high demand needs of the player.

At present, we are living in an advanced technological era that provides us with
the opportunity to access the best next-generation materials and even enables us to
use high-profile robotic systems. For these mechanised systems, blocks of raw
material are necessary. For the elaboration of FOs in football, we look for a series
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Fig. 21.4 CAD-CAM blocks. Different densities and colours to suit your requirements

of very specific materials that provides the necessary requirements. Mostly used
materials nowadays in elite football are for double- or triple-density EVA CAD-
CAM (ethylene vinyl acetate). These materials offer the orthopaedic technician a
rapid and efficient mechanisation process that also creates a personalised and mul-
tifunctional FO. The higher densities are used in the areas where we want most
control whereas the lower densities provide comfort in the other zones of the foot.
These FOs are lightweight, shock absorbing and very hard wearing and also retain
their shape. They also reflect body heat with thicknesses that we can adapt to, taking
into account the reduced space of a football shoe. We can personalise FOs with
singular characteristics and easy adaptability. Here, we can see one of the major
differences between the digital and the manual techniques. If a similar effect would
be expected by the manual moulding techniques, we would need more different lay-
ers of material that would require a thicker and heavier FO, thus, consequently lead-
ing to more discomfort and less fitting for the player.

Another new material related to the advances in design software (which allows
us to machine on both sides) is polypropylene (homopolymer polypropylene). This
is a thermoplastic polymer that can be found mixed with amalgamations of fibre
glass or carbon. By doing so, it offers the FO its specific properties for its personal-
ization and adaptation process. The capacity of this material to yield pressure
and torque — yet consistently return its form without fatiguing or eliminating
distortion — we are provided with FOs of an excellent and solid production that
remain rigid even in thin applications. Thanks to the FO’s stability, good mechani-
cal control, slim design, lightweight status, comfortable feeling in gameplay and
durability, it is widely used in elite football (Fig. 21.4).

There is a great variety of available materials on the market to make a comfort-
able FO, but the choice of use remains very sport-specific, especially in football
(Fig. 21.5).
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Fig. 21.5 Inlay sole fit inside a
football boot (multidensity)

21.10 Conclusion

The manufacturing of foot orthoses (FOs) has been susceptive to major changes in
the last decennium with the emergence of 3D scanners and software designs. They
offer a variety of options to improve the design of corrective or accommodative
orthotics insoles. Particularly, the latest generation of customised FOs is widely
recognised and is used in elite football. Digitalisation facilitates further the FO
design and manufacturing processes. It also offers a reliable, precise and comfort-
able FO to the player, compared to the thermo-formed moulded techniques. We use
nowadays FO materials with special mechanical properties that offer the player
flexible, lightweight and comfortable FOs. The challenge remains to reduce the FO
thickness even more in the future, occupying minimal space in the football shoe
(enabling the player to maintain a natural feeling) without compromising the FO’s
therapeutic goals.
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Chapter 22
Rehabilitation After Ankle Football Injuries

Mark Feger and Jay Hertel

Football: a feast!
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Abstract Rehabilitation for foot and ankle injuries in the football athlete can pro-
vide unique challenges for a sports medicine clinician. The majority of the book
focuses on specific foot and ankle injuries and highlights important rehabilitation
considerations for each of those injuries. This chapter aims to highlight important
rehabilitation considerations and concepts that can be applied to the rehabilitation
of all foot and ankle injuries. Due to the unique challenges associated with foot
and ankle injuries in the football athlete, a comprehensive and multidisciplinary
approach to rehabilitation is required. This chapter outlines the key members of
the sports medicine team as well as how to structure a rehabilitation program
around important short- and long-term goals that will need to be achieved on the
road to recovery. We also highlight the importance of a return to participation
progression and the benefit of having a consensus among the sports medicine team
about the appropriateness of returning an injured athlete back to participation.
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22.1 The Sports Medicine Team

The rehabilitation process for all but the most severe ankle injuries begins imme-
diately after the injury has been sustained. However, the rehabilitation process
should not be considered complete once a player returns to the pitch. The physi-
cal demands competitive football places on the foot and ankle during competition
necessitates that the rehabilitation process be multidisciplinary and comprehensive
in nature. The multidisciplinary sports medicine team at a minimum includes a phy-
sician, an athletic trainer or sports physiotherapist, coaches, and the injured player.
Regardless of the specific personnel, the sports medicine team should collectively
have an intimate knowledge of the following:

* Pathomechanics of the injury

» Healing process of the injured tissue

* Techniques to assess tissue integrity

* Techniques and tools to aid in rehabilitation

* Physical and psychological demands of the injury, rehabilitation process, and the
progression of returning to sport

Having the collective knowledge required to facilitate a safe return to sport is only
beneficial when collaboration and effective communication is observed between the
members of the sports medicine team. Coaches and players often do not understand
the pathophysiology of the injury or healing process and thus must be informed of
clinical signs and symptoms utilized by the clinicians when making decisions on treat-
ment or functional progressions. Conversely, many clinicians may not understand the
physical demands placed on the foot and ankle such as when striking a ball from 18 m
out with a defender slide-tackling from the rear. Therefore, the final return to play
decision requires a consensus from the sports medicine team to ensure the injured tis-
sue can withstand the loads placed on it during sport and that the physical and mental
state of the athlete leaves no apprehension about reinjury during participation.

22.2 Setting Goals

Setting goals is an integral part in the rehabilitation process and often facilitates
communication between the members of the sports medicine team when trying to
establish safe and realistic time frames. Goals should include objective measure-
ments of clinical progress as well as subjective assessments associated with the
athlete’s perception of physical and psychological concerns.

22.2.1 Short-Term Goals

Short-term goals during the rehabilitation process are often designed to address
clinical signs or symptoms and restore physical limitations such as range of motion,
neuromuscular control, muscle function, and balance. The immediate short-term



22 Rehabilitation After Ankle Football Injuries
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Fig. 22.1 Flow chart of goals of general rehabilitation process and common techniques to achieve
individual short- and long-term goals

goal for any injury should always be accurate identification, protection, and man-
agement as to not cause further injury or exacerbate the inflammatory response.
Subsequent short-term goals should be documented with objective measurements
and realistic time frames of which the goal is to be achieved. The majority of this
chapter focuses on rehabilitation considerations for many of the physical limitations
of which short-term goals will likely be based upon (Fig. 22.1).

22.2.2 Long-Term Goals

Long-term goals are almost always associated with “milestones” within the rehabilita-
tion process and will be different for each injury. A long-term goal following a Grade I
ankle sprain may be to return to full competition within 2 weeks without a subsequent
sprain. However, long-term goals following an Achilles’ tendon rupture may include
multiple “milestones” such as walking without support, jogging with no pain or tight-
ness, and eventually returning to full competition with no subsequent complications.
Depending on the level of competition and the point in an athlete’s career, the final
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long-term goal may or may not be to return to the same level of competition as soon
as safely possible, but that will likely be the long-term goal of emphasis.

22.3 Early Phases of Rehabilitation and Treatment

Early phases of rehabilitation are inevitably always focused around aiding the body
in its natural healing process. Injuries can be broken into two broad categories,
including macro-trauma and microtrauma. Macro-trauma is often associated with a
specific event, of which can be identified as the mechanism of injury and this is
considered an acute injury. Chronic injury is a cumulative process that results from
multiple microtraumas over time, and the mechanism of injury cannot be attributed
to a specific event.

Regardless of the type of trauma, the body will undergo a cascade of events at the
cellular level, of which the primary purpose of this process is the restoration of
normal tissue function. This healing process is chemically mediated and an influx of
specialized cells to the site of injury will occur to aid in the removal of damaged
tissue and to repair or regenerate new tissue. This process is known as the inflam-
matory response phase and is characterized by the clinical signs and symptoms of
redness, pain, swelling, increased temperature, and decreased function [1].

The signs and symptoms of the inflammatory response are associated with an
alteration in the local rate of metabolism in response to injury. Rehabilitation during
this period should focus on protecting the injured area as to do no further harm,
minimize the extent of inflammation, and decrease the level of pain the athlete is
experiencing. The duration and extent of the inflammatory response will be specific
to the type of tissue injured, severity of the injury, and many other intrinsic factors
that the clinician will be unable to control for. Therefore, it is important to focus on
the modifiable aspects such as protecting the site of injury, minimizing inflamma-
tion, and reducing pain. Successful management during the inflammatory response
phase is crucial to the overall success of the rehabilitation process.

22.3.1 Protection

Protection of the injury is vital as to prevent further damage to the injured tissue
itself or to surrounding tissues in the presence of a comprised joint. Casting, walk-
ing boots, or braces are often used to immobilize, restrict range of motion, or pro-
vide mechanical support. External support is often required in conjunction with
activity modification or rest. A key component of protecting the injured tissue is
restricting the level of activity to only those activities that are safe for the stage of
healing that the damaged tissue is presently in.

The most common method of activity modification for protection of the foot and
ankle when weight-bearing ambulation is contraindicated is crutch walking. Weight
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bearing should only be performed when pain, range of motion, flexibility, and mus-
cle function are adequate to allow for a normal gait pattern. Antalgic gait patterns
often lead to compensatory strategies that may have long-term consequences and
predispose athletes to further injury.

22.3.1.1 Non-weight Bearing

Non-weight bearing is indicated when it is unsafe to place any load on the injured
foot and ankle. During this stage, two crutches should be used to aid in ambulation.
When it becomes safe to apply minimal loading to the injured limb but residual
swelling or pain limits a full range of motion during gait, non-weight bearing is
often progressed to toe-touch weight bearing.

22.3.1.2 Toe-touch Weight Bearing

Toe-touch weight-bearing stage of ambulation is also performed with two crutches,
and this stage permits the athlete to touch the toes of their injured limb on the
ground while supporting the majority of their weight on the crutches. When residual
swelling and/or pain no longer restrict range of motion during gait, a progression
from toe-touch weight bearing to partial weight bearing can be initiated.

22.3.1.3 Partial Weight Bearing

During partial weight bearing, the injured athlete will initially use two crutches to
support a portion of their body weight while allowing the injured limb to support the
remaining body weight. During this stage, the athlete should be maintaining a nor-
mal gait pattern with each step, and this should dictate how much support is required
to be placed on the crutches and subsequently how much weight the injured limb
can support. When the athlete is able to support the majority of their body weight
while maintaining a normal gait pattern, but the athlete still requires minimal sup-
port or stability, a progression from two crutches to a single crutch or cane can
occur. During this transition, the cane or single crutch will be placed on the contra-
lateral side of the injury and will move concurrently with the injured limb. Finally,
a progression to full weight bearing is indicated when the athlete is able to demon-
strate a normal gait pattern without external support.

22.3.1.4 Walking Boot

Utilization of a walking boot is often supplemented for crutch use with injuries that
would require prolonged or extensive crutch use. Allowing the athlete to ambulate
in the walking boot provides adequate protection of foot and ankle injuries while
still allowing for the physiologic benefits of bearing weight and joint loading.
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22.3.1.5 Benefits of Bearing Weight

Bones, articular surfaces, ligaments, muscles, and tendons may all undergo deleteri-
ous effects during prolonged periods of immobilization or non-weight bearing.
Partial weight bearing with crutches or walking boots can retard muscle atrophy and
soft-tissue contractures, maintain bone mineral density, and facilitate movement of
joint synovial fluid. Additionally, systematically loading tissue during the phases of
healing will allow the tissue to respond linearly with the loads placed on it [1].

22.3.2 Minimize Inflammation

The acronym RICE is often used in conjunction with protection to remind athletes
and clinicians of effective methods at minimizing inflammation in the acute phases
of rehabilitation. RICE represents the concepts rest, ice, compression, and elevation.

Rest is a method of protection, as limiting activity will prevent further injury.
However, rest also plays an important role in minimizing the inflammatory response,
as inappropriately stressing the damaged tissue can exacerbate the inflammatory
response, increase degradative activity, and reduce cell synthesis [1].

Lowering tissue temperature for therapeutic effects is often referred to as cryo-
therapy. Ice is a physical modality that is used to slow the rate of cellular metabo-
lism at the site of injury. The reduction in the metabolic process is believed to reduce
the demand for oxygen in tissues that are in a hypoxic state due to increased hydro-
static pressure as a result of inflammation [2]. Reducing the amount of secondary
cell death via hypoxia will decrease the overall extent of the injury and allow for a
quicker progression to active phases of rehabilitation [2]. While the current evi-
dence on treatment recommendations for cryotherapy is not conclusive, repeated
application (three times) of ice for 10 min per application with 10 min rest will
allow for the benefits of ice without causing damage to superficial tissues due to
excessive cooling of skin and superficial nerves [3].

Compression is the application of an external force to the area where swelling is
likely to or has already accumulated. The mechanical pressure is believed to
decrease the available space for swelling to accumulate in the tissues adjacent to the
site of injury. The most common form of compression is an elastic bandage that can
be used for slight external support as well as continuous compression throughout
the day when the athlete is in a gravity-dependent position. Intermittent compres-
sion with inflatable cuffs may also be used in an elevated position to systematically
increase and decrease pressure as to allow the circulatory system during periods of
low pressure to remove swelling as the pressure increases.

Elevation is important during periods of rest as the foot and ankle are in the
most gravity-dependent position in the body when sitting or during ambulation.
Allowing gravity to work in conjunction with compression may be beneficial at
reducing swelling, but benefits may be negated once gravity-dependent positions
are resumed [4].



22 Rehabilitation After Ankle Football Injuries 275
22.3.3 Pain Reduction

Pain should be considered as a natural form of protection to inhibit unnecessary or
unsafe tissue loading during the rehabilitation process. Clinicians should be cautious
when prescribing rehabilitative exercises when pain has been artificially reduced by
analgesic medications or following periods of cryotherapy application. With that in
mind, minimizing and controlling pain are almost always required at some point
through the various phases of healing, and many methods of pain reduction are avail-
able for clinicians. Pain will often dictate progress during rehabilitation, and modu-
lating pain safely and effectively will allow efficient achievement of short-term goals.

Cryotherapy, thermotherapy, electrical modalities, and manual therapy tech-
niques are common methods used to modulate pain during rehabilitation. During
acute phases when the inflammatory response is active, cryotherapy serves a dual
purpose in slowing cell metabolism and modulating pain by slowing nerve conduc-
tion velocity and providing a counterirritant to the noxious stimulus. Electrical cur-
rents such as TENS may also be used throughout the rehabilitation phase to modulate
pain via gate control and noxious pain theories. Thermotherapy is often used at later
stages of rehabilitation to address chronic pain or discomfort when dual benefits of
cryotherapy are not desired. Grade I and II joint mobilizations are often used as
analgesic treatments for pain associated with movement.

Addressing pain with pain relievers, NSAIDs, or other pharmacological agents
should be prescribed on an individual basis. However, communication between the
team physician, athlete, and athletic trainer is imperative to ensure the progression
of rehabilitation is in accordance with tissue integrity and not the pharmacological
reduction or masking of pain.

22.4 Basic Neuromuscular Control

Effective neuromuscular control requires the integration of sensory information into
motor output. Vestibular, visual, and somatosensory information are all required for
coordinated movement during football. However, following an ankle injury the
somatosensory system is the only sensory system that will likely be compromised.
Somatosensory information can come from cutaneous receptors in the skin and
mechanoreceptors in joint capsules, ligaments, muscles, and tendons. The somato-
sensory information can result in reflexive activation of muscle or provide proprio-
ceptive information that can aid the body in coordinated movements.

Following an injury, immobilization, pain, and inflammation all contribute to
altered neuromuscular control. Initial restoration of basic neuromuscular function
may require conscious activation of muscle during electrically induced contractions
with currents such as neuromuscular (NMES) or Russian electrical stimulation.
Joint repositioning and proprioceptive neuromuscular facilitation (PNF) exercises
are also effective methods of restoring basic neuromuscular control. More
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functional neuromuscular control exercises, as described in Sect. 22.7, should only
be performed once range of motion and muscle function is adequate to perform the
exercises safely.

22.5 Range of Motion and Flexibility

Restoration of normal range of motion and flexibility are important and measurable
short-term goals that will be required for normal ambulation and the progression
back to the pitch. A decrease in range of motion to some degree will accompany
almost any injury that elicited the symptoms of pain and swelling. Many other fac-
tors can contribute to a loss of motion including muscle tightness, arthrokinematic
impairments, and adverse neural tension.

Arthrokinematic motions are small amplitude motions that occur at the joint
interface between adjacent bones. Arthrokinematic motions help facilitate the gross
movements known as osteokinematic motions. Basic osteokinematic motions of the
ankle include plantar flexion, dorsiflexion, inversion, and eversion. Pronation and
supination are more complex movements of the foot and ankle that aid in shock
absorption and propulsion during gait, respectively.

To restore normal ranges of motion, it is important to identify the restriction
responsible for the functional limitation. If the limitation is a symptom of the
inflammatory response phase such as pain or swelling, addressing the pain or swell-
ing with ice and/or compression and elevation should be the first step in restor-
ing normal joint motion. Joint mobilizations, stretching, and other manual therapy
techniques may be beneficial in addressing mechanical sources of range of motion
deficits. A thorough bilateral assessment of arthrokinematic and osteokinema-
tic motion, as well as muscular flexibility and neuro-mobility, will help the cli-
nician differentiate between specific mechanical restrictions in range of motion.
Grade III-V joint mobilizations may facilitate increases in range of motion asso-
ciated with arthrokinematic impairments. Posterior talar glides are effective for
dorsiflexion deficits associated with arthrokinematic impairments of the talocru-
ral joint (Fig. 22.2). Following joint mobilizations, therapeutic exercises such as
muscle stretching and strengthening should be performed to maintain functional
improvements of the manual therapy techniques. Isolated soleus and gastrocnemius
stretching are common stretching techniques used to restore dorsiflexion deficits
due to calf muscle tightness (Fig. 22.3). Neuromobilizations for the sciatic nerve
can address adverse neurodynamics of the tibial and deep and superficial peroneal
nerves. Towel crunches, mini squats, and stationary bicycling are all beneficial at
increasing range of motion deficits associated with residual swelling.

22.6 Muscular Strength, Power, and Endurance

Restoring muscle function of the entire lower extremity is a key component in a
rehabilitation program of foot and ankle injuries. Following immobilization or peri-
ods of decreased activity, muscle atrophy can occur and must be restored before



22 Rehabilitation After Ankle Football Injuries 277

Fig. 22.2 Posterior talar glides with movement (top images) and posterior talar glides (bottom
images)

Fig. 22.3 Gastrocnemius (left images — knee extended) and soleus (right images — knee flexed)
stretching

more functional rehabilitation can be performed. Muscle strength, power, and
endurance are all important characteristics that need to be addressed in the rehabili-
tation of football athletes.

During periods of immobilization or when the joint is unable to generate force
over the entire ROM, isometric exercises are performed to decrease the extent
of atrophy that may occur. Isometric exercises, however, are only able to facili-
tate strength gains at a small range of joint angles around the angle of which the
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Fig. 22.4 Manual (top images) and thera-band (bottom images) resistance exercises for inversion,
eversion, plantar flexion, and dorsiflexion (left to right)

W d—

Fig. 22.5 Intrinsic foot muscle rehabilitation: marble pickups (top images), towel crunches and
towel slides (middle images, left to right), short foot exercises (bottom images)

isometric exercise was performed. Progressive resistive exercise is the most com-
mon method utilized in rehabilitation programs to restore strength through the full
ROM. Concentric and eccentric exercises can be performed and the intensity pro-
gressively increases linearly with strength gains. Thera-bands and tubing, weights,
and manual resistance are all effective methods of applying resistance during pro-
gressive resistance exercises for the foot and ankle (Fig. 22.4). Towel crunches,
towel slides, and short foot exercises should also be performed to strengthen the
intrinsic foot musculature (Fig. 22.5). Heel and toe walks are great weight-bearing
exercises for restoring strength and neuromuscular control (Fig. 22.6).

Strength and endurance gains will initially improve concurrently as increases in neu-
romuscular control are observed [5]. However, the intensity and volume of the progres-
sive resistive exercises can be modified to address endurance or strength in isolation as
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Fig. 22.6 Toe (top images) and heel (bottom images) walks

well. When strength and endurance have been restored in all planes of motion, plyomet-
ric exercises are useful in the rehabilitation setting to aid in restoring muscular power.
For all exercises, the clinician should monitor the quality of movement, and proper
technique should never be sacrificed to increase the volume performed.

Muscle tissue is comprised of fast-twitch and slow-twitch muscle fibers. Fast-
twitch muscle fibers are used to generate large amounts of force for short periods of
time, and slow-twitch fibers are used to generate less force for greater periods of
time. These two muscle fiber types collectively allow muscles to have the properties
of strength and endurance. Muscle fibers will respond and adapt only when the
individual muscle fibers have been systematically overloaded. The overload princi-
ple states that for an adaptation to occur, a load greater than normal loading must be
placed on a tissue during training or rehabilitation. Therefore, if the desire is to
overload fast-twitch muscle fibers for strength gains, 8—10 repetitions for 3 sets at
80 % of an athlete’s 1 rep max will accomplish this goal. Additionally, if the desire
is to overload slow-twitch muscle fibers for muscular endurance gains, 15-20 rep-
etitions for 3 sets at 40-60 % of an athlete’s 1 rep max may be required. It is impor-
tant to note that the specific intensity and number of repetitions and sets should be
tailored to the specific goal of the exercise and the requirement of the athlete’s posi-
tion in football. Generally, an emphasis on lower weight and higher repetitions will
facilitate gains in muscular endurance whereas lower repetitions with heavier
weight will facilitate strength gains [5].

22.7 Functional Neuromuscular Control: Postural
Stability and Balance

Static and dynamic balance requires the integration of sensory information
about postural sway into reflexive and corrective muscle recruitment. Therefore,
basic neuromuscular control must be adequate, and muscle strength, power, and
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Fig. 22.7 Dynamic balance exercises. (Top images) Y-balance. (Bottom images) star excursion
balance test/exercise

endurance must be great enough as to not result in injury during postural stability
rehabilitation. However, it is not necessary to have fully restored muscle function to
pre-injury status before beginning controlled static balance exercises.

Static balance tasks are those in which individuals are attempting to maintain
balance on a single limb or both limbs without any functional adjuncts. Progression
to dynamic balance is acceptable when the athlete has mastered all static balance
conditions with various constraints such as eyes closed or foam pad conditions.
Dynamic balance often incorporates a similar stance to static balance but functional
components are added. Single leg balance with a maximal reach in various direc-
tions with the contralateral limb is a common dynamic balance task (Fig. 22.7). For
the football athlete, a sport-specific dynamic balance task may be a single limb bal-
ance trial while volleying a ball back to a partner with the contralateral limb or
heading the ball back while in the same single limb stance balance position
(Fig. 22.8). As the athlete progresses, a common dynamic balance task that is also a
useful functional rehabilitation exercise is a hop to stabilization (Fig. 22.9). This
task requires the athlete to hop in various directions as far as possible and land on a
single limb, while attempting to regain postural control as quickly as possible after
landing. In this task, the hopping distance will be progressively increased when the
athlete is able to successfully regain balance at shorter hopping distances. Hopping
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Fig. 22.8 Balance progression: firm — foam — foam volley — foam header

can be performed in anterior/posterior, medial/lateral, anteromedial/posterolateral,
and posteromedial/anterolateral directions. The athlete will jump from the start
position to the target position, regain balance as quickly as possible, and then com-
plete the repetition by jumping back to the start position and subsequently regaining
their balance in the start position for repetition number 2. Each series of directions
should be successfully completed ten consecutive repetitions prior to increasing the
distance or adding an unstable surface to land on [6].

22.8 Functional Rehabilitation

Functional rehabilitation is a gradual process that allows the athlete to master iso-
lated functional tasks and slowly progress into sport-specific exercises prior to
being evaluated for their ability to return to sport. A functional progression will
almost always include basic exercises such as lunges, hopping, running, cutting,
and other universal functional exercises. However, specific to the football athlete,
the functional progression must also include sport-specific aspects of football that
will be encountered when returning to the pitch. Shooting, passing, juggling, tack-
ling, heading, and other sport-specific activities will have to be mastered in con-
trolled situations to ensure the athlete is fully prepared to complete these tasks in a
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Fig. 22.9 Hop to stabilization task: anterior/posterior hop direction, medial/lateral hop direction,
anteromedial/posterolateral hop direction, and respective directions for foam pad placement
(descending order of images)

competitive environment. It is beneficial during this stage for the clinician to com-
municate with the coaches and athlete about the demands of football specific to the
athlete’s position.

22.9 Maintaining Cardiovascular Fitness

Depending on the position of the injured player, football players can run greater
than 7 miles per match [7]. However, the game of football requires periods of maxi-
mal sprinting, slower recovery runs, and short periods of rest. Therefore, the athlete
must maintain cardiovascular fitness specific to the demands of football while
recovering from an injury or the return to play process will be much longer.
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When dealing with a foot and ankle injury, cardiovascular fitness becomes more
challenging, especially when weight-bearing tasks are not appropriate during cer-
tain phases of tissue healing. Upper body ergometers, swimming, rowing, or other
upper body intensive exercises can be good ways to maintain cardiovascular fitness,
but ultimately, the goal should be to include as much lower body cardiovascular
conditioning as possible. Once weight-bearing tasks are appropriate, cycling, ellip-
tical training, and eventually running will provide the most sport-specific retraining
for the football athlete. When restoring cardiovascular fitness for football players,
one should consider the position of the athlete and the type of fitness required to
compete. Completing interval training with periods of high-intensity sprinting and
shorter periods of rest can be performed on nearly any cardiovascular exercise
machine and will likely be the most sport-specific cardiovascular training for these
athletes [7]. An example of an effective sprint interval training program for football
athletes would include four sets of 4 min of sprinting (90-95 % of maximal heart
rate) followed by 3 min of jogging (50-60 % of heart rate max) 2-3 times per week
for 8 weeks [8].

22.10 Functional Testing and Return to Play Considerations

The rehabilitation process is broken up by the short-term goals that aim to restore
ROM and flexibility, neuromuscular control, muscle function, and postural stability
while the injured tissue is healing. During the healing process, our intention is to
apply specific loads to the tissue during each phase of healing that will stress the
tissue enough for positive adaptations to occur but ensure loads are not too great as
to increase the extent of tissue damage. This philosophy follows the SAID principle,
which represents the idea of specific adaptations to imposed demands. Throughout
the entire rehabilitation process, we place various demands on the bones, ligaments,
muscles, tendons, and nervous system to ensure the injured player adapts in a way
that prepares them to return to the pitch.

When assessing an athlete’s ability to return, all functional limitations as a
result of the injury must be restored, cardiovascular fitness should be equal to or
greater than pre-injury status, and there should be no apprehension from the player
of other members of the sports medicine team about the athlete’s safety. The final
assessment should include all areas of previous functional limitations as described
above.

» Isrange of motion and flexibility normal when compared bilaterally?

* Is neuromuscular control efficient and effective as to prevent injury and perform
at a competitive level?

* Has muscle strength, power, and endurance been restored to pre-injury status?

* Has the athlete successfully completed all static and dynamic balance trials as
well as a complete a rigorous functional progression?

* Does any member of the sports medicine team or the athlete have any apprehen-
sion about returning the athlete to competition?
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The return to play process itself will often be progressive as well. For the football
athlete, early stages may include completing drills with the team that do not include
contact, full intensity sprinting, or shooting with the injured limb. Progressing into
short-sided low-intensity matches with the team is a great way to build confidence
for more competitive situations. Finally, returning to the pitch in a competitive envi-
ronment will achieve the long-term goal of emphasis that is more often than not to
return to play at or above pre-injury status. However, as stated previously, the reha-
bilitation process should never abruptly stop once the athlete returns to the pitch.
Occasionally, deficits will be erroneously overlooked during the return to play eval-
uation, as some deficits may only be present after the athlete has been thoroughly
fatigued. Continuing functional and sport-specific rehabilitation will help to mini-
mize the risk of the clinically undetectable residual limitations the athlete may still
have.

22.11 Prophylactic Support

During the early phases of return to play, the use of external support may help facili-
tate a smooth transition and decrease the risk of reinjury. Ankle bracing and taping
are the most commonly used prophylactic supports used following ankle injuries.
Both have been shown to be effective at reducing the risk of injury [9-12]. However,
comfort and functionality are key concerns when employing prophylactic support
for football players, as the intervention will only be effective if adherence is ade-
quate. Many football players are unwilling to wear anything more than what is
required during participation, in hopes to maximize their “touch” on the ball. Poor
adherence to prophylactic mechanical support in the football athlete makes a com-
prehensive rehabilitation process and a rigorous return to play evaluation that much
more important.

22.12 Chapter Summary

The rehabilitation process for foot and ankle injuries requires a multidisciplinary
and comprehensive approach by a knowledgeable sports medicine team. Setting
short-term goals will provide a checklist to follow that will ensure all functional
limitations are addressed systematically during the rehabilitation process and long-
term goals will keep the sports medicine team focused on the best possible outcome
for the injured athlete. After functional limitations are addressed, a comprehensive
and sport-specific return to play progression should be performed. Following a rig-
orous functional progression, the final return to play decision should be made only
when all members of the sports medicine team conclusively determine participation
is safe and reinjury is no longer a concern.
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Chapter 23
Taping Techniques and Braces in Football

Ruben Zwiers, Leendert Blankevoort, Chris W.A. Swier,
A. Claire M. Verheul, and Gino M.M.]J. Kerkhoffs

If you do not believe you can do it then you have no
chance at all.
Arsene Wenger

Abstract The aim of the chapter is to give an overview of the different taping tech-
niques and types of braces used in football, conjunct with the evidence in literature of
their use as treatment and prevention of ankle ligament injuries. The prevention and
treatment of ankle ligament lesions are extensively discussed in the Chapters “Preven-
tion of ankle ligament lesions” and “Treatment of acute ankle ligament lesions”.

Keywords Ankle * Taping * Bracing ¢ Prevention * Treatment ¢ Sprain

23.1 Role of Taping and Braces in Football

Lateral ligament injury of the ankle is the most common injury in football. Taping
is frequently used in football players during the recovery from lateral ligament inju-
ries of the ankle or preventing first-time or recurrent sprains. Often the choice of
taping technique depends on the personal preference of the athlete. Ankle braces
have been developed as an alternative to ankle taping. The numerous different ankle
braces that have been designed to prevent ankle sprains can be divided in three
groups: soft braces, semi-rigid and rigid braces.

R. Zwiers (<) » L. Blankevoort * G.M.M.J. Kerkhoffs, MD, PhD
Department of Orthopaedic Surgery, Academic Medical Center,
University of Amsterdam, 22700, Amsterdam 1100 DE, The Netherlands
e-mail: r.zwiers @amc.uva.nl; g.m.kerkhoffs @amc.uva.nl

C.W.A. Swier * A.C.M. Verheul
Manual Fysion, Burgerweeshuispad 54, Amsterdam 1076 EP, The Netherlands

PP.R.N. d’Hooghe, G.M.M.J. Kerkhoffs (eds.), 287
The Ankle in Football, Sports and Traumatology,
DOI 10.1007/978-2-8178-0523-8_23, © Springer-Verlag France 2014


mailto:r.zwiers@amc.uva.nl
mailto:g.m.kerkhoffs@amc.uva.nl

288 R. Zwiers et al.

Since in football the foot and ankle are directly involved in shooting and passing,
it is more likely that a tape or a brace used as preventive measure could influence
performance than in other sports. The question is whether the benefits of tape or
brace outweigh the possible impairments in performance.

23.2 Taping

Numerous taping techniques were described over time. The choice is often gov-
erned by personal preference and the experience of the person applying the tape. In
1885 Virgil Gibney described his basket weave technique using strips of adhesive
plaster as a treatment for ankle sprains [1]. Later Galland described a technique
based on the technique by Gibney, augmented by additional oblique strips of tape
with the aim of limiting lateral movements of the calcaneus into either supination or
pronation [2]. His argument limiting lateral calcaneal motion would reduce the
strain on the injured calcaneofibular or calcaneotibial ligaments.

Ever since, numerous taping techniques are used in literature. However, almost
every contemporary ankle-taping procedure incorporates the basic components of
the procedure described by Gibney. Due to the lack of comparative studies between
different taping techniques, no technique has been proven to be superior to one
other. The choice of tape is often governed by personal preference and the experi-
ence of the person applying the tape.

23.2.1 Taping Methods

An overview is provided of the most commonly used taping techniques used in
football players. All techniques are composed of variations of several basic taping
techniques.

23.2.1.1 Basic Tape Elements

A taping technique consists of a number of taping elements, i.e. anchor, stirrup,
spur, figure of 6, full heel lock, lock off, heel sling, figure of 8 and subtalar sling.

* Anchor
An anchor is used as fixation point for the other tapes. In the basic ankle-taping tech-
nique, the proximal anchor is placed around the lower leg, below the bellies of the
calf muscles. To prevent circulatory problems the tape has to be applied gently. The
distal anchor is placed around the midfoot. Caution is required regarding the head of
the fifth metatarsal bone. To prevent irritation the tape has to be applied proximal of
the metatarsal head or by starting at the plantar side of the foot (Fig. 23.1).



23 Taping Techniques and Braces in Football 289

Fig. 23.1 Anchors. (a) The medial view of the proximal and distal anchors. (b) Anterior view of
the proximal anchor

Fig. 23.2 Stirrup and spur. (a) Medial view of the first stirrup. (b) Medial view of the combination
of the first stirrup and spur

e Stirrup
A stirrup is a vertical U-shaped strip supporting both sides of the ankle. With the
foot in neutral position, the tape is started at the medial side of the ankle at the
level of the proximal anchor. The tape is directed behind the medial malleolus,
under the foot behind the lateral malleolus concluding at the posterolateral aspect
of the anchor. Rationale for starting medially is the preference to tape the ankle
in slight eversion rather than in inversion (Fig. 23.2a).

e Spur
A spur is a horizontal U-shaped strip, starting laterally along the fifth metatarsal
bone, directing posterior behind the calcaneus, anterior to the first metatarsal
bone (Fig. 23.2b).
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Fig. 23.3 Figure of 6. (a) The first step of a figure of 6, at the medial side of the proximal anchor.
(b) The second step, a cross over the foot sole in lateral direction. (¢) The third step, the return to
the medial malleolus. (d) Medial view of a figure of 6. (e) Lateral view of a figure of 6

e Figure of 6
The figure-of-6 tape starts at the medial side of the ankle at the level of the
anchor the tape and follows the course of the stirrups. When reaching the lateral
side of the ankle, the tape is directed over the dorsum of the foot concluding just
above the medial malleolus (Fig. 23.3). Reverse Figure of 6
The reverse figure-of-6 tape is opposite to the figure of 6, start and finish are
lateral.
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Fig. 23.4 Heel sling. (a) The start of the heel sling anterolateral. (b) The final step. (¢) Medial
view of the heel sling. (d) Posterior view of the heel sling

* Heel Sling (Lateral)
The heel sling starts anterolateral at the level of the proximal anchor. It directs
posteriorly over the Achilles tendon, obliquely crossing the lateral side of the
calcaneus, under the plantar surface of the foot towards the starting point at the
medial side (Fig. 23.4).

e Full Heel Lock
The full heel lock is a combination of a medial and lateral heel sling. It starts
anterolateral at the level of the proximal anchor with the lateral heel sling. The
lateral heel sling ends at the dorsal site of the foot. The tape then directs medially
under the plantar surface of the foot, obliquely crossing the calcaneus at the
medial side and continues posteriorly around the calcaneus to end at the anterior
joint line (Fig. 23.5).

* Lock Off
A lock off is a tape strip superimposing the strip of a stirrup, heel spur and other
functional strips.
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Fig. 23.5 Heel lock. (a) The first step of the heel lock. (b) The second step, the return to the start-
ing point. (¢) The final step, locking of the medial side of the heel. (d) Medial view of the heel lock

Figure of 8

The figure-of-8 tape starts at the dorsal side of the foot and runs medially around
the sole of the foot back to the dorsum. It proceeds around the posterior side of
the leg back to the starting point (Fig. 23.6).

Subtalar Sling

The subtalar sling starts at the plantar surface of the forefoot; runs over the lateral
border of the foot, over the lateral malleolus; and is wrapped around the leg
above the malleoli (Fig. 23.7).

23.2.1.2 Commonly Used Techniques

Closed Basket Weave Technique

The original basket weave taping technique consists of anchors, stirrups, spurs,
(reverse) figure of 6s, heel lock or figure of 8s and lock offs (Fig. 23.8).

Open Basket Weave Technique

In acute ankle sprains where severe oedema is present, an open basket weave
technique is advised. It provides support and compression on the lateral and
medial side whilst allowing room for expanding oedema. This tape configuration
may be useful in the first 48 h. There is no evidence to substantiate this claim.
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Fig. 23.6 Figure of 8. (a) The start of the figure of 8 at the dorsum of the foot. (b) The second step,
directing the tape posteriorly. (¢) The third step, the return to the dorsal side of the foot. (d) Medial
view of the figure of 8. (e) Dorsal view of the figure of 8

* Hinton-Boswell
This taping method is an adjustment on the basket weave technique. The anchors
and stirrups are applied in dorsiflexion. Then with the ankle in a relaxed plantar
flexion, the remaining techniques, four overlapping figure of 6, are applied. The
tape is finished with circular strips.

* Anti-inversion Taping (Many Variations)
A large number of taping methods for the ankle has been described. The methods
aiming to prevent inversion trauma are often adaptations of the basket weave
technique by adding or omitting one or more of the basic tape elements. The
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Fig. 23.7 Subtalar sling. (a) The first step of the subtalar sling, obliquely crossing the lateral side
of the ankle. (b) The lateral view of the subtalar sling

Fig. 23.8 Basket weave technique. (a) The double anchors and the first stirrup. (b) The combina-
tion of the first stirrup and spur. (¢) The situation after the alternated application of the stirrups and
spurs (d) Medial view of the basket weave technique

combination of techniques that is used often depends on the preferences of the

player or experiences of the therapist.

The lack of comparative studies between the different taping techniques makes
that the choice of technique mainly is based on experience and preference.

Rarick et al. compared basket weave technique with and without heel lock and con-
cluded favoured a basket weave with stirrup and heel lock to be more supportive [3].
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Frankeny et al. performed a biomechanical analysis of taping methods and
concluded that the Hinton-Boswell method provided greatest resistance to inver-
sion [4].

Metcalfe et al. compared closed basket weave with heel locks and figure of 8,
reinforced with moleskin tape to a Swede-O universal brace and found no difference
between the three methods in terms of talocrural and subtalar range of motion [5].
Vaes et al. performed a radiological study to evaluate the effectiveness of the closed
basket weave taping technique with no heel lock. They found that the basket weave
was superior to elastic adhesive bandage in reducing talar tilt when an inversion
load was applied to the foot [6].

23.2.2 Type of Tape

23.2.2.1 Elastic Adhesive Tape

Elastic adhesive tape follows easily the contours of the ankle and allows soft tissue
to expand. Hence, this type of tape is useful for compression and support of the soft
tissue in the acute phase. It will not give mechanical support to ligaments but can be
an addition to non-elastic tape, for example, to apply the proximal anchor, allowing
the calf muscles to expand.

23.2.2.2 Non-elastic Adhesive Tape

Non-elastic adhesive tape is used to support structures like ligaments or joint cap-
sule. It is generally thought to limit joint movement and enhance propriocepsis
more than elastic tape. The most common type of tape used is the non-elastic zinc-
oxide tape.

Care must be taken when non-elastic tape is used, especially when the technique
involves applying the tape circumferentially around a limb. If the tape is applied too
tightly, the risk of impeding blood flow is increased. This could lead to tissue dam-
age and even tissue necrosis. At best, comfort and performance could be detrimen-
tally affected by taping that is too restrictive.

To avoid these potential problems, an alternative taping technique using elastic
adhesive bandaging has been developed. The theory is that the elastic tape not only
provides adequate support but also allows functional movement without restricting
blood flow to and from the tissues distal to the taping, but at the cost of mechanical
effectiveness. Tregouet et al. showed non-elastic tape to reduce the inversion veloc-
ity more than elastic tape [7]. However, Abian-Vicen et al. recommend the use of
elastic tape as the first choice because it is perceived as more comfortable and less
restrictive by the users, whilst it produces the same restriction in the ROM as non-
elastic tape [8].

Since there are several types of tape with varying degree of elasticity and no type
of tape is proven to be superior to one other, the choice of tape should be made
based on preference of the player.
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23.2.2.3 Prewrap

Prewrap is a thin foam-like material. In players which use tape frequently, often a
layer of prewrap is applied prior to application of the tape. Others may prefer to shave
the skin around the ankle so the tape is applied directly on the skin. The use of pre-
wrap under the tape seems to be as effective as applying the tape directly to the skin.

23.2.2.4 Hypoallergenic Tape

In case of an allergy for zinc oxide tape, a hypoallergenic underlay tape can be used
under the conventional adhesive tape. This tape is generally manufactured from a
stretchable non-woven tape with a breathable porous adhesive material.

23.2.2.5 Cohesive Bandages

Cohesive bandages may be useful instead of elastic tape. The product sticks to itself
and not to the skin, is waterproof and is reusable. However, no literature about its
use is yet available.

23.3 Bracing

Multiple types of braces are developed over the years. These braces are manufactured
of various materials and therefore providing varying amounts of support and stability.
Broadly these braces are divided in three types: soft braces, semi-rigid and rigid
braces. This classification is not strict nor generally accepted and may vary between
studies, making it hard to compare the types of braces. Generally, the soft and semi-
rigid braces are suitable for use during sports. A rigid brace is appropriate for use in
the treatment of an acute lateral ankle ligament lesion or a stable ankle fracture.

23.3.1 Type of Braces

23.3.1.1 Soft Braces

Soft braces are characterised by the absence of rigid or stiffening elements. They are
fully composed of textile material.

Compression Stocking
A compression stocking is generally used in aiding the treatment of mild ankle
sprains and tendinitis. It does not provide any mechanical support to the ankle. It
consists of a light weight stretchable material and provides the ankle joint only
with compression. This type of brace does not limit ankle range of motion nor
does it constrain inversion or eversion (Fig. 23.9a).
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Fig. 23.10 Semi-rigid braces. (a) Lace-up brace. (b) Semi-rigid brace with elastic straps

Soft Brace with Elastic or Non-elastic Velcro Straps
This brace is characterised by straps that are applied such as to simulate tape
bandage. The straps are usually crossing anterior of the ankle in the shape of a
half or full figure-of-8 configuration. There is moderate support, characterised by
some constraint to inversion, sometimes combined with eversion constraint, and
some constraint to plantar flexion (Fig. 23.9b).

23.3.1.2 Semi-rigid

Semi-rigid braces are characterised by one or more semi-rigid shells or other simi-
larly stiff elements, lateral or lateral and medial of the ankle and connected by a
flexible stirrup, either under the heel and/or under the foot. These braces are used for
mild to moderate ankle sprains and as a measure to prevent recurrent ankle sprains.

Lace-Up Brace
Historically, the lace-up brace is a common type of semi-rigid ankle brace. It is
designed to limit the ankle from inversion-eversion as well as providing some
constraint to plantar flexion and dorsiflexion (Fig. 23.10a).
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Brace with Elastic or Non-elastic Velcro Straps
Contrary to the lace-up brace, this type of brace is fixated by using elastic or non-
elastic straps. Straps are used to fix the brace to the shank. Crossed straps, or
figure-of-6 or figure-of-8 straps anterior of the ankle are applied to provide for
inversion and/or eversion stability, thereby also constraining to some extent plan-
tar flexion (Fig. 23.10b).

23.3.1.3 Rigid Braces

Rigid braces are characterised by rigid shells enveloping the shank and hindfoot.
The main use is in the early acute phase of an ankle injury and not meant to be worn
during sports activities. The rigid brace provides more side-to-side support than a
semi-rigid brace. The full rigid brace also constrains foot flexion. It may be difficult
to fit in some shoes. After the acute phase, a more functional lace-up brace or semi-
rigid brace is recommended.

Rigid Stirrup Ankle Brace
The rigid stirrup ankle brace is perhaps the most widely used brace in sports
medicine because of the effectiveness and versatility in treating ankle sprains.
They are made of two plastic shells that cover both sides of the ankle, connected
by a stirrup under the heel and are strapped into place with easily adjustable
Velcro straps (Fig. 23.11a).

Rigid Brace with Hinge Connection Between Shank and Hindfoot
Consisting of rigid shells for the shank and hindfoot that are connected by a
hinge, this brace prevents inversion-eversion, whilst it does not affect the plantar-
dorsiflexion range of motion (Fig. 23.11b).

Rigid Brace Consisting of a Unilateral Shell Covering the Shank and Hindfoot
The rigid brace covering the shank and hindfoot on one side is fully constraining
the motions of the hindfoot. It can be considered as an alternative to a splint,
primarily used in cases of acute ligament injuries or of stable ankle fractures
(Fig. 23.11c).

Rigid Brace in One Piece Enveloping the Shank, Ankle and Foot
If supplied with a foot sole to walk on, the rigid brace that is fully enveloping
the shank, ankle and foot is also called an ankle walker. It is the alternative to
a full circumferential cast, mainly used for treating ankle fractures
(Fig. 23.11d).

Many comparative studies have evaluated the efficacy of the different types of
braces on range of motion, functional performance and neuromuscular effects.
Most studies compare one or two ankle supports. Since a wide variety of braces
is developed, it is hard to draw conclusions on which brace is superior to one
other. Only a few studies evaluated the mechanical characteristics of multiple
braces.
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Fig. 23.11 Rigid braces. (a). Rigid stirrup brace. (b) Rigid brace with hinge connection. (c¢) Rigid
brace consisting of unilateral shell. (d) Rigid brace with bilateral shell

Correct Application of an Ankle Brace: No Function Without Force

Whilst tape is usually applied by an experienced professional or instructions
to the athlete are likewise adequate, an ankle brace that is supplied to the ath-
lete usually comes with some basic instructions. Braces are supplied in vari-
ous sizes to fit the ankle properly. Despite the correct size and instructions,
two mistakes are usually made whilst applying a brace. The first is that not
enough force is applied whilst tightening the laces or straps. Obviously, there
is no function without force. Also the laces of the shoe should be tightened, as
the shoe supplements the function of the ankle brace. The second mistake that
is made is the incorrect positioning of the foot whilst tightening the laces or
straps. One can even find this incorrect positioning of the foot in the printed
instructions that come with the brace. If a person is seated, the foot is usually
on the ground a little forward. The foot is in plantar flexion whilst tightening
the brace (Fig. 23.12a). Once the foot is in neutral flexion, the straps loosen
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Fig. 23.12 Application of ankle brace in plantar and dorsiflexion

thereby diminishing their function (Fig. 23.12b). An ankle inversion injury
normally occurs with the foot in plantar flexion, where loose straps cannot
control the motion. The proper way to tighten the laces or straps is with the
foot in some dorsal flexion (Fig. 23.12c). After tightening the brace, bringing
the foot in neutral flexion will tighten the straps more (Fig. 23.12d), thereby
increasing the controlling function of the straps. Like with the tape, because
of stress relaxation, the laces or straps of a brace will loosen over time.
Therefore, it is important to retighten the brace regularly during sports

activity.

23.4 Evidence on Treatment of Lateral Ligament Injuries

23.4.1 Acute Phase

The PRICE treatment protocol is commonly used for acute ankle sprain. PRICE
stands for protection, rest, ice, compression and elevation [9]. During the first week,
the Dutch College of general practitioners guideline for the treatment of ankle inju-
ries recommends treatment consisting of ICE, followed by ankle taping or bracing
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for 6 weeks. Thereafter, sports participants are advised to use an ankle brace whilst
engaging in sports to prevent recurrence.

In the acute and sub-acute phases of injury, compression of the injured ankle is
used to control swelling. Compression can be applied in a variety of modes, includ-
ing elastic wraps, adhesive tape, braces or cold compression units. In addition, clini-
cians apply adhesive tape using the open basket weave, leaving the dorsal aspect
open to allow additional swelling. However, evidence to support or refute this tech-
nique is non-existent. On the other hand, no reports of detrimental effects related to
application of compression after acute ankle sprain is reported.

Although compression is used in nearly all clinical practices, limited research
and conflicting results make it impossible to provide specific treatment recommen-
dations [10].

23.4.2 Rehabilitation

Functional treatment appears to be a superior treatment strategy compared with
long-term immobilisation. The effectiveness of different functional treatment
modalities for acute ankle ligament injuries was evaluated in a systematic review. It
was found that a lace-up brace or a semi-rigid brace gave better results in terms of
reduction of swelling and speed of recovery than bandage [11]. These findings were
supported by more recent studies [12]. Lardenoye compared a semi-rigid brace with
tape. Although functional outcome and pain were similar in the two groups, some
skin complications were found in the tape group [13]. Beynnon et al. reported sub-
jects with grade I or Il returned to normal walking and stair climbing in half the time
when treated with a combination of semi-rigid brace and elastic wrap compared
with a semi-rigid brace alone [14]. A recent systematic review concluded that dur-
ing the proliferation phase the ankle is most effectively protected against inversion
by a semi-rigid ankle brace [12].

A review by Kemler et al. found good evidence for a better functional outcome
when using an ankle brace. In addition, treatment with ankle braces did not show
any unfavourable effects [15]. Since it is also more cost effective, the use of an ankle
brace for treatment of acute ankle sprains can be considered, rather than tape.

23.5 Evidence on Prevention of Sprains

Several studies on the effect of prophylactic taping or bracing in preventing ankle
sprains in athletes have been conducted. Generally, there is consensus that external
ankle support is useful in the prevention of sprains. Inconclusive evidence is reported
on which type of external support is more effective, brace or tape. In a systematic
review of the literature on prevention strategies for ankle sprains, it was reported
that there is clear evidence to support the use of external support such as semi-rigid
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or lace-up braces and taping for the prevention of ankle sprains. Taping and bracing
have been shown to decrease the risk of ankle sprain by 50—70 % in those who have
a history of ankle sprain. A study by Mickel et al. showed taping and bracing to be
equally effective in preventing sprains [16]. Olmsted et al. used the number needed
to treat (NNT) to evaluate the effectiveness. They reported a significantly lower
NNT for bracing as compared to taping (39-57 versus 143). Since only three studies
were eligible for the pooling of data, no distinction was made for type of brace or
method of taping [17].

Taping and bracing appear to be most effective in those who have sustained a
previous ankle sprain. In those who have not sustained a previous ankle sprain, the
prophylactic effects are not as conclusive [12, 17, 18]. Therefore, providing indi-
viduals with a history of ankle sprain who participate in activities associated with a
high risk of ankle sprain such as basketball, volleyball, football and football appears
to be a valid prophylactic measure for the prevention of recurrent sprains.

Petersen et al. concluded that there is good evidence from high-level randomised
trials that the use of a brace is effective for the prevention of ankle sprains. Three of
the four identified studies showed that the use of lace-up braces reduced the incidence,
but not the severity of acute ankle injuries in football and basketball players [12]. A
reduction of ankle sprains by 69 % with the use of ankle brace and reduction of ankle
sprain by 71 % with the use of ankle tape among previously injured athletes was found
in a recent systematic review. No type of ankle support was found to be superior [19].

23.5.1 Studies on Football Players

Four studies on ankle sprain prevention specifically in football players have been
conducted. Tropp et al. studied the effect of an ankle orthosis on ankle injury inci-
dence in a 6-month prospective randomised study of male football players. Of the
subjects in the group using the ankle orthosis, 3 % sustained an ankle sprain, whereas
in the control group, this percentage was much higher (17 %). In the study by Surve
et al., a semi-rigid orthosis significantly reduced the incidence of recurrent ankle
sprains in football players with previous history of ankle sprains [20]. In addition,
Sharpe et al. concluded that ankle bracing is effective in reducing ankle sprain recur-
rences during in female football players during a season [21]. On the contrary, the
results reported in a study by Mohammadi showed no significant difference in ankle
sprain reinjury frequency between the orthosis group and the control group [22].

23.6 Mechanisms of Beneficial Effects

The mechanisms underlying the preventive effect of external ankle support is not
fully understood. Several mechanisms have been studied, of which the most com-
monly proposed theory is that mechanical support is provided by tape or brace. This
support is achieved by preventing extreme range of motions or abnormal movement.
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Other theories on the effects of tape or braces focus on neuromuscular mechanisms.
It is hypothesised that an increase in the proprioceptive input by activating the cuta-
neous mechanoreceptors around the ankle joint might influence the peroneal muscle
activity and postural stability [19, 23]. Additionally, there might be a psychological
effect of using tape or brace.

23.6.1 Mechanical

One of the most frequently mentioned mechanisms of external ankle support is the
reduction of the range of motion, particularly in the frontal plane. The effectiveness
of external support in limiting the range of motion is extensively investigated.
However, most studies were performed in a static situation.

In a meta-analysis tape, lace-up braces and semi-rigid braces were compared
both before and after exercise. The semi-rigid braces restricted the inversion more
than tape and lace-up braces both before and after exercise. The semi-rigid braces
maintained their restrictive support, whereas lace-up and tape lose their effect. No
difference was found in the reduction of the inversion range of motion between the
tape and lace-up brace conditions, before or after exercise. Regarding eversion,
semi-rigid braces provided greater restriction compared with the tape and lace-up
brace. Range of motion of dorsiflexion was restricted more with tape compared with
lace-up braces, whereas in terms of plantar flexion, no difference was found [24].

Like this meta-analysis, several other studies have shown tape to lose their
restrictive properties during exercise. One study described a 40 % effect loss after
10 min of vigorous exercise, and another study reported up to 50 % loosening of
restriction after 15 min of standard vigorous exercise [3, 4]. However, both tape and
braces provide more restriction in comparison with no ankle support. It is question-
able whether this remaining restrictive effect could account for the preventive effect
or that other factors are of more importance.

Apparently less evidence exists on how tape and braces may act to control joint
motion and attenuate joint forces during dynamic activities. Therefore, the role of ankle
support in reducing forces and loads placed on the ankle remains unclear [24]. Studies
have shown brace and tape to reduce the inversion velocity, maximum inversion and
time to maximum inversion. It is thought that the delay provided by the ankle support
may allow the peroneal muscle additional time to respond. However, real-time inver-
sion injury occurs with a much higher velocity than used in these study settings [7].

Eils et al. compared ten different ankle braces of the three categories. They aimed
to evaluate the effects of a brace on the ankle subjected to passive and rapidly
induced loading conditions in a population suffering from chronic ankle instability.
Rapidly induced stability refers to a situation where subjects are subjected to a fast
inversion event on a tilting platform simulating an ankle sprain. This method reflects
a more realistic condition because the foot is loaded with body weight and the inver-
sion instant is unknown to the subjects. All braces restricted the range of motion
significantly in all directions compared to the no-brace condition. There were differ-
ences between the semi-rigid and soft braces. For eversion and plantar flexion the
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rigid and semi-rigid braces showed differences in total excursion. The authors rec-
ommend semi-rigid braces with stirrup design if restriction of inversion under pas-
sive and rapidly induced conditions is the primary goal. A variation in restriction of
plantar flexion was found between different braces. For prophylactic use in sports,
the brace should ensure necessary stability without limiting performance. Semi-
rigid models with a stirrup design can then be recommended. However, it has to be
considered that the construct of the stirrup braces may wear out the shoes and is
often not compatible to other equipment like shin guards [25].

A recent study evaluated the effects of tape and brace before, during and after a
football-match simulation protocol. The conclusion was that tape lost its restrictive
benefits after 15 min of football-specific exercise, whilst the brace maintained some
effect until the 45th minute [26].

23.6.2 Neuromuscular Effects

Besides the mechanical mechanism, another theory on the effect of ankle support
was evaluated, although to a lesser degree. Since it remains uncertain that ankle
sprains are fully prevented by mechanical effects of tape or brace, it is suggested
that increased proprioception and awareness of joint position play a role.

Studies were focused on joint position and movement sense or reproduction,
peroneal muscle activity, reflex, reaction time and postural stability.

23.6.2.1 Joint Position and Movement Sense (Propriocepsis)

It is hypothesised that due to damage to mechanoreceptors in and around the ankle
joint as a result of sprain, the propriocepsis is impaired. After a first sprain the dis-
ruption of afferent information affects the ability to detect sense of movement and
joint position. Application of tape or use of a brace would improve the propriocepsis
by enhancing proprioceptive acuity as a result of increased stimulation of the cuta-
neous mechanoreceptors.

This theory explains the high recurrence rate of sprains and the fact that the pre-
ventive effect of tape and brace seems to be higher after first-time ligament injury.

Although, several studies were published on the effect of ankle support on joint
position and movement sense, the contribution of enhancement of proprioception to
the preventive effect remains unclear. In a systematic review Raymond et al. con-
cluded that using an ankle brace or ankle tape has no effect on proprioceptive acuity
in participants with recurrent ankle sprain or who have functional ankle instability.
This finding was consistent when the two aspects of proprioception (sense of move-
ment or joint position) were considered separately. Although the majority of the
included studies reported a positive effect, the authors failed to find a statistically
significant difference after pooling of data [27].
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23.6.2.2 Peroneal Muscle Activity

As the most important everter of the ankle, the role of peroneal longus muscle in
preventing ankle sprains was studied extensively. Both muscle function and reflex
latency were subjects of several studies. The theory that ankle support would shorten
the reaction time was not clarified. Studies report conflicting results regarding the
peroneal latency, some reporting on decreased latency [28, 29], where others did
find no difference [30, 31]. One study even showed an increase in personal latency
[32]. However, these conflicting findings may be the result of methodological dif-
ferences, since these studies used a setting simulating a real inversion injury.
Furthermore, the velocity and amplitude of the inversion used during these simula-
tions may not reflect the situation of a true inversion trauma.

23.6.2.3 Postural Control or Stability

It is thought that players with a decreased postural control more are prone to an
ankle sprain injury. Multiple studies have investigated possible influence of tape and
brace on postural control. These studies most often focused on centre-of-pressure or
centre-of-gravity displacement.

Two studies evaluated the effect of tape on postural control in football players.
Tropp et al. found that taping did not influence stabilometric values [33].

Lohkamp et al. reported that any potential benefit of tape was negated after
15 min of football-specific activity. Hence, they concluded that taping to prevent
lateral ligament injury in healthy football players may only be effective in during
the first 15 min [34].

23.6.3 Psychological

A more alternative and less extensively described theory regarding beneficial effects
of ankle support is the psychological factor. Subjects reported feeling more stable,
confident and reassured with the application of the standard taping technique (stir-
rups, figure of 8, heel lock) or a single strip of tape applied to the calf compared with
the untaped condition whilst performing functional tasks such as hopping and bal-
ancing [17].

Manfroy et al. stated that athletes who believe that a certain type of ankle support
will protect them from injury will participate in sport with greater confidence [35].

Sawkins et al. demonstrated a placebo effect of tape. Although they failed to find
a difference in functional performance tests between real tape and placebo tape,
both tapes did affect the participants’ perceptions of stability, confidence and reas-
surance when performing functional tests [36].
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23.7 Detrimental Effects

23.7.1 Effects on Performance

An important factor of the use of external ankle supports in sports is the impact of
these devices on the functional performance of the athletes. Although tape and
brace seem to be useful in preventing (recurrent) ankle sprains, players are not likely
to use them if they perceive that their performance will be hampered.

One of the main purposes of brace and tape is limiting the range of motion; how-
ever, a restriction of motion in both the frontal and sagittal plane could interfere
with the execution of functional tasks. The three skills that were widely investigated
are running speed, agility and vertical jump height. Of these, running speed and
agility are important in football players.

23.7.1.1 Sprinting

Since running speed is important for football players, an ankle support that impedes
a football player in running will not become popular.

In running, players must be able to quickly dorsiflex the ankle before the stance
phase, before they forcefully plantarflex the ankle during push off. For speed gen-
eration this combination of movements has to occur within thousands of seconds. It
seems clear that when tape or brace restrict the dorsiflexion and/or plantar flexion,
this will affect the generation of speed.

23712  Agility

Ability to quickly change direction at top speed is an important factor in football.
For this sideward cutting movement, the ankle is placed under an inversion stress
to be able to push off and return to top speed. Hence, for optimal agility skills the
maximum amount of inversion as well as plantar and dorsiflexion is necessary.
Especially, reaching the maximum amount of dorsiflexion is required to provide
explosive propulsion for push off for a change in direction. It seems obvious that a
brace or tape that restricts the amount of inversion will affect the agility of a player.

23.7.1.3 Vertical Jump

Vertical jump height can certainly become impaired if the external ankle support
decreases the functional ROM. Like with running, talocrural motion and torque
production in the sagittal plane is a critical component of any jumping task, as it
assists in propulsion from the ground.

Several studies have evaluated the effects of ankle support on functional
performance.
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There is a lack of consistent effects among these studies. In a review by Bot et al.,
it was concluded that results of the studies are contradictory. However, they found
that the majority of the studies indicate that ankle bracing or taping has no or only a
minor effect on vertical jump height, agility, running speed and broad jump distance
and may even improve agility in subjects with functional ankle instability [37].
Cordova et al. conducted a meta-analysis to evaluate the effect of external ankle sup-
port on the functional performance. They concluded that the average effects of exter-
nal ankle support on sprint, agility and vertical jump performance ranged from trivial
to small in subjects who are not elite athletes, i.e. a 1 % performance change for each
of the tests evaluated. Moreover, it is reasonable to surmise that the effects observed
in this study may have greater performance implications in the elite athlete.

Overall, based on the results of this meta-analysis, it could be concluded that exter-
nal ankle support has a small effect on agility performance, but not in all settings.

In their opinion the benefit in preventing injury outweighs the possibility of sub-
stantial but small impairment of performance when athletes use external ankle sup-
port [38].

23.7.1.4 Football-Specific Aspects

Almost all aforementioned studies evaluated performance in sports where the upper
extremity is used to handle the ball. In football the ankle and foot are directly
involved in handling the ball. The use of external support may influence the perfor-
mance more in comparison with sports like basketball and volleyball. Since there is
contact between the brace or tape and the ball, it is more likely to affect the perfor-
mance of shooting and passing. Only a few studies were performed on football-
specific skills.

In the study by Paris, the basket weave taping technique and three types of lace-
up braces were compared. There were no significant differences in speed, balance
and agility between the braced, taped or unprotected football players. Only the ver-
tical jump performance was significantly reduced in players using one of the lace-up
braces [39].

Putnam et al. evaluated in a recent study the kicking accuracy in addition to run-
ning speeds and agility between players wearing a brace with elastic wraps and
players without a brace. This study of healthy recreational football players suggests
that an ankle brace has no significant effect on performance in kicking accuracy,
speed and agility [40].

23.8 Discussion

It can be concluded that there is evidence to support the use of brace and tape in both
rehabilitation of acute lateral ligament injury and prevention. The mechanisms
underlying this beneficial effect are, however, not fully understood. It seems evident
that tape and brace limit the range of motion of the ankle joint in the sagittal and
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frontal plane. The degree of limitation and direction of limitation depends highly on
type of brace or taping technique. Whether this limitation of range of motion and
thereby prevention of extreme movements is the main mechanism is questionable
since it is proved that both tape and brace lose their restrictive effect during exercise.
In addition, there is also no conclusive evidence for the alternative mechanisms like
improved propriocepsis.

In addition to the preventive effect, there are disadvantages of wearing a brace or
tape during football. It is frequently stated that ankle support would impede the
functional performance of the player. Although the literature is not consistent, it
seems that restriction of range of motion at least has some effect on running speed
and agility. Only one single study on football-specific performance is conducted,
which concluded that tape or brace will not affect the shooting or passing accuracy
[40]. In particular for prophylactic use of ankle support, the question is whether the
benefits outweigh the possible impairments in performance. Based on the current
evidence, this question should be answered positively.

It is difficult to compare braces with tape, since there is a wide range of both
types of brace and taping techniques. However, the literature shows neither brace
nor tape to be obviously superior to the other. The use of tape seems to be more
popular among athletes. Both have their advantages and disadvantages. Tape is
often less bulky and therefore possibly more comfortable, which could be important
for football players. In addition, tape could be applied according to the preferences
of the player. Braces have the advantages of being reusable, readjustable and non-
allergic. Also important is that minimal expertise is required for correct application.
Since its known that tape and brace lose their restrictive effect during exercise, the
possibility of readjusting could be important for maintaining the function. An
important advantage of bracing is the lower cost. Olmsted et al. performed cost-
benefit analyses and found that taping was more than three times as expensive as
bracing over the course of a competitive season [17].

Apparently, a brace not worn or incorrectly applied will not reduce the chance of
recurrent inversion injury. The compliance of using an ankle brace by athletes
depends on the looks of the brace and to minor extent comfort and costs. Awareness
of the odds of incurring an inversion injury and stimulation by a team coach posi-
tively affects the compliance [41].
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Chapter 24
Ankle Osteoarthritis in Former Elite Football
Players: What Do We Know?

Vincent Gouttebarge and Monique H.W. Frings-Dresen

You don’t stop playing Football because you’re getting old. You
get old because you stop playing Football.

Sir Stanley Matthews

Abstract Due to cumulative exposure to heavy physical demands and to the occur-
rence of traumatic ankle injuries during their career, former professional football
players are likely to suffer in their post-sport life from ankle osteoarthritis. Ankle
osteoarthritis involves a progressive degeneration of articular cartilage in the ankle
joint that might lead to joint pain, reduced function, instability, deformity and swell-
ing. The recent scientific literature has showed that the prevalence of ankle osteoar-
thritis in former professional football players was high (9-17 %) compared to
former athletes from other sport disciplines and to the general population. Most of
the former professional football players suffering from ankle osteoarthritis reported
to experience moderate to severe problems related to joint pain/discomfort, mobility
and performing usual activities (work, study, house, etc.). In addition, 37 % of them
reported moderate or severe problems with anxiety/depression because of the pain/
discomfort and impairments caused by ankle osteoarthritis. Future directions related
to the medical care and support of former professional football players facing 1
ankle osteoarthritis might involve self-awareness (information provision) system,
self-management programme and/or end-career socio-medical consultation.
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24.1 Introduction

During both training and competition, professional football players are highly
exposed to intense and prolonged physical demands such as running, sprinting,
jumping and landing, dribbling and passing and sliding or other duel forms with
opponents. In addition, players are also exposed to high energetic demands (aerobic
and anaerobic). Exceeding regularly normal health capacities, these physical and
energetic demands, in combination with insufficient time to recover, lead regularly
to the occurrence of injuries of the musculoskeletal system, especially in the ankle
joint.

As elite athletes from other sport disciplines, former professional football play-
ers are keen to have on the long term a lower risk of chronic diseases (heart disease,
diabetes, asthma and bronchitis) compared to healthy individuals of similar age. On
the other hand, former professional football players are also keen to suffer after their
career from long-term health problems. Especially, due to the cumulative physical
exposure during training and competition, and to the high risk for severe, i.e. recur-
rent ankle injuries and related surgery, former professional football players are
likely to suffer from ankle osteoarthritis in their post-career life.

24.2 Ankle Osteoarthritis

Osteoarthritis (OA) is a ‘degenerative joint disease’ resulting from the interaction of
several factors such as joint integrity, genetics, local inflammation, mechanical
forces and cellular and biochemical processes [7, 10, 17]. Being a normal conse-
quence of ageing, OA is caused by overuse of the joint’s cartilage and results in
irreversible pathologic changes in the affected joints [7, 17].

Ankle OA involves a progressive degeneration of articular cartilage character-
ized by the formation of impinging bone spurs, loose bodies and joint space narrow-
ing. The progression of ankle OA might lead to the decrease of articular cartilage
thickness and to the enhancement of cartilage deterioration. As the ankle joint is
formed by three bones (tibia, fibula and talus), OA might occur in three sets of
articular surfaces: the medial, lateral and central articular surfaces.

Distinction is made between primary and secondary ankle OA. Primary ankle
OA is seen as an idiopathic phenomenon related to the ageing process including
previously healthy joints and having no apparent cause or initiating factor. Primary
ankle OA occurs typically in older individuals. Secondary ankle OA is easier to
understand and refers to a joint disease resulting from clear predisposing and initiat-
ing factors such as obesity, prior traumatic event that causes cartilage damage or
excessive repetitive injury (especially in athletes). In contrast to primary OA, sec-
ondary ankle OA can occur in relatively young individuals.

Among reduced function, instability and deformity, the principal symptom asso-
ciated with ankle OA is joint pain. Being exacerbated by activity and relieved by rest
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in an early phase, joint pain occurs both at rest and at night in a more advanced
disease stage. A common complaint among patients with ankle OA is also stiffness:
after a patient awakens, morning stiffness typically resolves within 30 min but may
recur following periods of inactivity. A distinction between noninflammatory and
inflammatory OA is made. Aside from pain and disability-related complaints that
may be seen in both types, patients with inflammatory OA might have joint swelling,
morning stiffness lasting for more than 30 min, night pain and signs of inflamma-
tion. Most of these symptoms and signs can be detected by physical examination.

24.3 Prevalence of Ankle Osteoarthritis in Former
Professional Football Players

As degenerative changes in the joint is not consistently associated with clinical OA,
determining the prevalence of ankle OA remains difficult. Nearly 20 years ago, 6 %
of former professional football players were found to have been admitted to the
hospital for OA of the weight-bearing joints of the lower limbs among which hips,
knees and ankles [12]. While epidemiological researches related to hip and knee OA
have been largely performed among various study populations, studies related to
ankle OA are scarce, especially among former professional football players as
acknowledged in a systematic literature review.

Only two empirical studies were retrieved from the scientific literature in which
the prevalence of ankle OA was presented [11]. Among 185 retired English profes-
sional football players who had played professional football on average for nearly
14 years, the prevalence of ankle OA (diagnosed by clinician) was found to be
5.7 % in the right ankle and 6 % in the left ankle. In this study, the mean age at
diagnosis was 30 years for the right ankle and 32 years for the left ankle. A second
study explored 284 former professional football players from the United Kingdom
who had played professional football on average for nearly 14 years. Forty-nine
percent of these former professional football players indicated that they had been
diagnosed (by clinician) at an average age of 40 years with OA on at least one ana-
tomical site, 29 % in two or more joints and 15 % in three or more joints. Especially,
the ankle joints accounted for 17 % of all 314 OA diagnoses among these 284 for-
mer professional football players, whereof 11 % in the right ankle and 6 % in the
left ankle [11]. A latest published study by Armenis et al. [2] explored the preva-
lence of ankle/foot OA in a group of 105 former Greek professional football players
(older than 40 years) who had played professional football for 8—10 years. Clinical
signs of OA were found in 4 % of these former professional football players, while
radiographic OA was found in nearly 9 %.

Whether the occurrence of ankle OA in former professional football players is
alarming can be put into perspective when compared to the general population or to
athletes from other sport disciplines. An older study from Kujala et al. [12] acknowl-
edged that the prevalence of ankle OA ranged from 0O to 2 % in former elite athletes
(44 years old or older) that were involved during their career in different sport
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Table 24.1 Prevalence (%)  Football 917
of ank.le osteoarthritis: Athletics® 02
overview among former Basketball 0
professional football players .

Boxing 0.4
(=30 years of age), former .
elite athletes from various Cross-country skiing 0
sport disciplines (>44 years ~ 1ce hocl.<ey ) 1.8
of age) and the general Long-distance running 0
population (=30 years of Weight lifting 0.9
age) General population 1-4

“Jumping, sprinting, hurdling, decathlon, middle distance
running

disciplines (long-distance running, cross-country skiing, ice hockey, boxing or
weight lifting; see Table 24.1). Worldwide, approximately 1-4 % of the adult gen-
eral population has OA of the ankle. Then, despite the limited information available
from the scientific literature, it is clear that the prevalence of ankle OA in former
professional football players is higher than in the general population or former ath-
letes from other sport disciplines.

24.4 Consequences of Ankle Osteoarthritis in Former
Professional Football Players

Being primarily associated with previous traumatic injuries, ankle OA is a frequent
health concern among former professional football players, a condition that might
even appear in the early years after the end of a football career. The adverse impacts
of ankle OA on the quality of life and functioning (work and daily living) of former
professional football players cannot be neglected, even if empirical evidence about
the long-term consequences of this health condition is limited.

In a recent systematic review [5], only two original studies exploring the conse-
quences of ankle OA in former professional football players were identified. A
cross-sectional survey was conducted in the United Kingdom (UK) among 284 for-
mer professional football players who had played professional football on average
for nearly 14 years. One hundred and thirty-eight of these former professional foot-
ball players suffered from OA in a lower limb joint (hip, knee, ankle and/or foot),
from which 33 from OA in the right ankle and 20 from OA in the left ankle. From
the former professional football players suffering from OA (not solely of the ankle),
nearly 90 % reported to have moderate or severe joint pain and discomfort, while
around 65 % indicated to experience moderate or severe problems with mobility
and performing usual activities (work, study, house). In addition, 37 % of them
reported moderate or severe problems with anxiety/depression because of the pain/
discomfort and impairments caused by ankle osteoarthritis. Based on this study, the
authors conducted 2 years later a qualitative study by interviewing 12 former
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professional football players who were suffering from hip, knee and/or ankle OA.
With regard to pain, some former professional football players reported that their
conditions were chronically very painful, and that the pain was significantly affect-
ing their lives. With regard to restricted mobility and movement, some former pro-
fessional football players reported that the lack of mobility was a major issue in
their lives, moving being hardly possible, especially bending, kneeling and long
standing. With regard to employment, some former professional football players
reported that no employer wanted to employ them with their conditions and that
they abandoned their jobs for this reason.

24.5 Origin of Ankle Osteoarthritis in Former Professional
Football Players

The origin of ankle OA on the long term among former professional football players
is expected to be related to physical exposure and occurrence of ankle injury during
a career. Within professional football, it remains unknown whether the cumulative
exposure to intense and prolonged physical demands involving the ankle joint (run-
ning, sprinting, jumping and landing, dribbling and passing, duel forms with oppo-
nents) during both training and competition contributes solely to the high prevalence
of ankle OA among former players. Despite the lack of empirical studies involving
large sample sizes and suitable controls matched for football exposure, ankle OA in
former professional football players seems principally attributed to the occurrence
of ankle injury during a football career [7, 10, 17].

24.5.1 Picture Sliding in Football if Available?

In (professional) football, ankle ligament (medial and lateral bands) and cartilage inju-
ries are common during training and competition, accounting approximately for
20-30 % of all injuries. Especially, having more drastic consequences during a football
career in terms of related surgery, rehabilitation and long-term disability, recurrent or
severe ankle injuries, in combination with their surgical treatment, are seen as determi-
nants for ankle OA in former professional football players. Recent empirical studies in
which causality between previous injury and ankle OA was investigated among former
professional football players (both in study and control groups) are lacking. However,
older studies or studies performed among athletes from other sports disciplines indicate
that the occurrence of ankle injuries is a relevant determinant for ankle OA.

Larsen et al. [13] examined the incidence ankle OA in injured and uninjured elite
football players, with a mean time from injury of 25 years. OA was present in 33 %
of the injured ankles, whereas the incidence of OA in uninjured players was 18 % in
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the ankle. On a series of more than 300 ankle fractures treated with open reduction
and internal fixation, Lindsjo [14] found that the prevalence of posttraumatic OA
was 14 %, which was directly correlated with the fracture pattern. Reviewing retro-
spectively data from 30 patients (mean age: 59 years, 33 ankles) with ankle OA,
Valderrabano et al. [27] found that 55 % had a history of sports injuries (33 % from
soccer) and 85 % had a lateral ankle ligament injury. Even more, the same author
[28] found in a study of 406 ankles with end-stage OA that the underlying aetiology
in this group was posttraumatic ankle OA in 78 % of cases. Within these posttrau-
matic OA cases, 62 % were attributable to fracture events (malleolar fractures and
tibial plafond fractures) and 16 % to ligamentous injuries. Some studies indicate
that severity of the initial injury and the initial cartilage damage may play a role in
the development of ankle OA.

24.6 Diagnosis

In order to diagnose ankle OA and assess thoroughly the extent of the disease,
anamnesis, physical examination and radiographic evaluation should be combined
[7, 10, 17]. While the presence of OA might be suggested by anamnesis and physi-
cal examination, ankle OA diagnosis is usually confirmed by routine radiographic
evaluation. In addition, radiological diagnostic assesses OA severity and serves as
an initial evaluation to monitor the worsening of the disease.

24.6.1 Anamnesis and Physical Examination

During the anamnesis, the physician strives to retrieve important information related
to ankle symptoms, exploring several aspects such as joint pain, joint stiffness in the
morning, duration of the symptoms, past (recurrent) trauma, sprain and related sur-
gery, family history and any general symptoms (fatigue, weight loss, fever, etc.)
affecting the whole body. Also, the contribution of sport activities, occupational
activities and daily living activities to the symptoms is explored. In order to assess
the overall functional level, the American Orthopaedic Foot and Ankle Society
(AOFAS) hindfoot score can be used. This valid questionnaire (available in different
languages) consists of 42 items (5-point Likert scale) divided into subscales assess-
ing symptoms, stiffness, pain, quality of life and function, resulting in a score from
0 to 100 with higher scores indicating fewer problems.

During the physical examination, the physician strives to identify important
signs related to ankle OA such as:

¢ Presence of abnormal skin and soft tissues
* Presence of tender areas, synovitis, effusion, bony knobs and loose bodies
* Ankles pattern (if only one is affected)
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* Ankle instability (anterior draw and talar tilt test)

* Ankle impingement (Molloy impingement test)

* Remaining movement in the subtalar and midtarsal joints

* Range of motion

* Muscle weakness or atrophy

e Unequal leg lengths

* Alignment of the tibia to the hindfoot, the midfoot and the forefoot
* Other joints and limb alignment

e Gait

24.6.2 Radiography

A routine radiographic evaluation of the ankle consisting of a weight-bearing AP
view, a mortise view and a lateral view (Fig. 24.1) is made in order to identify radio-
logical signs of OA, including asymmetrical narrowing of the joint space (indicating
loss of cartilage), development of osteophytes and subchondral sclerosis [10, 17, 25].
On a true AP view, the talus overlaps a portion of the lateral malleolus, obscuring the
lateral aspect of the ankle joint. The mortise view is obtained with the foot in 15-20°
endorotation, making visualization of both the lateral and medial joint spaces possi-
ble. An additional hindfoot alignment radiograph can be considered in situations
where the ankle has coronal plane tilting and the heel is in varus or valgus position.

The Kellgren and Lawrence (K&L) criteria have been widely used to grade OA
and were chosen as reference by the World Health Organization to characterize OA
in the hip and knee joints [8]. By now, the K&L criteria have been also validated for
the ankle joints [6], consisting in the assessment of three radiological ankle features
(osteophyte formation, joint space narrowing and bone end sclerosis). According to
the K&L criteria, ankle OA can be classified as follows:

¢ Grade 0: normal joint

e Grade 1: unlikely or doubtful narrowing of joint space and possible osteophytes

* Grade 2: definite osteophytes and possible narrowing of joint space

e Grade 3: multiple moderately sized osteophytes, definite narrowing of joint
space, some sclerotic areas and possible deformation of bone contour

e Grade 4: large osteophytes, marked narrowing of joint space, severe sclerosis
and define deformation of bone contour

24.7 Treatment

While the treatment of hip and knee OA has been sufficiently based on scientific
knowledge, evidence to support the effective treatment of ankle OA is lacking.
Nevertheless, analogously to OA in other joints, conservative and surgical treatment
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Lateral view OA Lateral view healthy

) -
Mortise view OA Mortise view healthy

Fig. 24.1 Radiographs of a healthy ankle joint and an ankle joint affected by osteoarthritis (a)
Lateral view OA (b) Lateral view healthy (c) Mortise view OA (d) Mortise view healthy

have been suggested to treat ankle OA in order to prevent and slow down OA wors-
ening, relieve symptoms and improve joint function [9, 10, 17, 21, 22, 24]. With
regard to safety, invasiveness and costs, conservative treatment might be preferred to
surgical treatment. Surgical treatment should be reserved to the patients who do not
improve with conservative treatment and who have seriously affected quality of life.
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24.7.1 Conservative Treatment

Aiming to relieve and control the pain associated with ankle OA and improve the
function of the joint, conservative treatment relies on various pharmacological or
non-pharmacological options involving [9, 15, 16, 18, 21, 25]:

* Short-term use (because of side effects) of nonsteroidal anti-inflammatory drugs
(NSAIDs) to relieve and control ankle pain

* Glucosamine and chondroitin supplement as a safe and potential effective option
for the relief of ankle OA symptoms

* Injection of viscosupplementation into the ankle joint to alleviate joint
symptoms

* Judiciously timed injection of corticosteroids into the ankle joint to decrease
pain for the enjoyment of a particularly important life event

* Modified footwear (rocker-bottom sole, solid ankle cushion heel, polypropylene
ankle/foot orthosis, lace-up ankle support, ankle brace)

* Physical therapy to preserve joint mobility and range of motion

* Specific exercises to increase muscle and neuromuscular, i.e. proprioceptive
functions in order to enhance ankle functions and stability

» Healthy lifestyle, especially related to weight control through general physical,
i.e. fitness programmes

24.7.2  Surgical Treatment

The decision for surgical treatment of ankle OA requires a grounded evaluation of
the patient’s functional needs and problems. As surgical techniques continuously
change and evidence for effectiveness accumulates, the indications for surgery treat-
ment of ankle OA have been evolving in time. For ankle OA, surgery is seen as a
treatment option when conservative treatment has failed to control the patient’s
symptoms in such a way that the patient’s quality of life and daily living or work
activities are seriously affected. Surgical options for ankle OA include joint-
preserving surgery, arthrodesis and (total) ankle replacement [10, 17, 20, 23, 25, 26].

Joint preserving surgery, including arthroscopic debridement and articular dis-
traction, aims to delay more invasive and extensive surgery. Being commonly
achieved through arthroscopy, ankle debridement is performed in case of impinging
osteophytes, loose bodies and chondral defects. For severe end stage of OA, articu-
lar distraction based on an external articulated fixation frame and a distraction force
applied across the ankle has been recently advocated for patients being candidate
for arthrodesis in order to decrease joint pain and improve movements.

Ankle arthrodesis has been seen for several decades as the gold standard treat-
ment of end-stage ankle OA. Ankle arthrodesis can be done with numerous tech-
niques and approaches. Several methods of stabilization can be used such as external
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fixation; internal fixation with screws, plates and on-lay or dowel bone grafts; and
cast fixation alone. Despite several limitations such as a disturbed gait pattern and
reduced functionality after ankle fusion, most patients are satisfied with ankle
arthrodesis. However, it remains unclear to which extent ankle arthrodesis contrib-
utes to progressive degeneration of adjacent joints.

24.8 Future Directions: Medical Care and Support of
Former Professional Football Players

Professional football players should be seen as any other employees from any occu-
pational sectors. Consequently, as stated by the World Health Organization (WHO)
and the International Labour Organization (ILO), professional football clubs and
responsible (inter)national bodies are responsible for ‘the protection, promotion,
surveillance and maintenance of the highest degree of physical, mental and social
well-being of players during their career but also long after their retirement years’.
Consequently, the expectation is that the medical care and support offered to profes-
sional football players would be related to long-term health problems such as ankle
OA because it may impair their sustainable health and functioning in their post-
sport life.

Nevertheless, recent findings suggested that the current medical care and support
in professional football is exclusively directed towards the short-term health issues
during a career, namely, the injuries of the musculoskeletal system [1]. Despite the
occurrence after retirement of long-term health problems such as ankle OA, any
form of socio-medical counselling aiming to empower sustainable health and func-
tioning of players in their post-sport life has been up till now neglected [1, 4]. Both
current and former professional football players, as well as physicians working in
professional clubs, have recently acknowledged that information provision about
long-term adverse effects was lacking, advocating the development and implemen-
tation of a proper socio-medical counselling for these long-term adverse effects [1].
These needs are consistent with past findings in which the necessity to develop a
long-term strategy for (forced) retired football players was underlined [4].

Consequently, several future directions related to the medical care and support of
former professional football players facing long-term adverse effects such as ankle
OA might be proposed. A first step could be to raise the self-awareness (information
provision) of professional football players at the time around their retirement with
regard to ankle OA. Especially, relevant information could be disseminated about
potential risk determinants, disease process, pain mechanisms, treatment options
and strategies, consequences for well-being, sport and work functioning.

For chronic health conditions such as rheumatic diseases (including OA), self-
management programmes have been identified as effective in order to engage and
promote a healthful and active behaviour of patients in managing their disease [19].
Consequently, the development and implementation of a self-management pro-
gramme related to the particular characteristics and specific needs of former
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professional football players facing ankle OA at the time around their retirement
might be helpful as cognitive and behavioural therapy in order to manage ankle OA,
prevent its worsening and empower sustainable health and functioning. Also, an
end-career socio-medical consultation could be an optimal innovation in order to
empower former players and give them advice about active lifestyles and relevant
physical activities that might be performed (non-weight-bearing rather than weight-
bearing activities) to prevent an increase in body mass and a decrease in muscular
and neuromuscular function and to increase functional abilities in (working) life [3].
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