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Foreword

The editors of this informative and instructive ESSKA text, Luigi Pederzini,
MD and Denise Eygendaal, MD, have invited my comments. This is a great
honor, exhibiting their openness to commentary on their immense undertak-
ing, together with numerous accomplished and respected authors and sur-
geons. Seeing the final product, I invite you into the pages and thoughts of
surgeons who are inquisitive and creative, surgeons who can organize the
complexities of orthopedic science to teach it with clarity, and surgeons who
dare to break away from traditional elbow therapeutics with innovative
insights and ideas.

It is a privilege to write this Foreword. Mine is a mature understanding of
the upper extremity, mature but not fully grown. Maturity comes from age
and experience, but as you will see in this text, there will always be new ideas
and developments that further our knowledge of the upper extremity and of
the elbow in particular. It was my good fortune to have been active, along
with several others, during the pioneering stages of an upper extremity sur-
gery revolution, a time when minimally invasive operative techniques proved
more precise and advantageous to patients and to surgeons alike. That revolu-
tion is not over.

The various authors in this text are extensions of the main body of ortho-
pedic surgical science. An elbow is where an extension — a river, stream, an
arm, or an innovative surgeon — changes direction significantly or even radi-
cally. But the change permits a reach to a wholly new destination or to the
same destination via a different route. These authors express their knowledge,
opinions, and ideas which may subtly or radically change the direction of our
understanding of the upper extremity in sports. The chapters in this book
open new perspectives, new techniques, or nuances to upper extremity
surgery.

Drs. Pederzini and Eygendaal have crafted a book not only about the
elbow; it is the elbow in our thinking. It is current, cogent, comprehensive,
and different; and it is organized into a very significant contribution to upper
extremity surgical education.

Terry L. Whipple, MD
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Clinical Relevant Anatomy

of the Elbow

B. ten Brinke, A. Beumer, and D. Eygendaal

The elbow joint is a complex joint which com-
bines a stable flexion and extension mechanism
with a wide range of rotation and provides a sta-
ble position for a functional hand. To fulfill all
these tasks, the elbow consists of three joints
formed by the distal humerus, the proximal ulna,
and the radial head: the radiohumeral joint (RHJ),
the ulnohumeral joint (UHJ), and the proximal
radioulnar joint (PRUJ). Knowledge of osteology
and surrounding tissues such as ligaments, mus-
cles, and neurovascular structures is crucial to
understand the function of the elbow and the
pathophysiology of elbow diseases.

1.1 Bones and Joints
The elbow plays a major role in the flexion-
extension of the arm and supination-pronation of
the forearm. There is also a slight medial and lat-
eral mobility (abduction and adduction in frontal
plane) and medial and lateral rotation (around the
ulna in the transverse plane) [1]. The elbow is
composed of three bones: the humerus, the ulna,
and the radius (see Fig. 1.1a, b).

The shaft of the humerus ends in a lateral and
medial ridge. Approximately 12 cm above the
lateral ridge is a sulcus in which the radial nerve

B. ten Brinke * A. Beumer ¢ D. Eygendaal (D<)
Department of Orthopaedic Surgery,

Amphia Hospital, Breda, The Netherlands
e-mail: denise @eygendaal.nl

© ESSKA 2016

passes to the lateral side of the humerus. This is
an important anatomical landmark in the surgical
treatment of humeral fractures with plates or
external fixators. Lateral and medial ridges end
distally in the lateral and medial epicondyles (see
Fig. 1.1a, b). The condyles of the humerus show
a 30° anterior flexion in relation to the long axis,
a 6-8° valgus tilt, and a 5° internal rotation in
relation to the epicondylar line (see Fig. 1.1c—e).

To prevent anterior impingement during flex-
ion of the elbow, the coronoid fossa and the radial
fossa are located between the lateral and medial
ridges on the anterior side of the distal humerus.
On the posterior side, the olecranon fossa is
located between the epicondyles to prevent pos-
terior impingement during extension.

The trochlea is formed by the medial epicon-
dyle, which forms the ulnohumeral joint with the
olecranon of the ulna, which stabilizes the elbow
during extension. The anterior side of the lateral
epicondyle forms the capitellum. This convex
structure articulates with the concave surface of
the radial head. This is the radiohumeral joint,
which plays a role in the stability of the elbow in
flexion.

In the proximal ulna, the trochlear notch forms
an angle of 30° with the ulna shaft, and there is
also a slight 4° valgus angulation of the ulnar
shaft (see Fig. 1.1f, g). The trochlear notch is
divided into an anterior and a posterior part by
the incisura trochlearis, a transverse portion com-
posed of fatty tissue. This area of the olecranon
can be used during an olecranon osteotomy to

L.A. Pederzini et al. (eds.), Elbow and Sport, DOI 10.1007/978-3-662-48742-6_1
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Fig. 1.1 (a) Anterior view: lateral epicondyle (1), capi-
tellum (2), trochlea (3), medial epicondyle (4), coronoid
process (5), and radial head (6). (b) Posterior view: olec-
ranon (7). (c—e) The condyles of the humerus show a 30°
anterior flexion in relation to the long axis, a 6-8° valgus
tilt, and a 5° internal rotation in relation to the epicondylar
line. (f, g) In the proximal ulna, the trochlear notch forms

an angle of 30° with the ulna shaft, and there is also a
slight 4° valgus angulation of the ulnar shaft. (h—j) The
hyaline cartilage distribution of the proximal ulna varies
and is often misinterpreted as osteochondral damage.
(k) The radial head forms a 15° angle with the axis of the
radial shaft
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Fig. 1.1 (continued)
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Fig. 1.1 (continued)
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Fig. 1.1 (continued)

minimize cartilage damage. The hyaline cartilage
distribution of the proximal ulna varies and is
often misinterpreted as osteochondral damage
(see Fig. 1.1h—j). The coronoid process, a protu-
berance of the ulna that demarcates the trochlear
notch anteriorly, often fractures during disloca-
tion of the elbow. Just distal and radial to the
coronoid process, the radial notch of the ulna
articulates with the radial head in the proximal
radioulnar joint, contributing to pronation and
supination of the forearm.

Since the radial head articulates with both the
capitellum of the humerus and the radial notch of
the ulna, it is covered with cartilage 280° around.
The uncovered part of the radial head can be used

for screw fixation in case of radial head fractures.
The radial head forms a 15° angle with the axis of
the radial shaft (see Fig. 1.1k).

There is a great amount of congruency
between the articulating surfaces of the elbow.
The tongue and groove-like fitting of the distal
humerus on the ulna and radius make medial and
lateral gliding almost impossible [2, 3].

The articular contact is influenced by the posi-
tion of the elbow and the forearm. The radial
head makes no contact with the cartilage of the
capitellum during extension of the elbow.
However, during flexion the radial head moves
proximally resulting in an increased contact with
the distal humerus. Supination of the forearm
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decreases the radiocapitellar contact, while
pronation increases it. The knowledge of these
positions is important during clinical examina-
tion of a degenerative elbow [4].

1.2  Joint Capsule and Ligaments
The three elbow joints are surrounded by a joint
capsule. This capsule includes the olecranon, the
coronoid fossa, and the radial fossa but not the
humeral epicondyles. At the level of the radial
head, distal from the radial annular ligament, the
joint capsule forms a recess to preserve a good
rotation of the radius (see Fig. 1.2a).

The joint capsule has a limited role in the sta-
bility of the elbow. To allow flexion and exten-
sion of the elbow, the capsule is loose on the
anterior side and especially on the posterior. The
volume of the capsule has been shown to average
23 ml. The capsule is most lax at 80° of flexion.
Therefore patients with acute joint injury and
inflammation combined with joint effusion find
this position more comfortable. To prevent the
capsule from sticking into the joints, small articu-
lar muscles radiate from the triceps brachii mus-
cle and the brachial muscle. These muscles
maintain sufficient tension on the capsule [5].

The collateral ligaments of the elbow are
formed by thickenings of the capsule on the
medial and lateral side. The medial collateral
ligament consists of an anterior (AMCL) and

Fig. 1.2 (a) Anterior view of the joint capsule of the elbow.
(b) Medial collateral ligement consisting of an anterior
(AMCL) and posterior (PMCL) bundle and a transversal

a posterior (PMCL) bundle and a transversal
ligament (also known as the Cooper ligament).
The anterior and posterior bundles originate from
the medial humeral epicondyle. The anterior bun-
dle inserts the base of the coronoid process (sub-
lime tubercle) of the ulna, and the posterior
bundle inserts the medial part of the olecranon.
The mean length of the AMCL is 27.1 mm and
that of PMCL is 24.2 mm; the mean widths are
about 4.7 mm and 5.3 mm, respectively. The
function of these ligaments is to restrain valgus
stress during extension (anterior bundle) and dur-
ing flexion (posterior bundle) (see Fig. 1.2b) [6].
Studies reveal that the AMCL can be subdivided
into three regions or bands according to their
function [7, 8].

The lateral collateral ligament complex con-
sists of three distinct bundles: the lateral ulnar col-
lateral ligament (LUCL), the radial collateral
ligament (RCL), and the annular ligament (AL)
(see Fig. 1.2c). The LUCL and the RCL originate
from the inferior part of the lateral epicondyle.
The LUCL inserts into the crista supinatoris at the
lateral side of the proximal ulna. The RCL extends
to the AL. The AL encircles the radial head and
originates and inserts on the ulna to maintain the
radius to the ulna during rotations [3]. The func-
tion of the lateral collateral ligament complex is to
provide stability during posterolateral directed
forces on the elbow and during varus stress.

Similarly to the medial collateral ligament, vari-
ous components of the lateral collateral ligament

ligament. (c) Lateral collateral ligament complex consisting
of the lateral ulnar collateral ligament (LUCL), the radial
collateral ligament (RCL) and the annular ligament (AL)
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play a different role in maintaining stability during
varus stress. The anterior bundle of the RCL is tight
during extension, while the posterior bundle is
tightened during flexion. The middle part is taut in
between extension and flexion. The LUCL is taut
in extreme elbow flexion and tightens under varus
stress.

The interosseous membrane (IOM) between
the ulna and the radius prevents the displacement
of the radius or ulna and regulates the acting
forces on these two bones during closed chain
activities [9].

1.3  Muscles

Three groups of muscles can be distinguished
around the elbow: the extensor muscles of the
elbow, the flexor muscles of the elbow, and the
flexors/extensors of the wrist. Besides their role
in all kinds of movements, muscles act as
dynamic stabilizers as they compress the joint.
Compression of the radial head and coronoid
process in the articular surface of the distal
humerus increases joint stability [10].

The most important extensor of the elbow is
the triceps brachii muscle that originates from
three proximal heads and inserts on the tip of the
olecranon where it is palpable when the muscle
is tensed against resistance. The anconeus mus-
cle is a triangular muscle which originates from
the lateral epicondyle and inserts posterolateral
on the proximal ulna. The anconeus muscle is
traditionally described as an extensor of the
elbow, although its function is not fully under-
stood. It mainly plays a stabilizing function on
the elbow.

Primary flexors of the elbow are the brachia-
lis, the biceps brachii, and the brachioradialis
muscle.

The brachialis originates on both the humerus
and the intermuscular septum and inserts on the
anterior side of the proximal ulna. This muscle
has the largest cross-sectional area of all flexors
but suffers from a poor mechanical advantage
because it crosses close to the axis of rotation. In
addition, the brachialis seems to have an impor-
tant role as a stabilizer against posterior sublux-
ation [11]. The biceps brachii muscle has a

two-headed origin. The short head originates
from the coracoid process and inserts distally to
the radial tuberosity and is a stronger flexor com-
pared to the brachialis muscle. The long head
originates from the superior glenoid aspect and
inserts on the radial tuberosity and acts as a
strong supinator. The brachioradialis muscle runs
exclusively across the elbow. The muscle origi-
nates from the intermuscular septum and the lat-
eral aspect of the distal humerus and inserts on
the distal radius. It has the greatest mechanical
advantage of any elbow flexor. Apart from its
function as a flexor, it can contribute to pronation
of the forearm when the arm is placed in
supination.

The origin of the wrist extensor muscles is
located at the lateral epicondyle. A common ten-
don is formed by the originating tendons of the
extensor carpi radialis brevis, the extensor
digitorum communis, the extensor digiti minimi,
and the extensor carpi ulnaris. The supinator has
a complex origin on the lateral epicondyle, the
annular ligament, and the ulna. It inserts on the
lateral proximal third of the radius. The extensor
carpi radialis longus originates from the supra-
condylar bony ridge just below the origin of the
brachioradialis.

At the medial epicondyle, the proximal inser-
tion of the pronator teres, flexor carpi radialis,
palmaris longus, flexor digitorum superficialis
and profundus, and the flexor carpi ulnaris form
the common flexor tendon. The palmaris longus
is absent in approximately 15 % of normal indi-
viduals [12]. The pronator teres usually has a sec-
ond site of origin on the medial part of the
coronoid process, next to the second head of the
flexor digitorum superficialis.

1.4 Neurovascular Structures

1.4.1 Nerves
The arm is innervated by three important nerves:
the median nerve, the ulnar nerve, and the radial
nerve (see Fig. 1.3a—c).

The median nerve is formed by the nerve roots
from C6-T1 and first descends lateral to
the brachial artery, anteriorly to the medial
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i==f -========= Ulnar nerve

Medial nerveg========s=sseecccoceemc-- 00 :

Pronator teres---------------

Flexor carpi radialis -------

———————————————————— Flexor carpi ulnaris

b mesrmsssssmrasessna=sr=s====se===s fadial nerve
-------------------- Brachioradialis muscle
Anconeus --------\g-==SElll | AT .- Extensor carpi radialis longus
Supinator - - - - ...

.......... Extensor carpi radialis brevis

Deep branch radial nerve - - .
- Supefrficial branch radial nerve

Extensor carpi ulnaris - - -- ...

Extensor digitorum - - ... .0 -------- Abductor pollicis longus

Fig. 1.3 (a) Anterior view of the medial and ulnar nerve.  (¢) Anterior view of the medial, radial and ulnar nerve.
(b) Anterolateral view of the radial nerve and its branches.  (d) Cuteneous innervation of the upper limb
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Fig. 1.3 (continued)
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intermuscular septum. More distally, the median
nerve crosses the brachial artery and continues
medial to the artery. At the elbow, the median
nerve lies in the cubital fossa, anterior to the bra-
chioradialis muscle and posterior to the biceps
tendon. Potential sites of entrapment are the liga-
ment of Struthers (this is an anatomical variant
where there is an accessory connection between a
spur of bone and an accessory origin of the pro-
nator teres muscle), under the biceps tendon, at
the edge of the pronator teres muscle, and under
the proximal free edge of the radial attachment of
the flexor digitorum superficialis.

The ulnar nerve is derived from the nerve
roots from C8-T1 and can be found medial to the
brachial artery in the upper arm. The ulnar nerve
enters the posterior compartment of the upper
arm by crossing the medial intermuscular sep-
tum. At the elbow, the nerve lies in a shallow
fibro-osseous sulcus at the posterior side of the
medial epicondyle. It runs to the forearm between
the two heads of the flexor carpi ulnaris muscle,
where it can be compressed in the tunnel formed
by the tendinous arch connecting these two heads
to the humerus and the ulna.

The radial nerve originates from the nerve
roots C8-T1 and initially runs dorsal to the
humerus. It runs to the lateral aspect through the
radial sulcus at the posterior side of the humeral
shaft. The radial nerve runs deep between the
brachialis and the brachioradial muscle proxi-
mally and the extensor carpi radialis longus dis-
tally. It divides into a motor, interosseous branch
and a sensory, superficial branch. This sensory
branch originates just before the radial tunnel, a
tunnel between the anterior joint capsule and the
proximal supinator muscle. Potential sites of
radial nerve compression are fibrous bands of the
radiocapitellar joint, the leash of Henry (where
the radial nerve passes the recurrent radial artery),
the medial edge of the extensor carpi radialis bre-
vis, the proximal fascia of the supinator, and the
distal edge of the supinator.

The cutaneous innervation of the elbow is
variable; in general the proximal elbow is inner-
vated by the lateral cutaneous (C5, C6) and

medial cutaneous (C8, T1, T2) nerves. The skin
of the distal elbow is innervated by the medial
(C8,T1), lateral (C5, C6), and posterior (C6-C8)
cutaneous nerves (see Fig. 1.3d).

1.4.2 Arteries

The subclavian artery forms the axillary artery
that in turn forms the brachial artery. The first
branches of the brachial artery are the profunda
brachii artery, the superior collateral artery, and
the inferior collateral ulnar artery. The brachial
artery splits in a radial and ulnar artery at the
anterior side of the elbow joint, close to the radial
head. The radial recurrent artery is the first branch
of the radial artery. This branch runs proximally
to the brachioradialis muscle and the supinator
and brachialis muscles to end in an anastomosis
with the radial collateral branch of the profunda
brachii artery. Further, the radial artery supplies
the interosseous artery that is formed directly dis-
tal from the elbow.

The anterior and posterior ulnar recurrent
arteries are the first two branches of the ulnar
artery. The anterior branch runs through the ante-
rior side of the medial epicondyle and forms an
anastomosis with the inferior ulnar collateral
artery. The posterior branch passes posterior to
the medial epicondyle and makes an anastomosis
with the inferior and superior ulnar collateral
arteries.

1.4.3 Veins and Lymphatics

The deep venous structures are paired and run
together with the arteries. The superficial veins
are the basilic vein on the medial side and the
cephalic vein on the lateral side of the elbow.
These two veins are connected through the
median cubital vein.

The elbow contains several lymph nodes that
drain into the axillary lymphatic system. The
most important lymph nodes are located supra-
trochlear, above the medial epicondyle.



1 Clinical Relevant Anatomy of the Elbow

n

1.5 Bursae

Around the elbow joint, several bursae have
been described. Posteriorly, a superficial bursa
is well known at the olecranon; a deep intraten-
dinous bursa is present in the triceps tendon as it
inserts at the tip of the olecranon. Bursae have
also been described below the extensor carpi
radialis brevis, deep in the anconeus muscle, on
the medial and lateral aspect of the joint, and
finally between the biceps tendon and the radial
tuberosity.
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Biomechanics of the Elbow Joint
in Overhead Athletes

Grzegorz Adamczyk

2.1 Introduction
The upper limb forms a kinematic chain, where
all the elements are interrelated and functionally
connected in order to optimalize its function. The
basement is a shoulder girdle, the central part is
an elbow, and the effector is the hand. These ele-
ments of the kinematic chain are strictly inter-
connected, and any elongation of the arm of the
force by the sport attribute, for instance, tennis
racquet, changes dramatically strains evoked at
the level of the elbow joint. Majority of investiga-
tions of elbow biomechanics, used scales, con-
cern daily living activities or are devoted to
problems related to prosthetic design. The sport
elbow function and athlete expectations are so
complex that we should expect a new approach.

Sportsman needs a functional elbow “particu-
larly fit” for a certain sport. One of my patients
was a champion of Poland in Three-Day Event in
horse riding, quite an extreme demanding sport
competition, after a radial head removal, with a
range of motion 30° of extension and 110° of
flexion — he controls the horse mainly by relaxed
wrist.

Athletes pose atypical strength, or speed, or
precision of the joint motion. The role of

G. Adamczyk
Gamma Medical Centre, Warsaw, Poland
e-mail: grzegorz.adamczyk @cmgamma.pl

© ESSKA 2016

proprioception cannot be overestimated. For
instance, the biomechanical studies of the role of
distal biceps rupture do concentrate on the loss of
flexion strength, and the question is if reconstruc-
tion of distal biceps can allow to gain the flexion
and supination. The matter of debate is when and
how to suture it [14, 24]. T investigated three body
builders, who lost their distal biceps and did not
reconstruct it. Twenty-four weeks after trauma,
they lost 20 % of the flexion strength, but 40 % of
extension torque — probably due to propriocep-
tive problems with dynamic elbow stability (own
unpublished data).

That’s why we need always a complex, stan-
dardized biomechanical investigation of the
whole limb — not only one joint, one movement
study [17].

When one hits the tennis ball with a speed of
50 km/h, at the end of the racquet, in a backhand
position and plays with a stiff wrist — taking
under the consideration, that the wrist diameter is
about 9 cm, the distance from the center of the
grip to the ball 45 cm — the energy generated is
such, that for the elbow it is an effort like lifting
25 kg. That’s why the extensor mechanism then
tears causing “tennis elbow” condition. So every
technical mistake during the sport might have
dramatical consequences on joint function, and
meticulous knowledge of the elbow biomechan-
ics in sport is crucial for the understanding of
elbow diseases.

Grace to the shoulder girdle, in a trained per-
son, upper limb rotates and covers more than the
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hemisphere. That allows the hand to reach object
located all around our body.

So, the complex anatomy of the elbow joint
has to ensure both: the mobility and the stability
of the whole construction. The main difference
between the knee (central part of the lower limb
concept) and the elbow is the key role of both:
flexion-extension and prono-supination move-
ments. On the other hand, it is absolutely untrue
that because “people are not walking on hands,”
the elbow is shearing only limited forces. Bones
of the upper limb are smaller in diameter, so the
compression forces on square millimeter are rela-
tively surprisingly high.

Elbow joint is composed from endings of three
long bones: the distal humerus, proximal radius,
and ulna. The articular surface of the distal humerus
consists of the spool-shaped trochlea medially and
the partially spherical capitellum laterally. From
the strict lateral X-ray view, these articulations
have approximately circular cross-sections, and
these circles are nested concentrically together.
That’s why in the neutral position, elbow acts as a
hinge joint and do not exist relative motions in
between radius and ulna during flexion-extension.

To describe the type of possible motion of the
elbow: flexion-extension and prono-supination
one use expression — trochoginglymoid joint [2].
Elbow is composed of three interconnected artic-
ulations: the radio humeral, the ulno humeral and
radioulnar one.

In majority of cases, the axis of flexion-
extension activity is slightly valgus (male-female
from 11° to 14°). One of possible reason for this
difference is the width of the woman pelvis — for
women is simply easier to carry heavy objects
with upper limbs along their body when elbows
are in valgus position [7]. This carrying angle in
between the long axis of humerus and long axis
of ulna is then approximately 6° with elbow
extended and disappears with flexion.

Of course, meticulous video analysis showed
that the elbow is not a pure hinge, due to obliquity
of the trochlear groove, but helical pattern of these
movements does not overpass 4-5°, so for the
practical reason is better to see it as a pivot [2].

Axis of rotation is a line that passes through
centers of curvatures of trochlear sulcus and
capitellum.

When the carrying angle is 14°, the axis of
flexion-extension movement is 7° from the base
of coronoid process and the articular surface of
radial head against the anterior surfaces of
humeral fossae [4].

During the prono-supination, radius rotates
around the ulna. Longitudinal axis of rotation
passes from the center of concave surface of
radial head to convex center of the ulnar distal
head. Forearm rotation normally reaches 80° of
pronation and 90° of supination [7]. The func-
tional rotation of the object, like a pencil grasped
in the hand, is much higher. Movement of the
wrist and fingers, flexion of the fifth metacarpal
bone in supination, adds another 30°. The axis of
prono-supination is ulna. It’s easy to check: when
one positions the forearm on a table, with elbow,
wrist, and fifth finger extended and keeps finger
at its place, the ulna and radius are almost per-
fectly parallel. Supination of the forearm rotates
then only the radius, and radial bone reaches a
certain angle around the stable ulna. The anatom-
ical axis of rotation passes from the center of the
capitellum, through the center of the radial head
proximally to the center of the ulnar head dis-
tally, then on toward the little finger.

Normally, the rotation axis passes along the
long finger. Then pronation entails ulnar abduc-
tion, and supination causes ulnar adduction. If we
then control the wrist motion with the opposite
hand, the motion of the distal ulna can be noticed,
it follows a rotary swing. This is not caused by
the ulna rotating at the elbow; the shape of distal
humerus and proximal ulna stable blocks such a
possibility; however, it is circumduction. The
curved path in space is accomplished by combi-
nations of ulnar abduction and flexion during
pronation and adduction and flexion during supi-
nation [4, 31].

Ray and James immobilized humerus by
pins and took double-exposure radiographs in
pronation and supination, and the humeroulnar
varus-valgus motion of approximately 9° was
documented [31].

Radial head is not perfectly circular, it is
slightly elliptical and it allows sliding of the
proximal radio-ulnar joint. This deviation from a
circle gives support to the bearing surface against
the ulna. Forearm rotation clearly involves
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rotational sliding motion between the concave
end face of the radial head and the capitellum.

The proximal radioulnar joint is stabilized by
the solid surrounding annular ligament that
attaches strongly to the anterolateral corner of the
coronoid and to the supinator ridge of the ulna.
This structure prevents subluxation of the radial
head during all activities and resists the anteriorly
directed tension of the biceps tendon during
elbow flexion.

For pronation and supination, the restraint is
passive resistance of stretched muscles rather
than the ligaments. The ROM of the intact
cadaver arm is approximately 150°, whereas
when muscles are excised 190° [2].

Meticulous knowledge of muscle attachments
to the elbow forces generated by these muscles
during different phases of sport activities is cru-
cial factor for understanding the function of this
joint. Growing expectation of the sportsmen,
elongation of the limbs, and in consequence of
arm forces, raising speed of well-trained arm and
number of repetitions of some very particularly
positioned upper limbs, causes the very new
problems for our society.

2.2  Biomechanics of the Elbow

The forces around the joint must be in equilib-
rium, and their balance leads to zero resultant.
Thus, the forces acting upward must be equal and
opposite to those acting downward.

In this simplified analysis of elbow flexion,
the muscle tension 7 is 200 N, and so the joint
force JF is 180 N (Fig. 2.1). The lack of any mus-
cle actions modeled along the forearm means that
JF is predicted to act axially onto the distal
humerus [26].

In normal circumstances, elbow flexion in
man is from 0° to 150°, in woman from hyperex-
tension 12—-15° to 150°. The checking agent is an
impact of the tip of olecranon to trochlear fossa —
in full extension collateral ligaments are taut and
stop the movement [26].

So, in example taken from book of Nordin
and Frankel [26], the extension moment exerted
by the load in the hand is 20 N times 0.35 m, or
7 Nm. This must be opposed by an equal and

opposite flexion moment from the muscles. So,
if the muscle exerts a moment of 7 N m at a
moment arm of 35 mm (0.035 m), the muscle
tension 7 must equal 7 Nm divided by 0.035 m,
or 200 N. These calculations are of course sim-
plification, treating elbow like pure hinge joint
with all muscles acting parallel to long axis of
humerus, like biceps and brachialis. Of course,
in real situations, all other muscles (wrist and
finger flexors) are clenched to stabilize the lifted
object. The tensions in the finger flexor muscles
compress the humeroulnar joint, due to flexor
digitorum superficialis originating from the
medial epicondyle and flex due to action of
flexor digitorum profundus. We even sometimes
use these muscles to restore elbow flexion in
brachial plexus palsy (Steiner procedure).
Clenched fist is stabilized as well by extensors —
this pressure of the radial head against the
humeral joint phenomenon might be illustrated
by radial head migration after Monteggia
fracture.

Generally, all actions that require a large force
to be exerted cause all of the available muscles to
contract, not just to produce a movement but also
to stabilize the joints [23].

Basic works of Amis, Basmajian, and Long
described the function of separate muscles using
electromyography investigation. Lower limb car-
ries the body weight during walking, so basic
studies evaluate muscle function during gait
phases, changing the position of the body. Studies
of the upper limb are more difficult; we need to
precise exactly, which action is of the interest:
lifting heavy objects, stabilizing joints, operating
peculiar machines, and ergonomics for industrial
purposes.

2.2.1 Capacity and Contact Areas

of the Elbow Joint

The capacity of the adult elbow joint is about
25 ml, reaching maximum at 80° of flexion —
that’s why stiff elbow most commonly is flexed
[28]. The central depression of the radial head
articulates with the dome of capitellum; medial
triangular facet of TFCC is always in contact
with the ulna. With the load of 10 N, about 9 %
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Fig. 2.1 Arm of the forces generated on the elbow joint,
when the force is applied: (a) at the level of the wrist, (b)
at the level of MCP joint, and (c) at the level of fingertips.

contact of joint surfaces occurs, with the load of
120 N, it increases to almost 73 % [15].

2.2.2 Stabilization
of the Elbow Joint

The elbow is one of the most congruent and sta-
ble joints of the human body.

Main reasons for that are almost parallel bony
components of joint surfaces and very solid soft
tissue stabilizers — lateral and medial collateral
ligaments and anterior capsule. Lateral collateral

Arc of rotation — center of capitellum, attachment of the
distal biceps marked by green line on the radial tuberosity,
distances in millimeters, my own forearm

ligament and anterior bundle of medial collateral
ligament start from the endpoints of axis of rota-
tion of the elbow joint [34, 35].

Medial collateral ligament has two
components: the anterior bundle taut in exten-
sion but its posterior bundle is taut in flexion.
Lateral collateral ligament assumes rather
constant tension during all activities and func-
tions with or without the radial head, central
part of it called lateral collateral ulnar ligament
that attaches to ulna, thus stabilizes the
ulnar-humeral joint and controls the pivot-shift
maneuver [27, 34, 35].
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In extension, anterior capsule provides about
70 % of soft tissue restraint; in flexion main agent
is a medial collateral ligament.

In extension, varus resistance is controlled
equally by joint congruency, mainly olecranon in
olecranon fossa and lateral collateral ligament; in
flexion, joint congruency is responsible for 75 %
of stability.

Valgus stress in extension is spread equally
among the joint congruency, anterior capsule,
and medial collateral ligament; in flexion in
74 %, the medial collateral ligament is responsi-
ble for resistance.

Varus and valgus laxity of the elbow depends on
the forearm rotation [30]. Increased valgus/varus
laxity in medially unstable joints puts, for instance,
baseball pitchers in a risk of medial collateral liga-
ment chronic injury due to permanent overload. So,
one should clinically test the stability in sportsman
in different ranges of prono-supination.

Bony eminences — like tip of olecranon, of
coronoid process, and even partial excision of
radial head — seem to play a crucial role in the
elbow stability, and their restitution in traumatic
setting is crucial for the athletes [10].

The role of muscles surrounding the elbow
joint in its stabilization was postulated because of
their course parallel to collateral ligaments. But
in recent electromyographic studies, e.g., of
flexor carpi ulnaris and extensor digitorum super-
ficialis, muscles did not reveal their significant
activity, when valgus or varus forces were applied
[22]. Also baseball pitchers with medial collat-
eral ligament insufficiency did not present any
increased EMG activity of these muscles — so
they probably do not support collaterals in their
function [19].

2.2.3 Elbow Joint Load
During Normal Activities

The size of the joint forces obviously relates to
the external load. The elbow muscles work at a
large mechanical disadvantage when comparing
their small moment arms about the joint axis to
the large moment arms of loads exerted on the
lower limb. The radius of the curvature of joint

surface, e.g., of capitellum and the length of the
forearm, elongated by the hand and fingers,
makes the articular forces surprisingly high.

The same muscles act differently in extension,
neutral, and flexed position of the elbow.

In sagittal plane of motion, elbow is a hinge
joint. Moments of forces applied at the hand are
balanced by the muscles, tendons, ligaments, and
contact forces on articular surfaces. In a single
muscle, two-dimensional analysis basic equilib-
rium equation is used:

Fz%zcos ‘Pi+sin ‘PQ

rf rf
R_ 12
F—\/f +2f cos(@+W)+1
6=tan" fsin ®—sin ¥

fcos ®+cos ¥

Where ¥, O, and ¢ are the angles between the
forearm axis and applied force, P, muscle pull,
M, and resultant joint force, R, respectively [4, 7].

Classical works of Amis showed that when
the elbow is near full extension, both the forearm
muscles and the elbow flexors (principally biceps,
brachialis, brachioradialis, and pronator teres)
are pulling in similar directions. Their tensile
forces then addict, resulting in very large forces
acting onto the end of the humerus. This reaches
a maximum of 5 kN at 30° flexion, for maximal
isometric strength of a normal young male adult
[4, 5]. Flexion starts from compressing the elbow
joint and tearing radial head a little bit to the
front, mainly by the biceps tendon.

In the bended elbow, flexors tend to distract
the joint, in opposition to the forearm muscles
that are always acting along the forearm. Thus,
the elbow forces fall to their lowest values, 1 kN
maximum.

Triceps is the primary elbow extensor; it is the
strongest single muscle in the upper limb. The
lateral head of the triceps does not insert into the
tip of the olecranon and passes alongside it later-
ally and is attached to the fascia of the anconeus.
Elbow extension causes large humeroulnar joint
forces and that the triceps tension causes large
tensile stresses in the olecranon. The joint force
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varies from 1.5 kN acting onto the distal aspect of
the humerus at full extension, to 3.5 kN acting
onto the anterodistal aspect at 120° flexion [7].

Pronator teres and pronator quadratus are the
main pronators, while supination results primar-
ily from actions in biceps and supinator. These
muscles tend to cause forces acting transversely
to the axis of the forearm, their action is rein-
forced by flexors and extensors of the wrist and
fingers that pull the bones axially. The result is
that the humeroradial and humeroulnar joints are
loaded, while the proximal radioulnar joint is
subjected to only small forces [4, 5, 11].

Pushing toward the centerline of the body
with hand, when the elbow flexed, such as when
pulling a mill or like they do in sumo, holding a
large object causes torsion load on the humerus.
This is in response to tensions in the anterior pec-
toral muscles causing internal rotation at the
shoulder. The distal humerus has to be wide
enough to resist the abduction action of the fore-
arm. The load is resisted by a force couple: ten-
sion in the medial collateral ligament and
compression in the humeroradial joint [4, 5].

When the force is directed along the centerline
of the forearm (good technically boxer hit), then
approximately 70 % of the load is transmitted by
the radius directly to the capitellum [3]. When
the force vector passes toward the lateral side of
the elbow, in a slight varus position, then all of
the load passes directly to the radius and the
elbow is stable. If the force passes medially, in a
slight valgus, the tenuous lateral collateral liga-
ment structures do not maintain stability, but this
situation is not normally encountered due to the
carrying angle.

2.3  Interosseous Membrane

Pushing, or falling on extended hand, causes com-
pressive forces to pass through the hand and wrist,
then along the forearm to the elbow. One of the
elements active in transmission of these forces is
interosseous membrane. The exact role of an
interosseous membrane is not fully known yet.
The central part of the interosseous membrane
includes strong interosseous ligament, and its

resistance is estimated as similar to patellar ten-
don. This postulated structure links the radius and
ulna, prevents proximal radius migration, and
provides transverse stability in between forearm
bones. In a fall, radius bears 80 % of the wrist load
and 60 % of the elbow load. Interosseous liga-
ment transfers load from hand to elbow and pre-
vents radius and ulna from splaying.

The membrane has much lower stiffness than
the radius, so it cannot transmit a significant load
until it is stretched by a proximal migration of its
radial attachment; this can only occur after radial
head fracture.

Interosseous membrane loses when the fore-
arm is pronated, the functional position when
pushing or falling onto the outstretched hand.
That also limits its role in transmission of forces.

An alternative hypothesis for the function of
the interosseous membrane is that it is an exten-
sive area for muscle attachment, and so it acts to
transmit tensile force from the deep muscles to
the radius, in equilibrium with the compressive
force of the carpus loading the end of the radius.

In a fall forward onto the outstretched hand,
the posture taken up automatically has the shoul-
der partly internally rotated, the elbow slightly
flexed (approximately 15°), and the forearm
semi-pronated, so that the palm faces the floor
[12]. The flexed and elastic posture is important
because after impact the elbow flexes and the
shoulder extends, muscle stretching absorbs
energy rather than bones. The landing posture
places the lateral aspect of the elbow uppermost
on impact. That’s why the radius will be com-
pressed and the medial collateral ligament tensed.
Thus, 100 % of the impact force passes to the
radial head and so it is the most common site of
bone fracture at the elbow [8].

Distribution of Forces
on the Articular Surfaces

24

When the elbow is extended and axially loaded,
40 % of force is transmitted across ulnohumeral
joint and 60 % across radiohumeral [18]. In
cadaveric studies, it has been noted that in severe
valgus realignment, 12 % of load is transmitted
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through the distal ulna, in severe varus position
95 % [1].

When the elbow is flexed, internal rotation
against resistance may lead to twice body weight
transmission on medial collateral ligament and
three times body weight on the radiohumeral
joint [3].

The problem in analysis of these forces trans-
mitted during activities is that it is extremely dif-
ficult to estimate them during sport or combat
activities. Majority of investigation concerns
daily living activities or is devoted to prosthetic
design, very few studies concern sport or extreme
possibilities of the human body.

2.5 Evaluation of the Elbow

Range of motion might be effectively investi-
gated with the simple hand goniometer, and nor-
mal passive elbow flexion is from 0 to 140-150°,
some elbow are hyperextended to 20°, pronation
averages about 75°, and supination 85°. Some
athletes, e.g., body builders and heavy weight
lifters, with advancing age lose some range of
motion due to overuse changes and muscle mass.

For majority of functions, the full ROM is not
needed.

There are numerous methods to analyze three-
dimensional joint motion: triaxial electrogoni-
ometer, videotelemetry, miniature accelerometers,
computer-simulated motions, and many others
[17,25]. .

One might distinguish three basic types of
muscle contraction according to changes of
length, force, and velocity of action.

If there’s no change of length during contrac-
tion, the contracture is called isometric, when
muscle lengthens while maintains tension, it’s
called eccentric, and while shortens, it’s called
concentric. The eccentric exercises are associated
with muscle fiber tear, and it leads to muscle
receptor damage that alters joint position sense
[13, 25].

Isotonic contraction is the one when muscle
produces a constant force and shortens, and when
the angular speed of contraction is constant, the
contraction is isokinetic.

In sport, rates of motion that reach 300° per
second are common. For the training purposes, to
build a power, isometric or slow motions are
more effective than high-velocity exercises.
Technique of measurement of isokinetic strength
are mane, simple tensiometer, or accommodate
resistance dynamometer is commonly sufficient.
When evaluating strength, we define torque cre-
ated around the joint or force generated by hand
and forearm. Most of the torque is generated by
brachialis, biceps, and brachioradialis.

There are many variables influencing the
effect: motivation and the positive effect of
repeating the measurement (“learning curve of
instrument”). One should be very aware when
motivating a sportsmen to do maximum effort —
I’ve experienced several times even contusions
with young athletes trying to obtain a maximum
effect — we should pay extreme attention to
warming, good preparation for testing.

2.6 Specific Sport Problems
Injuries to the elbow, forearm, and wrist account
for approximately 25 % of all sport-related inju-
ries. Specific elbow injury patterns can be so
common to a specific sport that associated names
have been applied to them such as tennis elbow,
golfer’s elbow, or little leaguer’s elbow [29].
Nowadays, a useful tool becomes video
recordings and even YouTube. Schreiber et al.
[33] analyzing acute elbow dislocation from
YouTube recordings available in net stated that
acute elbow dislocations in vivo occur in relative
extension irrespective of forearm position, a
finding distinct from previous cadaveric studies.
The most common mechanism appears to involve
a valgus moment to an extended elbow, which
suggests a requisite disruption of the medial col-
lateral ligament, the known primary constraint to
valgus force.

2.6.1 Chronic Elbow Injury

The biomechanics of the chronic elbow injury
have been the most extensive examined during
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the baseball pitch, the football pass, the tennis
serve, the javelin throw, and the underhand soft-
ball pitch — so-called overhead activities.

Because of location of many laboratories in
US, primary emphasis has been placed on the
baseball pitch. Professional pitcher might throw
the ball up to 1200-1500 times a day, and each
and every technical detail of this movement has
to be carefully followed, to avoid elbow abuse.
We all have in eyes picture of pitch divided into
six phases [16]. They are windup, stride, arm
cocking, arm acceleration, arm deceleration, and
follow-through.

A maximum elbow angular velocity of 2,100°
per second to 2,700° per second occurs at approxi-
mately halfway through the acceleration phase [16].
Roberts [32] reported that a pitcher with a paralyzed
triceps because of a differential nerve block was
able to throw a ball over 80 % of the speed attained
before paralyzation. The triceps contraction does
not generate all of the elbow extension velocity and
that centrifugal force is a major factor.

Toyoshima et al. [37] compared “normal
throwing” (using the entire body) with throwing
using only the forearm to extend the elbow. It was
stated that throwing only with the elbow contrib-
uted in less than 43 % to ball velocity and that a
larger contribution percentage to ball velocity
resulted from body rotation.

Fifty percent of pitchers have a flexion contrac-
ture averaging 5° of the dominant elbow, with 30 %
demonstrating a cubitus valgus deformity [21].

2.6.1.1 Football

The motion in throwing a football is qualitatively
similar to throwing a baseball [16]. During arm
cocking, a quarterback showed greater elbow
flexion than pitchers, with an average of 113°.
Also during arm cocking, a maximum medial
force of 280 N and a maximum varus torque of
54 nm are produced at the elbow. During arm
acceleration, the elbow reaches a maximum
extension velocity of 1,760° per second. To
decelerate the elbow, a quarterback generates a
flexion torque of 41 nm and a compressive force
of 620 N. Slower elbow extension is probably
responsible for less elbow injury in quarterbacks
than pitchers.

2.6.1.2 Tennis

Elbow joint contributes 15 % of the force pro-
duced during the tennis serve [20]. As with the
overhand throw, the tennis serve generates con-
siderable angular velocity at the elbow. He stated
that the angular velocity for elbow extension
reaches 982° per second and pronation reaches
347° per second. Conflicting with these conclu-
sions was a study by Sprigings [36] investigating
the effectiveness of arm segment rotations in pro-
ducing racquet-head speed. Forearm pronation
had the fastest rotation of 1,375° per second.
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The evaluation of elbow pain in the athlete can be
challenging because of the complexity of the
joint and its central location in the upper extrem-
ity. Although the elbow is not a weight bearing
joint, it is subjected to significant loads, espe-
cially in overhead and throwing athletes.

To perform an adequate examination of the
injured elbow, a good understanding of the anat-
omy of the elbow is required. The examination
should be done in a systematic fashion using a
step-by-step approach: (1) history, (2) inspection,
(3) palpation, (4) passive motion, (5) active
motion, (6) active motion against resistance, (7) a
neurologic examination, and (8) a lidocaine test.
These eight steps will allow a clinical diagnosis
to be made in 90 % of athletes with elbow
pathology.

3.1 History

Evaluation of elbow pathology begins with a
thorough history, including comorbidities, hand
dominance, and vocation. Evaluation of patient
complaints with particular emphasis on pain,
locking, stiffness, and paresthesia should allow
the clinician to determine whether a single trau-

A. Van Tongel

Department of Orthopaedic Surgery and
Traumatology, Ghent University Hospital,
De Pintelaan 185, B-9000 Gent, Belgium
e-mail: alexander.vantongel @uzgent.be

© ESSKA 2016

matic event or a series of repetitive traumatic epi-
sodes caused the symptoms.

Pain is the most common complaint. If the
pain was first noted after a trauma, it is important
to evaluate what, if anything, the athlete experi-
enced just before and at the time of the injury.
Also, it is important to ask about the presence and
location of any swelling or bruising after the trau-
matic event and if there was a “pop.” Any neuro-
logic or vascular symptoms should also be
identified.

If the pain started gradually, it is important to
know the duration of the symptoms, during which
activities the pain occurs, and any changes in the
athlete’s training or daily routine. This should
include any changes in technique, equipment,
and coaching [5]. A patient whose symptoms are
related to throwing or to an occupational stress
should be asked to reproduce the position that
causes the symptoms.

The location and area of pain should be clearly
identified because, for reasons that remain unclear,
the posterior lateral ulnohumeral joint appears to
be a “watershed” referral point for a spectrum of
remote conditions. Dividing the elbow into four
anatomic regions (i.e., lateral, medial, anterior,
and posterior) helps to narrow the range of dif-
ferential diagnoses (Tables 3.1 and 3.2).

Next, the evaluator should inquire about
mechanical symptoms, such as clicking with
motion, locking in extension, and -catching,
which can be caused by intra-articular pathology.
Also loss of extension and/or flexion needs to be
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Table 3.1 Summary physical examination

1. History

2. Inspection

3. Palpation

4. Passive motion
5. Active motion
6. Active motion

against resistance

7. Neurologic
examination
8. Lidocaine test

1. Co-morbidity

2. Etiology Acute
Progressive

3. Symptoms Pain
Stiffness
Locking
Paresthesia

4. Location

1. Resting position

2. Localized swelling

3. Carrying angle

4. Anatomical areas

5. General inspection

1. Lateral

2. Medial

3. Posterior

4. Anterior

1. Flexion — extension

2. Pronation — supination

3. Stability Valgus
Varus
Posterolateral
Posteromedial

1. Flexion — extension

2. Pronation — supination

1. Brachialis

2. Biceps Hooktest

3. Triceps

4. ECRB (tenniselbow)

5. FCR +pronator teres (golfer’s

elbow)

6. Stability Posterolateral

1. Ulnar nerve
2. Radial nerve
3. Median nerve

Table 3.2 Anatomical area and differential diagnosis

Lateral

Radiocapitellaire artrose
Osteochondrale loose body
Radial head fracture
Osteochondritis dissecans
Tenniselbow

Medial

UCL lesion
Ulnar neuritis

Ulnar subluxation

Golfer’s elbow

Anterior

Distal bicepstendon rupture
Anterior capsule strain
Coronoid osteophyte
formation

Valgus stress test
Moving valgus test
Milking maneuver
Varus stress test
Lateral pivot shift
Medial pivot shift

Push-up test
Chair test

Posterior

Valgus extension overload
Posterior osteophyte with
impingement
Tricepstendinitis
Olecranon bursitis
Olecranon stress fracture
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identified and can occur progressively. Loss of
range motion can be one of the first complaints in
overhead athlete.

Patient reports of numbness and tingling distal
to the elbow with specific attention to the ring
finger and little finger need to be evaluated.
Often, these symptoms come and go.

3.2 Inspection

Inspection and observation of the elbow begins as
the patient walks into the examination room or as
he or she comes off the field.

Inspection of the elbow should be carried out
in a systematic fashion.

When starting the inspection of the elbow, it is
important to visualize both arms for comparison.
The examiner should note the resting position of
the painful elbow. A patient with significant joint
effusion will hold the elbow at 70—80° of flexion,
as this corresponds to the position of maximum
volume of the elbow joint [5].

Also localized swelling should be examined.
For example, swelling over the olecranon can
indicate olecranon bursitis from trauma or under-
lying inflammation.

Next, the carrying angle is evaluated (Fig. 3.1).
The normal carrying angle in full extension is
approximately 11-14° of valgus in adult men and
13—16 in adult women [11]. Variations in carry-
ing angle may be due to previous trauma, devel-
opmental abnormality, injury, or adaptive
changes. This angle is greatest in valgus at full
extension, diminishing during flexion, and
became varus at full flexion [8].

Regardless of the order of inspection, the cli-
nician should make note of several important
anatomic areas including the lateral recess,
olecranon, medial epicondylar region, and ante-
cubital fossa [5]. Also, differences seen in muscle
mass may be due to injury or to hypertrophy in
the dominant arm.

The clinician should complete the inspection
by looking at the topographical landmarks of
the entire upper extremity and trunk. Scapular
winging or significant atrophy of the deltoid or

Fig. 3.1 Carrying angle

rotator cuff musculature may be the cause of
abnormal mechanics that result in undue stresses
across the elbow articulation. This determina-
tion will permit the clinician to prescribe appro-
priate treatment to correct the true pathology.
Similarly, the distal aspect of the extremity
should be inspected to assess for discoloration
of the fingers and fingertips or bony deformity.

3.3  Palpation

Palpation of the elbow should be carried out in a
systematic fashion and can also be subdivided
into the four anatomic regions.

First, the lateral part of the elbow with the lat-
eral epicondyle and the radial head are palpated.
Pain directly at the lateral epicondyle can be due
to trauma or LCL injury. Tenderness due to lat-
eral epicondylitis is theoretically just anterior and
distal to the epicondyle at the origin of the ECRB.

When palpating the radial head, there may be
tenderness and associated clicking over the radial
head with rotation seen in fractures, arthrosis, or
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a symptomatic posterolateral synovial plica.
Next, palpation of the lateral recess, or soft spot,
can easily identify an elbow effusion.

At the medial side, the medial epicondyle,
medial collateral ligament (MCL), and the ulnar
nerve can be palpated. The MCL is palpated with
the elbow in 50-70° of flexion to move the over-
lying medial muscles anterior to the MCL.

The ulnar nerve can be palpated in the cubital
tunnel. Percussion along the nerve may elicit the
Tinel sign. Pain at the medial epicondyle or just
distal can be seen in a patient with medial
epicondylitis.

At the posterior side of the elbow, the olecra-
non fossa on either side of the triceps tendon can
be felt by flexing the elbow. The clinician can also
evaluate the olecranon bursa for swelling and
fluctuation that indicate olecranon bursitis. Also,
the proximal one-third medial subcutaneous bor-
der of the olecranon can be palpated because ten-
derness in this area can indicate a stress fracture.
Next, the clinician evaluates the insertion of the
triceps tendon. Finally, the clinician palpates the
posterior, medial, and lateral aspects of the olecra-
non in varying degrees of flexion to detect osteo-
phytes and loose bodies [2].

At last, the anterior structures can be palpated.
The cubital fossa is bound laterally by the brachio-
radialis, the extensor carpi radialis longus, and the
extensor carpi radialis brevis muscles, medially by
the pronator teres muscle, and superiorly by the
biceps muscle. The clinician can palpate the distal
biceps tendon anteromedially in the antecubital
fossa with the patient’s forearm in supination and
elbow in active flexion [1]. Tenderness in this area
can indicate biceps tendinitis or a biceps tendon
ruptures. Deep, poorly localized tenderness can
result from anterior capsulitis or coronoid hyper-
trophy due to hyperextension injuries or repetitive
hyperextension stress [3].

3.4  Passive Motion

Normal passive range of motion is approximately
0° of extension and 140 of flexion. Normally
there is a hard stop in extension when the olecra-
non hits the olecranon fossa and a soft spot in

flexion because flexion is limited due to the con-
tact between the forearm and the upper arm. Full
extension is often the first motion lost after injury.

Supination and pronation motion is approxi-
mately 80° in both directions. To determine
pathologic differences, range of motion should
always be compared with the contralateral side.

When evaluating the passive motion of the
elbow, elbow stability can also be tested.
Instability can occur around the frontal axis (val-
gus—varus) and around the longitudinal axis
(posterolateral-posteromedial) of the elbow.
Valgus stability is provided by the osseous anat-
omy of the olecranon and the humerus, the
dynamic muscle forces, and the MCL complex.
At less than 20° of extension, the interlocking
bony anatomy of the olecranon with the olecra-
non fossa provides stability. If the elbow is bent
more than 20°, the MCL is more important, and
the majority of stress is placed on the anterior
bundle of the MCL complex. Lesions of the
MCL can be evaluated with the valgus stress
test, the moving valgus stress test, and the milk-
ing maneuver.

The classic valgus stress test is performed in
abduction and external rotation of the humerus.
Next, the humerus is stabilized in 30° of flexion
to unlock the bony restraint of the olecranon from
the fossa and applying a valgus stress. The test
has a positive result if the medial joint space
opens and the patient reports pain.

Pseudovalgus instability, subtle posterolateral
instability that can be present when the forearm is
supinated, is eliminated as a confounding factor
of possible medial laxity when the forearm is
pronated (Fig. 3.2).

The moving valgus stress test is performed
with the patient in an upright position and the
shoulder abducted 90°. Starting with the elbow
maximally flexed, a modest valgus torque is
applied to the elbow until the shoulder reaches its
limit of external rotation.

While a constant valgus torque is maintained,
the elbow is quickly extended to about 30°. For
an examination to be called positive, it must
have two key components. First, the pain gener-
ated by the maneuver must reproduce the medial
elbow pain at the MCL that the patient has with
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Fig. 3.2 Valgus stress test

Fig. 3.3 Moving valgus stress

activities. Second, although the patient may
experience pain throughout a range, the pain
should be maximal between the position of late
cocking (120°) and early acceleration (70°) as
the elbow is extended [10] (Fig. 3.3).

During the “milking maneuver,” the examiner
grasps the thrower’s thumb with the arm in the
cocked position (90° shoulder abduction and 90°
elbow flexion) and applies valgus stress by pull-
ing down on the thumb [14]. This position is felt
to be similar to pulling down on the teats when
milking a cow (Fig. 3.4).

Varus stability is provided by the osseous
anatomy of the olecranon and the humerus, also
the dynamic muscle forces and the lateral collat-
eral ligament (LCL) complex.

Varus instability is much less common. This
reason can be found in the fact that a direct impact
on the medial side causing varus of the elbow is
difficult because the body protects the medial
side most of the time.

During the varus stress test, the patient’s arm
is stabilized with one of the examiners hands at
the medial distal humerus (elbow), and the
other hand is placed above the patient’s lateral
distal radius (wrist) with the elbow flexed
around 20°. An adduction or varus force is
applied at the distal forearm by the examiner to
test the radial collateral ligament. Varus stress
is best applied with the humerus in full internal
rotation.

During passive testing, posterolateral and pos-
teromedial elbow instability can also be tested
(active testing against resistance will be dis-
cussed below (Part 6)) [4].

Posterolateral instability is more common
than posteromedial instability. The most com-
mon test for posterolateral instability is the pas-
sive lateral pivot-shift test described by
O’Driscoll et al. [9]. During this test, the patient
is supine with the affected limb overhead. With
the forearm supinated, valgus and axial loading
is applied, and the elbow is flexed from full
extension. In posterolateral rotatory instability,
as the elbow is flexed, the radial head subluxes/
dislocates, seen as an osseous prominence pos-
terolaterally. With flexion beyond 40°, the radial
head suddenly reduces with a palpable and
visible clunk. The test may also be done starting



28

A.Van Tongel

Fig. 3.4 Milking maneuver

Fig.3.5 Lateral pivot shift

with the elbow flexed and then extending,
reversing the above sequence. The test is best
done under general anesthesia for radial head
dislocation and relocation to be seen (Fig. 3.5).

In posteromedial instability, theoretically, a
subluxation can be obtained with the forearm

pronated and varus and axial loading applied
(medial pivot-shift test).

Because of the bony anatomy, this subluxation
is only possible in the case of a coronoid fracture.
This test cannot be performed in an awake
patient.
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3.5 Active Motion

As discussed during evaluation of passive ROM
above, normal range of motion is approximately
0° of extension and 140 of flexion. Supination
and pronation motion is approximately 80° in
each direction. Loss of active motion can be seen
in patients with tendon rupture and neurological
problems. To evaluate active extension, it is
important to exclude gravity and to ask the patient
to actively extend the elbow while lying supine
and with the shoulder flexed to 90°.

3.6 Active Motion

against Resistance

Next several active tests against resistance can be
performed to evaluate the strength and pain sen-
sation of the different muscles.

The brachialis is tested with resisted flexion
with the forearm in pronation, and this can be
painful after a strain of the brachialis, as can be
seen in climbers. The triceps is evaluated with
resisted extension of the elbow while the patient
is lying supine and the shoulder flexed 90°.

For evaluation of the biceps, a resisted flexion of
the elbow is performed with the hand in supination.
Also supination against resistance can be performed
to evaluate the distal biceps. In patients with distal
biceps tendinitis, these tests can be painful.

The hook test is a very sensitive and specific test
for distal biceps ruptures. The patient abducts the
shoulder, flexes the elbow to 90°, and actively fully
supinates the forearm while the examiner attempts
to hook his or her index finger laterally under the
tendon. The test has a negative result if the finger
can be inserted 1 cm beneath the tendon and a posi-
tive result if no cordlike structure can be hooked.

To evaluate the extensor carpi radialis brevis
tendon, the primary structure involved in tennis
elbow, dorsiflexion of the wrist against resistance
can be performed. In patients with tennis elbow,
this is more painful in extension of the elbow
than in flexion.

Also, lifting a chair with pronated hands can
induce pain at the lateral region. The flexor carpi
radialis and the pronator teres are the primary struc-

Fig.3.6 Chair test

tures involved in golfers’ elbow and can be tested by
palmar flexion of the wrist against resistance.

In golfer’s elbow, it is also more painful with
extension of the elbow than with flexion. It is also
important to evaluate pain during pronation
against resistance.

Also lifting a chair with supinated hands can
induce pain at the medial region. When evaluating
posterolateral instability of the elbow, in addition
to passive testing, active tests are also conducted.
The first is an active apprehension sign called the
push-up test. The upper extremities are positioned
with the elbow at 90° flexion, forearms supinated,
and arms abducted to greater than shoulder width.
The test is considered positive if apprehension
occurs as the affected elbow is terminally extended
from a flexed position together with voluntary and
involuntary guarding [12].

A second active apprehension sign is the chair
test. The technique consists of having the patient
in a seated position with the elbows flexed 90°, the
forearms supinated, and the arms abducted to
greater than shoulder width. The test is considered
positive if there is a reluctance to extend the elbow
fully as the patient raises his or her body up from a
chair using exclusively upper extremity force as a
result of apprehension or with complete disloca-
tion (Fig. 3.6). Regan et al. described that the chair
test and push-up test are more sensitive than the
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pivot-shift sign in the awake patient and may be
easily performed in the clinic environment [12].

3.7 Neurologic Examination

Determination of the sensory status of the extrem-
ity begins in the supraclavicular region and pro-
ceeds toward the axillary nerve distribution on
the lateral aspect of the arm. Next, the posterior
and medial aspect of the upper arm should be
tested, followed by the antecubital fossa, which
represents the sensory distribution of the muscu-
locutaneous nerve. The volar, dorsal, radial, and
ulnar aspects of the forearm should be tested, fol-
lowed by a detailed sensory examination of the
hand including each fingertip. The first dorsal
web space (radial nerve), the pad of the index
finger (median nerve), and the lateral border of
the small digit (ulnar nerve) should be tested, as
these are specific areas of sensory innervation

Ulnar nerve

Fig.3.7 Neurologic examination

with little overlap from contiguous sensory
innervations.

Concerning the motor function of the three
nerves passing the elbow, with five hand motions,
the several nerves can be tested: (1) wrist extension
(radial nerve), (2) thumb extension (posterior inter-
osseus nerve), (3) opposition of thumb (median
nerve), (4) OK sign (anterior interosseus nerve),
and (5) abduction of fingers (ulnar nerve) (Fig. 3.7).

3.8 Lidocaine Test
The elbow is among the most common joints that
is aspirated and/or injected. A common procedure
is the aspiration of blood in patients with radial
head fractures, although only very low-quality
evidence suggests a beneficial effect of aspiration
on pain relief immediately after aspiration [6].
When performing an aspiration and/or injec-
tion, the technique should be a convenient and

. e
Posterior
interosseus nerve

Anterior
interosseus nerve

Median nerve

]
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safe procedure with minimal risk of complica-
tions. Several approaches to access the elbow
joint have been outlined in the literature: the two
most common locations are the soft spot and a
posterior transtriceps approach [13].

Van Wagenberg et al. proposed a posterior
transtriceps approach because this technique is
easy to perform. It can also be used for arthrogra-
phy because it avoids a diagnostic dilemma in
presumed injuries to the lateral collateral liga-
ment complex caused by contrast leakage using a
radiocapitellar approach.

Accuracy is greater in the ultrasound-guided
group [7]. No literature has described the impor-
tance of a positive lidocaine test in elbow pathology,
but in my hands this technique is useful for confir-
mation of intra-articular pathology, objectivity of
the complaints, and confirmation of the correct
location when using intra-articular corticosteroids
as treatment for intra-articular pathology.

Conclusion
A comprehensive history and physical exami-
nation of the elbow is the most important part
of the evaluation of elbow disorders. This
step-by step approach helps the clinician to
examine the elbow thoroughly and in an
orderly fashion.

Further diagnostic studies may be neces-
sary to confirm the diagnosis or further narrow
the scope of potential diagnoses.

Acknowledgement I want to thank Sheila McRae
(PanAm clinic) for her linguistic support.
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Imaging of the Elbow in Overhead

Athletes

R.L. van Steenkiste, J. Opperman, L.S. Kox,

and M. Maas

4.1 Imaging of the Elbow

in General

When it comes to imaging of the injured athlete’s
elbow, there is a vast array of image modalities to
choose from, including conventional radiographs,
ultrasound (US), computed tomography (CT),
magnetic resonance imaging (MRI), and arthrog-
raphy (CTA, MRA). Choosing the appropriate
imaging technique is of vital importance for
quick diagnosis and adequate treatment. This
chapter will discuss the role of each image
modality in the diagnostic workup for pathology
around the elbow commonly encountered in
overhead athletes. Specific conditions of the
elbow will be discussed in detail with a focus on
image findings.

4.1.1 Conventional Radiography

Radiography is the first choice in imaging of
elbow injuries [1, 2]. It is common practice to
depict at least two standard projections of the
elbow: a lateral and an anteroposterior (AP) view.
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The lateral view is obtained with the elbow flexed
at 90° angle and the forearm in neutral position
(thumb up). The anteroposterior view requires the
elbow in full extension with the forearm supi-
nated. In this position, the medial and lateral epi-
condyles are optimally visualized and the carrying
angle can be estimated (normally slightly in val-
gus) [1, 2]. A radiocapitellar view can addition-
ally be applied to optimally visualize the
radiocapitellar joint. It resembles the lateral view
with the elbow in 90° of flexion, yet the X-ray
tube is angulated 45° anteriorly toward the joint.
This view is particularly useful in the evaluation
of osteochondral fractures of the capitellum or
injuries to the radial head and neck [3, 4]. When
evaluating the elbow on radiographic images, the
following aspects should be assessed [1, 5]:

— Radiocapitellar line
The radiocapitellar line is an imaginary line
parallel to the long axis of the radial neck on a
lateral view and should pass through the cen-
ter of the capitellum [6]. If not, dislocation of
the radius is implied [1, 7, 8]. However, in a
Monteggia injury (see below), the radiocapi-
tellar line may seem normal, even if the radial
head is almost always dislocated. Careful
evaluation of the total alignment of the elbow
is therefore mandatory in all cases [5].

— Cortex of radial head and neck (in adults)
The appearance of the cortex of the proximal
radius is smooth on standard lateral and AP
views in the normal situation. If injury is
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present, the outlines of the cortex can display
crinkles, steps, or irregularities due to (subtle)
fracture lines [5].

Anterior humeral line (in children)

On a lateral view, the anterior humeral line
can be drawn along the anterior cortex of the
distal humeral shaft and should bisect the mid-
dle third of the capitellum [6]. If less than one
third of the capitellum lies anterior to this line,
a supracondylar fracture with posterior dis-
placement is highly probable [5].

Ossification centers

Secondary ossification centers, also referred
to as apophyses, serve as attachment sites for
muscle-tendon units. Ossification centers are
primarily composed of maturing chondrocytes
which are biomechanically less resistant than
musculotendinous structures. As a result, trac-
tion forces on an ossification center may result
in an apophyseal avulsion injury [9]. During
childhood, a total of six ossification centers
develop in a set order: capitellum, radial head,
medial epicondyle, trochlea, olecranon, and
lateral epicondyle [10-12]. Being familiar
with the pattern and appearance of these
ossification centers is essential in differentiat-
ing normal anatomy from pathology on stan-
dard radiographs of the pediatrics elbow. Note
that the exact timing of ossification shows
great variability among young individuals
[11,12].

Fat pads

On a lateral view, the anterior fat pad is visible
as a dark streak along the anterior side of the
distal humerus. The posterior fat pad is never
visible, unless intracapsular abnormalities are
present. Joint effusion, for example, causes
displacement of both the anterior and poste-
rior fat pads, resulting in a positive fat pad
sign. This makes the presence of a fracture
more likely, but absence of a visible fat pad
does not completely exclude a fracture [5].
The fat pad sign is specifically relevant in
pediatric cases, as it can indicate fractures of
the immature cartilaginous components of the
elbow [1] (Table 4.1).

Table 4.1 Essential aspects of radiographic evaluation
of the elbow joint

Children Adults

1. Fat pads 1. Fat pads

2. Anterior humeral line 2. Cortex of radial head and
neck

3. Radiocapitellar line
4. Ossification centers

3. Radiocapitellar line

4.1.2 Magnetic Resonance Imaging
and Magnetic Resonance
Arthrography

Magnetic resonance imaging (MRI) is consid-
ered the next step in the imaging workup.
Appropriate patient positioning, coil selection,
and sequence technique are of vital importance in
proper imaging of the elbow. The anatomical
position with the patient lying supine, the elbow
in full extension and the forearm in supination, is
the most comfortable and a widely used position.
Note that with this position, the elbow is located
off-center of the scanner’s magnetic field. This
will reduce the signal-to-noise ratio and may
introduce inhomogeneous fat suppression. For
this reason, fat suppression by means of inversion
recovery sequences is preferred over frequency-
selective fat suppression techniques when the
anatomical position is applied [13]. An alterna-
tive is the “superman position,” where the patient
lies prone with the elbow over the head and the
forearm in pronation. This will bring the elbow
closer to the center of the magnet which will
increase overall image quality at the cost of mark-
edly reduced patient comfort. In any case, a dedi-
cated surface coil should be used for optimal
imaging of the elbow [14]. Obtaining cross-
sectional images in all three orthogonal planes
will allow for adequate assessment of all relevant
structures around the elbow.

T1-weighted (T1W) images are useful for
illustrating anatomical detail, whereas fat-saturated
T2-weighted (T2W) images or short-tau inversion
recovery (STIR) images are suitable for detecting
pathological changes manifesting as fluid or
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Table 4.2 Characteristics of the elbow on MRI

Appearance on:

Tissue T1-weighted images T2-weighted images T2-fat saturated images
Cortical bone Hypointense Hypointense Hypointense
Medullary bone Hyperintense Hyperintense Hypointense

Fibrous cartilage Hypointense

Hypointense

Hypointense

Hyaline cartilage Isointense Isointense Isointense

Bands and ligaments Hypointense Hypointense Hypointense
Fluid Hypointense Hyperintense Hyperintense
Fat Hyperintense Hyperintense Hypointense
Muscle Hypointense Hyperintense Hyperintense

edema. Furthermore, proton density-weighted
(PDW) images can provide additional anatomical
detail. Gradient-echo sequences are not routinely
indicated but may enhance the visibility of intra-
articular loose bodies [14, 15]. However, detect-
ing loose bodies without intra-articular contrast
remains difficult. Gadolinium is a contrast agent
used in MR imaging that can be injected intrave-
nously or directly into a joint, known as MR
arthrography (MRA) (see below). Indirect MRA
by means of intravenous administration of gado-
linium may aid in the detection of post-traumatic
disorders affecting the synovium. Direct MRA
by means of intra-articular injection of gadolin-
ium may provide superior visualization of disor-
ders commonly encountered in throwing athletes,
including partial capsular and ligamentous (ulnar
collateral ligament) tears, intra- articular loose
bodies, instability, and osteochondritis dissecans
[16, 17].

For MRA, approximately 5-10 mL of gado-
linium diluted in sterile saline (1:250) is injected
with a 20- or 23-gauge needle into the elbow
joint. The elbow joint space can be accessed via
the standard lateral or posteromedial approach
under fluoroscopy. For the lateral approach, the
needle is inserted vertically at the superior third
of the radiocapitellar joint line while the patient
is lying prone with the elbow in 90° flexion and
the forearm in supination. A disadvantage of this
lateral approach is the possible extravasation of
contrast agent around the radial collateral
ligaments. For this reason, the alternative
posteromedial approach can be employed with

the patient lying supine on the fluoroscopic table,
with the elbow over the head in 30° flexion and
the forearm in pronation. The needle is then
inserted between the olecranon and the medial
epicondyle, approximately 1 cm lateral to the
medial epicondyle to avoid damaging the ulnar
nerve. Subsequently, the needle is advanced in
anterolateral fashion into the olecranon fossa.
Fat- saturated TIW and T2W sequences should
be obtained immediately after contrast injection
[18] (Table 4.2).

4.1.3 Computed Tomography
and Computed Tomographic
Arthrography

CT scans of the elbow are mainly used in the
acute setting for assessing osseous abnormalities
such as occult fractures and loose bodies, for fur-
ther characterisation, and for support in preopera-
tive planning [19, 20]. Current multi-detector CT
scans allow for high-resolution images, multi-
planar reconstruction, and fast scanning times.
Typically, a section thickness of 1 mm is used
with a matrix size of 512x512, and scanning is
performed in the axial plane [21, 22]. The patient
is scanned in the prone position with the elbow
resting above the head at about 90° flexion
[23-25].

In order to perform CTA, iodinated contrast
agent is injected into the elbow joint. As in mag-
netic resonance arthrography (MRA), 5-10 mL
of contrast agent is injected under fluoroscopic
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guidance through the lateral and, in some cases,
the posteromedial approach. In addition to iodin-
ated contrast agent, air can be injected into the
elbow. This is defined as double-contrast arthrog-
raphy. CT scans should be obtained within
30 min of contrast administration [26].

CTA is particularly useful in the evaluation of
osteochondritis dissecans, osteochondral lesions,
and loose bodies [27]. However, in the diagnostic
workup of the athlete’s injured elbow, MRA has
essentially replaced the role of CTA. The main
reasons for this are the absence of ionizing radia-
tion in MRA and the fact that MRA is superior in
the detection of concomitant soft tissue injury
[18]. Nonetheless, CTA can be used as an alterna-
tive in patients with contraindications for MRA
such as pacemakers, implanted devices, or
gadolinium-based contrast allergies [28].

4.1.4 Ultrasound

The major advantage of ultrasound (US) is that it
provides a low-cost, noninvasive, and dynamic
evaluation of elbow structures, without ionizing
radiation [29-31]. However, this imaging modal-
ity is highly operator-dependent and thus requires
sufficient experience of the assessor. US can
assist clinicians in the assessment of a wide vari-
ety of elbow injuries, including overuse syn-
dromes, traumatic changes, inflammatory
diseases, and neuropathies [31]. Transverse and
longitudinal images of all four aspects (posterior,
anterior, medial, and lateral) of the elbow in both
flexion and extension are necessary for a com-
plete examination [31].

Echogenicity is the characteristic ability of an
elbow structure to return a signal in US examina-
tion; each tissue has its own characteristic appear-
ance. A practical order of echogenicity in
musculoskeletal ultrasound can be depicted as
bone, ligament, tendon, nerve, and muscle [29].
In general, bone and gas-like substances are
hyperechoic and fully reflect the sound waves,
which is represented by a more intense appear-
ance on US images. Muscles and fluids are less
echogenic (hypoechoic) and are represented
darker.

Ultrasound plays a major role in the examina-
tion of traumatic changes to ligaments and ten-
dons of the elbow [29, 32]. Although these
structures have a similar appearance, they can be
distinguished because ligaments are slightly
more echogenic than tendons. Moreover, the
echogenicity of the fibrillar tendinous pattern
increases when the tendon is being held under
tension. Pathologic degeneration and partial tear-
ing of a tendon are visualized as a structural
hypoechoic gap. In case of a complete tear, the
fibrillar pattern is completely absent. In addition,
US may demonstrate intra-articular effusion due
to a fracture even when the undisplaced fracture
line is not detected on plain radiographs.
Fractures can also be detected directly by US
through depiction of irregularities or interruption
of the hyperechoic bone cortex [31].

4.2 Osseous and Osteochondral
Injury of the Elbow
4.2.1 Fractures of the Elbow

Elbow fractures in overhead athletes are most
often caused by low energy trauma, such a fall
onto an outstretched hand (FOOSH) and hyper-
extension or hyperflexion injuries [33].
Nontraumatic upper extremity fractures related
to throwing are rare [34, 35]. However, stress
fractures arising from repetitive microtrauma are
not uncommon. In the following section, a
description of fractures of the distal humerus,
proximal ulna, and proximal radius, with associ-
ated characteristics on imaging, will be given.

4.2.1.1 Outline Pediatric Osseous
Injury

In General

The immature skeleton contains growth plates,
which appear as a radiolucency similar to cartilage
on radiographs. Understanding of the develop-
mental anatomy of the pediatric elbow is essential
to distinguish normal ossification centers from a
fracture fragment in radiography, since misinter-
pretation is not uncommon [36]. The mnemonic
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CRITOE is a helpful tool in analyzing pediatric
elbow injury. It represents the sequential order of
appearance of the ossification centers of the elbow:
capitellum, radial head, internal (medial) epicon-
dyle, trochlea, olecranon, and external (lateral)
epicondyle [1, 5]. This sequential order extends
over the period from 1 year to 12 years of age [37].
Pediatric osseous injury differs in many
aspects from adult osseous injury due to the dif-
ferences in bone composition between children
and adults [8, 38]. The thick periosteum of the
immature skeleton, for example, inhibits dis-
placement of a fracture. However, supracondylar
fractures with posterior displacement occur fre-
quently and are thus an exception to this rule.
Finally, children’s bones tend to be more flexible
which can result in plastic bowing, torus, or
greenstick fractures, mostly affecting the radius
or ulna in FOOSH or hyperextension injury [5].

Physeal Injury

Since the cartilaginous physis is a more vulnerable
structure than the surrounding ligaments and mus-
cle tendons, injuries affecting the physis are com-
mon in childhood [2]. Fractures of the epiphysis
and/or metaphysis are classified according to the
Salter-Harris classification, which relates the radio-
graphic appearance to the clinical importance of
the fracture (see Table 4.3) [39]. Nevertheless, MRI
is considered superior for evaluating fractures of
the cartilaginous epiphysis in children [40].

4.2.1.2 Fractures of the Distal Humerus
Fractures of the distal humerus can broadly be
categorized into supracondylar, transcondylar, or

intercondylar fractures (above the olecranon
fossa, through the olecranon fossa, or between
the condyles, respectively) [41, 42]. More spe-
cific and commonly used is the AO classification
system, in which type A describes an extra-
articular fracture, type B an intra-articular frac-
ture of a single column, and type C an
intra-articular fracture of both columns with no
portion of the joint contiguous with the shaft (see
Table 4.4) [41]. Each type is subdivided into
three subtypes to classify the degree of comminu-
tion, with subtype 3 being the highest degree of
comminution. Anteroposterior, lateral, and
oblique views in plain radiography can be used to
confirm the presence and location of distal
humeral fractures [42].

Supracondylar (type A) fractures are common
and account for more than half of all elbow frac-
tures in children, but are relatively uncommon in

Table 4.3 Salter-Harris classification for physeal frac-
tures [39]

Type Mnemonic Description of fracture

I “Slipped” Through the physis without
involvement of bone, epiphysis,
or metaphysis

I “Above” Involving part of the
metaphysis and extending to
the physis

III “Lower” Involving the epiphysis and

extending to the physis
Involving epiphysis and
metaphysis and extending to
the physis

v “Through”

v “Rammed” Involving compression of the

physis

Table 4.4 AO/OTA classification of distal humerus fractures

Extra-articular

Type A
Type B Intra-articular, single column

Type C Intra-articular, both columns

Supracondylar
Partial articular-isolated condylar, coronal shear, epicondyle
Complete articular



38

R.L.van Steenkiste et al.

adults [6]. Pediatric supracondylar fractures are
classified according to the classification of
Gartland [43]. Type I fractures are non-displaced,
type II fractures are partially displaced (with
intact posterior cortex) and type III fractures are
completely displaced. The anterior humeral line
in particular can be used to assess the direction of
the displacement, which is commonly posterior
[5]. A rare, but important complication of pediat-
ric supracondylar fractures is the fishtail defor-
mity (see Sect. 4.2.2) [44, 45].

Transcondylar (type B) fractures include frac-
tures of the lateral and medial humeral condyle.
Fractures of the lateral condyle are the most com-
mon fractures in children under the age of 7 years
[5]. When only the cartilaginous part of the distal
humeral epiphysis is involved, this fracture
equals a Salter-Harris type IV epiphyseal frac-
ture. A specific type of transcondylar fractures of
the capitellum and trochlea are coronal shear
fractures. These fractures occur when the radial
head impacts into the anterior articular cortex of
the distal humerus and both the capitellum and
the lateral ridge of the trochlea are sheared off.
Indicative for this injury is the double-arc sign on
lateral view radiographs [46, 47]. This sign repre-
sents an increased radiographic density due to
overprojection of the subchondral bone of the
displaced capitellum and the lateral trochlear
ridge. Coronal shear fractures can also be visual-
ized with a radial head-capitellum view [48].

Regarding other imaging modalities, two- and
three-dimensional CT images have been shown to
be of particular benefit in preoperative decision
making and planning of the operative treatment
[49]. Nonoperative treatment (i.e., immobiliza-
tion and bracing) is only recommended in case of
non-displaced fractures. Patients with displaced,
comminuted, or highly unstable distal humeral
fractures should be referred to an orthopedic sur-
geon, since surgical intervention is the standard
treatment [41, 42].

4.2.1.3 Fractures of the Proximal Ulna

Olecranon process fractures can be the result of a
direct trauma to the elbow, for example a fall on
the elbow with the arm flexed. As a consequence,
the olecranon collides with the distal humerus

and is often comminuted [50]. These fractures
occur more frequently in adults than in children,
as the immature olecranon is relatively stronger
than the distal humerus (which also explains the
higher occurrence of supracondylar fractures in
children). Indirect forces are mostly due to a
FOOSH injury together with forceful contraction
of the triceps which may show transverse or short
oblique fractures on plain radiographs [50, 51].
Undisplaced, simple fractures are easily assessed
on plain radiographs. Displaced or comminuted
fractures require two- and three-dimensional CT
imaging in support of surgery [52].

In addition to traumatic injury, the olecranon
process is the most common location for stress frac-
tures in throwers [2]. During throwing, repetitive
forces in valgus load are applied through excessive
pulling of the triceps on the olecranon, which may
result in posteromedial osseous stress syndrome.
This comprises trabecular collapse and transverse
or short oblique stress fractures. Since plain radio-
graphs may not show significant alterations in the
appearance of the proximal ulna, accurate assess-
ment is justified [53, 54]; progression of small stress
fractures to a complete and displaced fracture is
possible. Either a hairline fracture or a lucent region
surrounded by a sclerotic margin (indicating non-
union and periosteal new bone formation) can be
seen. These features can also be detected with CT
[2]. However, MR imaging is the most sensitive
method for identifying early changes consistent
with osseous stress injury, like bone marrow edema
and hyperemia [53]. These changes on T1-weighted
images consist of poorly defined, patchy areas of
low signal intensity in the affected bone.

Fractures of the coronoid process rarely occur
isolated. Since the coronoid is responsible for
resisting posterior displacement of the ulna, these
fractures are often associated with other elbow
injuries that increase joint instability. In the
O’Driscoll classification, three major traumatic
injury patterns are linked to coronoid fractures
[55]. This classification can aid in predicting
associated injuries of coronoid fractures [56].
Type I includes a small transverse fracture of the
coronoid tip. This fracture accounts for one of the
three distinct injuries in the terrible triad, the
others being a fracture of the radial head and a
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posterior elbow dislocation [57]. If external rota-
tion forces and valgus stress are loaded axially in
a FOOSH injury, the lateral collateral ligament
(LCL) is typically torn as well. Type II fractures
of the anteromedial facet are often seen with
varus posteromedial rotatory instability pattern
injuries, occurring after an elbow subluxation.
Associated injury includes an LCL avulsion from
the lateral epicondyle. Varus stress radiographs
often reveal radiocapitellar widening and
ulnohumeral narrowing. Type III includes rela-
tively large fractures of the coronoid process,
associated with transolecranon fracture-disloca-
tions (anterior or posterior).

4.2.1.4 Fractures of the Proximal
Radius

Radial head fractures are the most common type
of elbow fracture in athletes and represent 50 % of
all elbow fractures in adults [33]. In children, the
radial neck is more commonly involved (leading
to Salter-Harris II fracture). Based on results of
100 cases of radial head fractures, Mason estab-
lished a classification system to guide treatment
based on the injury pattern [58]. Type I fractures
include non-displaced or peripheral fractures of
the rim, type II includes displaced fractures of the
rim, and type III fractures are comminuted and
displaced fractures of the entire radial head.
Johnston added a fourth type to this classification,
which denotes a fracture of the radial head with
associated dislocation [59]. Initially, type I frac-
tures are treated nonoperatively, type II may be
treated either nonoperatively or operatively, while
types III and IV require surgical management.
However, although these guidelines of the Mason-
Johnston classification are widely used, there is a
paucity of data confirming the outcomes of surgi-
cal management [60].

Isolated radial head fractures resulting from a
fall with the elbow extended and the forearm pro-
nated occur rarely. Investigation of radial head
fractures with MR imaging showed that radial
head fractures in three-quarters of cases are associ-
ated with soft tissue injuries [61, 62]. Common
injuries occurring in association with these frac-
tures are posterior dislocation of the elbow, medial
collateral ligament rupture, capitellar fracture,

terrible triad injuries, and Monteggia injuries [63].
If a radial head fracture is suspected, anteroposte-
rior and lateral radiographs of the elbow should be
obtained. A radiocapitellar view may help delin-
eate the fracture. In addition, computed tomogra-
phy can identify fractures not visualized in plain
radiographs. CT may help in identifying the frac-
ture pattern, the degree of comminution (if pres-
ent), possible associated injuries and in planning
surgical treatment [63, 64].

4.2.2 OCD and Avascular Necrosis
Around the Elbow

4.2.2.1 Osteochondritis Dissecans
of the Capitellum

Osteochondritis dissecans (OCD) is an idiopathic
disorder of the subchondral bone with dissection of
the articular surface and underlying bone of the
immature skeleton. OCD is commonly localized in
the capitellum of the dominant elbow but can also
occur in the trochlea, radial head, and olecranon
[65]. It typically affects young, competitive ath-
letes in overhead sports such as baseball or weight-
bearing sports like gymnastics, in which repetitive
valgus stress is placed on the elbow joint [66, 67].
Patients, most commonly adolescent boys, present
with lateral elbow pain, swelling, tenderness, stiff-
ness, and locking of the joint. Although the etiol-
ogy remains unclear, it is believed that the
underlying pathogenesis involves repetitive micro-
trauma due to compression and shear forces, lead-
ing to overuse injury of the vulnerable and relatively
hypovascular epiphyseal cartilage [65].

Although prevention is the best treatment for
OCD, early detection and classification of the
lesion are necessary to protect athletes from
developing irreversible damage [68, 69]. The
International Cartilage Repair Society (ICRS)
divides OCD lesions into four categories. To
determine the best treatment option for capitellar
OCD in young athletes, it is important to differ-
entiate between stable and unstable lesions: ICRS
I and II are classified as stable and ICRS III and
IV as unstable [69-72]. However, the major
drawback of this classification is that it is based
on intraoperative findings. To assess the stability
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of the OCD lesion in a noninvasive way, the use
of ultrasound, radiographs, MRI, or CT is recom-
mended [72]. The characteristics of each imaging
modality will be discussed in the following sec-
tion (Table 4.5).

Ultrasound is useful in the initial examination
of cartilaginous changes in capitellar OCD [74].
US can visualize the subchondral bone and over-
lying articular cartilage simultaneously in one
dynamic image [75]. The image should be
obtained in both an anterior and a posterior longi-
tudinal view to display the whole capitellum. The
normal capitellum is shown as a highly echogenic
band with the overlying cartilage as an overlying
hypoechoic band. Subchondral bone flattening
causes the highly echogenic band to narrow.
Moreover, non-displaced or (slightly) displaced
bony fragments, marrow gap formation, or com-
plete osteochondral defects can be seen on ultra-
sound imaging [74]. It is advised to compare
findings on ultrasound with MRI and/or radio-
graphic assessment to identify both cartilaginous

Table 4.5 International cartilage repair society — OCD
classification for lesion stability [73]

Type Description

I Stable lesions with a continuous but softened
area covered by intact cartilage

II Lesions with partial discontinuity that are stable
when probed

I Lesions with a complete discontinuity that are

not yet dislocated but are unstable when probed
(dead in situ)

1AY Empty defects as well as defects with a
dislocated fragment or a loose fragment within
the bed

and bone changes, so the lesion can be more accu-
rately classified [74, 76].

Routine AP radiographic examination of the
elbow for detecting capitellar OCD and intra-
articular loose bodies has limited sensitivity [77].
However, radiographic images of the capitellum
on radiocapitellar view or AP view with the
elbow 45° flexed can show the following:

Grade 1. Localized flattening or subchondral
radiolucency

Grade II. Non-displaced bone fragment(s)

Grade III. Displaced or detached fragment(s)

Takahara et al. [71] proposed a guideline for
treatment, based on findings at initial presenta-
tion of the patient, supplemented with radio-
graphic findings (Table 4.6) [71]. In stable OCD,
an immature capitellum with open growth plate is
present with flattening or radiolucency of the
subchondral bone (Grade I), but with normal
elbow motion. The preferred treatment is conser-
vative; elbow rest and analgesics are recom-
mended. In unstable OCD, the capitellum is
mature (the growth plates have closed) and frag-
ments (Grade II or III) may occur. The fragments
or loose bodies can lead to restricted elbow
motion due to narrowing of the articular space. In
this case, surgical treatment is indispensable to
prevent further damage. The advantage of this
classification system is that it directly links radio-
graphic findings with the ICRS classification and
thus is useful in the choice for treatment [78].

Magnetic resonance imaging has been
approved as the most sensitive and reliable means

Table 4.6 Classification and preferred treatment of OCD lesions [71]

Classification of ~ Capitellar Radiographic Range of ICRS
lesion growth plate  grade motion classification Preferred treatment
Stable Open I Normal I Elbow rest
Unstable Closed II or IIT Restricted II Fixation and bone-peg
graft
I Fixation and bone-peg
or iliac bone graft
v Fragment removal and

ICRS International Cartilage Repair Society

reconstruction for
large defect
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for the assessment of osteochondritis dissecans
[74, 79]. MRI provides information about size,
location, presence of joint effusion, bone marrow
change, and loss of continuity or cartilage over
the OCD lesion [79]. Cartilage changes in early
disease may not be obvious radiographically, but
can be visualized with MRI [68]. These early
changes of osteochondral defects are detectable
on T1-weighted images and appear normal on T2
images [67]. Advanced changes are detectable in
both T1 and T2 images. T2-weighted images
may show high-signal intensity interfaces
between fragments and their beds or reflect the
interposition of synovial fluid interposed through
the articular cartilage. Focal articular defects may
be seen as well [69, 72]. The MRI staging system
developed by Itsubo et al. [79] provides evidence
regarding the instability of the OCD and the cor-
responding stages of the ICRS classification, but
has not yet been validated in other studies [79].

It should be noted that the literature on imag-
ing of capitellar OCD by computed tomography
(CT) is limited. The general consensus on the
advantages of CT over radiography or MRI is
that CT can aid in defining the subchondral bone
condition and that it is often used to determine
the extent of the osseous lesion and the presence
of ossified loose bodies [80]. However, CT should
not be used to detect cartilaginous change at the
lesion; for this purpose, computed tomographic
arthrography (CTA) is more suitable. CTA favors
examination of the overlying cartilage and can
confirm the intra-articular position of calcified
loose bodies, yet this can also be achieved with
MRI [73, 81].

4.2.2.2 Panner’s Disease

It is important to distinguish Panner’s disease
from OCD of the capitellum. Although the pre-
sentation and clinical features may be similar,
Panner’s disease is a self-limiting condition of
the epiphysis and will resolve with rest and con-
servative treatment [65]. In general, it affects a
younger age group (mainly boys under the age of
10 years) and it is not necessarily related to
sports. The characteristic appearance of Panner’s
disease on radiographs is the initially subchon-
dral rarefaction, which is in a later stage followed

by translucency and fragmentation of the entire
capitellum. Magnetic resonance imaging shows
low T1 signal and high T2 signal of the entire
capitellum. Loose bodies are seldom seen [65].

4.2.2.3 Hegemann'’s Disease

In the continuum of disorders of endochondral
ossification like OCD and Panner’s disease, in
1951 Hegemann described a total of 15 cases of
avascular osteonecrosis of the humeral trochlea
[82]. Since then, reports on this disease have been
limited. This condition seems to affect predomi-
nantly preadolescent boys and is seldom accom-
panied by pain. Swelling and decreased range of
motion are more often described [83]. In contrast
to OCD, there is no locking of the joint and radi-
ography shows rarefaction of the entire epiphy-
seal center of the trochlea (instead of the
subchondral bone only) [84]. Another condition
that strongly resembles Hegemann’s disease is the
fishtail deformity of the trochlea, a late complica-
tion of pediatric supracondylar fractures [45].
Claessen et al. [85] provided an overview of the
most recent knowledge on the etiology, radio-
graphic findings, and treatment options of both
these rare conditions [85].

4.2.3 Apophysitis
and Apophysiolysis: Little
Leaguer’s Elbow

The apophysis is a secondary ossification center
located outside the joint surface. Injury of the
medial epicondylar apophysis occurs almost
exclusively in young athletes performing over-
head sports and is referred to as the clinical diag-
nosis Little Leaguer’s elbow [86—88]. The medial
epicondyle is relatively weak compared to the
increasing muscle strength in adolescents.
Therefore, apophysiolysis or apophyseal avul-
sion fractures are often the consequence of sus-
tained valgus stress forces with traction of the
common origins of the flexor muscles at the
apophysis, due to repetitive overhead throwing
[5, 89, 90]. Moreover, avulsion fractures can also
be the consequence of an acute traumatic event
such as a dislocation due to FOOSH injury [91].
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AP and lateral radiographic images with com-
parative views of the unaffected side should be used
in the initial evaluation [1]. Although these images
appear normal in 85 % of cases, they may reveal a
hypertrophic medial epicondyle with bony frag-
mentations and apophyseal widening or complete
avulsion from the underlying humerus, with possi-
ble entrapment of the fragment in the joint [87, 89].

MRI is not warranted in the initial imaging
workup, but can be justified to outline the sur-
rounding structures [92]. MR images in such
cases may show bone marrow edema in the
apophysis (or distal in the humerus) and tendi-
nopathy of the common flexor tendon. Contrary
to previous literature, there is a growing consen-
sus that the ulnar collateral ligament (UCL) is not
involved in the pathology of the Little Leaguer’s
elbow, but solely associated with valgus extension
overload in adult patients (see Sect. 4.3.1) [92].

4.2.4 Degeneration, Osteophytosis,
and Loose Bodies

While traumatic injury may precipitate secondary
degenerative arthritis in the elbow, primary degen-
eration is not associated with acute elbow trauma
or rtheumatologic disease. Primary degenerative
arthritis of the elbow is a relatively rare condition,
but occurs to a greater extent in overhead athletes
at whom excessive stress on the elbow joint is
placed [93, 94]. The pathologic changes that
occur in both the radiohumeral and ulnohumeral
compartments of the elbow can be divided in
three stages [95]. The first stage involves loss and
fragmentation of the cartilage due to repetitive
impaction of the coronoid process and the tip of
the olecranon against the olecranon fossa mem-
brane. As a response to this erosion, hypertrophic
bone and cartilage formation results in so-called
osteophytes and loose bodies. Osteophytes or
bone spurs reduce the amount of joint space
needed for a full, pain-free range of motion, giv-
ing rise to symptoms as pain, locking, or reduced
elbow motion. In the final stage, the impingement
caused by these small protuberances (particularly
in the olecranon fossa) leads to distortion and in
most severe cases to contracture of the elbow

joint. Arthroscopic intervention with removal of
the eroded bone and its fragments is the best treat-
ment option to prevent further degeneration of the
elbow [96]. Plain radiography and computed
tomography are the modalities of choice when
assessing the condition of the elbow.

Two views in plain radiography are usually suf-
ficient for the initial evaluation of primary osteoar-
thritis. Standard lateral radiographs allow
identification of the most frequent features of the
osteoarthritic elbow (i.e., osteophytes of all
involved bony structures, thickening of the olecra-
non fossa membrane, and joint space narrowing).
The anteroposterior view in addition enables the
assessment of the olecranon fossa membrane [97].

In preoperative planning, computed tomogra-
phy (CT) is favorable when heterotopic ossifica-
tion or intra-articular loose bodies are suspected
[93]. More advanced three-dimensional CT scans
can specifically determine the size, location, and
bony architecture of the hypertrophic bone spurs
and loose bodies [97, 98].

4.2.,5 Goalkeeper's Elbow

Shot blocking of a ball with the forearm fully
extended induces repeated hyperextension trauma
of the elbow, mostly seen in goalkeepers of hand-
ball and soccer [99]. The injury pattern resembles
elbow lesions in overhead athletes: repeated
impaction of the posteromedial olecranon leads to
arthritic changes with cartilage damage, osteo-
phyte formation, and intra-articular loose bodies
[100]. The presence of these pathological altera-
tions can be confirmed by radiological evaluation.
Soft tissue lesions can be visualized by US or
MRI and may comprise bilateral thickening of the
medial collateral ligament, flexor-pronator ten-
don, triceps tendon, and ulnar nerve [100].

4.3 Ligamentous Injury

of the Elbow

Various osseous and soft tissue constraints pro-
vide static and dynamic stability to the elbow
joint, respectively. Primary stabilization is
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provided by the ulnohumeral articulation as well
as by the medial (ulnar) and lateral (radial) col-
lateral ligament complexes. The medial ulnar col-
lateral ligament (MCL/UCL) complex comprises
anterior, posterior, and transverse bundles, of
which the anterior bundle is the primary restraint
against valgus stress. The lateral ligament com-
plex includes the radial collateral ligament, the
lateral collateral ligament (LCL), and the annular
ligament, of which the LCL provides both varus-
and posterolateral stability [101]. The radiocapi-
tellar articulation, the common extensor tendon,
the flexor-pronator tendon, and the joint capsule
all contribute to secondary stabilization [102].

Ligamentous injury of the elbow in athletes
can be caused by repetitive overhead activities or
by an acute traumatic event like an elbow dislo-
cation. Timely recognition of injuries to these
structures is very important; disruption of the
ligaments may threaten elbow stability and can
possibly be career ending for an athlete [102,
103]. MR imaging is indispensable in the assess-
ment of the ligaments, since it provides superior
soft tissue contrast and allows for simultaneous
evaluation of bony structures in a single examina-
tion [104]. In the following section, an overview
of elbow ligament injuries and their appearance
on various imaging methods are provided.

4.3.1 Ulnar Collateral Ligament
Injury and Valgus Extension

Overload

Valgus extension overload is a spectrum of symp-
toms that are commonly seen in competitive
overhead athletes [105]. Large valgus and exten-
sion forces in the acceleration phase of throwing
lead to major tensile stress on medial structures,
compressive forces on the lateral structures (see
Sect. 4.2.2), and shear forces posteriorly (see
Sect. 4.2.4). These chronic tensile forces lead to
inflammation, microtearing, and laxity of the
ligament, which may progress into disruption of
the UCL. Less commonly, the UCL may be
injured after traumatic elbow dislocation [105].
Plain radiographs may not provide any direct
information on ligamentous injuries, but can be

indirectly supportive if focal calcifications of the
UCL are present [106, 107]. When compared to
the normal appearance of the UCL on US, UCL
sprains show thickening, decreased echogenicity,
and hyperechoic areas demonstrating local calci-
fications [31, 107]. A completely ruptured UCL
appears as a hypoechoic band surrounded by
fluid.

On normal axial MR images, the anterior band
of the UCL has uniform low signal intensity on
TI1W and T2W images. However, a completely
normal UCL on MRI in a competitive throwing
athlete is rarely seen [108]. Adaptations in
response to forces in throwing include thickening
of the anterior band of the UCL and posterome-
dial subchondral sclerosis of the trochlea.
Therefore, MRI ought to be used to differentiate
between acute versus chronic injury and to
observe the degree of remodeling of the chronic
ligament deformity [109]. Ruptures, sprains, lax-
ity, or other irregularities manifest as a disconti-
nuity with hyperintense fluid filling the hiatus on
both TIW and T2W images [14, 104]. Avulsion
fracture of the medial epicondyle may be
present.

MR arthrography may be of particular benefit
when partial-thickness tearing is suspected, since
it improves the sensitivity of detecting such tears
[18]. In case of a partial-thickness tear, the so-
called T-sign may demonstrate increased signal
intensity at the distal insertion near the sublime
tubercle [14, 110].

4.3.2 Dislocation of the Elbow Joint

Dislocation of the elbow is the most common dis-
location in children and the second most common
dislocation in adults (after dislocation of the
shoulder) [111]. The elbow owes its stability to the
osseous architecture of the ulnohumeral joint,
which provides the most stability in the anteropos-
terior direction. The surrounding capsuloligamen-
tous and musculotendinous aspects (including the
collateral ligaments, joint capsule, and adjacent
muscles) provide further stability. If these compo-
nents are disrupted by trauma, elbow dislocation
may result.
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Dislocations of the elbow can either be simple
or complex depending on the absence or presence
of associated bony injury, respectively. Simple
dislocations are described by the direction of the
dislocated ulna relative to the humerus. Posterior
displacement occurs in over 90 % of cases, with
posterolateral dislocation as its most common
subtype [112]. The injury mechanism is consid-
ered to be a combination of axial compression,
supination, and valgus stress, often seen in
FOOSH-type injuries [103]. Lateral and anterior
displacements are rare and may result from a
direct posterior blow to a flexed elbow [113].
Bony injuries of the olecranon and avulsion of
the medial and lateral condyles and epicondyles
can be present. Complex dislocations with com-
bined fractures of the radial head or neck and the
coronoid process are referred to as the terrible
triad (see Sect. 4.2.1) [57, 102].

Accompanying ligamentous and capsular dis-
ruption can be described according to the Horii
circle [103]. Stage 1 involves disruption of the
LUCL with posterolateral rotatory subluxation of
the ulna. In stage 2, the coronoid places on the
trochlea (i.e., incomplete dislocation) and the
other adjacent lateral ligaments are torn, includ-
ing anterior and posterior aspects of the joint cap-
sule. Finally in stage 3, the elbow is completely
dislocated with the coronoid located posteriorly
to the humerus. The MCL may be disrupted only
posteriorly (stage 3A) or completely (stage 3B).
Thus, elbow dislocation is the result of a postero-
lateral rotatory subluxation followed by a total
disruption of the surrounding soft tissue from the
lateral to the medial side [102].

Posterolateral dislocation can lead to perma-
nent valgus instability that correlates with a
worse overall clinical and radiographic result. All
treatment options are therefore primarily aimed
at restoring functional elbow stability [102].
Simple dislocations may be treated nonopera-
tively after reduction under adequate muscular
relaxation and appropriate analgesia. To prevent
joint  contractures, definitive management
involves limited mobilization and early active
range of motion [114]. Complex fracture-
dislocations require operative management with
fixation of fractures and repair of damaged

surrounding soft tissues. Damage to the brachial
artery or median and ulnar nerve must be ruled
out, although neurovascular injury is uncommon
in the setting of a FOOSH injury [103].

Anteroposterior, lateral, and oblique radio-
graphs should be obtained to determine the direc-
tion of the dislocation and the potential presence
of associated fractures. An intact radiocapitellar
line should be evident on all views, since this is
no longer aligned in posterior elbow dislocations
[8]. Post-reduction radiographs are required to
ensure correct positioning of the elbow.

Concerning preoperative planning after com-
plex elbow dislocation, CT can be used to delin-
eate fractures, and MR imaging is helpful to
visualize the extent of the soft tissue disruption
[57, 115, 116].

4.3.3 ChronicInsufficiency
of the LCL: Posterolateral
Rotatory Instability

Elbow dislocation from a FOOSH trauma poses a
substantial risk for recurrent elbow instability,
since the stabilizing architecture of the surround-
ing ligaments, the radial head, and the coronoid
process can be significantly disrupted. This con-
dition has also been reported following coronoid
insufficiency, radial head excision, or steroid
injections for lateral epicondylitis [18].

Several criteria are used to classify the degree
of the instability: the articulation(s) involved, the
direction of the displacement (valgus, varus,
anterior or posterolateral), the degree of displace-
ment (subluxation or dislocation), the timing of
displacement (acute, chronic or recurrent), and
the presence or absence of associated fractures
[103]. The most common type of chronic elbow
instability is posterolateral rotatory instability
(PLRI) [117]. PLRI implies a dislocation by
which external rotation of the radius and the ulna
relative to the distal humerus results in posterior
displacement of the radial head relative to the
capitellum. Contrary to isolated dislocation of
the radial head, the radioulnar joint does not dis-
locate because the annular ligament is not
affected [118].



4 Imaging of the Elbow in Overhead Athletes

45

The lateral ligament complex limits external
rotation of the radius and ulna relative to the
humerus and is therefore considered the weakest
link in the pathogenesis of PLRI [102]. However,
the medial collateral ligament may contribute as
well [119, 120].

The diagnosis is made clinically based on the
patient’s history and physical examination.
Patients with PLRI often have a history of ulno-
humeral dislocation; recurrent symptoms of lat-
eral pain, locking, clicking, snapping, or popping
can be present. The feeling of instability mostly
occurs when the elbow is actively brought from
flexion into extension with the forearm in supi-
nation. Several specific apprehension tests are
available to provoke these symptoms [118, 121].
During the lateral pivot-shift maneuver, the
elbow is in supine position and mild valgus
stress is applied while the elbow is flexed. The
test is positive if apprehension or frank sublux-
ation of the radius and the ulna (rotating away
from the humerus) occurs [122]. The posterolat-
eral rotatory drawer test involves overhead
placement of the elbow in 40° of flexion.
Subsequent application of an anteroposterior
force on the ulna and the radius (with the fore-
arm in external rotation) will subluxate the fore-
arm away from the humerus on the lateral side,
pivoting on the intact medial ligaments [122]. A
more adequate evaluation of instability by these
tests may be performed with the patient under
anesthesia. The radial head then visibly sublux-
ates posteriorly, whereas apprehension occurs
when the patient is awake.

The primary treatment goal in patients with
PLRI is to restore elbow stability. Nonoperative
measures are applied in the first days after
reduction. These measures include both splint-
ing of the arm as well as rehabilitation to
strengthen the surrounding musculature [123].
If unsatisfactory results are yielded by conser-
vative management, surgical treatment may be
considered. The majority of surgically treated
patients encounter satisfactory outcomes regard-
ing elbow stability [118]. Surgical management
aimed at the reconstruction of ligaments can be
performed either open or arthroscopically [123].
Deficiency of the radial head or coronoid may

require bony reconstructions. In that case, com-
puted tomography is of particular use to delin-
eate complex fracture patterns and to assist in
surgical planning [115].

Plain radiographs are used to demonstrate
changes in the alignment of the elbow by review-
ing the integrity of the radial head, coronoid pro-
cess, and capitellum. The drop sign, indicative
for PRLI, represents ulnohumeral separation on
lateral radiographs [124]. Posterior displacement
of the radial head in relation to the capitellum
may be visible as well.

Although MRI has been well established as an
effective method for the assessment of ligamen-
tous injury to the LCL, the role of MRI in the diag-
nosis of PLRI remains questionable [121, 125].
However, examination through MR arthrography
is advantageous if uncertainty about the diagnosis
remains even though PLRI is suspected [123].
Arthrography reveals laxity of the LCL, widening
of the lateral joint space, and osteochondral lesions
at the radiocapitellar joint [18, 118].

4.3.4 Monteggia Injury
of the Forearm

The ulna and the radius act as a single functional
unit through binding via the interosseous mem-
brane and ligaments in the forearm. As a conse-
quence, hyper-pronation injury with fracture of
the ulna is often accompanied by a dislocation of
the proximal radioulnar joint. This combination
of injuries was first described by Monteggia in
1814 and further classified by Bado [126].
Depending on the location of displacement of the
radial head, four types can be distinguished
(see Table 4.7).

Since the long-term range of motion of the
elbow is seriously threatened in Monteggia
injury, early recognition is important [127].
Pediatric patients may sustain injuries slightly
different to Monteggia injury, including plastic
deformation, incomplete or greenstick fractures,
and ulnar metaphyseal fractures [127]. Although
conservative management can be successful in
the younger population, operative treatment is
warranted for the majority of adults [127, 128].
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Table 4.7 Bado classification of Monteggia injury [126]

Type Description

1 Anterior dislocation of the radial head and
fracture of the ulnar shaft with anterior
angulation

1T Posterior dislocation of the radial head and
fracture of the ulnar shaft with posterior
angulation

111 Lateral dislocation of the radial head and
fracture of the ulnar metaphysis

v Anterior dislocation of the radial head, fracture
of the proximal third of the radius and ulna

The treatment goal is to restore the cooperative
functioning of the radius, ulna, and their associ-
ated articulations.

Radiographic examination should comprise
AP, lateral, and oblique views of both the forearm
and the wrist. The distal forearm should be evalu-
ated for displacement of the ulna relative to the
radius. The radiocapitellar line must accurately
be assessed in the proximal forearm, since it may
seem normal due to concurrent displacement of
the ulnar shaft [5].

Isolated Dislocation
of the Radial Head

4.3.5

Isolated dislocation of the proximal radius, also
termed nursemaid’s elbow or pulled elbow, is
the result of a sudden pull on the arm. This lon-
gitudinal traction force with the forearm in pro-
nation and extension pulls the radial head trough
the annular ligament. Due to relative laxity of the
annular ligament, this injury is common in chil-
dren aged 0-5 years [129]. After the age of
5 years, the annular ligament is stronger and less
likely to tear or be displaced. Generally, the
diagnosis is based on the clinical presentation.
The injured child is likely to not use the affected
arm and holds it in pronation, mild flexion, and
abduction against the body. Radiography (AP
view) should be considered if the diagnosis is
equivocal, if the mechanism of injury other than
a pull is suspected, or if reduction attempts are
unsuccessful [130].

4.4  Musculotendinous Injury
of the Elbow
4.4.1 Epicondylitis

4.4.1.1 Lateral Epicondylitis

Lateral epicondylitis, also known as tennis elbow,
is the most common cause of lateral elbow pain
[131]. Any sport or occupation that demands
repetitive wrist extension can result in this type of
injury. Lateral epicondylitis most commonly
occurs in the fourth and fifth decades of life, with
both sexes affected equally [132]. The common
extensor tendon (CET) originates from the ante-
rior aspect of the lateral epicondyle of the elbow
and consists of the three conjoining tendons of
the extensor carpi radialis brevis (ECRB), the
extensor digitorum communis (EDC), and the
extensor carpi ulnaris (ECU) muscles [133].
Lateral epicondylitis represents a condition
where repetitive contractions of the ECRB, and
to a lesser extent the EDC and ECU, lead to
microtearing with subsequent degeneration,
immature repair, and tendinosis [131, 134].
Tendinopathy or tearing of the ECRB tendon is
invariably seen in lateral epicondylitis [132].
Physical examination typically reveals tender-
ness at the origin of the ECRB tendon and pain
exacerbating with active wrist extension [135,
136]. The clinical picture is often sufficient for
making the diagnosis. However, when symptoms
are atypical or patients do not respond to therapy,
imaging may be performed.

In case of suspected lateral epicondylitis,
elbow radiographs may show some calcification
along the lateral epicondyle. Nevertheless, radio-
graphs are often false-negative and the routine
use of plain films does not seem justified in the
diagnostic process [137]. Both magnetic reso-
nance imaging (MRI) and ultrasound (US) are
useful tools in diagnosing lateral epicondylitis.
US provides an inexpensive and fast imaging
method, whereas MRI is more expensive and
time-consuming. Presently, MRI is considered
the golden standard with a diagnostic sensitivity
ranging between 90 % and 100 %. The sensitivity
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for US ranges between 60 % and 80 % [138].
Additional US techniques have no extra benefit
over standard gray-scale ultrasonography in
detecting abnormal musculoskeletal findings in
painful elbows [138].

The CET origin in individuals with lateral epi-
condylitis shows increased signal intensity on
T2-weighted fat-suppressed MR images within the
substance of the tendon, most commonly the ECRB,
with or without tendon thickening [138-140].
However, CET thickening and increased signal
intensity on T2-weighted images have also been
observed in asymptomatic high-performance
athletes [140]. MRI can be used to categorize
epicondylitis into several grades of severity. In mild
epicondylitis, the CET is thickened with increased
internal signal intensity. In moderate epicondylitis,
there is a partial-thickness tear with thinning and
focal disruption that does not extend across the full
thickness of the tendon. Severe epicondylitis
consists of a near-complete or complete tear, char-
acterized as a fluid-filled gap separating the tendon
from its origin at the lateral epicondyle [132]. This
grading system has a significant role in surgical
planning [139].

4.4.1.2 Medial Epicondylitis

Medial epicondylitis, also known as golfer’s
elbow, is another common cause of elbow pain
among athletes and workers in occupations that
demand repetitive flexion of the wrist. In throw-
ing athletes, medial epicondylitis may result from
repetitive stress to the flexor-pronator mass, con-
sisting of the pronator teres and flexor carpi radi-
alis muscles [141]. The tendon origin of the
flexor-pronator mass attaches to the anterior
aspect of the medial epicondyle of the humerus
and is most commonly affected in medial epicon-
dylitis [133, 142]. This condition has the same
pathogenesis as lateral epicondylitis, repetitive
microtrauma at the tendinous insertion of the
flexor-pronator mass leading to degeneration,
tendinosis, and ultimately tearing [143-145].
Patients most often report a history of activities
involving wrist flexion and forearm pronation, as
is the case in golf, racket sports, and overhead

throwing [142, 146]. Examination typically
reveals painful flexion and pronation against
resistance, decreased grip strength, and tender-
ness over the origin of the flexor-pronator mass at
the medial epicondyle [147].

When clinical signs are confounding, the
diagnosis of medial epicondylitis can be further
explored using both US and MRI. Plain radio-
graphs may show calcification or traction osteo-
phytes at the flexor-pronator mass origin, but
these findings have overall low sensitivity [148].
US may demonstrate focal hypoechoic or
anechoic areas in the tendon, cortical irregularity
at the tendinous insertion, tendon thickening, and
calcification. Most abnormalities occur in the
tendons of the flexor carpi radialis and pronator
teres but changes may also be seen inside the ten-
don of the palmaris longus and flexor digitorum
superficialis [30]. MRI is considered more sensi-
tive than US and may demonstrate findings simi-
lar to those described in lateral epicondylitis:
focal thickening and increased signal intensity
within the flexor-pronator tendons accompanied
by surrounding soft tissue edema best seen on
T2-weighted fat-suppressed MR image series. In
both lateral and medial epicondylitis however,
clinical evaluation remains the mainstay of the
diagnosis and the role of imaging is primarily to
confirm the presence of suspected tendon pathol-
ogy [135].

4.4.2 Tendon Pathology

4.4.2.1 Distal Biceps Tendon

Distal biceps tendon (DBT) pathology is a rela-
tively rare cause of anterior elbow pain and
ranges from tendinopathy to partial tearing and
complete tears of the DBT. A complete tear of the
DBT is the most common entity, followed by par-
tial tearing, with isolated tendinopathy being
exceedingly rare [135]. Complete ruptures of the
DBT typically occur in male weightlifters and
athletes between 40 and 60 years of age [149, 150].
Risk factors include smoking, anabolic steroid
use, and a history of previous DBT rupture [151].
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Rupture of the DBT is classically an acute injury
occurring when a strong eccentric force is applied
on the contracted biceps with the elbow in 90°
flexion, leading to tear at the insertion site of the
DBT into the radial tuberosity [135]. In the case
of a full DBT rupture, physical examination often
shows a palpable defect within the antecubital
fossa and proximal bulging of the biceps muscle
due to retraction of the ruptured tendon. Pain
over the antecubital fossa and weakness of fore-
arm supination and elbow flexion can be observed
in both partial and complete tears [135].

Imaging has an important role in distinguish-
ing partial from complete tears [152—-154]. Plain
radiographs are not indicated unless concomitant
injury of the elbow is suspected [148]. A com-
plete tear can be diagnosed on US as a complete
absence of the DBT that is retracted proximally,
often more than 10 cm from the insertion at the
radial tuberosity [155]. In addition to diagnosing
complete tears, MRI is useful for visualizing par-
tial tears of the DBT. A partial rupture of the dis-
tal biceps tendon is characterized by the presence
of increased signal intensity within the tendon
[156, 157]. Secondary MRI findings of partial
tears may include the presence of bone marrow
edema within the radial tuberosity, indicative of a
micro-avulsion at the DBT’s insertion site.
Differentiating partial tears from tendinopathy
proves to be challenging both clinically and
radiologically [158]. As such, MRI is indicated
when the presence of a complete versus a partial
rupture is uncertain. This distinction is clinically
important as complete tears need to be repaired
surgically. This is in contrast with partial tears
and tendinopathy of the DBT, where conservative
treatment is often adequate [148].

4.4.2.2 Distal Triceps Tendon

Tendinosis and rupture of the distal triceps ten-
don constitute the least common type of elbow
tendinopathy [159]. Males are affected twice as
often as females and triceps injuries have been
reported in professional football players, soccer
players, softball players, skiers, and weightlifters
[160-162]. In contrast to biceps tendon injuries,
triceps injuries are exclusively seen at the distal

insertion of the triceps tendon onto the olecranon.
Presently, no proximal tendon avulsion of the tri-
ceps has been described in the English literature
[163]. Several risk factors for triceps tendon
pathology have been explored, including chronic
renal failure, endocrine disorders, metabolic
bone disease, and steroid use [164—-166]. The
most common mechanism of injury is a fall on an
outstretched hand in which a deceleration load is
applied to the triceps while it is actively contract-
ing [167]. In case of a complete triceps rupture,
the most universal finding on physical examina-
tion is the inability to extend the elbow against
gravity [168].

Tendinosis and partial tears of the triceps can
be more difficult to diagnose on physical exami-
nation and this is where imaging comes into play.
Plain radiographs often show osseous flakes, also
termed the flake sign, which is considered pathog-
nomonic for avulsion injuries of the triceps [169].
Radiographs are indicated in traumatic settings to
rule out concomitant injuries of the elbow. Both
US and MRI can differentiate between either a
partial or full tear of the distal triceps tendon.
Moreover, the degree of tearing is of major value
in deciding whether surgical repair or conserva-
tive treatment is indicated [167]. US may diag-
nose all types of triceps tendon injury ranging
from tendinosis to complete tears along with
retraction of the tendon. However, data on sensi-
tivity and specificity have not been documented
[170]. MRI is an acknowledged imaging modal-
ity for confirming the presence of complete ten-
don tears and staging partial tears. The triceps
tendon is best visualized on sagittal images.
Partial ruptures of the triceps tendon are charac-
terized by a small fluid-filled defect within the
distal triceps tendon with edema in the surround-
ing subcutaneous tissue of the posterior elbow.
Complete rupture of the triceps tendon is charac-
terized by a large fluid-filled gap between the dis-
tal triceps tendon and the olecranon process with
a large amount of edema in the adjacent subcuta-
neous tissue. The distal edges of the torn triceps
tendon are frayed and show heterogeneous signal
intensity. A variable amount of retraction of the
distal triceps tendon is usually present [135, 171].
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4.4.2.3 Snapping Medial Head
of the Triceps with Subluxating
Ulnar Nerve

The medial head of the triceps originates just
inferior to the radial sulcus of the humerus, tra-
verses posterior to the medial epicondyle, and
inserts into the olecranon process of the ulna.
During flexion of the elbow, a portion of the
medial head of the triceps may dislocate or
“snap” anteriorly over the medial epicondyle
[172]. The ulnar nerve is in close relationship
with the medial head of the triceps and may
also dislocate during flexion. This condition
often presents as a combination of medial
elbow pain, a single- or double-snapping sensa-
tion during flexion of the elbow, and additional
symptoms of ulnar nerve irritation [172]. A
symptomatic dislocating medial head of the tri-
ceps muscle is frequently associated with over-
head activities in throwing athletes and with
weightlifting in bodybuilders. Predisposing
factors include hypertrophy of the triceps mus-
culature, post-traumatic alteration of bone
alignment, and congenital predisposition owing
to anatomical variations of the triceps [173].
Snapping of the medial head of the triceps is
relatively easily observable during physical
examination compared to snapping of the ulnar
nerve [172].

Because the snapping syndrome is a dynamic
and intermittent condition, MRI and CT are
unfavorable for confirming the diagnosis.
Nonetheless, axial imaging with CT or MRI may
demonstrate the structures that dislocate with the
elbow positioned in different degrees of flexion
[174]. US is the modality of choice and can pro-
vide a dynamic assessment of the structures
involved during a snapping sensation. With an
isolated dislocating ulnar nerve, the nerve and
medial triceps will often appear to separate dur-
ing flexion of the elbow, whereas with a dislocat-
ing medial triceps, the ulnar nerve and triceps
appear to travel as one unit over the medial epi-
condyle in the anterior direction [175].
Differentiating between these two entities is of
clinical importance as it aids in deciding which
type of surgery is indicated [176].

4.4.2.4 Bursitis of the Elbow

Two main bursae can be found in the elbow joint.
Anteriorly, the bicipitoradial bursa fills the ante-
cubital fossa. Posteriorly, the olecranon bursa is
located just below the skin. The bicipitoradial
bursa encases the distal biceps tendon and
reduces friction between this tendon and the
radial tuberosity during joint movement [177].
Repeated supination and pronation of the fore-
arm is believed to be a possible cause of chronic
bicipitoradial bursitis [178]. Due to its close rela-
tionship with the distal biceps tendon, bicipitora-
dial bursitis may be accompanied by tendinopathy
of the biceps [179]. In contrast with the bicipito-
radial bursa, the olecranon bursa is located more
superficially and therefore prone to direct trauma
leading to acute, post-traumatic bursitis.
Traumatic olecranon bursitis has been reported in
athletes who train and play on hard surfaces
[180]. In general, bursitis of the elbow in athletes
is an aseptic condition [181].

Although the diagnosis of bursitis is mainly
clinical, the affected bursa can be excellently
visualized on US. Imaging signs include bursal
wall distension with presence of local hypoechoic
or anechoic intra-bursal material [182]. Power
Doppler is able to demonstrate the presence of
pathological signal enhancement in case of
active inflammation [170]. An added benefit of
US is the possibility to guide the needle into the
bursa for direct aspiration and injection of corti-
costeroids. In case of bicipitoradial bursitis, US
can provide information about concomitant
radial nerve injury [183]. Both bicipitoradial and
olecranon bursitis can be further evaluated on
MRI, especially in more severe cases where
extensive damage of surrounding structures is
suspected and preoperative planning. MRI
aspects of olecranon bursitis include hypo-
intensity on TI1-weighted images and variable
signal intensity in T2-weighted sequences over
the olecranon, with adjacent soft tissue edema
and contrast enhancement of the bursal margins
[184]. MRI aspects of bicipitoradial bursitis
include increased signal intensity within the
lesion on T2-weighted images suggestive of a
fluid collection. Furthermore, hypointense septal
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structures may be observed. A biceps tendon
with low signal intensity on both T1- and
T2-weighted images can be detected at the ante-
rior edge of the bursa [185].

4.5 Neurological Injury
of the Elbow
4.5.1 Cubital Tunnel Syndrome

Next to dislocation of the ulnar nerve, as
described in a snapping medial head of the tri-
ceps, the ulnar nerve may also become com-
pressed at the cubital tunnel of the elbow.
Compression of the ulnar nerve, also known as
cubital tunnel syndrome, is the second most com-
mon compression neuropathy in the upper limp,
following carpal tunnel syndrome [186]. In most
instances, the ulnar nerve can become entrapped
at the entrance of the cubital tunnel due to a
thickened aponeurosis connecting the two heads
of the flexor carpi ulnaris muscle [187]. This may
lead to ulnar neuropathy with clinical symptoms
of paresthesia and weakness of the intrinsic mus-
culature around the fourth and fifth digits and the
hypothenar region of the hand [188]. The diagno-
sis is confirmed with electromyography (EMG),
showing a decrease in compound muscle action
potential amplitude (CMAP) and slowing of
focal conduction along the elbow segment [189].
EMG however is a rather uncomfortable proce-
dure and several other diagnostic approaches
have therefore been investigated, including high-
resolution ultrasound (HRU) and magnetic reso-
nance imaging (MRI) [190-192].

Qualitatively, US findings suggestive of ulnar
neuropathy include abnormal enlargement of the
nerve with an abrupt caliber change or loss of the
normal fascicular pattern [193]. Numerous quan-
titative US findings have been investigated,
including the ulnar nerve cross-sectional area
(UNCSA), nerve diameter, and swelling ratio.
The UNCSA measured at the site of greatest
enlargement is a useful parameter for diagnosing
cubital tunnel syndrome [194]. With the elbow in
full extension and supination, the UNCSA mea-
sured at the cubital tunnel is significantly elevated
in case of suspected cubital tunnel syndrome

[195]. HRU may also demonstrate signs of ulnar
nerve dedifferentiation consisting of edematous
infiltration with a homogeneous hypoechoic
aspect of the nerve. These HRU findings corre-
spond well with cubital tunnel syndrome as diag-
nosed on EMG [195]. In addition, HRU can
assess ulnar nerve instability during active flex-
ion and extension of the elbow, one of the causes
for ulnar neuropathy [193].

A universal MRI finding of neuropathy
involves a hyperintense signal on short-tau inver-
sion recovery (STIR) sequences. However, this
finding has low specificity and is occasionally
seen in healthy nerves [196]. Diffusion weighted
imaging (DWI) is useful for imaging tissues with
an organized microstructure such as the periph-
eral nerves, and the diagnostic value of DWI in
median nerve entrapment neuropathy proves to
be high [197]. When the ulnar nerve is entrapped,
DWI is able to highlight diffusion restriction
appreciable as an increase in signal intensity.
Contrary to STIR sequences, an increased signal
intensity of the ulnar nerve on DWI images is
only visible in case of cubital tunnel syndrome as
diagnosed with EMG [198].

4.5.2 Median Nerve Entrapment
Syndromes

Pronator syndrome (PS) is a rare and controver-
sial diagnosis that was originally coined to
describe a compression syndrome of the median
nerve between the humeral and ulnar heads of the
pronator teres (PT) muscle [199]. Despite its
name, compression of the median nerve can
occur at several other, less common sites as it
travels through the antecubital region into the
forearm. Proximally, the median nerve may
become entrapped as it dives under the ligament
of Struthers, a ligament present in 2-3 % of the
population connecting a residual supracondylar
process with the medial epicondyle of the
humerus [200-202].

The nerve then runs across the antecubital
fossa and enters the forearm deep to the bicipital
aponeurosis, another potential site of median
nerve compression around the elbow. Distal to
the elbow, the nerve travels between the two
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heads of PT muscle and passes beneath the proxi-
mal arch of the flexor digitorum superficialis
(FDS) muscle [203]. PS is characterized by prox-
imal, volar forearm pain with paresthesias of the
first three digits and radial half of the fourth digit
but has varying clinical manifestations due to the
multiple potential sites of nerve entrapment
[204]. Furthermore, the median nerve gives off a
branch deep to the FDS muscle which may also
become entrapped, resulting in another compres-
sion syndrome called the anterior interosseous
nerve (AIN) syndrome [203].

Diagnosing median nerve entrapment around
the elbow may be challenging and EMG studies
are often inconclusive [205]. Conventional elbow
radiographs are considered an initial step in the
imaging workup and can show a residual supra-
condylar process of the distal humerus indicative
of a Struthers’ ligament [206]. To date, no studies
concerning the diagnostic efficacy of MRI and
US have been published. However, both MRI and
US are useful for ruling out secondary causes of
median nerve compression such as ganglion cysts
of nerve (sheath) tumors. Moreover, MRI can
demonstrate the presence of denervation edema
resulting from compression neuropathy when
AIN syndrome is suspected. Denervation edema
is visible in the muscles enervated by the AIN,
mostly the pronator quadratus (PQ) muscle, and
presents as a hyperintense signal within the
affected muscles on fat-saturated T2-weighted
images [207, 208].

Fatty atrophy of the affected muscles, present-
ing as hyperechogenicity on US, is another char-
acteristic of chronic median nerve entrapment
syndromes. However, US and MRI findings of
fatty atrophy correlate poorly [209].

4.5.3 Radial Nerve Compression
Syndromes

Next to ulnar and median nerve compression
neuropathies in the elbow, the radial nerve is the
least involved in compression injury with an
annual incidence of 0.003 % for radial nerve
compression syndromes [210]. As the radial
nerve continues along the antecubital fossa, it
branches into the motor posterior interosseous

nerve (PIN) and sensory superficial radial nerve
(SRN). The SRN is a subcutaneous sensory
branch of the radial nerve and compression of
this nerve is exceedingly rare [211]. More com-
mon is entrapment of the PIN as it courses
through the radial tunnel and gives rise to either
PIN syndrome or radial tunnel syndrome (RTS).
Remarkably, RTS and PIN syndrome are both the
result of entrapment of the same deep branch of
the radial nerve, or PIN, but symptoms of both
compression neuropathies show considerable
diversity among patients. PIN syndrome is domi-
nated by loss of motor function of the innervated
musculature, whereas RTS is dominated by pos-
terolateral forearm pain. This discrepancy in
symptoms may be explained by the degree and
duration of nerve compression [203].

There are at least five anatomical landmarks
responsible for entrapment of the deep branch of
the radial nerve along the radial tunnel: fibrous
bands between the brachialis and brachioradialis
muscles at the level of the radiocapitellar joint;
the anastomosing vessels of the radial recurrent
artery at the level of the radial neck, also referred
to as the leash of Henry; the proximal edge of the
extensor carpi radialis brevis (ECRB) muscle; the
proximal edge of the supinator muscle, also
referred to as the arcade of Frohse; and the distal
edge of the supinator muscle [203]. The arcade of
Frohse or proximal edge of the supinator muscle
may undergo tendinous thickening due to repeti-
tive pronosupination and is the most common site
for PIN compression, hence its alternative name
supinator syndrome [212, 213].

Because motor function is commonly affected
in PIN syndrome, nerve conduction studies often
reveal abnormal findings and are thus a useful tool
for the diagnosis in addition to physical examina-
tion. Imaging studies are not routinely indicated in
PIN syndrome, but MRI may reveal soft tissue
masses responsible for nerve compression.
Moreover, reported MRI findings in patients with
suspected PIN syndrome include denervation
edema of the supinator muscle, marked by an
increased signal intensity of the muscle as seen on
fluid-sensitive sequences with fat suppression
[214]. Ultrasound may show hypoechogenicity,
increased diameter of the radial deep branches,
and hyperemia of the nerve on power Doppler in
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PIN syndrome as compared to healthy individuals
[215]. However, standardized cutoff values have
yet to be developed and sensitivity is relatively
poor. Consequently, the role of imaging studies is
limited and may be used to further strengthen the
diagnosis of suspected PIN syndrome or rule out
other pathology. In contrast with PIN syndrome,
electrodiagnostic studies are often normal in RTS,
which add to the difficulty and controversy of this
diagnosis [203]. Symptoms of RTS may mimic
those of lateral epicondylitis and this is where
ultrasound can be used to rule out epicondylitis
[211]. This distinction can usually be made during
physical examination, where lateral epicondylitis
presents with focal tenderness at the insertion of
the ECRB, whereas RTS presents with pain start-
ing a few centimeters more distally from the lat-
eral epicondyle radiating into the forearm [216].
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Medial-Sided Elbow Pain

Alan H. Lee and Marc R. Safran

In baseball pitchers, tennis players, water polo
competitors, volleyball players, and javelin
throwers, overhead athletes place high strain on
the medial aspect of the elbow, specifically the
ulnar collateral ligament (UCL), flexor-pronator
mass, and ulnar nerve.

5.1 Throwing Mechanics
and Pathophysiology

of the Thrower's Elbow

Repeated valgus stress to the elbow during over-
head throwing in athletes leads to (1) traction
forces on the medial structures (i.e., UCL, ulnar
nerve, flexor-pronator mass), (2) compression on
the lateral side of the elbow, and (3) medially
directed posterior shear forces on the posterome-
dial olecranon.

The medial structures of the elbow are most
susceptible to tensile forces, with the UCL at par-
ticular risk. When the UCL is compromised, the
tensile forces are then transferred to the other
structures in the medial elbow, specifically the
flexor-pronator mass and the ulnar nerve. The
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UCL is the most important static stabilizer to val-
gus stress between 30 and 120° of elbow flexion
[1, 2] and thus is at increased risk for injury
(including microscopic tearing leading to attenu-
ation as well as rupture) from repeated valgus
force sustained during throwing activities. The
primary dynamic stabilizers to valgus stress
include the FCU and FDS [3, 4] and, when
fatigued, may result in increasing stress to the
UCL. Concomitantly, rupture or laxity of the
UCL exposes the medial dynamic stabilizers to
additional stress, and there are reports of avulsion
of the flexor-pronator mass found association
with UCL tears [5, 6].

Chronic traction to the UCL may also lead to
thickening of the ligament or marginal osteo-
phytes. An incompetent UCL may exacerbate
traction neuritis of the ulnar nerve, as it is
stretched beyond its normal course. When the
elbow is flexed and the wrist extended (as in late
cocking and early acceleration), the pressure
within the ulnar nerve has been found to be three
times that of normal [7]. With further elbow flex-
ion, wrist extension, and shoulder abduction, the
pressure can increase to up to sixfold normal [7].
Many baseball and tennis players have increased
cubitus valgus and a fixed flexion contracture of
the elbow [8, 9], which may further exacerbate
ulnar nerve pathology. The ultimate result of
excessive traction is fibrosis from direct injury
and possibly ischemia of the nerve due to pro-
longed or repeated elevation of pressures and
stretching injury [10-13].
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Valgus extension overload from chronic UCL
laxity results from repetitive impaction of the
posteromedial olecranon into the olecranon fossa.
This results in posteromedial olecranon osteo-
phytes, fractured osteophytes that may become
loose bodies, and chondromalacia [14—16].

5.2  Ulnar Collateral Ligament

Injury

Acute UCL injuries usually present with a dis-
crete episode of pain following a pitch or throw,
often associated with a popping sensation fol-
lowed by inability to throw after the injury.
Chronic injuries often present in the settings of
overuse (e.g., year-round athletes, high pitch
count, etc.). These athletes complain of gradual
onset of medial-sided elbow pain, usually in the
late-cocking and acceleration phases. They may
note decreased velocity or loss of accuracy and
are usually not able to throw at more than 60 to
80 % of their preinjury velocity [17].

In acute UCL injury, the medial elbow and
proximal forearm may become swollen and
ecchymotic in the first few days following
injury. Palpation will reveal point tenderness
2 cm distal to the medial epicondyle, which lies
over the UCL. Active and passive range of
motion should then be assessed and compared
to the contralateral extremity. Professional
baseball players and tennis players may have a
baseline flexion contracture and valgus align-
ment of their dominant elbow [8, 9].
Additionally, examination of the shoulder and
scapula is important, as proximal dyskinesis
can alter throwing mechanics throughout the
entire kinetic chain [17].

Examination of the functional integrity of the
UCL is perhaps the most essential part of the
physical examination. The classic test is abduc-
tion stress testing (see Fig. 5.1). Detecting laxity
may be difficult, especially in inexperienced
examiners, as shoulder rotation may complicate
the assessment; therefore, additional tests have
been developed including the modified milking
maneuver (Fig. 5.2) and O’Driscoll’s moving
valgus stress test (Figs. 5.3, 5.4, and 5.5).

Fig.5.1 Abduction stress testing of the UCL. This is per-
formed with stabilization of the humerus and applying a
valgus-directed force to the elbow. The elbow flexed to
20-30°, and a valgus stress applied to the elbow with the
patient’s handheld between the examiner’s arm and body.
A positive test is when there is increased laxity and may be
associated with pain and/or lack of firm endpoint [5, 18]
(Courtesy of Marc Safran, MD, Redwood City, CA)

Fig. 5.2 The modified milking maneuver. The patient’s
arm is adducted and externally rotated. One hand of the
examiner stabilizes the patient’s elbow while also palpat-
ing the medial joint line. The patient’s elbow is then flexed
to 70° and a valgus stress applied by pulling on the
patient’s thumb with the contralateral hand. The examiner
can then assess joint line gapping and quality of the end
point and compare to the contralateral elbow (Courtesy of
Marc Safran, MD, Redwood City, CA)

Concomitant injuries (such as medial epicon-
dylosis, flexor-pronator mass avulsion, and cubital
tunnel syndrome) should always be evaluated and
are addressed later in this chapter.

Plain radiographs should initially be obtained
and should include anteroposterior (AP) and lat-
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Fig. 5.3 The moving valgus stress test. O’Driscoll
described the moving valgus stress test [19], which places
the patient’s shoulder in 90° of abduction and external
rotation. A constant, valgus force is applied to the elbow
in full flexion, and then the elbow is extended. A positive
test is when the patient complains of maximum elbow
pain between 70 and 120 degrees of elbow flexion
(Courtesy of Marc Safran, MD, Redwood City, CA)

Fig.5.4 The original figure-of-eight UCL reconstruction
technique as developed by Jobe et al. describes transec-
tion and subsequent reflection of the flexor-pronator mass
of the medial epicondyle and a figure-of-eight graft weave
through drill holes in the humerus and ulna, followed by a
submuscular ulnar nerve transposition (From Shah et al.
[54]; with permission)

eral views. In acute injury, an avulsion fragment
may be visible, and in chronic injury, loose
bodies, osteophytes of the radiocapitellar and/or
ulnohumeral joints, or ossification of the UCL
may occur. Stress radiographs of the elbow can
also be obtained to assess for widening of the
medial joint line. They can be obtained either
through manual stress or through commercial
devices that apply a uniform force.

Fig. 5.5 The docking UCL reconstruction technique as
developed by Altchek. The two ends of the tendon graft
are docked into a single blind-ended humeral tunnel, and
the sutures are tied over a humeral bone bridge (From
Shah et al. [55]; with permission)

Magnetic resonance imaging (MRI) and MR
arthrogram of the elbow have emerged as the
most sensitive and specific imaging modality for
identifying complete and partial UCL tears. MRI
is 57-79 % sensitive and 100 % specific for UCL
tears [18, 20]. MR arthrogram is 97 % sensitive
for UCL tears and is the senior author’s study of
choice for suspected UCL tears following com-
pletion of plain radiographs [21].

5.2.1 Treatment Options

and Results

The initial treatment of UCL injuries includes
rest, icing, activity modification, nonsteroidal
anti-inflammatory medications, bracing, and
physical therapy. Physical therapy should focus
on reducing elbow pain and inflammation while
also addressing any deficits identified along the
throwing kinetic chain, which permits the best
chance for successful elbow rehabilitation [22].
After inflammation is reduced and range of
motion normalized, strengthening of the wrist and
elbow muscles is initiated, followed by a throwing
program for gradual return to throwing.

UCL reconstruction is currently the best surgi-
cal choice for both acute and chronic UCL
ruptures. Indications for reconstruction include
(1) acute ruptures in high-level throwers, (2) sig-
nificant chronic instability, (3) insufficient UCL
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tissue remaining after UCL debridement for
calcifications, and (4) recurrent pain and subtle
valgus instability with throwing after supervised
rehabilitation [23]. Reconstruction is performed
using a free tendon (either autograft or allograft)
and tensioning it between the medial humeral
epicondyle and the sublime tubercle. Multiple
techniques have been described starting with
Frank Jobe in 1974 and its subsequent modifica-
tions [18, 21, 24-26].

5.2.2 Pearls and Pitfalls
of Treatment

The probability of return to sports at the same
preinjury level following UCL rupture treated
nonoperatively is low (42 % in one study) for
overhead athletes. Therefore, for a high-level
competitive thrower, surgical reconstruction is
usually advocated, as the time to failed nonopera-
tive treatment may be up to 6 months, followed
by 12—-18 months of postoperative rehabilitation,
resulting in up to 2 years time away from sports.
Watson et al. in 2014 performed a systematic
review comparing the Jobe, modified Jobe, dock-
ing, and modified docking techniques of UCL
reconstruction [27]. In 1,368 patients, overall
results demonstrated a return to play rate of
78.9 %.

5.3  Valgus Extension Overload

Syndrome

Athletes with valgus extension overload pri-
marily complain of posterior or posteromedial
elbow pain. This is sometimes associated with
clicking, grating, or locking if loose bodies are
present. The pain is often accentuated during
the late acceleration and follow-through phases
of throwing, in which the elbow is near full
extension [15]. Loose bodies may create tem-
porary locking with a mechanical block to
motion, which produces a synovitis that may
result in an effusion. On physical examination,
palpation may reveal tenderness along the pos-
terior border of the olecranon, and forced
extension or applying valgus force against an

extended elbow may reproduce the patient’s
symptoms.

Plain radiographs, including AP and lateral
views of the elbow, are helpful for identifying
loose bodies, osteophytes, or enlargement of the
olecranon. A flexion-axial radiograph can be
obtained that may demonstrate posteromedial
olecranon osteophytes [14]. A computed tomo-
graphic (CT) scan or CT arthrogram may be bet-
ter at demonstrating both osteophytes and loose
bodies present within the elbow.

5.3.1 Treatment Options

and Results

Nonoperative treatment should be considered
for the early phase of treatment, especially in
the absence of loose bodies. The emphasis
should initially focus on reducing pain and
inflammation. The second phase of treatment
should then focus on improving the functional
strength of the elbow followed by a progressive
throwing program.

Operative treatment is indicated when con-
servative treatment fails or for those patients
who have loose bodies or persistent symptoms
which may be caused by chronic valgus instabil-
ity [16]. Elbow arthroscopy has replaced
arthrotomy as the preferred treatment for remov-
ing loose bodies and impinging osteophytes. It
has low complication rates while allowing ear-
lier and more aggressive rehabilitation and
return to sport [28-30].

5.3.2 Pearls and Pitfalls
of Treatment

In the setting of UCL insufficiency, a high reop-
eration rate of up to 41 % has been found when
isolated loose body removal or osteophyte resec-
tion has been performed [28]. This is felt to be
due to either removal of the osteophyte (1)
increases the stresses to the UCL or (2) reveals
attenuated/damaged UCL. Therefore, we suggest
that careful consideration be given to UCL evalu-
ation for the potential UCL reconstruction in
combination with debridement in high-level
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overhead athletes. Additionally, in the light of
unclear evidence regarding how much postero-
medial olecranon can be safely resected, we
advocate that debridement be limited to removal
of the impinging osteophyte, leaving the normal
olecranon intact.

5.4 Medial Epicondylosis

and Flexor-Pronator Tears

Medial epicondylosis, or golfer’s elbow, is a ten-
dinosis primarily involving the origin of the pro-
nator teres (PT) and flexor carpi radialis (FCR)
muscles and, occasionally, the tendon of flexor
carpi ulnaris (FCU) [31]. Patients will often pres-
ent with medial-sided elbow pain and can be
accentuated during the early acceleration phase
of throwing [32]. There may be a history of acute
trauma which may result in an avulsion of the
flexor-pronator mass; however, the most common
presentation is of an insidious onset [33].
Physical examination may include swelling of
the flexor-pronator mass, as well as tenderness
over the distal, anterior, and lateral aspect of the
medial epicondyle. These patients may have pain
with resisted wrist flexion and forearm pronation,
in addition to grip weakness relative to the con-
tralateral extremity [34]. It is important to exam-
ine for ulnar nerve symptoms, as nearly 60 % of
athletes with medial epicondylosis also have
ulnar neuropathy [35, 36]. Plain radiographs are
usually normal in this condition. MRI remains
the best imaging modality for radiographic diag-
nosis and remains the standard of care [33].

5.4.1 Treatment Options

and Results

Nonsurgical management is the mainstay of
treatment and emphasizes rest, activity modifica-
tion, icing, and oral anti-inflammatories. Local
corticosteroid injections, extracorporeal shock
wave therapy, and dry needling have all been uti-
lized to varying success [33, 37-41]. Once the
acute inflammatory symptoms have subsided, the
athlete should be placed in a rehabilitation pro-
gram that emphasizes flexor-pronator mass

stretching and strengthening. It should be noted
that most patients (85-90 %) improve with non-
surgical management [35-37, 42].

If symptoms persist past 4-6 months of appro-
priate, conservative management, then surgical
options can be considered. Surgery involves
release of the flexor-pronator origin, excision of
the friable granulation tissue, stimulation of
bleeding from the medial epicondylar bone, and
repair/reconstruction of the medial musculature
[43, 44].

5.4.2 Pearls and Pitfalls
of Treatment

The exception to initial nonsurgical management
is in elite athletes with a demonstrated full-
thickness tear of the flexor-pronator mass seen on
MRI [38]. During surgical intervention for
medial epicondylosis, the UCL must be identi-
fied and protected. It lies just deep and is adher-
ent to the flexor-pronator muscle group and
serves as a partial origin for one of the muscles.
In patients with medial epicondylosis and associ-
ated ulnar neuropathy, surgical management has
not been shown to be as effective as those without
neuropathy [45].

5.5  Cubital Tunnel Syndrome

The ulnar nerve is most commonly injured
around the elbow, likely due to its superficial
location in the subcutaneous tissue, as well as the
relatively tight path it follows when it courses
around the medial aspect of the elbow. In throw-
ers, the physical examination for cubital tunnel
syndrome does not have the classic presenta-
tion — they will usually only be symptomatic
while throwing.

Radiographs of the elbow may identify poten-
tial bony sources of ulnar nerve compression, and
MRI may evaluate for soft tissue masses that may
cause nerve compression [46]. Electrodiagnostic
testing including electromyography (EMG) may
be helpful in identifying cases of advanced neu-
ropathy; however, negative testing does not
exclude the diagnosis of ulnar neuropathy [10].
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5.5.1 Treatment Options

and Results

For mild to moderate cases of ulnar nerve com-
pression, nonoperative treatment should be the
initial management. This includes rest, activity
modification, and nonsteroidal inflammatory
medication [13].

Failure of conservative treatment necessitates
surgical intervention. Multiple surgical options
exist, including in situ decompression, medial
epicondylectomy, and anterior transposition
(subcutaneous, submuscular, or intramuscular).

A meta-analysis of four randomized, con-
trolled trials comparing in situ decompression
to anterior transposition involving 335 patients
found no difference in motor nerve conduction
studies or clinical outcome scores between the
two groups [47-51]. The authors concluded that
in situ decompression of the ulnar nerve is a rea-
sonable alternative to anterior transposition.
However, in throwing athletes, the senior author
prefers subcutaneous transposition to reduce the
risk of ulnar nerve subluxation and, for contact
athletes, a submuscular transposition to reduce
the risk for injury due to direct contact.

5.5.2 Pearls and Pitfalls
of Treatment

During the initial physical examination, close
attention should be paid to differentiating
ulnar nerve subluxation from snapping triceps
syndrome. Failure to identify the latter prior to
performing cubital tunnel release may lead to
failed surgery [52]. Ulnar neuritis often occurs
concomitantly with, or is a result of, valgus
elbow instability; thus, it is important to rec-
ognize and treat the associated pathology.
Finally, intraoperative care and time should be
taken to ensure that all potential sites of ulnar
nerve compression are adequately released.
Persistent ulnar nerve symptoms postoperative
are most commonly due to incomplete decom-
pression [53].

5.6 Summary

In summary, medial elbow pain is a common in
throwing athletes, and often times, the cause is
multifactorial as the symptoms commonly over-
lap. It is important for the clinician to obtain a
detailed history and physical examination to
identify the cause of pain and determine appro-
priate treatment. Often times, nonoperative treat-
ment is successful in managing these patients.
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New Aspects in UCL Stabilization

L.A. Pederzini, F. Di Palma, and F. Nicoletta

6.1 Introduction
The elbow is one of the most congruous and sta-
ble joints of the body.

The normal range of motion of the elbow is
approximately 0° of extension and 140° of flex-
ion. A functional range of motion for activities of
the daily living has been described to be of
30-130°, and the functional arc of throwing
ranges from 20° to 130°. The normal supination
and pronation are both of approximately 80° [1].

Although it is not a weight-bearing joint, it
can be subjected to high loads when practicing
racket or throwing sports or in gymnastics. As a
consequence of these continued sport activities,
elbow stability, due to static and dynamic con-
straints, can be compromised.

The elbow is the second most commonly dis-
located major joint [2], and 15-35 % of elbow
dislocations can have residual instability [3, 4].
Elbow dislocations represent 11-28 % of all
elbow injuries, with an annual incidence of six to
eight cases per 100,000 people [5].

The elbow is a very congruous joint with two
ligamentous complexes: UCL and LCL. They are
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involved in the pathoanatomy of throwing ath-
letes or in elbow dislocations and instability.

The symptoms of the instability in athletes can
occur following a single traumatic event or may
be due to repetitive stress leading to chronic lax-
ity such as in a throwing athlete.

6.2 Anatomy

The elbow joint is one of the most useful joint of
the body. Its stability is due to different structures
that can be divided in primary and secondary sta-
bilizers [6].

The primary stabilizers are represented by the
ulnohumeral joint, the ulnar collateral ligament
complex (UCL), and the lateral collateral liga-
ment (LCL).

The secondary stabilizers are represented by
radial head, capsule, and anterior and posterior
muscles that travel across the elbow and enable
flexion and extension mobility.

6.2.1 Ulnar Collateral Ligament

Complex Anatomy [7]

The UCL complex consists of three ligaments
forming a triangular shape: the anterior oblique
(AOL), posterior oblique (POL), and transverse
ligaments. The proximal origin of the AOL and
POL is from the anteroinferior surface of the
medial epicondyle [8] (Fig. 6.1).
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Fig. 6.1 Medial collateral ligament and ulnar nerve. E
medial epicondyle, AOL anterior oblique ligament, POL
posterior oblique ligament, U ulna, Un ulnar nerve

The AOL is the strongest component of the
UCL [9] and is the primary valgus stabilizer
among the different components of the medial
ligament complex [9-11].

The AOL is 4-5 mm wide [12] and is histo-
logically divided into two parts, one within the
medial capsule and one on the superficial surface
of the capsule that also serves as a partial origin
of the flexor carpi superficialis [13].

The origin of the AOL is inferior to the axis
rotation [14] and inserts 18 mm distal to the coro-
noid tip, along the medial aspect of the coronoid
process, near the sublime tubercle [10, 12].

The AOL is functionally composed of anterior
band (AB) and posterior band (PB) that provide a
reciprocal function in resisting valgus stress through
the range of flexion-extension motion [6, 9]. Recent
studies have refuted the concept of an isometric
fiber between the AB and PB [15, 16].

The POL is a fan-shaped thickening of the
capsule that originates from the medial epicon-
dyle, forms the floor of the cubital canal, and
inserts along the midportion of the medial margin
of the semilunar notch [15].

It is 5-6 mm wide at its midportion, is thinner
than the AOL, and exists within the layers of the
medial elbow capsule [13]. The transverse ligament
(Cooper’s ligament) connects the inferior medial
coronoid process with the medial tip of the olecra-
non [6, 15]. It is generally believed to have little or
no contribution to valgus stability [6, 14, 15].

The magnitude and degree of force transmit-
ted across the elbow joint vary based on specific
factors which include loading configuration and
angular orientation of the joint (degree of elbow
flexion) [6, 15].

The athlete is most often exposed to severe,
chronic repetitive valgus stresses. Although bony
articulation contributes significantly to resisting
these stresses with the elbow near full extension
(flexed less than 20°) or flexion (greater than
120°) [6, 10, 17, 18], the major restraint to valgus
stress between these two ranges is the UCL com-
plex. The anterior half (AB) of the AOL func-
tions as a checkrein from full extension to 85° of
flexion, while the PB is taut with elbow flexion
beyond 55°. As previously noted, the AB is the
most important stabilizer of the UCL complex for
valgus throwing forces. The POL functions with
the elbow flexed beyond 90° [17-20].

When the UCL is completely sectioned, elbow
laxity is greatest at 70° of flexion [10, 21, 22].

6.2.2 Valgus Instability

Patients with medial instability usually report
medial elbow pain, decreased strength during
overhead activity. Sometimes there may be symp-
toms of ulnar neuropathy from either acute or
chronic UCL injury caused by edema/hemor-
rhage of the medial elbow or excessive traction
on the nerve.

The UCL stability can be assessed with spe-
cific physical exam tests.

Patients with isolated UCL injury often have
point tenderness 2 cm distal to the medial epicon-
dyle, slightly posterior to the common flexor
origin.

The “milking maneuver” involves having the
patient apply a valgus torque to the elbow by
pulling down on the thumb of the injured extrem-
ity with the contralateral limb providing stability
[23]. With the modified milking maneuver, the
examiner provides stability to the patient’s elbow
and pulls the thumb to create a valgus stress on
the UCL [24]. In cases of UCL insufficiency,
these tests result in pain and widening at the
medial joint line.
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O’Driscoll and coworkers described the mov-
ing valgus stress test, in which the valgus torque
is maintained constantly to the fully flexed elbow
and then quickly extends the elbow [25]. This test
is positive if medial elbow pain is elicited and has
a 100 % sensitivity and 75 % specificity [25]. The
abduction valgus stress test is performed by sta-
bilizing the patient’s abducted and externally
rotated arm with the examiners axilla and apply-
ing a valgus force to the elbow at 30° of flexion.
Testing with the forearm in neutral rotation has
been shown to elicit the greatest valgus instabil-
ity [26]. A positive test results in medial elbow
pain and widening along the medial joint line.
Even so, valgus laxity can be subtle on physical
exam, and the range of preoperative detection is
between 26 % and 82 % of patients [27, 28].
Furthermore, Timmerman and colleagues found
valgus stress testing to be only 66 % sensitive and
60 % specific for detecting abnormality of the
anterior bundle of the UCL [29].

6.3  Treatment of UCL Lesions
Initial treatment consists of rest, anti-
inflammatory medications, icing, and bracing.

Literature report 42-50 % success rate in
returning to previous sport activities after differ-
ent conservative treatment protocols [30, 31].

These modest results lead to consider surgical
treatment, particularly in high-level athletes as
treatment of choice.

Surgical treatment for UCL tears has evolved
over the time. Early surgical management of UCL
insufficiency consisted of transferring the anterior
oblique ligament anteriorly and superiorly when
the UCL was present but attenuated [20], but this
technique was abandoned because the remaining
attenuated ligament is believed to be weaker as
the result of the repeated microtrauma and because
its transferred position is not functionally isomet-
ric and could lead to a flexion contracture. This is
not acceptable in the high-level athlete.

Primary ligament repair for acute injuries had
been supported [32, 33].

Most ligamentous avulsions have traditionally
been treated by reattaching the ligament to bone

through drill holes, while midsubstance ruptures
were repaired primarily [34].

UCL repair is considered only in case of avul-
sion injuries in younger athletes performing sur-
gery soon after injury and having MRI showing
complete avulsion from the bone [35].

In adults, also in acute events, it is frequent to
find an intrasubstance damage of the UCL and
the reconstruction must be considered.

Conway et al. [32] reported the relative preva-
lence of injury UCL for locations in 70 athletes
with acute UCL injuries: 87 % of the lesions
were midsubstance, 10 % were avulsions of the
ulna, and only 3 % were avulsions from the
humerus [32].

The ability to return to sports at the same level
as before injury was reported by Conway et al. to
be better with UCL reconstruction with the use of
a free graft compared with primary repair [32].

Azar et al. [27] also found better results with
UCL reconstruction (81 % able to return to play
at the same or higher level) compared with pri-
mary UCL repair (63 % return to play at the same
or higher level).

Autografts or allografts can be used to per-
form UCL reconstruction. The graft that can usu-
ally be used are:

* Palmaris longus — the absence of the palmaris
longus occurs approximately 6-25 % in the
general population [36].

* Gracilis.

* Plantaris.

* Extensor toe.

e Achilles.

Dr. Frank Jobe was the first in 1986 to report
on a reconstruction technique of MCL [37]. It is
often called “Tommy John” surgery after that Los
Angeles Dodgers pitcher was the first athlete to
undergo this procedure in 1974. Dr. Frank Jobe
used bony tunnels in the humerus and ulna to
secure a free graft. Exposure of the ligament was
achieved through transection of the common
flexor- pronator muscle group, from the medial
epicondyle, combined with a submuscular ulnar
nerve transposition. The ligament was recon-
structed by the use of a tendon graft woven
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through three drill holes in the medial epicondyle
and two drill holes in the ulna, in the form of a
figure eight, and sutured to itself.

Conway et al. [32] reported that 68 % of
patients returned to the previous level of sports
participation with this reconstruction technique.
There was a high incidence (21 %) of ulnar nerve
symptoms after this procedure, requiring a revi-
sion procedure of the ulnar nerve in 58 % of these
patients.

To minimize trauma to the flexor-pronator
muscle group and reduce the incidence of ulnar
nerve symptoms, Smith et al. [38] in 1996
described a more limited approach, which involved
splitting the flexor-pronator muscle group instead
of dividing it completely from the medial epicon-
dyle. Muscle splitting approach is created by incis-
ing the raphe of the flexor carpi ulnaris and then is
applied valgus stress. Converging 3.2-mm drill
holes are made in the ulna anterior and posterior to
the sublime tubercle with a minimum 5-mm
bridge. A 4.5-mm drill hole is made at the site of
the anatomic origin of the anterior bundle of MCL
on medial epicondyle that does not penetrate the
posterior cortex. A 3.2-mm drill hole is placed just
anterior to the epicondylar attachment of the
medial intermuscular septum and directed to com-
municate with the 4.5-mm drill hole in the epicon-
dyle. A second 3.2-mm drill hole is made in the
anterosuperior surface of the epicondyle approxi-
mately 1 cm from the previous 3.2-mm hole.

The ipsilateral palmaris longus is harvested
through a series of small transverse incisions
beginning at the distal flexor crease of the wrist.
The graft is passed through the proximal ulnar
bone tunnel and through medial epicondyle in a
figure-eight configuration. With the elbow placed
with varus stress, 60° of elbow flexion, and the
forearm in supination, tension is applied to the
graft. The ulnar side of the graft is sutured to
the remnants of the ulnar collateral ligament adja-
cent to the sublime tubercle. The proximal limb of
the graft is sutured to the medial intermuscular
septum outside the drill hole. Simple sutures are
placed in the crossing limbs of the graft which
further tension graft and enhances fixation.

With this modified technique, it was unnecessary
to mobilize and transpose the ulnar nerve routinely.

Good results with this modified Jobe tech-
nique, in which a muscle-splitting approach is
used for exposure, have been reported; Azar et al.
[27] reported that 79 % of patients had returned
to previous levels of sporting competition, and
Thompson et al. [28] reported a rate of 82 %.

Another alternative to transecting the flexor-
pronator mass that has been used with good suc-
cess was elevating the flexor-pronator tendon
without detaching or splitting it [39].

In 2001, Altchek et al. [40] and Rohrbough
etal. [41] in 2002 described a new reconstruction
technique called “docking technique.”

The docking technique is a modification of the
Jobe technique that simplifies graft passage, ten-
sioning, and fixation. The exposure is obtained
by muscle-splitting approach.

This reconstruction is based on a single medial
epicondylar drill hole and two drill holes in the
ulna similar to the Jobe technique. Humeral tun-
nel position is located in the anterior half of the
medial epicondyle at the anatomic insertion of
the native MCL similar to the Jobe technique
depth of 15 mm using a 4-mm bur or drill. Two
exit tunnels separated by 5 mm to 1 cm.

Graft is passed through the ulnar tunnel from
anterior to posterior. Posterior limb of the graft is
passed into the humeral tunnel. Final length of
the anterior limb of the graft is determined by
placing it adjacent to the humeral tunnel and
visually estimating the length of the graft that
would allow the graft to be tensioned within the
humeral tunnel.

A No. 1 braided nonabsorbable suture is
placed in a Krackow fashion. Excess graft is
excised and graft limb is passed into the humeral
tunnel with sutures exiting the small tunnels.
Graft tensioning is performed by placing the
elbow through a full range of motion with varus
stress placed on the elbow. Sutures are tied over
the bony bridge on the humeral epicondyle with
the elbow in 60° of flexion, supination, and varus
stress applied.

Medial epicondylar fixation is based on
sutures tied over a bone bridge.

It has been suggested that the docking tech-
nique allows for better tensioning of the ligament
graft. Rohrbough et al. [41] have reported that
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92 % of their patients were able to return to pre-
injury levels of competition.

Afterwards, other MCL reconstruction tech-
niques have been evaluated in the laboratory that
reconstruct the central isometric fibers of the
native ligament. Single drill holes located in the
isometric and anatomic location of the anterior
bundle of the MCL on the medial epicondyle and
ulna have been proposed (single-strand tech-
nique), which would reduce the risk of injury to
the ulnar nerve and simplify the procedure [42].

A single-strand technique minimizes the risk
of injury to the ulnar nerve from a second more
posterior drill hole and reduces trauma to the
flexor-pronator muscles by allowing a more lim-
ited exposure.

Ahmad et al. described the use of an interfer-
ence screw for fixation of a single-stranded ten-
don graft in blind osseous tunnels at the origin
and insertion of the native ulnar collateral liga-
ment [42]. Armstrong et al. determined the con-
tribution of the central portion of the anterior
bundle of the MCL to elbow stability and evalu-
ated the effectiveness of a single-strand MCL
reconstruction in restoring elbow stability [16].

Various fixation methods have been proposed
and used: interference screws for ulna and
humerus fixation; interference screw for ulna
fixation and docking technique for humerus fixa-
tion (Dane TJ/hybrid), endobutton for ulnar fixa-
tion, and docking for humerus fixation.

In 2005, Armstrong et al. [43] reported a bio-
mechanical comparison of the strength of four
reconstruction techniques to that of the native
ulnar collateral ligament in valgus stress. No dif-
ference in strength was found between the docking
and single-strand medial collateral reconstruction
with the use of an EndoButton for ulnar fixation.
Both of these reconstruction methods were stron-
ger than the interference screw or figure-eight
technique. The optimal fixation method for a sin-
gle-strand MCL reconstruction may require
improved interference screws or a modified
EndoButton procedure [43].

In 2006, a modified docking technique for
MCL reconstruction involving a double anterior
bundle and a single posterior bundle was
described and evaluated [44].

Large et al. in 2007 compared a traditional
Jobe bone tunnel ulnar collateral ligament recon-
struction to an interference screw reconstruction
[45]. The failure strength and initial and overall
stiffness of a traditional Jobe bone tunnel UCL
reconstruction are superior to those of an interfer-
ence screw reconstruction (ISR), and only tradi-
tional Jobe bone tunnel reconstruction reproduces
the initial and overall stiffness of an intact UCL.

Many UCL reconstruction techniques have
been described, and a paucity of biomechanical
data supports their use. This study found the Jobe
bone tunnel technique to be biomechanically
superior to the ISR technique.

McAdams et al. compared the docking proce-
dure and the bioabsorbable interference screw
procedure [46]. In this study, bioabsorbable inter-
ference screw fixation resulted in less valgus
angle widening in response to early cyclic valgus
load as compared with the docking technique.

The hybrid technique or Dane TJ procedure
allows reconstruction and independent tension-
ing of the anterior and posterior bands of the
anterior oblique ligament of the MCL that are not
accomplished with the other described tech-
niques. This technique is a hybrid of the interfer-
ence screw technique distally (in the ulna) and
docking procedure proximally (in the humeral
epicondyle) [47, 48].

In 2008, Seiber et al. [49] performed a biomechan-
ical evaluation of a new reconstruction technique of
the ulnar collateral ligament with modified bone tun-
nel placement and interference screw fixation.

In 2009, an alternative hybrid technique was
proposed by Bennett et al. using small bone tun-
nels in the medial epicondyle and a single, bioab-
sorbable screw in the wulna for anatomic
reconstruction of both bundles of the MCL that
can be tensioned before fixation [50].

There has also been a report published on the
biomechanical results of MCL reconstruction
with suture anchors to provide graft fixation onto
bone as compared with tunnels [51]. The use of
allograft for MCL reconstruction and the use of
synthetic ligament is now only an area of interest
as well [7].

Taking into account the different methods pro-
posed over the years by various authors, some
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details of technique that are essential for ana-
tomic reconstruction are evident:

1. Minimize trauma to the flexor-pronator mus-
cle group without transection from the medial
epicondyle.

2. Reduce the
symptoms.

3. Use transbone fixation methods (tunnels).

4. Avoid interference of such tunnels or stitches
suture with the course of ulnar nerve.

5. Possibility of anatomical reconstruction of
both bands of AOL.

6. Tensioning independently at different degrees
of flexion of the two bands.

7. Easy measurement of the length of the bands.

. Intraoperative change of the bands tension.

9. Proximal and distal anatomical intraosseous
fixation.

incidence of ulnar nerve

oo

More recently we presented a new double
bundles technique [52] using usually gracilis
from omolateral knee, that in our opinion simpli-
fies graft passage, tensioning, and fixation.

The exposure is obtained by muscle-splitting
approach.

The graft is prepared with a Krackow suture at
the two ends of the tendon by use of No. 2 TiCron
suture.

A 7-mm drill hole is made at the sublime
tubercle directed toward the lateral and posterior
cortex of the ulna, away from the proximal radio-
ulnar joint. The far cortex is not disturbed.

The graft is folded over onto itself and intro-
duced into the drill hole so that at least 1 cm of
the graft fill the drill hole (Fig. 6.2). A 6-7-mm
bioabsorbable interference screw is positioned in
the drill hole to stabilize the graft (Fig. 6.3).

One drill hole (7 mm) is positioned on the
medial epicondyle at the most isometric point for
the anterior bundle of the MCL at the anterior-
inferior surface of the medial epicondyle.

This drill hole did not broach the far cortex
and is oriented anterior-superior so as to void
ulnar nerve damages.

Two 4.5-mm drill holes are placed superiorly
and independently convergent to the 7-mm graft
hole away from ulnar nerve. The two ends of the

Fig. 6.2 The graft is folded over onto itself and intro-
duced into the drill hole so that at least 1 cm of the graft
fill the drill hole

Fig. 6.3 A 6-7-mm bioabsorbable interference screw is
positioned in the drill hole to stabilize the graft

tendon first pass together into the 7-mm graft
hole, and then each single bundle is retrieved
through the 4.5-mm drill hole (Fig. 6.4a, b) and is
sutured over itself at different degrees of flexion:
anterior bundle at 30° and posterior bundle at 70°
(Fig. 6.5).
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Fig.6.4 (a, b) The two ends of the tendon first pass together into the 7-mm graft hole and then each single bundle is

retrieved through the 4-5-mm drill hole

Fig. 6.5 The two ends of the tendon are sutured over
itself at different degrees of flexion: anterior bundle at 30°
and posterior bundle at 70°

This technique allows to reconstruct a new
ligament tensed in all arc of motion and thick
enough to reproduced the original UCL.

Postoperatively, the elbow is positioned in
brace for 6 weeks and rehabilitative protocols
start in 2 weeks.

Sport activity progression is initiated at
3-4 months and return to sport is allowed at
6—8 months post-op.

Reported outcomes of UCL surgery are gener-
ally favorable, and in our study, 85 % of 90 ath-
letes were able to return to a previous or higher
level of competition. The most common compli-
cations are (often temporary) ulnar nerve dys-
function, medial epicondyle fracture, stiffness,
and nonspecific elbow pain.
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Evaluation of UCL by Ultrasound

Giovanni Merolla, Giuseppe Porcellini,
Gianluca Bullitta, and Giuseppe Giannicola

7.1 Introduction

Ulnar collateral ligament (UCL) has a complex
anatomy and is the most important stabilizing
structure to valgus and internal rotatory forces
across the elbow joint [1, 2]. It is anatomically
divided in three components: the anterior medial
collateral ligament (AMCL), the posterior
medial collateral ligament (PMCL), and the
transverse ligament [3]. The AMCL consists of
an anterior bundle and a posterior bundle; the
anterior bundle primarily stabilizes the elbow
from 30 to 120° of flexion, while the posterior
bundle has the same function at the terminal
phase of the elbow flexion [4]. The UCL can be
injured after repeated valgus force applied to the
elbow, as it happens in overhead sports or work-
ing activities or as a result of direct or indirect
acute trauma [4]. Such trauma may be associated
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with bone injuries including fractures of the
radial head, olecranon, and medial epicondyle
[5]. Ultrasound (US) is an excellent imaging
modality for evaluation of elbow joint, the integ-
rity of the surrounding soft tissues, and the
assessment of the UCL after trauma or after sur-
gical reconstruction.

7.2 Ultrasound Technique

and Normal Elbow Anatomy

US examination of the elbow can be performed
on the patient supine or seated and the elbow
placed on an examination table [6, 7]. We use a
high-frequency linear transducer of 7.5-14 MHz.
Tendons and ligaments demonstrate characteris-
tic hyperechoic fibrillar echotexture when imaged
perpendicular to the ultrasound beam; iso- to
hypoechoic echogenicity of ligaments and ten-
dons may be diagnosed as abnormalities [6].
Assessment of the contralateral elbow is useful as
comparison, and dynamic imaging helps to eval-
uate the integrity of the collateral ligaments, sub-
luxation of the ulnar nerve or triceps tendon, and
intra-articular bodies. US examination begins
with the assessment of anterior elbow where the
key structures to be evaluated include the anterior
joint recess, distal brachialis muscle, distal biceps
brachii muscle and tendon, and the median nerve.
The elbow is extended and the forearm is supi-
nated and the examination should include both
transverse and longitudinal planes extending at
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Fig. 7.1 Anterior elbow examination. The patient is
seated with the elbow extended and the forearm supi-
nated. The probe is placed on the longitudinal plane (long
axis). A slight bending of the patient’s body toward the
examined side makes full supination and assessment of
the anterior compartment easier. Full elbow extension can
be facilitated by placing a pillow under the joint

least 5 cm proximal and 5 cm distal to the joint
(Fig. 7.1) [7]. The lateral elbow structures to be
evaluated include the common extensor tendon,
lateral collateral ligamentous complex, radiocap-
itellar joint, annular ligament, capitellum, and
radial nerve, including the posterior interosseus
nerve, which is its deep motor branch. The lateral
elbow is evaluated by placing the elbow in flex-
ion with the forearm pronated (Fig. 7.2).
Structures of interest in the medial compartment
include the common flexor tendon and the UCL,
the ulnar nerve, the medial part of the triceps ten-
don, and the anterior band of the UCL. The
medial elbow is evaluated with the patient’s fore-
arm placed in supination and extension or slight
flexion (Fig. 7.3a) [7]. The transducer is placed in
the long axis (coronal plane), over the medial epi-
condyle; this allows to show the hyperechoic
bony contours of the medial epicondyle and
ulnotrochlear articulation (Fig. 7.3a). An addi-
tional evaluation will include transverse US to
identify common flexor-pronator mass (pronator
teres and common flexor tendon, flexor carpi
radialis, palmaris longus, flexor carpi ulnaris, and
flexor digitorum superficialis) that originates
from the medial epicondyle and anterior band of
the UCL [8]. The origin of the common flexor-
pronator mass has a hyperechoic fibrillar pattern

Fig.7.2 The lateral aspect of the elbow is examined with
the elbow in extension or in slight flexion. The probe is on
the long axis to evaluate the common extensor tendon
origin

comparable to that of the common extensor ten-
don [9]. Anterior band of UCL appears on US as
hyperechoic, thin, compact fibrillar band just
deep to the common flexor tendon; it originates
from the anteroinferior aspect of the medial epi-
condyle to insert on the sublime tubercle of the
coronoid process of the ulna (Fig. 7.3b) [8, 10].
Less commonly, the proximal attachment of the
anterior band has a cordlike or broad-based
appearance [11]. Dynamic US by application of
valgus stress on the elbow allow to evaluate for
ligamentous laxity, and comparison with the
uninjured side is mandatory [12]. As with all lig-
aments, the anterior band of the UCL is suscep-
tible to anisotropy.

US Assessment of UCL
Injuries

7.3

Injuries of UCL are often injured concomitantly
with the overlying common flexor-pronator mass
[12]. Partial UCL tears appear as focal hypoechoic
heterogeneity and ligamentous thickening [8, 11,
12]. Disruption of the UCL with widening of the
ulnotrochlear joint indicates a full-thickness tear
[8, 11, 12]. Dynamic valgus stress assessment
allows differentiation between complete and
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Fig.7.3 (a, b) Examination of the medial elbow. (a) The
forearm is supinated and the elbow extended or slightly
flexed, resting on a table with a pillow under the joint. (b)
The cranial edge of the probe is placed over the medial
epicondyle in the coronal plane to reveal the common

incomplete UCL by asymmetrical widening of
the ulnohumeral joint [11, 12]. Assessment of the
contralateral UCL provides useful information
on the normal morphology of UCL and the inher-
ent stability of the ulnohumeral joint. This is in
line with the findings during arthroscopic evalua-
tion of widening of the ulnohumeral joint in case
of a tear of the deep layer of the UCL while visu-
ally remaining intact externally [13]. US can be
useful in the assessment of ulnar nerve entrap-
ment (cubital tunnel syndrome) by demonstrating
a hypoechoic thickened ulnar nerve with a cross-
sectional area greater than 7.5 mm? at the level of
the medial epicondyle. A thickened, hypoechoic
ulnar nerve with loss of its fascicular appearance
may be seen in ulnar nerve subluxation as a result
of irritation from friction during translocation.
Dynamic imaging during active elbow flexion
will demonstrate medial and anterior dislocation
of the ulnar nerve over the medial epicondyle.
Typically, the ulnar nerve will relocate within the
cubital tunnel during elbow extension. Correlation
with symptoms and the appearance of the
contralateral nerve is important, as ulnar nerve

flexor tendon in its long axis and the anterior bundle of the
medial collateral ligament deep to this tendon. ME medial
epicondyle, white arrows common flexor tendon origin;
red arrows anterior bundle of the medial

subluxation is seen in up to 20 % of asymptom-
atic patients. In some patients, especially over-
head athletes, the subluxation of the ulnar nerve
is accompanied with a subluxation of the medial
part of the triceps tendon.

The ulnar nerve, in general, subluxates over
the medial epicondyle between 70° and 90° of
flexion, and the triceps subluxates between 110
and 120° of flexion.

US Evaluation
of Reconstructed UCL

7.4

The surgical procedure require the identification
of the isometric origin of the anterior band of the
MCL on the anteroinferior aspect of the medial
epicondyle be identified, preserving the origin of
flexor-pronator tendons. After exposure of the
sublime tubercle on the medial aspect of the prox-
imal ulna, humeral and ulnar tunnels are prepared
for the passage of the tendon graft, which is then
fixed using a figure-of-eight configuration or a
docking technique (see Chap. 7). US is performed
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Fig.7.4 Ultrasound assessment of the right reconstructed
UCL. The graft appears as a hyperechoic cordlike struc-
ture (black arrows) that lay deep to the common flexor
tendon surrounded by scar tissues. ME medial epicondyle,
F common flexor tendon

with the transducer placed in the long axis, with
its cranial aspect over the medial epicondyle so
that the hyperechoic bony contours of the medial
epicondyle and ulnotrochlear articulation are seen
[8]. Compared to the original anterior fibrillar
band of the UCL, the graft appears as a more
hyperechoic compact “cordlike” band that lay just
deep to the common flexor tendon (Fig. 7.4). The
US allows to follow the course of the graft from
the isometric origin on the anteroinferior aspect of
the medial epicondyle to the ulnar insertion close
to the sublime tubercle [14]. Dynamic US is also
performed to evaluate the tensile properties and
the resistance of the graft with application of val-
gus stress on the elbow. Merolla et al. [14] in a
recent research article reported good to excellent
results with graft reconstruction techniques in
subjects with chronic UCL insufficiency, showing
similar clinical and radiographic results of
allograft vs. autograft; the same authors high-
lights the efficacy of musculoskeletal US to evalu-
ate the reconstructed UCL.

Conclusions

US is an effective diagnostic tool in terms of
cost-effectiveness, accessibility, and patient
comfort and can be used as an alternative for

patients who have contraindications to mag-
netic resonance imaging (MRI). The high
image resolution is facilitated by the superfi-
cial location of the elbow. US is effective and
reliable in the assessment of postoperative
elbow after UCL reconstruction as shown in
recent research articles.

Although it is operator dependent and
requires a learning curve, it remains an excel-
lent imaging tool, and the advantages are such
that it continues to be increasingly used as an
alternative or adjunct to MR imaging.

11.
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Olecranon Elbow Pain

in Sportsmen

Roberto Rotini, Michele Cavaciocchi,
Krishna Kumar, and Enrico Guerra

8.1  Which Sports and Why

Various sports can create an elbow functional
overload with olecranon pain; throwing sports
(i.e., baseball, softball, javelin, handball, water
polo, football), “racket” sports (i.e., tennis, golf,
cricket, etc.), and superior limb-bearing sports
(i.e., gymnastics, dive) can cause functional
overload of the olecranon and consequent pain
[1-9]. Gymnasts and wrestlers show high risk
for olecranon stress fractures, related to high
weight-bearing across the elbow and sudden
extension forces associated with triceps-demanding
maneuvers [5].

8.2  Introduction

In modern sports, the elbow sustains a critical
load. Children and teenager can run the risk of
significant lesions, thinking that 55 % of US high
school students take part in sports, like baseball
and softball (third and fourth most practiced)
[10]. This risk level drove US Baseball Little
League to define guidelines for pitchers, to avoid
excess of stress to these young athletes.
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Based on these considerations, an epidemio-
logical increase of elbow overuse is evident and
covers a wide part of the general population.

Pain resolution and sport restart in few times
are the goals of treatment.

Roughly, in athletes, elbow lesions can find
their origin in a high-energy trauma (sprains, dis-
locations, fracture-dislocations) or in a low-
energy trauma or microtrauma. A high-energy
trauma shows a very typical presentation, it is
difficult to miss its diagnosis, and it requires an
early and careful treatment to minimize the
sequelae. Microtrauma and overuse lesions have
an insidious onset and the clinician must pay a
great attention to avoid underestimating them.

8.2.1 Notes of Elbow Biomechanic
In the daily activities, the elbow sustains a load
which is three times of body weight, with a peak
at 90° of flexion. The joint is inherently in valgus,
so the forces are not well distributed on the artic-
ular structures, which must support a continuous
valgus stress along the entire range of movement.
Several cadaveric studies described some par-
ticular elbow features: intrinsic valgism is con-
trolled, in maximum extension and maximum
flexion, by the osseous ulnohumeral congruence
[11]. Histological and biomechanical studies
underline the different tensions of the two bun-
dles (anterior and posterior) of the medial/ulnar
collateral complex (UCL) during the elbow

85

L.A. Pederzini et al. (eds.), Elbow and Sport, DOI 10.1007/978-3-662-48742-6_8


mailto:roberto.rotini@ior.it

86

R. Rotini et al.

motion in flexion and extension [12]: the anterior
bundle provides valgus stability throughout the
entire range of motion and consists of anterior
and posterior bands that originate from the infe-
rior aspect of the medial epicondyle and insert at
the sublime tubercle on the medial aspect of the
coronoid process [13—16]. The anterior band of
the UCL is the primary restraint to valgus rota-
tion at 30, 60, and 90° of flexion and was a co-
primary restraint at 120° of flexion. The posterior
band of the anterior UCL is a co-primary restraint
at 120° of flexion and a secondary restraint at 30
and 90° of flexion [12, 17]. The oblique bundle
(transverse ligament) lies at the distal-medial
aspect of the joint capsule and does not cross the
elbow joint. The posterior bundle is thinner and
weaker than the anterior bundle and provides sec-
ondary elbow stability over 90° of flexion [13,
14, 17]. In cadaveric models, the incision of the
anterior bundle of the UCL creates medial elbow
instability, most of all at 70° of flexion [18], so if
UCL is not sufficient, the radiohumeral joint
becomes a primary valgus stabilizer of the elbow
[11]; the olecranon resection improves the stress
over UCL [19].

In athletes, a repetitive valgus stress is well
defined for pitchers and creates a high tension of
the medial compartment, a compression of the
lateral compartment, and a posteromedial com-
pression between olecranon and fossa; proceed-
ing on this vicious circle, the UCL looses its
tension, increasing the stress on the joint, leading
to osteochondral lesions, and determining pain,
swelling, and stiffness.

8.2.2 Causes of Olecranon Pain
in the Athlete

1. Valgus extension overload syndrome (or pos-
teromedial elbow impingement)

Olecranon stress fractures

Persistence of the olecranon physis

“Boxer’s elbow”

“Handball goalie’s elbow”

Triceps tendon lesions/tendonitis

Triceps snapping

Olecranon bursitis

S A ol

8.2.2.1 Valgus Extension Overload
Syndrome (VEOS)

Firstly described by Wilson et al. in 1983 [20],
VEOS is a condition that results from impinge-
ment of the posteromedial tip of the olecranon
process on the medial wall of the olecranon fossa.
Incidence data show that VEOS can affect the
65 % of the overhead athletes [21, 22].

The throwing mechanism bring the elbow, in
the acceleration phase, to 3,000 deg/s of angular
speed and to 64 N/m of torque force, passing
from 110 flexion degrees to 20 extension degrees
[23, 24]; in addition, during the throwing, the val-
gus torque concentrates to the medial elbow a
shear force of approximately 300 N [23, 25, 26].

Concomitantly, compressive forces at the lat-
eral radiocapitellar joint reach 500 N. The rapid
elbow extension that occurs with throwing is one
of the fastest recorded human motions [27].

This functional overload determines a tensile
stress on the medial elbow, a shear force on the
posterior elbow, and a compression force on the
lateral elbow. A repetitive performance of this
action creates lesions on the various elbow dis-
tricts, with symptoms beginning on the medial
side (UCL disease, medial instability) and
extending to the posterior (impingement of olec-
ranon fossa) and to the lateral compartment (car-
tilage and bone lesions, OCD) [28-30].

As explained by Dugas [27], in the overhead
or throwing athlete, increase of medial elbow lax-
ity may predispose the athlete to micromotion of
the olecranon tip within the fossa as the elbow is
forcibly extended.

King and colleagues [31] suggested that with
excessive valgus force, ligamentous laxity on the
medial aspect of the elbow accentuates the
impingement of the posteromedial olecranon
within the olecranon fossa. This posteromedial
impingement leads to osteophyte formation on
the posteromedial tip of the olecranon as an
attempt to create more stability. The impinge-
ment and the symptoms worsen with continued
throwing or overhead delivery.

Aguinaldo and Chambers [32] reported in
2009 several mechanical factors in the throwing
motion that predispose the elbow to high valgus
load. These factors include late trunk rotation,
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reduced shoulder external rotation, and increased
elbow flexion. Sidearm pitchers were found to be
more susceptible than overhead pitchers. In many
throwers and overhead athletes, there never
appears a clinical problem with VEOS because
they discontinue throwing in high volumes as the
result of increasing age and decreasing opportu-
nity to play competitive overhead sports. In
higher-level athletes, and in people who continue
to enjoy overhead sports into adulthood, the
appearance of symptomatic VEOS is increased.
Recurrent UCL injuries, such as strains or mini-
mal tears, can lead to increased laxity and pres-
sure in the posteromedial side of the elbow.

8.2.2.2 Olecranon Stress Fractures

Stress fractures are partial or complete fractures
of a bone resulting from its inability to resist a
stress applied in a repeated manner [33]. The first
olecranon stress fracture description belongs to
Waris in 1946 that described the lesion of a jave-
lin thrower [34]. Charlton [35] underlines that
this kind of lesions affects patients with a closed
physis; similarly, Rettig [36] emphasized how
stress fractures represent a different clinical pic-
ture from the olecranon physis persistence, bas-
ing on the differences in physiopathology of
mature and immature skeleton.

As explained by Nakaji [37] and by Lu [38],
the olecranon stress fractures are an uncommon
source of elbow pain in athletes, mostly occurring
in throwing athletes including baseball players,
gymnasts, javelin players, wrestlers, and lifters.

Lu [38] underlines that the stress fractures and
tip fractures of the olecranon are not the same
entity although they are both seen in throwing
athletes.

The location of the stress fracture can be the
olecranon tip or the mid-articular portion; usu-
ally, these fractures show a nondisplaced pattern.
The possible cause of olecranon stress fracture
may be the result of intrinsic forces from the
muscle contraction during the terminal phase of
throwing and impingement of the olecranon
against the medial wall of the olecranon fossa.

Analyzing the causes of the olecranon stress
fractures, Paci et al. [39] sustain that the cause of
the tip lesions is impingement into the fossa;

transverse lesions are caused by a combine
between extension forces and triceps pull (typical
of weight lifters); oblique fractures are due to a
VEOS mechanism, with both valgus and exten-
sion forces (typical of throwers, as confirmed by
Ahmad [40] and Kancherla [21]). Some authors
show different opinions on the olecranon stress
fracture pathogenesis: Nakaji [37] affirms that
these lesions originate from violent triceps trac-
tions, without association with VEOS mecha-
nism. Ahmad [40] confirms the hypothesis
postulated by King [31] that the pathomechanics
of olecranon stress fractures are also similar to
injuries due to a valgus extension overload. Stress
injury across the olecranon is caused by repeti-
tive abutment of the olecranon into the olecranon
fossa, traction from triceps activity during the
deceleration phase of throwing, and impaction of
the medial olecranon onto the medial wall of the
olecranon fossa from valgus forces. Both repeti-
tive microtrauma caused by olecranon impinge-
ment or excessive triceps tensile stress have also
been implicated as etiologies [41]. Schickendantz
[42] supposes that the origin of the olecranon
stress fractures can be found in the failure of the
olecranon trabecular bone during cyclic loads,
most of all without signs of medial instability.
Furushima in a recent paper [43] made a litera-
ture review and purposed a new classification of
olecranon stress fracture, based on the origin and
the direction of the fracture plane; this classifica-
tion is based on five different kind of fracture:
physeal, classic, transitional, sclerotic, and distal;
the patient age at the beginning of the symptoms
influence the characteristic pattern of fracture.

8.2.2.3 Persistence of the Olecranon
Physis

The olecranon physis has two ossification cen-
ters, one posterior, responsible for the longitudi-
nal axis of the ulna, and one anterior at the
olecranon tip, that contributes to the joint surface.
These two centers fuse and create a single physis
that persists until age 16 in boys and age 14 in
girls. A persistent olecranon physis, although
similar to an olecranon stress fracture, is a result
of repetitive elbow stress leading to sclerotic
changes during physeal closing [21].
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A posterior elbow pain in childhood can direct
the diagnosis to apophysitis, but in late child-
hood, it can refer to a persistence of the olecranon
physis.

Charlton affirms that this pathology can derive
from repetitive isolated stress forces of the tri-
ceps insertion on the olecranon, as the ones that
can occur in gymnasts and divers [35]; rare is its
origin from VEOS mechanism.

8.2.2.4 “Boxer’s Elbow”

This is a rare condition that finds its pathogenetic
mechanism in repetitive high-force hyperexten-
sions of the elbow, causing posterior or posterolat-
eral osteophyte with impingement into the
olecranon fossa and posterior and/or posterolateral
pain. The boxers are prone to hyperextension with
missed punches. Boxer’s elbow is not associated
with instability, unlike handball goalie’s elbow, that
has been associated with medial instability [44].

8.2.2.5 “Handball Goalie’s Elbow”

The serial studies done by Tyrdal [45] and the
study done by Popovic and Lemaire [46] sug-
gested that the mechanism underlying the problem
of handball goalkeepers’ elbow is increased load
in hyperextension. However, in a study based on
the video analysis to evaluate the loads on hand-
ball goalkeepers in the moment of the save, Akgun
[47] suggests that handball goalkeepers are subject
to valgus loads more than hyperextension loads on
their elbows. During the impact between the ball
and the hand, a valgus load on the elbow is well
depicted. Similarities between symptoms of base-
ball pitchers, valgus extension overload syndrome,
and the handball goalkeepers elbow complaints
confirm the theory that the pathogenesis in these
sports motion is the same [48].

8.2.2.6 Triceps Tendon Lesions/
Tendonitis

A pattern of posterior elbow pain in the athlete
can find its origin in the triceps tendon pathology.
Triceps tendon rupture is rare: as reported by
Morrey [49], on 856 upper extremity tendon inju-
ries treated at Mayo Clinic, 8 injuries were
reported on triceps tendon. In this population, the
possible kind of triceps lesions are partial and
complete ruptures, that are linked with local

steroid injection, use of steroid drugs with
anabolic aims, and metabolic diseases. The injury
can derive from a direct hit, from an eccentric
load on a contracted tendon, or, rarely, from a fall
on the outstretched hand.

8.2.2.7 Triceps Snapping

Triceps snapping is a well-defined disorder of the
elbow, typical of the second decade of life. The
main symptom is a lateral or medial snapping of
the triceps, caused often by sport activities that
involve upper limbs. Causes can be represented
by triceps hypertrophy, triceps anomalous slip-
ping propensity, epicondyle hypoplasia, or post-
traumatic bone malalignment. The most common
feature is a subluxation of the medial head of the
triceps over medial epicondyle [49]. The medial
snapping can be the cause of ulnar nerve irrita-
tion or compression.

8.2.2.8 Olecranon Bursitis

Olecranon bursitis can be a rare cause of poste-
rior elbow pain in sportsmen, because it typically
affects middle-aged men and it is often correlated
with comorbidities, that are uncommon in ath-
letes, like rheumatoid arthritis, gout or pseudo-
gout, systemic lupus erythematosus, pigmented
villonodular synovitis, diseases causing impaired
immunity, or with several other systemic causes.
Nevertheless, repetitive low-level elbow trauma
represents the main pathogenesis of the olecra-
non bursitis. At the origin of this disease can be
found upper limb weight-bearing sports (wres-
tlers, gymnasts). Olecranon bursitis can appear
as aseptic or septic: in the last case, the most
common cause of infection is Staphylococcus
aureus, but several other different organisms
(Gram-positive, Gram- negative, atypical bacte-
ria, and fungi) have been reported [50].

8.3  Physical Examination

A thorough evaluation starts with knowing the
patients, their sport, and their level of competi-
tion. Complaints may include pain, decreased
motion, mechanical symptoms (clicking, locking,
popping, etc.), instability, and paresthesias as
well as throwing-specific symptoms. Changes in
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accuracy, velocity, endurance, and strength aid in
diagnosis and will be used as markers to measure
improvement. Any changes in a training or
throwing regimen should be noted, including
pitch counts, innings, games pitched, and rest
between pitching for baseball players.

Physical examination starts with inspection of
the posture, arm position, muscle mass, skin, and
asymmetries compared with contralateral extrem-
ity. Tenderness on palpation of olecranon, medial
and lateral epicondyles, radial head, and soft spot
may indicate acute fracture, stress fracture, or ten-
donitis. Lateral olecranon tenderness on palpation
may indicate a stress fracture, proximal medial
tenderness, and impingement. Tenderness over the
tendons can indicate microtrauma or inflamma-
tion. Palpation of the ulnar nerve along its course
should not elicit any pain, but a positive Tinel sign
can be found as indication of ulnar nerve pathol-
ogy. In skeletally immature athletes, tenderness
may indicate injury to the apophysis or physis.

8.3.1 Valgus Extension Overload

Syndrome

The typical presentation symptoms are a postero-
medial pain, most of all in deceleration phase with
maximum extension, a limitation in complete
elbow extension, and a joint crackling. The athlete
usually refers a long history of elbow pain, during
or immediately after the sport, resolved with drugs
or rest in the same way, pain is never complained
during the normal daily activities. The medical
evaluation is usually required when the athlete’s
performance is bluntly insufficient (i.e., the loss of
30 % of speed in baseball pitching); rarely, a medi-
cal evaluation is required for the loss of the last
10-20° of extension, generally because this loss is
necessary in few sports (shot put).

The most important question to ask a thrower is
in which phase of throwing the symptons occur. If
the athlete experiences pain medially at the onset
of arm acceleration, there should be concern about
the UCL. If the athlete experiences posterior pain
at ball release when the elbow nears terminal
extension, VEOS is more likely to be the cause.
Posteromedial pain with resisted arm extension
may be more likely with distal triceps tendonitis

rather than VEOS [27]. The range of movement
can be normal or just slightly limited [42].

A complete evaluation must be carried out,
because, the elbow overload could derive from a
defect in foot-hand kinetic chain [51].

It is important to perform the clinical test for
medial instability (valgus stress test, milking test,
Mayo valgus movement test, valgus extension
overload test). These tests are not easy in execu-
tion, usually create pain and apprehension, and
cannot give information to the clinician, also on
the basis of the constitutional and asymptomatic
laxity of many thrower, that are not easy to under-
stand. Suzuki suggested the milking maneuver at
90° of flexion, where the olecranon does not
engage the olecranon fossa, to differentiate val-
gus extension overload syndrome from medial
collateral ligament injury [7].

It is common for a thrower to have some loss
of elbow extension in the dominant throwing
elbow, and this finding should not appear during
the examination. When an injury is suspected to
the UCL, a VEOS. The presence or absence of
posteromedial pain in forced extension should be
noted in the physical examination of each
thrower.

Imaging is useful in the evaluation of VEOS:
standard and oblique X-ray can help to assess the
presence of osteophytes; X-ray under stress and
arthrography has low practical utility. The 2D and
3D CT scan can underline the osteophytes or
loose bodies. The MRI, most of all with contrast
inside the joint, can help in the diagnosis of UCL
lesions and is, nowadays, the gold standard in the
study of an athlete with posterior elbow pain.

Cohen underlines MRI as an important diagnos-
tic aid in confirming the proper diagnosis of elbow
injury in the throwing athlete. His study identifies
distinct bony and articular changes to the posterior
trochlea and olecranon along with posteromedial
synovitis in athletes with VEOS. Other associated
findings may include loose bodies, as well as
chronic changes to the UCL or to the flexor/prona-
tor tendon origins. MRI identifies a reproducible
pattern of pathology in throwing athletes with this
disorder and these MRI findings correlate highly
with arthroscopic evaluation [52].

The same author affirms that throwing athletes
with MRI changes to the olecranon but pain in
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the early acceleration phase of throwing are more
likely to have UCL insufficiency, whereas throw-
ing athletes with similar MRI changes but pain
during full extension and the follow-through
phase of throwing are more likely to have pos-
teromedial impingement.

As Dugas noted, VEOS is a syndrome, not a
radiographic condition. The absence of osteo-
phytes or loose bodies does not eliminate VEOS
as a cause of the athletes’ symptoms, because the
condition of posteromedial impingement pre-
dates the formation of osteophytes [27].

8.3.2 Olecranon Stress Fractures

The presentation of this disease is a progressive
pain impairment in a period of some weeks dur-
ing the pitching [37]. Usually, the pain is absent
at rest. Pain and tenderness can be located at both
posterolateral and posteromedial region [53].

The ROM can be limited in maximum exten-
sion and the maneuvers of extension against
resistance determine pain [21].

Schickendantz suggests the utility of olecra-
non percussion in differential diagnosis of poste-
rior elbow pain: in his study, all cases with stress
olecranon fractures were positive with this
maneuver [42]; it has been proved by Anderson
[54] that tibial percussion inducing local vibra-
tion can unmask the symptoms of a stress frac-
ture, mainly if incomplete.

Rare findings of associated proximal radial
stress fracture are described [42], while UCL
lesions have not been described in association
with olecranon stress fractures.

X-ray imaging (usually performed both in the
affected elbow and in healthy one) is adequate to
study these lesions.

8.3.3 Persistence of the Olecranon
Physis

Adolescents typically present with posterior
elbow pain at terminal elbow extension in the
follow-through phase of throwing with a strength
loss. Sometimes, a loss of the complete elbow

ROM and a mild medial instability can be found
[21, 35]; the mean period of symptoms is
26 months (4-60 months) [35].

Plain radiographs of bilateral elbows may
show a sclerotic physis, widened as high as 5 mm
on the affected side. A T2-weighted MRI may
show physeal edema. In a recent study looking at
the utility of radiographic criteria for guiding non-
operative versus operative treatment, sclerotic
change was found to be a highly predictive vari-
able for requiring operative intervention [55].

8.3.4 “Boxer’s Elbow”

In boxers, the onset of the complaints was acute after
a missed punch. The complaints in the acute phase
were pain dorsally and swelling of the elbow directly
after the trauma. Recurrence of symptoms occurred
after similar trauma of the elbow and led to chronic
complaints in these patients. In the chronic phase, all
patients had posterior elbow pain, stiffness, and loss
of extension. They were unable to continue training
or to compete. The imaging usually underlines the
typical posterolateral osteophytes, useful for the dif-
ferential diagnosis with VEOS.

8.3.5 “Handball Goalie’s Elbow”

The diagnosis of “handball goalie’s elbow” cov-
ers a wide pattern of symptoms: pain, weakness,
reduced range of motion, apprehension, numb-
ness, swelling, clicking, locking, and instability
[56]. As for VEOS, the imaging aids the diagnosis
(X-ray, CT, MRI).

8.3.6 Triceps Tendon Lesions/
Tendonitis

The history of the trauma is fundamental in the
diagnosis of triceps tendon lesions: in most cases,
the lesion is preceded by a period of tendon pain.
The assessment of these patients must be accu-
rate: range of motion is usually reduced and the
palpation of the triceps tendon insertion can show
a defect; in the opinion of Bach [57], these signs
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are pathognomonic of triceps tendon disruption.
Active elbow extension can be present, but exten-
sion against gravity is not allowed in the com-
plete ruptures. It is important to execute a
provocative maneuver such as the “modified”
T. Campbell Thompson test [58] (Image 8.1).

Image 8.1 MRI sagittal T2 view of a complete triceps
tendon lesion

8.3.7 Triceps Snapping

The clinical study of the triceps snapping is usu-
ally performed with the patient’s elbow on the
examiner’s open hand, with the thumb over the
medial epicondyle; a passive movement from
extension into flexion can reveal a single or dou-
ble snap with anterior direction; if a double snap
is found, the ulnar nerve determine the first one,
followed by the medial head of the biceps [59].
The imaging study of triceps snapping can bene-
fit of ultrasounds, most of all with a direct
dynamic evaluation [60] of the ulnar nerve and/or
of the medial head of the triceps; the MRI finds
its utility, if the study is performed with the elbow
in flexion [61] (Image 8.2).

8.3.8 Olecranon Bursitis

The diagnosis is clinical, based on a conspicuous
swelling on the posterior elbow, caused by the
effusion that develops because of bursal inflam-
mation. Dealing with pain, in septic bursitis, all
the elbow movements are painful, while in asep-
tic bursitis, pain is low or absent. The features of

Image 8.2 MRI coronal T1 view of a case of triceps snapping: (a) in full extension, the snapping is not demonstrable;
(b) in 120° of flexion, the MRI demonstrates a triceps snapping and dislocating ulnar nerve
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aseptic and septic olecranon bursitis, if com-
pared, do not show significant differences.

The skin temperature over the bursitis is
higher in septic cases and normal in aseptic.
Ultrasound scanning can be used for differential
diagnosis in elbow swelling (synovial prolifera-
tions, calcifications, loose bodies, rheumatoid
nodules, gouty tophi) and to evaluate the general
quality of the fluid. Standard X-ray of the affected
elbow is useful to exclude bony lesions and to
study the joint. Rare is the use of MRI [50].

8.4 Treatments

8.4.1 Valgus Extension Overload
Syndrome

The first treatment is conservative: rest from sport,
NSAIDs, ice, and rehabilitation therapies, at least
for the first 4 weeks. From the fifth week, a pro-
gram of strengthening of active elbow stabilizers,
the full elbow movement recovery, and a plyomet-
ric rehabilitation can be started. The restart of the
sport-specific gesture with a specific and progres-
sive program can be planned between the 16th
and the 24th week from the beginning of rest.

Kancherla suggests rest and pitching limita-
tion for 2—6 weeks, followed by a sport-specific
rehabilitation (dynamic stabilization, reinforce-
ment of flexor/pronator mass, in particular with
eccentric exercises) and an interval throwing pro-
gram; if this program is not effective in pain reso-
lution, this author suggests to evaluate for surgical
treatment [21].

An imaging evidence of posteromedial spurs
should drive the choice toward surgical removal.
Arthroscopy is very useful in this disorder, because
it gives the possibility to assess the anterior com-
partment, looking for chondral lesions, loose bod-
ies, and instability signs (by direct view of UCL
anterior bundle or by the indirect sign of the medial
joint side opening of 1 mm at 70° of flexion) [62].

Cohen underlined that arthroscopic debride-
ment, olecranon spur excision, and loose body
removal allow return to throwing sports and reli-
able subjective and objective results in carefully
selected patients [52].

The posterior compartment study gives the pos-
sibility to treat olecranon spurs and analyze olecra-
non fossa. In literature, it has been proved that an
olecranon resection lower than 8 mm. is not dan-
gerous for an iatrogenic loss of ulnohumeral con-
straint and a consequential strain increasing on
UCL, but we consider prudent to remove just the
spurs and the posterior scar. After an arthroscopic
arthrolysis, the rehabilitation program can be
started after 2 weeks with the aim of coming back
to the field between 3 and 6 months.

8.4.2 Olecranon Stress Fracture

Both conservative and surgical modalities have
been purposed for the treatment of olecranon
stress fractures. Several authors refer good results
with conservative treatment based on rest, splint,
and progressive return to sport [2, 42, 53].
Surgical treatment, however, is considered by
some authors the better option for these patients,
primarily with the aim of a quick competitive
sport return [7] and secondly because the inci-
dence of nonunion and delayed union is higher
after conservative treatment and requires second-
ary intervention [7, 63, 64].

Lu suggests that minimally or nondisplaced
transverse fractures respond successfully to con-
servative measures, including activity restriction
or immobilization with splint/cast [38]. For those
with displacement greater than 2 mm, surgical
treatment leads to good results and lower non-
union rates. Lu also agree with Suzuki’s state-
ments [7] suggesting an early surgical approach
for oblique olecranon stress fractures. Symptomatic
tip fragments should be excised [2, 65].

Orava proposed the use of tension band for
transverse fractures and screw in compression for
the oblique ones [6]. Furthermore, arthroscopi-
cally assisted procedures can allow for additional
diagnosis of associated lesions (loose bodies,
osteophytes, ligament injury, and chondral dam-
age). The postoperative treatment for olecranon
stress fractures is based on splint with 90° of flex-
ion for 7-10 days, followed by a 4-week rehabili-
tation with passive and then active flexion and
extension and active pronation and supination,
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full active movement allowed at the sixth week,
strengthening exercises during the eighth week,
and interval throwing program in the 12th week.

8.4.3 Persistence of the Olecranon
Physis

As for the previously described disorders, the ini-
tial management consists of rest, cessation of
throwing, nonsteroidal anti-inflammatory drugs
(NSAIDs) and ice, that can be successful in most
patients. Surgical treatment may be beneficial
after failing conservative management for 3 or
4 months, preferring low-profile systems, as
tension-band wire construct and a single lag
screw have been described as successful fixation
options [35, 66]. Arthroscopy is not routinely
used but can be useful in the cases of associated
chondral lesions, that need a treatment.

After the surgery, a removable splint is usually
used for 3 weeks, with passive and active move-
ment from the second week; interval throwing
program is allowed after 8 weeks and return to
competition usually needs 4 months.

8.4.4 “Boxer’s Elbow”

The treatment of boxer’s elbow is based, firstly, on
nonsurgical treatment (rest, ice, compression, ele-
vation), physical therapy, NSAIDs, and eventually
corticosteroid injections of the posterior side of the
elbow. If this approach fails, surgical treatment can
be considered. Elbow arthroscopy with debride-
ment of the olecranon is usually the first choice,
because it allows scar tissue and loose bodies
removal, resection of posterolateral osteophytes,
and partial resection of the olecranon tip. An
arthroscopic stress test, to evaluate the medial
opening, should always be performed [44].

8.4.5 “Handball Goalie’s Elbow”

Basing on similar pathogenesis and clinical
onset, handball goalie’s elbow is treated in the
same manner as VEOS.

8.4.6 Triceps Tendon Lesions/
Tendonitis

Historically, partial tears of the triceps have been
treated conservatively [57, 67, 68]. In his work on
professional American football players, Mair
[69] evaluated 11 complete ruptures and 10 par-
tial ruptures; the author underlines that the extent
of the tear may help to decide whether early
surgery is necessary: MRI lesions of 90-100 %
of the triceps tendon should be treated with early
surgical repair. Partial tears (involving 75 % of
the tendon on MRI or less) show the capacity to
heal in some instances.

According to Morrey, partial tears can be
treated nonoperatively for 6-8 weeks: if the
symptoms does not disappear after this period,
the patient should be surgically treated; for com-
plete ruptures, immediate surgery is the treatment
of choice. If the lesion is treated acutely, a direct
suture of the tendon to the olecranon with nonab-
sorbable sutures is indicated. If a delayed recon-
struction must be performed, Morrey suggest the
anconeus slide, in the cases with minor defects
and if this muscle is intact, or the Achilles tendon
allograft for major lesions [49].

8.4.7 Triceps Snapping

Triceps snapping in athletes, when the symptoms
are not tolerated and negatively affect the perfor-
mance, can be surgically treated: a release of the
medial head of the triceps is followed by a reat-
tachment in a more lateral position, so to avoid its
snapping over medial epicondyle. In some cases,
a simple removal of the medial head of the triceps
can be performed without compromising the tri-
ceps strength. Ulnar nerve decompression is usu-
ally performed, its anterior transposition is
evaluated basing on the symptoms and on the
specific findings on the surgical field (Image 8.3).

8.4.8 Olecranon Bursitis

Conservative management is indicated, as the
first step, in non-painful cases: the patient should
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Image 8.3 Surgical images of the triceps snapping case,
reported in the MRI of Fig. 2: (a) portion of the medial
head of the triceps detached; (b) preparation for transposi-
tion; (c¢) portion of the medial head of the triceps

be advised to avoid repetitive movements and
the elbow should be protected with a bandage
or, in cases of major swelling, with a brace.
Comorbidities have to be treated with specific
therapies.

In painful conditions or in the cases where the
suspect of infection is high, a liquid aspiration
from bursitis should be performed in aseptic con-
ditions, for microbiological study, white cell
counts, and glucose level quantification; a con-
comitant blood sample is desirable, because it is
useful to compare the amount of white cells and
glucose in the two samples: a fluid glucose level
of less than 50 % of the serum level is suggestive
for infection. Steroid injection into the bursa
must be carefully evaluated, because of the high
complication rate (infections, skin atrophy,
chronic pain), that with aspiration alone are

transposed in a more lateral position; (d) suture of the por-
tion of the medial head of the triceps into the new position
with clinical disappearance of snapping

absent. After the aspiration, a compressive ban-
dage is needed. We prefer to use a splint with 90°
of flexion for 5-7 days, with the aim to aid soft
tissue healing, avoiding the movement.

Aseptic olecranon bursitis that cannot find a
solution with these treatments and septic bursi-
tis need surgical excision; in the septic cases,
specific antibiotic therapy must be extended as
necessary [50].

8.5 Pearls of the Treatment/

Prevention

Based on biomechanical and epidemiological
considerations, the posterior elbow pain can be
determined from a set of traumatic factors, that
can create several lesions over the whole elbow.
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Once defined the surgical indication in the athlete
with olecranon posterior pain, Paci suggests that
the surgeon keeps a prudential attitude, treating
the whole pattern of elbow lesions (loose bodies
removal, spurs resections, UCL reconstruction),
considering that these lesions find a common
pathogenesis, with the aim to recreate a correct
biomechanics, that is the base for a maximum
sport-oriented recovery [39].

The key to success with VEOS and “handball
goalie’s elbow” is the early recognition of the
condition and the careful conservative manage-
ment of the symptoms with appropriate periods
of rest. If those conservative measures fail,
arthroscopic surgical management is typically
successful in returning the athlete to competitive
sports at every level. Modification to throwing
biomechanics may not necessarily improve clini-
cal outcomes because the stresses from repetitive
throwing may be the driving force to injury.

Olecranon stress fractures must be correctly
diagnosed, classified, and treated, keeping in
mind that a conservative treatment can be suc-
cessful but that in high-level athletes, an aggres-
sive approach can accelerate the return to sport
and prevent delayed union and nonunion.

Persistence of the olecranon physis is treated
without surgery in the majority of cases; if sur-
gery is required, after the failure of conservative
treatment, a synthesis with low-profile systems
should be preferred; some authors suggest the
use of bone graft to improve healing.

The boxer’s elbow is rare and can find its solu-
tion with conservative treatment, but often,
arthroscopy of the posterior elbow is useful to
obtain a quick sport return.

The approach for the posterior elbow pain in
patients with skeletal immaturity must keep in high-
est importance the prevention [70] that needs a mul-
tidisciplinary approach (pediatrics, sports medicine,
orthopedics, physiotherapy, etc.), aiming to pre-
serve joint integrity and function and conciliating a
healthy and harmonious growth with the sport. The
prevention is the keystone of the athlete’s treatment,
most of all for the younger ones, as well established
with Baseball Little League for pitchers.

The surgery must be the last step of an articu-
lated treatment and should be performed in the

ideal physical and mental conditions (end of sea-
son, high motivation in return, etc.); the medical
team must take care of every athlete “like a pro-
fessional athlete,” well defining from the begin-
ning all the steps of the treatment.

8.6 Results after Treatment
(Evidence Based)
8.6.1 Valgus Extension Overload

Syndrome

Reddy [71] refers a return to competitive sport
after arthroscopy treatment of VEOS for 85 % of
the athletes treated.

In case of medial instability, the arthroscopic
treatment should be followed by a UCL recon-
struction that can warrant a return to competitive
sport in a percentage of cases from 81 to 95 in
literature [72-74]. After a UCL reconstruction,
the mean time to come back in competitive sport
is at least 12 months. Dugas refers that the recur-
rence of the symptoms or clinical findings of
VEQOS are rare and have not been reported in any
of the large series of elbow procedures in athletes.
In his clinical experience, recurrence of postero-
medial impingement is secondary to an underap-
preciation of the underlying medial ligamentous
laxity and other predisposing pathology [27].

8.6.2 Olecranon Stress Fracture

Several authors refer good results with conserva-
tive treatment: Nuber suggests a treatment based
on rest, splint, and progressive return to sport with
good results [2]; Schickendantz refers that seven
professional athletes with olecranon stress frac-
tures came back to competitive sport with a per-
sonalized conservative treatment [42]. Patel
expresses good results with rest, pitching avoid-
ance, and limitation to complete extension for
4 weeks with splints; after this period, he allows
full ROM and resistance, limiting the valgus
stresses for 6 weeks; from the sixth week, sport-
specific exercises are begun and from the eighth
week, the interval throwing program can start [53].
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Suzuki [7] and Nakaji [37], based on the good
results obtained in their cases, suggest an early
ORIF for olecranon stress fractures in the athletes.
Paci performed an ORIF with a compression screw
in 18 high-level athletes (in addition, two patients
underwent a medial compartment reconstruction),
that had poor results after conservative treatment,
with a mean FU of 6.2 years. All cases showed the
fracture healing and 94 % of patients return to the
same or higher level of competition in a mean of
28 weeks. Despite the percentage of sport return
and the good functional results, this study shows a
high rate of concomitant surgical procedures and
additional procedures: 6 of the 18 patients under-
went hardware removal (two because of infec-
tion), two needed a second time reconstruction of
the medial compartment because of persistent
instability, and two patients needed olecranon
spurs or loose bodies removal for unresolved pain.
In the case series described by Paci, the return to
competitive sport has been reached in a mean of
29 weeks (8-45) [39].

8.6.3 Persistence of the Olecranon
Physis

As underlined by Charlton, the conservative
treatment is successful in most patients [35].
However, resolution of symptoms can take as
long as 4 months [75].

Dealing with surgery, the highest rates of suc-
cessful union have been shown in patients under-
going bone grafting [35, 75], with the aim of
filling the bone gap that this patients usually pres-
ent. Charlton and Chandler found that operative
stabilization with internal fixation and autogenous
iliac crest bone grafting can resolve symptoms
and allow a skeletally mature overhead athlete to
return to previous throwing performance, main-
tained to a 32 months FU. Fixation alone, how-
ever, may lead to a 66 % failure rate [35].

8.6.4 "“Boxer’s Elbow”

In [Valkering] case series, the arthroscopic treat-
ment of five professional boxers with partial

resection of the olecranon tip and removal of scar
tissue and loose bodies brought to an improvement
in ROM and a return to their preexisting level of
boxing activity [44].

8.6.5 Triceps Tendon Lesions/
Tendonitis

Mair [69] recommends early surgical repair of
complete or near complete tears of the triceps
tendon; in his case series, all of the 11 players
with complete tears underwent early surgery with
a direct tendon to bone repair, with a full range of
motion at the final follow-up (3 years). Ten of
these 11 athletes returned to the same sport level.
Nine athletes with partial tears of the triceps had
conservative treatment: the healing was obtained
in six cases and a delayed surgery was necessary
for the other three.

8.6.6 Triceps Snapping
At our knowledge, no definitive results of the

treatment of this disorder have been published in
long FU case series.

8.7  Pitfalls of the Treatment

In VEOS, it is important to note that significant
posteromedial olecranon resection can lead to
increased elbow valgus, as suggested by
Kamineni and Ahmad [19, 40], increasing strain
on the UCL. Goals of surgical treatment are
osteophyte removal with preservation of normal
bone. If a valgus stress test is positive, suggesting
UCL insufficiency, reconstruction can be per-
formed at the same time.

In the treatment of olecranon stress fractures
with metal wires, it is important to avoid a sec-
ondary hardware pullout: to prevent this compli-
cation, we are used to reach the anterior ulnar
cortex with the wires, under intensifier; more-
over, to minimize pin migration, we adopt pins
built with a proximal eyelet for the cerclage, so to
secure the pins by the cerclage itself.
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In the triceps tendon reconstruction is impor-
tant to exploit a bone fragment if it is present, we
can perform a bone synthesis, that can help the
surgeon in the tendon repair; if no olecranon
fragment is seen, the triceps tendon should be
well basted with high-strength wires, that should
be divergent, with the aim of recreating a wide
“footprint” of the triceps on the olecranon.

Approaching a triceps snapping, the ulnar
nerve must be carefully studied: if, as usual, also
the ulnar nerve snaps with triceps, during the sur-
gery, it should be transposed.

Great attention is necessary with olecranon
bursitis: a liquid aspiration should be performed
only when necessary, in the cases of suspect
infection and in conditions of absolute asepsis.
Steroid injection into the bursa must be carefully
evaluated, because of the high complication rates
(infections, skin atrophy, chronic pain) that with
aspiration alone are absent.
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Lateral-Sided Elbow Pain

Paolo Arrigoni, Riccardo D'’Ambrosi,

and Pietro Randelli

9.1 Introduction

Lateral epicondylitis is a common source of pain
on the lateral side of the elbow. This tendinopa-
thy has an incidence of 1.3 % in the population
between 30 and 64 years, with a peak between
45 and 54 [1]. It typically affects the dominant
upper extremity and is associated with a repeti-
tive and forceful activity [2]. Lateral epicon-
dylitis is believed to be a degenerative process,
which originates from repetitive microtraumas.
Typically, samples from the affected tissue show
angiofibroblastic hyperplasia at the origin of the
extensor tendons [3]. Activities requiring repeated
contraction of the wrist extensors are implicated,
with the extensor carpi radialis brevis (ECRB)
tendon most commonly involved. Studies com-
paring cadaveric and surgical specimens indicate
that lateral epicondylitis evolves through sev-
eral stages, beginning with degenerative angio-
genesis up to fibrosis and calcification [3-5].
Although the lateral epicondylitis is commonly
known as tennis elbow, this term is not entirely
correct. This tendinopathy is frequently work
related and occurs in patients not playing tennis
[6]; however, it has been estimated that 10-50 %
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of people who regularly play tennis do develop
the condition at some time during their careers
[7]. Epicondylitis is more common in male than
female tennis players, unlike what happens in the
general population (Table 9.1). Lateral epicon-
dylitis is more frequent than medial-sided elbow
pain, with ratios reportedly ranging from 4:1 to
7:1 [8]. Dominant elbow is commonly involved.
Acute onsets of symptoms occur more often in
young athletes; chronic recalcitrant symptoms
typically occur in older patients.

9.2 Anatomy

In order to better understand the etiology of this
tendinopathy, it is essential to analyze the ana-
tomic relationships of the lateral compartment of
the elbow. Cohen and Romeo [9] showed the
relationships that exist between the extensor
carpi radialis longus (ECL) and ECRB. The

Table 9.1 Risk factors for lateral epicondylitis

Risk factors

Overuse in sport
Smoking

Obesity

Oral steroid use

Age 45-54 years
Other tendinopathies
Repetitive movement
Diabetes

White race
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ECRL origin is entirely muscular along the
lateral supracondylar ridge of the humerus. The
shape of the muscle is triangular, with the apex
positioned proximally. Instead, the origin of the
ECRB is entirely tendinous. Although the origin
of the ECRB is mixed with that of the extensor
digitorum communis, the authors showed [9]
how dissecting from distal to proximal and fol-
lowing their under surface the two tendons can be
isolated behind the humerus. The origin of the
ECRB is located just below the distal-most tip of
the lateral supracondylar ridge. The footprint of
the tendon has a diamond shape of about
13x7 mm (Fig. 9.1). At the radiocapitellar joint,
the tendon lies at the level of the front portion of
the capsule, but it is possible to easily isolate the
two structures at this level.

9.3  Pathomechanics

Biomechanical analysis has shown that eccentric
contractions of the extensor carpi radialis brevis
(ECRB) muscle during backhand tennis swings
are the cause of repetitive microtraumas that
result in microtears in the origin of the tendon
[10]. Other authors have suggested different
causes like direct trauma in the lateral region of
the elbow or relative hypovascularity of the
region, fluoroquinolone antibiotics, and anatomic
predisposition [11-13]. Cyriax was the first to
theorize that tears of the common extensor origin
were involved in the disease process [14].
Subsequently, other authors showed that the
nature of the disease is actually a degenerative
tendinopathy. Goldie described the histological
presence of granulation tissue found at the origin
of the ECRB [15]. Macroscopic tearing in asso-
ciation with the histological findings was
described by Coonrad and Hooper [6]. Nirschl
called these histological changes “angiofibro-
blastic hyperplasia [16, 17].” In his study, he
noted gray friable tissue characterized by disor-
ganized collagen formation with immature fibro-
blastic and vascular elements. Subsequently,
increased rates of apoptosis and cellular autoph-
agy have been observed in tenocytes, resulting in
disruption of extracellular collagen matrix and

Fig. 9.1 Cadaveric preparation in right elbow: in the
yellow circle the anatomy of LCL complex; the yellow
arrow shows ECRB and close relation with R-LCL
(An Lig. = Annular ligament)

weakening of the tendon [18]. These changes at
the tendon’s origin are the pathologic healing
response to microtears caused by repetitive
eccentric or concentric overloading of the exten-
sor muscle mass [19]. Several studies have sug-
gested that the origin of the extensor digitorum
communis (EDC) is also implicated in lateral
epicondylitis [20, 21].

9.4  Clinical Presentation

Patients complain of pain that radiates from the
lateral epicondyle down to the forearm, often
associated with weakness and difficulty in the
handgrip.

Nirschl has divided symptoms into seven
phases [22, 23]. A history of previous occurrence
of tennis elbow also suggests tendinopathy.
Imaging techniques such as magnetic resonance
or diagnostic ultrasound are useful to identify the
calcifications, tears, or ruptures of the ECRB [24,
25]. Physical examination should begin with cer-
vical spine and be followed by the entire upper
extremity. The examination proceeds then to the
elbow. The elbow is tender over the lateral epicon-
dyle and slightly distal, into the extensor mass.
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Table 9.2 Different diagnoses of lateral elbow pain

Pathology History

Cervical spondylosis Neck pain

Radicular pain to the elbow
Insidious pain at lateral elbow

Radial tunnel syndrome
Posterior interosseous nerve

compression weakness
Intra-articular bodies Trauma
Chondral lesions Trauma
Tumors Night pain
Prior malignancy
Avascular necrosis Alcohol abuse
HIV
Sickle cell anemia
Corticosteroids
Osteochondritis dissecans Gymnast

Throwers, adolescent

Thomsen maneuver (resisted wrist extension
with the elbow in full extension and forearm in
pronation) or maximal wrist flexion can exacer-
bate pain at the lateral epicondyle. The first
maneuver causes painful eccentric contraction at
the origin of the ECRB. The second maneuver
places the ECRB on maximal stretch, passively
tensioning the muscle origin and thus causing
pain. In order to exclude the presence of a plica,
the elbow must be flexed passively with the fore-
arm pronated and supinated. If a plica is involved,
the point of maximal tenderness is usually
located more distally and posteriorly, over the
radiocapitellar joint, compared to lateral epicon-
dylitis. Other causes of lateral sided elbow pain
can be nerve entrapments at one or more sites,
such as radial tunnel syndrome or posterior
interosseous nerve (PIN) syndrome. Up to 5 %
of patients with lateral epicondylitis presents
radial nerve entrapment [26].

Pain elicited with resisted supination (when
the nerve is trapped in the supinator muscle)
or with resisted long-finger extension (when
the nerve is trapped at the ECRB) can indicate
PIN entrapment. Differential diagnosis
between nerve entrapment and lateral epicon-
dylitis can be difficult. The treatment of the
two conditions is entirely different. The elbow
examination is completed with a standard
evaluation of elbow effusion, stability, and

Insidious pain at lateral elbow and

Physical examination

Symptoms with spine compression
extension

Pain 24 cm distal to epicondyle
Weakness of wrist and finger extensors

Clicking or limitation of range of motion
Clicking or limitation of range of motion
Palpable mass

Joint effusion, mechanical symptoms

Joint effusion, mechanical symptoms

range of motion. The examination then moves
distally toward the forearm and the hand. Grip
strength should be tested to determine whether
it decreases compared with the unaffected side
or causes significant discomfort. Neurovascular
status is a basic component of the examination
and should be noted. Differential diagnosis for
atraumatic lateral elbow pain may include
radicular cervical spine disease, radial nerve
compression, intra-articular loose bodies, and
chondral lesions. Tumors, avascular necrosis,
and osteochondritis dissecans of the capitel-
lum, even if less common, may be considered
as well (Table 9.2).

9.5 Surgical Treatment
Conservative treatment is the gold standard.
However, between 5 % and 10 % of these patients
develop persistent symptoms that may require
surgical treatment. Particularly, persistent pain at
night can determine the choice of surgical treat-
ment. Surgical treatment with tendon release
should be reserved in case of failure of the
conservative treatment that should not last less
than 6 months.

Surgical treatment can be percutaneous, open,
or arthroscopic, with success rates ranging
between 65 % and 95 % [27].
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9.6 Percutaneous Treatment

A blade, often number 11, is inserted perpen-
dicular to the skin anterior to the lateral epicon-
dyle, then a one-centimeter-long skin incision is
performed. A complete release of the common
extensor origin is performed moving the tip of
the blade anteriorly and inferiorly from the lat-
eral epicondyle. A further displacement is then
achieved by the Mill’s manipulation, consisting
of a forcible, full extension of the elbow with
the forearm fully pronated and the wrist and fin-
gers held in flexion. At the end of the procedure,
a gap of one centimeter, on average, is easily
palpable between the lateral epicondyle and the
retracted tendons. This procedure is preferred
by many authors because it’s less invasive and
the surgical results are similar to those of more
elaborated procedures [28]. Baumgard and
Schwartz [28] reported 91 % excellent (no
symptoms under any circumstances), 0 % fair
(improvement but still symptomatic), and 9 %
unsatisfactory (no improvement) after an aver-
age follow-up of 34 months (range:
14-81 months). Another case series of percuta-
neous release reported similar results [29].
Powell and Burke [30] reviewed 20 patients
after a follow-up raging from 5 to 36 months.
They showed 85 % excellent or good results.
Grundberg and Dobson [31] presented the
results of percutaneous release in 32 cases of
tennis elbow. With a mean follow-up of
26 months, he had 90.6 % of excellent and good
results. More recently, Nazar et al. [32] showed
how percutaneous release of the epicondylar
muscles has a high rate of success: it is rela-
tively simple to perform, it is done as a day-case
procedure, and it doesn’t show complications.
As a matter of fact, the postoperative outcome
was between good and excellent in most
patients. Eighty-seven percent of patients had
complete pain relief with no complications
reported.

All the patients returned to their normal jobs
and hobbies such as gardening, horse riding, and
playing musical instruments. We personally do
not routinely choose this technique because of
the theoretical risk of damaging part of the radial

component of the lateral collateral ligament,
although this is not supported by the available
literature.

9.7 Open Treatment

Several open techniques have been described.
The original technique (1955 Bosworth) [33]
involves the identification and removal of the
abnormal tissue that surrounds the common ori-
gin of the extensor tendons, the creation of a bone
bed that promotes healing, and finally the recon-
struction of the overlying aponeurosis. First of
all, it is necessary to identify the ERCB tendon:
its origin is located below the lateral epicondylar
prominence, along a longitudinal ridge, and is
directed from the upper part of the capitellum to
the level of the radiohumeral joint.

Its tendon runs below the extensor digitorum
communis and its aponeurosis, distally to the epi-
condyle. It can be easily isolated, proceeding
from anterior to posterior and starting at the junc-
tion between the ECRL and EDC aponeurosis.
The undersurface of the ECRB tendon can be
elevated from the ECRL muscle in oblique
fashion. The aponeurosis of the EDC lies on top
of the ECRB and is tightly opposed. The ECRB
tendon is debrided and the epicondylar origin
denuded or drilled. The open approach leads to
greater visualization of the operative field and the
pathologic tissue; however, it is associated with a
higher incidence of complications and a longer
time to return to work [34].

9.8 Arthroscopic Treatment

Arthroscopic release is especially indicated when
a concomitant intra-articular pathology is sus-
pected. The advantage of exploring the joint is
recently increasing the indications. Patient is
placed in lateral decubitus position with the opera-
tive arm supported by an arm holder at 100° of
flexion/90° of abduction at the level of the shoul-
der. The elbow is positioned at 90° of flexion, with
the forearm hanging free from gravity (Fig. 9.2).
Forty milliliter of sterile saline solution is injected
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Fig.9.2 Arthroscopic set-up: patient is placed in a modi-
fied lateral decubitus position with the operative arm posi-
tioned in 100° of flexion/90° of abduction at the level of
the shoulder by any holder. The elbow is positioned in 90°
of flexion, with the forearm hanging free to gravity

before placing the portals to distend the elbow
joint. A proximal anteromedial portal is created
2-3 cm proximal to the medial humeral epicon-
dyle and 1 cm anterior to the intramuscular sep-
tum. Then a 30° arthroscope is inserted into this
portal. This allows intra-articular diagnostic evalu-
ation of the anterior compartment. The proximal
anterolateral portal is located approximately 3 cm
proximal and 1 cm anterior to the lateral epicon-
dyle. A retractor, aimed at the radiocapitellar joint
to protect the posterior interosseous nerve, can be
inserted through this portal. The instruments are
introduced through the anterolateral portal, located
1.5-2 cm proximal and 1 cm anterior to the lateral
epicondyle.

9.8.1 Standard Procedure

As decribed by Baker and Jones [27], any lateral
synovitis is debrided and the lateral capsule is
released. The capsule is usually intact, but occa-
sionally it is possible to identify a disruption of
the underlying capsule. A monopolar thermal
release of the lateral soft tissues is performed.
With this method, the capsule is first incised or
released from the humerus. After the capsule is
retracted distally, the ECRB tendon is visualized

posteriorly and the ECRL can be identified more
anteriorly. Once the capsule is adequately
resected, the ECRB origin is released from the
epicondyle: starting at the top of the capitellum,
the release is then carried posteriorly [35].
Typically, the entire ECRB retracts distally away
from the humerus. Care is taken not to release the
extensor aponeurosis that lies behind the ECRB
tendon. This structure can be seen as a striped
background of transversely oriented tendon and
muscular fibers much less distinct than the
ECRB. It is located posterior to the ECRL.

9.8.2 Preferred Technique [36]

A limited anterolateral V-shaped capsulotomy is
performed with a hooked electrocautery device,
under visualization with a 30° arthroscope. The
superior arm of the V is performed parallel to the
distal humerus. By tensioning the capsule with
pronation, the radial component of the LCL
(R-LCL) is better visualized. Care must be taken
to perform the capsulotomy with the forearm
pronated in order to tension the R-LCL and facil-
itate its protection. Pronation also offers the
advantage of moving the posterior interosseous
nerve further medial, away from the surgical
area. The inferior limit of the capsulotomy is
approximately 0.5-1 cm superior to the radial
head. A 70° arthroscope is then inserted through
the window created by the capsulotomy. The 70°
arthroscope offers a frontal view of the most lat-
eral aspect of the lateral compartment with the
capsule/R-LCL defining the articular side and the
tendon fibers of the ECRB on the extracapsular
side. With the 70° scope in the anteromedial por-
tal, an accurate soft-tissue dissection between the
capsule/R-LCL and ECRB is then performed.
This allows an accurate definition of the surgical
plane between the ECRB and R-LCL.

These two structures must be clearly visual-
ized as distinct and independent in order to pro-
ceed with a safer resection. Then a hooked
electrocautery device is advanced through the
anterolateral portal.

The hooked shape allows the surgeon to
“hook” the ECRB tendon and to perform the
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Fig. 9.3 Arthroscopic intraoperative picture after ECRB
release of right elbow. The arrow shows the gap left after
tendon release. The ECRB tendon stump is visible in the
upper part of the figure (CH capitulum humeri, RH radial
head)

release from the inner/anterior part to the outer/
posterior aspect, approximately 1 cm from the
proximal bone insertion (Fig. 9.3), while protect-
ing and preserving the R-LCL. This step is the
main difference compared to the standard
technique. The posterior common extensors ori-
gin is then assessed. This independent structure is
more posterior to the ECRB tendon. The com-
mon tendon is probed to check its condition.
During the first 48 h, active elbow, wrist, and
hand range of motion is encouraged. As symp-
toms regress, stretching exercises are initiated,
and after 4-6 weeks from surgery, the patient
begins a strengthening program.

9.9  Synovial Fringe

An hypertrophic radiocapitellar plica can cause
impingement at the posterolateral side of the
elbow. Thickening and fibrosis of the plica,
which represent a congenitally originated fold,
are related to repetitive microtraumas [37]. The
plica can occur in association with capitellar
osteochondritis dissecans and often presents with
painful clicking, catching, effusions, and snap-

ping with pronated elbow flexion greater than
90° [38, 39]. In most cases, physical examina-
tion is negative, although the patient may refer
tenderness posterior to the lateral epicondyle and
centered over the joint. Plain radiographs and
MRI are often negative. Other associated patho-
logical conditions can include chondromalacia of
the anterolateral radial head and the capitellum
[38]. Conditions that may mimic symptomatic
plicae, including lateral epicondylitis, proximal
radial head dislocation, and radial tunnel syn-
drome, must always be considered in differen-
tial diagnosis because they often show similar
clinical findings [40]. Conservative management
with rest, NSAIDs, and gentle motion with the
addition of an intra-articular steroid injection can
diminish symptoms and reduce inflammation.
When such measures have failed, arthroscopy
can confirm diagnosis and allow the resection of
the plica with good to excellent results [38, 41,
42]. During arthroscopy, after the debridement
of the synovitis surrounding the radial neck and
the anterior capsule, the lateral plica can be seen
as a fibrous band folding over the radial head,
which can snap over the radial neck and head
during elbow flexion/extension. Postoperative
management consists of early range of motion,
progressive strengthening followed by an inter-
val throwing program of 8 weeks until symptoms
resolution. Synovial plica in the radiocapitellar
compartment as a cause of posterolateral elbow
impingement has been described for the first
time by Clarke. In his study, he reported success-
ful arthroscopic excision in three cases [43]. All
three patients had an area of chondromalacia on
the margin of the radial head [43]. Commandre
et al. [44] described a single case of successful
arthroscopic removal of a plica that was caus-
ing pain but no mechanical symptoms. Akagi
and Nakamura [45] reported a hypertrophic
synovial plica causing pain and snapping with
elbow flexion after repetitive microtraumas.
They performed an open resection of the plica
and found cartilage damage of the anterolateral
aspect of the radial head. Antuna and O’Driscoll
[38] published a case series including 14 patients
with painful snapping elbows caused by syno-
vial hypertrophic plicae. Twelve of 14 patients
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had successful arthroscopic treatment. Thirteen
patients suffered erosion of the radial head, while
three patients showed some degree of damage
also at the capitulum humeri [38]. The high inci-
dence of chondromalacia might be due to long-
standing symptoms before surgery (13 months):
during this period, the mechanical snapping of
the synovial folds may lead to cartilage degen-
eration [38]. Early diagnosis and prompt surgi-
cal treatment of a hypertrophic synovial plica as
a cause of snapping elbow are therefore crucial
to avoid subsequent mechanical degeneration of
the adjacent cartilage. Ruch et al. [46] presented
a case series of ten patients with initial symptom-
atic radiocapitellar plica. All patients underwent
successful arthroscopic plica removal after failed
conservative treatment. Excellent results were
reported, with postoperative free range of motion
in all patients [9]. This study also underlines that
hypertrophic synovial folds as causes of postero-
lateral elbow impingement are frequently under-
or misdiagnosed. Kim et al. [42] reported on 12
relatively young, throwing athletes and golfers
suffering from posterolateral elbow impingement
caused by synovial plica. All patients under-
went successful arthroscopic debridement of the
thickened plica with excellent outcomes, except
one patient who developed medial elbow insta-
bility and underwent subsequent reconstructive
surgery.
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10.1 Introduction

The lateral elbow pain has been named differ-
ently along the years.

Lateral epicondylitis was first described in the
medical literature by Runge in 1873 [1].

The term “tennis elbow” appeared ten years
later and remained since its initial description by
Major who in 1883 described the “lawn tennis
arm” [2].

Nevertheless, it is known that less than 10 %
of patients consulting for this condition are actu-
ally tennis or racquet sport players [3].

Also called “lateral elbow pain” or “chronic
lateral elbow pain,” this term is wide enough to
include different clinical conditions. In the litera-
ture other names as “lateral epicondylalgia,”
“shooter’s elbow,” or “archer’s elbow” can be
found to describe conditions that have in com-
mon the lateral elbow pain [4].
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The most used term is “lateral epicondylitis”
and was previously considered to be a tendinitis,
arising as inflammation of the tendon [5-7].
However, the current consensus is that
microtrauma from excessive and repetitive use of
the forearm extensors initiates a degenerative
process with a paucity of inflammatory cells.
Therefore, histologically it is said to be more a
tendinosis (epicondylosis) than a tendinitis [8—10].
However, there is a last years’ trend that estab-
lishes that inflammation plays a role in general
tendinopathy more than suspected. Thus, degen-
eration (osis) and inflammation (itis) could both
be involved in the origin and progression of ten-
dinopathies triggered by stressful stimuli such as
mechanical stress present in the lateral epicondy-
litis [11, 12].

The condition which is going to be described
along this chapter is an enthesopathy of the lat-
eral epicondyle, and the most commonly affected
muscle is the extensor carpi radialis brevis
(ECRB) [13].

In the remainder of this chapter, the term lat-
eral epicondylitis (LE) is going to be used.

10.2 Incidence and Related Sports

Tendon injuries, both acute and chronic (or tendi-
nopathy), affect the quality of life, increase the
costs of health care, and lead to stop sporting
activities of a quite high amount of patients and
sport professionals.
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The prevalence of lateral epicondylitis (LE) in
the general population has been reported to be
between 1 % and 3 % in adults, with no gender
differences (es la misma referencia para todo el
parrafo, la que aparece al final). This condition is
most prevalent in the fifth decade of life, with
peak incidence occurring between the ages of 45
and 60 years [14].

However, most publications are available
about the incidence of LE. More comprehensive
population-based studies are necessary [15].

Occupational risk factors, forceful activities,
high force combined with high repetition or awk-
ward posture, and the use of vibratory tools are
associated with epicondylitis [16]. Any activity
that involves overuse of the wrist extensor or
supinator muscles may be the cause of this condi-
tion. The most commonly affected muscle is the
ECRB [13, 17].

Epicondylitis is more common in the domi-
nant elbow than in the nondominant, which
means that exposure to physical load factors is
involved in lateral epicondylitis [18, 19].

Despite the fact that less than 10 % of
patients with this syndrome are actually tennis
players, it is estimated that even more than
50 % of those who play tennis will experience
some degree of lateral elbow pain along their
lifetimes [20, 21]. In addition, the incidence of
lateral epicondylitis is significantly higher in
nonexpert than in expert tennis players [22]
and those who use a one-handed backhand
stroke [23].

The most common cause is overuse or repeti-
tive strain caused by repeated extension or bend-
ing back of the wrist against resistance. Therefore,
during the practice of tennis in case of a poor
forehand or backhand technique, the wrist is bent
when striking a backhand and huge forces are
transferred through the tendons to the elbow
rather than through the entire arm. Also, if the
racquet grip is too small, the muscles work harder
increasing the forces through the ECRB tendon.
Strings that are too tight and playing with wet,
heavy balls will transmit more shock and energy
to the forearm.

Thus, some authors highlighted that racquet
sports may cause the condition due to a combina-

tion of (1) incorrect technique, (2) extended dura-
tion of play, (3) frequency of play, (4) size of the
racquet handle (affecting the lever arm of the
force applied through the forearm), and (5) rac-
quet weight [3, 23, 24].

Lateral epicondylitis is common in athletes
of all ages and skill levels due to increasing par-
ticipation in sports involving overhead arm
motions. Sports as mentioned tennis, windsurf-
ing, rock climbing, javelin throwing, team hand-
ball, and wheelchair modalities have been
involved in lateral epicondylitis and other elbow
injuries [25].

10.3 Degenerative
Tendinopathies

10.3.1 Basic Science
on Tendinopathies [26]

The basic components of adult tendon are
water, collagen and elastic fibers, and cells
(fibroblasts or tenocytes) organized in a tissue
of mesenchymal origin. The cell component
mainly consists in fibroblasts (tenocytes; 95 %),
with synovial and endothelial cells and chon-
drocytes, making up less than 5 % of the total
volume. Tenocytes are responsible for generat-
ing and maintaining the extracellular matrix
(ECM), with the functionality and viability of
the former depending on the quality of the
ECM. The extracellular matrix contains
65-80 % of type I collagen and elastin fibers,
which together make up 2 % of the dry weight
of the tendon (it should be remembered that
50-70 % of a tendon is water). Other elements
such as proteoglycans, glycosaminoglycans,
various structural proteins such as integrins
(which bind to laminin, fibronectin, and tenas-
cin), and a group of enzymes known as matrix
metalloproteases (MMPs, mainly collagenases
such as MMP1), which play key roles in the
maintenance and remodeling of the ECM, are
also present.

The tendon presents three specific character-
istics that are vital for understanding both the
fragility and instability of the metabolic balance
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(remodeling/degradation) and its high mechani-
cal strength.

1. Tendons act as an interface between the mus-
cle and bone; thus they are the tissue transition
zones. Mainly the myotendinous junction
(MTJ) is subjected to high mechanical
stresses. At the same time, the so-called osteo-
tendinous junction (OTJ) also has its own
structural and functional properties, which
differ from those of the myotendinous junc-
tion but are also in a delicate metabolic
balance.

2. During rapid growth periods and in early
stages of the growth process, both tenoblasts
and tenocytes exhibit high aerobic metabolic
activity. Once they reach maturity, aerobic
metabolism decreases and its anaerobic coun-
terpart predominates.

3. There is a marked asymmetry between the
limited number of tenocytes in the tendinous
tissue and the large volume of extracellular
matrix (ECM). In the adult or mature tendon,
this cel/ECM ratio is even lower. Furthermore,
this imbalance is amplified by the poor vascu-
lature of the tendinous tissue.

These aspects mean that the tendon, together
with the joint cartilage, is one of the structures

in the musculoskeletal system that must bear
some of the highest mechanical stresses, which
are amplified enormously during sporting activ-
ity, above all in elite sports, with their endless
hours of repetitions and training. It is known
that these highly specialized nature tissues pay a
price for this specialization in terms of lim-
ited ability to repair themselves in the event of
rupture, with low metabolic, vascular, nerve
resources (Fig. 10.1).

The tendinous degeneration commonly
referred to as tendinosis appears to be the end
result of the inability of tenocytes (fibroblasts) to
maintain the extracellular matrix in physiological
conditions, mainly due to disruption of the
remodeling/degradation (anabolism/catabolism)
balance. This alteration of the extracellular
matrix also affects the metabolism and fibroblast
activity, thus perpetuating a vicious circle. There
have been major immunohistochemical advances
and gene expression analysis of pathological ten-
dons showing proinflammatory mediators such
as interleukin-la, interleukin-p, TNF-a, as well
as immunocompetent cells that may contribute to
tendon inflammation [27]. In addition, extracel-
lular matrix fragments stemmed from the break-
down of tenascin and hyaluronan may act as
triggers of tendon resident macrophages, thereby
unleashing an inflammatory response [27].

Fig.10.1 (a) Schematic drawing showing the
extensor-supinator muscles. BR: Brachiorradialis.
ECRL: extensor carpis radialis longus. ECRB:
extensor carpis radialis brevis (responsible for most of

the pathology). ECD: extensor digitis comunis. ECU:
extensor carpis ulnaris. (b) Anatomic specimen
showing diseccion of the tendons. Notice the deeper
location of the ECRB to the ECRL on the surface
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These intrinsic and extrinsic factors may
determine the workload threshold beyond which
the metabolic remodeling ability of tenocytes
(fibroblasts) is insufficient to maintain an extra-
cellular matrix. That can adapt to the higher level
of mechanical stress resulting from the activity
undertaken (allostasis). The most important fac-
tors that affect the disruption of the balance are
shown in Fig. 10.2.

A number of pathophysiological hypotheses
have been proposed to explain the underlying
causal mechanism of tendinopathies. Thus, apop-
tosis, vascular changes, and pain-related inflam-
mation have all been suggested by [28], whereas
Alfredson and coworkers [29, 30] have described
intratendinous lactate and glutamate altera-
tions, as well as neovascularization phenomena.
Thus, suggesting their metabolic/vascular/neu-
ral involvement in tendon degeneration, these
mechanisms may interact in an overlapping man-
ner (uncompensated vascularization, localized
temperature increase, acidosis, new environment,
and intrinsic factors).

10.3.2 Pathogenesis of Lateral
Epicondylitis

In 1936, Cyriax [12] proposed that microscopic
or macroscopic tears of the common extensor ori-
gin were involved in the pathogenesis of this con-
dition. Thereafter, other investigators showed
that the disease base is actually a degenerative
tendinopathy [31-33] (afiadir REFERENCIA).
The application of stress to a tendon normally
leads to increased cross-linkage and collagen
deposition [8]. When the rate of stretching and
loads to the tendon exceed the tolerance of the
tendon, a micro-tear results. Then the balance
is lost, and the adaptation of the tendon to mul-
tiple micro-tears leads to tendinosis. Collagen
within the tendons gets degraded because it is
kept under high stress and it gets degraded in
such quantity that the tenocytes are not able to
replace it. From a mechanical point of view, these
cumulative microtraumas result from repetitive
wrist extension and alternating forearm supina-
tion and pronation [31, 32]. Histologically four
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stages are described that result from such repeti-
tive microtrauma [8, 34, 35]:

Stage 1: It starts with an acute inflammatory
response, which can sometimes resolve
completely.

Stage 2: If the aggression is maintained, a con-
centration of fibroblasts, vascular hyperplasia,
and disorganized collagen, known in conjunc-
tion with angiofibroblastic hyperplasia, can be
seen histologically.

Stage 3: Continuous accumulation of pathologi-
cal changes leads to structural failure. In this
stage the tendon suffers partial or complete
rupture.

Stage 4: To the characteristics described in stage
2 or 3, other changes such as fibrosis are asso-
ciated, as well as soft matrix calcification
within the disorganized loose collagen and
hard osseous calcification.

In 1973, Coonrad and Hooper were the first to
describe macroscopic tearing in association with
the histologic changes within the ECRB [31].
Six years later Nirschl called these histologic
findings “angiofibroblastic hyperplasia” [33] as
he showed that those findings were characterized
by disorganized, immature collagen formation
with immature fibroblastic and vascular ele-
ments. The term used today is angiofibroblastic
tendinosis [36]. Ultrasonographically, tendon
thickening or thinning, focal areas of hypoecho-
genicity, tendon tears, calcification, and even
bony irregularity can be demonstrated mostly in
the stages 3 and 4 [3, 37].

10.4 Diagnosis

Epicondylitis causes pain and disability, both
in general population and in athletes. In addi-
tion, it has an economic cost in terms of days off
the working activity and training. Thus, proper
diagnosis and treatment are of paramount impor-
tance. An accurate, detailed, and thorough his-
tory and physical examination, combined with
appropriate imaging studies in case of need, are

essential in understanding the mechanisms and
pathophysiology of the injury and making a spe-
cific diagnosis [3, 33, 36].

10.4.1 History and Physical
Examination

During the history it is advisable to ask the patient
for those sporting activities or job circumstances
that could cause or exacerbate the symptoms.

Clinically, LE is characterized by tenderness
or pain over the lateral humeral epicondyle or,
more typically, in the area where the common
extensor muscles (specially the ECRB) meet the
lateral humeral epicondyle. The patient may refer
to a direct trauma to the lateral aspect of the
elbow, but often the pain can be gradual and
insidious. The pain often radiates down the fore-
arm and unusually is proximal to the elbow. The
intensity of the pain can range from intermittent
and mild to constant and severe, affecting all
daily activities.

The patient usually suffers weakness in grip
strength that affects sports practice, working
activities, and even activities of daily living as
shaking hands, shaving, lifting, or raising a cof-
fee mug.

It is recommended to rule out cervical spine
pathology, followed by an examination of the
entire upper extremity, with special attention to
the shoulder, comparing with the unaffected,
contralateral extremity. Palpation of the lateral
humeral epicondyle or the origin of the ECRB
will reproduce the pain.

A number of tests that could reproduce this
pain, helping to the diagnosis, have been described:

» Resisted third finger extension can be painful
because of selective recruitment of the ECRB
tendon (Maudsley’s test)

* Resisted wrist extension with the elbow fully
extended and in pronation stresses the whole
common extensor origin and can reproduce
the pain (Thompson maneuver).

* Asking the patient to lift a chair with the fore-
arm pronated recreates the combination
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Fig.10.3 Chair test or Gardner test

described above and also causes lateral elbow
pain (“chair test” or Gardner test, Fig. 10.3)
[38-40].

e Others like Bowden test, Cozen’s test, and
Mill’s test can be helpful.

Generally, range of motion at the wrist and
elbow is not affected. Grip strength may be
decreased as a result of pain.

10.4.2 Imaging and Complementary
Test

In most cases a diagnosis of lateral epicondylitis
can be made clinically. The X-rays can be helpful
in demonstrating calcifications in the soft tissue
at or near the insertion of the ECRB (found in
25 % of the cases [41]). They are helpful to rule
out other potential causes of pain (including
loose bodies, osteoarthritis, and osteochondritis
dissecans) (Figs. 10.4 and 10.5).

Ultrasound imaging can be useful by identify-
ing structural changes in the affected tendons
(thickening or thinning, tendon tears, calcifica-
tion, bony irregularity, etc.). Doppler ultrasound
is able to detect neovascularization.

MRI can help to confirm diagnoses involving
the extensor tendon origin. MRI has 90-100 %
sensitivity and 83—100 % specificity for detecting
epicondylitis [42]. Magnetic resonance imaging
may also be useful if concomitant intra-articular
pathology or ligamentous injuries are suspected.

Electromyography can be useful in excluding
posterior interosseous nerve entrapment (radial
tunnel syndrome).

10.4.3 Differential Diagnosis

Accurate diagnosis of lateral epicondylitis may
be difficult since there are other conditions with
similar symptoms (pain and reduced strength).
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Fig.10.4 MRI images of a lateral epicondylitis

Fig.10.5 (a) Ultrasound guided inyection with 4 hands.
The surgeon injects while is helped by the radiologist
using the probe. (b) Ultrasound guided injection with 2
hands. The surgeon triangulates by himself injecting with
one hand while the other holds the probe. The skin is pre-

Differential diagnosis for lateral epicondylitis
has to include [3, 24, 33, 36]:

1. Cervical radiculopathy with pain irradiated to
elbow and forearm.

2. Elbow overuse due to an ipsilateral shoulder
malfunction (compensatory mechanism).

3. Entrapment of the posterior interosseous
nerve (PIN), also known as radial tunnel syn-
drome, which affects 5 % of LE patients, does
not cause increased pain with resisted wrist
extension (see Sect. 4.1). Pain may be caused
by resisted forearm supination as the supina-

pared with clorhexidine. Notice that sterile gel is used.
The probe is protected with sterile latex sheath. The nee-
dle in the screen generates the typical reverberance due to
the fact that is made of metal

tor muscle is one of the areas of compression
of this nerve. Electromyography and local
injection of anesthetic to the region of the PIN
may relieve the pain [43].

4. Joint problems: Ulnar collateral ligament
injury, loose bodies, degenerative changes at
the radiocapitellar joint, and osteochondritis
dissecans. Rajeev and Pooley found 59 % of
degenerative changes in 117 elbow arthrosco-
pies performed for LE treatment [44]. It
should be taken into account for the treatment
of LE either in young or in middle-aged
population.
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5. Infection or tumors around or within the joint
may also mimic LE clinical features and
sometimes could appear as a mass.

10.5 Treatment of Lateral
Epicondylitis

The aims of treatment for LE should be:

¢ Pain control

¢ Preservation of movement-function of the
joint and upper limb

* Improvement in grip strength and endurance

e Return to normal function and activity

* Avoidance of further histological and clinical
deterioration

Some studies have reported unpredictable
healing patterns and have identified factors linked
to poor outcomes. In this way, high baseline pain
scores, manual work, and involvement of the
dominant extremity have directly seen related to
worse outcomes [14].

10.5.1 Described Treatment Options

Some authors have shown that the lateral elbow
tendinopathy is a self-limited condition, and rest
with or even without the use of some analgesic or
anti-inflammatory medication in the acute phase
of pain could resolve the symptoms.

The average duration of a typical episode is
about 6 months to 2 years, but most patients
(89 %) recover within 1 year [45].

To date, a standardized, universally accepted
program for LE treatment has not been estab-
lished by the orthopedic surgeon’s community
[3]. It leads to a wide diversity of treatment rang-
ing from an expectant waiting approach, nonste-
roidal anti-inflammatory drugs (NSAIDs),
physical therapies, bracing, acupuncture, laser
therapy, extracorporeal shock wave therapy, per-
cutaneous radiofrequency thermal lesioning, top-
ical nitrates, injection of glucocorticoid,
botulinum toxin, autologous blood injection, and
platelet-rich plasma therapies to surgery.

The choice, as reported by some studies
depends on experience, expertise, and equipment
at any given clinic or center. What is quite clear is
that patient education is usually one of the impor-
tant core elements of any plan or protocol.

The evidence indicates that wait and see pol-
icy would be enough for most patients [45, 46].
Injection with glucocorticoids has been used
since the 1950s and has been the treatment of
choice for most of the physicians. However, now-
adays its efficacy and utility are considered con-
troversial, since some studies addressed that
long-term outcome of steroid injections is poorer
than expected and could even alter the ability to
heal and damage the tendon and tissues around. It
is reported that 72 % of patients treated with ste-
roid injections experience a recurrence within
12 months, compared with 9 % in those treated
with a wait and see strategy [47—49].

Furthermore, as confirmed by the systematic
review by Dean et al. [50], the local administra-
tion of glucocorticoid has significant negative
effects on tendon cells, including reduced cell
viability, cell proliferation and collagen synthe-
sis, collagen disorganization, and cell necrosis,
leading to a reduction of mechanical properties
of the tendon. This should mean that in case of
planning an infiltration of glucocorticoids for any
tendinopathy and the use of an ultrasound guid-
ance would be of paramount importance to avoid
intratendinous injection.

It is well established that surgery is reserved
for patients who fail to respond to nonoperative
treatments, and multiple variations on open
approach as percutaneous and arthroscopic pro-
cedures have been described. Studies of Nirschl
and Pettrone [33] are considering that a range of
4-11 % of patients ultimately could require sur-
gical treatment for relief of their symptoms.

Until today, the evidence about surgical treat-
ment for LE is lacking, and the Cochrane Library
has classified surgical treatment as having insuffi-
cient evidence to support or refute its use [S1].
Despite exhaustive nonsurgical management and
even correct surgical intervention, there is a small
percent of patients who continue to feel symptoms,
usually in terms of pain. In such cases the possibil-
ity of a wrong initial diagnosis or an associated
pathology should be considered and ruled out.
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10.5.2 Biological Therapies
for Tendinopathies: PRP

Despite the fact that there are many options to
treat injured tendons, as described previously, it
is a reality that none of those are foolproof and it
leads to the need of further studies and investiga-
tions on pathogenesis of tendon damage to under-
stand and develop new strategies of treatments.

Therefore, mainly in the last decade, mini-
mally invasive interventions with the theoretical
ability of boosting the healing response or neu-
tralizing degenerative changes in tendinopathy
have received the watchful eye of the community
and are being investigated.

Among the emerging technologies, with “bio-
logically friendly” or ‘“regenerative” profile,
autologous whole blood and platelet-rich plasma
(PRP) have been recently used in several clinical
studies for the treatment of LE. PRP is defined as
“a sample of autologous blood with concentra-
tions of platelets above baseline values” [52].

The management of musculoskeletal inju-
ries with PRP therapies has been advocated
since 2003 [53], when Sanchez et al. published,
as far as we know, the first paper on the use of
PRP to treat an articular osteochondral avul-
sion of the knee.

Since then, this promising and innovative
technology has stimulated translational
research and interest among both the scientific
and medical communities and has widened
PRP applications to several musculoskeletal
problems [54-57].

In the other hand, the term “PRP” is wide
enough to generate confusion. Due to the fact that
different preparations, with unequal cell popula-
tion and activation method, with different amount
of platelets above peripheral blood baseline, and,
even more, with a nonconsensual protocol of
application, are being used and investigated
under the name of PRP [54, 58-60], therefore,
different attempts of classification have been
described, and some authors [55, 59, 60] have
proposed systems that try to classify PRP sys-
tems by activation mechanism, platelet number,
and/or cell content. The absence of a validated
classification system that identifies crucial differ-
ences between PRP formulations makes it diffi-

cult to compare studies, and it involves that,
despite intensive research and huge number of
publications in the last years, there is a gap in the
basic knowledge necessary to establish the best
PRP product for each clinical condition, as well
as the guidelines for clinical applications [57].
There is some evidence to state that PRP for-
mulations (number of platelets, presence of white
blood cells (WBCs), balance between platelet
secreted and plasma proteins, mechanism of
plasma activation) and/or application procedures
(i.e., number of doses, volume, activation, and
injection procedures) could be linked to clinical
effect [57, 61, 62]. In this way there are enough
reasons to believe that the use of leukocyte-rich
PRP (L-PRP) and leukocyte-depleted PRP (pure
or P-PRP) should not be the same (L-PRP is
more proinflammatory when injected in rabbits
[63], it increases the levels of metalloproteases
when assayed in tenocyte cultures [64], and it
induced more transient postinjection swelling
and pain when injected into the knee for treat-
ment of knee osteoarthritis [65]). There are some
trials performed with a combination of local
anesthetics and PRP. An in vitro study by
Carofino et al. concluded that the addition of
either anesthetics or corticosteroids to PRP
resulted in statistically significant decreases in
tenocyte proliferation and cell viability [66].
Even more, there is no consensus about the
frequency and number of PRP injections in
chronic injuries. The majority of the studies have
been performed with a single PRP application,
but in our opinion a degenerative process could
not be solved with just one intervention, and
therefore, two or even three injections would be
more efficient than a single PRP application, but,
actually, this issue remains to be clarified [67].
Our group has been using from the beginning
of our research a 100 % autologous PRP with a
standardized composition and dosage (PRGF-
Endoret, BTI, Vitoria-Spain). It contains a mod-
erated platelet concentration (2- to 2.5-fold
increase compared with peripheral blood) [57],
obtained after a single spinning. One of the most
relevant and controversial issues is the presence
of WBCs in PRP. The first and most widely used
classification would define the system we are
using, as pure PRP (P-PRP) because it does not
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contain WBCs [59] The PRGF-Endoret is clas-
sified as type 4-B (minimal WBCs, activated
with calcium chloride, and platelet concentra-
tion below 5) as proposed by Mishra et al. for
sports medicine classification [55]. Finally,
PRGF would fit in the P2-x-Bb category (plate-
let count greater than baseline levels to 750,000
platelets/mL, exogenous activation with cal-
cium chloride, with WBCs, and specifically
neutrophils, below or equal to baseline levels)
according to the PAW (platelets, activation, and
WBCs) classification [60].

10.5.2.1 The Scientific Rationale

behind the Use of PRP Use

on Tendinopathies

and Lateral Epicondylitis
PRP preparations include growth factors, cyto-
kines, and morphogens contained in platelets, as
well as fibrinogen and other plasmatic proteins
in a biologically balanced aggregate, managed
and delivered in a pharmacological manner
[68]. This may account for two special features:
the resolution of inflammation and avoidance of
fibrosis. In addition to containing GFs, PRP pro-
vides the damaged tissue with a transient bio-
logical fibrin scaffold, which stems from the
polymerization of fibrinogen, a pleiotropic
blood protein that regulates coagulation, inflam-
mation, and tissue regeneration. PRP tendon
infiltrations are aimed at recruiting, activating,
and mobilizing satellite cells and resident mac-
rophages which contribute to repair processes
by cell signaling soluble factors. Once the acti-
vated preparation rich in growth factors is
injected, this liquid-to-gel transition 3D inject-
able scaffold allows a successful filling of the
tissue gaps and defects. With a local and gradual
activation and a homogeneous distribution
through and interaction with the ECM of tissue,
it is converted into a matrix-like viscous and
malleable structure [69]. This fibrin scaffold
formed “in situ” as a provisional extracellular
matrix and containing binding sites for cell
adhesion as well as proteins such as thrombos-
pondin-1 (TSP-1), alpha-1-antitrypsin fibronec-
tin, acute phase proteins, or proteins related to
lipid metabolisms [70] serves as a highway for

mechanical energy to transit from the environ-
ment to the cell, thereby bridging cell-to-cell
tissue transition, promoting multicellular assem-
bly, providing mechanical support and plastic-
elastic stiffness which has a drastic impact on
fates of different cell types such as fibroblasts
[71], and endowing tissues with a suitable
mechanical and chemical microenvironment for
biological restoration. In addition, fibrin matrix,
by heparin-binding domains, may sequester
growth factors such as PDGF, FGF, HGF, BBNF,
and VEGEF [72, 73] and gradually release them
later, exerting a synergistic action on tissue
repair.

Since this dynamic spongelike fibrin-matrix
scaffold is autologous, bio-reabsorbable, bio-
compatible, and free of leukocytes and red
cells, PRP scaffolds might be considered the
best tailored among all the tissue engineering
materials [74].

There is a great deal of evidence illustrating
the anabolic effects of PRPs on tendon cells [75—
78]. PRP stimulates the synthesis of several types
of collagen and other oligomeric matrix proteins,
resulting in a synthesis of extracellular matrix
which is conducive to the tendon anabolism and
homeostasis. The wide spectrum of cell response
in vitro and in vivo in both tendon stem cell dif-
ferentiation and tendon cell proliferation, together
with a substantial expression of VEGF and HGF
by tendon cells, thereby generating a balanced
angiogenesis, constitutes the rationale for the
application of activated liquid and fibrin scaf-
folds to the injured site of the tendon to prompt
the repair events in one area that brings about a
great deal of morbidity. The infiltration of acti-
vated liquid form of PRP to a tendon damaged
area elicits a set of sequential remodeling events
that might lead to the tendon healing. Although
the TGF-B1 family drives fibrogenesis and
potentially might stimulate the formation of scar
tissue in the tendon, the fibrotic effect of TGF-B1
present in the PRP would be either modulated,
counterbalanced, or even hindered by the pres-
ence and local production of VEGF and HGF, a
potent antifibrotic and anti-inflammatory agent,
as has been shown by our work on cells cultured
on fibrin matrices [79].
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10.5.2.2 What Does Evidence-Based

Literature Say about PRP

and Lateral Epicondylitis?
In the last decade and taking into account the
promising role of PRP for LE established by
Mishra et al. in 2006 [80], different research proj-
ects have been developed, comparing PRP to dif-
ferent classically accepted treatments for LE, as
corticosteroids, local anesthetics, and autologous
blood. To date, all controlled clinical trials in epi-
condylitis (nine) have been performed with
L-PRP [80-88]. So far there are no direct com-
parisons between L-PRP and pure PRP. There are
also two case series papers with 6 and 30 patients
and a single injection.

PRP Versus Bupivacaine Injections

Mishra and Pavelko [80] were the first people
performing a case-control study with PRP on
patients (n=20) in which nonsurgical treatment
had failed. Fifteen patients were injected with
PRP and the other five with bupivacaine, intend-
ing these to act as controls. They found a 60 %
improvement in VAS in PRP arm at 8 weeks and
a 93 % reduction in VAS and function at
24 months of follow-up.

This study opened a way of research on PRP
effect for LE, but the real value of it is conditioned
by the design itself. In 2014 Mishra et al. [87] pub-
lished a multicenter randomized and controlled
trial (RCT) on 230 patients (116 injected with PRP
and 114 with bupivacaine) that had at least
3 months of symptoms and had failed conven-
tional therapy. The injection site was blocked in
both cases using 0.5 % bupivacaine with epineph-
rine, before injecting PRP. At 12 weeks no signifi-
cant differences between PRP and bupivacaine
were found. However, significant VAS improve-
ment and also significant success rates (>25 %
reduction in pain score versus baseline) at
24 weeks were encountered in PRP group.

Both studies were performed with a single
injection of unactivated L-PRP and without ultra-
sound guidance.

PRP Versus Corticosteroid Injections
There are four RCT that compared PRP versus
corticosteroid injections. Peerbooms et al. pub-

lished positive results at 6 and 12 months [81].
In an extension of the former study, Gosens
et al. [82] confirmed those results 24 months
after treatment. One-hundred patients with
symptoms for 6 months were randomly assigned
in the PRP group or the corticosteroid group.
The injections were performed in two steps.
First, one of 1 mL of PRP or corticosteroids
with 0.5 % bupivacaine with epinephrine and,
second, the remaining PRP with corticosteroids.
Twelve weeks after the procedure, the VAS and
Disabilities of the Arm, Shoulder, and Hand
(DASH) scores were better in PRP than in corti-
costeroid group. Moreover, at the sixth month,
the difference was already statistically signifi-
cant [81], and the effects kept stable over a
2-year follow-up time [82].

In contrast, there are two other studies that did
not find significant differences at 6 weeks or
3 months after treatment. In the first, the blinding
system was not specified, the number of patients
was 30, it was conducted for only 6 weeks, and
they used the VAS and DASH scores [85]. The
second was double blinded, the number of
patients was 60, and it was randomized to receive
PRP, saline, or glucocorticoid. The validated
score was the Patient-Rated Tennis Elbow
Evaluation (PRTEE) [86].

Interestingly, Kohl et al. [86] found that a
single injection with either PRP or gluco-
corticoid was not significantly superior to a saline
injection.

The PRP used in all these trials was L-PRP. The
type of activation was unactivated in three papers
and unknown in one [85]. Lastly all of them only
used a single injection. Of these four studies only
in Krogh’s study the injection was under ultra-
sound control.

PRP Versus Autologous Whole Blood

(AWB)

Three RCT compared L-PRP with autologous
blood injections for refractory lateral epicondyli-
tis. Creaney et al. [83] conducted a RCT of 150
patients, 80 receiving monthly US-guided two
injections of PRP and 70 patients injected with
autologous blood in the same fashion.
Improvement was seen in PRTEE score for both
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arms of the study at 6 months, but it was no sta-
tistically different.

Thanasas et al. [84] divided 24 patients equally
into two groups, one treated with a single 3-mL
injection of AWB and a second one with 3 mL of
L-PRP, both under ultrasound guidance. VAS
scale and Liverpool Elbow Score were used for
the evaluation. PRP group had a significantly
greater improvement in VAS scores than AWB
group only at 6 weeks. This significant difference
was not seen at 3 and 6 month controls.

In 2014 Raeissadat et al. [88] randomized 40
patients with duration of symptoms more than
3 months and VAS score of a minimum of 5.
Group 1 was treated with a single injection of
2 mL of L-PRP and Group 2 with 2 mL of autolo-
gous blood. Pain and functional improvements
were assessed with VAS scale, modified Mayo
Clinic performance index for the elbow, and pres-
sure pain threshold at baseline and 4 and 8 weeks.
No statistically significant difference was noted
between groups, and they concluded that both
treatments are effective to treat LE with a slight
superiority of PRP in 8-week follow-up.

The use of injections of PRP to treat LE has
been seen to have an excellent safety profile
[80-88].

Currently four controlled trials (comparing
PRP to lidocaine, AWB, dry needle tendon fenes-
tration, saline injection, and no injection) are being
conducted as registered in clincaltrials.gov. So far,
research comparing both L-PRP and P-PRP is
lacking, and it should be the aim of the medical
community in order to clarify if the presence of
WBCs is beneficial for the tendon healing.

Conclusions
Since we know that depending on the presence of
leucocytes, the amount of platelets from the base-
line, and the type of activation we can categorize
different types of PRP, the results from the stud-
ies and clinical trials performed with one of the
described PRP cannot be extended to the others.
Thus, we should tend to standardize not only
the PRP type but also the number of injections,
the use of ultrasound to ensure the site of injec-
tion, the method of injection itself, the rehabilita-
tion protocols, and even the patient outcome
measure scores for this pathology.

In conclusion, there is currently insufficient
evidence to support the use of PRP therapy for
treating LE, due to the fact that the results of the
different studies are controversial, given the het-
erogeneity in formulations and application
protocols.

Therefore more research and an effort in stan-
dardization of PRP preparation methods and their
applications protocol are still needed to establish
the real role of PRP in the conservative treatment
of LE.

10.5.2.3 PRP Protocol for LE [57]

In our group’s treatment protocol, a patient com-
plaining of chronic (more than 3 months) lateral
elbow pain with the diagnosis of lateral epicon-
dylitis should be advised to avoid the cause of the
injury and start a individualized program of reha-
bilitation. In case of acute pain, some analgesics
could be added.

In those patients with no improvement of the
pain and with a physical examination that excludes
other causes of lateral pain, a treatment program
and ultrasound-guided PRP injections (in a sterile
fashion), not only of the injured area of the tendon
but also of the healthy both side extremes of the
tendon and within the elbow joint, will be offered.
The basis to inject in the surrounding healthy tis-
sue is to activate the mesenchymal cells that are
located there. So they can differentiate into teno-
cytes and migrate to the degenerate site. This phe-
nomenon is called chemotaxis.

First of all, an ultrasound exploration of the
lateral elbow is conducted. Then, once the
ultrasound probe has been longitudinally
located along the injured tendon, we insert the
needle from distal to proximal, in a parallel
track to the collagen fascicles; PRP is injected
(shortly after CaCl2 addition) within the site of
altered tendon substance using a 21-G needle
attached to a Luer Lock syringe. The intention
is to inject the maximum volume that can be
confined within the area of degeneration, com-
monly between 3 and 5 mL (depending on the
specific tendon and clinical case). Next, at some
point during the extraction of the needle, addi-
tional PRP is delivered to the healthy tendon.
We also inject plasma around the tendon
between the tendon and the paratenon, and
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finally, a smaller volume is delivered into the
associated fat and another 2-3 mL into the
elbow joint.

Cold therapy is applied for approximately
10 min after the PRP injection in order to control
pain. Local anesthetic and corticoids should be
avoided due to the fact that they inactivate the
PRP products. After the injection, the patients are
instructed to limit physical activities for 24 h and
to use cold therapy two to three times during the
day. Only pain killers are allowed. NSAIDs
should be avoided because they may interact in
the healing process (Table 10.1).

In general, we perform two or three PRP injec-
tions separated 1 week each on an outpatient basis.

These criteria are largely arbitrary and are
based on our clinical experience. Moreover,
because PRP therapies promote early healing,
1 week may be adequate for monitoring individ-
ual outcomes and making decisions about further
plasma injections. Ultrasonographic monitoring
and symptoms drive our clinical decision regard-
ing whether to perform additional PRP injections.

We do not change rehabilitation protocols
after the PRP injection, and these include eccen-
tric strengthening exercises, which are always
personalized to the patient’s condition. The only
change is that we tend to move into different
rehabilitation phases sooner.

Table 10.1 Suggested PRP injection protocol for LE

Sterile fashion

NO local anesthetics neither corticosteroids

US exploration and localization of painful area/tendon
(longitudinal axis)

Outpatient basis ultrasound guided: 2-3 PRP injection
(3-5 mL), weekly revaluation

Standard physical therapy protocol (eccentric exercises)

Pitfalls of Treatment

* Inevery sport-related injury, the balance
between the rest needed for the treat-
ment and the expectancy of sport prac-
tice is many times difficult to achieve.

* There are many types of PRP products,
different protocols, and no consensus

about the way the PRP therapies should
be applied for LE.

e The PRPs used in the clinical studies
until date for this chronic and histologi-
cally degenerative condition have been
L-PRP in the majority, applied a single
time, without image control.

* The use of US-guided injection implies
collaboration with the radiology depart-
ment and expertise learned by the physi-
cian in charge of the patient.

* The use of local anesthesia or cortico-
steroids mixed with the PRP product
may alter the effect of PRP.

» Despite advances in PRP science, there
is a lack of level I studies to ensure that
PRP therapies are definitively useful
in LE.

Pearls of Treatment
The key to lateral epicondylitis treatment
could be summarized as below:

* A good anamnesis and workup of the
injured elbow.

e Any other cause of lateral elbow pain
should be ruled out.

* Initially a “wait and see” policy with or
without analgesic makes sense.

* Try to avoid injections of glucocorti-
coids, unless there is a huge inflamma-
tion component.

* Consider PRP therapies in chronic
cases, always before surgical treatment.

e Perform the injections in a sterile
fashion, under ultrasound control,
without local anesthesia, and think
about evaluating the patient the next
week and repeating the injection
depending on the sonographic find-
ings, believing that a single injection
is not enough for a degenerative tissue
to heal.
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Clinical Case

Borja is a 31-year-old paddle tennis player. He
is a former Spanish National Team member and
actually playing in the Professional Tour. He is
left handed. He came to our clinic complaining
of progressive lateral elbow pain that limited his
performance, and that was only temporary
relieved by physiotherapy and one corticoid
injection. Physical examination showed pain on
palpation and resisted contraction of ECR
muscles, without signs of tendon rupture in the
US scan. A thorough review of the possible
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Conservative Treatment in
Lateral Elbow Pain

11

Renée Keijsers and Denise Eygendaal

11.1 Introduction

There are many synonyms to denote lateral elbow
pain, such as tennis elbow, lateral epicondylitis,
epicondylalgia, tendinitis, tendinopathy, or tendi-
nosis of the common extensor origin. To create
uniformity, lateral elbow pain is considered a
general term to clarify the terminology [1].
Lateral elbow pain is a common disorder with a
prevalence of 1-3 % in the general population.
The incidence seems independent of sex and eth-
nical background [2—4]. Only age influences the
incidence with the highest incidence between 45
and 54 years. It is a disorder that is associated
with patients in working age from the age of 20
up to 65 years. The exact etiology of lateral elbow
pain is not completely understood. High physical
demands, smoking, and obesity are strong deter-
minants of lateral elbow pain [5-7] It is also a
common sports injury. Fifty percent of all tennis
players will get an episode of lateral elbow pain
during their career, but that contributes in only
5 % of all cases [8]. The current consensus is that
repetitive trauma results in lesions and an abnor-
mal vascular reaction in the common extensor
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tendon. The tendinous origin of the extensor
carpi radialis brevis is wusually involved.
Microscopic evaluation of involved tissue shows
proliferation of fibroblasts and ingrowth of new
blood vessels [11-13].

11.2 Treatment Options

Lateral elbow pain is basically a self-limiting
condition; a wait-and-see with avoidance of
aggravating activities shows 80 % resolution
after 6 months and 90 % resolution after 1 year
[6, 9, 10]. The duration of symptoms cannot be
predicted, but certain characteristics have a
poorer prognosis. The prognosis for recovery
in the long term is worse when the patient
experiences more pain, when the duration of
the symptoms lasts longer, and with recurrent
symptoms [6, 9, 14]. This also means that 10 %
of the patients have persistent symptoms
despite prolonged watchful waiting. The goal
of treatment is to reduce pain or to shorten
duration of symptoms, restore function with
return to work and resuming sports, and
thereby improve quality of life. This goal
should be achieved with conservative or mini-
mally invasive interventions and with attention
to possible side effects of treatment. A lot of
different treatment options are available; how-
ever, there is still no consensus on the optimal
treatment of lateral elbow pain.
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11.3 Physiotherapy

In physical therapy, there are several interven-
tions for lateral elbow pain, such as deep trans-
verse friction massage, exercises (e.g., eccentric
exercises, concentric exercises, and stretching),
extracorporeal shock wave therapy (ESWT), and
mobilizing and manipulative techniques. Usually
a combination of different methods of treatment
is used. Deep transverse friction massage was
first demonstrated in the 1930s. The goal of
treatment is to prevent abnormal fibrous adhe-
sions and abnormal scarring. The Cochrane
review on deep transverse friction massage for
treating lateral elbow tendinitis states that there
is no sufficient evidence to determine the effects
of deep transverse friction on pain, improvement
in grip strength, and functional status, as no evi-
dence of clinically important benefits was found.
Pain relief of 30 % or greater, quality of life,
patient global assessment, adverse events, and
withdrawals due to adverse events were not
assessed or reported [20].

A systematic review and meta-analysis of
Bisset et al. [25] stated that there is a lack of
evidence for the long-term benefit of physical
interventions in general. However, there is evi-
dence for the effectiveness of manipulative
techniques of the elbow on the short term.
Further research with long-term follow-up into
manipulation and exercise as treatments is indi-
cated [25, 27].

After this review, more studies on the effect of
exercises have been published with variable
results. Studies on the effectiveness of concentric
and eccentric strengthening found no significant
differences in outcome measures [26, 27]. This is
contradicted by another study that concludes that
isokinetic exercises are effective compared to the
non-strengthening control group, on reduction of
pain intensity, mainly after 1 month of treatment,
an absence of strength deficit on the involved side
through bilateral comparison for the forearm
supinator and wrist extensor muscles, decreasing
thickness and a recovered homogenous tendon
structure, and a more marked improvement in
disability status during occupational, spare time,
and sports activities [28].

Further research is indicated on the effect of
exercise therapy in the treatment of lateral elbow
pain, but based on results with patellar and
Achilles tendinopathy, strengthening exercises
are recommended.

11.4 Shock Wave (ESWT)

Acoustic waves have been used to treat chronic
lateral elbow pain. The evidence suggests that
extracorporeal shock wave therapy is not benefi-
cial in the treatment of lateral elbow pain, with no
significant short-term or long-term effects.
Besides this, the treatment is generally uncom-
fortable with transient adverse effect as pain,
nausea, and reddening [23, 25].

11.5 Orthotic Devices

Many different types of braces and other orthotic
devices such as splints, casts, bands, or straps are
available for treating lateral elbow pain. The
underlying theory is that immobilization should
completely limit expansion and no force can be
made by the extensor muscles. Binding the mus-
cle may also limit expansion of muscle and
decrease the contribution of muscle fibers proxi-
mal to the band. The Cochrane review on the
effect of orthotic devices found no clear evidence
of effectiveness of the device and states that more
well-designed and well-conducted RCTs are
warranted despite the common use of the devices
[24]. A systematic review from Borkholder et al.
[34] found early positive, but not conclusive, sup-
port for the effectiveness of splinting lateral epi-
condylitis [34].

11.6 Medication

To reduce the lateral elbow pain, painkillers as
paracetamol and nonsteroidal anti-inflammatory
drugs (NSAIDs) are frequently used. The
Cochrane review on the effect of NSAIDs, in
which 15 trials (involving 759 participants) were
included, concludes that topical NSAIDs (applied
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to the skin in a gel) may improve treatment suc-
cess. However, the quality of the evidence is low
and it may result in a skin rash [21].

No definite conclusion regarding the effective-
ness of NSAIDs taken orally can be drawn, due
to the low quality of the evidence. Possible side
effects of NSAIDs are stomach, kidney, or heart
problems [21].

11.7 Injection Therapy
Currently, different injectables are used in the
treatment of lateral elbow pain without proper
scientific evidence. A recent meta-analysis by
Krogh et al. [13] confirmed this statement and
found a paucity of evidence from unbiased trials
on which to base treatment recommendations.
One of the problems in the comparison of the dif-
ferent injectables is the variation in injection
technique; the number and depth of perforations
varies widely, as well as the amount of fluid
injected [17]. A recent cadaver study by the
authors, in which experienced orthopedic sur-
geons were asked to inject dye in the ECRB ten-
don in a cadaver elbow, showed that only
one-third of the surgeons actually injected the
dye into the ECRB tendon and 60 % of all injec-
tions were intra-articularly located as well. So
even in experienced hands, blind injection in the
ECRB is not accurate, which makes comparison
of different injectables impossible without a stan-
dardized, ultrasound-guided technique.

Below an overview of the most common injec-
tion therapies and the current evidence of their
effectiveness is given.

11.7.1 Steroid Injections

Injections for lateral elbow pain with corticoste-
roids have been used since the 1950s. Several
studies report no long-term benefits of a steroid
injection. In fact, on the long term the results of
steroid injections are worse than wait-and-see,
with seven out of ten patients pain-free compared
to eight to nine out of ten with wait-and-see [15—
19]. On the short term eight to nine out of ten

patients are pain-free after 2—-6 weeks, compared
to three out of ten with a wait-and-see policy [18].

In addition to the limited treatment outcomes,
various side effects have been reported after
injecting steroids. An increase in pain during
1-3 days is reported in 10-50 % of the treated
patients. As rare side effects of corticosteroid
injections, hot flashes, hypopigmentation, and
subcutaneous necrosis can occur [18, 19, 29].

In the treatment of lateral elbow pain, there is
no place for steroid injections. However, when a
quick relief of pain is required, for example, in
athletes who have to play an important match, a
steroid injection could be considered. The poorer
prognosis in the long term should be taken into
account.

11.7.2 Autologous Whole Blood
Injections

Autologous blood contains platelets with growth
factors that may help in the healing process of
chronic injuries. These platelet growth factors
stimulate the healing process and lead to partial
modification of the damaged tissue. The hypothe-
sis is that these growth factors stimulate angiogen-
esis and cell proliferation and increase the
recruitment of repair cells and tensile strength [28].
A review by Vos et al. on the effects of autolo-
gous blood injections in the management of ten-
dinopathies showed no benefit of autologous
whole blood injections in three high-quality
RCTs compared with a control group [35].

11.7.3 Platelet-Rich Plasma (PRP)

The review by Vos et al. mentioned above also
reviewed the effect of PRP in the management of
tendinopathies in general. They stated that there
were no high-quality studies on PRP treatment.
There is also a lot of variation in the amount and
mixture of growth factors combined with using
different cell separating systems [36]. Thereby it
is uncertain whether platelet activation prior to
injection is necessary. There is limited evidence
to support the use of injections with PRP in the
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management of chronic tendinopathy. Further
research is needed [35].

The Cochrane review on the effect of PRP injec-
tions in the treatment of lateral elbow pain states
that there is currently insufficient evidence to sup-
port the use of PRP for treating musculoskeletal
soft tissue injuries. There is a need for standardiza-
tion of PRP preparation methods [33]. See Chap.
11 for more detailed information on PRPs.

11.7.4 Hyaluronic Acid Injections

Hyaluronic acid is a biological substance distrib-
uted throughout the body; this high molecular
weight polysaccharide is a major component of
synovial fluid and surrounding structures of the
joints. Periarticular efficacy and safety have been
reported for soft tissue use in acute ankle sprain
[37]. A first randomized controlled trial on the
effect of hyaluronic acid compared to saline
injections in the treatment of lateral elbow pain
shows promising results [38].

11.7.5 Dextrose Injections

Injection therapy with application of dextrose is a
common treatment in chronic musculoskeletal
pain, including lateral epicondylitis. Animal
model studies suggest that the treatment by per-
foration with application of dextrose may enlarge
and strengthen ligament and tendon insertions.
However, the precise mechanism is unclear [39].

A double-blind pilot RCT of 24 patients com-
paring the effect of dextrose versus saline shows
a beneficial effect after 52 weeks. However, it is a
pilot study, and therefore the sample size is too
small to draw conclusions on the efficacy; further
research is needed [40].

11.7.6 Botulinum Toxin

Since 1997, botulin toxin injections were used
in the treatment of lateral elbow pain [30].
Botulinum toxin reduces muscular activity and
causes muscle paralysis, by irreversibly block-

ing the presynaptic release of acetylcholine at
the neuromuscular junction. The muscle relax-
ation will last for 12—16 weeks [31]. It is thought
that the relaxation of the extensor muscles
causes a reduced tension on the tendons, but the
exact mechanism of action remains unclear.
Besides the paralysis, botulinum toxin might
also have some analgesic properties [32].

A few randomized controlled trials have
assessed the effectiveness of botulinum toxin
injection for lateral elbow pain, with conflicting
results [41-44]. A meta-analysis of four RCTs
showed that botulinum toxin was found to be
marginally superior to placebo, but all the trials
were at high risk of bias. All trials reported tem-
porary side effects with paresis/weakness in the
extension of the wrist and the third and fourth
finger [17].

In the current literature, the main obstacle in
the comparison of the different injection thera-
pies is the variation in injection technique. Most
injections are manually performed, without ultra-
sound guidance, and it is therefore difficult to
determine the exact location of the injection site.
To compare the different techniques, it is
recommended to perform future studies in a stan-
dardized manner with ultrasound guidance.

11.7.7 Acupuncture

Acupuncture has long been used to treat lateral
elbow pain in China and in Western countries; it
originated in China approximately 2,000 years
ago and is one of the oldest medical procedures
in the world. The word “acupuncture” is derived
from the Latin words “acus” (needle) and “punc-
tura” (penetration). The Cochrane study on the
effect of acupuncture (including 4 small RCTs,
with 48 to 93 participants) stated that there is
insufficient evidence to either support or refute
the use of acupuncture (either needle or laser) in
the treatment of lateral elbow pain. On the short
term needle acupuncture is of benefit with respect
to pain, but this effect only lasts up to 24 h.
Further research is needed before conclusions
can be drawn regarding the effect of acupuncture
on lateral elbow pain [22].
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Fig. 11.1 Anatomic landmarks and technique of Injections for postero-lateral soft-spot approach (a) and posterior
trans-triceps approach (b)

Pearls

If a patient suffers from both an ECRB ten-
dinopathy and articular elbow pathology,
intra-articular injections can be added to
the above treatment options of the ECRB
tendinopathy. In most textbooks injections
into the elbow joint are advocated through
the posterolateral soft spot between the
radial head, olecranon, and capitellum. Van
Wagenberg et al. proposed a posterior
transtriceps approach, with a flexed elbow,
right in the olecranon fossa. This is an easy
and safe technique for intra-articular injec-
tions of the elbow [45] Figs. 11.1 and 11.2.

Fig. 11.2 Arthroscopic view of the needle inside the
joint

Pitfalls
Blind injection in the ECRB is not accu- References
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12.1 Introduction
Elbow pathologies are very common and may
limit participation in sports and occupational
endeavours, as well as activities of daily living
[11]. Many sports competitions involve the elbow
joint. Throwing, pushing, opposing and gripping
are frequent in different sports. These activities
can all lead to significant elbow stress. Acute trau-
mas or repeated microtraumas can affect the joint
surfaces, ligaments and muscles, determining a
loss of function. Overuse syndromes are the most
common aetiologic factors in athletes producing
early joint degeneration. Javelin and baseball
throwers, boxers, weightlifters and tennis players
often present typical degenerative elbows [12,
30]. In particular, repetitive overhead throwing
imparts high valgus and extension loads to the
athlete’s elbow, often leading to either acute or
chronic injury or progressive structural changes.
In recent decades, there has been a sharp rise
in the number of participants in overhead-
throwing sports. These sports are not limited to
baseball but also include softball, football,
tennis, squash, golf, volleyball and javelin. The
increase in participation has brought a concurrent
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increase in the incidence of injury to the upper
extremity [7, 14].

Common injuries encountered in the throwing
elbow include ulnar collateral ligament tears,
ulnar neuritis, flexor-pronator strain, lateral epi-
condylitis, medial epicondyle apophysitis or
avulsion, valgus extension overload syndrome
with olecranon osteophytes, olecranon stress
fractures, osteochondritis dissecans (OCD) of the
capitellum and loose bodies [7, 30].

The spectrum of the elbow lesions encoun-
tered in the throwing athlete can best be explained
by examining the forces at the elbow joint during
the throwing motion. For example, baseball
throwing generates large valgus and extension
forces. The combination of large valgus loads
with rapid elbow extension produces tensile
stress along the medial compartment restraints
(ulnar collateral ligament, flexor-pronator mass,
medial epicondyle apophysis and ulnar nerve)
and shear stress in the posterior compartment
(posteromedial tip of the olecranon and trochlea),
and compression stress is produced laterally. This
phenomenon has been termed “valgus extension
overload syndrome” and forms the basic patho-
physiologic model behind the most common
elbow injuries in the throwing athlete [7].

Repetitive near-tensile failure loads applied
during throwing result in microtrauma to the
anterior band of the ulnar collateral ligament and
may eventually lead to ligament attenuation or
failure. Continued valgus and extension forces
may produce olecranon tip osteophytes, loose
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bodies in the posterior or radiocapitellar com-
partment and a kissing lesion (articular damage
on the posteromedial trochlea caused by the olec-
ranon osteophyte) or chondromalacia on the pos-
teromedial and posterolateral aspects of the
humerus.

As a result of valgus extension overload
forces, lesions of the posterior compartment,
including olecranon osteophytes and loose bod-
ies, have been reported as the most common
diagnoses that require surgery in throwing ath-
letes [7, 14].

A posterior elbow impingement results from
mechanical abutment of the bone and soft tissue
caused by pathologic processes such as fibrous
tissue deposit in the olecranon fossa, chondral
injury, osteophytes and loose bodies [12].

12.2 Patient Evaluation

12.2.1 History and Physical
Examination

A detailed history and a thorough physical exam-
ination are mandatory in order to evaluate the
athletes’ elbow. Information regarding time or
changes in training regimens as well as previous
injuries may help us to better understand the
patient’s current condition. Pain, stiffness and
instability of the elbow should be accurately
investigated.

While posttraumatic stiff elbow is strictly con-
nected to a recent trauma (1 year), degenerative
stiff elbow pictures can be determined by overuse
syndromes, primary osteoarthritic changes or
sequelae of not recent (more than 1 year) trau-
matic event.

Every single decrease of the elbow ROM can
be considered as a stiff elbow depending from the
work, sport activity and functional requests of the
patient. Clinical evaluation must consider sex,
dominant arm, etiopathogenesis, preoperative
MEPI (pain, ROM, balance and function) and
radiological and clinical findings [22]. Generally
pain throughout the entire arc of motion indicates
a joint with a damaged bearing surface and

advanced degenerative changes. This can be
associated with night pain, effusions and progres-
sive stiffness. The elbow should be examined for
deformity, swelling, crepitus and previous surgi-
cal incisions. Vascular and neurologic evaluation
should include assessment of the ulnar nerve that
can involve irritability, subluxation and sensory
or motor function deficit. Finally muscle strength
and collateral ligament stability are evaluated [6,
28]. An accurate characterisation of normal and
pathologic elbow structures is important to guide
treatment planning.

12.2.2 Radiologic Imaging

Conventional radiographs, consisting of two
orthogonal views of the elbow (AP, lateral), are
the standard initial evaluation for osseous defor-
mity and then completed with axial and oblique
views of the affected side. Comparison views of
the opposite elbow may be done if necessary.

If medial instability is suspected, stress AP
radiographs can be performed with the use of a
valgus stress radiography machine. Radiographs
are evaluated for the presence of olecranon osteo-
phytes, calcification within the ulnar collateral
ligament, osteochondral damage to the capitel-
lum or loose bodies [7, 28].

CT scan is more accurate and has greater
interobserver agreement than conventional radi-
ography in detecting osteophytes and loose bod-
ies. CT scan also can be helpful for detecting
stress fractures of the olecranon, and it may be
preferable for identifying the fracture line and the
typical sclerotic bone signifying stress reaction.

3D reconstruction CT has gained popularity as
a tool for visualising osteophyte distribution and
assessing complex deformity patterns when plan-
ning surgical debridement [28] (Fig. 12.1).

The accuracy of the method of diagnostic
imaging of the soft tissue structures around the
elbow continues to raise considerable debate.
MRI can be useful to diagnose collateral liga-
ment injuries but also in the evaluation of loose
bodies, osteochondral lesions, olecranon osteo-
phytes and neurologic complaints [11].
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Fig. 12.1 3D reconstruction CT is important in order to
visualise osteophyte distribution and assess complex
deformity patterns when planning surgical debridement

12.3 Management

in Degenerative Elbow

The mainstay of early treatment of the young
patient with posttraumatic arthritis consists of
maintaining joint mobility and reducing activities
that place stress across the elbow such as weight-
bearing or repetitive motions. Nonsteroidal anti-
inflammatory drugs and selective intraarticular
corticosteroid injections can control pain and
facilitate daily use of the degenerative elbow.

After considering 6-month failure of conser-
vative treatment (mobilisation, splinting and
physical therapy), intact articular space, absence
or mild anatomical incongruency, ROM reduc-
tion and sport- and occupation-related disability,
a patient can be a candidate for an arthroscopic
arthrolysis [21, 28]. On the other hand,
arthroscopic technique can be useful in associa-
tion with open surgery in order to avoid large sur-
gical approaches. Sometimes removal of a
columnar plate or screws can be associated with
an arthroscopic arthrolysis.

The presence of osteophytes, synovitis and
loose bodies is also an anatomo-pathological

finding in the course of repetitive microtrauma in
which the altered joint mechanism allows to
develop an early degenerative picture [21, 28].

12.4 Osteochondritis Dissecans
Lesions

Osteochondritis dissecans occurs most com-
monly in overhead-throwing athletes and in gym-
nasts between the ages of 13 and 16 years [8, 12].
It typically affects the young adolescent athlete
involved in high-demand, repetitive overhead or
weight-bearing activities. The most commonly
associated sports are baseball, gymnastics, rac-
quet sports, football and weightlifting [3, 8].

OCD can be a cause of painful elbow with
limited ROM. These young patients, usually ath-
letes complaining pain and dysfunction, limit
their activity becoming unable to participate in
sport. Although lesions have been reported in the
trochlea, radial head and olecranon, the most
common site of OCD of the elbow is in the capi-
tellum [3, 8, 12].

Radiographs reveal rarefaction, radiolucency
or fragmentation of the anterolateral capitellum.
MRI has become the standard imaging modality
to identify OCD, and it can provide an accurate
assessment of the size, extent and stability of the
lesion.

Determination of lesion stability and the
integrity of the articular cartilage cap are really
important regarding the decision to prescribe
nonoperative treatment or proceed with the sur-
gery [8].

Panner’s disease, most common between 4
and 8 years of age, should not be confused with
true OCD because it involves the entire ossifica-
tion centre, while only the anterolateral capitel-
lum is involved in osteochondritis dissecans of
the capitellum [3, 8].

Treatment for stable, early stage OCD lesions
consists in avoiding repetitive stress of the elbow
and observation. If the lesion has not resolved in
3—6 months, then consideration of surgical man-
agement is made.

Surgical management is the treatment of
choice for unstable lesions, lesions that have
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failed nonoperative management and loose bod-
ies. Lesions that are unstable have a tendency to
remain symptomatic even if no loose body is
present, therefore leading to surgery [8].

Multiple operative procedures have been
described for treating OCD. Surgical treatments
include drilling of the lesion, fragment removal
with or without curettage of the residual defect,
fragment fixation by a variety of methods (pull-
out wiring, Herbert’s screw, bone peg grafting,
etc.), reconstruction with osteochondral autograft
and autologous chondrocyte implantation [3].

In the literature, several studies report different
results with open procedure, but more recently
arthroscopy has been employed with encouraging
scores in the treatment of capitellar OCD [3, 8, 22].

Baumgarten and colleagues report excellent
results in a group of 17 patients whose elbows
were treated with arthroscopic debridement with
a complete return to sport activities at the pre-
injury level in 82 % of cases [3, 5, 8].

Reports of arthroscopic treatment of OCD of
the capitellum with removal of loose bodies,
debridement and abrasion chondroplasty describe
overall improvements in pain and range of
motions with variable return to pre-injury level of
sporting activity [3, 22].

A grading system based on absent, partial or
total detachment of the bone plug has been devel-
oped by Baumgarten et al. to aid in decision-
making during elbow arthroscopy. The
recommendation presented for Grade 1 lesions is
either observation or arthroscopic drilling of the
lesion. Grade 2 lesions were treated with debride-
ment of the cartilage to healthy tissue. Grade 3
lesions were treated with loosening of the frag-
ment to create a Grade 4 lesion, which was then
resected. Grade 5 lesions were treated with a dili-
gent search for the loose bodies [3, 8].

In our patients we prefer arthroscopic evalua-
tion and treatment for lesions requiring operative
management. Removal of the bone plug and
microfracture is mandatory in order to eliminate
catching and popping, while it is still controver-
sial the possibility to bone graft the lesion [22].

In some cases we have been performed an
arthroscopic mosaicplasty taking the graft from
the homolateral knee putting the patient in lateral

decubitus and extrarotating the hip performing
knee arthroscopy. The 6.5 mm cylinder graft
token from the lateral knee trochlea was inserted
in the elbow lesioned area carefully checking the
angle of the drilling and of the insertion of the
bony cartilaginous cylinder. Arthroscopically the
perpendicular insertion of the cylinder allows a
complete coverage of the OCD area. Four months
later MRI shows a nice bone incorporation of the
graft. Post-operatively the CPM started in day 2
and passive exercises in day 4 post-op. Patients
were back to normal activity in 4 months [22]
(Figs. 12.2,12.3 and 12.4).

12.5 Arthroscopic Technique
in Degenerative Elbow

Arthroscopy is increasingly used to diagnose and
treat elbow pathologies although the elbow has
always been considered a difficult joint to be
endoscopically explored. Arthroscopy knowl-
edge increase and technology breakthrough in
the last few years have allowed a standardisation
of techniques and a better definition of indica-
tions. In the 1980s, Andrews J. R. and Carson W,
G, [2], Hempfling H. [10] and Lindenfeld T. N.
[15] published the first indications, techniques
and notions on elbow arthroscopy. In 1981, on
the basis of their observations, Morrey et al.
determined that the elbow functional motion
ranged from 30 to 130° of flexion [17]; however,
a lot of daily activities performed at work or
while doing physical exercise require an exten-
sion above 30°. As a matter of fact, for sportsmen
and manual workers even a small decrease in
ROM, together with slight symptoms of pain and
inability to perform specific tasks, can be unac-
ceptable and, hence, interfere with their daily
work or sport activities. For this reason, there has
been an extension of indications concerning stiff
elbows treatment [16].

In 1992, O’Driscoll and Morrey presented 72
cases of elbow arthroscopy [19], and in 2001 they
published a review of 473 cases in which they
analysed the complications related to this proce-
dure [13]. In the previous year, Reddy A. S. et al.
[24] had published a review of 172 cases in which
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Fig. 12.2 The mosaicplasty from the knee to the elbow is performed on lateral decubitus positioning and the hip in
extrarotation to allow knee arthroscopy for taking the graft from the lateral trochlea

Fig. 12.3 The graft is positioned on the lateral humeral
condyle to fill the OCD gap

patients had undergone arthroscopic elbow sur-
gery with a 7-year follow-up. The list of indica-
tions for elbow arthroscopy has grown over the
past years, and today it includes osteochondritis
dissecans (OCD), plica syndrome, synovectomy
in R.A. and other synovitis, lateral epicondylitis,
loose bodies removal [23, 29] and stiff elbows
related to degenerative or posttraumatic causes
[6, 16]. Recently, Conso C. [9] as well as Shubert
T. [27] and Salini V. [26] have published the

Fig. 12.4 Four-month control MRI shows a good bone
incorporation of the osteochondral cylinder

results obtained by comparing, respectively, 32,
24 and 15 arthroscopic cases presenting a moder-
ate stiffness of the elbow and other pathologies,
with those obtained with open techniques. There



138

L.A. Pederzini and E. Tripoli

are several studies regarding this subject in the
literature, but all of them are based on a small
number of patients with a variety of pathologies
treated with different surgical techniques [1, 4,
18, 20, 25, 30].

Anaesthetist identifies nerve trunks by apply-
ing electrostimulation and places a catheter with-
out injecting the anaesthetic. Patients then
undergo general anaesthesia. When they wake
up, only after a neurological evaluation, periph-
eral block is performed. After the induction of
anaesthesia, ROM is carefully assessed and a
complete ligamentous balancing is carried out.
The tourniquet is inflated to 250 mmHg. The
patient is then placed prone, with the shoulder
abducted 90°, the elbow flexed to 90° and the arm
held up by an arm holder secured to the operating
table. Sterile field is set up and elbow joint land-
marks are drawn by a dermographic pen (medial
and lateral epicondyle, ulnar nerve, radial head,
posterior soft spot). Soft spot posterior portals,
supero-antero medial portals and supero-antero
lateral portals are marked. Ulnar nerve neurolysis
has always been performed by making a 2 cm
skin incision, except in full ROM cases (full
ROM painful elbows, occasionally decreased
ROM). An 18-gauge needle is inserted in the
elbow through the “soft spot” in the middle of the
triangular area delimited by the epicondyle, the
radial head and the olecranon, while the joint is
distended by injecting 20 ml of normal saline
solution to introduce the trocar while shifting
neurovascular anterior structures away. Five por-
tals, three posterior and two anterior, are always
used. After the incision is made, soft tissues are
retracted by using a fine haemostat. Posterior
compartment arthroscopy is firstly performed by
introducing a 4,5 mm 30° arthroscope through
the posterolateral portal (soft spot). Then a sec-
ond portal is established, 1,5 cm proximal to the
latter. These two portals allow to use the scope
and the shaver at the same level of the posterior
portion of the radial head. Joint distension is
achieved by a pump set at 35-50 mmHg. Once
we get a good and complete view of the proximal
radio-ulnar joint (posteriorly), a third posterior
portal is placed in the olecranon fossa, close to
the triceps medial border and oriented 2-3 cm

proximal to the olecranon tip. A complete olecra-
non fossa and its lateral wall debridement can be
performed as well as, if present, a lateral olecra-
non and humerus loose bodies removal to allow a
better sliding of the articular surfaces. We use a
different approach related to osteophyte dimen-
sion and ulnar nerve presence on the medial side.
After inserting the arthroscope through the most
proximal portal, we evaluate osteophyte dimen-
sions; if they are small, we protect the ulnar nerve
by positioning a retractor in an accessory portal
slightly posterior to the ulnar nerve, and we resect
the osteophytes arthroscopically. If they are large,
we prefer to remove the osteophytes by perform-
ing a small arthrotomy at the end of the proce-
dure, thus avoiding fluid extravasation during
arthroscopy. The medial approach is always used
after ulnar nerve neurolysis, which is the first sur-
gical step of the procedure. This is necessary to
prevent the overstretching of the nerve testing
flexion and extension during elbow arthroscopy.
The scope is then introduced in the anterior com-
partment through the supero-antero medial por-
tal, 2 cm proximal and 1 cm anterior to the
epitrochlea. In the stiff elbow the medial approach
is preferable because it allows to locate the ulnar
nerve by palpation, which is not possible on the
lateral side. The anterolateral portal is created
using an inside-out technique and placing a
Wissinger rod 2 cm proximal and 1 cm anterior to
the lateral epicondyle. A plastic cannula is intro-
duced on the rod, and, subsequently after having
the rod removed, a shaver can be positioned and
the anterior debridement carried out (removal of
loose bodies, anterior osteophytes and synovec-
tomy). In several cases, in the presence of a thick
capsule (posttraumatic causes), an anterior cap-
sulectomy may be required. We start trimming
the proximal humeral capsule by a shaver, but the
real anterior capsulectomy is performed by a bas-
ket forceps, at about 1 cm proximally to the apex
of the coronoid, firstly in a lateral-medial and
then in a medial-lateral direction. After arthros-
copy, ROM is assessed. One or two suction drain-
ages are positioned into the joint, arthroscopic
accesses are sutured and a splint holding the joint
in full extension is applied to correct the articular
loss of extension. On post-op day 1, patients start
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a 20 min continuous passive motion (CPM) four
times a day, together with an assisted physiokine-
sis therapy, at least 60 min per day. On day 2 they
start a self-assisted active and passive mobilisa-
tion in flexion-extension. On day 3 drains are
removed and we continue with the rehabilitative
programme. Indomethacin 50 mg three times per
day is somministrated for 15 days. At the time of
discharge from the hospital, patients are taught of
the exercises they need to practise at home. They
continue the same programme with a therapist
for 3 months.

12.6 Discussion

Throwing, pushing, opposing and gripping are
frequent in different sports and all can lead to sig-
nificant elbow stress. In many sportsmen acute
traumas or repeated microtraumas can affect the
joint surfaces, ligaments and muscles, determin-
ing a loss of function.

If nonsurgical treatment has failed, the type of
surgical treatment required depends on the extent
of degenerative changes. When degenerative
changes are absent or mild, soft tissue release
offers reliable increases in elbow motion and
pain release. When moderate degenerative
changes exist within the joint, débridement
arthroplasty of osteophytes and soft tissue has
shown some success with increase in joint
motion. With advanced degenerative changes, the
therapeutic options are more limited [28].

In the last 15 years, elbow arthroscopy has
been studied by different authors to reduce fre-
quent complications described in previous
authors’ publications [13, 24].

The use of different portals, the ulnar nerve iso-
lation, the use of arthroscopic retractors and the
avoidance of an excessive intraarticular joint pres-
sure are all fundamental elements for an accurate
elbow arthroscopy. In other words it is important
to achieve a clear arthroscopic vision, avoiding
nerves and vessel injuries risks. Once established
this, it will be easier to understand pathologies and
their treatments. Posttraumatic and degenerative
arthroscopic cases have different features. In post-
traumatic cases, the articular space is smaller,

fibrosis is higher and capsule consistency, when
removed by basket forceps, is harder. In degenera-
tive cases, articular space is larger, fibrosis is lower
and capsule consistency is weaker. Indications for
stiffness arthroscopic treatment are still, in many
cases, surgeon dependant [21].

In 2000 Reddy et al. presented a review of a
large number of patients operated by several dif-
ferent surgeons, in different decubitus and by dif-
ferent techniques reporting low rate of minor
complications but a complete lesion of the ulnar
nerve. As Reddy described, we obtain the same
low rate of complications using the technique
previously presented in a large series of patients
(212 patients) operated by the same surgeon in
5 years (2004-2008) with an average follow-up
of 58 months with 1.8 % of neurological compli-
cations and 10.8 % of minor complications [21].

In 2001, Morrey et al. reported extensive case
studies in which they analysed complications fol-
lowing arthroscopic surgery [13]. In some cases,
other authors report limited case studies where
they compare the outcomes achieved by open
techniques with arthroscopic ones [1, 4, 18, 20,
25, 30].

In case of articular congruence damage, post-
traumatic anatomical alterations or previous sur-
gical outcome, arthroscopic indication is not
common, while open surgery can be useful and
decisive. On the other hand, arthroscopy is used
in case of hypertrophy of the olecranon caused by
long-standing instability, radial head osteophytes
connected to a previous fracture and hypertrophy
of the coronoid caused by an intense physical or
manual activity. The use of five portals (three
posterior and two anterior) allows a clear and
complete joint view. In our opinion, a complete
view of the anterior and posterior compartments
is mandatory in any case, even if the pathology
involves only one of the compartments. Even if
the joint limitation affects only one of the two
compartments, the lack of range of motion can
lead to anatomo-pathological changes also in the
other compartment, in the long run. The use of
retractors is important in every stage of the sur-
gery because it minimises any risk of damage to
vascular and nervous structures. During posterior
debridement, the medial olecranon osteophyte
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Fig. 12.5 After ulnar nerve release, the scope is posi-
tioned in the soft spot and an accessory portal is per-
formed in the subcutaneous tissue in order to protect the
ulnar nerve intraarticularly

removal should be carefully considered: a retrac-
tor can help, but in some cases due to big osteo-
phytes proximity to the ulnar nerve, arthroscopic
surgery is not recommended (Fig. 12.5).

The previous isolation of the ulnar nerve
enables open surgery, avoiding risks. Posterior
debridement and olecranon osteophyte removal
allow an extension improvement that, together
with the surgical procedures above-mentioned,
increases total ROM. Also anterior capsulectomy
allows an extension improvement. On the con-
trary, flexion is favoured by posterior capsulec-
tomy and removal of anterior hypertrophic
coronoid or humeral osteophytes. During ante-
rior capsulectomy, it is important to pay attention
to the brachialis muscle, which is visible once the
capsule is removed and can be very thin as conse-
quence of the stiffness. This is necessary not only
because of the proximity of the humeral artery
but also to avoid muscle bleeding, which can lead
to possible calcifications.

Only when ROM is almost complete and
neurological disorders nearly absent, neurolysis
is not performed (removal of one to two loose
bodies). Neurolysis of the ulnar nerve is nearly
always recommended in cases of severe stiff-
ness and where there is a marked ROM
recovery.

The results reported in the literature are
extremely encouraging [1, 4, 17, 21, 23, 27]
allowing an increase ROM in degenerative cases.

Post-operative functional rehabilitation should
be immediate to keep the intraoperative obtained
ROM, thus reducing the inevitable risk of adhe-
sion formation that can significantly limit the
movement recovery. The suggested rehabilitation
protocol can obviously be modified relatively to
patient’s needs in terms of more or less rehabili-
tation activity.

From the complication analysis, it is clear
how common the presence of synovial fistulas
is. These are related to the intense flexion-
extension mobilisation, which causes a syno-
vial fluid leakage throughout surgical portals
(locus minoris resistentiae) and prevents heal-
ing. During arthroscopy, the precaution of iso-
lating the ulnar nerve before arthroscope
introduction turned out to be extremely useful
if compared to adverse outcomes when it was
not performed.

Conclusions

The elbow joint is involved in several sport
activities like throwing, pushing, opposing
and gripping. Previous acute trauma or over-
use syndromes can determine problems in
the joint surface, ligaments and muscles
determining elbow’s damage and loss of
functions. Bony lesions are represented by
osteophytes, spurs, loose bodies and osteo-
chondral defects. Soft tissue lesions are rep-
resented by capsular adhesions with increased
thickness in the anterior and posterior aspects
of the capsule. These anatomical pictures
involving the elbow joint basically determine
the clinical picture of the degenerative stiff
elbow. In the last 10 years, elbow arthros-
copy has become the choice method in treat-
ing these pathologies. The arthroscopic
technique has been developed in order to
have a safe procedure. The opportunity to
arthroscopically release a stiff elbow or
remove loose bodies or treat OCD by micro-
fracture or more recently by arthroscopic
mosaicplasty seems to confirm the quality of
the arthroscopic option. Longer follow-up
and a better evaluation of the level of the
return to sport must be depicted in the future
to confirm these impressions.
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13.1 Introduction

Distal biceps tendon rupture is a rare injury, mak-
ing up 3-12 % of all biceps injuries [15] with an
incidence of 1.2 per 100,000 people [8]. Rupture
results from explosive eccentric contracture
against resistance, resulting in significant flexion
and supination strength and endurance deficit [20].
It most commonly affects male patients between
30 and 60 [1], with other risk factors including
smoking [8], anabolic steroid use [10] and weight
lifting [15].

Partial distal biceps tears are far less common,
may go undiagnosed for some time [14] and
cause considerable anterior elbow pain during
activity. There is a paucity of evidence regarding
their optimal treatment; however, endoscopy is
especially useful for these tears as an accurate
diagnosis of the degree of tearing, tendinosis and
footprint coverage can be made. Chronic tears
pose a surgical challenge due to tendon retraction
or pseudotendon formation but have been suc-
cessfully treated by fixation in extreme flexion or
by grafts.

G. Bain, MBBS, FRACS, FA (Ortho)A, PhD (<)
J. Phadnis, MBChB, MRCS, Dip SportsMed, FRCS
H. Saeed, MD, BPharm

Department of Orthopaedic Surgery and Trauma,
Flinders University, Adelaide, SA, Australia

Department of Orthopaedic Surgery and Trauma,
Flinders Medical Centre, Adelaide, SA, Australia
e-mail: greg@gregbain.com.au

© ESSKA 2016

Distal biceps repair reliably restores function
regardless of technique and approach, although
debate remains regarding whether to use a single-
or double-incision technique and which tech-
nique is most effective. Cortical buttons, suture
anchors, transosseous tunnels and interference
screws have all been used with satisfactory
results.

13.2 Surgical Anatomy

The distal biceps tendon can be divided into three
zones: (i) pre-aponeurosis (musculotendinous
junction), (ii) aponeurosis, where the lacertus
fibrosus arises and (iii) post-aponeurosis, where
the tendons of the short head and the long head
are connected by loose connective tissue [14].

The tendon externally rotates 90° as it travels
from its musculotendinous junction to its inser-
tion at the ulna surface of the radial tuberosity.
The short head passes anterior to the long head to
insert in a fan-like manner into the distal portion
of the radial tuberosity. The long head has an oval
footprint and inserts proximally and more poste-
riorly to the short head, occupying most of the
tuberosity [18, 23]. Therefore, in full supination,
the long head of biceps tendon drapes around the
radial tuberosity.

The teardrop-shaped bicipitoradial bursa com-
pletely encompasses both parts of the tendon and
is more adherent to the ulna aspect of the distal
biceps than the radial aspect. It lies between the
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groove in the brachialis muscle and the distal
biceps tendon with the elbow extended and
between the proximal radius and the biceps ten-
don during pronation (Fig. 13.1).

The tendon footprint is located at the postero-
medial margin of the radial tuberosity, 25-30°
posterior to the frontal plane. It measures a mean
length of 21 mm, with a width of 7 mm, and has
footprint of 108 mm [12, 15].

Both partial and complete ruptures occur at
the tendon-bone interface. Considering that the
biceps tendon insertion has a lever of approxi-
mately 1 cm relative to the rotational axis of the
radius, at least 3.0-3.5 cm of distal biceps tendon
is needed to wrap around the proximal radius
during its rotation from 90° supination to 90°
pronation [27].

13.3 Presentation
and Investigations

13.3.1 History

There is usually a history of sudden and sharp
extension load to an elbow flexed at 90° with the
biceps in a contracted state. This is followed by
sharp pain, typically in the antecubital fossa, but
sometimes felt in the posterolateral elbow. These
may be associated with an audible “pop” [1].

Fig. 13.1 Location of the bicipitoradial bursa between
the distal biceps tendon and the radius (proximal, left; dis-
tal, right) (Used with permission from [5])

Partial tears tend to be more painful than com-
plete tears and patients tend to remain symptom-
atic or progress despite non-surgical treatment
[17, 18].

Those with distal biceps tendonitis/tendinosis
or bicipitoradial bursitis often present with deep-
seated anterior elbow pain, generally exacerbated
by repetitive use. The condition is atraumatic but
patients often relate their symptoms to a vague
inciting event. Uncommonly for distal biceps
pathology, these patients tend to be female often
with co-morbidities that predispose to tendon
degeneration such as diabetes, renal disease and
immunosuppressive therapy.

An unrepaired rupture leads to a deficit of
27 % in supination and 47 % loss of supination
endurance when compared with the normal con-
tralateral arm. Flexion strength and endurance
are decreased by 21 % [2]. Freeman et al. (2009)
found a mean 25 % reduction in supination
strength but only a statistically non-significant
7 % loss of flexion when compared with the nor-
mal contralateral arm.

13.3.2 Examination

In any tear, there may be ecchymosis over the
antecubital fossa, palpable gap in biceps tendon
and/or tenderness on palpation over the radial
tuberosity. Weakness of supination against resis-
tance tends to be more marked than flexion as
brachialis compensates for weakness of flexion.

The signs of partial tears are subtle and diagno-
sis is difficult owing to unreliable clinical examina-
tion. There may be crepitus or grinding on passive
rotation of the forearm [4] and weakness of resisted
supination. A direct tuberosity compression test
has been described where the examiner palpates
the lateral aspect of the fully supinated radium
2.5 cm distal to the radiocapitellar joint. The patient
is then asked to rotate the forearm. If this elicits
more pain than the normal contralateral side, the
test is considered positive [11].

Several clinical tests to aid in the diagnosis of
complete rupture have been described [28],
described the hook sign (Table 13.1), where the
patient is asked to actively supinate and flex the
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elbow to 90°. The examiner then hooks their fin-
ger under the distal biceps tendon from the lateral
aspect of the elbow. In the case of a complete dis-
tal biceps tendon rupture, the hook test is thought
to be the most useful test in making the diagnosis,
as the examiner is unable to satisfactorily hook
their finger under the tendon. However, it can be

Table 13.1 Clinical assessment using the hook test

unclear when the biceps tendon sheath remains
attached distally despite retraction of the tendon
or when a pseudotendon develops to bridge the
gap in a chronic tear. The hook test is also unclear
in partial or single head ruptures. In Table 13.2,
the features of the hook test have been correlated
with pathologies in which they might appear.

13.3.3 Imaging

Plain radiographs are not particularly helpful in
the diagnosis of tendon rupture, but AP and lat-
eral X-rays should be sought for preoperative
planning.

A new ultrasound technique involving a
medial approach through the pronator window
has been adopted to diagnose distal biceps tears.
This technique has resulted in more complete

Classification, clinical findings and management of distal biceps pathologies

Hook test

finding Grade Features of tendon

Normal N Taut, unyielding and

symmetric with contralateral
arm

Abnormal Al Taut, but yielding and

asymmetric with contralateral
arm

Abnormal A2 Lax and asymmetric

Abnormal A3 Absent cord

Table 13.2

Grade Injury Clinical

0 Tendinosis, bursitis  Atraumatic, tender,

swollen

1A Low-grade partial Pain and weakness
tear (<50 % against resistance
footprint
detachment)

1B Isolated head Weakness against
rupture resistance

1C High-grade partial ~ Pain and weakness
tear (>50 % against resistance
footprint
detachment)

2 Complete tendon Tendon medialised
rupture, lacertus by intact lacertus,
intact marked weakness

3 Complete tendon Retracted muscle,
and lacertus rupture  marked weakness
with retraction

4A Chronic rupture Tendon medialised

by intact lacertus,
marked weakness
4B Chronic retracted Retracted muscle,

rupture

marked weakness

Recommended
Hook test MRI management
N Bursitis, effusion, Nonoperative,
tendinosis bursectomy, biopsy
N, Al Bursitis, effusion, Endoscopic
footprint irregularity  debridement
Al Isolated head avulsion Repair isolated head
Al Incomplete footprint ~ Complete and repair
detachment
A2 Complete footprint Repair
detachment, tendon
within sheath
A3 Complete footprint Repair
detachment, retracted
tendon and muscle
Al, A2 Complete detachment Repair
and contracted tendon
within sheath (A2). A
pseudotendon may
bridge the native
tendon to the footprint
(AD)
A3 Complete footprint Repair in flexion or use

detachment, retracted
tendon within fibrous
cocoon

tendon graft
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visualisation of the ulnarly facing radial tuberos-
ity and distal biceps insertion [30] but remains
less reliable than magnetic resonance imaging
(MRI).

MRI has been shown to depict the level and
nature of the tear (Table 13.2). A FABS view
(flexed, abducted and supinated views) has been
described to allow a longitudinal view of the ten-
don to be obtained in one slice [6], allowing eas-
ier recognition of pathology. However, MRI has a
sensitivity of 59 % for partial ruptures and cannot
distinguish between those that require repair and
those that do not [19].

13.3.4 Indication for Endoscopy

Endoscopy can provide both diagnostic and ther-
apeutic implications in distal biceps pathology
and has become the gold standard for diagnosis
in our practice. It is particularly useful in assess-
ing and diagnosing suspected partial or complete
tears, extent of the tear and quality of residual
tendon to allow for repairs in the acute setting. In
chronic cases, endoscopy allows for identifica-
tion and debridement of the pseudotendon and
any scar tissue that extends to the footprint on the
radial tuberosity and facilitates retrieval of chron-
ically retracted tendons.

However, endoscopy is relatively contraindi-
cated in patients with pre-existing abnormal anat-
omy, such as from previous injury or surgery at
the elbow and antecubital fossa. Additionally,
endoscopic repairs should only be attempted
after a considerable number of open repairs have
been performed and familiarity with diagnostic
endoscopy has been developed.

13.3.5 Classification

Distal biceps pathology can be classified accord-
ing to degree (partial or complete), temporally
(acute or chronic) or anatomically into the three
zones described above. Most injuries occur in
zone 3 (tendon-bone interface). In this chapter,
tendon pathology at zone three has been graded
on a scale from O to 4 (Table 13.2). Each grade

has distinct clinical, radiological and operative
findings. The hook test, as described above,
should be interpreted carefully in certain grades.

13.4 Surgical Techniques
13.4.1 Two-Incision Technique

The two-incision technique of distal biceps teno-
desis was initially described by Boyd and
Anderson [3] and modified by Morrey, leading to
lower rates of heterotopic ossification and
Synostosis.

Anteriorly, a 3—4 cm transverse incision over
the antecubital fossa is made and tendon is
secured using a grasping stitch. The forearm is
then fully supinated and a blunt artery forceps
is passed through the dorsolateral aspect of the
forearm, along the medial border of the radius,
until it visibly tents the skin. At this point, it is
crucial that the tip of the forceps passes along the
radius only and does not breach the periosteum of
the ulna to minimise the risk of radioulnar synos-
tosis. An incision is then made on the dorsolat-
eral aspect of the forearm over the tip of the
forceps and blunt dissection is performed down
to the radius.

The forearm is pronated to bring the radial
tuberosity into view and placing the posterior
interosseous nerve (PIN) away from the operative
field. The surface of the tuberosity is burred and
drill holes are made. Using forceps, the sutures
attached to the proximal portion of the tendon are
passed through the radius to the dorsolateral inci-
sion and tied over bone. Aggressive use of lavage
may minimise the risk of heterotopic ossification
and synostosis [24].

13.4.2 Single Anterior Incision

Multiple single anterior approaches have been
described, utilising suture anchors, Endobuttons
and Biotenodesis interference screws or combi-
nations of cortical button and interference screw
fixations [22] with good results. Endoscopically
assisted procedures with anchors [21] as well as
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the Endobutton technique have also been pub-
lished [9].

The senior author developed the Endobutton
technique in 1994, altering the technique to opti-
mise the anatomic restoration of the biceps foot-
print. A single longitudinal anterior incision is
made distal to the antecubital fossa and dissec-
tion is continued through the deep fascia. The
proximal portion of the torn tendon is retrieved
and two braided number 2 nonabsorbable sutures
are anchored to the distal biceps tendon using a
Bunnell stitch, leaving trailing sutures exiting the
distal end of the tendon. The radial tuberosity is
then exposed with blunt digital dissection using
the biceps tendon tract as a guide. The forearm is
then fully supinated and right angle retractors
used to aid exposure.

For anatomical biceps restoration, the tendon
should not be attached to the radius from anterior
to posterior, but more medial to lateral. This posi-
tion makes repair using a single anterior incision
technically difficult, as the biceps tuberosity lies
in an ulnar position when the arm is in full supina-
tion. The senior author currently pronates the arm
approximately 70° to place two drill holes from
the radial cortex starting immediately opposite the
tuberosity and drilling anterolaterally to postero-
medially towards and through the radial tuberos-
ity. The sutures from the distal biceps tendon are
passed through the holes in an anterograde fash-
ion from tuberosity to opposite cortex using a
suture passer. They are then threaded through the
Endobutton, tensioned and tied so that the button
lies against the opposite cortex. The drill is aimed
away from the PIN [13] and the Endobutton is
placed under direct vision, preventing entrapment
and minimising risk of synostosis and proximal
radius fractures associated with large burr holes.

13.4.3 Endoscopic Repair

A 2.5 cm longitudinal incision over the palpable
biceps tendon, 2 cm distal to the anterior elbow
crease, is made as the standard viewing portal for
the endoscopy and instruments. The lateral cuta-
neous nerve of the forearm is identified and pro-
tected as the distal biceps tendon and its bursa are

identified. A small, transverse portal is then made
on the radial side at the apex of the bursa for intro-
duction of the scope (Fig. 13.2). At this stage, it is
important to stay lateral to the biceps tendon to
avoid the median nerve and brachial artery.

Endoscopic repair should not be attempted
unless a clear plan of the proposed procedure is
in place (Fig. 13.3) [7, 31]. Dry endoscopy is
used as the bursa, proximal radius and distal
biceps tendon are inspected to allow clear identi-
fication of tissue planes. The tendon is examined
dynamically through forearm rotation and with
traction around the tendon for evidence of fray-
ing, delamination, synovitis and partial tear.
Using a Wissinger rod, a posterior working portal
can be created, to allow the shaver to come from
a different direction (Fig. 13.4). If present, teno-
synovitis and low-grade fraying is debrided with-
out suction using a full-radius resector without
teeth. The aperture should be in full view when-
ever the resector is active to minimise the risk of
soft tissue being caught.

If the partial tendon rupture is to be com-
pleted, a hooked monopolar cautery device is
used for division of the remaining tendon inser-
tion [17]. If the tendon is completely torn, a
chondrotome is used to debride the natural foot-
print. A 2.5 mm drill is advanced from the ante-
rior cortex of the radius exiting just posterior to
the footprint. A suture on a straight needle is
advanced backwards through this drill hole and

Fig. 13.2 Orientation of the surgeon and the scope dur-
ing distal biceps tendon endoscopy in the left elbow (Used
with permission from Eames and Bain [5])
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Fig. 13.3 Distal biceps endoscopic-assisted repair. (a)
Endoscopic debridement of the torn biceps tendon stump.
(b) Whipstitch of the torn tendon with nonabsorbable
suture. (¢) Two oblique drill holes made in the radial
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Fig. 13.4 Posterior working portal created using
Wissinger rod. Scope in the front and the resector is com-
ing over the horizon of the radius. Note the clarity of the
dry endoscopy

the loop is retrieved (Fig. 13.5). This is used to
shuttle the preplaced whipstitch in the distal
biceps tendon. The sutures are threaded through
an Endobutton and tied firmly to the anterior
aspect of the proximal radius. This accurately
recreates the biceps footprint and provides tran-
sosseous Endobutton fixation (Fig. 13.6a, b) [7].

tuberosity aiming to exit on the dorsal ulnar surface. (d)
Sutures shuttled through drill holes. (e) Sutures tied over
Endobutton restoring the tendon to its footprint on the
ulnar aspect of the tuberosity

A similar non endoscopic footprint technique has
also been previously described [32].

13.4.4 Chronic Biceps Tendon
Rupture

Management of chronic distal biceps tendon tear
can be challenging owing to tendon retraction and
scarring and the location of major neurovascular
structures in the cubital fossa. If the patient has a
low demand or is a high surgical risk, nonoperative
treatment is mainstay. Surgery requires a more
extensive approach and reattachment may not be
possible with retraction greater than 4 cm, although
good results have been reported for repair in
extreme flexion [26]. Endoscopy, in this setting,
can be useful to identify a pseudotendon and the
level of the retracted tendon. If the lacertus fibrosis
is still intact, the tendon can usually be directly
repaired, although it will be tight and there will be
a fixed flexion deformity. The senior author
releases the lacertus from the tendon, repairs the
tendon to the tuberosity and lastly repairs the lac-
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ertus. This ensures it does not deform the line of
the tendon and does not compress the median
nerve and the brachial artery beneath the lacertus.
It is our experience that even a 70° flexion defor-
mity repaired with an Endobutton will correct over
the period of about 1 month, with gentle active
mobilisation. In severe cases, tendon grafts such as
semitendinosus autograft or tendon allograft may
be used to bridge the deficient tendon.

13.5 Outcomes

Post-repair, those with grade 0 and grade 1A are
encouraged to mobilise and strengthen the arm
with physiotherapist. In those with grade 1B to

Advance Sutus

Fig. 13.5 Advancing the suture — the Tuohy needle is
advanced through the drill hole and grasped on the poste-
rior aspect of the radius

grade 4 injuries, a sling is provided and the patient
is encouraged to mobilise as tolerated with no
resisted supination or flexion for 6 weeks. The out-
come of surgical repair for distal biceps tendon
rupture is good. The largest reported series using
single incision technique found that 96 % were sat-
isfied or very satisfied with the outcome of surgical
repair at an average of 29 months after surgery
[25]. In a series of 27 patients, Dillon et al. [16]
found that the Endobutton gave return of 101 % of
flexion strength and 99 % supination strength with
no loss of motion. This group included patients
with a chronic tear that was primarily repaired
without tendon augmentation. Peeters et al. [29]
demonstrated mean flexion strength of 80 % and
supination strength of 91 % in 26 patients reviewed
who had a mean of 16-month follow-up.

13.6 Complications

Reported complications include failure of repair,
infection, haematoma, nerve palsies and fracture
through drill holes in the proximal radial radius.
Nerve palsies are usually transient and contrib-
uted to by aggressive retraction. Injuries may
involve the lateral cutaneous nerve of the fore-
arm, superficial branch of the radial nerve and
posterior interosseous nerve and, rarely, the
median nerve [21]. The PIN recovered spontane-
ously and radial neck fractures healed with inter-
nal fixation and bone graft. Rare complications

) REPAIR

Fig.13.6 Fixation of the tendon to the radial tuberosity. (a) The suture is used to advance the tendon onto the footprint.
(b) The final position with the tendon advanced onto the footprint and the Endobutton on the anterior radius
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Technical Tips for Procedures About the
Elbow

1. Preoperatively and intraoperatively
ensure that the patient is accurately clas-
sified, as this will direct treatment.

2. Enter the bicipitoradial bursa on the
radial side under direct vision to avoid
damage to neurovascular structures.

3. Use dry endoscopy to improve visuali-
sation and prevent soft tissue swelling.

4. Use a full-radius resector without teeth
and without suction to avoid entrapping
soft tissues.

5. Reinsert the tendon onto its anatomic
footprint on the posterior rim of the
tuberosity.

include heterotopic ossification and radioulnar
synostosis. Complication rates are higher for
chronic injuries and revisions.
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14.1 Introduction and Scope

of the Problem

Triceps tendon ruptures are rare [9]. Triceps bra-
chii tendon ruptures are associated with a variety
of sports. Overuse is the most common cause of
injury in athletes [10]. Bodybuilders and weight
lifters are specifically at risk because of possible
anabolic steroid abuse, errors in technique, and
sometimes skeletal immaturity [21]. A specific
group that is prone to overuse of the triceps are
wheelchair athletes. Direct trauma or a fall on the
outstretched hand may cause a triceps tendon
rupture [4], placing contact athletes at risk, as
well as, for example, cyclists and motorcycle rid-
ers prone to falling on the outstretched hand
causing high-energy eccentric loading on the tri-
ceps. Ruptures of the distal triceps represent less
than 1 % of all tendon ruptures [9]. There is no
data on the incidence in athletes, but in the nor-
mal population, the male to female ratio is 7:1
and in 60 %, the dominant arm is affected [10].
The average age is 47 years old and consistent
with other tendon ruptures. Tendon avulsion
from the bone is seen in most cases although
musculotendinous ruptures have also been
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described [11]. Intramuscular rupture of the tri-
ceps brachii muscle is extremely rare. We have
treated only two cases of intramuscular ruptures.
In one patient, there was a blunt trauma from a
windsurfing accident, causing a transverse rup-
ture of the muscle belly. The other patient was a
professional field hockey player with a longitudi-
nal triceps muscle tear, very similar to more com-
mon hamstring tears in athletes.

14.2 History and Physical
Examination

Triceps tendon injuries are often missed, leading
to a delay in diagnosis. A thorough exam should
avoid this delay in diagnosis and eventual
treatment.

General medical history should include pre-
disposing factors, such as age, type of sports, and
previous medical and surgical history [5]. Renal
failure [2], diabetes, and COPD are less likely in
athletes, but olecranon bursitis [1, 3], local ste-
roid injections, trauma to the elbow leading to
posttraumatic arthritis, and previous surgery all
increase the risk of a triceps tendon injury.
Chronic tendonitis with pain may have been pres-
ent for a long time before the rupture occurred
and will give an indication on the quality of the
tendon.

The mechanism leading to the tendon rupture
will often be very suggestive. Patients will typi-
cally remember a specific incident. Bodybuilders
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and weight lifters will usually feel a crack during
bench press or other chest or triceps exercises. A
thorough history of uses and abuses is important
in this group as low-energy trauma may be suffi-
cient to rupture the tendon in this group. The
quality of the tendon is likely to be decreased and
this will affect the decision on whether to repair
or reconstruct the tendon as well as the postop-
erative protocol.

A second group of patients will report a higher
energy trauma, such as a fall from a motorbike
resulting in an eccentric load on the triceps with
the elbow in mid-flexion, or a blunt or penetrat-
ing blow to the posterior side of the elbow.
Associated lesions, such as a fracture, may com-
plicate the clinical examination in these patients
and a triceps tendon rupture may therefore be
missed (Fig. 14.1). In these patients, a thorough
neurological examination should also be con-
ducted, as ulnar palsy or tunnel syndrome may
complicate triceps tendon ruptures [7, 8].

Partial ruptures are underdiagnosed for differ-
ent reasons. Not all patients seek medical care as
pain may be tolerable or intermittent and there is
no obvious deformity. A delayed presentation is
typical as these patients will often have good
elbow function and range of motion with the sole
symptom being pain on resisted extension. These
patients may not seek medical advice for months
or even years after the index injury and some may
not be seen until a full rupture occurs [4].

The clinical examination is important and will
typically vary with the extent of the rupture, possi-
ble associated lesions, and the time from the index
injury. In acute ruptures, a posterior swelling,
bruising, or ecchymosis can be seen on inspection.
In chronic, complete ruptures, two problems are
apparent. Besides decreased extension strength,
these patients often complain of the asymmetrical
appearance of both arms from atrophy or retraction
of the muscle belly. Especially in muscular patients,
this deformity may be pronounced.

The physical exam of the elbow starts with a
general examination of the elbow. Range of
motion will, in the absence of associated trauma,
typically be normal. Passive flexion is often pain-
ful as the ruptured tendon in acute lesions will get
stretched with increasing flexion. Extension is
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Fig. 14.1 CT scan showing a rare injury pattern with a
capitellar shear fracture and complete triceps tendon rup-
ture from a snowboarding accident (Courtesy of MoRe
Foundation)

typically decreased bilaterally in weight lifters
due to biceps hypertrophy.

In a complete rupture, it will be difficult or
impossible for the patient to extent the arm against
gravity or against resistance. In most cases, the
lateral and/or medial triceps expansions will still
be intact and the patient will have at least some
extension force. It is important to compare both
sides as some patients may still have considerable
extension strength even with a full-thickness tear.
This is especially the case in chronic ruptures.

Triceps strength is tested by extending the
arm. This leads to weakness in resistance com-
pared to the other side. It is important to start
with the elbow fully flexed (flexion beyond 90°)
as this will detect an isolated rupture of the deep
triceps insertion.

A modified Thompson test has been described,
where the muscle belly is squeezed and no resul-
tant extension of the forearm results [6].
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Fig.14.2 MRI scan showing a partial rupture at the deep
layer of the triceps tendon (Courtesy of MoRe Foundation)

Palpation should always be performed with
the triceps both relaxed and contracted.
Sometimes, there is a palpable gap in the tendon,
especially in complete, full-thickness ruptures of
the tendon proper. However, palpation will be
painful and the patient may not tolerate deep pal-
pation. A hematoma may fill the gap and this may
falsely feel like a soft tissue swelling rather than
a ruptured tendon.

In a partial tear, no gap may be palpable as
superficial fibers will still be intact and cover the
defect (Fig. 14.2). In chronic lesions, even in
complete ruptures, the gap in the tendon will
often have filled with scar tissue (Fig. 14.3).

14.3 Imaging

Plain radiographs can show the presence of flecks
of avulsed bone from the olecranon. This is
pathognomonic for this lesion and is called the
“flake sign” (Fig. 14.4). Radiographs are also

Fig.14.3 Intraoperative view of a chronic triceps tendon
rupture. Notice how the gap is filled by scar tissue in an
attempt to heal the tear (Courtesy of MoRe Foundation)

used to rule out associated lesions or signs of
chronic triceps tendon overuse, such as the com-
monly found traction spur (Fig. 14.5). Bony asso-
ciated lesions can further be examined using a
CT scan, but this is not necessary for isolated tri-
ceps tendon lesions (Fig. 14.1).

An ultrasound (Fig. 14.6) can confirm the
diagnosis if a triceps tendon rupture is sus-
pected [12].

Magnetic resonance imaging (MRI; Fig. 14.7)
is often not necessary to confirm the diagnosis,
but in chronic cases or partial ruptures (Fig. 14.2),
MRI is of value in the diagnosis and localization
of the tear [13, 14]. It is also used to quantify the
extent of the tear and is very helpful in the pos-
sible need for triceps repair at the preoperative
planning. Classically, on the MRI, a fluid-filled
gap can be seen where the muscle is retracted.
The triceps muscle belly may not have the ten-
dency to migrate proximally as the lateral and/or
medial triceps expansions are often intact, despite
a full-thickness rupture of the tendon proper.

14.4 Treatment Options

Treatment of triceps tendon ruptures depends on
different criteria such as the extent of the rupture
and/or the activity level of the patient [22].
Ruptures involving greater than 50 % of the
tendon, as shown on MRI, are recommended for
early surgical repair to prevent late functional
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Fig. 14.4 Plain radiograph showing the flake sign. This
is pathognomonic for an acute triceps tendon avulsion
(Courtesy of MoRe Foundation)

disability [10, 23]. With partial ruptures up to
50 % of the tendon and in the absence of an
extension lag, surgical repair is controversial [24]
and depends mainly on the functional impair-
ment to the patient. If an extension lag is present,
surgical repair is recommended [25-28].

Results of conservative treatment are unclear
and often unpredictable. Nonoperative treatment
may involve splinting with elbow immobilization
for 3—-6 weeks at 30° of flexion [29] followed by
a training program specifically tailored to the
athlete.

Fig. 14.5 Signs of chronic triceps tendon overuse. (a) A
traction spur is commonly found in chronic overuse of the
triceps tendon (Courtesy of MoRe Foundation). (b) Clear
calcification of the triceps tendon insertion leading to a
high-grade partial rupture (Courtesy of MoRe Foundation)

Fig. 14.6 Ultrasound scan showing a partial triceps ten-
don tear (Courtesy of MoRe Foundation)

Even with a partial rupture, a surgical proce-
dure can be proposed. This to avoid the evolution
to complete rupture and functional degradation
but other factors also play a role, such as the tim-
ing in the season or remaining goals in the ath-
lete’s career.

When the triceps rupture is associated with
fracture of the radial head, or rupture of the medial
collateral ligament, surgery is indicated [6].

14.5 Surgical Technique

Anesthesia can be general or regional with a
supraclavicular block. The patient is placed in
prone position or lateral decubitus, with the arm



14 Triceps Tendon Pathology

157

Fig. 14.7 MRI scan showing a complete full-thickness
rupture of the triceps tendon with moderate retraction
(Courtesy of MoRe Foundation)

over a support. A tourniquet can be installed but
is often not inflated in order to increase the
chance of reducing the tendon back to its inser-
tion on the bone.

A posterior incision is made, centered over the
olecranon. The length of the incision depends on
the retracted position of the tendon. The olecra-
non is debrided of any residual tendon tissue, scar
tissue, or fibrosis to create a bleeding surface in
order to promote healing of the tendon to the
bone interface (Fig. 14.8). A non-resorbable no. 2
suture is used to securely suture the tendon on
both the lateral and medial sides. A 2.5 mm drill
is used to create bone tunnels in the proximal
ulna. A suture retriever can be used to shuttle the
sutures through the bone and the sutures are tied
proximally, taking care to bury the knot and not
to leave it directly on the subcutaneous border of
the ulna, as this may cause pain. Alternatively or
additionally (Fig. 14.9), one or multiple strong
bone anchors can be used [30], depending on the

Fig. 14.8 Intraoperative view of an acute triceps tendon
rupture (Courtesy of MoRe Foundation)

Fig. 14.9 Hybrid fixation of a full-thickness triceps ten-
don tear, using bone tunnels and anchors

preference of the surgeon. In this case, a knotless
repair [31] can be done or the sutures are tied
proximally and buried in the triceps muscle, to
avoid irritation.

Once the repair has been done, it is important
to test the tension-free mobility of the elbow and
the integrity and strength of the repair (Fig. 14.10).
Gapping may occur with further flexion of the
elbow and the surgeon should decide if reinforce-
ment of the repair is necessary at this stage or if
the elbow needs to be protected by restricting the
amount of flexion for a period of time
postoperatively.

In chronic cases, a direct repair may be possi-
ble and is the preferred technique [10]. The inci-
sion and approach to the tendon are not different
in the chronic setting. Usually, there is no clear
palpable or visible gap between the olecranon
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Fig. 14.10 Intraoperative testing of the strength of the
fixation will determine the immediate postoperative pro-
tocol. No gapping was found in this patient and the patient
was allowed to mobilize the elbow as tolerated in a com-
pressive bandage to protect the wound (Courtesy of MoRe
Foundation)

and the triceps stump, as it is filled with scar tis-
sue. It may be difficult to determine the demar-
cation between scar tissue and viable triceps
tendon. Careful debridement of scar tissue is
necessary to obtain healthy tendon for repair.
The tendon is mobilized and the elbow is posi-
tioned in extension to facilitate the primary
repair. The tendon is then repaired to bone, as
described above. If it is not possible to bring the
retracted tendon back to bone or if too much ten-
sion is needed or failure of the repair occurs
when the elbow is tested from extension to flex-
ion, the repair is augmented with a graft. Both
auto- and allograft tendons [32-34], as well as
synthetic grafts [35], have been used to augment
the repair. A hamstring or palmaris longus graft
can be used and woven through the triceps stump
and attached to the proximal ulna [32, 33].

Our preference is to use an Achilles tendon
allograft [10]. The advantage of this graft is that
the fan-shaped graft resembles the anatomy of
the triceps tendon (Fig. 14.11). The Achilles ten-
don can cover the defect that may remain after
maximal mobilization of the triceps tendon
stump. The elbow is held in extension and the tri-
ceps is temporarily fixed as close as possible to
the olecranon, in order to tension the muscle. The
graft is then placed over the triceps muscle, mus-
culotendinous junction, and the tendon. The graft
covers the remaining defect between the triceps
stump and the olecranon and is draped over the

Fig. 14.11 An Achilles tendon was used to augment the
repair of this chronic triceps tendon tear, nearly 5 years
after the initial injury in a professional bodybuilder
(Courtesy of MoRe Foundation)

proximal ulna. Non-resorbable no. 2 sutures are
used to suture the graft to the triceps. We use
medial, central, and lateral rows of sutures. It is
important not only to make sure that the graft is
securely fixed for the strength of the repair but
also to avoid hematoma or seroma formation
between the graft and the tendon, jeopardizing
ingrowth of the graft. There are essentially two
different methods to fix the Achilles tendon dis-
tally to the olecranon. The calcaneal bone block
at the distal end of the graft can be shaped to fit
over the proximal ulna and can be fixed with cer-
clage wires. This has the advantage of bone-to-
bone contact, which may offer a stronger fixation.
Unfortunately, even with an excellent fit, the
bone graft is quite bulky and may cause prob-
lems, due to its direct subcutaneous position. We
reserve this option for patients with poor bone
stock or bone loss, such as rheumatoid patients or
following arthroplasty of the elbow, and have not
used this method in athletes. In most traumatic
triceps tendon ruptures in this group, the bone of
the proximal ulna is of sufficient quality to allow
for fixation of the graft through bone tunnels or
with bone anchors, as previously described.
Reconstructions or augmented repairs have been
shown to be stronger than direct repairs in a
cadaveric study [36] and can lead to a good clini-
cal outcome in the general population, despite the
poor quality of the chronically ruptured tendon
and the potential for residual elbow stiffness [10].
However, better peak strength and a shorter time
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to recovery have been reported in repairs com-
pared to reconstructions and are certainly prefer-
able in this group of high-demand patients [10].

14.6 Rehabilitation

During surgery, the initial rehabilitation program
will be determined. The tension that is necessary
for a strong repair will determine if the repair
needs to be protected. In acute cases, direct repair
on the olecranon is often tension-free and full
range of motion is permitted immediately. So, if
the elbow can be moved freely and no gapping is
seen through a full range of motion, only a pro-
tective bandage will be used. The patient is
allowed to flex the elbow actively. Passive flexion
exercises are not permitted in the first 6 weeks.
Passive and gravity-assisted extensions are
encouraged immediately.

After 6 weeks, progressive stretching will be
initiated, as well as active and resisted extension
exercises.

When the tendon repair or reconstruction needs
to be protected, we will immobilize the elbow in
varying degrees of extension. This is depending on
the tension and strength of the repair. A dynamic
elbow brace [37, 38] is fitted and flexion will be
blocked at 30° for 2 weeks with full extension per-
mitted. Gradually, flexion is increased with 30°
intervals every 2 weeks or slower when necessary.
Normally, full flexion is permitted after 6 weeks
and further rehabilitation will be done as noted
above. Return to sports is highly dependent on the
type of sport but is typically allowed between 3
and 6 months post surgery.

14.7 Complications

Reruptures are very uncommon [10, 39]. A loss
in the range of motion is expected, approximately
10° loss of flexion and extension on average.
Peak strength will return to 92 % of normal for
acute repairs, but only to 66 % of normal in
chronic reconstructions [10], an important reason
not to delay surgery or further diagnostics in this
patient group.

Infection, wound problems, and nerve pathol-
ogy have to be prevented. Resulting from the
sutures, an olecranon bursitis may arise due to
irritation of the sutures or from the operative
insult. There have been no reports of an olecra-
non fracture.

Pearl

Reruptures are very uncommon after fixa-
tion of a ruptured triceps tendon and the
results are generally good. A loss in the
range of motion is expected, approximately
10 degrees loss of flexion and extension on
average. Peak strength will return to 92 %
of normal for acute repairs, but only to
66 % of normal in chronic reconstructions.

Pitfall: Corticosteroid Use

Derivatives of testosterone are used for the
purpose of improving performance among
competitive and power athletes. They have
attained a highly controversial position
despite increased controls in competitive
sports [15].

Short-term administration of these drugs
has a positive influence on strength and
bodyweight. Strength gains about 5-20 %
and the athlete gains about 2-5 kg body-
weight, attributed to an increase of the lean
body mass.

Possible side effects of anabolic ste-
roids are related to metabolic dysfunction
and abnormal structure of connective tis-
sue. Both systemic steroids and local
injections may predispose tendon injury or
to rupture [19].

Scientific and medical literature address-
ing this concern is rare and additional
investigation is warranted. Consideration
should be given to potential tendon altera-
tion and ruptures among the side effects of
steroid abuse [20].

Electron microscopy has been used to
study tendon collagen fibrils, after treatment
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with an anabolic steroid hormone. The
occurrence of dysplastic, ruptured, and dis-
sociated collagen fibrils has been reported
[16]. However, another study did not show
changes in the appearance of fibril diameter
or shape [17].

Marqueti found impaired tissue remod-
eling in the Achilles tendons of animals
treated with anabolic steroids and undergo-
ing physical exercise. This created down-
regulating of the matrix metallopeptidase
activity, thus increasing the potential for
tendon injury [18].

The combination of anabolic use with
physical overload will probably create the
increased risk of injury in high-level
athletes.

Pearls

* Although often missed, a thorough clin-
ical exam should be sufficient to diag-
nose a triceps tendon rupture.

e Ultrasound and MRI can aid the
diagnosis.

e MRI is the gold standard for evaluating
partially or chronic triceps tendon
ruptures.

» Conservative treatment can be success-
ful in the smaller partial ruptures with
limited to no functional impairment.

* A direct repair of the tendon to the olec-
ranon is preferable, even in chronic
cases.

* Examine the strength of the repair dur-
ing surgery.

* An augmentation of the repair can be
done, using a variety of grafts, if a direct
repair is not possible or if fixation is not
strong enough.

e Strength and tension of the repair or
reconstruction during surgery will guide
the initial rehabilitation period.

* A hinged brace can be used to progres-
sively allow flexion of the elbow.

Pitfalls

e Pain and swelling can obscure a triceps
tendon rupture in the acute phase.

e Even in full-thickness tears, resisted
extension strength can still be high in
athletes if the lateral or medial triceps
extensions are still intact.

* Delayed presentation and therapy will
lead to a prolonged rehabilitation period
and decreased final peak strength.

» Suture knots may be painful and should
be buried.

e Failure to test tension-free range of
motion may put the repair at risk.

* A hematoma between a graft and the
tendon will impair healing.
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15.1 Introduction

The triceps brachii is the main extensor muscle of
the elbow and as such plays a key role in normal
upper extremity function. Distal rupture of the tri-
ceps tendon is a relatively uncommon injury. In
their review of 1,014 tendon ruptures, Anzel et al.
reported a prevalence of 0.8 %, while Mair et al.
recorded only 21 cases of triceps rupture in the
National USA Football League over a 6-year period
[1, 2]. However, Koplas et al. recently found a high
prevalence of triceps tendon tears (3.8 %) upon
MRI examination, suggesting that the number of
triceps tendon injuries is underestimated in imaging
studies and in the orthopedic literature and that this
type of lesion is frequently misdiagnosed [3].
Distal triceps tendon tears are more common
in men, particularly in professional sports players.
Although the average age of occurrence is about
35 years, tears have been reported in every age
group, from children to elderly patients [4-7].
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To assist the orthopedic sports physician in the
evaluation and treatment of triceps tendon inju-
ries, this chapter considers the anatomy, etiology,
clinical presentation, diagnostic protocols, con-
servative and operative treatments, and outcomes
for partial and complete ruptures.

15.2 Anatomy and Function

The triceps brachii is a pennate muscle whose
name derives from its tripartite origin, consisting
of the lateral, long, and medial heads. The triceps,
which runs the entire length of the posterior
humerus, is the only muscle in the posterior com-
partment of the arm. As Gray described, the lat-
eral head originates from three sites, which are the
posterior humerus between the teres minor inser-
tion and the superior aspect of the spiral groove,
the lateral border of the humerus, and the lateral
intermuscular septum [8]; the long head origi-
nates at the infraglenoid tuberosity, where the
scapula joins the shoulder capsule. The medial (or
deep) head originates from the posterior humerus
distal to the spiral groove, medial humerus, and
medial intermuscular septum. Therefore, each
head originates distal to the other, with increas-
ingly larger areas of origin. The long and lateral
heads are superficial to the deep medial head and
blend in the midline of the humerus to form a
common tendon, or intermuscular septum, which
is covered by the triceps aponeurosis (Fig. 15.1);
in some cases the latter structure is absent

163

L.A. Pederzini et al. (eds.), Elbow and Sport, DOI 10.1007/978-3-662-48742-6_15


mailto:giannicola.giuseppe@gmail.com
mailto:gbullitta@alice.it
mailto:giovannimerolla@hotmail.com
mailto:giovanni.merolla@auslrn.net

164

G. Giannicola et al.

Fig. 15.1 (a) Posterior aspect of the elbow, showing the
triceps brachii muscle and a clearly represented triceps
aponeurosis. The asterisk indicates the olecranon whereas
the double-headed arrow shows the lateral expansion of
the aponeurosis. The white arrow points at the long head
of the triceps (b); the triceps aponeurosis was detached

(Fig. 15.2). The mean length of the superficial
tendon is 15.2 cm (range, 13.3—17.1) measured
from the tip of the olecranon to the most proximal
extent of the tendon medially [9].

The triceps insertion is a wide area or foot-
print rather than a focal point on the olecranon. In
a cadaveric study, the triceps footprint was found
to cover a large area of the supero-posterior
aspect of the olecranon, with a mean surface
ranging from 466 to 646 mm?, moreover, it was
found to start 12 mm distal to the tip of the olec-
ranon and to overlap with the posterior capsule
[10]. The tendon width at the insertion was
greater than that of the olecranon, which indi-
cates that the distal triceps does not end at a spe-
cific insertion point, but extends well distal to the
olecranon tip and includes the medial, lateral,
and posterior borders of the olecranon.

The extensor mechanism of the elbow com-
prises two components: the triceps tendon itself

and reflected (surgical blade) and the common tendon was
revealed, as indicated by the surgical clamp. The arrow
indicates the lateral head of the triceps, whereas the aster-
isk indicates the anconeus muscle. The finger indicates the
long head of the triceps brachii, which is located medially
to the tendon

(the confluence of the tendon from all three heads
inserting on the olecranon) and the lateral and
medial triceps expansions. The mean length and
width of the distal tendon at the level of insertion
are reported to be 20.52 mm (SD 2.02) and
22.65 mm (SD 2.40), respectively [10]. The lateral
triceps expansion fans out laterally from fibers of
the triceps and blends into the fascia of the anco-
neus muscle, the extensor carpi ulnaris muscle, and
the posterior border of the ulna; the triceps expan-
sion also inserts on the antebrachial fascia of the
forearm distally [11]. The expansion length from a
line between both epicondyles to its insertion is
4.02 cm (range 2.3-6.0 cm) [12]. Owing to its wide
lateral insertion, the triceps expansion often needs
to be concomitantly repaired in cases of triceps
rupture. Although the triceps seems to be able to
compensate for injuries to the triceps expansion
(e.g., by sacrificing the triceps expansion in the
classic intra-articular olecranon osteotomy expo-
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Fig.15.2 Posterior aspect of the elbow showing absence
of the triceps aponeurosis. The superficial muscle fibers of
the lateral and long head are easily distinguishable. The
arrows indicate the site of the common tendon of the tri-
ceps, covered by the muscle fibers

sure), the triceps expansion does not fully compen-
sate for injuries to the triceps (e.g., triceps avulsion).
The insertion of the medial aspect of the triceps
expansion is located on the posterior crest of the
ulna, adjacent to the medial head [13]. Hypertrophy
of the medial head of the triceps muscle may cause
ulnar nerve impingement, a condition occasionally
observed in weightlifters [13]. The distal portion of
the medial head has a distinct muscle belly, while
the deep insertion is muscular with a small amount
of tendon [11]. Upon gross examination, the ten-
don of the medial head of the triceps is smaller and
deeper to the tendon of long and lateral heads.
There is invariably a thin fascial layer that separates
the long and lateral heads from the deeper medial
head. This fascial plane has been clearly defined,
and dissection can easily be accomplished. The
deep tendon is readily identifiable after the overly-
ing conjoined tendon of the long and lateral heads
of the triceps has been divided longitudinally.
However, upon histological analysis, no separation
between the deep and superficial tendons is
observed at their insertion on the olecranon [11].

The triceps is innervated by the radial nerve
(C6—C8). The main function of the triceps is to
extend the forearm at the ulno-humeral joint.
However, since it originates at the infraglenoid
tuberosity, the long head of the triceps is also
believed to contribute to arm adduction and
extension. The overall muscle-tendon length of
the triceps is critical to its motor function;
indeed, a biomechanical study has shown that a
2 cm length reduction between its origin and
insertion may result in a 40 % loss in extension
strength [14]. Gerbeaux et al. investigated the
lever arm of the triceps muscle in cadaveric
specimens [15]. Adopting the long head of the
triceps as their model, they showed that the
lever arm value of the triceps ranged from a
maximum of about 0.5 radians (45°) to a mini-
mum of about 2 radians (180°). This finding
suggests that the triceps lever arm is greatest
when the elbow is fully flexed. Although in this
cadaveric model the triceps was fixed, it is
noteworthy that the scapular insertion of the
long head of the triceps provides a greater
degree of freedom, producing a potentially
more dynamic system in vivo. The length of
the triceps lever arm suggests that it exerts the
greatest strength in flexion, though it should be
borne in mind that the separation of individual
sarcomeric units substantially weakens the tri-
ceps when it is stretched; the triceps thus exerts
more power when the elbow is closer to full
extension [8].

15.3 Etiology and Mechanism
of Injury

Considerable force is required before a normal
triceps tendon ruptures. Direct posterior force on
the elbow and weightlifting are two common
mechanisms [4, 16-20]. Other documented
causes include swinging a baseball bat, motor
vehicle accidents, seizures, pitching, volleyball
serving, punching, and hammering [21-28]. If
direct trauma is excluded, the biomechanics of
injury are similar in each of these mechanisms.
Uncoordinated contraction of the triceps against
the flexed elbow, combined with a deceleration-
like impact, overloads the tendon eccentrically
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[2,5,7,16,17,20, 21, 25, 29-31]. Although the
tendon can withstand three times tetanic contrac-
tion [32], various factors may alter its structural
integrity and reduce its maximum load capacity
[16, 21]. Distal triceps tendon ruptures may even
occur spontaneously or following minimal
trauma in patients with concomitant significant
systemic or local pathological conditions.
Pathological changes that weaken the tendon are
believed to be the underlying mechanism in
almost all tendon ruptures. The vast majority of
reports have associated triceps tendon rupture
with anabolic steroid use or steroid treatment,
hyperparathyroidism, renal osteodystrophy,
hypocalcemic tetany, Marfan syndrome, osteo-
genesis imperfecta, rheumatoid arthritis, lupus,
or type I diabetes [2, 4, 7, 16, 19, 21, 29, 31,
33-35]. Connective tissue degeneration due to
ciprofloxacin is also reported to increase the
likelihood of tendon rupture [7]. Professional
football players and body builders are believed
to have a higher risk of rupture than the general
population, possibly owing to their training regi-
men, the use of locally injected steroids in case
of olecranon bursitis, and the violent nature of
the sport itself [2]. Adolescent athletes with
incompletely fused or recently fused physes are
also susceptible to triceps tendon rupture, though
this is an extremely rare event [5].

15.4 History and Physical
Examination

A history of eccentric loading in flexion against
the triceps contracture (e.g., fall or weightlifting)
associated with acute pain and weakness pro-
vides the most reliable diagnosis. The patient
presents with pain and swelling over the posterior
aspect of the elbow, though the pain is frequently
not dysfunctional. As a consequence, patients
may underestimate the severity of the trauma
after the acute event and wait several weeks
before going to see the orthopedic surgeon, com-
plaining of reduced strength and persistent pain.

In the acute setting, the physical examination
reveals tenderness, swelling, muscle spasm, and
ecchymosis. Although a defect proximal to the

olecranon may be palpable, this is not a common
finding in partial tears and obese patients [36].
The inability to actively extend against gravity is
a pathognomonic sign of complete rupture.
However, complete tears do not always result in
the inability to actively extend against resistance
owing to an intact lateral expansion or a compen-
sating anconeus muscle [36, 37]. In such cases,
assessing the reduction in strength against grav-
ity or resistance starting from maximum elbow
flexion is mandatory.

Viegas has recommended the use of a modified
Thompson squeeze test as a clinical diagnostic
tool [38]. During this passive extension test, the
patient lies prone with the elbow at the edge of the
examination table. The forearm is then allowed to
hang over the edge of the table so that it is flexed at
90° in a relaxed position. When the examiner
firmly squeezes the triceps muscle in a patient with
complete disruption of the triceps tendon and the
lateral expansion as well, he will not observe a
passive extension of the elbow. No study has yet
demonstrated the sensitivity and specificity of this
diagnostic test.

In an unpublished study, Giannicola proposed
a new diagnostic test for triceps tendon rupture
called the “posterior hook test.” This test is simi-
lar to the hook test described by O’Driscoll et al.
for distal biceps tendon avulsion [39]. To per-
form the posterior hook test, the patient stands
with the examiner behind him. The patient is the
asked to contract and relax the triceps muscle
with the forearm fully extended. The examiner’s
index finger is inserted into the superomedial
side of the olecranon, laterally to the ulnar nerve
in an attempt to hook the medial portion of tri-
ceps tendon. In contrast to O’Driscoll’s test, in
the posterior hook test, it is impossible to insert
the finger beneath the tendon during the triceps
contraction in healthy patients; indeed, the
examiner will encounter a cord-like structure
belonging to the triceps tendon that prevents the
index finger from sliding in a medial-to-lateral
direction along the humeral bone surface. By
contrast, in patients with a triceps tendon tear,
this cord-like structure is not encountered and
the examiner’s finger can reach the central and
lateral bone surfaces of the distal humerus. The
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Fig. 15.3 Clinical test used for the diagnosis of triceps
tendon tear. (a) In case of distal triceps tendon rupture, a
palpable defect proximal to the olecranon may be appar-
ent. This evidence of rupture is called “gap sign.” (b) The
“Viegas squeezing sign.” (¢) The inability to actively

clinical tests preferred by the authors are showed
in Fig. 15.3.

Diagnostic difficulties, low clinical suspicion,
and underestimation of injury severity may result
in delayed diagnosis and surgical intervention,
with consequent prolonged disability [16, 36].
Diagnosis of triceps tendon rupture requires a
high degree of suspicion; indeed, in one recent
study, almost 50 % of acute triceps ruptures were
found to have been initially misdiagnosed [16].
Concerning chronic tears, the most common
complaints are pain, mild extension lag, and
weakness. In such cases the lack of swelling and
acute pain enhance the reliability of the clinical
examination.

extend against gravity is usually a sign of complete rup-
ture, with involvement of the lateral expansion, whereas
(d) the ability to actively extend against gravity associated
with the inability to extend against resistance may be a
sign of partial rupture. (e) The “posterior hook sign”

15.5 Imaging

AP and lateral radiographs of the affected elbow
should always be performed. The lateral radio-
graph may show the presence of small olecranon
avulsion fragments, which is referred to as the
“flake sign” and is considered almost pathogno-
monic of a triceps tendon rupture (Fig. 15.4a)
[5, 31]. Similarly, the presence of dystrophic cal-
cification or heterotopic ossification (an indirect
sign of tendon degeneration) at the level of tri-
ceps tendon insertion should be interpreted as a
sign of probable triceps rupture (Fig. 15.4b).
When Giannicola et al. analyzed the tendons
from ten patients with a triceps tear, they found
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Fig. 15.4 (a) Standard LL radiograph showing a small
avulsion fragment from the olecranon (arrow) named
“flake sign.” (b) Figure showing the presence of dystro-

phic calcification in the context of the triceps tendon,
which represents a sign of tendon degeneration

Fig. 15.5 Histological sections of a ruptured tendon showing (a) increased cellularity and vascularization along with
chronic inflammatory infiltrates and (b) the presence of metaplastic osseous and cartilaginous inclusions

metaplastic bone tissue within the tendon in
20 % of cases. In particular, the histological
analysis revealed a microscopic picture of enthe-
sopathy characterized by degenerative changes,
including thinning, fragmentation and tearing of
collagen fibers, increased cellularity, and vascu-
larization and focal areas of ossification along
with chronic inflammatory infiltrates (Fig. 15.5).

MRI and ultrasonography may prove useful in
challenging cases and in preoperative planning to
determine the location and extent of the tear
[40-42]. Axial and sagittal MRI is considered the
gold standard because it accurately demonstrates

the integrity of the triceps tendon [2, 16, 43, 44].
Furthermore, MRI can distinguish between both
partial and complete rupture and superficial and
deep tears of the triceps tendon and can assess
retraction degree of completely torn tendon. Partial
rupture is characterized by a small fluid-filled
defect within the distal triceps tendon (bright area
on T2-weighted images), with edema extending to
the surrounding subcutaneous tissues. Complete
rupture of the triceps tendon is instead character-
ized by a large fluid-filled gap between the distal
end of the triceps tendon and the olecranon process
[42]. The distal edge of the torn tendon is retracted
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and yields heterogeneous signal intensity. In the
authors’ clinical experience, T2-weighted images
on the sagittal plane performed with the elbow
flexed at about 90° are the sequences that provide
the most reliable diagnosis.

15.6 Associated Lesions

The association between triceps tears and con-
comitant injuries has been described by several
authors. The most frequent concomitant lesion is
the radial head fracture, probably owing to the
similar underlying mechanism of injury [45-47].
Levy et al. have described a series of 15 patients
in whom this association was present and have
found that the mechanism of trauma in the
majority of patients (12/15) was a fall on an out-
stretched arm without direct injury to the elbow

[45, 46]. Recently, Yoon et al. described a case
series of four patients with particular triad injury
consisting of triceps avulsion, radial head frac-
ture, and medial collateral ligament lesion [47].
Other associated lesions include ulnar collateral
ligament laxity [48], ulnar nerve compression
through hematoma [18], radial nerve compres-
sion through compartment syndrome [25], wrist
fracture [19], ulnar collateral ligament avulsion
with flexor/pronator group injury [17], and
distal humerus fracture [32].

15.7 Classification

No shared classification system for distal tri-
ceps rupture has been previously recognized.
We wused the Giannicola’s classification
(Fig. 15.6) [49], which describes these injuries
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Fig. 15.6 Figure showing Giannicola’s classification of
triceps ruptures: (a) the tear may occur at the level of the
muscle belly, musculotendinous junction, midsubstance
of the tendon, or insertion; (b) the depth of the tendinous
lesion may involve the superficial layer with the isolated
tear of the lateral and long head tendon (superficial tear);
(c) the deeper layer (medial head) may be involved alone
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(deep tear) or (d) in association with the superficial tendi-
nous layer (full-thickness tear); the degree of the tendi-
nous or/and muscular tear allows triceps lesions to be
divided into either (e) partial or (f) complete tears; and (g)
the extension of the lesion to the lateral expansion catego-
rizes the tears with or without the involvement of lateral
expansion
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according to (1) the location of the tear (muscle
belly, musculotendinous junction, tendinous
body, tendon-bone insertion); (2) the depth of
the tendinous lesion (superficial with the iso-
lated involvement of lateral and long edges,
deep with isolated involvement of medial edge
and a combination of both); (3) the degree of
the tendinous or/and muscular tear (complete or
partial); and (4) the involvement of the lateral
expansion (intact or torn).

The majority of published studies have
described triceps tears only as a partial or com-
plete rupture in the muscle belly, musculotendi-
nous junction, or tendinous insertion, thereby
preventing any reliable comparison of the out-
comes. A more standard classification should be
adopted in future studies to allow diagnostic and
therapeutic guidelines to be drawn up.

In a particular subset of patients with triceps
tear, a portion of the olecranon is avulsed together
with the tendon [29, 38, 50]. This is more com-
monly observed in skeletally immature patients
in whom the ossification center of the olecranon
is not fused; by contrast, proximal olecranon
fracture is the most frequently associated lesion
in adults. We believe that these types of injury
should be classified, respectively, as detachment
of the ossification center and olecranon fracture,
rather than as triceps ruptures. We thus excluded
these types of lesions from this chapter. Indeed,
tendon degeneration, which is the main predis-
posing factor to these injuries, is highly unlikely
in skeletally immature patients. We believe that
only triceps lesions characterized by small bony
avulsion fragments of the olecranon footprint
(i.e., the flake sign) should be considered true tri-
ceps tendon tears in adults, because the majority
of ruptures in such cases occur at the degenerated
tendon insertion.

15.8 Treatment

No guidelines on the treatment of triceps tendon
injuries are available, even for athletes. This is
due to several factors, which include the rarity of
this type of injury and the lack of a widely
accepted classification. This has resulted in few

studies, most of which are retrospective and with
low level of evidence, and in the lack of RCTs on
this topic.

Triceps tears are generally managed according
to tear location and extension. Some authors have
reported that the nonsurgical treatment of an
acute tear affecting less than 50 % of the triceps
tendon [5], along with the belly muscle, triceps
aponeurosis, and lateral expansion lesions, yields
satisfactory results in non-professional sports
players, in the majority of cases. Other authors
believe that this type of lesion warrants surgery to
ensure rapid recovery of elbow function, particu-
larly in athletes [2, 51]. A greater agreement is
shown in the literature regarding the need for sur-
gical treatment in case of complete or near-
complete tears, both in low- and high-demand
patients [16, 36, 52].

15.9 Conservative Treatment

Although partial triceps tendon ruptures have his-
torically been treated nonoperatively, this is not a
consensus opinion. Some authors believe that
partial tears at the muscle belly and musculoten-
dinous junction and within the tendon can be
managed nonsurgically, particularly in low-
demand patients [5, 19]. Bos et al. described a
patient with a partial injury treated with posterior
splinting of the elbow in 30° flexion for 6 weeks,
followed by active motion [53]. Full ROM and
normal strength were achieved, respectively, at 3
and 6 months, with the MRI at 3 months showing
fibrous tissue continuity. Farrar and Lippert also
reported a successful outcome in a patient whose
elbow was splinted at 30° flexion for 3 weeks;
full ROM and strength were achieved at 9 months
[22]. Harris et al. described a patient with a 70 %
right- sided rupture and a 50 % left-sided rupture,
as seen at the MRI [19]. As this patient refused
immobilization, arm slings were prescribed. The
patient began weightlifting 4 weeks following
injury and regained normal function by 41 weeks.

Other authors believe that it is not always pos-
sible to predict the healing of partial tears at the
tendon insertion [54]. Although they may show
healing signs initially, with reduced pain and
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improved function, the patient will often become
symptomatic as activity levels increase; it is thus
advisable to observe recovery progression over a
6- to 12-week period before deciding if delayed
surgery is needed [54]. Lempainen et al. reported
failed conservative treatment of a partial muscu-
lotendinous junction tear in six athletes who sub-
sequently underwent delayed surgical treatment
[55]. Delayed surgical treatment in conserva-
tively treated partial tears has also been reported
in the general population by other authors [16,
20, 29, 34, 56, 57].

Mair et al. reported that six out of ten profes-
sional football players with partial tears who
were treated nonsurgically did not experience
any residual pain or weakness [2]. Three players
were treated by means of bracing for the remain-
der of the season, followed by surgery to correct
residual pain and weakness, whereas one player
sustained a complete rupture upon returning to
play despite the bracing. Authors concluded that
surgery was required in 40 % of the patients
treated conservatively. This suggests that,
although treatment should be individually tai-
lored, surgery should be preferred in professional
sports players, even in partial tears. Mair et al.
thus recommended nonoperative management in
professional sports players only in cases of ten-
don “strain,” in which a gradual recovery can be
achieved by means of physical activity alone.

To sum up, conservative treatment may be
performed in partial tears of the triceps tendon;
patients may return to play after about
4—6 months, when symptoms have resolved and
strength has returned to nearly normal. However,
close observation of the patient is mandatory dur-
ing this period to rule out any worsening of the
lesion; the persistence of pain and weakness are
the most negative prognostic factors.

15.10 Surgical Treatment

Primary repair is recommended in patients with
acute and chronic complete or near- complete tri-
ceps tendon tears associated with a significant
loss of triceps strength, as well as in complete
muscle belly or musculotendinous junction with

a significant gap. As above mentioned, surgical
treatment may also be beneficial for acute partial
tears in high-demand patients or in cases of failed
nonsurgical treatment. Surgical treatment is con-
traindicated in patients that have serious comor-
bidities or are medically unstable, as well as in
noncompliant patients. Although primary repair
should be performed as soon as possible, it has
been adopted as late as 8§ months after injury [5,
16, 56]. Van Riet et al. noted good results in all
eight patients who presented and underwent pri-
mary repair within 3 weeks after injury, but in
less than half of the patients (6/15) who presented
after 25 days [16]. These seem to suggest that an
early intervention offers the best chances to per-
form primary repair, thereby avoiding challeng-
ing reconstruction procedures.

Several procedures have been described for
primary repair, including reinsertion of triceps
tendon with the trans-osseous technique and
suture anchors [7, 10, 16, 18, 22, 52]. By con-
trast, relatively little is known about belly muscle
or musculotendinous junction repair, because
such lesions are extremely rare [30]. With regard
to tendon insertion tears, the most investigated
technique is a direct attachment with #2 or #5
nonabsorbable cross-suture (Bunnell or Krackow
whipstitch technique) through cruciate drill holes
through the olecranon [7, 10, 16, 18, 22, 33].
Another less common surgical procedure for pri-
mary repair is the suture anchor technique [52]. It
provides the positioning of the anchors in the
middle of the tendon footprint and the tying of
locking stitches applied to either side of the ten-
don. Yeh et al. recently described the “anatomic
triceps tendon footprint repair” in a biomechani-
cal study; the authors used suture anchors to cre-
ate a suture bridge (double-row) in order to
restore the pre-injury anatomy and create a wider
area of tendon-bone contact [10]. They con-
cluded that this technique not only restores the
pre-injury anatomy more effectively but also
reduces repair-site motion compared to other
types of repair.

For intra-tendinous tears, proximal to the
insertion site, the same cross-suture techniques
used to treat tendon insertion tears are usually
adopted [16]. Fewer investigations have been



172

G. Giannicola et al.

conducted on the treatment of musculotendinous
and intramuscular tears. Musculotendinous junc-
tion lesions tend to extend more to the medial
side of the muscle, though they may also affect
the belly [58-60]. Lempainen et al. achieved sat-
isfactory results, after conservative treatment had
failed, in six athletes with such lesions treated
surgically with side-to-side suture [55]. However
management of triceps rupture at the musculo-
tendinous junction may be challenging owing to
the poor quality of the tissue available for pri-
mary repair. Indeed, Wagner and Cooney recom-
mended the use of the V-Y triceps tendon
advancement technique with plantaris augmenta-
tion to effectively repair this type of lesion [59].

Intramuscular tears and their treatment have
been poorly investigated and the best approach is
still debated. Only two of the seven cases reported
in the literature presented a complete rupture of
all three heads of the triceps [30, 61], whereas
only the long head was involved in another two of
these cases [60, 62]; the medial head was involved
in one of the three remaining cases [58], an
unclearly defined partial lesion in another [58].
Penhallow also reported about one patient with a
complete rupture of the long head and a partial
tear of the medial head [63]. Four out of these
seven cases were treated surgically with a side-
to-side suture, while the remaining three did not
undergo any surgery. The repair was not carried
out in one of the four patients who underwent
surgery because surgical exploration showed that
the muscle was already scarred and had adhered
[58]. With regard to intramuscular tears, Singh
and Pooley suggest that the extent of the injury
and the functional requirements of the patient
must be taken into account when deciding
whether conservative or surgical treatment is
more appropriate [30].

15.11 Primary Repair: Surgical
Technique

The patient may be placed in the supine, prone
(author’s preferred), or lateral position, under
general or local anesthesia, according to the sur-
geon’s preference. With the prone patient, the

upper extremity is draped free and is hung over
an arm rest so as to allow the elbow to be manipu-
lated comfortably. The silicone ring tourniquet
may be preferred to the pneumatic tourniquet
because it allows the operating field to be
extended proximally; this may prove particularly
useful in chronic tears, in which an extended
proximal release is needed to mobilize the tendon
adequately. A posterior incision is performed
slightly lateral or medial to the olecranon. The
ulnar nerve is identified and protected, though
not decompressed or transposed, particularly in
acute cases. Dissection through skin and subcuta-
neous tissues leads to the identification of lesion;
this is always more challenging in chronic cases,
owing to the presence of the bursa and fibrous
tissues that tend to cover the tendon. After this
pathological tissue has been removed, the edges
of the ruptured tendon are exposed and debrided
back to the normal-appearing tendon; the balance
of tendon tear in terms of tissue quality, size, and
retraction is then performed. Small avulsed bony
fragment need to be excised. A single or double
#5 nonabsorbable suture is inserted through the
tendon using a Krackow whipstitch technique.
The mobilization and reduction of the tendon are
then evaluated. Extended release of the triceps
muscle from the posterior aspect of the humerus
and from the intermuscular septa and subcutane-
ous tissue is performed when significant retrac-
tion of the tendon is present; in such cases the
ulnar and radial nerves are decompressed.
Following debridement of the olecranon foot-
print with a high-speed burr, cruciate 2 mm drill
holes are made, starting at the footprint site and
exiting the proximal ulna distal to the olecranon
region. The nonabsorbable sutures are then
passed through the cruciate holes and the tendon
is reattached to the olecranon by tying the suture
with the elbow in extension. Stability of the reat-
tachment may be assessed intraoperatively by
moving the elbow in extension-flexion. Primary
repair in chronic cases should provide flexion to
45°. The wound is then irrigated and closed in
layers. One or two subcutaneous drains are
applied for 24/48 h. The arm is immobilized in
45° extension. The main steps of primary repair
are illustrated in Fig. 15.7.
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Fig. 15.7 Intraoperative photographs showing the main
surgical steps of primary distal triceps tendon reinsertion.
(a) After a posterior skin incision, an olecranon bursec-
tomy is performed to identify the tendon tear. (b) The rup-
tured tendon is exposed and the tendon tear is classified:
in this case the lesion involves the superficial layer of the
triceps tendon (long and lateral head), whereas the medial
(deep) head of the triceps is intact. (¢) The stump of the

15.12 Results and Complications
in Primary Repair

The results achieved after primary repair of acute
triceps ruptures in professional sports players are
satisfactory in the majority of cases (Table 15.1)
[2, 19, 24, 30, 55, 58, 64]. As few published
reports provide detailed quantitative data, such as
an isokinetic evaluation or subjective and objec-
tive outcomes based on standardized functional
scores, a retrospective clinical comparison and a
review of such reports are not easy. Indeed, in the
majority of these studies, the only parameters
assessed were the range of motion and the muscle
strength. Sollender et al. surgically treated four
weightlifters affected by complete rupture of the

avulsed tendon is debrided back to normal-appearing ten-
don. (d) A double Krackow suture is performed and (e)
the olecranon footprint is decorticated with a high-speed
burr. (f) Two cruciate drill holes across the olecranon foot-
print and exiting the proximal ulna are made, and the
sutures are then passed through the drill holes. (g) With
the elbow in extension, the sutures are tied and (h) addi-
tional reinforcement sutures are performed

triceps tendon insertion, reporting full recovery of
strength and ROM in all four patients at 7 years of
follow-up [64]. The only complication was a re-
rupture of the triceps tendon during early aggres-
sive weightlifting performed 6 weeks after
surgery; re-operation yielded a satisfactory final
outcome. Mair et al. adopted surgery to treat 11
football players affected by complete tears of the
triceps tendon; by the final follow-up examination
(average 3 years), all of these patients had regained
full range of motion, and none complained of
residual pain or had discernible weakness [2]. In
that study, a re-rupture 6 weeks after surgery in
one patient required revision surgery, while
another patient retired from professional activity
after surgery. Singh and Pooley performed surgery
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on a professional ice hockey player with an
intramuscular triceps rupture, reporting no com-
plications; the player was able to return to sports
6 months after surgery [30]. Lempainen et al. sur-
gically treated nine athletes, who were involved in
power sports requiring heavy weight training,
affected by triceps tears: six had musculotendi-
nous tears while the remaining three had tendon
avulsions [55]. The authors reported 4 excellent, 4
good, and 1 fair results at a mean follow-up of
5 years and a return to sports after 4-6 months.
The patient with the fair result showed a markedly
thin and weak triceps muscle.

To sum up, a review of the current literature
on professional sports players shows that the
majority of cases resume their normal activity
and that surgical treatment of the triceps tears
yields good functional results and low complica-
tion and re-rupture rates.

15.13 Salvage Procedures
in Chronic Tendon
Insufficiency

In current literature, no studies about the results
obtained in athletes treated for chronic tendon
insufficiency with salvage procedures are
available.

Chronic ruptures, defined as injuries that are
at least 6 weeks old, usually result from a delay
either in the diagnosis or between the time of
injury and the request for treatment [13].
Treatment of triceps chronic lesions usually
depends on the quality of tissue and on the degree
of retraction. If the tendon quality is good and
retraction is minimal, delayed primary repair can
be performed as described above.

Several reconstructive procedures have instead
been adopted in cases with poor tendon quality,
in which there may be a significant gap between
the stump of the retracted tendon and the foot-
print, even after an extensive release [6, 21, 59,
65, 66]. In 1984, Clayton performed a triceps fas-
cial turndown in a case report (inverted V-Y tech-
nique), obtaining a good outcome. Farrar and
Lippert used a forearm fascial flap to repair the
tendon [22]. It should be borne in mind, however,

that these techniques are neither reliable nor
reproducible in cases with marked soft tissue
deficiency at the insertion site.

The anconeus slide, or anconeus rotation flap
technique, described by Sanchez-Sotelo and
Morrey, is used for minor defects and when the
anconeus is intact (Fig. 15.8a) [21]. The muscle
is mobilized from its insertions to the lateral tri-
ceps; the sleeve of the extensor musculature is
attached distally and medially to fully cover the
site of the triceps attachment with the elbow in
30° flexion. The authors described four patients
with full regain of ROM and strength and no pain
during activity, at a mean follow-up of 49 months.
Comparable results were achieved when the
same technique was used by Van Riet [16].

Cases with marked soft tissue deficiency or a
devitalized anconeus may be treated by means of
other techniques, such as tendon augmentations.
In 2002 Sanchez-Sotelo and Morrey recon-
structed triceps tendon with an Achilles tendon
and a calcaneus fragment allograft (Fig. 15.8b)
[21]. The distal calcaneus block in this operation
is fastened into a V-shape osteotomy of the proxi-
mal olecranon using a cancellous screw. The
proximal Achilles tendon allograft is then stitched
using nonabsorbable suture to the triceps muscle
and tendon with the elbow in 30° flexion. The
authors reported satisfactory results at a mean
follow-up of 38 months.

Other authors have adopted hamstring auto-
graft in challenging cases (Fig 15.8¢c) [40, 67].
The semitendinosus tendon autograft is woven in
a Bunnell fashion through the remaining proxi-
mal triceps tendon. A transosseous tunnel, cen-
tered between the articular surface and the
posterior cortex, is then drilled through the proxi-
mal olecranon, 1 cm distal from its tip. The two
free ends of the hamstring tendon are passed
through the transosseous tunnel in a retrograde
fashion, and the elbow is placed in full extension
as the tendon stump is reduced to the olecranon.
This technique has yielded satisfactory results [6,
67], though the strength recovery is slower than
that achieved by means of the Achilles tendon
allograft. Indeed, some authors believe that the
Achilles tendon allograft technique may provide
better long-term results than the hamstring
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Fig.15.8 (a) The “anconeus slide” technique. The anco-
neus muscle is elevated from the ulna and the humerus
insertions to the lateral triceps, oriented over the tip of the
olecranon, and reattached to the olecranon in 30° flexion.
The central and medial portion of the triceps are sutured to
the extensor mechanism to reinforce it. (b) Reconstruction
with an Achilles tendon allograft. A cancellous screw is
used to fix the distal calcaneus bone graft to the osteotomy
of the proximal olecranon. The remainder of the recon-
struction consists in reattaching the Achilles tendon to the

autograft [6, 21, 67]. It may thus be advisable to
adopt the Achilles tendon allograft technique
when treating athletes.

15.14 Postoperative Care

Reports on postoperative rehabilitation in the lit-
erature vary. While some authors propose similar
postoperative treatment and rehabilitation proto-
col in non-athletes and amateurs, few informa-
tion are available regarding professional athletes.
Blackmore et al. who reviewed the literature on

\

triceps tendon and muscle using #2 or #5 high strength
running sutures. Lastly, other single or cross-stitch sutures
are used to attach the aponeurosis of the Achilles tendon
to the triceps. (¢) Hamstring autograft reconstruction. The
autograft semitendinosus tendon is woven in a Bunnell
fashion through the remaining proximal triceps tendon. A
transosseous tunnel is then drilled through the proximal
olecranon and the two free ends of the hamstring tendon
are passed through the transosseous tunnel and fixed to the
proximal ulna

this topic provided a detailed report of postopera-
tive care [43]. They recommended that the elbow
should be immobilized in a cast in 30° flexion for
2 weeks after surgery, followed by immobiliza-
tion in a hinged elbow brace at 45°, 60°, and 90°
flexion for the subsequent 3 weeks. Full active
flexion and extension are allowed 6 weeks after
surgery, whereas extension strengthening is
started at 12 weeks. Passive full flexion, if
needed, is allowed at 8 weeks. Lastly, unrestricted
activity is allowed after the fifth month.

The sports clinician faces the additional
question of whether and when the patient should
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return to sport. For athletes with a partial triceps
tendon injury, several weeks of sports activity
suspension may be adequate before they resume
play. Nine professional football players
described in one study returned to full-contact
sports activity with a brace support and com-
pleted their seasons after a mean recovery period
of 5 weeks [2]. Similarly, a male high-level
bodybuilder with bilateral partial triceps tendon
tears was able to return to his normal weightlift-
ing regimen without a brace support after a
4 weeks healing period [19]. Athletes should be
aware that some degree of pain and weakness
may persist despite a recovery period [2, 19].
Moreover, an immediate return to athletic activ-
ities may raise the risk of a complete rupture or
chronic extensor dysfunction [2, 18, 20, 64]. In
the largest case series of professional sports
players, Mair et al. reported that only one patient
returned to full-contact professional football
after 7 weeks without sustaining a re-rupture,
while the other ten patients required a longer
rehabilitation period [2].

In conclusion, a mean rehabilitation period of
4-6 months is recommended before professional
sports activities are resumed because an earlier
return may expose the athlete to a risk of re-
rupture [16, 30, 64]. The duration of postopera-
tive care may also vary from patient to patient
according to the tension and quality of the tendon
repair, other concomitant injuries, and the
patient’s medical history; this applies above all to
patients who have undergone reconstructive pro-
cedures and in whom the healing process is con-
sequently longer.
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16.1 Introduction and Scope

of the Problem

The increase in the number of participants in over-
head sports as baseball, tennis, football, and vol-
leyball has resulted in a rise in the incidence of
elbow injuries in recent decades. In baseball, the
most described and studied overhead sport, the
incidence of upper extremity injuries is related to
the number of years of participation, as well as to
the age of the athlete; elbow pain is reported in
20 % of the 8- to 12-year-old group, 45 % of the
13- to 14-year-old group, and 58 % of high school
and college athletes [10, 11]. The highest rates of
pediatric elbow injuries occur in little league base-
ball, tennis, and gymnastics. The most common
site of elbow pain in the young athlete is the medial
side [9]. Posteromedial elbow impingement, as a
part of the valgus extension overload syndrome,
was originally described by Wilson and colleagues
in 1983 [12] and involves the formation of soft-
tissue swelling, posteromedial chondromalacia,
posteromedial osteophytes, loose bodies due to
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fractured osteophytes, and the risk of proximal
ulna stress fractures.

16.2 In Which Specific Sports;

Why in This Specific Sports

Posteromedial impingement of the elbow occurs
in the overhead athlete. Sports such as baseball,
football, volleyball, javelin throwing, water polo,
badminton, and tennis are examples of overhead
sports that subject the shoulder and the elbow to
extreme ranges of motion, forces, and accelera-
tions/decelerations over many repetitions. As a
consequence, extraordinary demands on the
elbow joint are generated. Specific injuries in
these athletes can be caused by chronic stress
overload or repetitive micro traumatic stress,
observed during the overhead motion [21, 22].
The overhead throwing motion can be broken
down into six phases: (1) windup, (2) early cock-
ing, (3) late cocking, (4) acceleration, (5) decel-
eration, and (6) follow-through [7, 8] (Fig. 16.1).
As the elbow extends at over 2,300 °/s, a medial
shear force of 300 N and lateral compressive force
of 900 N are produced [1, 2]. In addition, the val-
gus stress applied to the elbow during the accelera-
tion phase of throwing is 64 Nm [1, 2]. The
posterior compartment is subject to tensile, com-
pressive, and torsional forces during acceleration
and deceleration phases. This valgus stress at the
elbow is associated with biomechanical variables:
late trunk rotation, reduced shoulder external rota-
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Fig.16.1 The overhead throwing motion can be broken down into six phases: (1) windup, (2) early cocking, (3) late

cocking, (4) acceleration, (5) deceleration, and (6) follow-through

tion, reduced total rotation, and increased elbow
flexion appear to be overhand pitchers to reduced
elbow valgus torque [3, 4]. Another research sug-
gests that the rising incidence of shoulder and
elbow injuries in pitchers may not be caused by the
curveball mechanics [5]. This mechanism may
result in valgus extension overload within the
posterior compartment, potentially leading to
chondromalacia, osteophytes and loose bodies for-
mation, proximal ulna stress fractures, triceps
pathology, or physeal injury (Fig. 16.2).

16.3 History and Physical
Examination

Overhead athletes complain of medial/olecranon
pain during follow-through phase of throwing.
Athletes who have pain during earlier phases of
throwing (late cocking) more likely have other
pathologies, as ulnar collateral ligament (UCL)
insufficiency, posteromedial impingement com-
plaints and loose bodies, or an inability to fully
extend the arm due to pain, posterior olecranon/
fossa osteophytes, or loose bodies. Checking for
factors relating to (changes in) training and per-
formance is mandatory.

Compression

Fig.16.2 Valgus extension overload within the posterior
compartment, potentially leading to chondromalacia,
osteophytes and loose bodies formation, proximal ulna
stress fractures, triceps pathology, or physeal injury
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Besides the routine elbow physical examina-
tion, including determination of the carrying
angle of the arm, the valgus extension overload
test is valuable (VEOLS). The VEOLS test or
valgus extension snap maneuver was first
described by Andrews: a moderate valgus stress
is applied to the elbow with simultaneous pal-
pation of the posteromedial tip of the olecranon
while the elbow is moved from 30° of flexion to
full extension. To be noted that valgus laxity
has been described in the dominant arm of
asymptomatic overhead athletes. It is important
to evaluate and document the location and
mobility of the ulnar nerve within the cubital
tunnel during flexion in all patients undergoing
elbow arthroscopy. An arthroscopy should
never be performed without knowing the exact
location of the ulnar nerve [19]. The examiner
should keep in mind that there is a large varia-
tion in ROM and carrying angle in the overhead
athletes.

16.4 Radiology

Imaging of elbow in overhead athletes should
include plain radiographs with anteroposterior
and lateral views. An axial oblique view may be
helpful to detect osteophytes on the olecranon
or on the borders of the posterior fossa, where
loose bodies can be identified as well. For this
additional view, the elbow should be bent at
110° with the arm on the cassette. The beam
should then be angled at 45° toward the ulna.
CT scan can be useful for the assessment of
osteophytes, stress fractures, avulsion fractures,
or loose bodies (Fig. 16.3). In posteromedial
impingement the osteophytes are located on the
medial side of the olecranon tip and not on both
sides and in other locations in the elbow as it
happens commonly in osteoarthritis [16].
Magnetic resonance imaging (MRI) with or
without intra-articular contrast is considered the
gold standard imaging modality for the athlete’s
elbow. The sensitivity of the MRI scan for pos-
terior soft tissue or loose bodies is nearly 90 %

Fig. 16.3 CT scan can be useful for the assessment of
osteophytes, stress fractures, avulsion fractures, or loose
bodies

[13]. MRI findings also show high correlation
with arthroscopic evaluation [14].

Dynamic ultrasound allows a real-time eval-
uation of the moving elbow and can help to
assess the stability of the UCL and thereby
guide in the diagnosis of posteromedial elbow
impingement [15].

16.5 Conservative Treatment

Treatment of posteromedial impingement starts
with nonoperative measures such as physiother-
apy and NSAIDs, in combination with rest, ice,
compression, and elevation (RICE). This treat-
ment should also include other joints as the
shoulder. Sometimes steroid injections can give
some pain relief if there is only soft-tissue
impingement. Nonoperative treatment of pos-
teromedial elbow impingement was initially
reported in javelin throwers in 1946 by Waris [6].
If conservative treatment fails, arthroscopy of the
elbow can then a successful choice.
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16.6 Operative Treatment

When performing elbow arthroscopy, we prefer
general anesthesia because it allows more com-
fort for the patient and muscle relaxation, which
prevents patient’s movement during surgery
(therefore decreasing the risk of nerve injuries)
and avoids complications associated with a
regional block [20]. We also prefer the lateral
decubitus, because it offers increased stability,
access to the arm, and unrestricted elbow motion,
compared to the supine position [17]. This posi-
tion is also favorable for the anesthesia. Standard
equipment necessary for shoulder and knee
arthroscopy can be utilized for elbow arthros-
copy. Before starting the arthroscopy, bony land-
marks, arthroscopic portals, and location of the
ulnar nerve have to be marked on the skin. After
inflation of the tourniquet to 250 mmHg, the joint
is then injected with physiologic saline from pos-
terior to allow full distension of the capsule [18]
and shift the neurovascular structures away from
the joint [5]. When the fluid is in the joint, the
elbow will extend a little. In case of a posterome-
dial impingement without loose bodies and with-
out contracture, a posterior arthroscopy can be
sufficient to treat this pathology. In case of loose
bodies, the anterior compartment should be
inspected; even in the case these loose bodies are
in the posterior compartment on the CT or MRI
scan. Through the postero-central “trans-
tricipital” portal and the proximal posterolateral
portal, the posterior compartment can be reached
and loose bodies can be removed, impinging
osteophytes debrided back to a normal olecranon
contour, and articular cartilage lesions can be
addressed. Capsular contracture may also be
addressed  with  anterior and  posterior
arthroscopy.

16.7 Results After Treatment

In the literature, there is often ambiguity between
posterior and posteromedial impingement and
these terms have often been used interchange-
ably. As such, it is a challenge to tease true cases
of [29] posteromedial impingement out of the

outcomes data. Fideler and colleagues reported
on 113 professional baseball players (97 pitch-
ers) who underwent arthroscopic treatment for
posterior impingement of their dominant elbow.
Given the demographic data, it is likely that most
of these patients were cases of posteromedial
impingement. Seventy-four percent of these ath-
letes had good to excellent results, meaning that
they were able to return to their sport for a
minimum of 24 months. However, motion only
objectively improved in 22 % of patients and
10 % required a subsequent UCL reconstruction.
Andrews et al. [23] reported on 34 professional
baseball players with posteromedial impingement
who underwent arthroscopic debridement. They
found a 68 % return to play rate, but a 41 % reop-
eration rate, often for [30] debridement of recur-
rent osteophytes and/or UCL reconstruction.
Reddy and colleagues reported on 172 patients
that underwent elbow arthroscopy, 96 of which
for posterior impingement. The study population
was dominated by baseball players, suggesting
again that these were mostly cases of posterome-
dial impingement. The specific outcomes for the
posterior impingement cases were not reported,
but overall 56 % of patients had an excellent result
and 36 % ended with a good result [31].

Pitfalls of the Treatment

1. Baseball players who underwent partial
olecranon excision for posterior
impingement did not have universally
excellent results, 42 % of these patients
requiring a second operation and several
undergoing UCL reconstruction. It can-
not be concluded whether removal of
the osteophytes and a part of the olecra-
non uncovered UCL insufficiency or
whether this procedure resulted in
increased strain on the UCL, making it
susceptible to rupture when the athlete
returns to throwing [23, 24]. Resection
of the olecranon osteophytes may
“unmask” subtle UCL insufficiency
[25]. We therefore recommend that only
the osteophyte and no native olecranon
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should be removed during arthroscopy
[22, 23].

2. The advantage of posterior elbow
arthroscopy is that the posteromedial
part of the joint can be reached easily,
but the ulnar nerve is located superficial
to the joint capsule and the posterior
bundle of the ulnar collateral ligament
in the medial gutter. Therefore caution
should be used when debriding this area
to prevent nerve injury.

3. Unexperienced arthroscopic surgeons
can mistake the secondary bone forma-
tion in the olecranon fossa, for the bor-
der of the native fossa, especially in
long-standing cases.

Pearls of the Treatment/Prevention
Preventing or reducing the occurrence of
(posterior) elbow complaints in the over-
head athlete requires anatomical knowl-
edge of the elbow structures involved in the
stages of the overhead (throwing or hitting)
motion. This knowledge increases the like-
lihood of developing conditioning pro-
grams that accurately target the structures
involved, as well as preventing biomechan-
ical adaptations, not only in the elbow but
also in other joints as the shoulder and
wrist, equally involved in the whole over-
head motion and therefore in the develop-
ment of injuries.

Techniques and adaptations may reduce
the occurrence of injury. The risk factor
with the strongest correlation to elbow
injury in the overhead athlete is amount of
pitching [26]. Fleisig and Andrews defined
recommendation to prevent elbow injuries
to youth baseball pitchers with safety rules,
recommendations, education, and common
sense [27].

Rehabilitation after injury or surgery of
the elbow follows a progressive and

sequential order to ensure that healing
tissues are not overstressed [28]. Many
treatment protocols have been developed
and these protocols vary greatly throughout
the available literature and are not really
based on high-level scientific evidence. A
rehabilitation program that limits the
period of immobilization, early achieves
full range of motion, progressively restores
strength and neuromuscular control, and
gradually incorporates sport specific activi-
ties is essential to a successful return to the
previous level of sports and competition as
quickly and safely as possible [28].
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17

Rob Tamminga and Val Jones

17.1 Introduction
To counteract for the physical forces placed on
the structures above, an athlete’s upper limb
develops marked physical adaptations [1, 2].
Over recent decades, there has been a sharp
rise in the number of participants in sport. Whilst
the elbow may suffer an acute injury, such as dis-
location and/or fracture, after participation in
contact sports, the most common mechanism of
elbow injury in sport is associated with repetitive
overhead activities. Up to 30 % of participants
engaged in activities such as throwing, bowling,
tennis, swimming and volleyball complain of
elbow problems [3—6]. The most common athletic
injuries include lateral and medial tendinopathies,
ulnar or medial collateral ligament (UCL/MCL)
injury and valgus extension overload (VEO).
VEO describes a specific, unique pattern of
injuries to the elbow [7]. A number of forces
act on the elbow, during throwing, including
tensile stress along the medial compartment,
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Table 17.1 Commonly encountered injuries

Ulnar collateral ligament tears
Ulnar neuritis
Flexor-pronator sprain, tear or tendinopathy

Medial epicondyle apophysitis or avulsion (little league
elbow)

Lateral epicondylar tendinopathy
Olecranon osteophytes
Olecranon stress fractures
Osteochondritis dissecans

Loose bodies

compressive forces laterally and shear stress
seen posteriorly [7]. The forces produced often
exceed the tensile strength of primary restraints
of the elbow, such as the ulnar collateral liga-
ment, predisposing the joint to injury [8, 9].
Other common sporting injuries to the elbow
are listed below (Table 17.1), and it should be
remembered that the patterns of injuries seen in
adolescents, such as growth plate-related inju-
ries, differ from those seen in adults [10, 1].

17.2 Physical Adaptations
to Overhead Activities

Adaptations in range of motion, ligamentous
laxity and muscular compensation are seen in
the throwing limb compared to the contralateral
upper limb. This means comparisons with the
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non-injured limb may not be adequate, when
restoring an athlete back to their pre-injury base-
line [10, 2]. Preseason/pre-injury assessments
establishing baselines of range of motion,
strength, kinetic chain evaluation and upper limb
and scapula stability can help inform the reha-
bilitation team regarding the necessary function
an individual needs to regain, to compete once
again. Subjective functional outcome measures
such as DASH, MEPI, Oxford Elbow Score and
Dutch Elbow Score can also be utilised to help
monitor an athlete’s progress over time [11].

A body of evidence shows the presence of
medial elbow laxity, significant elbow flexion
contractures and a significant decrease in wrist
flexibility in the dominant arm of overhead ath-
letes [12]. There is also an increased strength pro-
file for the dominant arm in the glenohumeral
joint internal rotators, elbow, wrist and forearm
muscles and grip strength, seen in tennis players,
baseball pitchers and javelin throwers [13-18].

However, it should be noted that muscle
group strength ratios are sport specific. In some

20% loss of trunk energy
results in 34%-80%
overload in shoulder / arm
region

Adapted to Groppel

overhead activities such as volleyball, tennis and
handball, high elbow extensor to flexor ratios are
seen [18], whereas in activities such as judo, there
is an almost equal ratio of elbow extensors to
flexors [19]. This should be borne in mind when
designing individual rehabilitation programmes.

17.3 General Rehabilitation

The aim of rehabilitation is to expose healing tis-
sues to appropriate stress and avoid the adverse
changes to tissue biomechanics and morphology
seen after prolonged immobilisation. According
to Wilk [10], rehabilitation following elbow
injury or surgery follows a sequential, well-
defined approach, where phases overlap to ensure
the athlete returns to their previous functional
level, as quickly and safely as possible. The
approach is based on best current available evi-
dence, adapted to each individual and their
respective sport. Each phase is entered when an
athlete reaches physical milestones in terms of
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range and strength, rather than being time depen-
dent. Timings are also influenced by whether an
athlete has been conservatively or surgically
managed.

17.4 Acute Phase

The first phase is the immediate motion phase,
where the goals are to reduce the deleterious effects
of immobilisation, re-establish motion, decrease
pain, decrease inflammation and prevent muscle
atrophy [10, 20]. Movement is initiated as soon as
it is safely possible, as progressive mechanical
loading is more likely to restore the morphological
characteristics of capsuloligamentous, osteochon-
dral and muscular structures [21, 22]. Animal
models have demonstrated that loading upregu-
lates genetic expression for key proteins associated
with tissue healing [21-23]. Clinical studies have
demonstrated that immediate elbow mobilisation,
even after a simple posterolateral dislocation,
results in less loss of motion with no apparent
increase in instability [24]. The safe arc of motion
is dictated by healing constraints of soft tissues as
well as the specific pathology or surgery [10].

Mobilisation exercises are performed, in a
protected range, as defined by the nature of sur-
gery or injury. Exercises must be performed fre-
quently throughout the day and involve all planes
of elbow, forearm and wrist motion. There should
be a bias towards active mobilisation, as studies
show muscular activation stabilises the elbow,
when compared to passive mobilisation alone
[25].The elbow joint is especially prone to flex-
ion contractures; therefore, the primary goal of
this phase should be to establish full pre-injury
range, especially extension.

The overhead position described by Wolffe and
Hotchkiss [26] is the optimal mobilisation posi-
tion to achieve this goal (Fig. 17.1).This position
has been demonstrated to maximise elbow stabil-
ity, by minimising ulnohumeral distraction [27].
Distraction is most marked with the arm hanging
dependent by the side [27], especially when wear-
ing a cast or hinged elbow brace, so this position
for exercises should be avoided. The overhead
position also has the added benefit of minimising
biceps EMG activity seen clinically in the painful

stiff elbow [28]. It also enhances triceps activ-
ity thereby maximising elbow extension range
[29]. This position is suitable for the majority of
individuals with conservatively managed elbow
pathology. However, in post-operative patients, it
is only suitable where a triceps-sparing approach
has been taken.

Initially active assisted flexion/extension is
performed with the contralateral upper limb pro-
viding support where needed. The forearm posi-
tion during this exercise is dictated by the
capsuloligamentous structures that need protect-
ing. With lateral compartment lesions, the fore-
arm is placed in pronation, whereby passive
tension in the common extensor origin contrib-
utes to lateral stability. It follows therefore that
with medial compartment lesions, exercises are
performed in supination, and stability is afforded
by passive tension in the common flexor origin
[25]. Exercises are progressed to active move-
ments without assistance, as soon as comfort
allows. It is very important that any exercise or
alternative techniques used in this stage produce
minimal pain, as neuropeptides such as substance
P, involved in pain transmission, can be associ-
ated with increased myofibroblastic activity [30].
This is seen in individuals with contracted elbow
capsules, a common complication seen after
elbow trauma or surgery. Supplemental manual
therapy may also be used in the early phase, to
modulate pain, by stimulating type I/II articular
receptors [10]. In elbow tendinopathy, mobilisa-
tions with movements can be applied, where they
have a demonstrable effect on decreasing pain on
symptomatic activities [31], e.g. grip. During this
phase, focus is also placed on voluntary activa-
tion of muscles and reducing muscular atrophy.
Isometric exercises of the major elbow, forearm
and wrist muscle groups are performed, which
have been shown to place no additional strain on
healing ligamentous grafts [32]. Contractions are
performed at the common flexor pronator group
and the common extensor group, which are sec-
ondary stabilisers of the medial and lateral com-
partments, respectively [33]. Also the dynamic
stabilisers, producing compression at the elbow,
are targeted including triceps, biceps and anco-
neus [33]. Anconeus appears from both EMG and
anatomical studies to be a lateral elbow stabiliser,
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Fig.17.1 The overhead position described by Wolffe and Hotchkiss 26 is the optimal mobilisation position to achieve
this goal. This position has been demonstrated to maximize elbow stability, by minimising ulno-humeral distraction

co-apting the ulna to the humerus, reducing pos-
terolateral rotatory displacement [34-36], and
can be facilitated isometrically even when the
elbow is immobilised in a plaster cast or splint.
Isometric contractions also have the additional
benefit of reducing pain, via a generalised, cen-
trally induced, pain inhibitory response. The mag-
nitude of this effect increases with contractions of
longer durations and of moderate or above inten-
sity (40-50 % MVC) and is not constrained to the
exercising limb [37-42]. Some therapists advocate
the use of neuromuscular -electrostimulation
(NMES) to facilitate this process; however, more
good quality evidence regarding its beneficial
effects is limited. One consideration for post-oper-
ative patients is which surgical approach was used
and the condition of the muscle origins, in order to
guide early resistance work [43]. Therefore, good

communication between the surgical and therapy
team is essential. Shoulder isometric work may be
performed with caution with resistance applied
proximal to the elbow. However, care should be
taken with positions of extreme glenohumeral
external rotation, as they produce a valgus moment
at the elbow, possibly compromising vulnerable
tissues [43].

17.5 Intermediate Phase

This is started when the following is achieved,
a return to pre-injury range, with minimal pain
and tenderness and good strength of elbow and
forearm musculature [10], usually at 4—6 weeks
post-injury/surgery. Elbow extension and fore-
arm pronation are of particular importance for
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effective performance in throwing sports [10, 20].
Local strengthening exercises are progressed to
isotonic contractions, beginning with concentric
work, then eccentric work, with emphasis placed
on the secondary stabilisers [10] (Fig. 17.2).
With medial compartment symptoms, emphasis
should be placed on the flexor pronator mass,
especially flexor carpi ulnaris, which anatomical
and EMG studies have been shown to contribute
to valgus stability, by reducing forces placed on
ulnar collateral ligament, during throwing [44 —
47]. With tendinopathy, the key goal is improving
the capacity of the tendon and muscle to man-
age load. Several strengthening options exist, as
described previously, as well as heavy slow resis-
tance work, all sharing a common goal of gradu-
ally increasing load, whilst carefully monitoring
pain. This approach for tendinopathy has been
supported by clinical trials, with long-term ben-
efits seen compared with pharmacological and
electrotherapy interventions [48-50].

Counterforce bracing is only useful in individu-
als where it demonstrably reduces pain or improves
grip and is only worn during pain-provoking
activities [S51]. Emphasis is also placed on exer-
cises improving endurance and neuromuscular
control of the elbow complex [10, 20, 52]. Loss
of kinaesthetic awareness of upper extremities can
occur post-injury and has been shown to decrease
proprioceptive accuracy in throwers [53-56].
Proprioceptive neuromuscular facilitation, rhyth-
mic stabilisation drills and open and closed kinetic
chain activities, which promote cocontraction and
mimic functional positions with joint approxima-
tion, are now implemented [10]. Studies show a
decrease in neuromuscular control, kinaesthetic
detection strength and throwing accuracy is asso-
ciated with muscular fatigue; therefore, exercises,
including multiple sets [2], to promote endurance
are a key component of this stage.

Shoulder flexibility is also addressed at this
stage, as loss of total shoulder rotational range or

Strength test

Cools 2010

Isokinetics:
IR: ER =107
Dvirr 2000

Fig.17.2 Local strengthening exercises are progressed to isotonic contractions, beginning with concentric work, then
eccentric work, with emphasis placed on the secondary stabilisers [10]
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glenohumeral internal rotation deficit (GIRD)
has been shown to place strain on medial elbow
structures during throwing [57, 58]. It is advised
that between sides, differences should be less
than 18° and the difference in total range of
motion should not be more than 5°. The assess-
ment of rotational range of motion can be mea-
sured with a goniometer or an inclinometer.
Posteroinferior glenohumeral capsular tightening
and shrinkage, along with adaptive humeral head
changes, are well-documented problems in long-
term throwers [57, 58, 59]. For this group,
stretches such as a sleeper stretch are thought to
be effective in addressing the posterior capsular
tightness [60] and significantly increase acromio-
humeral distance in overhead athletes with GIRD,
after a 6-week stretching programme. Care should
be taken with stretches at extremes of glenohu-
meral external rotation, as mentioned previously.

According to Ellenbecker [9] you see the modi-
fied sleepers stretch in sidelying with a towel
beneath the upper arm to provide horizontal
adduction to achieve more stretch on the capsule
in the 90 degrees abduction position.

It is also important not to apply this to all indi-
viduals with elbow injury or pathology. It must be
considered that the GIRD may be a problem, not
just due to capsular pathology [57]. For this group
stretching may not be as effective, and the prob-
lem should be addressed by performing eccentric
and concentric rotator cuff exercises through

range. It is essential that the individual is care-
fully assessed to ensure that any deficit is man-
aged appropriately. Therefore, a comprehensive
assessment of the shoulder and the scapula
should be undertaken, as scapula dysfunction
prevents optimum energy transfer in the upper
limb. Glenohumeral rotational strength and scap-
ula strength are addressed during this phase [10,
2, 20, 43] and are incorporated in the throwers
TEN strengthening programme [61]. This has
been designed, from EMG evidence, to illicit
muscular activity most needed to provide upper
limb dynamic stability [62, 63] and has been
demonstrated to increase throwing velocity, fol-
lowing a 6-week programme [64]. Attention
should be paid to global upper limb strengthen-
ing, even with elbow tendinopathy, as previous
studies have shown global weakness, affecting all
major shoulder groups, and the triceps, with this
condition [65], probably due to pain inhibition and
disuse. The use of flywheel and fly pull devices
has been advocated in restoring muscle strength
and neuromuscular coordination and endurance.
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In these athletes eccentric training with maxi-
mum of coordination and kinetic chain position is
provided in tennis (adolescent and ATP level) and
Gymnastics (Olympic level) to restore muscle

strength and coordination or maintain during the
season their high level of sports in training the
kinetic chain by squats or IR/ER in 90 degrees of
abduction.
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It is vital to concentrate not only on the upper
limb but also on the whole kinetic chain at this
stage in rehabilitation, the kinetic chain being a
specific sequence of movement which allows effi-
cient accomplishment of a task. Injuries or adap-
tations in remote areas of the chain can cause
problems not only locally but also distally, as
joints such as the elbow compensate for lack of
force production and energy delivery through
more proximal links [10, 66]. Kibler and Chandler
[67] calculated a 20 % reduction in kinetic energy
delivered from the hip and trunk to the upper limb
and require a 34 % increase in rotational velocity
of the arm, to impart the same amount of force to
the hand. Hannan et al.’s study [68] has shown a
link between lower limb balance deficits in throw-
ers with medial elbow ligament injuries compared
with healthy controls. These balance deficits dis-
appear following a 3-month throwers rehab pro-
gramme including the trunk and the lower limb.
Therefore, in this early stage, whilst the elbow is
recovering, leg and trunk exercises involving
sport-specific activation patterns can be initiated,
so that the base of the kinetic chain is ready for the
next phase, late-stage rehabilitation.

17.6 Late-Phase Rehabilitation

This stage involves progression of activities to
prepare the athlete for a return to sport. The goal
of this stage is to gradually increase strength,
power, endurance and neuromuscular control.
Physical criteria to progress to this phase include
full active range of movement, no pain or tender-
ness, strength that is 70 % of that of the contralat-
eral limb and a functional score that indicates less
than 15 % impairment on QuickDASH or similar
subjective outcome score [10]. Usually, progres-
sion to late-stage rehabilitation will commence
between 7 and 12 week and depends upon
whether an athlete has been conservatively or
surgically managed. Strengthening exercises
emphasising higher resistance and functional
sports-specific movements, including eccentric
and plyometric activities, are now employed.
Elbow flexion exercises are progressed to empha-
sise eccentric control, as biceps is an important

stabiliser, during the follow-through stage of
throwing. Eccentric control prevents pathological
abuttal of the olecranon in the olecranon fossa.
Concentric triceps activity is also emphasised
during this phase, because of the triceps activity
seen during the acceleration phase of throwing.
Resistance exercises should be chosen that
closely stimulate the demands of an athlete’s indi-
vidual sport. In ground-based sports, exercises
that simulate throwing or service action in tennis,
with the glenohumeral joint in 90° of abduction in
the scapula plane, are advocated. Regimes such as
the Advanced Throwers Ten Programme incorpo-
rate exercise and movement patterns specific to
the throwing motion. The programme utilises the
principle of co-activation, high level neuromuscu-
lar control, dynamic stability, endurance and
coordination that are vital in the overhead athlete.
However, in swimmers, Swiss ball exercises, per-
formed in the prone position with the feet off the
floor, may appear to be more specific to the
demands of this particular sport. Exercises to pro-
mote endurance should be emphasised during this
phase, because the overhead athlete is at risk of
injury, if throwing whilst fatigued. Endurance
drills using lower weights and higher repetitions
are advocated, which have been shown to prefer-
entially load key muscle groups required in over-
head sport. Fatigue also adversely affects
proprioception; therefore, endurance activities are
critical in improving coordination and joint stabil-
ity. This stage should also commence plyometric
exercise and controlled impact work. Plyometric
drills can be a beneficial form of functional exer-
cise for training the elbow and have been shown
to increase throwing and service action speeds,
increase elbow extension power and improve
measures of proprioception and kinaesthesia.
Stretch of the musculotendinous unit immedi-
ately followed by shortening is key to the concept
of plyometric exercise, with the stretch-
shortening cycle enhancing the ability of the
musculotendinous unit to produce maximum
force in the shortest time. It has been suggested
they should be performed in conjunction with
other forms of strengthening programmes, for an
athlete to gain maximum benefit. Initially plyo-
metric exercises are performed with both upper
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limbs, i.e. chest pass, side pass and overhead
football throw. They are then progressed to one-
handed throwing in the 90/90 position, along
with specific plyometric drills for the forearm
musculature including wrist flips, wrist snaps and
extension grips. For individuals who wish to
return to contact sports, e.g. rugby, it is vital to
address impact work at this stage. Previous stud-
ies have shown that increased muscle activation
patterns of the elbow and wrist during forward
falls increase the transition of force shock waves
through the forearm [69]. With practice, individ-
uals can select the upper extremity posture,
allowing the athlete to minimise the effects of
impact. Lo et al. [70] showed that practising five
to ten repetitions of forward falls results in
decreased impact forces in the upper limb, during
subsequent falls, for the following 2 months.

17.7 Return to Sport Phase

An athlete can progress to this phase, after attain-
ing of full range of motion, no pain or tenderness,
good strength and endurance and stability of the
upper extremity and scapula. Athletes should also
have 0 % disability on the QuickDASH outcome
score, with good compliance and knowledge of
their individualised home exercise programme.
Individuals should also be medically cleared, fol-
lowing a thorough clinical examination.
Traditional exercise programmes cannot
reproduce speed or joint forces generated in
sport. The only way to mimic these forces is to
practice the sport concerned. Interval training
programmes are progressive sport-specific
regimes that gradually expose an athlete to the
demands they will experience upon return to
sport. Interval sports programmes (ISP) have
been described for swimming, golf, tennis and
throwing sports. Prior to the initiation of the ISP,
throwing motion and kinetic chain stability
should be assessed, wherever possible using digi-
tal imagery. A focussed warm-up programme,
which can be reproduced by the athlete on return-
ing to full participation in sport, is implemented
prior to every session of the ISP. At the start of a
session, an athlete’s strength and flexibility are

measured, with an expectation that an individual
maintains 90 % of these levels, following execu-
tion of the session. The ISP should progress
through 4 distinct stages: return to sport, basic
programme, advanced programme and simulated
competition. The amount of time spent at each
stage is dictated by the type of injury/surgery ath-
lete has sustained as well as any symptoms in
response to the programme. If athletes experi-
ence pain with or after activity, a reduction in
strength or range of motion, or if they have gen-
eralised upper limb soreness lasting more than
24 h, the athlete remains at that stage until symp-
toms resolve. The throwing interval programme
gradually increases the number, intensity and
type of throw, which are all progressed gradually
to minimise the risk of overload at the elbow.
Generally throwers begin with shorter distances
at 50 % throwing intensity, increasing intensity to
100 % over a 4—6-week period. However, an ath-
lete must be educated upon the importance of fol-
lowing a structured regime, as previous studies
have demonstrated that athletes significantly
underestimate their throwing effort, predisposing
themselves to potential injury. Once an athlete
can throw 40-50 times at an intensity of 80 %,
without any symptoms, different styles of throw,
such as breaking balls, are implemented. The final
step is simulated completion/game, for a given
position and level of play. Rehabilitation will
continue until the individual successfully returns
to sport. It should be remembered that to return
an athlete to competition may take up to
9-12 months [43], dependent upon the type/site
of injury and its management, with athletes
throwing for short periods of time at 3 months’
post-op. Athletes should be monitored frequently
throughout this process with frequent communi-
cation between the athlete, coaching staff and
rehabilitation team, to offer support until return
to competition and to reduce the risk of injury.

17.8 Injury Prevention

The most important tenants of the prevention
programme are education, identification of at-
risk athletes, full rehabilitation of past or current
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injuries and monitoring athletes for the develop-
ment of warning signs for injury. Off-season
training programmes, in athletes with a previous
history of tendinopathy, should include a con-
trolled tendon loading programme, to prevent a
reduction in tendon integrity and stiffness. A sub-
sequent return to training should include appro-
priately spaced graduated increases in load. In
the absence of such strategies, an athlete will be
predisposed to an active tendinopathy upon
resumption of full training.
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18.1 Introduction

Endoscopic surgery around the elbow has grown
to encompass a wide range of pathologies over the
last few decades, owing to increased breadth,
safety and reproducibility of practice. As these
techniques evolve, soft tissue endoscopy about the
elbow has expanded to include ulnar nerve release
and transposition, olecranon bursectomy, resection
of the olecranon spur and endoscopic suturing.

Ulnar nerve entrapment at the level of the
elbow is the second most common entrapment
neuropathy of the upper limb behind carpal
tunnel syndrome [7, 17].

The sites of ulnar nerve compression are the
arcade of Struthers, the cubital tunnel (most com-
mon site) and the flexor carpi ulnaris fascia [17].
Failing conservative management, treatment
options include open or endoscopic [18] cubital
tunnel release and open or endoscopic anterior
ulnar nerve transposition if the ulnar nerve is
found to be unstable or is in a hostile bed.
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Olecranon bursitis refers to inflammation of
the subcutaneous synovial-lined sac of the bursa
overlying the olecranon process at the proximal
aspect of the ulna [5]. It is the most common
form of superficial bursitis at the elbow [31].
Inflammation can result from abrasions around
the elbow leading to infection, but is often
caused by acute injuries during sport (i.e. direct
impact to the posterior elbow), autoimmune
inflammatory process (e.g. rheumatoid arthri-
tis) or secondary to crystal deposition disease
(e.g. gout or pseudogout). Patient with diabe-
tes mellitus, uraemia, intravenous drug abuse,
alcohol abuse or long-term use of steroids are
at increased risk [38]. Two-thirds of cases are
sterile bursitis, with one-third of cases being
septic, secondary to Staphylococcus aureus and
requiring bacterial cultures, drainage, irrigation
and antibiotics [24].

The two conditions can be differentiated based
on clinical examination [6], and surgery is indi-
cated when conservative management has failed.
Wet or dry endoscopic techniques can be per-
formed, using incisions away from the apex of
the olecranon that lead to faster healing rates and
lower reoperation rates [13, 14].

Before any endoscopic procedure is per-
formed, familiarity with the open technique is
essential and provides a backup should the endo-
scopic procedure fail. Furthermore, a thorough
understanding of surgical anatomy of the elbow
is paramount due to the close proximity of neuro-
vascular structures that can be damaged.
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18.1.1 Surgical Anatomy

The ulnar nerve, a terminal branch of the medial
cord of the brachial plexus, enters the arm with
the axillary artery where it passes posterior and
medial to the brachial artery, travelling between
the brachial artery and vein [26].

At the level of the insertion of coracobrachia-
lis in the middle third of the arm, the ulnar nerve
pierces the medial intermuscular septum (MIMS)
to enter the posterior compartment of the arm
approximately 8 cm proximal to the medial epi-
condyle, where it lies on the anterior aspect of the
medial head of triceps. The MIMS extends from
the coracobrachialis proximally to the medial
humeral epicondyle distally where it is a thick
and distinct structure [16].

The ulnar nerve then courses anterior to the
arcade of Struthers, a thin fibrous band extending
from the medial head of triceps to the MIMS that
is found 8 cm proximal to the medial epicondyle
[16]. It then passes behind the medial epicondyle
in the epicondylar groove where it continues
through the cubital tunnel, a space bounded
medially by the medial epicondyle and laterally
by the tip of the olecranon. It is converted into a
tunnel by the cubital tunnel retinaculum (arcuate
ligament of Osborne), which are fibres that run
perpendicular to the flexor carpi ulnaris (FCU)
aponeurosis.

Next, the ulnar nerve passes between the
ulnar and humeral heads of the FCU and pene-
trates the flexor-pronator aponeurosis about
5 cm beyond the medial epicondyle before
descending into the forearm between FCU and
flexor digitorum profundus as it courses down
the forearm to the wrist.

18.1.2 Presentation
and Investigations

A careful history is important to determine the
chronicity, extent and nature of ulnar nerve com-
pression. Symptoms can range from transient
numbness, tingling or burning sensation in the
ring and small fingers to clawing of these digits
and intrinsic muscle atrophy in severe cases [4].

The most common symptoms are sensory
disturbances along the ulnar nerve distribution,
pain at the elbow and weakness of ulnar-inner-
vated intrinsic hand muscles [12].

Pain may be present in the elbow region, and
there may be a history of trauma at or near the
elbow. Symptoms may worsen during the day
with repeated elbow use, producing increasing
weakness and sensory changes. Physical exami-
nation involves examining elbow range of motion
and assessing for areas of tenderness or ulnar
nerve subluxation over the epicondylar groove.
In addition, the examiner should look for intrin-
sic muscle weakness, clawing or inability to
abduct the small finger in extension. Assessing
sensory changes provides additional information
for localisation of ulnar nerve lesions. An elbow
flexion test, where the examiner flexes the
patient’s elbow past 90°, supinates the forearm
and extends the wrist, may be performed. This is
considered positive if discomfort is reproduced,
or paraesthesia along the ulnar nerve distribution
occurs within 60 s [8, 33].

Examination of ulnar nerve instability, where the
elbow is taken through full range of movement, is
used to assess for chronic subluxation and reloca-
tion of the ulnar nerve during flexion and extension,
respectively. The ulnar nerve may directly be visu-
alised for subluxation or snapping as it lies superfi-
cially over the medial humeral epicondyle [3].

In patients presenting with bursitis, there is
often a history of local repetitive or direct trauma.
Patients may complain of swelling at the posterior
elbow, associated with increased pain exacerbated
by pressure or prolonged elbow flexion. The onset
of symptoms may be acute in setting of infection
or trauma or chronic if secondary to autoimmune
disease or crystal deposition and chronic irrita-
tion. However, patients may also present with
painless swelling in the setting of chronic disease.
Examination of the posterior elbow in olecranon
bursitis often reveals a fluctuant swelling felt over
the olecranon process. There may be tenderness
on palpation, especially in the acute setting. Skin
inspection may reveal areas of abrasion or local
infection, rheumatoid nodules or gouty tophi.
Elbow range of movement is often normal, but
may be reduced in severe cases.
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Examination should also be directed at assess-
ing if previous surgery has been performed.
Significant scarring around the elbow joint may
make endoscopic surgery increasingly difficult or
unsafe, and an open technique may be required.

18.1.3 Imaging

Plain radiographs are required for assessment of
anatomy, such as deformity secondary to trauma,
bony spurs or fragments, shallow olecranon
groove or destructive lesions.

Ultrasound examination may be useful in
assessing specific compressive pathologies and
allow for real-time visualisation of the nerve
through its course. It is particularly useful in the
assessment of bursitis, as it allows for the demon-
stration of effusions, inflammatory collections or
presence of loose bodies [19].

18.2 Treatment Options

18.2.1 Endoscopic Ulnar Nerve
Release

Several endoscopic techniques for ulnar nerve
release have been published, including those by
Hoffman (Storz), Cobb (Integra) and Tsai (glass
tubes). Using the Hoffman technique, the subcu-
taneous plane is opened with tunnelling forceps
and a hooded endoscope is introduced [11].

The hooded endoscope acts to keep the work-
space open, making visualisation possible and
allowing scissors and cautery to be introduced [2].

Cobb’s technique makes use of the Integra
Endo Release System, utilising a cannula specifi-
cally designed for cubital tunnel release, to protect
the ulnar nerve whilst the roof of the cubital tunnel
is released [1]. Tsai utilises glass tubes to house an
endoscope and guide a meniscus knife [35].

The senior author published a technique utilis-
ing the Agee MicroAire endoscopic carpal tunnel
device. This device has a trigger to activate a
retractable cutting blade from a protected sheath
immediately distal to the endoscopic tip, allow-
ing for direct visualisation of both blade and

Fig. 18.1 Endoscopic ulnar nerve release utilising the
hooded scope as developed by Hoffman and Storz. The
ulnar nerve is seen below the flexor carpi ulnaris
(Copyright Dr. Gregory Bain)

tissue at all times. Blunt dissection to the level of
the cubital retinaculum is made, and the Agee
device is introduced directly adjacent to the
nerve, and the overlying constrictive tissue is
released with the nerve and its branches in view
at all times [7, 17] (Fig. 18.1).

Rehabilitation following endoscopic repair
involves early active range-of-motion activities
and a return to normal activities as tolerated.

18.2.2 Endoscopic Ulnar Nerve
Anterior Transposition

If the ulnar nerve is found to be unstable, an endo-
scopic anterior transposition can be performed
[29]. A standard ulnar nerve release is performed.
The MIMS is excised. Care is required to ensure
any adjacent vessels are identified and cauterised
if required. The ulnar nerve is then mobilised and
transposed anterior to the medial epicondyle
(Fig. 18.2). Once the nerve is checked proximally
and distally to ensure no kinking, the subcutane-
ous fat is sutured to the soft tissue over the medial
epicondyle. Rehabilitation involves placing the
elbow into a sling in flexion for 1 week to allow
for soft tissue healing and stabilisation of the
nerve in its new bed.
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Fig. 18.2 Endoscopic ulnar nerve transposition. Below is
the elbow with the main working portal over the medial epi-
condyle. A proximal portal was used to retract the ulnar
nerve at the time of resection of the medial intermuscular
septum (MIMS). An anterior portal has a nylon tape to
retract the nerve. The composed photo shows the ulnar nerve
held transposed by the nylon tape and the multiple motor
branches dissected free (Copyright Dr. Gregory Bain.)

18.2.3 Olecranon Bursitis

Surgery traditionally involves open bursectomy,
with incision over the point of the olecranon.
However, wound healing can be a problem owing
to the area of bridging skin. Endoscopic tech-
niques allow for faster healing with improved
outcome.

Utilising the wet technique, two separate
1.5 cm longitudinal portals are made 2 cm proxi-
mal and distal to the margins of the bursa, in the
midline. Distension is maintained via saline
inflow and arthroscopic cannula to prevent fluid
draining away. The scope can then be placed into
the bursa, resecting the bursa from inside-out
until normal tissue planes are visualised. Care
should be taken to protect the overlying skin and
to prevent any perforations that may develop into
sinuses.

The senior author’s preferred technique is the
dry endoscopic procedure, specifically for treat-
ment of sterile olecranon bursitis [36], utilis-
ing the Storz endoscopic equipment described
above (Fig. 18.3). A 2 cm incision distal to the
bursa is made to allow the introduction of the
hooded scope, and the subcutaneous tissues are
elevated off the bursa and olecranon. A separate

~ Olecranon

Fig.18.3 Endoscopic olecranon bursa resection utilising
dry endoscopy. Note the hood suspends the soft tissues
and skin. The bursa is released and then excised whilst
maintaining the skin over the olecranon, optimising heal-
ing (Copyright Dr. Gregory Bain)

Fig.18.4 After endoscopic resection of olecranon bursa, the
tourniquet is deflated and cautery is used on any significant
bleeding points identified (Copyright Dr. Gregory Bain)

proximal portal is made, and a pituitary rongeur
is used to resect the bursa and cautery to control
bleeding and fluid accumulation postoperatively
(Fig. 18.4). To prevent recurrence in the dead
space, the elbow should be placed in a sling at
90° of flexion.

18.2.4 Olecranon Spurs

Once the position of the spur is identified using
fluoroscopy, dry endoscopy can be used to resect
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Fig.18.5 Olecranon spur as seen on CT scan. Intra-operatively, fluoroscopy is used to identify the position of the spur
and post-operatively to ensure complete resection (Copyright Dr. Gregory Bain)

the spur by introduction of high-speed burr.
Fluoroscopy can then be used to ensure complete
resection (Fig. 18.5).

18.2.5 Dry Elbow Arthroscopy

Dry arthroscopy has been utilised in elbow,
providing greater appreciation of the anatomy
of the elbow joint, reducing the risk of fluid
extravasation and compartment syndrome.
When the joint is distended with air, the syno-
vial and articular surfaces are able to reflect
light, allowing superior clarity and better
understanding of subtle findings of the soft
tissues and articular cartilage (Fig. 18.6). This
technique has been shown to be particularly
useful in synovitis, as fluid distension in wet
arthroscopy may compress the soft tissues,
change the shape of the synovium and reduce
its vascularity [30, 34].

However, there are relative contraindications
to using dry arthroscopic techniques. When
radiofrequency ablation is required, wet
arthroscopy should be used to provide cooling
effect to the joint and prevent risk of chondro-
cyte damage. Furthermore, there is a theoretical
risk of air embolus when arthroscopy is per-
formed under air pump pressure and when a

Depth of

Synovial Field

fold

Fig. 18.6 Dry elbow arthroscopy, note the quality of the
image and the depth of field. The synovial fluid on the
surface of the articulation reflects the light, providing a
better understanding of the surface itself. In the normal
fluid arthroscopy, the synovial folds are flattened and the
small vessels are compressed. However with dry arthros-
copy, the synovial fold maintains its shape, and the small
vessels perfuse the synovium and can be seen (Copyright
Dr. Gregory Bain)

tourniquet is not inflated. Therefore, this tech-
nique should not be used with an air pump until
further research is available [34].

It can also be used for any of the therapeutic
procedures, such as synovectomy, resection of
osteophytes and capsulectomy (Fig. 18.7).
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Retractor

Fig. 18.7 Dry elbow arthroscopy is being used here for
anterior humeral osteophyte resection. Intermittent irriga-
tion is used to clear any debride from the resector
(Copyright Dr. Gregory Bain)

18.2.6 Arthroscopy and Elbow
Arthroplasty

Arthroscopic management of elbow arthroplasty
has been utilised as a valuable adjunct in the diagno-
sis of painful or swollen arthroplasty. Arthroscopy
in this setting allows for targeted biopsies for micro-
biological diagnosis and for assessment of mechan-
ical factors before an informed decision regarding
definitive management is made [34]. Mechanical
diagnosis can be made, and sometimes running
repairs can be performed (Fig. 18.8).

18.2.7 Endoscopic Suturing

The senior author has performed deep suturing
endoscopically using barbed sutures (Fig. 18.9).
These are ideal for endoscopic repairs, as they do
not require knot tying. The sutures can be inserted
in the same way as we perform microsurgery.
They can be used to repair deep fascia and other
soft tissues [36].

18.2.8 Other Procedures

Soft tissue endoscopy has grown to encompass a
range of pathologies (Table 18.1). In the elbow,

Posterior Com

Fig. 18.8 Arthroscopic assessment of a patient with a
suspected elbow arthroplasty infection shows synovitis
and plica that was excised (Copyright Dr. Gregory Bain)

endoscopy has been successfully utilised in
biceps bursoscopy and distal biceps tendon
repairs [9, 15, 37]. which is described in more
detail in another chapter in this series. In the fore-
arm, endoscopic techniques have been used for
decompression of the anterior interosseous nerve
[22,25], pronator syndrome [27], and performing
fasciotomy in cases of chronic exertional com-
partment syndromes [10, 32].

Furthermore, endoscopic soft tissue release of
DeQuervain’s tenosynovitis and intersection
syndrome has been successfully performed [21].
Endoscopic harvesting of the radial artery has
been utilised in patients undergoing coronary
artery bypass grafting (CABG) with an overall
patency at 10 years of 82 % [23].

18.3 Outcomes

A prospective study comparing the outcomes of
the open versus endoscopic ulnar nerve release
reported better patient satisfaction with the
endoscopic technique and a lower complica-
tion rate, including elbow pain, scar tenderness
and medial elbow paraesthesia [17]. Endoscopic
decompression has been shown to be as effec-
tive as the open decompression, with additional
advantages of being less invasive, a smaller
incision, less vascular insult to the nerve and
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Fig. 18.9 Endoscopic suturing using barbed sutures in a
cadaveric model. The suture technique is similar to the
microsurgery. Once positioned, the sutures are pulled

tight, and the barbs of the suture hold the suture in place
(Copyright Dr. Gregory Bain)

Table 18.1 Indications for endoscopic procedures about the elbow, forearm and wrist

Procedure Indication

Releases

Ulnar nerve release at cubital tunnel anterior interosseous nerve release

DeQuervain’s tenosynovitis, intersection syndrome
Forearm fasciotomy in chronic exertional compartment syndrome

Excision Bursectomy (olecranon bursitis)

Tenosynovectomy (e.g. of the extensor tendons)

Excision of lesions (e.g. olecranon rheumatoid nodules)

Olecranon spur resection
Harvesting

Vessel graft (e.g. radial artery for CABG)

Nerve graft (e.g. distal PIN, MCNFA)
Tendon graft (e.g. FCR, palmaris longus)

Bone graft (e.g. distal radius and olecranon)

Nerve transposition  Ulnar nerve transposition

Stabilisation Repair of distal biceps tendon
Fixation of ulnar fractures/ulnar osteotomies
Reconstruction Tendon transfer (e.g. extensor indicis to EPL)

CABG coronary artery bypass graft, PIN posterior interosseous nerve, MCNFA medial cutaneous nerve of the forearm,

FCR flexor carpi radialis, EPL extensor pollicis longus

faster recovery [17, 20]. Furthermore, Cobb
et al. [21] have shown that patients experience
less pain with quicker functional recovery and
return to work. Meta-analyses have shown that
in situ decompression has comparable outcomes
with anterior transposition but with fewer com-
plications [28, 39]. Additionally, endoscopic
technique of olecranon bursectomy has shown
faster healing and lower reoperation rates when

compared to open technique, leading to shorter
hospital stays [13, 14].

18.4 Complications

Potential complications, especially in the early
phases of using these new techniques, are related
to a lack of appreciation of the anatomy from an
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endoscopic perspective, familiarity with endo- References
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19.1 Introduction
The ulnar nerve is highly susceptible to injury
during overhead athletic activity. The combina-
tion of valgus forces and rapid extension results in
tensile forces along the medial side and compres-
sion on the lateral portion of the elbow as well as
shear forces in the posterior compartment. This
combination is referred to as valgus extension
overload syndrome and is the basic pathological
model for most sports-related elbow injuries [1].
The ulnar nerve can be injured acutely via a
direct blow to the back of the elbow during contact
sports. Nevertheless, ulnar nerve injury more com-
monly results from traction or compressive forces
at the elbow due to repetitive overuse during over-
head athletic activity. Ulnar nerve dysfunction can
be caused by excessive elbow valgus forces (espe-
cially in baseball pitchers), compression at the
cubital tunnel associated with repetitive stress, or
spur formation in the ulnar groove with subse-
quent nerve compression [2, 3]. Athletes can pres-
ent with a tingling sensation along the ulnar side of
the forearm, hand, and the fourth and fifth digits
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during activity and with numbness/discomfort in
the fifth digit and half of the fourth digit (espe-
cially provoked by forced elbow flexion), some-
times accompanied by pain with the same
distribution and loss of grip strength [4, 5].

Peripheral nerve injuries account for <0.5 % of
all sports-related injuries. Sports-related periph-
eral neuropathies account for 6 % of all peripheral
neuropathies and most commonly involve the
upper extremities [6, 7]. Acute sports-related inju-
ries usually result from a collision or fall and may
require emergency treatment. Overuse injuries
can often occur due to a combination of repetitive
microtrauma, inadequate recovery poor condi-
tioning and training, and faulty equipment [4].
Ulnar neuropathy at the elbow is the second most
common focal neuropathy of the upper limb in
athletes and nonathletes [8, 9]. Ulnar nerve injury
can develop during sports training and competi-
tion via numerous mechanisms [4].

Nerve injuries are classically categorized as
neurapraxia, axonotmesis, and neurotmesis [10].
Neurapraxia is the mildest form of nerve injury
and is characterized by temporary motor paraly-
sis, with or without sensory loss; focal demyelin-
ation is present, excluding the axon. As structural
integrity is preserved, full nerve recovery is the
rule as myelin is restored.

Axonotmesis is a nerve injury of moderate
severity characterized by complete motor, sen-
sory, and autonomic dysfunction. The axon is
damaged, but the structural integrity of the endo-
neurium, perineurium, and epineurium, which
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form the support structure surrounding the nerve,
remains intact. Recovery is slow and may be
incomplete. Axonal regeneration occurs at a rate
of 1-7 mm d-!, and such regeneration may ulti-
mately reach its target because regeneration is
directed along the nerve support structure.
Neurotmesis is the most severe type of nerve
injury, which is characterized by complete
destruction of the nerve distal to the site of injury.
Motor, sensory, and autonomic dysfunction are
complete, with no hope of spontaneous recovery
due to complete loss of the structural integrity of
both the nerve and its surrounding support struc-
ture; recovery can only occur via direct surgical
intervention.

In addition to classifying nerve injuries, it is
important to define peripheral nerve injuries
related to sports as acute versus subacute or
chronic. Acute injuries are the result of immedi-
ate compressive, stretching, or laceration forces
applied to the nerve. Although acute lesions may
result from incorrect athletic technique or biome-
chanics, more commonly they result from a sud-
den trauma (e.g., a fall) or a sudden extrinsic
force when an athlete is not prepared (e.g., a
blindsided tackle). Subacute and chronic injuries,
on the other hand, are best categorized as overuse
injuries. Overuse injuries develop when the
cumulative repetitive overcomes the withstand-
ing capacity of a specific tissue [11]. Most
researchers refer to repetitive microtrauma as the
defining characteristic of overuse injuries.

19.2 Functional Anatomy
of the Elbow Joint

The elbow is a complex modified hinge joint, con-
sisting of three individual articulations: the ulno-
humeral, radiocapitellar, and proximal radioulnar
joints. In the normal elbow joint, stability is main-
tained by a combination of joint congruity, capsu-
loligamentous integrity, and balanced intact
musculature [1]. The joint capsule circumferen-
tially encloses all three elbow articulations and
offers additional stability, primarily in extension
[12]. The osseous anatomy of the elbow facilitates
flexion-extension and pronation-supination via

ulnohumeral and radiocapitellar articulation,
respectively. In full extension the elbow has a nor-
mal valgus carrying angle of 11-16°. The osseous
configuration provides approximately 50 % of the
elbow’s overall stability, primarily against varus
stress when the elbow is in extension. The remain-
ing stability of the elbow is provided by the ante-
rior joint capsule, the medial collateral ligament
(MCL) complex, and the lateral collateral liga-
ment complex [13—15]. The MCL complex con-
sists of the anterior oblique ligament (AOL),
posterior oblique ligament (POL), and a trans-
verse band (known as Cooper’s ligament) that
originates and inserts in the ulna). The AOL is
known to be the most important soft tissue con-
straint to valgus instability of the elbow and is the
strongest of the elbow’s collateral ligaments, with
an average failure load of 260 Nm [16, 17].

The musculotendinous structures originating
from the medial epicondyle include the flexor-
pronator musculature and provide additional
dynamic functional resistance to valgus stress
[18]. From proximal to distal, this muscle mass
includes pronator teres, flexor carpi radialis
(FCR), palmaris longus, flexor digitorum superfi-
cialis, and flexor carpi ulnaris (FCU). The pronator
teres and FCR arise from the medial supracondy-
lar ridge, the palmaris longus originates from the
anterior midpoint of the medial epicondyle, and
the FCU arises with two heads from the anterior
base of the epicondyle and from the ulna [19].

The ulnar nerve is composed from the C8 and
T1 nerve roots. These two roots combine to form
the lower trunk of the brachial plexus and the
transition into the medial cord, of which the ulnar
nerve is the terminal branch. The course of the
ulnar nerve continues between the medial head of
the triceps brachii and the brachialis muscles.
The nerve is posteromedial to the brachial artery
and just posterior to the intermuscular septum.
The arcade of Struthers is a band of fascia that
connects the medial head of the triceps to the
intermuscular septum of the arm. This fascial
band crosses the ulnar nerve approximately 8 cm
proximal to the medial epicondyle. The ulnar
nerve then becomes more superficial and enters
the ulnar sulcus approximately 3.5 cm proximal
to the medial epicondyle. The nerve travels
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posterior to the medial epicondyle and medial to
the olecranon. Then, the nerve enters the cubital
tunnel. The medial head of the triceps constitutes
the posterior border of the cubital tunnel, and the
anterior and lateral borders are formed by the
medial epicondyle and the olecranon. The roof of
the cubital tunnel is defined by the arcuate
(Osborne’s) ligament. Osborne’s ligament is a
thickened transverse band between the humeral
and ulnar head of the FCU. The floor of the cubi-
tal tunnel consists of the medial collateral liga-
ment of the elbow, the elbow joint capsule, and
the olecranon.

After passing through the cubital tunnel, the
ulnar nerve continues deep into the forearm,
between the ulnar and humeral heads of the FCU.

Potential ulnar nerve entrapment can occur at
five sites in the elbow region: the arcade of
Struthers, the medial intermuscular septum, the
medial epicondyle, the cubital tunnel, and the
deep flexor-pronator aponeurosis, although the
most common site of entrapment is the cubital
tunnel [20]. Recent anatomic studies have
reported variability in the level of previously
unidentified fibrous bands, which suggests that
recurrence of symptoms following decompres-
sion could be due to inadequate release of these
structures. Researchers have suggested that the
proximal and distal ends of the cubital tunnel
should be carefully explored to prevent incom-
plete release [21].

19.3 Biomechanics

The overhead throwing motion, such as the char-
acteristic throwing of a baseball, provides a proto-
type for evaluating the effects of overhead athletic
activity on the upper extremities. As the ball is
thrown, energy is transferred from the lower
extremity via a kinetic chain toward the trunk to
the upper extremity, ultimately resulting in ball
release from the fingers. This familiar motion is
classically divided into six stages: windup, early
cocking, late cocking, acceleration, deceleration,
and follow-through. The most significant forces
act on the shoulder and the elbow during the late
cocking and acceleration phases [22]. Throwing a

baseball imposes extremely high valgus stresses
across the elbow during these two phases,
approaching 60-65 Nm [23-25]. During the
throwing motion—in baseball, for example—the
elbow moves, during the late cocking and accel-
eration phases, from 110 to 20° of flexion, with
speeds up to 3,000°s-1-! [24]. Additionally, the
throwing motion causes longitudinal strain to the
ulnar nerve in the cubital tunnel. Maximum strain
on the ulnar nerve during the acceleration phase
of throwing can approach the elastic and circula-
tory limits of the nerve [26].

19.4 History and Physical
Examination

Cubital tunnel syndrome is the most common
entrapment condition of the ulnar nerve.
Following carpal tunnel syndrome, cubital tunnel
syndrome is the second most common compres-
sive neuropathy of the upper extremities [9, 27].
Symptoms involving the ulnar nerve are very
common in athletes that perform the throwing
motion, and because of its superficial location,
the nerve is susceptible to injuries. Ulnar neu-
ropathy around the elbow can present as an iso-
lated injury and also in combination with MCL
insufficiency or chronic flexor-pronator mass ten-
dinosis [1]. More than 40 % of athletes with val-
gus instability develop ulnar neuritis secondary
to irritation associated with inflammation of the
MCL, and as many as 60 % of athletes that per-
form the throwing motion and have medial epi-
condylitis also have concomitant ulnar nerve
symptoms [9, 28-30].

Ulnar nerve entrapment results from both path-
ological and physiological responses to repetitive
trauma [31, 32]. Mechanical factors include com-
pression, traction, and irritation of the nerve.
Compression of the ulnar nerve proximal to the
cubital tunnel may be due to a tight structure
(arcade of Struthers or intermuscular septum) or
to hypertrophy of an adjacent muscle (anconeus
epitrochlearis or medial head of the triceps).
Compression at the level of the cubital tunnel may
result from osteophytes, loose bodies, synovitis,
or a thickened retinaculum (Osborne lesion).
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Compression can also occur distal to the cubital
tunnel at the FCU aponeurosis or at the deep
flexor-pronator aponeurosis after the ulnar nerve
passes between the two heads of the FCU [19].

The pressure within the ulnar nerve when the
elbow is flexed and the wrist is extended is
known to increase to three times the resting level
[33], which is due to compression and physio-
logical stretching of the nerve (the ulnar nerve
normally moves 7 mm medially and stretches
4-7 mm during elbow flexion) [31, 32]. As the
elbow flexes, an increase in tension on the arcu-
ate ligament and the MCL also increases tunnel
pressure. Elbow flexion, wrist extension, and
shoulder abduction during the throwing motion
can result in intraneural pressure increasing up
to six times the resting level [33]. Any tethering
of the nerve secondary to chronic changes asso-
ciated with valgus overload (e.g., scar tissue, cal-
cification of the MCL, traction spurs, and
degenerative changes in the ulnar groove) fur-
ther increases intraneural pressure [28, 31, 32,
34]. Traction on the nerve can also occur due to
restriction of its normal mobility [31, 32].
Additional friction on the nerve can be caused by
ulnar nerve subluxation or dislocation, which is
present in 6 % of the general population [35].
The cumulative effects of prolonged and repeated
elevated pressure result in nerve fibrosis and
ischemia. During contact sports, medial collat-
eral ligament injury may occur. Acute injuries
are treated with primary repair. Decision making
about associated transposition of the ulnar nerve
depends on type of sports. Scar tissue of the
repair and sutures may cause nerve entrapment,
while on the other side, transposition of the
nerve may lead to a very vulnerable medial
elbow (Figs. 19.1 and 19.2).

Ulnar nerve dislocation was first described by
Blattmann in 1851 [36]. This condition is
referred to in the medical literature by various
terms, including luxation, instability, hypermo-
bility, and recurrent luxation/subluxation of the
ulnar nerve [27, 36-38]. Each term has a unique
origin and explanation and emphasizes a different
clinical aspect of cubital tunnel syndrome. This
rare nerve entrapment syndrome is caused by
absence, rupture, or laxity of the epicondylo-
olecranic ligament. Dysplasia of the retrocondy-

Fig. 19.1 Rupture of the medial collateral ligament in a
basketball player

Fig. 19.2 Primary repair of the medial collateral liga-
ment. Ulnar nerve behind the retractor left at the groove

lar ulnar groove also increases the likelihood of
this condition [37].

Subluxation or dislocation of the ulnar nerve
is uncommon in the general population, whereas
it is reported with greater frequency in athletes
that use their upper limbs for forceful and resisted
flexion of the elbow joint [37, 39-41]. When the
elbow is flexed, the nerve leaves its sulcus and is
compressed by the medial humeral epicondyle.
In athletes with well-developed upper limb mus-
cles, the prominent medial head of the triceps
pushes the nerve further out from the sulcus when
flexing the elbow, which might cause rapid devel-
opment of this pathology [42]. Subluxation/dis-
location of the ulnar nerve from the ulnar groove
can be palpated via elbow flexion and is often
associated with a palpable click [43] (Figs. 19.3
and 19.4). Subluxation or dislocation of the nerve
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Fig. 19.3 Ulnar nerve within the groove with the elbow
in extension

Fig. 19.4 During flexion ulnar nerve dislocates medially.
Note hypertrophy of the medial triceps

may predispose to neuropathy [35]. Subluxation
of the ulnar nerve should be differentiated from a
hypertrophic part of the medial head of the tri-
ceps snapping over the medial epicondyle during
flexion [44] (Figs. 19.5 and 19.6).

In athletes that perform the throwing motion,
initial presentation of ulnar neuropathy may be
pain along the medial joint line [1]. As inflamma-
tion progresses, they may also report clumsiness
or heaviness of the fingers on the involved side as
well as numbness and paresthesia in the fourth
and fifth digits of the hand. Typically, these
symptoms resolve with rest and are exacerbated
by throwing or overhead activity. Athletes gener-
ally do not complain of weakness in the affected
extremity—a late finding in ulnar neuropathy, as

Fig. 19.5 Excision of redundant medial triceps muscle

Fig. 19.6 Subfascial transfer of the ulnar nerve

their performance is usually affected in the early
stages before the development of motor changes.
Painful popping or snapping sensations may also
be experienced in those with recurrent nerve sub-
luxation or dislocation [19].

Careful neurologic evaluation of the neck and
upper extremity is mandatory to rule out more
proximal causes of neuropathy [28, 31, 32].
Percussion along the ulnar nerve may elicit Tinel’s
sign. A positive elbow flexion-compression test
may elicit tingling that radiates toward the fifth
digit, pain at the elbow, or medial forearm pain
when manual pressure is directly applied over the
ulnar nerve between the posteromedial olecranon
and the medial humeral epicondyle as the elbow is
maximally flexed [45]. The earliest sensory
changes are noted via vibrometry or monofila-
ment threshold testing. Nerve ending density test
(e.g., two-point discrimination) becomes positive
later, as the condition progresses. Motor weak-
ness, if observed, starts earlier in the intrinsic
hand muscles, such as the abductor digiti minimi
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and adductor pollicis. Intrinsic muscle motor
fibers are situated more superficially within the
ulnar nerve in the cubital tunnel and are thus more
susceptible to injury [19].

Froment’s sign (hyperflexion of the thumb
interphalangeal joint when attempting key pinch
as the flexor pollicis longus is used in place of
a paralyzed adductor pollicis) or Wartenberg’s
sign (the inability to adduct the fifth digit due to
unopposed ulnar insertion of the extensor digiti
quinti) are positive only in more advanced ulnar
neuropathy. Atrophy of the interossei muscles or
hypothenar eminence can be difficult to observe
in well-developed athletes. Extrinsic muscle
weakness, involving the flexor digitorum pro-
fundus and FCU, is usually associated with more
severe and advanced compression, as the extrin-
sic motor fibers lie deep within the ulnar nerve
and thus are less exposed to damage [19]; clum-
siness or loss of fine dexterity may occur in such
cases. Inspection and palpation of the ulnar nerve
should be performed along its course through
the cubital tunnel to determine its location and
stability. Palpation of the ulnar nerve in its groove
throughout a full range of motion should be per-
formed to identify subluxation or dislocation; the
nerve may feel “doughy” or thickened [19]. Ulnar
nerve hypermobility has been identified in 37 %
of elbows and can be identified by asking the
patient to actively flex the elbow with the forearm
in supination, followed by placing a finger at the
posteromedial aspect of the medial humeral epi-
condyle and asking the patient to actively extend
the elbow. The ulnar nerve is observed to dislo-
cate if trapped anterior to the examiner’s finger,
to be perched if trapped beneath the finger, and to
be stable if not palpable in the groove [38].

Diagnosis of cubital tunnel syndrome is based
on a combination of clinical findings and electro-
diagnostic test findings; however, in patients with
clinical evidence of cubital tunnel syndrome,
electromyography and nerve conduction veloci-
ties may have a false-negative rate of 10 %.
False-negative electrodiagnostic test results may
occur as few functional axons are required for a
study to be interpreted as normal [46]. Negative
tests, however, do not rule out the diagnosis of
ulnar neuritis [31, 34]. Plain radiographs of the
elbow, especially the cubital tunnel view, should

be obtained in all patients to determine if there is
elbow arthritis, which can lead to osteophytes
and impingement on the cubital tunnel. In addi-
tion, radiographs may show signs of instability or
previous trauma. Ultrasonography and MRI can
be used to identify the presence of soft tissue
masses that may compress the ulnar nerve as well
as to evaluate the status of the surrounding soft
tissue structures [19, 43, 47]. Dynamic sonogra-
phy of the elbow may be useful for diagnosing
ulnar nerve dislocation [37, 38, 48].

19.5 Treatment

Mild cubital tunnel syndrome can often be treated
without surgery. There is a tendency for sponta-
neous recovery in patients with mild and/or inter-
mittent symptoms if provocative causes can be
avoided [46]. Nonsurgical management of ulnar
neuropathy usually begins with rest, activity mod-
ification, ice, and nonsteroidal anti-inflammatory
drugs (NSAIDs). Immobilization of the elbow
for a brief period (2-3 weeks) may be necessary,
especially in cases of ulnar nerve subluxation or
dislocation. Local corticosteroid injection is not
recommended. Although nonsurgical treatment
has a high success rate in the general population,
many athletes—especially those with associated
valgus instability—experience recurrence of
symptoms upon resumption of throwing and ulti-
mately require surgical intervention. Indications
for surgery include unsuccessful nonsurgical
treatment, persistent ulnar nerve subluxation,
symptomatic tension neurapraxia, and concomi-
tant medial elbow problems that require surgery
(e.g., valgus instability) [19].

Numerous surgical techniques have been
described for the treatment of cubital tunnel syn-
drome, including simple in situ decompression of
the cubital tunnel, anterior transposition of the
ulnar nerve (subcutaneous, submuscular, or intra-
muscular), and medial humeral epicondylectomy
with decompression of the ulnar nerve; however,
there is a lack of consensus concerning which tech-
nique is superior [49]. Simple decompression and
medial epicondylectomy are reported to yield poor
results in athletes that perform the throwing motion
and are not recommended. Simple decompression
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does not eliminate traction forces on the ulnar
nerve, does not address pathological changes
within the cubital tunnel, and cannot be performed
in the presence of nerve instability. Medial epicon-
dylectomy is associated with a high recurrence rate
and destabilizes the nerve, which may predispose
to subluxation or dislocation. In addition, injury to
the MCL and the flexor-pronator musculature—
important secondary dynamic stabilizers of the
elbow—may occur and can lead to valgus instabil-
ity of the elbow, with associated decreased forearm
and wrist strength. Anterior subcutaneous transpo-
sition provides satisfactory results in athletes and
has the advantage of minimizing disruption of the
flexor-pronator musculature [50]. The subcutane-
ously transposed nerve, however, is vulnerable to
direct trauma and may potentially develop instabil-
ity [28, 31, 32]. In addition, the nerve may become
secondarily compressed within the surgically cre-
ated subcutaneous fasciodermal sling, leading to
recurrence of symptoms.

Anterior submuscular transposition of the
ulnar nerve decompresses all potential sites of
entrapment and protects the transposed nerve
from both direct and indirect trauma that may be
encountered during athletic activity. The trans-
posed nerve lies superficial to the pronator mus-
cle mass and follows a direct course deep to the
flexor muscle mass, where it lies adjacent to the
median nerve in a fatty plane. This surgical
approach also facilitates direct examination of
the MCL and the underlying elbow joint for the
presence of osteophytes, loose bodies, and other
osseous abnormalities. In patients with concomi-
tant valgus instability, repair or reconstruction of
the MCL can be performed concurrently using
the same approach [28, 31, 32, 34].

A potential disadvantage of submuscular ulnar
nerve transposition is the long postoperative
rehabilitation period necessary following detach-
ment and reapproximation of the flexor-pronator
origin, which must be healed before the resump-
tion of throwing. After 1-2 weeks of immobiliza-
tion, passive elbow range-of-motion exercises
can begin. Active range-of-motion exercises are
initiated 3—4 weeks postsurgery, followed by a
strengthening program at 6 weeks. At 8 weeks’
postsurgery, a supervised throwing program,
beginning with light tossing, is initiated. Full,

unrestricted  activity  is achieved

4—6 months’ postsurgery [19].

usually

19.6 Results

The outcome of anterior submuscular transposi-
tion of the ulnar nerve in athletes depends on the
degree of preoperative ulnar nerve involvement
and on the presence of associated medial elbow
problems [34]. Patients with minimal sensory
complaints and no motor weakness routinely
recover completely and have an excellent prog-
nosis with return to their previous level of func-
tion; however, poorer results have been observed
in patients with advanced motor weakness and
muscle atrophy.

Patients with concomitant medial elbow
pathologies such as instability and degenerative
changes are also associated with poorer results.
Patients with associated valgus instability should
undergo repair or reconstruction of the MCL at
the time of ulnar nerve transposition, in order to
optimize postoperative results. Overall, ulnar
nerve transposition results in good functional
outcomes in athletes performing overhead
motions [28, 31, 32, 34, 50].

Pitfalls of Treatment
Injury to all branches of the medial ante-
brachial cutaneous nerve must be avoided.
Kinking of the ulnar nerve may occur
distally, as it changes its position within the
flexor carpi ulnaris and from posterior to
anterior to the medial epicondyle.
The arm must be immobilized for more
than 2-3 days postoperatively. Weightlifting
1-month postsurgery must be limited to 2 Ibs.

Pearls of Treatment

Preoperative distribution of pain can be
documented, and the entire upper extremity
and cervical spine must be examined.
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20.1 Introduction

Sports practice has become common and impor-
tant in the daily life, in the general population.
Both children and the elderly more often practice
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sports on a regular basis. In addition to the
increasing frequency, the type of sport practiced
has also been altered. Extreme sports involving
greater speed, height, and a high level of physical
exertion are gaining more and more fans. The
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practice of these high-risk activities increases the
number and severity of musculoskeletal trau-
matic lesions, namely, fractures and dislocations,
that can cause severe disability. Therefore, the
treatment of these extreme injuries has become
more difficult despite the improvement of
implants and technical options in recent years.

The elbow joint is a trocho-ginglymus joint,
between the humerus, radius, and ulna, with two
degrees of freedom [26]. It is composed by three
distinct articulations: the ulnotrochlear, radiocap-
itellar, and proximal radioulnar joints which
together enable flexion/extension and supination/
pronation.

A stable and painless elbow motion is an
important condition for the activities of daily
living and the practice of sports relying on the
upper limb function. The price to pay for the
high mobility of the elbow is the high predispo-
sition to instability, which makes the elbow the
second most commonly dislocated major joint
in adults and the first most frequent dislocation
in children [19].

This epidemiological information is very use-
ful to understand the circumstances associated
with injuries and may allow delineating strategies
to prevent and treat the lesions. The incidence is
approximately 5-6 per 100,000 individuals dur-
ing their lifetime [17, 53]. The nondominant side
is involved slightly more frequently, which can
only be explained by our supposed protective
instinct over the dominant side.

Complex elbow dislocation is a dislocation
of the elbow joint in the presence of a fracture,
which usually results in greater loss of func-
tion, due to damage to the articular surfaces and
the ligamentous structures that stabilize the
elbow [24].

The typical patient is a young male that falls
onto the outstretched hand during sport activities.
A sex ratio of 1.02 to 1.7 times higher frequency
in male has been described mainly at the extremes
of age, with a bimodal distribution pattern [34,
53]. Approximately 44.5-75 % of elbow disloca-
tions are secondary to sports like football > roller
skating > ice skating > skateboarding in descend-
ing order. Analyzing the involved sport by patient

sex, males sustained elbow dislocations more
often in association with football, wrestling, and
basketball, and females were more affected in
gymnastics and skating activities [17, 53].

There are many possible associated injuries
that may occur. We will address the management
of the more prevalent categories, as follows:

¢ Transolecranon fracture-dislocations

¢ Elbow dislocation with coronoid fracture

¢ Elbow dislocation with radial head fracture

e Elbow dislocation with both coronoid and
radial head fracture (“terrible triad”)

20.2 Associated Injuries

Associated injuries complicating elbow dislo-
cation are common and may result in signifi-
cant morbidity [22]. Radial head and neck
fractures occur in 5-10 % of elbow disloca-
tions. Avulsion fractures of the medial or the
lateral epicondyles occur in approximately
12 % of the cases, and coronoid fractures occur
in 10 % of dislocations. The incidence of asso-
ciated fractures in children is very high,
approaching 50 % [19]. During childhood,
while presenting open physes, a medial epi-
condyle avulsion is the most common associ-
ated injury. Incarceration of the fragment into
the elbow joint can often occur.

Although pre- and postreduction radiographs
reveal periarticular fractures in 12-60 % of dis-
locations, operative findings have revealed
unrecognized osteochondral injuries in nearly
100 % of acute elbow dislocations [15].
Fortunately the vast majority of these injuries are
small fractures, which do not require operative
intervention.

Associated neurovascular injuries can be dev-
astating but fortunately are rare. Brachial artery
injury appears particularly associated with poste-
rior dislocation and should usually be treated
with ligation and vein grafting [19]. Median
nerve entrapment has been reported with reloca-
tion of a dislocated elbow [22]; it may be
displaced posteriorly through a space created by
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avulsion of the medial epicondyle or the common
flexor origin, which can cause tension of the
median nerve across epicondylar margin and may
“notch” the bone, producing a late radiographic
sign known as Matev sign [20].

Compartment syndrome can develop after an
elbow dislocation due to extensive soft tissue
swelling that can result in excessive increased
compartment pressures. This situation should be
differentiated from neurologic stretch injuries
[19]. It is prudent to always have a high degree of
suspicion in such cases, especially when the time
elapsed between the injury and the reduction
maneuver has been long. When clinically sus-
pected and/or confirmed by intra-compartmental
pressure measures, an early release of the fore-
arm fascia and the lacertus fibrosus, which may
exert a constricting effect, should be promptly
performed.

20.3 Relevant Anatomy

Stability is provided by a complex and interre-
lated bony and ligamentous structures, and the
constraints are often classified as either primary
or secondary. The primary stabilizers are the
anterior bundle of the medial collateral ligament
(MCL), the ulnohumeral joint congruency, and
the lateral collateral ligament (LCL) complex,
while the secondary stabilizers are the anterior
joint capsule, the forearm musculature, and the
radial head [21, 29, 54].

20.3.1 Soft Tissues and Ligament
Contributions

The LCL is a complex of ligaments, composed of
four distinct structures: the annular ligament, the
radial collateral ligament (RCL), the accessory
lateral collateral ligament, and the lateral ulnar
collateral ligament (LUCL) [42]. The LUCL in
particular has been credited with a great clinical
significance as a constraint against posterolateral
rotatory instability, and its reconstruction after
lesion is advised [35, 38].

The MCL has anterior, posterior, and trans-
verse bundles [10, 28]. The anterior bundle runs
from inferior medial epicondyle to the sublime
tubercle on the medial coronoid process, and it is
the primary restraint to valgus and internal rotation
stress [31, 41]. This important bundle is itself
composed of an anterior band, which is taut from
0 to 60°, and a posterior band, which is taut from
90 to 120°[41]; this configuration provides resis-
tance to valgus loads throughout the whole range
of motion [31]. The anterior articular capsule pro-
vides significant resistance to varus and valgus
stress with the elbow in extension [27]. The mus-
cles around the elbow joint are dynamic con-
straints, which help to provide stability [1, 49, 54].

20.3.2 Bone Structures Contributions

The important osseous constraints of the elbow
are the olecranon, the coronoid process, and the
radial head [29].

There is a strict relationship between the
amount of resection of the olecranon and the
resultant instability: it has been demonstrated that
up to 75 % of the olecranon can be removed with-
out compromising stability, providing that other
constraints of the elbow are preserved [2, 6].

The coronoid process is clearly the most impor-
tant articular stabilizer of the joint, given its role as
a buttress to posterior displacement of the elbow
[29, 54]. The radial head is an important secondary
stabilizer to resist valgus force, especially when a
deficient medial ligament complex is present [29].

Additionally, the engagement of the olecranon
in the olecranon fossa, in full extension, and the
engagement of the radial head and the coronoid
process in the respective fossae, in flexion, give
additional stability in the coronal plane [54].

20.4 Etiology

Most commonly a complex dislocation occurs
from a fall on the outstretched hand or on the
elbow, but in some circumstances it can result
from a high-energy injury. The injury pattern and
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the associated lesions will be defined by the posi-
tion of the elbow at the moment of trauma, the
direction of the force vector, and the resistance of
the different constraints.

Dislocation is considered to be the last of
three sequential stages of elbow instability result-
ing from posterolateral rotation, with soft tissue
disruption progressing from lateral to medial.
The dislocating mechanism during a fall on the
outstretched hand involves the body rotating
internally on the elbow, which experiences an
external rotation/valgus moment as it flexes [38].

Despite the disruptive forces to the ligaments
of the elbow, compressive and shear forces occur-
ring on the articular surfaces are also present and
can cause significant cartilaginous injuries as
well as associated fractures. Understanding the
mechanism of injury is mandatory for an accu-
rate classification and analysis of radiographs, for
a correct treatment and aftercare planning.

20.5 Clinical Evaluation
and Reductive Maneuvers

A global assessment, including neurovascular
status, is mandatory before any reduction maneu-
vers and should follow advanced life support for
multiple-injured patients in the setting of a high-
energy injury. Patients usually present with pain,
swelling, and deformity of the elbow joint with
the inability to carry out active movement.
Neurovascular compromise can be resolved with
a prompt reduction, but when it persists or it
appears after a therapeutic intervention, it may
require emergent surgical exploration. Ideally,
two perpendicular plane radiographs (anteropos-
terior and lateral) should be obtained before any
attempt to reduction, but sometimes when the
dislocation occurs on the field or far away from a
Hospital, immediate reduction maneuvers can be
performed in the presence of a trained physician,
without radiographic evaluation. Expeditious
atraumatic reduction maneuvers are very impor-
tant because they will reduce pressure on the sur-
rounding soft tissues and thus decrease the
chance of subsequent secondary neurovascular
compromise or compartment syndrome.

Reduction can usually be successfully
achieved with a prone traction and countertrac-
tion maneuver, by extending the elbow while
manipulating the olecranon and the coronoid and
clearing the trochlea. Muscle relaxation is the
key to obtain an easy and gentle reduction. Care
should be taken to avoid multiple reduction
attempts that increase the risk for osteochondral
injuries. When a reduction is not successful due
to muscle contraction, reduction should then be
attempted under sedation or general anesthesia
and adequate muscle relaxation.

Sometimes complex elbow dislocations can
be irreducible by closed methods, and the radial
head, the coronoid process, and/or the epitroch-
lea can be trapped in the soft tissues of the fore-
arm or may be interposed in the joint space.
These irreducible dislocations require urgent sur-
gical intervention and should be studied and ade-
quately planned preoperatively with a computer
tomography (CT) scan.

After reduction instability should be assessed,
preferably under anesthesia, for valgus, varus,
and posterolateral rotatory instability. Varus and
valgus instability is evaluated with the elbow in
full extension and at 30° of flexion. Posterolateral
rotatory instability is assessed with the lateral
pivot-shift test. A positive test is manifested by a
clunk that is heard and felt when the ulna and
radius reduce on the humerus [1, 2].

20.6 Radiological Aspects

Radiographs should always be obtained to con-
firm a concentric reduction and to exclude associ-
ated injuries. Abnormal widening of the joint
space may indicate entrapped osteochondral
fragments, which must be removed surgically.
CT scan and magnetic resonance imaging (MRI)
are valuable tools, since they can give more ade-
quate information about the associated injuries
and thus for surgical planning. CT scan provides
optimal definition of bones, and allows 3D recon-
struction to assist in surgical planning. MRI pro-
vides further information regarding the soft
tissues but is limited by posttraumatic edema in
the acute setting [54].
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Concomitant injuries to the wrist and the
shoulder should be ruled out since they are pres-
ent in 10-15 % of cases. The distal radioulnar
joint and interosseous membrane should be clini-
cally evaluated for tenderness and instability to
exclude an Essex-Lopresti lesion. When these
lesions are clinically suspected, the diagnosis
should be complemented with the same imaging
exams used for the elbow.

20.6.1 Nonoperative Treatment

In complex elbow dislocations, surgical manage-
ment is often advised to restore normal anatomy
and stability and thus allowing a fast mobiliza-
tion and maximizing function recovery. However,
nonoperative treatment may still be beneficial for
some patients, especially in the presence of
severe comorbidities or in the case of small frac-
tures without recurrent instability. In such cases a
conservative program, with early gentle rehabili-
tation and a strict follow-up to check the mainte-
nance of a concentric reduction, is started after
reduction. Our strategy is to manage these
patients in a splint or more frequently a hinged
elbow brace, for a short period of time, based on
the extent of bony involvement and stability, fol-
lowed by a pain-free mobilization program.

Before any surgical indication, the decision
process must take into account the general health
status of the patient, all the vital information pro-
vided by imaging examinations, the availability
of adequate material (e.g., specific implants like
plates, screws, and anchors), and surgical exper-
tise to perform the surgery. Local conditions
(e.g., swelling) are not absolute contraindications
to surgery.

In the setting of an irreducible dislocation, an
associated fracture must be suspected and ruled
out. Irreducible dislocations require planned sur-
gery after a correct evaluation with imaging
exams.

The tendency for recurrence after reduction
(particularly in extension) suggests an unstable
joint. Anteroposterior and lateral postreduction
radiographs should be obtained to confirm a con-
centric reduction. Large associated fractures and

abnormal widening of the joint space, indicating
a possible entrapped osteochondral fragment,
usually require surgery.

20.6.2 Surgical Treatment

Indications for surgery, in the setting of a com-
plex elbow dislocation, are unstable associated
fractures, postreduction instability requiring
50-60° of flexion to maintain reduction, open
elbow dislocation, and an acute compartment
syndrome.

An unstable elbow will re-dislocate even with a
well-fitting cast or splint (Fig. 20.1 a—f). If this
occurs, dynamic external fixation with pins in the
humerus and ulna can maintain a concentric reduc-
tion while allowing a stable range of motion.

Surgery can consist in open reduction and
internal fixation of the fractures, external fixation,
exploration, and repair of the medial collateral
ligament and/or lateral ulnar collateral ligament.
Procedures may be performed alone or combined
with each other [12, 37, 51]. Dynamic external
fixation is an option that can be considered when
the elbow remains unstable even after surgical
treatment, allowing an early mobilization while
maintaining a concentric reduction (Fig. 20.2).

We will review the specific surgical proce-
dure, according to the injury pattern, and the
reported results.

20.7 Patterns of Injury
and Specific Treatment

20.7.1 Transolecranon
Fracture-Dislocations

In this pattern of injury, we have type III (Mayo clas-
sification) olecranon fractures, associated with
elbow instability (Fig. 20.3). These uncommon
lesions often result from high-energy injuries, which
forces an anterior translation of the forearm in rela-
tion to the humerus; they are often misidentified
with Monteggia fracture-dislocation [32, 33, 45].
Ligaments are typically not involved, so that
reduction of the ulnohumeral joint is sufficient to
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Fig. 20.1 (a—f) Complex elbow instability (terrible triad). Conservative treatment was attempted (due to the patient’s
general status). Instability recurred after hyperflexed and well-fitted cast

restore stability. The important pearls in treat-
ment are as follows:

» Stable anatomic fixation with restoration of
the trochlear notch width, preferably with
contoured anatomical olecranon plates

Fixation of concomitant coronoid process
fracture

Preservation of the olecranon tip, even if sig-
nificantly comminuted, due to the attachment
of triceps

Early postoperative mobilization



20 Complex Elbow Dislocations

225

Fig. 20.2 Dynamic external fixation allowing motion
while maintaining a concentric reduction

Fig. 20.3 Transolecranon fracture-dislocation

20.7.2 Elbow Dislocation
with Coronoid Fracture

Fractures of the coronoid process are relatively
uncommon injuries occurring in approximately
2-15 % of patients with elbow dislocation
[25, 52]. The coronoid process plays a key role in
elbow stability. Coronoid fractures are often
associated with other lesions, but their manage-
ment is usually the fundamental step, defining the
postoperative stability and subsequent range of
motion.

The first classification system was proposed by
Regan and Morrey: coronoid fractures were classi-
fied based on the amount of coronoid involved.
They observed a directly proportional correlation
between poorer prognosis and larger fractures
[40]. However, this system does not take into
account the whole injury pattern and therefore has
limited value in planning operative treatment [54].
More recently, O’Driscoll described a new classi-
fication system (Fig. 20.4) that emphasizes the
importance of the anteromedial facet [36, 50]. The
relevance of this anatomical reference is the rela-
tionship with sublime tubercle to which the ante-
rior band of MCL is attached [50].

Coronoid tip fractures are often associated
with terrible triad injuries and rarely occur in iso-
lation [43]. However, in isolated tip fractures,
some authors have suggested suture fixation [8],
while others argue with biomechanical evidence
suggesting that small (<10 % of coronoid height)
fractures contribute very little to stability and any
valgus instability should be addressed by repair
of the MCL instead [5].

Doornberg and Ring reported the results of 18
patients with fracture of the anteromedial facet of the
coronoid process and they observed concerns with
elbow stability in the group with limited treatment of
the fragment. On the other hand, the group with
secure fixation had significantly better function,
according to the system of Broberg and Morrey, and
no signs of elbow instability were present [9].

The important pearls in treatment are as
follows:

» Fixation of the anteromedial facet of the coro-
noid (Fig. 20.5) should always be performed,
even when the fracture is very small, through
a medial approach.

e Small tip fractures (<10 %) usually does not
need fixation, but when valgus instability is
present, the repair of the MCL should be done.

* Dynamic external fixation is an option that
can be added when the elbow remains
unstable.

* The fixation methods should be stable enough
to allow an early postoperative mobilization.
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O'Driscoll Coronoid Fracture Classification
Fracture Subtype Description

Tip 1 <2 mm of coronoid height

2 >2 mm of coronoid height
Anteromedial 1 Anteromedial rim

2 Anteromedial rim and tip

3 Anteromedial rim and sublime tubercle

(= tip)

Basal 1 Coronoid body and base

2 Transolecranon basal coronoid fracture

Tip

Anteromedial

Coronoid
process

Radial
head

Proximal
ulna

Fig. 20.4 O’Driscoll coronoid fracture classification (Printed with permission)

Fig. 20.5 Anteromedial facet fracture of the coronoid

20.7.3 Elbow Dislocation with Radial
Head Fracture

Isolated radial head fractures following a disloca-
tion are relatively rare injuries [55]. Josefsson
et al. [16] underlined the importance of preserv-
ing the radial head to avoid recurrent instability
and posttraumatic osteoarthritis. Currently, a
more aggressive approach in the treatment of the
radial head fractures has been adopted, trying to
stabilize them with internal fixation whenever
possible. When the resection is unavoidable,
because reconstruction is not possible, replace-
ment is better achieved with the use of metallic
head prosthesis [18, 23, 54]. Ring et al. suggest
that open reduction and internal fixation has to be
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reserved for minimally comminuted fractures
with three or fewer articular fragments [47].

Prostheses have certain drawbacks, such as the
possibility of incorrect sizing which may result in
“overstuffing” of the joint, inadvertent damage to
the capitellum, and loosening. However, when the
radial head is not amenable to fixation due to
severe comminution, prosthetic replacement in the
acute setting is recommended in order to address
the underlying resultant instability [44, 54].

Some authors advocate surgical repair of the
MCL when radial head is excised because the
increased stability allows for early mobilization
avoiding valgus instability [3, 16]. However, the
ligamentous complexes, particularly the MCL,
can heal in the presence of sufficient stability. If
the radial head is not reconstructable and pros-
thesis is not readily available, then the MCL
should be acutely repaired in order to restore the
coronal plane stability of the elbow and to allow
early mobilization [54].

The important pearls in treatment are as follows:

 Internal fixation whenever possible.

* Arthroscopy can help in obtaining an ana-
tomic reduction using minimal invasive
procedures.

* Radial head resection without replacement is
not recommended due to the associated insta-
bility risk.

» If replacement is required, preference is given
to metallic head implants.

e In radial head replacement, correct sizing is
the key point to avoid overstuffing that can
subsequently wear the capitellum and to
obtain a successful outcomes.

» If instability is present after radial head frac-
ture treatment, exploration and repair of the
medial collateral ligament and/or lateral ulnar
collateral ligament should be the next step.

20.7.4 Terrible Triad Injuries

When a dislocation of the elbow is accompanied by
fractures of both the radial head and the coronoid,
also associated with disruption of the MCL com-
plex, this is known as a “terrible triad of the elbow”
[46] (Fig. 20.6). The reason for this eponym are the

poor outcomes usually associated with this injury,
resulting from an underappreciation of the impor-
tance of preserving the radial head or from a
neglected coronoid fragment [7, 39].

The coronoid fracture’s height in this pattern
of injury is on average 35 % of the total height
and rarely above 50 % [8]. The coronoid plays a
vital role as an anterior buttress and is the key
point in the treatment of these lesions. Repairing
even smaller coronoid fragments has shown ben-
efit in the final result [8, 14, 39, 46].

LCL complex disruption is prevalent in terrible
triad injury and its important role as a primary pos-
terolateral stabilizer of the elbow justifies its repair
[21, 39]. On the other hand, although injuries to the
MCL are also very commonly associated, being
present in 50-60 % of cases, they are not univer-
sally repaired [14, 15]. Some authors assert that
MCL injuries tend to heal by scarring in simple
elbow dislocations and the repair of articular and
LCL complex injuries will effectively transform
complex elbow dislocations into a simple disloca-
tion, thereby making MCL repair unnecessary [11].
However, other authors stated that the repair of the
MCL, as shown in biomechanical studies, is funda-
mental and that the medial approach may be benefi-
cial to repair fractures involving the medial facet of
the coronoid [13, 14, 48] (Fig. 20.7).

In our opinion, the MCL repair must be per-
formed only when posteromedial or valgus insta-
bility is still present intraoperatively after
fractures fixation and LUCL repair [54].

The radial head fracture is treated following
the same principles stated before. The important
pearls in treatment are as follows:

* Repair or reconstruct the coronoid process,
even when the fragment is small.

e Use an additional medial approach to the
repair medial facet coronoid fractures.

¢ When disrupted, the LUCL should be repaired
with transosseous sutures or with anchors.

* Repair the MCL when posteromedial or valgus
instability persists after fracture fixation and
LUCL repair or when a medial approach is used
to fix a coronoid anteromedial facet fracture.

¢ Dynamic external fixation is an option that
can be added when the elbow remains
unstable.
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Fig.20.6 “Elbow terrible triad”

20.8 Rehabilitation

The results of treatment after a complex elbow dis-
location are not universally successful. Early mobi-
lization is the key point, but it relies on the quality of
stability achieved with the initial treatment.

Hinged elbow braces in the postoperative
period can be used to give confidence to patients
and to usually start an immediate and safe range
of motion as defined by the surgeon; this can be
increased every week while soft tissues progres-
sively heal. However, if stability is not a concern,
an early and supervised motion program, without

any immobilization can give the greatest likeli-
hood to obtain an excellent functional outcome.
Rehabilitation should be closely supervised,
with an easy contact between the surgical and
rehabilitation teams, and often requires a long
period with multiple therapy sessions per week.

20.9 Complications

Posttraumatic stiffness is much more common
than instability after a complex elbow disloca-
tion. The likelihood of instability decreases
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Fig. 20.7 Terrible triad with anteromedial facet fracture
of the coronoid that was treated with a buttress plate by a
medial approach

significantly when the correct surgical treatment
has been established.

Bracing and therapy are not generally useful
after 1 year. So, when the functional elbow range
of motion defined by Morrey [30] is compro-
mised and does not improve with a well-designed
and supervised rehabilitation program, an open
or arthroscopic arthrolysis should be considered.

Heterotopic bone formation (Fig. 20.8) occurs
most frequently in the neighborhood of the lateral
and medial collateral ligaments but also in the ante-
rior capsule above the coronoid process, where it
can be very disabling due to the flexion compro-
mise. Excision is performed when there is a func-
tional compromise but is usually delayed until
reactive bone has matured, generally at 1 year.

Neurologic complications occur in up to one
fifth of the cases. Symptoms range from transient
paresthesia to a rare permanent palsy, and the

Fig.20.8 Heterotopic bone formation

ulnar nerve is the structure most frequently
involved. Iatrogenic neurologic lesions can result
from the surgical treatment, like following appli-
cation of a hinged elbow external fixator, where
the radial nerve is at risk [4]. Care should be taken
during the surgical procedure to identify and pro-
tect all the noble structures at risk, in order to
avoid extremely disabling complications for the
patient and legal concerns for the surgeon.

Compartment syndrome can result from intra-
muscular bleeding and edema formation within the
flexor compartment of the forearm. Pain with pas-
sive finger and wrist extension out of proportion to
the injury raises clinical suspicion. Compartment
pressures can be obtained to objectively diagnose
the condition and is particularly helpful in the uncon-
scious patient, but when clinical suspicion is strong,
a fasciotomy must be immediately performed.

An Essex-Lopresti injury with distal radioulnar
instability may be present. This injury makes
radial head reconstruction mandatory for elbow
stability and axial stability of the forearm. If the
radial head cannot be reconstructed, a metal pros-
thesis can provide axial support to the radius and
improve valgus stability of the elbow. Temporary
pin fixation of the distal radioulnar joint in a neu-
tral position may be added to resist the tendency of
proximal radial migration.
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Conclusions

High-energy traumatic injuries affecting the
elbow joint have been increasing, due to the
more frequent practice of extreme sports.
Complex elbow dislocation might cause
severe impairments, affecting both sports
practice performance and activities of daily
living. An accurate diagnosis is the key step to
a correct strategy and a clear algorithm aiming
at the best therapeutic approach. Several tech-
nical options have been developed in recent
years, which must be considered and thus
require continuous study and update. Surgical
treatment is hardly the end of the story and the
functional recovery of the elbow joint after
such injuries often dictates the need for a
demanding rehabilitation protocol. These
challenging injuries are better treated by a
highly experienced team on elbow pathology
and surgery. This team should be involved in
the treatment as soon as possible in order to
achieve the best possible outcome.
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21.1 Introduction

O’Diriscoll [1] first described how a damaged
lateral collateral ligament (LCL) complex
could lead to posterolateral rotatory instabil-
ity (PLRI) of the elbow. O’Driscoll defined
diagnostic signs that could lead a physician to
diagnose recurrent elbow instability, and more
importantly, he described multiple procedures
on how to repair this pathology [1]. Although
O’Driscoll is credited with defining PLRI,
it was a topic that multiple physicians have
described before including patients with recur-
rent signs and symptoms, as well as reports
and outcomes of repairs of the lateral ligament
complex [2]. It has become an interest to many
treating sports medicine specialists as the
lateral complex provides varus and postero-
lateral rotatory stability important to athletes
and everyday patients [3]. Since O’Driscoll’s
paper, our understanding of this condition has
greatly increased, allowing improved care and
outcomes for our patients and athletes who suf-
fer from this condition.
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21.2 Anatomy

The elbow is a hinged joint that relays on various
bones, muscles, and ligaments that provide static
and dynamic stability to the joint. The elbow
greatly relies on the ulnohumeral joint, medial
collateral ligament (MCL) complex, and the lat-
eral collateral ligament complex.

The LCL complex consists of the radial col-
lateral ligament, the lateral ulnar collateral liga-
ment, the annular ligament, and the accessory
lateral collateral ligament which form a Y-shaped
structure [4-6]. The LCL complex originates
from the lateral epicondyle. Macroscopically, the
radial collateral ligament and ulnar lateral collat-
eral ligament are indistinguishable [7-9]. The
ligament has an average width of 8 mm and
lengths of 20 mm. The crista supinatoris, just dis-
tal to the radial notch, is where the lateral ulnar
collateral ligament (LUCL) attaches [5, 7]. The
LUCL is part of the capsuloligamentous complex
and is the most posterior structure [10, 11]. The
LUCL on average has an insertional footprint of
142 mm?, an origin footprint of 136 mm?, and a
surface area of 532 mm? [12]. The radial collat-
eral ligament inserts and blends into the annular
ligament, which encircles the radial head. This
ligament is blended with the extensor and supina-
tor muscle origins [10, 13].

The LCL complex is the primary ligamentous
stabilizer to PLRI and varus stress [7, 14]. This
ligament prevents ulnohumeral rotation in the
long axis of the ulna [1]. The ligament is also in
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line with the flexion axis of the elbow, placing it
under uniform tension throughout the flexion arc
of the elbow [8].

21.3 Pathology

To produce instability, studies show that it is
required for both the LUCL and radial collateral
ligament to be disabled [4, 5, 7, 14, 15]. The com-
plex most commonly avulses off of the lateral
condyle, which usually occurs from an elbow
dislocation. Elbow dislocations most often hap-
pen in the sporting population as compared to the
general population [16]. The mechanism usually
involves an axial compression and valgus force
to a slightly flexed, supinated, externally rotated
extremity [4, 17]. Although most LCL injuries
are proximal soft tissue avulsions, other injury
patterns encountered include mid-substance rup-
ture, distal soft tissue avulsion, humeral condy-
lar avulsion fracture, and proximal ulnar bony
avulsions [18].

Other injury patterns other than elbow dislo-
cation that causes LCL disruption include
patients affected by tennis elbow whom have
received multiple steroid injections and patients
who have had arthroscopic or open elbow sur-
gery for lateral epicondylitis whom are at risk
for iatrogenic injury [4, 15, 19]. Other methods
of LCL disruption include those suffering from
cubitus varus and those who have undergone
radial head excision [5].

Once the ligament has avulsed off of the con-
dyle, it is unable to reattach and heal to its ana-
tomic position secondary to the persistent
subluxation of the joint. The proximal free por-
tion of the LCL will move distally upon avul-
sion and will lie on the joint surface of the
capitellum [16].

O’Driscoll has created a classification sys-
tem for elbow instability due to lateral ligamen-
tous pathology. He reports that his findings
begin laterally and, as the disease progresses,
circles to medially based structure involvement
[20] (Table 21.1).

Table 21.1 Classification of elbow instability

Stage Definition

1 The elbow subluxates in a posterolateral
rotatory direction and will have a positive
lateral pivot shit test due to lateral ulnar
collateral ligament disruption

2 The elbow incompletely dislocates and the
coronoid becomes perched under the trochlea
due to all lateral based structures being
disrupted including some anterior and posterior
capsule involvement

3 Elbow completely dislocates so that coronoid is
behind humerus and is due to lateral and
medial sided disruption

3a Anterior band of the medial collateral ligament
(MCL) remains intact after dislocation and
reduction and elbow is stable to valgus stress

3b Anterior band of the MCL is disrupted and
after reduction the elbow is unstable to valgus
stress

3c Completely stripped ligaments and soft tissue
of the elbow remain unstable after reduction
and splinting

21.4 Patient History
and Symptoms

Most commonly, the patient will present with non-
specific pain and clicking about the elbow. While
the traumatic dislocation may produce obvious
instability, it is much more common for the athlete
to present with a more subtle form of instability,
due to multiple small injuries. The injured athlete
with these more subtle patterns will not give a
clear history of a precipitating event, but rather
will, more commonly, describe a gradual onset
with slow worsening of lateral elbow pain. When
O’Driscoll first described this condition, his
patients presented with symptoms consistent with
recurrent dislocation of the elbow or of the proxi-
mal radioulnar joint [1]. Many patients report a
history of an elbow dislocation. Almost half of
elbow dislocations occurred in sport, including
basketball, football, and wrestling in males and
gymnastics and skating in females [19].

Patients who partake in racquet sports such as
tennis, squash, and racquetball tend to present with
signs and symptoms of lateral epicondylitis (tennis
elbow); however, a small cohort of patients will
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injure their LCL complex displaying symptoms of
PLRI [19]. Patients with a history of traumatic
elbow injury treated with radial head excision will
also display symptoms of PLRI [21].

Patients tend to report instability symptoms
when the elbow is extended and the forearm is
supinated [1]. Other common complaints include
pain, giving way, locking, clicking, or snapping
of the elbow [1, 2, 4]. These symptoms usually
present with the elbow in terminal extension and
with the forearm in supination [21]. A common
activity patients will describe that exacerbates
their symptoms will be carrying a grocery bag
and that the elbow feels unstable [5]. Patients will
seldom present with recurrent or complete elbow
dislocations [22].

21.5 Physical Exam

Inspection of the injured elbow will often not
show any abnormalities, but close visualization
may reveal slight swelling along the posterolat-
eral gutter and plica. Palpation is critical in this
evaluation to discern the difference between lat-
eral epicondylitis, radial tunnel syndrome, insta-
bility, and radiocapitellar arthritis. Sportsmen
with instability will not be tender over the radial
tunnel and lateral epicondyle but more posteri-
orly along the back of the radiocapitellar joint.
Limited pronation and supination with lateral
compression will not be painful, but when valgus
force and increased supination in about 100° of
flexion is added, the patient will often be tender
along the proximal end of the radial ulnohumeral
ligament (RUHL) complex and also have
increased feelings of instability (Fig. 21.1).
O’Diriscoll [1] first described the lateral pivot
shift test for PLRI. He describes testing with the
extremity above the head of the patient, with the
shoulder externally rotated. The test begins with the
patient’s forearm fully supinated; the physician then
grasps the wrist and flexes the elbow from extension
while applying valgus, supinating, and axial forces
to the extremity. If PLRI exists, at approximately
40° of flexion, the dislocated radiohumeral joint
will be most visible as a posterior prominence and a

| &

Fig.21.1 Diagnostic maneuver for PLRI, demonstrating
a valgus force applied to a fully supinated forearm at 100°
of flexion

skin dimple proximal to the radial head. Continued
flexion will result in reduction of the joint, and the
dimple should disappear. This test is most accurate
under anesthesia (Figs. 21.2 and 21.3); however,
patients will present with apprehension when awake
from the procedure [1].

In most patients, the O’Driscoll test cannot be
performed while awake, so our institution uses a
modified test where we palpate the posterior radio-
capitellar joint while more gently supinating the
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Figs.21.2 and 21.3 Before and after pictures of the elbow prior to the lateral pivot shift test, demonstrating the dim-

pling of the skin at the radiohumeral joint

Table 21.2 Diagnostic physical exam maneuvers for
PLRI
Test

Posterolateral
rotatory drawer

Physical exam procedure

Pull posteriorly on the lateral
side of the proximal forearm.
Positive result signified by
presence of dimple or
apprehension

Patient begins with one arm,
forearm in supination and presses
up on table. Test positive if
apprehension at 40° of flexion,
and patient relieved if physician
presses on radial head

Table top relocation
rest

Prone push-up Patient begins with elbows flexed
at 90°, arms abducted, and
forearms supinated lying prone
on floor. Positive result with
dimple or apprehension upon
push-up

Patient begins with elbows flexed
at 90°, arms abducted, and
forearms supinated seated in
chair. While patient pushes down
on chair, test is positive if dimple
or apprehension

Chair push-up

forearm and providing a slight valgus stress. In
extension, there is no shifting or pain, but as the
elbow is flexed to 90—110°, the radial head can be
felt to shift posteriorly and away from the humerus.
Other tests have been determined from further
research into this topic that provides physicians a
wide array of exam maneuvers to help provide
diagnosis for their patients [4, 15] (Table 21.2).

21.6 Imaging

The initial work-up for LCL injury imaging
should begin with anteroposterior and lateral
radiographs of the elbow. Radiographs of patients’
elbows consistent with LCL disruption may show
some posterior displacement of the radial head
relative to the capitellum or a drop sign (slight
widening of the ulnohumeral joint, >3 mm) [4,
19]. Other times a small avulsion fragment off of
the lateral epicondyle may be present; however,
most patients with PLRI present with negative
plain radiographs [23] (Fig. 21.4). Stress films
may also be obtained, including anteroposterior
films with varus loading. A positive finding would
show gapping at the lateral joint of the elbow [23].
A stress lateral can be performed with the forearm
maximally supinated and a lateral pivot shift
being performed. A positive finding would show a
widened ulnohumeral joint and an inferiorly sub-
luxated radial head [23].

Magnetic resonance imaging (MRI) may be
used to further evaluate the joint in question.
Coronal imaging, slices that are <2 mm slices,
provides the best visualization of the collateral
ligament complexes [11] (Fig. 21.5). In younger
patient populations, the LUCL will appear stri-
ated on imaging [24]. MRI tends to show LCL
tears at the proximal origin of the humeral con-
dyle. If the patient has PLRI, there can be poste-
rior displacement of the ulna and radial head in
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Fig. 21.4 Anterior posterior (AP) radiograph of the
elbow, showing an avulsion fracture of the lateral epicon-
dyle consistent with an LCL complex injury

regard to the humerus, and this has been coined
as “perched elbow” [19]. It is recommended to
detect ulnar lateral collateral ligament abnormali-
ties that MRI is obtained with three-dimensional
gradient-echo and fast-spin-echo sequences [11].
The addition of contrast can aid in the diagnosis
[25, 26]. LCL injuries will present as ligament
redundancy, attenuation, or discontinuity on
imaging [11]. An avulsion fracture may also be
seen at the proximal ligamentous attachment or
underlying marrow edema in the humerus [27].

In most cases, the magnetic resonance arthro-
gram represents the most definitive test.

Fig. 21.5 Coronal MRI showing disruption of the LCL
complex from the lateral epicondyle to the radius

21.7 Treatment
21.7.1 Nonoperative Management

In more limited instability cases, a compressive
sleeve and strengthening of the lateral muscu-
lature may be effective. This treatment may
be supplemented by topical nonsteroidal anti-
inflammatory drugs (NSAIDs) and physiother-
apy treatments that allow the athlete to return
to sport. Although an attractive option, we were
unable to uncover reports of ligament regenera-
tion utilizing biologic supplementation.

21.7.2 Operative Management
The most important is identifying the patients

who would benefit from surgery. These include
those that are symptomatic with pain, signs of
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instability, or restrictions in their daily lifestyle
[28]. Described are several techniques that have
reported success in treating patients.

21.7.2.1 Arthroscopic Repair
Arthroscopic repair is performed in the prone
position with the arm stabilized on a bolster. The
portals used for accessing the joint include the
proximal anteromedial and proximal anterolat-
eral portals for the anterior compartment and the
posterior central and posterolateral portals for the
posterior compartment.

For an acute ligament rupture, the anterior
compartment is accessed first, and a diagnostic
arthroscopy is performed. Any hematoma can be
evacuated at this time with an arthroscopic shaver.
Upon complete anterior evaluation, the arthroscope
is placed into the posterior compartment for further
diagnostic purposes. At this point in the procedure,
it is noted that in an elbow with LCL instability, the
arthroscope is able to be placed down the postero-
lateral gutter across the ulnohumeral articulation
into the medial gutter. This is called the “drive-
through sign of the elbow.” This is only possible
in an unstable elbow, and once the complex is
repaired, this should no longer be possible.

Continuing down the lateral gutter, one can
evaluate the LCL complex and capsule.
Visualization is important in this area as the
avulsed ligament is often displaced into the radio-
capitellar or ulnohumeral joints. Upon viewing of
the posterior aspect of the lateral condyle, the
normal origin of the LCL complex is noted to be
vacant, with evidence of trauma.

The normal origin can be prepared with a soft
tissue shaver and an anchor inserted via a straight
lateral portal (Fig. 21.6). The sutures can be
retrieved out of a clear cannula in the soft spot.
Each suture (authors prefer double-loaded
anchors) is retrieved using a retrograde retriever
placed percutaneously through the ligament from
anterior to posterior, creating horizontal mattress
sutures (Fig. 21.7). One of the portals can be
slightly extended and the sutures retrieved from
beneath the anconeus and out the portal. The
elbow can be extended to 30° extension and the
sutures tied sequentially from anterior and distal
to proximal and posterior. While the sutures are

Fig. 21.6 Lateral condyle after preparation with shaver
and awl being used for placement of suture anchors

Fig.21.7 Arthroscopic view of percutaneous retrieval of
suture

tensioned, an adequate repair can be confirmed as
the arthroscope should be pushed from the lateral
gutter during tensioning (Fig. 21.8). The arthro-
scope is then placed back into the anterior com-
partment to confirm restoration of the annular
ligament, making this an acceptable repair.

For patients with chronic ligamentous injury,
arthroscopy can still be used to correct the insta-
bility. In these cases, absorbable sutures are used
to horizontally plicate the ligament complex.
Two anchors are normally used, with one at the
normal attachment site on the humerus and a
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Fig. 21.8 View down the lateral gutter after the sutures
have been placed through the LCL complex

second one more proximally. As in the acute
repair, the sutures are retrieved using a retrograde
retriever, but rather than mattress sutures, one
limb is retrieved around the plicated ligament
complex and used to shift this complex proxi-
mally back to the humerus.

Savoie et al.’s paper on arthroscopic repair
found statistically significant improvements with
combined objective scores (Andrews-Carson
score) and subjective scores [25]. Smith et al.
found all 20 patients had satisfactory results
after arthroscopic repair of their LCL complex
[22]. Spahn et al. reported using arthroscopic
electrothermal shrinkage of chronic PLRI, and
in 21 patients no complications were seen and all
patients reported moderate to good results [29].

21.7.2.2 Open Repair

The practice for open techniques starts with the
posterolateral approach to the elbow. The anco-
neus muscle is split and retracted anteriorly. If
there is sufficient tissue to allow for repair, plica-
tion can be performed with ligaments repaired
back to the humerus as described in the
arthroscopic section.

For inadequate tissue or those undergoing
revision procedures, palmaris autograft or graci-
lis allograft can be used. First, identification of
the supinator crest of the ulna is dissected free,
and the insertion site is identified. A 4 mm bone

tunnel is then drilled into the supinator crest to
recreate the ulnar attachment of the LCL com-
plex. A small 4.5 or 5 mm interference screw is
used to lock the midportion of the graft into
place. The two free ends are brought back proxi-
mally bringing one end under the annular liga-
ment and one over the ligament. These are then
attached to the posterior aspect of the lateral epi-
condyle (Fig. 21.9). Upon ranging the elbow, the
graft should tighten with flexion and be slightly
lax in extension.

O’Driscoll et al.’s original patient cohort of five
patients all had resolution of their feelings of insta-
bility [20]. Sanchez-Sotelo et al. presented 45
patients, 12 with direct repair and 33 with recon-
struction, with stability being achieved in 89 % of
patients after one operation and 73 % reporting
excellent results [30]. Daluiski et al. reported on a
cohort of 41 patients undergoing open direct repair
for either acute or chronic PLRI. The final mean
follow-up Mayo Elbow Performance Scores were
90 (65-100) and 89 (65-100), respectively [28].
Kim et al. discussed 19 patients undergoing acute
open repair with 18 cases reporting excellent to
good results, and all patients demonstrating a neg-
ative lateral pivot shift test at final follow-up [31].
Olsen et al.’s group of 18 patients treated with tri-
ceps tendon autograft had 17 patients satisfied
with their outcome and 15 returning to normal
level of activity [32]. Baghdadi et al. reported on
revision allograft reconstructions of the LCL com-
plex with 8 of 11 elbows having restored elbow
stability [33]. Cohen reported on 16 elbows with
chronic posterolateral instability using an allograft
repair and showed that all had resolution of symp-
toms at follow-up, with full motion returning at
3—4 months [23].

21.8 Postoperative Care

Upon completion of surgery, patients are placed
in either a splint or hinged elbow brace at 30° of
extension; this relaxes the tension on the repair.
Upon successful splinting/bracing, fluoroscopy is
obtained to confirm the joint that has been
reduced. If not, additional flexion may be added
to reduce the joint.
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Posterior capsule
plicated

Anterior capsule
plicated

Anterior limb of graft
reconstructing LCL

Posterior limb of
graft reconstructing

RUHL

Fig. 21.9 Diagram representing the use of grafts for repair of the LCL complex

Pitfalls

1. Delay in diagnosis due to unfamiliarity
with this injury continues despite
increasing knowledge of the anatomy
and pathology.

2. Physical examination techniques remain
elusive, and imaging is often inadequate.

3. The lack of familiarity with the actual
ligamentous anatomy, which is often
not illustrated correctly in many text-
books, making surgical management
somewhat difficult, with some reports
showing continuing instability postop-
eratively [33].

4. Operating on patients with prior surger-
ies or signs of radiocapitellar arthrosis,
who tend to have poorer outcomes [4].

Pearls

1. Listen carefully to the entire history to
elucidate the mechanism of injury.

2. Learn how to evaluate the instability on
physical examination.

3. Perform cadaveric dissections to truly
learn the anatomys; it will facilitate bet-
ter physical examination techniques as
well as teach how to properly restore the
three ligaments of the RUHL complex
in order to improve the surgical
outcome.

4. In athletes, rehabilitation must advance
according to soft tissue healing and con-
clude with high velocity, upper extrem-
ity plyometric training before a return to
sport is allowed.
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The patient returns to clinic several days after
surgery, wounds are evaluated, and the elbow is
placed in a hinged brace that allows a limited arc
of movement. At this point, the patient is
instructed in shoulder, wrist, and hand exercises
as long as they do not cause elbow pain.

The patient will follow up on 2-week inter-
vals where motion is increased through the
brace as swelling and pain allows. Physical
therapy begins around 6-8 weeks postopera-
tively, with full range of motion of the elbow
ideally obtained by 8 weeks. Patients must be
able to perform the exercises pain-free out of
the brace before being allowed to permanently
cease of wearing the brace.

21.9 Complications and Pitfalls

The primary complication is recurrence of insta-
bility, followed only by postoperative stiffness.
Other complications following repair or revision
include wound complications necessitating
repeat soft tissue surgery, neuritis or nerve tran-
section during surgery, and development of
arthritis [28].

21.10 Summary

Lateral collateral ligament complex injuries and
posterolateral rotatory instability are conditions
that can cause athletes and patients great distress.
It can cause acute symptoms affecting play and
daily life and can lead to long-term consequences
to the elbow joint. It is important for treating phy-
sicians to be able to appropriately identify this
condition and to deliver patients adequate treat-
ment. Upon successful treatment, patients are
provided symptomatic relief and are able to
return to sport.
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22.1 Introduction

and Epidemiology

It is estimated that radial head fractures consti-
tute 3 % of all fractures [9], and approximately
33 % of elbow fractures involve the radial head
[24], making them the most common elbow frac-
ture in adults. The mean age of patients is
43 years, with 60 % being female [15].

22.1.1 Anatomy and Biomechanics

The elbow consists of three articulations: the
ulnohumeral joint allows for flexion and exten-
sion of the elbow, whereas the radiocapitellar
joint and proximal radioulnar joint, together with
the distal radioulnar joint, allow for forearm rota-
tion. The radial head is therefore a key structure
during pronation-supination movements. The
radial head is elliptical with the articulating dish
located eccentrically with respect to the neck
[24]. Tt articulates with the lesser sigmoid notch
of the proximal ulna during rotational move-
ments. The articular zone comprises a 250° arc,
leaving a non-articular zone of 110°. The latter
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ranges from 65° in the anterolateral quadrant to
45° in the posterolateral quadrant, measured with
the forearm in neutral rotation [5, 12, 25].

The radial head translates an average of 2.1 mm
in the AP direction and 1.6 mm in the mediolateral
direction during forearm rotation [11].

While the medial collateral ligament provides
valgus stability, the radial head is a secondary
stabilizer resisting valgus stress, thus becoming
more important when ligamentous injury is pres-
ent [24], in addition to resisting axial and pos-
terolateral rotational forces.

When discussing the treatment of radial head
fractures, it is imperative to consider the role of
the lateral collateral ligament complex, which is
in an intimate relationship with the radial head.
This complex consists of the lateral ulnar collat-
eral ligament, the radial collateral ligament, as
well as the annular ligament and resists varus and
posterolateral instability. It is a known structure
at risk for associated injury in displaced radial
head fractures, especially when a concommitant
dislocation is present. And even when it is unin-
jured, it is a key structure to bear in mind when
approaching the radial head during surgery.

22.2 Injury Patterns

and Classifications
Mason classified radial head fractures as nondis-

placed, displaced, and displaced and comminuted
[18]. Broberg and Morrey later modified this
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Fig. 22.1 Mason classified radial head fractures as nondisplaced, displaced, and displaced and comminuted [18].
Johnston added a fourth type, which entails all radial head fractures in concomitance with an elbow dislocation
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Coronoid

Olecranon

Fig.22.2 Van Riet and coworkers have proposed a more
detailed classification which classifies the associated inju-
ries as well

classification, taking into account parameters of
displacement (using a threshold of 2 mm) and
size (more or <30 % of the articular surface) [2].
Although an earlier report casted some doubts on
the reliability of the Mason classification [20], a
more recent report showed satisfactory reliabil-
ity, outperforming the AO classification [19].

Johnston added a fourth type, which entails
all radial head fractures in concomitance with an
elbow dislocation (Fig. 22.1). Hotchkiss added
treatment recommendations to the aforemen-
tioned criteria. Type 1 fractures had <2 mm dis-
placement and no mechanical block during
rotational movements and were treated conser-
vatively. Type 2 fractures showed more than
2 mm displacement or a mechanical block and
were treated with open reduction and internal
fixation. Type 3 fractures were severely commi-
nuted with a mechanical block and were only
amenable to treatment with radial head replace-
ment. Van Riet and coworkers have proposed a
classification which classifies the associated
injuries as well (Fig. 22.2).

22.2.1 Isolated Radial Head Fractures

Nondisplaced radial head fractures are amenable
to conservative treatment. They will generally
prove to be stable enough to allow for early mobi-
lization. They do not give rise to mechanical
blocks or residual locking symptoms and will,
almost without exception, lead to bony healing
within 6 weeks after trauma. Although seemingly
trivial injuries, they usually do give rise to a pro-
longed period of lateral elbow pain, as well as a
slight (but sometimes permanent) extension defi-
cit. This might be indicative of an underapprecia-
tion of the true severity of any trauma resulting in
aradial head fracture, and the patient is better off
being given a heads up in advance on the poten-
tially deceptive nature of this seemingly innocu-
ous type of fracture. The long-term results of
conservative treatment of undisplaced fractures
are, in general, good. It is mostly the displaced
partial articular (Mason type 2) fractures that
lead to debates whether conservative or operative
treatment should be recommended. A commonly
used criterium for operative intervention, when
considering the appearance of the fracture frag-
ment, is a displacement of more than 2 mm and a
size of the fragment entailing more than 30 % of
the articular surface. This is also reflected in the
classifications as earlier described. There is some
evidence that a more conservative approach
might be justified [26], and some surgeons only
resort to surgical intervention in case of a
mechanical block or other absolute indications
for surgery. When opting for operative treatment,
it can be noted that the fracture fragment is usu-
ally located within the anterolateral quadrant of
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" Articular /
cartilage”

PRONATED

Fig.22.3 The fracture fragment is usually located within
the anterolateral quadrant of the radial head with the fore-
arm in neutral. This corresponds well to the non-articular

the radial head with the forearm in neutral. This
corresponds well to the non-articular part of the
rim which allows for placement of screws or
other fixation devices as desired without compro-
mising the true articular surface (Fig. 22.3). It
should be borne in mind, however, that this also
means that, when inadvertently penetrating the
overlying cortex, the other end of the screw
always ends up damaging the articular surface.
Complete articular fractures with displace-
ment are candidates for surgical intervention and
will usually be treated with ORIF or, if not ame-
nable to reconstruction, prosthetic replacement.
When the fracture consists of three large frag-
ments, it is usually feasible to reconstruct the
articular surface in a satisfactory manner. But
even in more comminuted patterns, it might be
worthwhile trying to retain the patient’s own
joint, when the patient is young and active. If
reconstruction is not deemed a viable option, the

SUPINATED

part of the rim which allows for placement of screws or
other fixation devices as desired without compromising
the true articular surface

most common alternative is prosthetic replace-
ment of the radial head.

22.2.2 Associated Injuries

Certain radiographic patterns of fracture may be
predictive of the presence of other fractures of the
elbow or concomitant ligament injuries, thus repre-
senting a complex injury pattern. In a series of 121
Mason type 2 fractures, the presence of a fracture
fragment that lacked cortical contact with the rest
of the proximal radius was associated with such
concomitant lesions in 91 % of cases, while this
was 33 % when cortical contact remained [23].
The interobserver agreement of determining
the lack or presence of cortical contact using AP
and lateral x-rays was reported to be moderate [3].
Future studies may clarify the potential added
value of CT scans for this particular purpose.
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Another study confirmed in a series of 18
patients who were clinically suspected for longi-
tudinal forearm injury that no lesion of the inter-
osseous membrane was present in Mason 1 radial
head fractures, as confirmed by MRI. Both
Mason 2 and 3 classified radial head fractures
were associated with partial or complete tearing
of the interosseous membrane in this small series
of clinically suspect patients. It was also noted
that a substantial part of patients, even those with
an intact interosseous membrane, showed edema
in the pronator quadratus muscle. This finding
correlated with distal forearm pain.

22.2.3 Elbow Dislocations
with Radial Head Fracture

Elbow dislocations with a concommitant radial
head fracture are typically part of the terrible triad,
in which a coronoid fracture and injury of the lat-
eral ulnar collateral ligament are also present. The
negative connotation with this injury, as reflected in
its given name, is a remnant of the historically poor
results originally obtained when treating these
patients. Modern insight in the key elements of this
injury and advances in the surgical treatment have
led to reproducible and generally good results [22].
It might still be an “unhappy” triad, but calling it
“terrible” does not seem to be entirely appropriate
these days. Conservative treatment is the exception
to the rule in this injury pattern. Prerequisites are a
radial head fracture and coronoid fracture type that
are both fit for conservative treatment, as well as an
elbow which is stable from full flexion to at least
45° of flexion. A cast with the elbow in 90° of flex-
ion and full pronation is applied for the first
10 days, followed by dynamic bracing with a pro-
gressively more lenient extension block or a remov-
able splint in 30° of extension. Keeping the forearm
in pronation during the first weeks unloads the lat-
eral ulnar collateral ligament, as in pronation the
radial head is firmly reduced against the capitellum
and creates the best chance of healing of this struc-
ture without attenuation.

The mainstay of treating the unhappy triad
remains surgical intervention. Preoperative
imaging, including a CT scan with 3D reconstruction,

is helpful in making a tailor-made plan for the
individual patient. When performing the surgery,
the injuries are assessed from outside-in, while
treatment advances from inside-out. This means
that the injury to the lateral ulnar collateral liga-
ment is identified first. It is usually avulsed from
the proximal (humeral) attachment. Next, the
radial head fracture is assessed. If it is deemed to
be reconstructible, reconstruction is first delayed
until the coronoid fracture has been addressed.

If the decision is made to replace the radial head
by a prosthesis, the resection is done next (but no
prosthesis is implanted yet) to enhance visualiza-
tion of the coronoid fragment. Then, starting from
the innermost injury, the stepwise treatment is initi-
ated and the coronoid injury is addressed. If it is a
mere flake fragment, it might be left untouched.
Preoperative imaging might however underappre-
ciate the true size of the coronoid fragment, and, if
feasible, any substantial fragment should be
reduced and fixed with either screws, transosseous
sutures, or suture anchors. Next, the radial head is
either fixed or replaced. Finally the lateral ulnar
collateral ligament is reattached to its origin.
Postoperative rehabilitation is dictated by the sta-
bility of the radial head (prosthesis or osteosynthe-
sis) and the quality of the fixation of the coronoid.
In general we apply a plaster for 10 days, replace
the plaster by a removable cast, and start mobiliza-
tion against gravity by a specialized physiothera-
pist. Axial loading is forbidden for 3—4 months as
is forceful lifting in supination.

22.3 Presentation
and Clinical Exam

Taking a careful history and taking into account
the mechanism of injury may lead to important
clues to the severity of injury and potential associ-
ated injuries. Although some patients are per-
fectly able to point out the lateral side of the elbow
to be involved in the injury, others are not. A care-
ful examination of the elbow will usually reveal
tenderness at the lateral side. Both flexion and
extension are usually limited as a consequence of
the resulting hemarthrosis. Rotational movements
may elicit pain or even a mechanical block.
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The latter is regarded a strong indication for
surgical treatment.

Even after identifying the radial head as the
potential site of injury, the remainder of osseous
and ligamentous structures should be assessed as
well. A concomitant examination of the entire
upper extremity is needed to rule out concomm-
itant injury either proximal or distal to the elbow,
such as an Essex-Lopresti forearm dissociation.

22.4 Imaging

Conventional x-rays are the mainstay of confirm-
ing the diagnosis of a radial head fracture. In the
undisplaced fracture type (Mason 1), the only
radiographic clue might be a positive fat pad sign.
The anterior fat pad is, especially in younger
patients, sometimes also visible in the uninjured
elbow, but a visible posterior fat pad is highly sug-
gestive of intra-articular fluid or hemarthrosis.

Displaced or comminuted radial head frac-
tures are usually readily visible, although the
exact amount of displacement, the percentage of
damaged articular surface, and severity of com-
minution can be difficult to establish.

When relying on these criteria for determining
the definitive treatment, a CT scan may be helpful.
Evidence suggests that the addition of 3D CT images
can lead to improvement of reliability of classifying
radial head fractures according to the Broberg and
Morrey modification of the Mason classification.
Moreover, it seems to lead to a higher sensitivity to
detect radial neck fracture and comminution, articu-
lar gaps, step off of at least 2 mm, and impaction of
the articular surface. The amount of displacement is
often overestimated at standard radiographs, while
the comminution is often underestimated [13].

22.5 Treatment Options,
Complications, and Outcome

22.5.1 Conservative Treatment
A Cochrane review published in 2014 found two

randomized controlled trials comparing aspira-
tion versus no aspiration for treating radial head

fractures in adults [10]. The two trials included
126 participants, but results were provided for
108 patients only. One trial included Mason 1, 2,
and 3 fractures as well as a few cases with hem-
arthrosis with clinical suspicion of a fracture, but,
besides a positive fat pad sign, no clear radiologi-
cal sign of fracture after trauma [14]. The other
trial included Mason types 1 and 2 fractures only
[7]. All cases were treated conservatively. The
substantial risk of bias in both studies led the
authors of the Cochrane review to downgrade the
level of evidence to “very low quality”, conclud-
ing that there is insufficient evidence to deter-
mine the effectiveness of joint aspiration for the
initial treatment of radial head fractures in terms
of function, pain, and range of motion or to deter-
mine the safety of the procedure.

One paper reported a 92 % satisfaction rate in
a conservatively treated cohort at a mean follow-
up duration of 10 years [8]. This comprised only
of skeletally mature patients who sustained an
isolated injury to the head or neck, classified as a
Mason type 1 or 2 fracture. Only 2 patients out of
this cohort of 100 patients needed secondary sur-
gery: the first case was an ORIF due to a persis-
tent mechanical block at 10 days post injury
(Mason type 2), and the second case was a radial
head excision at 8 years post injury due to persis-
tent pain and clicking (Mason type 1). They noted
a correlation between the amount of displace-
ment of the fracture — varying from 0 to 5 mm in
their series — and a higher DASH score, implicat-
ing more disability. Although not statistically sig-
nificant at a p value of 0.07, they reported a
potential cutoff value of 4 mm, where displace-
ment of > = 4 mm resulted in a mean DASH
score of 13.7, whereas less displacement resulted
in a mean DASH score of 5.2. Other negative pre-
dictors of outcome (i.e., a higher DASH score)
were age, the presence of comorbidity, socioeco-
nomic deprivation, and the involvement in com-
pensation proceedings.

No prospective, randomized study to compare
conservative treatment versus open reduction and
internal fixation of stable, but displaced (Mason
type 2) fractures has been published yet.

Future studies are still needed to clarify issues
in this ongoing discussion [4].
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22.5.2 Surgery: ORIF, Resection,
Arthroscopy,
and Arthroplasty

22.5.2.1 Approach

The aim of the surgical approach is to provide
adequate and preferably extensile exposure of the
radial head with a safe distance to the main neuro-
vascular structures at all times and safe handling
of the ligaments stabilizing the joint. It should
allow for early mobilization of the elbow joint and
minimize the chances of joint contracture [21].

With better understanding of the importance of
the lateral ulnar collateral ligament in preventing
posterolateral rotatory instability, the traditional
Kocher approach has been modified to perform a
slightly more anterior capsulotomy after anterior
mobilization of the extensor carpi ulnaris, keeping
the anconeus muscle on the posterior side.

The Kaplan approach is slightly more anteri-
orly oriented as it uses an intermuscular plane
between the anterior border of the extensor digi-
torum communis (EDC) and the extensor carpi
radialis longus (ECRL). The interval can be iden-
tified by locating the vessels, penetrating the fas-
cia along the anterior margin of the EDC
aponeurosis [16].

Dissecting deep to the ECRL, the extensor
carpi radialis brevis (ECRB) is encountered. The
deepest muscular layer is formed by the supina-
tor muscle, which has an intimate relationship
with the posterior interosseous nerve (PIN).

Straying too much to the anterior aspect is
therefore undesirable as it would endanger the
posterior interosseous nerve, which is known to
cross from the anterior side of the most proximal
part of the radius to the posterior side more dis-
tally. It has been reported that a safe zone of at
least 38 mm (with a mean of 52 mm) can be used
(measured as the distance from the radiocapitel-
lar joint to the point where the nerve crosses the
lateral midline) when approaching the radius
from lateral, assuming the forearm is in a fully
pronated position. This safe zone decreases to
22 mm (with a mean of 33 mm) in a fully supi-
nated position [6].

Arthroscopic fixation of radial head fractures
is a viable alternative; this technique facilitates

anatomic reduction of the joint surface but is
technically more demanding.

22.5.2.2 Fragment or Radial Head
Excision

Excision of small fragments is indicated when
the fragments are implicated in a mechanical
block and are not amenable to fixation. It has
been suggested that excising fragments that are
larger than 25 % of the radial head should be
avoided, since it might lead to symptomatic insta-
bility or painful clicking [1, 17]. This may in turn
necessitate a complete radial head excision or a
radial head arthroplasty.

Radial head excision can primarily be consid-
ered when treating severely comminuted frac-
tures with a stable elbow. Candidates are
especially the lower-demand patients or those
prone to infectious problems.

22.5.2.3 Arthroplasty

Varying implants to replace the radial head are
based on axisymmetric designs, where the artifi-
cial head is rotationally symmetric around the
stem, which does not reflect the human anatomy
as the radial is elliptical in shape. In an attempt to
mimic the native anatomy more closely, other
designs have been developed. In theory, this may
lead to kinematics resembling the normal situa-
tion, resulting in better clinical outcome such as
relief of pain during movement, minimization of
abnormal stress patterns on the capitellar carti-
lage layer, and better implant survival in the lon-
ger term. However a study comparing native
kinematics to kinematics after implanting an axi-
symmetric radial head, a population-based, and a
patient-specific design using reverse engineering
failed to reveal substantial differences [24]. It
was suggested that other factors, such as liga-
mentous integrity (e.g., the annular ligament),
might be of greater importance than implant
shape, when considering kinematic changes after
radial head replacement. Implants are available
in a monopolar and bipolar design; for acute
pathology, with a normal alignment of the proxi-
mal radius, a monopolar design is preferred. In
long-standing pathology, for example, after radial
head resection in the past, a bipolar prosthesis is
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indicated in case of a malalignment of the proxi-
mal radius in relation to the capitellum.

In all cases, a modular implant is mandatory
because of the great interindividual variation of
the anatomy of the proximal radius.
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Capitellar and Trochlear Fractures
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R. Rotini, M. Cavaciocchi, G. Bettelli,

and A. Marinelli

23.1 InWhich Sports and Why?

A coronal shear fracture of the capitellum and
trochlea can result from a low-energy trauma
(typically in patients with poor bone quality) or
from a high-energy trauma (as in sportsmen with
good bone quality).

We cannot define a sport-specific correlation
for this kind of lesions, because the proposed
mechanisms of injury (a direct trauma on the
elbow or, more commonly, an axial load trans-
mitted to the capitellum by the radial head caused
by a fall on the outstretched hand with the elbow
partially flexed and the forearm partially pro-
nated) can be found in several sports. Basing on
our experience, coronal shear fractures of the dis-
tal humerus are more frequent in patients practic-
ing basketball, cycling, ski, snowboard, skating,
rugby, and motocross.

23.2 Introduction

Coronal shear fractures of the distal humerus can
involve the capitellum, the trochlea, or a combi-
nation of both. Capitellar fractures are uncom-
mon, representing only 1 % of all elbow fractures,
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basing on Morrey data [1]. In our experience, the
incidence of isolated capitulum fractures has
been progressively increasing over the last years.
Isolated trochlear fractures, on the other hand,
still remain very rare.

These fractures are generally considered to be
more common in female athletes because of their
increased elbow carrying angle determining a
greater contact force on the capitellum and the lat-
eral column during a fall with the extended elbow.

Different names have been proposed over the
last 30 years for this type of fractures (Table 23.1).
The evolution of the names reflects the progres-
sive improvement of their understanding.

Initially they were defined as “isolated frac-
tures of the capitellum” and were classified
according to Broberg and Morrey in three types
[1]: Type I fracture, also called “Hahn-Steinthal
fractures,” that consists of a single and large
hemispherical osseous fragment involving the
entire capitellum with a good subchondral bone,
Type 1I also called “Kocher-Lorenz” which con-
sists of an osteochondral fracture with minimal

Table 23.1 Capitellar and trochlear fractures: different
names proposed over the last 30 years

Bryan et al. (1985)
McKee et al. [2]
Ring et al. [3]

Fractures of the capitellum
Coronal shear fractures

Articular fractures of the distal
humerus

Davies et al. [6]
Dubberley et al. [5]
Ring [4]

Predominantly articular fractures
Capitellar and trochlea fractures
Apparent capitellar fractures
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Type |

Type |l

Fig.23.1 Classification of capitellar fractures according to
Broberg and Morrey in three types [1]: Type I, single and
large hemispherical osseous fragment involving the entire

subchondral bone, and Type III consisting of a
comminuted or compression fracture of the capi-
tellum (Fig. 23.1).

Afterward, as also the trochlea was sometimes
involved, a fourth type was added to the previous clas-
sification [2] and named “‘coronal shear fractures.”

Some years later Ring [3] defined generically
all these types of fractures “articular fractures of
the distal humerus.” He noted in fact that these
lesions are often not only coronal shear fractures
of the capitellum and the trochlea, but they more
frequently involve or extend to the lateral epicon-
dyle, the lateral column, the posterior part of the
trochlea, and the medial epicondyle, as well as in
a subsequent progression of severity caused by
the energy and the mechanism of trauma.

To emphasize the important concept that iso-
lated capitellar fractures, as seen on plain X-rays,
are uncommon, and very often they present an
involvement of the lateral portion of the trochlea
at least, Ring proposed the name of “apparent
capitellar fracture” [4].

Later Dubberley proposed the name of “capi-
tellar and trochlea fractures” [5] and a new clas-
sification system based on the extension of the
fracture on the coronal plane, the presence of

Type 1l

capitellum with a good subchondral bone. Type II, osteo-
chondral fracture with minimal subchondral bone. Type III,
comminuted or compression fracture of the capitellum

fragmentation, and posterior comminution as
prognostic factors (Figs. 23.2 and 23.3).

The Dubberley and AO/ASIF classifications
are currently widely accepted.

According to the AO/ASIF classification,
these fractures are grouped as 13 — B3 (distal part
of the humerus, partial articular, on the frontal
plane), with B3.1 indicating capitellar fractures,
B3.2 trochlear fractures, and B3.3 capitellar and
trochlear fractures [7].

Recent evidences support the idea that iso-
lated fractures of the capitellum are rare: a por-
tion of the trochlea (the lateral) is involved in
almost 80 % of the cases [3, 5, 8, 9]. Lateral col-
lateral ligament injuries are associated up to 40 %
of cases, and radial head fracture is reported from
10 to 30 % of cases [5, 10].

23.3 History and Physical
Examination

If an athlete presents with elbow pain, joint effu-
sion, and flexion impairment after a direct or
indirect trauma, a thorough investigation is man-
datory to exclude an articular fracture.
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Fig. 23.2 Dubberley proposed the name of “capitellar
and trochlea fractures” [5] and a new classification system
based on the extension of the fracture on the coronal

On plain X-ray, mostly in the anteroposterior
views, these types of fracture can be difficult to
identify. Capitellar fractures extending to the
trochlea may be detected by a pathognomonic
radiographic feature visible on the lateral view
and called “double-arc sign.” It is formed by the
subchondral bone of the capitellum and the lat-
eral trochlear ridge, typically rotated and dis-
placed in a proximal direction.

CT scan is essential for a correct comprehen-
sion of the fracture pattern and thus for the surgi-
cal planning. It allows to correctly identify the
degree of involvement of the capitellum and the
trochlea, the columns, the posterior trochlea, and
also the presence of posterior impaction or com-
minution which affect surgical fixation, rehabili-
tation, and prognosis. Moreover CT scan can
clearly show possible associated lesions, like
radial head or proximal ulnar fractures.

23.4 Treatment Options (Evidence

Based)

Several methods have been described for the
treatment of capitellum and trochlea fracture,
including conservative treatment, simple exci-
sion, open reduction and internal fixation (ORIF),
arthroscopic reduction and internal fixation
(ARIF), and elbow replacement (total elbow
arthroplasty or distal humeral hemiarthroplasty).

plane, the presence of fragmentation 78, and posterior
comminution as prognostic factors

Nowadays it is well known that conservative
treatment of displaced capitellar and trochlear
fractures leads invariably to poor results (Fig. 23.4).

If the severity of the comminution of the capitel-
lum precludes any attempt of ORIF, fragment exci-
sion performed either with open technique or
arthroscopically can be a reasonable salvage option.

In this situation it is important to remember
that the capitellum does not contribute signifi-
cantly to the ulnohumeral joint stability when all
the other stabilizers are intact. On the contrary,
the whole trochlea articular surface is necessary
for a normal elbow kinematics, even when all the
other stabilizers are intact [11].

However, thanks to the great improvement in
surgical approaches and fixation techniques,
nowadays, it is possible to perform ORIF in the
majority of cases.

The first option is fixation with screws. If the
fragments are too small, or the subchondral bone
is not thick enough to accept one or more screws,
resorbable pins can be used.

If posterior comminution is present
(Dubberley/AO type B fractures), every single
case should be carefully evaluated intraopera-
tively. It is therefore necessary to have different
fixation devices available in theater, in addition to
the screws, such as Kirschner wires, resorbable
pins, anatomical plates, bone graft, external fix-
ator, and prosthesis.

The prosthetic replacement, by total elbow
arthroplasty or distal humerus hemiarthroplasty,
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Fig.23.3 Conservative treatment of displaced capitellar and trochlear fractures leads invariably to poor results. Clinical
case: (a, b) Pre-operative CT Scan, (c, d) clinical result with flexion and extension limitation

is not indicated for young patients and athletes
and its indications and results will not be dis-
cussed in this chapter.

23.4.1 Surgical Technique
If olecranon osteotomy is not indicated, our pre-

ferred approach is a lateral skin incision, centered
over the lateral epicondyle and extended from the

anterior aspect of the lateral column to approxi-
matively 2 cm distal to the radial head.
Proximally the distal and anterior part of the lat-
eral column is exposed, while distally the Kocher
interval is developed, preserving the LUCL. With
the elbow flexed, it is possible to have a good expo-
sure of the capitellum and the lateral part of the
trochlea by placing a large and blunt Hohmann
retractor beneath the anterior capsule and the bra-
chialis muscle, just over the medial column.
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Kocher
LCL -preserving

Fig.23.4 Fractures involving the capitellum and a small
part of the trochlea (Type 1 of Dubberley classification)
can be treated through a Kocher approach preserving the
lateral collateral ligament (a). With greater involvement of
the trochlea, with or without fragmentation (Type 2 and 3

If a bigger part of the anterior trochlea is
involved, an extensive lateral exposure with
elbow subluxation is indicated. If also the pos-
terior trochlea and/or the medial epicondyle are
involved, then olecranon osteotomy is necessary.

Regardless of the chosen approach, the artic-
ular fragments are carefully reduced and tem-
porarily fixed with Kirschner wires placed
along the fracture margin in order to avoid
interference with subsequent placement of the
screws; if the fragments don’t reduce, the pos-
teroinferior aspects of the distal lateral column
and trochlea should be inspected for impaction
and comminution. Definitive fixation of the
capitellar and trochlear fragments is then
achieved with screws, ideally at least two with
divergent directions.

The direction of insertion of the screws can
be decided based on the fracture pattern and on
the surgeon preference: with out-in direction
(from posterior to anterior), using partially
threaded cancellous screws or with in-out direc-
tion (from anterior to posterior) using cannu-
lated, headless, variable thread pitch screws
(metallic or resorbable) buried beneath the
articular surface.

Kocher
Extensile

Olecranon
Osteotomy

of Dubberley classification), the extensile posterolateral
approach described by Morrey is necessary (b). When the
posterior trochlea and the medial epicondyle are involved,
a trans-olecranic approach is recommended (c)

Table 23.2 Advantages and disadvantages of two differ-
ent techniques for screws insertion (out-in or in-out
direction)
Screws out-in direction
Advantages
No cartilage damage to insert the screws
Screws easy to remove if avascular necrosis occurs
Cheaper screws can be used
Disadvantages
Not useful in very thin fragments
Less precision in screw insertion
Bigger posterior soft tissue detachment
Screws in-out direction
Advantages
More precise entry point to fix the fracture
More fixation strength in thin fragments
Disadvantages
Possible difficulties in screw’s removal
A little damage is produced on the cartilage

We prefer the in-out technique to obtain a stron-
ger and more accurate fixation, preserving the pos-
terior vascular support that is the main blood supply
for the lateral column and the capitellum. The spe-
cific advantages and disadvantages of in-out and
out-in technique are summarized in Table 23.2.
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In complex fractures supplemental fixation as
resorbable pins, mini-fragment screws, or plates
may be needed. If the lateral column is also
involved, a short precontoured buttress plate is
recommended.

The role of the arthroscopic technique in the
management of this type of fractures likely will
increase in the future. Until now only very few
cases have been reported [12—-14]. The accepted
indications are Type 1A or 2A of Dubberley
classification.

The difficulties in the management of poste-
rior comminution, the frequently associated lat-
eral column fractures and lateral collateral
ligament injuries, still limit the indications for
arthroscopic treatment.

23.4.2 Postoperative Treatment

After surgery the elbow is immobilized in a light-
weight, removable thermoplastic orthosis, with
the elbow at 90° of flexion. Based on the intraop-
erative assessment of the quality of the fixation,
the rehabilitation program is then established. In
the majority of cases, active auto-assisted motion
can be encouraged on the first postoperative day.

After 3—4 weeks the use of the thermoplastic
orthosis is progressively discontinued and a for-
mal physiotherapy program can be started.

A splinting daily program with a mobilization
brace [15] can be used in case of stiffness after
4 weeks.

Pearls of Treatment
1. Recognizing the specific type of injury

These types of injuries present a wide
spectrum of fracture patterns ranging from
relatively simple lesions that involve only
the capitellum, with good subchondral
bone, to very complex fractures with exten-
sive fragmentation and comminution.

On a plain X-ray, the true extent of the
injury, like posterior comminution and
trochlear involvement, can be easily
underestimated.

A good quality CT scan study with
two- and three-dimensional reconstruc-
tions is usually recommended for the
preoperative planning.

In almost 80 % of the cases, the capi-
tellar fracture extends medially to
involve a part of the trochlea [3, 5, 8, 9],
in up to 40 % of the cases the lateral col-
lateral ligament is injured, and a radial
head fracture is present in almost
10-30 % of the cases [5, 10].

More complex fracture patterns
nearly always involve a fracture of the
lateral epicondyle. Understanding the
fracture complexity is fundamental to
plan the right approach and the surgical
instruments that need to be available in
the operating room.

. Choosing the right approach

The strategic choice of the right
approach can be the key element for a
successful treatment:

e Fractures involving the capitellum
and a small part of the trochlea (Type
1 of Dubberley classification) can be
treated through a Kocher approach pre-
serving the lateral collateral ligament
(Fig. 23.4a). The fixation technique can
be performed with out-in or in-out direc-
tion using cannulated, headless, variable
thread pitch screws (Table 23.2).

e In more complex fractures with greater
involvement of the trochlea, with or
without fragmentation (Type 2 and 3
of Dubberley classification), the exten-
sile posterolateral approach described
by Morrey is necessary (Fig. 23.4b). It
consists in performing a proximal col-
umn procedure with the detachment of
the common extensor tendon, the lat-
eral collateral ligament, and the cap-
sule. Moreover the triceps is detached
from the posterior humerus, and, if
needed, the anconeus is detached from
the ulna. After that, it is possible to
subluxate the elbow with a stress
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maneuver in varus, flexion, and supina-
tion, in order to expose the anterior
articular surface of the distal humerus.

* In the same way, in case of fracture
of the lateral epicondyle, it is possi-
ble to take advantage of this fracture
preserving the lateral collateral liga-
ment (Fig. 23.5).

* When the posterior trochlea and the
medial epic.5eve a better exposure
and an adequate fixation (Fig. 23.4c).

* In case of associated olecranon frac-
tures, it is possible to take advantage
of the fracture for the approach.

3. Trying fixation in every possible case

In these types of fractures, the per-
centage of clinically significant avascu-
lar necrosis is less common than
expected, also in cases of severe commi-
nution or when the fracture reconstruction

Fig.23.5 In case of fracture of the lateral epicondyle, it is possible to take advantage of this fracture preserving
the lateral collateral ligament

is made on the back table. So we believe
it is important to primarily attempt to
perform a good fragment fixation in
every possible case, considering frag-
ment removal or prosthetic replacement
only in very selected cases.

. Considering the use of resorbable

screws and pins

The use of resorbable screws and
pins with anterior to posterior direction
can avoid further surgery to remove the
implants, as it happens, for example, in
case of avascular necrosis causing hard-
ware protrusion.

It is important to consider that in some
cases, screw removal can be difficult, espe-
cially when they are inserted with a dislo-
cated elbow or through a trans-olecranic
approach. In these cases the exposure
needed for hardware removal can be very
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aggressive and thus resorbable screws are
an appealing option. The specific advan-
tages and disadvantages of resorbable or
metallic screws are summarized in
Table 23.3.

The time of resorption depends on
many variables, like materials, processing
techniques, size and shape of the screws,
type of bone, and mechanical stress
received. However, the companies report a
mean time of resorption of 3-5 years.

S. Using superior and medial border of the
capitellum as reliable reference points

In some cases difficulties are encoun-
tered in achieving anatomical reduction of
the fragment because of the impaction
causing a plastic deformation of the poste-
rior part of the capitellum and/or trochlea.
Such posterior impaction is not easily
detectable on plain X-rays or on the surgi-
cal field. In these cases the inferior and lat-
eral part of the posterior capitellum are the
most deformed parts, and the inferior
aspect of capitellum should not be used as
a reference for final reduction. On the

23.5 Results After Treatment

The rarity of these fractures makes prospective or
randomized studies extremely difficult to per-
form. Until now all the few studies reported in the
literature are therefore retrospective case series
(level IV evidence).

In our experience, and according to the
published data, positive results can be achieved
in the majority of patients treated with ORIF
by means of current surgical techniques and
fixation devices [2, 3, 5, 8-10]. In particular
for simplest fractures involving only the
capitellum or a limited part of the trochlea,
without posterior comminution, the overall
reported outcomes are good to excellent. On
the other hand, a greater extension of the frac-
ture to the trochlea, multiple fragments, and
posterior comminution are well-recognized

Table 23.3 Advantages and disadvantages of two
different kind of screws (resorbable and metallic)
Resorbable screws
Advantages
No removal
Lower image distortion (CT scan or MRI)
Disadvantages
More expensive (at least three times)
Possible local inflammatory reaction
Require precise and accurate technique

In osteoporotic bone less compression
strength

Metallic screws
Advantages
Cheaper

More mechanical compression strength,
mostly in weak bone

Easier surgical technique

No risk of local inflammatory reaction
Disadvantages

Possible need of removal

Metal artifact on CT scan or MRI

contrary the superior and medial margin of
the capitellar fragment should be used as
reference.

negative prognostic factors. In the presence of
such negative predictive factors, complica-
tions are frequently reported and outcomes are
relatively poor, even for high-volume sur-
geons/centers (Table 23.4). Reoperation rate is
still high (10/21 Ring et al. [3] — 12/28;
Dubberley et al. [S] — 18/27; Guitton et al. [9])
and is mainly due to the need for contracture
release and hardware removal (it would be
better to write down percentage/rate, instead
of case number if possible).

Mild to moderate post-traumatic osteoarthritis
may be anticipated at midterm follow-up, espe-
cially in complex cases.

On the opposite, despite the size of the frag-
ments, the displacement, the possible presence of
posterior metaphyseal comminution, and the lim-
ited soft tissue attachments, avascular necrosis is
rare and usually poorly symptomatic.
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In conclusion the improved understanding of
these fractures has led to greater efficacy of
treatment compared to the past years.
Nevertheless, complex cases are still challenging
and complication rate is still high.
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olecranon stress fractures, 92
posteromedial elbow impingement, 183
radial head fractures, 245
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Coronal shear fractures, 38, 249, 250
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boxer’s elbow treatment, 93
for competitive and power athletes, 159
degenerative elbow, 135
lateral elbow pain, 127
medial-sided elbow pain, 65
vs. PRP, 119
side effects, 127
Counterforce brace, 191
Cozen’s test, 114
CT scan. See Computed tomography (CT)
Cubital tunnel syndrome. See Ulnar nerve entrapment

D
Degenerative elbow, 133-134
arthritis, 42
arthroscopic technique, 136-139
management, 135
patient evaluation
history, 134
physical examination, 134
radiologic imaging, 134, 135
Dextrose injections, 128
Diffusion weighted imaging (DWI), 50
Disabilities of the Arm, Shoulder, and Hand (DASH)
scores, 119, 245
Distal biceps tendon (DBT) rupture, 4748
clinical assessment, 144—145
endoscopic treatment, 143, 146
examination, 144-145
history, 144
incidence, 143
partial distal biceps tears, 143
pathologic classification, 146
surgical anatomy, 143-144
surgical technique
chronic biceps tendon rupture, 148—-149
complications, 149—150
endoscopic repair, 147-148
outcomes, 149
single anterior incision, 146—147
two-incision technique, 146
Distal humeral hemiarthroplasty, 251
Distal humerus, 1, 5, 7, 14, 18, 169
capitellar and trochlear fractures (see Capitellar
and trochlear fractures)
fractures
AO/OTA classification, 37
supracondylar (type A) fractures, 37-38
transcondylar (type B) fractures, 38
Docking technique, 64, 72, 73, 81
Double-arc sign, 251
Dry elbow arthroscopy, 201-202

E

Early cocking phase, 181, 182, 209

ECRB. See Extensor carpi radialis brevis
(ECRB)

ECRL. See Extensor carpi radialis longus
(ECRL)

ECU. See Extensor carpi ulnaris (ECU)

Elbow
anatomy, 208-209, 231
bone and joints, 1-6
bursae, 11
collateral ligaments, 6
humerus, 1, 2
joint capsule, 6
muscles, 7
neurovascular structures, 7—11
radial head fracture, 241
radius, 1, 2
ulna, 1, 2
ulnar collateral ligament complex
(see Ulnar collateral ligament (UCL))
ultrasound examination, 79-80
biomechanics, 13-20, 85-86
arm of forces, 16
axis of rotation, 14
capacity and contact areas, 15-16
external load during normal
activities, 17-18
force distribution on articular
surfaces, 18-19
interosseous membrane, 18
investigations, 13
sport-related injuries, 19-20
stabilization, 16—17
dislocations, 69
evaluation of, 19
functional anatomy, 208-209
high-energy trauma, 85
imaging in
computed tomographic arthrography, 36
computed tomography, 35-36
conventional radiography, 33-34
magnetic resonance arthrography, 35
magnetic resonance imaging, 34-35
ultrasound, 36
vs. knee, 14
low-energy trauma, 85
microtrauma, 85
number of forces act, 187, 188
pattern of injuries, 187
range of motion, 69
rehabilitation (see Rehabilitation)
sporting injuries, 187
stress, 139
UCL and LCL, 69
Elbow flexion test, 198
Electromyography (EMG), 15, 17, 50, 51, 65,
114, 115, 189-192, 212
Electron microscopy, 159-160
EMG. See Electromyography (EMG)
Endobutton technique, 147
Essex-Lopresti injury, 227
Exercises, 192
active elbow range-of-motion, 213
elbow flexion, 193
individualised home exercise
programme, 194
local strengthening, 191
mobilisation, 189
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Exercises (cont.)
overhead position, 189, 190
passive elbow range-of-motion, 213
plyometric, 193
resistance, 193
Extensor carpi radialis brevis (ECRB), 25, 46, 47, 51,
52,101-106, 109-111, 113, 114, 127,
129, 246
Extensor carpi radialis longus (ECRL), 7, 10, 26,
101, 246
Extensor carpi ulnaris (ECU), 7, 46, 164, 246
Extensor digitorum communis (EDC), 46, 246
Extensor muscles, 7, 113, 126, 128, 163
Extracorporeal shock wave therapy (ESWT), 126

F

Fall onto an outstretched hand (FOOSH), 36-39, 41, 44

Fasciotomy, 202, 227
Fatigue, 192, 193
Fat pads, 34, 245
FCR. See Flexor carpi radialis (FCR)
FCU. See Flexor carpi ulnaris (FCU)
FDS. See Flexor digitorum superficialis (FDS)
Flake sign, 155, 156, 167, 168
Flexor carpi radialis (FCR), 7, 8, 29, 47, 65, 80, 208
Flexor carpi ulnaris (FCU), 7-10, 17, 50, 61, 65, 72,
80, 191, 198, 199, 208-210, 212
Flexor digitorum superficialis (FDS), 7, 9, 10, 15, 47,
51, 80, 208
Flexor-pronator mass, 47, 61-63, 65, 80, 133, 209
Flexor-pronator tears, 65
Fractures, 36-39
capitellar and trochlear fractures (see Capitellar
and trochlear fractures)
distal humerus, 37-38
pediatric osseous injury
vs. adult osseous injury, 37
mnemonic CRITOE tool, 36-37
physeal injury, 37
proximal radius, 39
proximal ulna, 38-39
types of, 250
Froment’s sign, 212

G

Gadolinium, 35

Gardner test, 114

Giannicola’s classification, triceps ruptures, 169—170

Glenohumeral internal rotation deficit (GIRD), 192

Goalkeeper’s elbow, 42, 88

Golfer’s elbow, 19, 29, 47, 65. See also Medial
epicondylitis

Graft, 71, 72, 74-75

Growth plate-related injuries, 187

H
Hahn-Steinthal fractures, 249
Handball goalie’s elbow

causes, 88
diagnosis of, 90
treatment
arthroscopic surgery, 93
conservative management, 95
Hegemann’s disease, 41
High-resolution ultrasound (HRU), 50
Hinged elbow brace, 176, 189, 221, 226, 237
Hoffman technique, 199
Hook test, 29, 144-146
Humeral tunnel, 63, 72
Hyaluronic acid injections, 128
Hybrid technique, 73

I
Injection therapy, 30-31
corticosteroid (see Corticosteroid injections)
gadolinium, 35
lateral elbow pain treatment, 127
acupuncture, 128
autologous whole blood injections, 127
botulin toxin injections, 128
dextrose injections, 128
hyaluronic acid injections, 128
intra-articular injections, 129
platelet-rich plasma, 127-128
posterior trans-triceps approach, 129
postero-lateral soft-spot approach, 129
steroid injections, 127
platelet-rich plasma (see Platelet-rich plasma
(PRP) therapy)
Instability, 134
complex elbow, 222
posterolateral, 27, 29, 44-45, 219, 220
(see also Posterolateral rotatory
instability (PLRI))
posteromedial, 28, 39
psedovalgus, 26
ulnar nerve, 198
valgus, 26, 44, 64, 66, 70-71, 209, 212, 213,
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musculotendinous injury, 4647
pathogenesis, 112-113
prevalence, 110
risk factors, 101, 110
terminology, 109
treatment, 121
injection with glucocorticoids, 116
pitfalls, 121
PRP therapies (see Platelet-rich plasma (PRP)
therapy)
steroid injections, 116
surgical, 116
Lateral pivot shift test, 27, 28, 233-234, 237
Lateral-sided elbow pain
arthroscopic treatment
anterolateral V-shaped capsulotomy, 105-106
standard procedure, 105
clinical presentation, 102-103
different diagnoses of, 103
ECRL vs. ECRB, 101

etiology, 101

open treatment, 104
pathomechanics, 102
percutaneous treatment, 104
surgical treatment, 103
synovial fringe, 106107

Lateral ulnar collateral ligament (LUCL), 6, 7, 16, 44,
219, 225, 231, 232, 234, 241, 244, 246, 252

LCL. See Lateral collateral ligament (LCL)
Leash of Henry, 10, 51
Leukocyte-depleted PRP (P-PRP), 117, 120
Leukocyte-rich PRP (L-PRP), 117, 119-121
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