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Key Learning Points

 1. The elbow joint is comprised of three articula-
tions; the humeroulnar, radiocapitellar and 
proximal radioulnar joints.

 2. The articulations are surrounded buy a joint 
capsule with condensations that form the lat-
eral ligament complex and medial collateral 
ligament.

 3. Three important nerves cross the elbow joint; 
the ulnar nerve, median nerve and radial 
nerve.

 4. The elbow is supplied by the brachial, radial 
and ulnar arteries and their recurrent branches. 
The radial head is intracapsular and relies on 
retrograde blood flow.

1.1  Introduction

A thorough understanding of the anatomical 
structures is fundamental to correct diagnosis 
and safe treatment of disorders of the elbow. 
This chapter provides an overview of the surgical 
anatomy, and is divided into four anatomical sec-
tions: osteoarticular, capsuloligamentous, mus-
cular and neurovascular.

1.2  Osteoarticular Anatomy

The elbow joint is comprised of three articula-
tions: the humeroulnar, radiocapitellar and proxi-
mal radioulnar joints (although located within the 
capsule of the elbow joint this is really a part of 
the forearm joint).

1.2.1  The Humerus

The humerus terminates distally as a medial and 
lateral column, each forming a condyle and an 
epicondyle. These two columns hold the trochlea 
and the capitellum. The trochlea is an asymmet-
rical spool-shaped surface that articulates with 

the greater sigmoid notch of the olecranon. Its 
medial aspect projects further distally. The capi-
tellum is hemispherical in shape and articulates 
with the concave surfaced radial head. The troch-
lear groove separates the two articular surfaces 
(Fig. 1.1).

The trochlear-capitellar articular surface is 
internally rotated approximately 5–7° in relation 
to the epicondylar axis [1]. Additionally, this sur-
face has a valgus angle of between 6 and 8° when 
compared to the long axis of the humerus [2]. 
This is an important issue when the joint axis of 
rotation is to be surgically reproduced (fixation of 
fracture or application of a dynamic external fix-
ator). In the sagittal plane the articular surface of 
the humerus protrudes approximately 30° ante-
rior to the long axis of the humerus.

On the anterior surface of the humerus, proxi-
mal to the articular surface, lie the coronoid and 
radial fossae. These accommodate the coronoid 
process and radial head when the elbow is in 
full flexion. Similarly, on the posterior aspect of 
the humerus, the olecranon fossa accommodates 
the olecranon process of the ulna, permitting 
full extension of the elbow. The normal range 
of elbow flexion/extension is approximately 
0–150°, with 30–130° necessary to maintain 
a functional arc [3]. A sulcus, posterior to the 
medial epicondyle, accommodates the passage of 
the ulna nerve (Fig. 1.2).

1.2.2  The Ulna

The main articulating portion of the proximal 
ulna is the greater sigmoid (or trochlear) notch. It 
is formed predominantly by the olecranon, with 
the coronoid process extending the joint surface 
anteriorly (Fig. 1.3). It is elliptical in shape, with 
a longitudinal ridge conveying a stable and con-
gruent articulation with the trochlea, forming the 
humeroulnar joint. It is oriented approximately 
30° posterior to the long axis of the ulna to match 
the anterior angulation of the distal humerus. The 
coronoid process is comprised of a large antero-
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medial facet and smaller anterolateral facet that 
articulate with the medial trochlea and lateral 
trochlea respectively.

The articular cartilage surface of the trochlear 
notch is interrupted by a variable transverse ‘bare 
area’ of bone, located midway between the tip of 
the olecranon and the coronoid process (Fig. 1.4).

Distal to the trochlear notch, on the lateral 
aspect of the coronoid process, lies the lesser 
sigmoid (or radial) notch. This accommodates 
the radial head, forming the proximal radioulnar 
joint. The supinator crest originates at the distal 
part of the lesser sigmoid notch, and provides the 
origin of the supinator muscle and on the most 
proximal part of it, the insertion for the lateral 
ulnar collateral ligament (LUCL).

On the medial coronoid, lies an important 
bony prominence—the sublime tubercle. This 
provides the insertion site for the anterior bun-
dle of the anterior medial collateral ligament 

(AMCL), and is fundamental to both the valgus 
stability of the elbow (see capsuloligamentous 
anatomy section) and maintaining the trochlea 
within the greater sigmoid notch.

1.2.3  The Radius

The surface of the radial head is concave in 
shape. Both the proximal end and approxi-
mately its circumference are covered with 
articular cartilage, allowing a smooth articu-
lation with both the capitellum, and the lesser 
sigmoid notch. The radial neck constitutes the 
most distal intra-articular portion of the proxi-
mal radius.

On the anteromedial surface of the radius, just 
distal to the neck, lays the bicipital tuberosity. 
This is the point of insertion for the biceps bra-
chii tendon.

Lateral
supracondylar

ridge
Medial
supracondylar
ridge

Coronoid fossa

Trochlea

Medial epicondyle

Radial fossa

Trochlear ridge

Lateral
epicondyle

Capitellum

Fig. 1.1 Anterior view 
of right distal humerus
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1.3  Capsuloligamentous 
Anatomy

1.3.1  Joint Capsule

The three elbow articulations are surrounded by 
a joint capsule and form a synovial joint. The 
anterior capsule inserts proximally above the 
radial and coronoid fossae of the humerus, and 
attaches to the anterior surface of the coronoid 

medially (sparing the tip, which remains intra-
articular) and the annular ligament laterally. 
Posteriorly it attaches above the olecranon fossa 
and around the medial and lateral margins of the 
sigmoid notch.

The maximum capacity of the capsule is 
25–30  mL at approximately 80° of flexion [4]. 
The capsule is innervated by the nerves that cross 
it; namely the musculocutaneous, radial, median 
and ulnar nerves.

Spiral groove

Median
epicondyle

Lateral
epicondyle

Sulcus for
ulnar nerve

Olecranon
fossa

Trochlea

Fig. 1.2 Posterior view 
of right distal humerus
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1.3.2  Ligaments

1.3.2.1  Medial Collateral  
Ligament Complex

The medial collateral ligament comprises an 
anterior and posterior bundle, and a supporting 
transverse ligament; the function of which is not 
well understood (Fig. 1.5).

The anterior bundle originates from the 
anteroinferior aspect of the medial epicondyle 
[5], and inserts on the sublime tubercle of the 
ulna, on average 18  mm posterior from the tip 
of the coronoid [6]. The centre of the anterior 
bundle origin lies at the axis of rotation of the 
elbow [7, 8], however, it is comprised of an ante-
rior and posterior band, which are maximally 

Lesser
sigmoid notch

Radial head

Annular
ligament

Bicipital
tuberosity

Radius

Olecranon

Longitudinal ridge

Bare area of
greater sigmoid
notch

Supinator crest

Ulna

Fig. 1.4 Right proximal 
radioulnar joint

Supinator crest

Coronoid process

Greater sigmoid
notch

Lesser sigmoid
notch

Olecranon

Fig. 1.3 Lateral view of 
right proximal ulna
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tight (functional) at different ranges of flexion-
extension arc [9, 10].

The posterior bundle originates posterior to 
the anterior bundle on the medial epicondyle, and 
inserts along the mid-portion of the greater sig-
moid notch. The posterior bundle is lax in exten-
sion due to its posterior relationship to the axis 
of rotation. It, therefore, restrains valgus stress in 
flexion only [8, 10].

The anterior band of the anterior bundle is the 
primary constraint to valgus and internal rotatory 
forces. The posterior band is the secondary, and 
the posterior bundle is the tertiary constraint [9].

1.3.2.2  Lateral Collateral Ligament 
Complex

The lateral collateral ligament complex com-
prises the radial collateral ligament (RCL), the 
annular ligament, the lateral ulnar collateral liga-
ment (LUCL), and the accessory lateral collateral 
ligament (ALCL) (when it exists) (Fig. 1.6).

The RCL and LUCL both originate from the 
centre of rotation on the lateral epicondyle, and 
thus are isometric throughout elbow flexion [11]. 

The RCL inserts along the annular ligament and 
the LUCL inserts onto the tubercle of the supina-
tor crest of the ulna. Both ligaments resist varus 
stress, with the LUCL fundamental to holding the 
greater sigmoid notch onto the trochlea [12].

The annular ligament attaches to the ante-
rior and posterior margins of the lesser sigmoid 
notch, maintaining the proximal radioulnar joint. 
The ALCL stabilises the annular ligament during 
varus stress of the elbow but sometimes it is not 
distinctly different from the capsule of the joint.

Recent evidence suggests a fifth element, the 
posterolateral or Osborn-Cotterill ligament aris-
ing from the posterolateral aspect of the capitel-
lum and inserting in to the margin of the greater 
sigmoid notch proximal to the supinator crest. 
This has been shown to contribute to posterior 
stability of the radial head at around 60° elbow 
flexion.

1.4  Muscular Anatomy

Muscular anatomy is summarised in Table 1.1

Oblique
cord

Annular
ligament

Anterior bundle

Posterior bundle

Transverse
ligament

Fig. 1.5 Medial 
collateral ligament 
complex
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Radial
collateral
ligament

Lateral ulnar
collateral
ligament

Annular
ligament

Accessory lateral
collateral ligament

Fig. 1.6 Lateral 
collateral ligament 
complex

Table 1.1 Details the muscles that act upon or cross the elbow joint

Muscle Origin Insertion Innervation Action
Triceps brachii •  Long head—infraglenoid 

tubercle of scapula
•  Lateral head—superior 

to spiral groove of 
humerus

•  Medial head—inferior to 
spiral groove of humerus

•  Olecranon
•  Additional 

attachment to 
dorsal fascia of 
forearm

•  Radial nerve
•  Axillary nerve 

recognised variation 
for long head [13]

•  Elbow extension

Anconeus •  Posterior lateral 
epicondyle

•  Lateral posterior 
proximal ulna

•  Radial nerve •  Elbow extension 
and stabilisation

Supinator •  Anterior lateral 
epicondyle

•  Lateral collateral 
ligament complex

•  Supinator crest of 
proximal ulna

•  Lateral 
proximal radial 
diaphysis

•  Posterior 
interosseous nerve

•  Forearm 
supination

Brachioradialis •  Lateral supracondylar 
ridge of humerus

•  Lateral intermuscular 
septum

•  Radial styloid •  Radial nerve •  Elbow flexion
•  Forearm 

pro- and 
supination

Extensor carpii 
radialis longus

•  Lateral supracondylar 
ridge of humerus

•  Lateral intermuscular 
septum

•  Common extensor origin 
of lateral epicondyle

•  Dorsal, radial 
surface of index 
finger 
metacarpal

•  Radial nerve •  Wrist extension 
and radial 
deviation

Extensor carpii 
radialis brevis

•  Common extensor origin 
of lateral epicondyle

•  Radial collateral 
ligament

•  Dorsal surface 
of middle finger 
metacarpal

•  Posterior 
interosseous nerve

•  Wrist extension

(continued)

1 Clinical Anatomy of the Elbow
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1.5  Neurovascular Anatomy

1.5.1  Radial Nerve

The radial nerve is derived from the C5-T1 
nerve roots, and is a terminal branch of the pos-

terior cord of the brachial plexus. It exits the 
axilla through the lateral triangular space (teres 
major superiorly, long head of triceps medially, 
humerus laterally) accompanied by the profunda 
brachii artery, and passes into the posterior com-
partment of the arm. It winds around the humerus 

Table 1.1 (continued)

Muscle Origin Insertion Innervation Action
Extensor 
digitorum 
communis

•  Common extensor origin 
of lateral epicondyle

•  Extensor 
expansions of 
index, middle, 
ring and little 
fingers

•  Posterior 
interosseous nerve

•  PIPJ/DIPJ of 
Fingers (and 
wrist) extension

Extensor digiti 
minimi

•  Common extensor origin 
of lateral epicondyle

•  Extensor 
expansion of 
little finger

•  Posterior 
interosseous nerve

•  Little finger 
PIPJ/DIPJ 
extension

Extensor carpii 
ulnaris

•  Common extensor origin 
of lateral epicondyle

•  Posterior aspect of ulna

•  Dorsal base of 
little finger 
metacarpal

•  Posterior 
interosseous nerve

•  Wrist extension
•  Ulnar deviation 

of wrist
•  Dynamic 

stabiliser of 
distal radioulnar 
joint

Brachialis •  Distal anterior humerus
•  Lateral and medial 

intermuscular septum

•  Ulnar tuberosity •  Musculocutaneous 
nerve

•  Elbow flexion

Biceps brachii •  Long head—
supraglenoid tubercle of 
scapula

•  Short head—coracoid 
process

•  Bicipital 
tuberosity of 
radius

•  Musculocutaneous 
nerve

•  Forearm 
supination

•  Elbow flexion

Flexor carpi 
ulnaris

•  Humeral head—common 
flexor origin of medial 
epicondyle

•  Ulnar head—medial 
olecranon

•  Base of little 
finger 
metacarpal via 
the pisiform and 
hamate

•  Ulnar nerve •  Wrist flexion
•  Ulnar deviation 

of wrist

Flexor digitorum 
superficialis

•  Humeroulnar head—
common flexor origin of 
medial epicondyle, 
medial collateral 
ligament and the medial 
side of the coronoid

•  Radial head—anterior 
radial aspect

•  Volar middle 
phalanges of 
index, middle, 
ring and little 
fingers

•  Median nerve •  Finger flexion at 
proximal 
interphalangeal 
joint

Palmaris longus •  Common flexor origin of 
medial epicondyle

•  Palmar 
aponeurosis

•  Median nerve •  Wrist flexion

Flexor carpi 
radialis

•  Common flexor origin of 
medial epicondyle

•  Volar base of 
index finger 
metacarpal

•  Median nerve •  Wrist flexion
•  Radial deviation 

of wrist
Pronator teres •  Humeral head—common 

flexor origin of medial 
epicondyle

•  Ulnar head—coronoid 
process

•  Radial surface 
of midshaft 
radius just distal 
to insertion of 
supinator

•  Median nerve •  Forearm 
pronation

•  Elbow flexion

J. R. A. Smith and R. Amirfeyz
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over the spiral (or radial) groove, to appear on the 
lateral aspect of the humerus, where it pierces the 
lateral intermuscular septum to enter the anterior 
compartment of the arm. It then approaches the 
elbow between the brachialis and brachioradia-
lis muscles. It is readily identified 1–2 cm proxi-
mal to the medial tip of triceps aponeurosis as an 
intraoperative landmark. Its course, interestingly, 
follows the superior border of the aponeurosis 
coming out of intermuscular septum 1–2  cm 
proximal to the lateral tip of aponeurosis [14].

The radial nerve then passes under the cover 
of extensor carpi radialis longus and brevis, and 
emerges anterior to the lateral epicondyle. At the 
level of the radiocapitellar joint, it divides into 
the superficial radial and posterior interosseous 
nerves.

The superficial radial nerve continues distally 
in the forearm under the brachioradialis muscle 
towards the wrist. The posterior interosseous 
nerve passes between the two heads of supinator 
to enter the posterior compartment of the fore-
arm. The proximity of the nerve to the proximal 
radius is dependent on rotational position of the 
forearm [15], where the nerve is more proximal 
and under tension in full supination and relaxed 
and ‘away’ in pronation.

Damage to the radial nerve most commonly 
occurs following fractures of the humeral shaft or 
the proximal radius.

1.5.2  Median Nerve

The median nerve is derived from the C6-T1 
nerve roots, and is a terminal branch of both the 
medial and lateral cords of the brachial plexus. 
It leaves the axilla at the inferior margin of teres 
major. It descends in the anterior compartment of 
the arm between the biceps brachii and brachialis 
muscles, in association with the brachial artery. 
In the upper arm it lies lateral to the artery, but 
crosses over in the mid-arm to lie medial to it. 
The artery and nerve then pass deep to the bicipi-
tal aponeurosis at the elbow, lying medial to the 

biceps brachii tendon and anterior to the brachia-
lis muscle.

The nerve then passes under the humeral head 
of pronator teres, and between the humeroulnar 
and radial heads of the flexor digitorum superfi-
cialis muscle to continue distally in the anterior 
compartment of the forearm. The median nerve 
gives off the anterior interosseous nerve in the 
forearm between 5 and 8 cm distal to the level of 
the lateral epicondyle, usually immediately distal 
to the humeral head of pronator teres [16].

1.5.3  Ulnar Nerve

The ulnar nerve is the largest branch of the medial 
cord of the brachial plexus, with nerve roots 
originating from spinal levels C8-T1. It exits the 
axilla between the axillary nerve and vein, and 
descends medial to the brachial artery.

Half-way down the arm it pierces the medial 
intermuscular septum to lie on the posteromedial 
aspect of the humerus. The nerve passes between 
the medial intermuscular septum (anterior) and 
the medial head of triceps (posterior), and into 
the sulcus of the ulna nerve—a depression on the 
back of the medial epicondyle of the humerus 
(Fig.  1.2). It then passes into the anterior com-
partment of the forearm through the cubital tun-
nel (Fig. 1.7).

The cubital tunnel is approximately 5  cm in 
length. The medial epicondyle forms the medial 
wall and base proximally, and the olecranon 
comprises the lateral wall. A fibrous aponeurosis 
called Osborne’s ligament forms the roof, con-
necting the medial epicondyle and olecranon 
proximally, and is continuous with the fascia of 
the humeral and ulnar heads of flexor carpii ulna-
ris distally. The floor is comprised of the joint 
capsule and the medial collateral ligaments.

After passing through the cubital tunnel, the 
ulna nerve passes between the two heads of flexor 
carpii ulnaris, and continues in the forearm on 
the muscle belly of flexor digitorum profundus, 
beneath the flexor carpii ulnaris muscle.

1 Clinical Anatomy of the Elbow
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1.5.4  Medial Cutaneous Nerves 
of the Arm and Forearm

The medial cutaneous nerve of the arm is the 
smallest branch of the medial cord of the brachial 
plexus. It leaves the axilla posterior to the axil-
lary vein, then passing to its medial side, where 
it contributes fibres to the intercostobrachial 
nerve. It descends medial to the brachial artery 
and pierces the brachial fascia in the middle third 
of the arm. It provides cutaneous innervation to 
the medial aspect of the distal third of the arm, 
extending as far as the elbow.

The medial cutaneous nerve of the forearm 
also originates from the medial cord of the bra-
chial plexus. It descends the arm with the medial 
cutaneous nerve, and pierces the brachial fascia 
with the basilic vein. It divides into an anterior 
and posterior branch, and passes anterior to the 
medial epicondyle of the humerus. The anterior 
branch passes in front of the median basilic vein, 
and descends on the ulnar side of the forearm. 
The posterior branch passes obliquely on the 
medial side of the basilic vein to the posterior 
aspect of the forearm. It is often encountered 
during decompression of the ulnar nerve around 
the cubital tunnel, and injury can lead to pain-

ful neuroma [17]. The nerves provide cutaneous 
innervation to the anteromedial, medial and pos-
teromedial aspect of the forearm to the level of 
the wrist.

1.5.5  Lateral Cutaneous Nerves 
of the Arm and Forearm

The skin of the lateral arm is innervated by the 
terminal branch of the posterior cord of the axil-
lary nerve (superior lateral cutaneous nerve of the 
arm), and a branch of the radial nerve (inferior 
lateral cutaneous nerve of the arm), which sup-
ply the superolateral and inferolateral aspects, 
respectively.

The lateral cutaneous nerve of the forearm is 
the sensory continuation of the musculocutane-
ous nerve. The musculocutaneous nerve arises 
from the lateral cord of the brachial plexus, from 
nerve roots C5-C7. It passes into the arm in the 
coracobrachialis muscle, and passes between the 
biceps brachii and brachialis muscles to the lat-
eral side of the arm. It pierces the brachial fascia 
lateral to the biceps tendon, to become the lat-
eral cutaneous nerve of the forearm. At the level 
of cubital crease, it usually lies just lateral to the 

Pronator teres

Brachialis

Common
flexor origin

Two heads of
flexor carpii

ulnaris

Medial epicondyle

Osborne's ligament

Ulnar nerve

Medial intermuscular
Septum

Arcade of struthers

Fig. 1.7 Cubital tunnel
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cephalic vein. It then passes over the anterolateral 
aspect of the elbow, and divides into an anterior 
and posterior branch, innervating the skin of the 
lateral forearm.

1.5.6  Arteries

The elbow is supplied by the brachial, radial and 
ulnar arteries and their recurrent branches.

The brachial artery is the continuation of the 
axillary artery at the inferior border of teres major. 
At this level it gives off its major branch, the pro-
funda brachii, which passes through the lateral 
triangular space with the radial nerve towards the 

anterolateral elbow. The brachial artery courses 
the medial arm between the median and ulnar 
nerves. After passing under the lacertus fibrosus, 
it enters the antecubital fossa in the midline of the 
elbow, lying medial to the tendon of biceps bra-
chii. At the level of the radial neck, it bifurcates 
into the radial and ulnar arteries.

The radial artery runs distally under brachio-
radialis towards the wrist, medial to the super-
ficial radial nerve. The ulnar artery passes deep 
towards the anteromedial aspect of the forearm, 
to lie first upon brachialis and later flexor digito-
rum profundus as it courses to the wrist.

The collateral supply of the elbow has been 
described to comprise three arcades: medial, 

Superior
ulnar collateral

Inferior
ulnar collateral

Posterior ulnar
recurrent

Ulnar

Brachial

Radial recurrent

Radial

Fig. 1.8 Anterior 
extraosseous vascular 
anatomy
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lateral and posterior [18]. The medial arcade is 
formed by the superior and inferior ulnar col-
lateral branches from the brachial artery, which 
anastomose the posterior ulnar recurrent branch 
of the ulnar artery around the medial epicondyle 
(Fig. 1.8). The medial arcade supplies the medial 
epicondyle, medial aspect of the trochlea, and the 
posteromedial olecranon.

The lateral arcade is formed by the descend-
ing radial and middle collateral arteries (originat-
ing from the profunda brachii), anatomising with 
the ascending interosseous recurrent and radial 
recurrent arteries on the posterior aspect of the 
lateral epicondyle. The lateral arcade supplies the 
lateral epicondyle and the capitellum.

The posterior arcade is formed in the olecra-
non fossa by anastomosis of the superior ulnar, 
radial and middle collateral arteries proximally, 
and the interosseous recurrent artery distally. The 
posterior arcade supplies the lateral aspect of 
the trochlear, the supracondylar region and also 
branches to the olecranon (Fig. 1.9).

The radial head is intracapsular and receives 
its blood supply from branches of the recurrent 
radial artery that pass retrograde up the neck of 
the radius. The olecranon receives its supply from 

the posterior ulnar recurrent and the interosseous 
recurrent arteries, and from the posterior arcade.

1.5.7  Veins

The deep veins of the upper limb are the venae 
comitantes of the arteries, ending at the inferior 
border of teres major, where they are joined by 
the basilic vein to form the axillary vein.

The major superficial veins are the cephalic 
and basilic veins, which communicate over the 
antecubital fossa via the median cubital vein. 
The cephalic vein drains the lateral upper limb, 
and joins the axillary vein after piercing the 
 deltopectoral fascia. The basilic vein drains the 
medial upper limb and pierces the brachial fascia 
to join the brachial vein in the arm.

Q&A

• What are the important elements of the coro-
noid process?

The coronoid process is the primary sta-
biliser of the elbow joint and is made of two 
facets, anteromedial and anterolateral, that 

Radial collateral

Middle collateral

Radial recurrent

Interosseous
recurrent

Superior
ulnar collateral

Inferior ulnar
collateral

Posterior ulnar
recurrent

Fig. 1.9 Posterior 
extraosseous vascular 
anatomy
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articulate with the trochlea and also has a 
medial projection the sublime tubercle into 
which the anterior band of the medial collat-
eral ligament inserts

• What is the lateral ligament complex?
The lateral ligament complex is a thick-

ening of the lateral joint capsule that can be 
considered as five elements that contribute to 
the stability of the lateral ulnohumeral joint 
and radial head. The complex arises from 
the lateral epicondyle and has a primary ele-
ment, the lateral ulna collateral ligament, that 
passes to the supinator crest, the radial collat-
eral that inserts to the annular ligament that 
surrounds the radial head, the accessory ulna 
collateral ligament and the posterolateral 
ligament that inserts along the margin of the 
greater sigmoid notch posteriorly.

• Why is the radial head at risk of non-union or 
avascular necrosis after fracture?

The radial head is an intracapsular struc-
ture that receives a blood supply from a 
branch of the radial recurrent artery that 
travels up the neck of the radius from distal to 
proximal and is at risk of disruption by frac-
ture or surgery.
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Key Learning Points
 1. Plain radiographs are the most common initial 

imaging modality for the elbow.
 2. MRI is useful for examining soft tissue pathol-

ogy but particular scans are required for indi-

vidual pathology e.g. FABS views for distal 
biceps tendon pathology. Addition of contrast 
can enhance identification of pathology.

 3. CT is used to examine bony pathology such as 
in acute fractures.

 4. Ultrasound is examiner dependent but can be 
a useful tool for dynamic examination of the 
joint or to guide therapeutic injection.J. R. A. Smith 
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2.1  Introduction

Due to complexity of the anatomy and mechanics 
of the elbow, imaging plays an essential role in 
the examination of the injured joint. This review 
summarises the different modalities available to 
the treating physician, followed by a section out-
lining imaging for the most commonly encoun-
tered elbow disorders.

2.2  Imaging Modalities

2.2.1  Radiography

Plain radiographs are the first line of investi-
gation, providing an overview of the osseous 
structures, the joint space and the soft tissues. A 
minimum of anteroposterior (AP) and lateral pro-
jections are necessary.

The AP view is taken with the elbow fully 
extended, and the forearm in full supination. It 
allows assessment of the medial and lateral epi-
condyles, radiocapitellar and trochlear joint sur-
faces (Fig. 2.1).

The lateral view is taken with the elbow 
flexed to 90°, with the forearm in neutral rota-
tion. It allows good visualisation of the olecra-
non and coronoid processes. An appropriately 
taken lateral elbow radiograph demonstrates 
three concentric circles in various sizes. The 
smallest is the projection of the central part 
of the trochlea (groove), the middle is from 
the capitellum (projecting towards the radial 
head) and the largest corresponds to the medial 
ridge of the trochlea (mainly extending distally) 
(Fig. 2.2).

Oblique, radial head and axial views are now 
uncommonly performed due to the widespread 
availability of computer tomography scanning 
[1]. Joint effusions can be seen indirectly via dis-
placement of the soft tissue shadows (Fig. 2.3), 
and elevation of the anterior or posterior fat pads 
on the lateral radiograph may indicate subtle 
intra-articular fluid from inflammation or occult 
fracture [2] (Fig. 2.4).

Periarticular densities are often visible on 
plain radiography, which is useful in diagnosing 
conditions such as crystal arthropathy, calcific 
tendonitis or hypertrophic ossification.

Medial Epicondyle

Trochlea

Lateral Epicondyle

Radiocapitellar Joint

Fig. 2.1 Anteroposterior 
radiograph of the elbow
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2.2.2  Fluoroscopy

Fluoroscopic assisted examination under anaes-
thetic is arguably the “gold-standard” method 
for assessment of subacute and chronic elbow 

instability as there is no muscle contraction or 
guarding to mask instability. This can be per-
formed with patient supine, the shoulder flexed 
to 90° and the examiner standing at the head of 
the table supporting the affected arm. The C-arm 

Fig. 2.2 Lateral radiograph of the elbow

Joint Effusion

Joint Effusion

Radial Head Fracture

Fig. 2.3 Anteroposterior 
radiograph demons-
trating a joint effusion 
and radial head fracture
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is brought over the top of patient focusing on the 
elbow (usually a lateral image). This way insta-
bility can be appreciated, seen and documented. 
The procedure is usually scheduled as a day-case 
and once the findings discussed with the patient, 
further treatment is planned.

2.2.3  Ultrasonography

Ultrasound scanning (US) is non-invasive, well 
tolerated by the patient, dynamic and repeat-
able. Colour Doppler can be used to demonstrate 
blood flow changes that might indicate condi-
tions such as tendinopathy, synovitis or bursitis. 
It is operator dependent, however, and it is diffi-
cult to derive much information from saved static 
images. US may be used to guide therapeutic 
injections around the elbow.

2.2.4  Computed Tomography (CT)

CT is useful for defining complex fracture pat-
terns, occult fractures, osteochondral defects and 
articular pathology. When there is a need for an 
accurate understanding of the bony anatomy (such 
as planning for surgical treatment of heterotopic 
ossification, corrective osteotomy or arthroplasty 
in bone loss) CT scan is the imaging modality 
of choice. Combining with an intra- articular con-
trast injection can further define the anatomy in 

the presence of a seemingly idiopathic restricted 
elbow motion, identifying synovial thickening 
and loose bodies [3].

2.2.5  Magnetic Resonance Imaging 
(MRI)

MRI allows high-resolution imaging of liga-
ments, tendons, neurovascular structures, artic-
ular cartilage and subchondral bone [4], and 
is, therefore, well-suited to the investigation of 
elbow pathology. It is also very valuable in cases 
of occult fractures and “bone bruises” not identi-
fiable with radiograph or CT scan. It is preferable 
to USS when multiple anatomical structures need 
imaging simultaneously.

Intraarticular contrast (commonly gadolinium- 
based) injection can help to identify subtle syno-
vial and cartilage defects, loose bodies and to 
demonstrate ligament injuries, whereas intrave-
nous gadolinium provides enhancement of other 
lesions such as osteomyelitis and neoplasia.

2.2.6  Bone Scintigraphy

A ‘bone scan’ works by using a radioactive tracer 
(technetium 99m), attached to methylene diphos-
phonate, which is taken up by osteoblasts and, 
therefore, acts a marker of bone activity. The 
gamma radiation emitted is processed by a gamma 
camera to form an image. Bone scanning is useful 
in the diagnosis of neoplasia, osteomyelitis, stress 
fractures, avascular necrosis, arthritis, and pros-
thetic loosening when used in conjunction with pri-
mary imaging. However, this modality is used less 
frequently as CT & MRI are more readily available 
and the images obtained are more detailed.

2.3  Common Elbow Conditions

2.3.1  Acute Trauma

The majority of adult elbow fractures can be 
diagnosed on plain radiographs, appearing as a 
lucency on either the AP or lateral radiograph 
(Fig. 2.5).

Fig. 2.4 ‘Raised fat pad’ sign
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Minimally displaced fractures may present as 
a raised fat pad sign, and the majority of these 
in adults will represent radial head fractures [5].

CT scanning is best used to define fracture 
comminution and configuration [6]. It is particu-
larly useful when assessing coronoid fractures 
(Fig. 2.6) to delineate the position of the fracture 
line in relation to the sublime tubercle (insertion 
of the anterior bundle of MCL), therefore, deter-
mining valgus stability of the elbow (Fig.  2.7). 
CT is also very valuable in surgical planning for 
complex cases such as comminuted proximal 
ulna fracture with or without proximal radioulnar 
joint dislocation.

MRI is valuable in detecting occult fractures, 
osteochondral defects, bone bruising and collat-
eral ligament tears [7].

2.3.2  Ligamentous Instability

Medial collateral ligamentous insufficiency can 
be due to an acute valgus injury, or from repeti-
tive strain as seen in throwing athletes. Plain 
radiographs are of limited value, though will 
demonstrate bony avulsions or heterotopic ossi-
fication in chronic cases. Small osteophyte for-
mation on the medial tip of the olecranon seen 

Fig. 2.5 Lateral radiograph demonstrating an olecranon 
fracture

Fig. 2.6 Lateral radiograph demonstrating a coronoid 
fracture

Fig. 2.7 Axial view of coronoid, demonstrating a fracture of the anteromedial facet. This is often associated with a 
lateral ligament avulsion, and therefore osseoligamentous instability
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on an AP view could point towards the diagnosis 
of valgus extension overload. Valgus stress views 
are of some value, but MCL laxity has been dem-
onstrated to be a normal finding in asymptomatic 
throwing athletes [8]. The best way to assess and 
compare to the unaffected side is fluoroscopic 
assisted examination under anaesthetic.

Ultrasound can identify tears of the MCL, 
and dynamic scanning can be performed with the 
elbow under valgus stress to confirm or exclude 
complete tears [9]. Full thickness tears appear as 
a discontinuity of the ligament with intervening 
fluid.

Magnetic resonance arthrogram is the inves-
tigation of choice, and can demonstrate subtle 
partial tears. It can also identify marrow oedema 
in chronic stress when no rupture is visible. 
Coincidental injuries of the elbow are identifiable 
on the scan.

Lateral collateral ligament injuries can 
result in posterolateral rotatory instability [10]. 
Imaging principles are similar to that of the 
MCL with the majority of injuries diagnosed on 
MRI.  Fluoroscopic-assisted examination under 
anaesthetic can help to demonstrate dynamic 
instability in conjunction with stress tests, such 
as the pivot shift and varus/valgus stress tests.

2.3.3  Musculotendinous Pathology

The distal biceps tendon is the most commonly 
injured tendon in the elbow, and ultrasonography 
is a good first-line investigation in the presence of 
inconclusive clinical signs [11]. Complete tears 
will show hypoechoic or anechoic fibre disrup-
tion, with or without tendon retraction. Partial 
tears appear as thickening of the tendon close to 
its insertion [11].

MRI is reliable in demonstrating distal biceps 
tendon complete rupture, partial rupture or ten-
dinosis (Fig. 2.8). Although diagnosis of a com-
plete rupture is clinical other aforementioned 
pathologies commonly require an MRI scan. 
The optimal position for scanning is Flexion of 
elbow, Abduction of shoulder and Supination of 
the forearm (so called FABS view) [12].

Lateral and medial epicondylitis (so called ten-
nis and golfer’s elbow, respectively) are common 
elbow conditions potentially resulting from over-
use. The pathology includes tendinosis, degen-
eration and tearing within the respective common 
extensor and flexor tendon origins. One should 
bear in mind that these conditions are generally 
diagnosed on clinical grounds and imaging modal-
ities are to exclude the possibility of other patholo-
gies if presenting symptoms are not typical. Plain 
radiographs are indicated in adolescents, the 
elderly, those with a history of trauma to the elbow 
and those with mechanical symptoms to exclude 
alternative pathology. Some practicing surgeons 
routinely radiograph elbows prior to operation to 
ensure no sinister pathology is missed.

a

b

Fig. 2.8 (a) Partial tear and bursitis of distal biceps 
 tendon—axial STIR sequence. (b) Partial tear and bursitis 
of distal biceps tendon—sagittal T2 sequence
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Ultrasound demonstrates thickening, 
hypoechogenicity and hyperaemia on colour 
Doppler. USS has been shown to be as specific 
but not as sensitive as MRI [13] for diagnosing 
epicondylitis. MRI has the added benefit in eval-
uating any associated osseous oedema. Muscle 
strains are best seen on T2 weighted MRI imag-
ing at the myotendinous junction.

2.3.4  Soft Tissue Masses 
and Swellings

Soft tissue swellings are common around the 
elbow, and the majority are located superficially. 
Ultrasonography is, therefore, a good initial 
modality to differentiate cystic and solid lesions, 
and can determine vascularity with the use of 
Doppler. Further differentiation from the sur-
rounding tissues can be determined using MRI 
scanning.

Cystic lesions (ganglia, lipoma, haematoma, 
bursae) will appear hypo or anechoic on USS, and 
signal intense on fluid sensitive MRI sequences.

2.3.5  Olecranon and Bicipital 
Bursitis

USS can be used to confirm a fluid collection 
within the olecranon bursa. Due to its deeper 
location, the bicipitoradial bursa is best imaged 
using fluid sensitive MRI sequences.

The appearance of an infected bursa on MRI 
is not easily discernible, however, a lack of 
enhancement following intravenous gadolinium 
contrast injection usually excludes infection [14].

2.3.6  Entrapment Neuropathies

Imaging of suspected nerve entrapment allows 
the causative lesion to be identified, the integrity 
of the nerve to be assessed, and the secondary 
effects of the entrapment delineated.

Ulnar nerve entrapment in the cubital tunnel is 
the most common neuropathy around the elbow. 
USS will show nerve thickening proximal to any 

compressive structure, and can be used dynami-
cally to assess dislocation or subluxation of the 
nerve with elbow movement. On MRI, the nerve 
appears enlarged on all sequences, with high sig-
nal on T2 weighted images. Muscle denervation 
of compression neuropathy is also demonstrated 
on MRI as denervation oedema, muscle atrophy, 
myositis or fatty infiltration [15].

The median nerve can be compressed proximal 
to the elbow by a bony spur in the region of the 
ligament of Struthers, and stenosis of the brachial 
artery often occurs simultaneously. Plain radio-
graphs will demonstrate the supracondylar spur, 
and both USS and MRI will show nerve thick-
ening. USS Doppler and MR angiography may 
show associated artery stenosis. Compression 
of the median nerve may also occur as it passes 
between the two heads of pronator teres, causing 
pronator syndrome. MRI may show denervation 
atrophy/myositis, and can be used to differentiate 
between entrapment of the anterior interosseous 
nerve and median nerve proper, based upon the 
muscle group involved [15].

Radial nerve entrapment occurs at the arcade 
of Frohse, or as it passes through the supinator 
muscle. It is best imaged using MRI, where dener-
vation myositis or fatty infiltration of the supina-
tor and forearm extensor muscles is seen [16].

2.4  Conclusion

Multiple imaging modalities are available to 
aid in the diagnosis and management of elbow 
pathology. Each has particular strengths and lim-
itations. Where there is uncertainty surrounding 
the best imaging tool to use for a specific prob-
lem it is recommended to consult with a special-
ist musculoskeletal radiologist.

Q&A
What imaging should you request to investigate a 
suspected partial tear of the distal biceps tendon?

The best imaging modality is plain magnetic 
resonance imaging, particularly with flexion 
abduction supination (FABS) views with a spe-
cific coil under the elbow. This allows visuali-
sation of the whole tendon to the insertion in a 
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single slice and is more sensitive for detecting 
partial tears.

How can CT help in the management of acute 
elbow fractures?

CT can be used to understand fracture pat-
terns around the elbow. CT will frequently show 
more extensive fragmentation than can be appre-
ciated on plain radiographs, or reveal unseen 
additional injuries. It is particularly helpful in 
understanding elbow fracture dislocation inju-
ries and distal humerus fractures. CT is often 
used by surgeons to plan fracture fixation.

When is ultrasound most useful in imaging of 
elbow pathology?

Ultrasound can be used to provide a dynamic 
assessment of elbow pathology and in combina-
tion with Doppler imaging, can show blood flow 
changes such as in tendinopathy or synovitis. US 
can also be used to guide injections for treatment 
of elbow pathology.

You have an athelete in whom you suspect a 
chronic lateral ligament injury. What imaging 
would you request to investigate further?

Chronic instability can be demonstrated in a 
number of ways. Fluoroscopy of the elbow can 
be used with stress views to demonstrate joint 
gapping or subluxation and permits a dynamic 
assessment of the elbow but may not be toler-
ated well in the awake patient. Ultrasound can 
show joint ligament discontinuity and joint gap-
ping on stress views but is operator dependent. 
MR arthrography will demonstrate ligament and 
tendon avulsion injuries and can also show joint 
subluxation and bony injury. It has the advan-
tage that it can be “read” remotely from saved 
images. CT arthrogram may be helpful for appre-
ciation of combined chronic osseos and ligamen-
tous instability.
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3.1  Introduction

The elbow joint allows positioning of the hand 
inside a sphere around the body, created by the 
shoulder movement and with the length of the 

arm as the radius. It is the second link, in a chain 
of joint levers, that begins at the shoulder and 
ends at the fingers. Therefore, elbow joint pathol-
ogy may severely affect the function of the upper 
extremity, and more specifically, the ability of the 
individual to position and fixate the hand, neces-
sary for the use of the hand in work and leisure 
activities [1–3] (Fig. 3.1).

The anatomy is relatively complex. The joint 
consists of articulations between the humerus, 
ulna and radius with three different articulations 
mediating two directions of movement, namely a 

J. V. Rasmussen · B. S. Olsen (*) 
Section for surgery of the Shoulder and the Elbow, 
Orthopedic Department T, Copenhagen University 
Hospital, Herlev/Gentofte Hospital,  
Hellerup, Denmark
e-mail: Jeppe.Vejlgaard.Rasmussen@regionh.dk; 
Bo.Sanderhoff.Olsen@regionh.dk

3

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-52379-4_3&domain=pdf
https://doi.org/10.1007/978-3-030-52379-4_3#DOI
mailto:Jeppe.Vejlgaard.Rasmussen@regionh.dk
mailto:Bo.Sanderhoff.Olsen@regionh.dk
mailto:Bo.Sanderhoff.Olsen@regionh.dk


24

so called hinge joint flexion and extension axis 
and a pivoting or rotating motion around the fore-
arm axis. The elbow hinge joint motion is medi-
ated by the ulnohumeral and the radiohumeral 
joints. The forearm pivoting or rotating motion is 
mediated by the proximal radioulnar and the 
radiohumeral joints. Therefore, the elbow joint is 
described as a composite trocho-gynglymoid 
joint [2, 3].

In the present text we will focus on the biome-
chanics and kinematics of the elbow joint, that 
allows its delicate function, with special focus on 
the clinical important entities of the joint 
mechanism.

3.2  Ranges of Motion 
and Carrying Angle

The elbow joint motion is described around dif-
ferent axes allowing functional elbow flexion- 
extension and forearm rotation defined as 
pronation-supination respectively [4].

Normally, the motion in flexion and extension 
is defined as full extension 0° and flexion to the 
soft tissues normally described at 145°. Pronation 
and supination are normally described in 90° 
elbow flexion, since this stabilises humeral rota-
tion. At this position pronation is usually 80° and 
supination approximately 90° [5]. Active motion is 
usually less than passive motion. With age, motion 
decreases and gender has an influence; females are 
more prone to hyperextension than males [4, 5].

In 1981, Morrey et al. [6] examined the motion 
necessary for performing an array of everyday 
activities. These authors defined an elbow flexion 
axis between 30° and 130° and a forearm rotation 
axis of 50° supination to 50° pronation as neces-
sary for leading a normal life. Nowadays, this 
motion axis might be insufficient for most people 
and especially for athletes (Fig. 3.2).

Elbow motion

0–145°

0–90°

Fused, 90°

Fig. 3.1 The shoulder motion allows positioning of the 
hand on a sphere around the body, with the arm-length as 
the diameter. The elbow motion allows positioning of the 
hand inside this sphere (Morrey’s the Elbow and its 
Disorders 5th edition 2017)

145°
130°

30°
0°

Fig. 3.2 This is a graphic presentation of the motion of 
the elbow joint with a presentation of the range of motion 
defined by Morrey et al. as the minimum required motion 
necessary for performing simple every day activities 
(Morrey’s the Elbow and its Disorders 5th edition 2017)
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The carrying angle is defined as the lateral 
deviation of the forearm relative to the upper arm 
seen in full elbow extension. The angle is dimin-
ished with flexion and in full flexion the forearm 
covers the upper arm. This is due to the fact that 
the hinge axis is abducted one-half of the carry-
ing angle, relative to the sagittal plane of the 
humerus, as described by Amis et al. [5, 7]. The 
carrying angle is more pronounced in females 
were it averages up to 14°; less in males. 
Furthermore, it increases through puberty (Amis 
[5]) (Fig. 3.3).

3.3  Muscles Inducing Motion

The muscles of the elbow are traditionally 
described according to the primary motion they 
induce. The biceps brachii, the brachialis, and the 
brachioradialis muscles induce flexion, the tri-
ceps brachii muscle extension, and the supinator 
and the pronator teres muscles forearm rotation. 
The other muscles in the elbow region provides 
various but limited contribution to the active 
elbow motion and will not be further discussed.

3.3.1  Flexor Muscles

The larger superficial head of the brachialis mus-
cle originates from a large area on the anterolat-
eral part of the middle-third of the humerus and 
inserts on the coronoid process just distal from 
the articular margin. The smaller deep head origi-
nates more distally than the superficial head. 
Some of the fibres end as a sagittal oriented apo-
neurosis inserting on the ulna. Others fibres insert 
on the anterior joint capsule and may prevent 
impingement during flexion [8]. The brachialis 
muscle has the largest cross-sectional area of the 
flexors but the force induced by the muscle is 
impaired by the short distance from the insertion 
to the axis of rotation [9] (Fig. 3.4).

The other major flexor is the biceps brachii 
muscle. It has a short and a long head originating 
from the coracoid process and the superior aspect 
of the glenoid, respectively. The anteromedial 
part of the muscle and the fasciae continue as the 
bicipital aponeurosis and inserts to the deep mus-
cle fasciae of the forearm, whereas the biceps 
tendon inserts to the posterior aspect of the radial 
tuberosity. The biomechanics are intermediate 
compared to that of the brachialis and the bra-
chioradialis muscles. The biceps brachii is not 
only a flexor but also a strong supinator [10].

The brachioradialis muscle has a lengthy ori-
gin on the distal lateral aspect of the humerus and 
inserts into the base of the radial styloid. The 
cross-sectional area of the muscle is small com-
pared with that of the brachialis and the biceps 
brachii muscles, but the longer distance from the 

Fig. 3.3 The carrying angle is the lateral deviation of the 
forearm relative to the upper arm, seen in extension but 
disappears in full flexion (Operative Elbow Surgery 1st 
edition, 2012)
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insertion to the axis of rotation gives biomechani-
cal advantages [9] (Fig. 3.4).

3.3.2  Extensor Muscles

The triceps brachii is a large extensor muscle 
with the largest cross-sectional area of the elbow 
muscles. It has three heads: the long head origi-
nates from the infraglenoid tuberosity; the lateral 
head from the proximal posterolateral part of the 
humerus; and the medial head from the distal 
posteromedial aspect of the humerus, which is 
muscular almost to its insertion. Distally the 
muscle merges into one tendon that mainly 
inserts around the olecranon process [11].

3.3.3  Forearm Rotation

The supinator is a flat rhomboid muscle with 
three origins proximal or distal to the elbow joint. 

It is running obliquely from the anterior part of 
the lateral epicondyle, the lateral collateral liga-
ment and the proximal part on the crest of ulna to 
the diffuse insertion on a larger part of the proxi-
mal radius. The muscle is characterised by the 
absence of tendinous tissue [12].

The pronator teres muscle origins from the 
anterior aspect of the medial epicondyle and from 
the coronoid process. It inserts into the junction 
between the proximal and the middle-third of the 
radius. It obviously contributes to pronation of 
the forearm, but it is also considered as a weak 
flexor muscle [13, 14].

3.4  Kinematics of Bony 
Stabilisers

The humeroulnar joint has a high congruency 
between the deep humeral trochlea and the 
greater sigmoid notch of the ulna, inducing bony 
stability, enhanced by the strong side ligaments 
and the muscle forces acting over the joint. The 
top of the radial head, with its concavity, and the 
spherical capitellum that articulates with concav-
ity compression increases the bony constraint 
and is further constrained by the annular ligament 
that surrounds the radial head [15].

Below we will focus on different bony and 
ligamentous constraints.

The radial head is a secondary stabiliser to 
forced valgus, acting as a buttress against the 
capitellum [16]. More studies describe the influ-
ence of the radial head in elbow joint stability 
[17–19]. Isolated resection of the radial head 
gives minor laxity to forced varus and forced 
external rotation (Fig. 3.5).

The stabilising effect may be caused partly by 
tensioning of the Lateral Collateral Ligament 
Complex (LCLC) [17]. Combined radial head 
resection and dissection of the Medial Collateral 
Ligament (MCL) induces grave laxity to forced 
valgus and forced internal rotation [18]. Radial 
head resection and injury to the Radial Collateral 
Ligament (RCL) increases the laxity seen after 
isolated RCL incision in forced varus and external 
rotation. No changes in laxity to forced  valgus and 
internal rotation are observed in this situation [19].

Long head of biceps

Musculocutaneous nerve

Coracobrachialis

Short head of biceps

Brachialis

Lat. cutaneous
nerve of forearm

Fig. 3.4 The short distance from the insertion of the bra-
chialis and the biceps brachii muscles to the axis of rota-
tion is associated with biomechanical disadvantages 
(Morrey’s the Elbow and its Disorders 5th edition 2017)
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More than 2/3 of the radial head has to be 
intact in order to preserve joint stability in forced 
valgus and varus [20].

Differences in radiohumeral stability to forced 
translation, related to the radial position on the 
capitellum, indicates an inherent stability in the 
radiohumeral joint related to differences in wall 
height around the radial head; so called concavity 
compression [21].

This further emphasises that the radio- 
capitellar articulation induces joint stability as a 
unit. Therefore, a capitellum fracture has the 
same potential for causing elbow-instability as 
reported for the radial head, except for the stabi-
lising effect induced by the radial head through 
tensioning of the LCLC.  A loaded model on 
elbow joint dislocation, showed the radial head to 
possess a minor, though primary, constraint 
against elbow joint dislocation [22].

The radial head, along with the coronoid pro-
cess, induces axial stability to the elbow [23]. A 
combination of elbow dislocation and fracture of 
both structures was defined as the terrible triad by 
Hotchkiss [24], due to the severe elbow instabil-
ity it might cause. At least one of the two is 
needed in order to preserve clinical joint stability 
[22, 23].

The coronoid process is an important elbow 
joint stabiliser [22–27]. Fractures of the coronoid 

process are often associated with dislocation of 
the elbow, and the coronoid fracture might indi-
cate a severely unstable situation [23, 24]. 
Fractures can be defined according to their exten-
sion into the coronoid process [28, 29].

Research has shown that isolated coronoid 
process resection Regan stage II (50%) induces 
significant laxity to “dislocation”, decreasing the 
joint constraint up to 28% [22]. Another study 
emphasised that, in ligamentous and radial-head 
deficient elbows, at least 50% of the process was 
needed in order to prevent posterior elbow trans-
lation. In coronoid process injury, joints are more 
stable in flexion [26]. Increasing coronoid pro-
cess resection gives increasing alterations in joint 
kinematics. Type I injury is reported to produce 
only minor changes in joint constraint, type II 
injury or more, significantly affects the valgus- 
varus constraint. Laxity induced by coronoid 
resection is less in forearm supination than in 
pronation [25]. However, the combination of 
anteromedial coronoid fractures and LCL insuf-
ficiency was shown to induce posteromedial 
elbow joint instability [27]. This emphasised the 
need for surgical fixation of anteromedial facet 
fractures and LCL reinsertion in this clinical situ-
ation [27, 30] (Fig. 3.6).

Transection of the proximal ulna/olecranon 
was observed to increase laxity of the elbow joint 
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Fig. 3.5 Isolated radial 
resection gives minor 
rotatory laxity to forced 
external rotation [17]
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to valgus and varus stress. The instability was 
increased in a linear way following staged olecra-
non resections. It was observed though, that the 
proximal part primarily resists valgus loads and 
the inferior part primarily resists varus loads. 
Rotatory loads where not evaluated. Therefore, 
the most proximal part of the olecranon process 
could be removed in case of comminuted frac-
ture, without inducing clinical significant joint 
instability [31] (Fig. 3.7).

Posteromedial olecranon resection gave an 
increased valgus laxity following minor olecra-
non resections in a setting with intact MCL [32]. 
This led these authors to recommend caution in 
surgical resection of the proximal olecranon 
especially among throwing athletes, where insuf-
ficiency of the MCL could be suspected [32].

3.5  Kinematics of Soft Tissue 
Stabilisers

The soft tissue stabilisers constitute the muscles 
described above and the joint capsule, with liga-
mentous reinforcements medially and laterally, 

described as the medial and lateral collateral liga-
ment complexes respectively.

We know that several large muscles cross the 
elbow joint, but their stabilising effect on the 
joint are difficult to document. Loading of exper-
imental elbow models reduces the laxity induced 
to the elbow joint specimens by osteoligamen-
tous divisions, but the passive stabilising effect of 
the muscular tendons were only minor [33, 34]. 
Clinically, a muscular hypotonia following a dis-
location was observed, and it was speculated that 
this might increase the immediate joint instability 
[19]. Furthermore, it is well known that the flexor 
and extensor origins might be avulsed or ruptured 
along with the ligaments in the clinical situation 
with an elbow dislocation [35].

The posterior capsule is usually relatively 
thin, compared with the thicker anterior capsule. 
Both are reported to be torn following elbow joint 
dislocation [35]. Originally, the anterior capsule 
was reported to be an important stabiliser in 
elbow joint extension [36]. Other studies docu-
mented that with preserved  ligaments, no specific 
laxity was induced after capsular transection 
other than what was caused by the inherent nega-
tive intraarticular pressure, except in full elbow 
joint extension [17, 37]. In this extended position 
the stabilising influence of the capsule to forced 
external rotation actually exceeded that of the 
LCL [38]. O’Driscoll et al. [39] showed that cap-

MCL
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Fig. 3.6 The cause for posteromedial elbow instability in 
anteromedial coronoid process fractures [30]
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the Elbow and its Disorders 5th edition, 2017)

J. V. Rasmussen and B. S. Olsen



29

sular resection associated with LCL injury was 
necessary to bring the elbow joint into the so-
called “perched position”, indicating some kind 
of secondary stabilising effect of the capsular tis-
sue does exist.

Following a dislocation of the elbow joint, 
bilateral ligament injury has been documented 
[35]. Although the usual reported cause for insuf-
ficiency of the MCL is valgus stress among 
throwing athletes, the LCL injury often relates to 
elbow trauma with dislocation [15]. The circle 
concept is an experimental model that describes 
the different stages in an elbow joint dislocation 
related to ligamentous injury [39].

The MCL is divided into the anterior- and the 
posterior-bundle (AB and PB, respectively) and 
the transverse ligament. The AB extends from the 
medial epicondyle and inserts on the medial side 
of the coronoid process, is described as the stron-
gest part with a mean load to failure of 260  N 
[40]. Different bands in the anterior bundle are 
described [41]. This ligament is perceived as a 
continuum of fibres that induces constraint with 
increasing joint flexion from anterior to posterior 
[40, 41, 42, 43] (Fig. 3.8).

The PB is a fan-shaped thickening of the cap-
sule somewhat thinner than the AB, it extends 
from the medial epicondyle and inserts on the 
medial side of the olecranon [41, 43].

The transverse ligament extends from the 
medial tip of the olecranon to the medial side of 
the processus coronoideus. The structure is diffi-

cult to see and no stability induced to the elbow is 
detected [43].

There are more reports on the stability induced 
to the elbow by the MCL [16 18, 36, 38–43]. 
Transection of the AB induced significant elbow 
joint laxity to forced valgus and internal rotation, 
with a maximal laxity at 70° elbow flexion. The 
anterior part of the AB stabilises in extension, 
whereas the most posterior fibres stabilise the 
elbow in flexion. PB transection alone gave no 
joint laxity, but in combination with AB it 
increased the observed laxity, with a maximum 
laxity at 90° elbow flexion [41]. In another study, 
surgical AB reconstruction normalised joint sta-
bility in total MCL transection [18]. Forearm 
supination tends to stabilise a MCL deficient 
elbow joint [44]. Overall, these findings were 
confirmed in other experimental studies [16, 18, 
40, 42, 43] (Fig. 3.8).

The LCLC is divided into the annular liga-
ment and the lateral collateral ligament (LCL) 
made from the radial collateral ligament (RCL) 
that extends down from the undersurface of the 
lateral epicondyle and inserts into the annular 
ligament (AL), and more posteriorly are fibres 
that insert distal to the AL on the proximal 
 supinator crest of the ulna—the lateral ulnar col-
lateral ligament (LUCL) [45–47]. Separation of 
the different bands is difficult [48]. The AL sur-
rounds the radial head and inserts on the anterior 
and posterior margins of the lesser sigmoid notch 
[43, 45–47].
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Fig. 3.8 Describes the 
valgus forced laxity 
introduced to the elbow 
by serial sectioning of 
the different bands in the 
medial ligament 
complex [41]. The 
anterior bundle describes 
the AMCL, the anterior 
band is the anterior band 
of the AMCL, and the 
posterior band is the 
posterior band in the 
AMCL. The posterior 
bundle describes the 
PMCL
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Recent studies showed that separate section-
ing of the AL and the LUCL gave insignificant 
laxity to the elbow, whereas isolated RCL dissec-
tion gave major significant laxity to forced varus 
and external rotation, the laxity was largest at 
100° of elbow joint flexion. Further dissection of 
the LUCL and AL increased the laxity signifi-
cantly [46, 47]. Reconstruction of the LUCL, 
between the humeral epicondyle and the ulna, 
was shown to normalise elbow constraint in the 
LCLC deficient elbow joint specimens [47, 48]. 
Furthermore, recent research observed that fore-
arm pronation and muscle loading tends to stabi-
lise the LCLC deficient elbow [33, 38]. The 
results on elbow joint laxity following LCLC 
injury were confirmed by other experimental 
studies [19, 38, 49, 50] (Fig. 3.9).

Intensive studies on posterolateral elbow 
instability as described by O’Driscoll et al. [39, 
45, 51] showed that isolated dissection of the 
LUCL gave no laxity to the Pivot Shift Stress 
Test (PST) [48, 51]. Another experimental study 
confirmed that only complete LCL transection 
introduced so-called pathological external fore-
arm rotation, necessary for an elbow joint dislo-
cation to occur [38]. Furthermore, LCL 
reconstruction was observed to stabilise the joint 
to PST [48]. Other experimental studies made the 
same observations [49, 50].

3.6  Forces Around the Elbow 
During Motion, Loading 
and Transmission Along 
the Forearm

The elbow joint is often falsely referred to as 
non-weight-bearing, but the load applied to the 
elbow joints can be heavy, as the forces induced 
by the elbow muscles balance the loading at the 
forearm and hand. The reasons for this are 
related to biomechanical disadvantages: the 
large distance from the axis of rotation to an 
external load in the hand; the short distance 
from the axis of rotation to the insertion of the 
tendons of the elbow muscles; and finally, in 
order to stabilise the joint during motion, the 
force induced is counteracted by antagonistic 
muscles.

3.6.1  Forces During Flexion

The required elbow forces in 90° of flexion are 
much higher than the external load applied to the 
hand. The reason for this is the large distance 
from the axis of rotation to an external load in the 
hand, the short distance from the axis of rotation 
to the insertion of the brachialis and biceps bra-
chii muscles and the triceps muscle acting as an 
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antagonist [52]. Since the brachialis muscle 
inserts on ulna and the biceps brachii, the bra-
chioradialis and the pronator teres muscles on 
radius both the radiohumeral joint and the ulno-
humeral joint can be loaded heavily during flex-
ion [53] (Fig. 3.10).

The contribution of the individual muscles 
can be estimated as changes in electrical activ-
ity with use of electromyographic (EMG) 
examinations. It has been suggested that the 
individual flexor muscles are influenced by 
forearm rotation. With the elbow at 90° of flex-
ion and with the forearm in neutral position the 
activity of the individual muscles is similar; 
however, with the forearm in maximum prona-
tion the activity of the biceps brachii muscle is 
limited [54]. This is most likely related to the 
secondary role of the muscle as a supinator. In 
contrast, the activity of the brachioradialis mus-
cle is increased in this position [54, 55]. The 
activity of the brachialis muscle seems to be 
independent of rotation of the forearm [10, 54]. 
Since the biceps brachii muscle act as a supina-
tor too, it is worth noting that the pronator teres 
muscle has a high activity during elbow flexion 
insuring rotational equilibrium.

3.6.2  Extension

The medial head of the triceps brachii is the prin-
ciple extensor. The lateral and the long head con-
tribute as the load increases [11, 56, 57]. Because 
of the large cross sectional area of the muscle and 
biomechanical disadvantages, the load applied on 
the ulnohumeral joint is significantly and approx-
imately 20 times larger than the external load 
applied to the hand [53]. The biceps brachii mus-
cle and the flexor muscles act as antagonist dur-
ing extension, so the required force from the 
triceps muscle is even higher [52].

3.6.3  Forearm Rotation

The forces during supination are induced by the 
biceps brachii muscle and, to a lesser extent, by 
the supinator muscle; whereas the pronation is 
induced by the pronator teres muscle, supported 
by the pronator quadratus muscle on the distal 
part of the forearm [58]. Except for the biceps 
brachii muscle the forearm rotation muscles 
mainly act transversely between radius and ulna. 
Thus, the forces on the radiohumeral and the 
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Fig. 3.10 The forces of 
the elbow flexor muscles 
has to balance the 
weight of the forearm 
and the load applied to 
the hand. Because of the 
large distance from the 
axis of rotation to the 
load applied to the hand, 
the weight of the 
forearm, and the short 
distance from the 
insertion of the flexor 
muscles to the axis of 
rotation, the load applied 
to the elbow joint can be 
heavy (Operative Elbow 
Surgery 1st edition, 
2012)
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ulnohumeral joint during rotation of the forearm 
are limited [5]. The forearm rotation muscles are 
relatively small and the forces on the proximal 
and the distal radioulnar joint are smaller than the 
axial joint loads during flexion and extension [5].

3.7  Summary and Key Learning 
Points

The elbow is a very constrained joint due to the 
osseous structures, muscle forces acting across 
the joint, and capsuloligamentous structures. The 
joint motion is divided in hinge motion of flexion 
and extension and forearm rotation in pronation 
and supination.

The joint motion is normally 0–140° in flexion 
and extension and 80–90° in pronation and supi-
nation. Females and young individuals are more 
mobile. The carrying angle describes the lateral 
angle of the extended elbow and is caused by the 
abducted hinge axis of the joint.

The muscles of the elbow are traditionally 
described according to the primary motion they 
induce. The biceps brachii, the brachialis, and the 
brachioradialis muscles induce flexion; the tri-
ceps brachii muscle extension, and the supinator 
and the pronator teres muscles induce forearm 
rotation. Some of these muscles are, however, 
involved in more than one motion. The biceps 
brachii muscle is a strong supinator and the pro-
nator teres muscle is considered a weak flexor 
muscle.

Kinematic studies indicate that isolated radial 
head pathology may be treated with resection, 
with only minor influence to the otherwise intact 
elbow joint; whereas, combinations of ligament 
injury and radial head pathology indicate caution 
with radial head resection, since grave elbow 
joint instability might be the consequence. 
Furthermore, displaced partial fractures of up to 
1/3 of the radial head diameter might be treated 
without surgical reinsertion, without major influ-
ence on elbow joint kinematics.

The coronoid process is a primary constraint 
to elbow dislocation, acting as a bony buttress. 
Minor fractures of the coronoid process may be 

clinically insignificant, whereas, coronoid defi-
ciency of >50% seriously affects the joint con-
straint. The joint laxity induced by resection 
seems to diminish with forearm supination. The 
observed joint laxity is present in the entire flex-
ion axis, though the coronoid process may con-
tribute more to elbow stability in extension than 
in flexion. Anteromedial facet fractures of the 
coronoid may indicate MCL insufficiency and 
calls for clinical attention.

The top of the olecranon induces valgus con-
straint and the inferior olecranon varus constraint 
to the elbow joint. With partial resection of the 
olecranon the laxity of the elbow is increased in a 
linear way. In throwing athletes with posterior 
elbow pain, caution with posteromedial olecra-
non resections is indicated.

The muscles probably act for stability through 
muscle-forces across the joint, compressing the 
congruent joint surfaces together. In this way, an 
early motion regimen with muscle activation 
might increase joint stability, following an acute 
simple elbow joint dislocation.

The anterior capsule does induce stability to 
the elbow joint in full extension, whereas in all 
other degrees of elbow joint position it acts along 
with the posterior capsule only as a secondary 
elbow joint stabiliser. Therefore, in elbow sur-
gery with preservation or reconstruction of the 
collateral ligaments, surgical capsular recon-
struction might not be necessary.

The MCL stabilises the elbow joint to valgus 
and internal rotatory stress. The AB is the pri-
mary constraint to both valgus and internal rota-
tion and the PB is the secondary constraint. 
Isolated reconstruction of the AB in the MCL 
deficient elbow tends to normalise elbow con-
straint. Supination tends to stabilise the MCL 
deficient elbow joint.

The LCLC is a continuum of fibres more than 
discreet ligament bands. The LCLC stabilises the 
elbow joint to forced varus and external rotation, 
as well as to posterolateral elbow joint instability. 
The LCL is the primary constraint and the AL 
and the LUCL are only secondary constraints. 
Pronation and loading tends to stabilise the LCL 
deficient elbow.
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Since the largest laxity in elbow specimens 
following ligament dissection was observed in 
elbow mid-flexion, this might be the best position 
for testing ligament integrity clinically.

Because of biomechanical disadvantages 
the load on the elbow joint can be heavy dur-
ing flexion and extension, where the forces 
induced by the muscles are much higher than 
the external load applied to the hand. The con-
tribution from the individual muscles to the 
induced force is influenced by the position of 
the elbow.

Q&A

 1. What is the carrying angle?—It is defined as 
the angle between the long axis of the forearm 
relative to the long axis of the upper arm seen 
in full extension and disappeared in full flex-
ion. This phenomenon is caused by the 
abducted hinge axis.

 2. What is the primary elbow constraint of the 
MCL?—The MCL gives elbow constraint to 
forced valgus and internal rotation.

 3. What is the primary constraint to posterolat-
eral elbow joint instability?—The LCL that 
gives elbow constraint to forced varus and 
forced external rotation.

 4. Why is the Terrible Triad of the elbow a poten-
tial clinical disaster?—The terrible triad is 
defined as concomitant elbow joint disloca-
tion, with well documented bilateral ligament 
injury, and combined radial head and coro-
noid process fracture. This situation is a com-
bination of total injury of the stabilizing 
ligaments and the axial stabilizers. Treatment 
requires a minimum of reconstruction of one 
of the axial stabilizers, preferentially the 
radial head and either LCL reconstruction or 
MCL and LCL reconstruction if the cornoid 
process and not the radial head is 
reconstructed.

 5. Why is the elbow a load bearing joint?—
Because of biomechanical disadvantages 
including the large distance from the axis of 
rotation to the insertion of the tendons of the 
major elbow muscles.
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Key Learning Points
 1. Medial elbow pain in the throwing athlete can 

arise from multiple pathologies
 2. Overuse injuries arise from recurrent valgus 

loading of the medial elbow
 3. Acute injuries can result in MCL avulsion 

from the humeral or ulnar insertions

 4. MCL insufficiency can be a career-changing 
injury in elite throwing athletes

 5. MCL reconstructive surgery is reserved for 
throwing athletes with a complete MCL tear 
or those with partial tears that have failed 
rehabilitation

 6. Non-throwing athletes who continue to be 
symptomatic after rehabilitation may benefit 
from MCL reconstruction.
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4.1  Introduction

In recent years, there has been a considerable rise 
in the number of athletes participating in overhead 
throwing sports. This rise has brought a concur-
rent increase in the incidence of elbow injuries, 
resulting in distinctive injury patterns specific 
to the throwing athlete. Waris first described a 
throwing injury to the ulnar collateral ligament in 
javelin throwers in 1946 [1]. Since then, research 
on elbow injuries in the throwing athlete has been 
focused on baseball pitchers, where the elbow is 
subjected to significant valgus stresses during 
throwing actions, and the forces generated are 
concentrated mainly at the medial structures of 
the elbow. Power grip in racquet sports, weight 
bearing in gymnastics and weight- lifting, have 
also been implicated in medial elbow symptoms 
[2]. Medial elbow symptoms represent 97% of all 
elbow problems in baseball players [3], however, 
similar elbow complaints arise in athletes partici-
pating in javelin, tennis, handball, volleyball and 
water polo.

Medial elbow problems in the throwing ath-
lete can encompass a broad spectrum of pathol-
ogy due to the tensile forces applied to the medial 
stabilising structures, combined with lateral com-
partment compression and posterior shear forces 
[4]. Repetitive valgus stresses may lead to a selec-
tion of chronic overuse problems, but athletes 
can also present with acute and acute-on- chronic 
injuries. Just some of the injuries encountered in 
the throwing elbow include ulnar collateral liga-
ment tears, ulnar neuritis, flexor- pronator tendi-
nopathy/tears, medial epicondyle apophysitis/
avulsion, and valgus extension overload syn-
drome [5–8]. In treating athletes who participate 
in overhead throwing sports, an understanding of 
functional elbow anatomy and the biomechan-
ics of throwing are essential in the diagnosis and 
management of these unique elbow injuries.

4.2  Anatomy

The elbow joint is a modified hinge and the bony 
anatomy of the ulnohumeral articulation provides 
primary static stability at the extremes of motion, 

at less than 20° and beyond 120° of flexion [4, 
7]. Both static and dynamic stability are required 
in the intervening 100°, which is the primary arc 
of motion used during overhead throwing activi-
ties [4, 9]. The bony configuration of the elbow 
provides approximately 50% of overall stability, 
mainly against varus stress in the extended elbow. 
Dynamic stability is provided by the anterior cap-
sule of the elbow joint and the medial and lateral 
collateral ligament complexes [3]. In full exten-
sion, valgus stability is provided by osseous con-
straints, the medial collateral ligament (MCL) 
complex, and the anterior capsule. At 90° of flex-
ion, the anterior capsule becomes lax and the MCL 
assumes a greater role, providing 54% of the stabi-
lising force against valgus stresses [9, 10].

The MCL complex is comprised of three 
bundles, the anterior and posterior bundles and a 
variable oblique transverse bundle (Fig. 4.1) [4].

The anterior bundle consists of parallel fibres 
arising from the undersurface of the medial epi-
condyle, inserting onto the sublime tubercle of 
the ulna. It acts as the primary restraint to valgus 
stress to the elbow from 30° to 120° of flexion 
[11]. Sequential tightening occurs within the 
anterior bundle fibres, moving from anterior to 
posterior with elbow flexion [3]. Callaway et al. 
[12] characterised the bundle fibres as acting 
in a reciprocal manner by stabilising the elbow 

Fig. 4.1 Cadaveric dissection of the medial side of the 
elbow. Three parts of the Medial Collateral Ligament 
complex can be distinguished. H humerus, U ulna, ME 
medial epicondyle, A anterior band of the MCL, P poste-
rior band, T transverse band (Copyright of MoRe 
Foundation)

A.-M. Byrne and R. van Riet



39

throughout the flexion-extension arc. They found 
the anterior bundle to act as the primary stabiliser 
from 30° to 90°, while both bands acted together 
to stabilise the elbow at 120° of flexion. As a 
thickening of the joint capsule, the posterior bun-
dle alone adds little to withstand valgus stresses, 
however, at 30° of flexion it acts as a secondary 
stabiliser, and becomes functionally more impor-
tant between 60° and full flexion [3, 12].

4.3  Biomechanics of MCL Injury 
During Throwing

Different sporting activities require an assort-
ment of throwing techniques, however, the over-
all basic throwing action is similar. The throwing 
motion generates significant valgus and exten-
sion stress to the elbow. Much of the published 
research in this area has been focused on throwing 
injuries in baseball pitchers, and their overhead 
throwing motion has been divided into six stages: 
(1) windup, (2) early cocking, (3) late cocking, 
(4) acceleration, (5) deceleration, and (6) follow 
through [13, 14]. During the late cocking and 
acceleration phases, the MCL complex of the 
elbow experiences tremendous valgus stresses. 
Tensile forces approaching the point of failure 
of the anterior bundle have been reported during 
the acceleration phase of high velocity throwing 
[11, 13]. The anterior bundle is more susceptible 
to injury by valgus stress to the extended elbow, 
while the posterior bundle is more vulnerable 
with elbow flexion [3, 11, 12, 14]. Biomechanical 
studies have demonstrated the ultimate load to 
failure of the native anterior bundle in resisting 
valgus torque to be 34 Nm [15], while the poten-
tial valgus stresses on the MCL during overhead 
throwing have been found to approach 35  Nm 
[13]. Fleisig et al. [13] also demonstrated valgus 
forces as high as 64 Nm to the elbow itself during 
late cocking and early acceleration, with lateral 
radiocapitellar compressive forces of 500  N as 
the elbow moves from 110° to 20° of flexion with 
velocities as high as 3000° per second.

The anterior bundle of the MCL complex bears 
the majority of these valgus forces. Repetitive 
valgus tensile loads associated with poor throw-

ing technique, may lead to anterior bundle 
attenuation and eventually even rupture [4, 16]. 
Simultaneous elbow extension during the throw-
ing motion can also cause the MCL to undergo 
significant bending stresses that generate destruc-
tive internal shearing stresses between the fibres 
of the ligament itself [17]. Secondary supporting 
structures on the medial side of the elbow may be 
stretched due to valgus laxity, resulting in flexor-
pronator mass tendonopathy, ulnar neuritis, or 
medial epicondyle apophysitis in the skeletally 
immature patient [4, 9] (Fig. 4.2).

During extension in the follow-through phase 
of throwing, shear forces on the posterior com-
partment may produce posteriomedial olecranon 
osteophytes, with a corresponding olecranon 
fossa “kissing lesion” (Fig.  4.3). Subsequent 
overload in the lateral compartment of the elbow 
leads to abnormal compressive forces across the 
radiocapitellar articulation, resulting in chondro-
malacia, osteophyte and loose body formation. 

Fig. 4.2 Magnetic Resonance Image of a medial epico-
dyle apophysitis in a skeletally immature athlete 
(Copyright of MoRe Foundation)
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This constellation of findings has been termed the 
“valgus extension overload syndrome’ (VEOS) 
and is the basic model behind most common 
elbow injuries in the throwing athlete [4, 8, 18].

4.4  History and Examination

In the assessment of elbow problems in athletes, 
valuable information will be obtained with a thor-
ough history and physical examination. Details 
on the events preceding the injury should be 
recorded, including previous injuries, prodromal 
symptoms, and changes in training regimens. The 
athlete may report an acute episode of medial 
elbow pain, with or without a “popping’ sen-
sation, during a throwing motion, and may be 
unable to continue throwing [3]. However, the 
more common history encountered is of an insidi-
ous onset of pain with gradual loss of ball control 
and reduction of peak velocities, throwing dis-

tance and endurance [17, 19, 20]. The exact site 
of pain, with the phase of throwing during which 
pain is experienced, should be noted. Pain usually 
reaches maximal intensity during the late cock-
ing and early acceleration phases, but with VEOS, 
athletes may report posteromedial pain during 
deceleration due to osteophyte impingement [20]. 
Medial joint opening or instability symptoms may 
also be a feature [21], and ulnar nerve symptoms 
at rest or during throwing should be recorded.

Physical examination of the elbow begins 
systematically with inspection of the joint in its 
resting position. Ecchymosis may be seen with 
fractures, tendon or acute ligament ruptures or 
elbow dislocations (Fig. 4.4).

Fullness in the soft spot, the area triangulated 
by the lateral epicondyle, the tip of the olecra-
non and the radial head, may indicate the pres-
ence of synovitis or a joint effusion. With an 
acute elbow joint effusion, the athlete may hold 
the elbow flexed to 70°, the position of comfort, 
to accommodate increased capsular distention. 
The carrying angle is the angle formed by a line 
drawn along the humeral axis and a second line 
along the forearm axis: the normal valgus car-
rying angle in men and women is 11° and 13°, 
respectively. It is not unusual to see an increased 
valgus carrying angle in the throwing elbow as a 
result of adaptation to repetitive stress, and val-
gus angles of more than 15° have been reported 
in professional throwers [4, 22].

Fig. 4.3 CT scan of the elbow showing a fractured osteo-
phyte at the tip of the olecranon (Copyright of MoRe 
Foundation)

Fig. 4.4 Clinical photograph of the medial side of the 
elbow following an elbow dislocation. Echymosis is 
indicative of a medial collateral ligament injury (Copyright 
of MoRe Foundation)
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Palpation of the bony landmarks should be 
performed, paying particular attention to the 
medial side of the elbow and the posteromedial 
olecranon. Athletes with MCL injuries com-
monly complain of pain over the ulnar inser-
tion onto the sublime tubercle. In the skeletally 
immature athlete, medial epicondylar pain may 
be due to a growth plate injury or avulsion frac-
ture. Active and passive range of motion should 
then be assessed, and any pain, crepitus, locking 
or loss of motion should be documented. The 
end- point in extension is important to note in the 
throwing elbow [4]. Up to 50% of professional 
throwers demonstrate elbow flexion contractures 
that may not be indicative of pathology. However, 
an osseus block to terminal extension may be due 
to osteophyte or loose body formation [8, 22].

The ulnar nerve can be traumatised by rela-
tively small degrees of valgus instability, and is 
vulnerable in its position in the cubital tunnel 
along the posterior aspect of the medial epicon-
dyle [7]. The nerve should be checked for sub-
luxation out of the cubital tunnel. Usually the 
unstable ulnar nerve dislocates anterior to the 
medial epicondyle when the elbow is moved 
from extension to flexion [23]. The ulnar nerve is 
examined for instability during eccentric loading 
of the triceps. A distal muscle belly can actively 
force the ulnar nerve out of its groove, causing a 
subluxation or a painful snap (Fig. 4.5). Tinel’s 
sign is elicited with percussion along the nerve, 
causing paraesthesia of the ring and small fin-

gers. The distal medial aspect of the triceps ten-
don should also be palpated; as anomalous bands 
of the distal triceps insertion have been described 
as a cause of ulnar nerve impingement. This can 
also produce a snapping sensation as they move 
across the medial epicondyle [24].

4.4.1  Special Tests

Valgus stress testing is performed to evalu-
ate the integrity of the anterior bundle of the 
MCL. To unlock the ulnohumeral articulation, 
testing is performed at 20°–30° elbow flexion 
with the forearm pronated [25]. O’Driscoll et al. 
[26] advised that forearm pronation prevents 
subtle posterolateral instability from mimick-
ing medial laxity. In the supine position, the 
examiner stabilises the right humerus with the 
left hand just above the humeral condyles and 
applies a valgus moment with the right hand 
while holding the patient’s pronated forearm. 
The ilpsilateral elbow is also tested for pain and 
medial opening. In the throwing elbow, medial 
instability may be very subtle even with a sig-
nificant MCL injury, and it has been shown 
that complete sectioning of the anterior bundle 
of the MCL only increases medial opening by 
1–2 mm [7, 27].

The “milking maneuver” described by Veltri 
et al. [28], is a provocative test that applies a val-
gus stress preferentially to the anterior bundle 
of the MCL. The examiner grasps the thumb on 
the affected side, with the arm in 90° of shoul-
der abduction and 90° elbow flexion, represent-
ing the cocked phase of throwing. A valgus stress 
is then applied by pulling down on the thumb, 
in a similar manner to pulling down on the teats 
when milking a cow, from which the test derives 
its name. Reproduction of pain indicates a posi-
tive test.

The “moving valgus stress” test was described 
by O’Driscoll et  al. [17]. The patient is posi-
tioned upright with the shoulder abducted to 90°. 
A valgus stress is applied to the forearm until the 
shoulder reaches maximum external rotation. 
At maximal elbow flexion, the elbow is rapidly 
extended to 30°, while maintaining a constant 

Fig. 4.5 A distal triceps muscle belly causing a symp-
tomatic dislocation of the ulnar nerve, can be seen in this 
patient (Copyright of MoRe Foundation)
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valgus force. A positive result requires two con-
ditions to be satisfied: firstly, pain elicited must 
be similar to that during the act of throwing; and 
secondly, maximal pain must occur during the 
position of late cocking (120° elbow flexion) and 
early acceleration (30° elbow flexion). The spe-
cific angle of maximum pain is referred to as the 
shear angle, whereas the total arc of motion that 
is painful is referred to as the shear range. The 
investigators have reported a positive test to have 
100% sensitivity and 75% specificity for MCL 
tears.

With the valgus extension overload test, the 
examiner forces the flexed elbow into full exten-
sion while applying a valgus stress [8]. This 
manoeuvre attempts to reproduce the postero-
medial pain of impingement as the olecranon tip 
engages against the medial wall of the olecranon 
fossa. A positive test indicates the presence of 
a posteromedial olecranon osteophyte or over-
growth of the olecranon fossa.

4.5  Imaging Studies

There has been significant debate regarding the 
diagnostic accuracy of imaging studies regarding 
MCL pathology, and all imaging must be corre-
lated with history and clinical examination. Plain 
radiographs may demonstrate changes consistent 
with chronic instability, such as calcification or 
ossification of the MCL (Fig. 4.6). Loose bodies, 
osteophytes and radiocapitellar pathology may 
also be seen.

Valgus stress radiographs can be used to 
confirm instability, particularly in patients with 
equivocal clinical findings. Stress radiography of 
the dominant elbow in baseball players with MCL 
injuries showed it to have 0.4 mm greater open-
ing compared with the ‘non-throwing’ arm, and 
openings of 0.6 mm greater were found with full-
thickness MCL tears [29]. Interestingly, baseball 
players with a partial MCL tear had decreased 
laxity on valgus stress (0.1 mm) [29]. Dynamic 

Fig. 4.6 Plain radiographic anteroposterior and lateral views of the elbow, showing calcification of the medial epicon-
dyle as an indirect sign of chronic instability (Copyright of MoRe Foundation)
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ultrasonography and fluoroscopic valgus test 
under anaesthesia have also been described as 
assisting in the diagnosis of instability and MCL 
insufficiency [30–32]. Traditionally, medial joint 
opening greater than 3  mm is consistent with 
instability [14, 33].

Magnetic resonance imaging (MRI) can be 
a valuable tool in the assessment of MCL tears, 
osteochondral injuries, olecranon osteophytes, 
loose bodies and sites of neurologic compression 
(Fig. 4.7).

One series reported MRI without arthrogra-
phy to have 57% sensitivity and 100% specificity 
in detecting full thickness MCL tears, however, 
only detected partial tears in 14% of patients [34]. 
The addition of contrast gives improved visuali-
sation of the undersurface of the MCL for diag-
nosis of partial tears [35, 36]. Saline- enhanced 
MR Arthrograms of the elbow were performed 
by Schwartz et al. [37] by injecting into the joint 
through the lateral soft spot. They found saline 
extravasation through the MCL to be diagnostic 
of full-thickness injury, and reported 92% sen-
sitivity and 100% specificity in the diagnosis of 
ulnar collateral ligament tears. Sensitivity was 
higher for complete tears (95%) than for partial 
tears (86%).

Computed tomography (CT) scans are very 
helpful in patients where associated bony lesions 

such as osteochondirits dissecans (Fig. 4.8), loose 
bodies or osteophyte formation are suspected 
(Fig. 4.3). CT arthrography has been shown by 
Timmerman et al. [34] to demonstrate a ‘T-sign’ 
that represents an undersurface tear of the 
MCL. This undersurface tear allows dye to leak 
around the detached distal insertion but remains 
ultimately contained within the superficial layer 
of the ligament and capsule. They reported sen-
sitivity of 86% and specificity of 91% for under-
surface MCL tears in a population of baseball 
players. We prefer to use MRI to evaluate the soft 
tissue in these patients and reserve CT scanning 
for bony abnormalities.

4.6  Treatment Options

Once a diagnosis is confirmed, treatment should 
be customised to the athlete’s functional demands 
and level of impairment. Informed discussion 

Fig. 4.7 MRI scan of the elbow, showing a full thickness 
tear of the medial collateral ligament (Copyright of MoRe 
Foundation)

Fig. 4.8 3D CT scan showing sequelae of osteochondri-
tis dissecans caused by valgus extension overload syn-
drome prevalent in throwing athletes (Copyright of MoRe 
Foundation)
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between the athlete and treating physician or sur-
geon will assess the appropriate care pathway, 
whether that is conservative management, or sur-
gery followed by rehabilitation. It is important to 
include trainers, coaches and potentially other sup-
porting staff in the discussion to optimise a mul-
tidisciplinary approach. Non-operative  treatment 
begins with a period of rest from throwing [38, 
39]. Patients progress through a programme pro-
moting elbow range of motion, flexor- pronator 
strengthening, leading to retraining in throwing 
mechanics at approximately 3 months [21, 40]. 
Following this period of rest and physiotherapy, 
if the athlete is asymptomatic and has a normal 
exam, then return to throwing with optimising 
throwing mechanics, is acceptable [38]. Jobe 
(unpublished data, 1992) described a protocol 
of two cycles of 3 months’ rest from throwing 
and treatment with rehabilitation exercises [41]. 
No rates of return to play after this nonopera-
tive treatment were reported. Rettig et  al. [41] 
demonstrated a 42% return to the same level of 
play with an average return at 24.5 weeks with 
non- operative management in baseball pitchers 
with MCL injuries. They found no difference in 
prognosis between athletes with acute or insidi-
ous onset of symptoms, nor did they find a rela-
tionship between the age of the athlete at the time 
of onset of symptoms and the outcome of non- 
operative treatment. Adjuvant treatments used 
have included phonophoresis, iontophoresis, and 
electrical stimulation [21].

Optimising technique is even more important 
in patients with a valgus overload syndrome, 
without an MCL tear. Without this, the risk of 
recurrent symptoms is extremely high, even if 
conservative treatment is successful initially.

Elbow arthroscopy can play a role in diag-
nosing MCL insufficiency with the elbow 
arthroscopic valgus instability test, described by 
Field and Altchek [27]. When viewed from the 
anterolateral portal, a valgus stress is applied to 
the elbow, which is flexed between 60° and 75° 
with the forearm in pronation. A positive result 
will demonstrate opening of the ulnohumeral 
articulation of greater than 1 mm (Fig. 4.9).

Arthroscopy may also have a role in treating 
synchronous intra-articular pathology as seen in 

the valgus extension overload syndrome [8, 9]. 
Success in the arthroscopic management of many 
pathologies of the thrower’s elbow have been 
reported, including osteophyte debridement for 
posteromedial impingement, loose body removal 
(Fig. 4.10), capsular release, treatment of osteo-
chondritis dissecans (Fig. 4.8), and debridement 
for lateral epicondylitis [9].

Dodson et al. [19] performed routine arthros-
copy in patients prior to reconstruction of the 

Fig. 4.9 Arthroscopic valgus stress view of the ulnar gut-
ter and medial ulnohumeral joint space in a patient with a 
complete insufficiency of the medial collateral ligament 
complex (Copyright of MoRe Foundation)

Fig. 4.10 Arthroscopic removal of a loose body 
(Copyright of MoRe Foundation)
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MCL. They removed osteophytes from either the 
posteromedial olecranon or the coronoid process 
in 29% of cases, performed microfracture on car-
tilaginous defects in 9%, and removed loose bod-
ies in 7%. A concern has arisen where excessive 
olecranon resection may lead to a loss of ulno-
humeral constraint and thus increasing stresses 
on the MCL [5, 20, 42]. One study demonstrated 
that 25% of professional athletes who under-
went debridement of posteromedial olecranon 
osteophytes developed iatrogenic valgus instabil-
ity possibly contributing to MCL insufficiency. 
Kamineni et al. [42] reported on the amount of 
olecranon that can be safely resected, ranging 
from 3 to 8  mm. Failure to diagnose and treat 
osseous lesions in athletes with VEOS, will result 
in continued posteromedial pain from impinge-
ment of these osteophytes against the wall of the 
olecranon fossa and potential need for reopera-
tion, even after a successful MCL reconstruction 
[8, 9, 19].

Indications for surgical MCL reconstruction 
require an accurate diagnosis with confirmatory 
history, physical exam, and imaging studies. 
Athletes with a diagnosis of MCL insufficiency 
who fail non-operative treatment, and those 
who wish to return to throwing, are candidates 
for surgical reconstruction. In an athlete with a 
history of acute onset of pain and confirmation 
of a complete tear on imaging studies, many 
surgeons would offer surgery within 2 weeks of 
injury [20]. Some athletes may be able to modify 
their sporting activities to reduce valgus loading 
of the elbow, making surgery unnecessary. The 
decision to suggest a surgical reconstruction is 
very difficult in high level athletes with a par-
tial MCL tear and symptomatic VEOS, without 
bony abnormalities. Conservative treatment, 
including flexor-pronator group strengthening 
and a thorough analysis and adaptation of their 
technique are certainly the first choice. However, 
it is unknown how long conservative measures 
should be maintained before surgery would be 
indicated. A prolonged period of inactivity from 
their sport with an uncertain outcome of conser-
vative treatment is problematic for these athletes 
and there is a lot of pressure on the athlete and 
the surgeon to perform a procedure that may ulti-

mately not be in the best interest of this particular 
patient. Contraindications to surgical manage-
ment include patients with asymptomatic tears 
of the MCL [43]. Concomitant ulnohumeral or 
radiocapitellar arthritis is only a relative contra-
indication to surgical reconstruction, as this may 
decrease the chance of a successful outcome [41]. 
With ligament reconstruction, such patients may 
experience an exacerbation of joint pain [20].

Direct repair of the MCL is only indicated in 
cases of acute avulsion from the humeral origin 
or the coronoid insertion [3, 16, 43] (Fig. 4.11).

The direct repair may be reinforced with a ten-
don graft, creating a hybrid technique (Fig. 4.12). 
Most MCL reconstruction techniques involve a 
free tendon graft, usually placed in bone tunnels 

Fig. 4.11 Intra-operative view of the elbow showing a 
complete avulsion of the MCL (Copyright of MoRe 
Foundation)

Fig. 4.12 Medial collateral reconstruction using a hybrid 
technique of repair and a tendon graft (Copyright of 
MoRe Foundation)
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in the humerus and ulna. Graft options previously 
described include autologous and allograft pal-
maris longus tendon, plantaris tendon, hamstring 
tendons, and strips of Achilles or triceps tendon 
[3, 16, 43–45].

Jobe et  al. [16] developed the original MCL 
reconstruction technique, which consisted of 
tendinous transection and reflection of the flexor- 
pronator mass, submuscular transposition of the 
ulnar nerve, and creation of humeral tunnels that 
penetrate the posterior humeral cortex. While this 
technique was successful in returning throwing 
athletes back to their pre-injury level, it was tech-
nically demanding and there was a high compli-
cation rate of up to 21%, most often with ulnar 
nerve problems [16, 39]. Since then, his tech-
nique has been modified to reduce the technical 
demands and reduce soft-tissue morbidity [40]. 
A muscle-splitting approach (Fig. 4.13) has been 
developed to avoid detachment of the flexor- 
pronator mass, with or without anterior subcuta-
neous transposition of the ulnar nerve [46].

To avoid subsequent ulnar nerve symptoms 
and the need for transposition, Hotchkiss [47] 
described his “over-the-top” approach, leaving 
the ulnar nerve in situ. Modifications of the origi-
nal Jobe technique recommend that bone tunnels 
are directed anteriorly on the humeral epicondyle 
to avoid the risk of ulnar nerve injury, while the 
graft is passed in a figure-of-eight fashion. Other 
changes in bone tunnel configuration have been 
developed, the number of bone tunnels have been 

reduced to facilitate better graft tensioning and 
to avoid the risk of iatrogenic fracture [40, 48, 
49]. Several methods of graft fixation have been 
described, including transosseus figure-of-eight 
reconstruction, docking technique, docking tech-
nique employing additional strands, hybrid inter-
ference screw fixation, and EndoButton fixation 
[16, 42, 44, 48, 49].

Following surgical reconstruction, the elbow 
is immobilised in a splint for 24 hours. We then 
protect the reconstruction using a dynamic elbow 
brace. Rehabilitation commences immediately 
with active wrist, elbow, and shoulder range-
of- motion exercises. The brace allows full flex-
ion and extension is blocked to 60° for the first 
2 weeks. This is increased to 30° at 2 weeks 
and full extension in the brace is allowed from 
weeks 4–6 postoperatively. Strengthening exer-
cises also start 4–6 weeks postoperatively. Valgus 
stress should be avoided until 4 months postop-
eratively, at which time the patient may begin a 
supervised throwing programme consisting of 
gradually increasing ball toss distances for lon-
ger periods of time. At 6 months, the patient may 
throw lightly from the windup [40]. Throwing in 
competition is permitted at 1 year, if the shoulder, 
elbow, and forearm are pain free during throwing 
and if full strength and motion has returned [40].

Clinical outcomes for MCL reconstruction 
have been variable with 68–93% having good to 
excellent results [39]. Later studies have shown 
improvements on the original Jobe technique 
with better results, often attributed to reduced 
dissection of the flexor-pronator mass, and bet-
ter handling of the ulnar nerve [40]. Thompson 
et al. [46] reported on 93% of patients undergo-
ing MCL reconstruction with excellent results at 
2-year follow-up. Azar et al. [44] reported on 78 
throwing athletes who underwent MCL recon-
struction with submuscular ulnar nerve transpo-
sition. Of the 59 patients available for follow-up 
at 12–72 months, 81% returned to the same or 
higher level of competition. Rohrbough et  al. 
[49] reported on 36 patients where they utilised 
the docking technique. At average follow-up of 
3.3 years, 92% returned to or improved their 
previous level of competition for at least 1 year. 
Jiang and Leland [50] recently reported on 41 

Fig. 4.13 Muscle splitting approach decreases soft- 
tissue dissection and co-morbidity involved with other 
approaches (Copyright of MoRe Foundation)
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major league baseball pitchers. Three players 
(7%) needed a revision and eight players did not 
return to the major league level (20%). Statistical 
performance measurements showed that the 
other players returned to their pre-injury level 
after 1-year post surgery. Even velocity of pitch-
ing returned to pre-injury level. Erickson et  al. 
[51] analysed the statistical performance mea-
surements of 179 major league baseball pitchers. 
They found a significant decrease in performance 
in the year before surgery, which improved sig-
nificantly and predictably post-surgery. A total 
of 83% were able to return to play in the major 
league, with a later revision rate of 3.9%. [51]. 
Sparse literature is available on return to play fol-
lowing revision MCL reconstruction. Although 
approximately 75% are able to return to major 
league baseball, the pitch workload is clearly 
decreased with pitchers only reaching 35–50% of 
their pre-injury throwing activity [52].

4.7  Summary

The incidence of medial sided injuries from 
overhead sports has risen in recent years. Medial 
elbow symptoms in the throwing athlete can arise 
from multiple pathologies. There is a spectrum 
of injuries, from an acute strain or rupture of 
the MCL to chronic valgus overload syndrome, 
leading to arthritis and MCL insufficiency. The 
most common constellation of symptoms occurs 
with Valgus Extension Overload Syndrome. 
Associated MCL insufficiency is potentially a 
career-changing injury in overhead throwing ath-
letes. The diagnosis is mainly clinical with sev-
eral specific tests that can be used. Radiographic 
imaging, CT and MRI may be used to confirm 
the diagnosis, but are particularly helpful in diag-
nosing associated pathology such as cartilage 
lesions, osteophytes or loose bodies.

Treatment options depend on the sport, and the 
remaining ambition of the athlete. Management of 
medial elbow symptoms in the non-throwing ath-
lete and low-demand patients may be treated non-
operatively. Conservative treatment will initially 
include rest and anti- inflammatory measures, fol-
lowed by strengthening exercises and progressive 

loading of the elbow. A thorough analysis and 
improvement of technique, where possible, are 
imperative for conservative treatment to be suc-
cessful. Results of conservative treatment may be 
disappointing in the face of degenerative changes 
in the elbow joint. If present, loose bodies or 
osteophytes should be removed in conjunction 
with conservative measures described. This can 
best be done arthroscopically. Elbow arthroscopy 
has the added benefit that the MCL can be evalu-
ated directly. Medial opening of the joint space 
by more than 1  mm is indicative of an insuffi-
ciency of the MCL.

Direct repair of the acutely avulsed MCL 
may be indicated in select patients, but as the 
quality of the ligament is usually decreased 
from chronic overuse, this may not be strong 
enough and a reconstruction or hybrid tech-
nique is often indicated. Surgical reconstruction 
of the MCL is warranted for throwing athletes 
with complete MCL tears or those with partial 
tears that have failed rehabilitation, in addition 
to non-throwing athletes who are still symp-
tomatic following rehabilitation or direct repair. 
Evolution of Jobe’s original MCL reconstruc-
tion technique over the past 30 years has seen 
modifications such as the docking technique, 
interference screw fixation, and use of suture 
anchors. However, successful outcomes follow-
ing MCL reconstruction hinge on decreased dis-
section of the flexor-pronator mass, decreased 
handling of the ulnar nerve, and recognition and 
treatment of associated medial and intra-articu-
lar elbow pathologies.

Q&A
 1. How are MCL injuries best diagnosed

Clinical examination is the mainstay of diag-
nosing MCL injuries. Radiographs, CT or MRI 
will aid in the diagnosis but are mainly important 
in discovering associated pathology.

 2. How are MCL injuries managed?

Sports technique (e.g. throwing, tennis serve) 
needs to be an integral part of conservative treat-
ment, before, or rehabilitation, after, surgery. 
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Arthroscopy is a useful tool in the workup of the 
thrower’s elbow and is imperative in the presence 
of loose bodies or osteophytes. If these measures 
do not provide relief then medial ligament recon-
struction can be considered. The choice of graft 
and fixation of the graft can be left to the sur-
geon’s preference as no significant clinical ben-
efit has been shown in favour of one technique.

 3. What are the risks in the management of MCL 
injuries?

Conservative treatment for an MCL tear is only 
successful in 42% of patients. A primary repair of 
an MCL tear may fail early in patients with pre-
existing symptoms, due to decreased quality of 
the native ligament. Ulnar nerve symptoms are 
common preoperatively. Examine the ulnar nerve 
for compression or snapping as a release or trans-
position may be indicated. If MCL reconstruc-
tion is postponed too long, degenerative changes 
of the elbow will occur in many patients with 
chronic valgus laxity. This will negatively affect 
the result of treatment. Results of an MCL recon-
struction are best in the absence of osteoarthritis.
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Key Learning Points
 1. PLRI is the most common form of elbow 

instability.
 2. PLRI occurs because of injury to the LCLC of 

the elbow.

 3. PLRI is caused by instability of the ulnohu-
meral joint—radial head dislocation is a con-
sequence of this.

 4. PLRI may be part of a more global form of 
elbow instability or part of a terrible triad 
injury.

 5. The pivot shift test and posterolateral drawer 
test are commonly used to diagnose PLRI

 6. Acute treatment consists of repair of the 
LCLC, while chronic PLRI requires recon-
struction of the LCLC.

 7. Bone loss contributing to PLRI must be 
addressed as part of the surgical treatment.

 8. Outcomes after acute repair and chronic 
reconstruction are good.

5.1  Introduction

The term posterolateral rotatory instability 
(PLRI) of the elbow was coined by O’Driscoll in 
1991 [1]. It refers to a syndrome of ulnohumeral 
instability, caused by injury to the lateral collat-
eral ligament complex (LCLC), which results in 
posterior subluxation, or dislocation of the radial 
head relative to the capitellum. It is the most 
common form of elbow instability.

PLRI may be acute, chronic or iatrogenic and 
may occur purely as a result of soft tissue pathol-
ogy or have a bony component.

Treatment of PLRI is determined by the cause 
and the other components of elbow instability 
that are present. Successful reparative or recon-
structive surgery is dependent on recognising and 
treating each anatomic component that contrib-
utes to the instability pattern.

5.2  Pathoanatomy of PLRI

The elbow comprises three articulations: the 
ulnohumeral joint, the radiocapitellar joint and 
the proximal radioulnar joint. The ulnohumeral 
joint is highly congruent and inherently stable. 

This articular congruency is the primary restraint 
of the elbow along with components of the lateral 
and medial collateral ligaments [2]. The second-
ary restraints are the radiocapitellar joint and the 
common flexor and common extensor muscles. A 
dynamic compressive force is also imparted by the 
Anconeus, Brachialis and Triceps muscles, which 
cross the joint [2, 3]. In particular the deep head 
of brachialis (anterior) and the anconeus (poste-
rior) run either side of the radial head to provide a 
dynamic stabilising sling that protects the lateral 
collateral ligament during forced supination [4].

The essential lesion of PLRI is an injury to 
the lateral collateral ligament complex (LCLC). 
This was originally identified by Osborne and 
Cotterill [5] and has been refined by O’Driscoll 
and other authors [1, 6, 7].

The LCLC comprises of the radial collateral 
ligament (RCL), the lateral ulnar collateral liga-
ment (LUCL), the annular ligament (AL) and the 
accessory collateral ligament (Fig. 5.1).

The RCL and LUCL share a common origin 
from the lateral epicondyle of the humerus, which 
is the isometric point for flexion and extension of 
the ulnohumeral joint [8]. The annular ligament 
is a layered structure that attaches posteriorly to 
the ulna in line with the supinator crest, blends 
anteriorly with the capsule of the ulnohumeral 
joint and attaches to the anterior lip of the lesser 
sigmoid notch of the ulna forming a capsule 
around the proximal radioulnar joint [9].

The RCL blends into the annular ligament, 
while the LUCL extends inferiorly and obliquely 

Radial Collateral Ligament

Annular Ligament

Lateral Ulnar Collateral Ligament

Fig. 5.1 Anatomy of the lateral collateral ligament 
complex
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across the annular ligament to insert at the supi-
nator crest of the ulna, immediately distal to the 
annular ligaments posterior insertion. This forms 
a hammock-like composite capsulo-ligamentous 
sheet, which captures the radial head [7, 9, 10]. 
The horizontal orientation of the RCL at the 
equator of the radial head is positioned to be the 
varus restraint of the ulnohumeral joint, whereas 
the oblique orientation of the LUCL, posterior to 
the equator of the radial head is positioned to be 
the primarily restraint to external rotation (supi-
nation) of the ulnohumeral joint. The LUCL is the 
only part of the LCLC that has a bony attachment 
to the humerus and ulna, and traditional teaching 
is that failure of the LUCL is the primary cause 
of PLRI [2, 7]. This has been disputed by bio-
mechanical studies that suggest the whole LCLC 
needs to be disrupted before PLRI occurs [11–13] 
and by anatomic studies that found it difficult to 
consistently identify the individual components 
of the LCLC [13–15].

When the LCLC is injured it usually avulses 
from its humeral attachment as a sheet [1, 8, 
16]. It translates distally to lie at the edge of the 
capitellar articular surface, where it is unable to 
heal [8]. The common extensor origin (CEO), 
which overlies the LCLC, may be intact with 
a concealed ligament injury beneath [2, 16]. 
Disruption of the CEO indicates a more severe 
injury to the elbow likely to result in a greater 
degree of instability [2, 8].

The most common bony form of PLRI is the 
terrible triad injury involving radial head frac-
ture, coronoid fracture and elbow dislocation. By 
definition the LCLC is torn in this injury [2]. This 
failure occurs under tension as the ulnohumeral 
joint externally rotates. There are also frequently 
osteochondral lesions of the joint surfaces, par-
ticularly the capitellum, which may also have a 
posterior bone defect analogous to a Hill–Sachs 
lesion of the shoulder. In most cases, the coro-
noid fracture is a tip fracture located on the ante-
rior or anterolateral aspect, sparring the MCL 
attachment on the anteromedial surface (sublime 
tubercle) [17]. The type of radial head fracture is 
determined by the position of the forearm and the 
degree of compression and shear imparted as the 
elbow dislocates. In severe injuries, there is also a 
rupture of the medial ligaments [8]. This sequen-

tial failure has been described as the Horii circle, 
where the injury propagates from lateral to medial 
across the elbow [2]. It has been suggested that, 
often, the medial structures remain intact with 
the elbow subluxating around the medial collat-
eral ligament (MCL). Our experience has been 
that valgus instability persists after repair of the 
lateral structures. On exploration of the medial 
ligaments both components of the MCL are usu-
ally torn from their humeral attachment.

5.3  Mechanism of Injury

5.3.1  Traumatic

The classic mechanism of injury resulting in 
PLRI is a fall onto the outstretched hand, which 
imparts an axial, rotatory and valgus force on the 
elbow [8]. A valgus moment occurs because the 
mechanical axis of the body lies lateral to the 
elbow joint during a fall. The body rotates inter-
nally imparting an external rotation force on the 
elbow (supination), which is fixed by the planted 
hand [8]. This tensions the LCLC, which is rup-
tured from its humeral attachment. Consequently, 
the hammock containing the radial head is dis-
rupted, leading to subluxation or dislocation of 
the radial head.

It is important to appreciate that the rotatory 
element of PLRI refers to ulnohumeral rotatory 
instability, and that radial head subluxation is 
a clinical marker of this instability, not the pri-
mary injury. In PLRI, the radial head subluxates 
because the proximal and distal radio-ulnar joints 
are intact, which means the ulna and radius rotate 
as a unit. This is distinct from an isolated radial 
head dislocation, where the proximal radioul-
nar joint is disrupted and the ulnohumeral joint 
remains intact [18].

5.3.2  Iatrogenic

PLRI may be caused by any iatrogenic injury 
to the LCLC. When performing lateral epicon-
dylitis release, it is important to remain anterior 
to the equator of the radial head when elevating 
the extensor carpi radialis brevis from the lateral 
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epicondyle. Percutaneous release, dry needling 
or multiple steroid injections may compromise 
the collateral ligament.

The Kocher approach, through the interval 
between anconeus and extensor carpi ulnaris is a 
common surgical approach to the lateral elbow. 
By definition, a capsulotomy in the line of this 
approach will divide the LCLC. Consequently, we 
favour a ‘Z’ shaped capsulotomy, which facilitates 
an anatomic repair during closure [8]. Alternatively, 
a more anteriorly based approach, which spares the 
RCL and LUCL could be used [19].

Posterior approaches to the radiocapitel-
lar joint, such as the Boyd approach or the 
Wrightington approach, require elevation of the 
LUCL and annular ligament from the supina-
tor crest [19, 20]. These approaches should be 
avoided in the scenario of elbow instability where 
the LCLC is ruptured at the humerus, as they may 
cause a ‘free floating’ lateral collateral ligament.

5.3.3  Atraumatic

PLRI may result from chronic attenuation of 
the LCLC secondary to a chronic varus defor-
mity of the distal humerus. Most commonly, 
this is due to a malunited supracondylar frac-
ture during childhood. Cubitus varus results in 
asymmetric loading of the medial ulnohumeral 
joint and attenuation of the LCLC.  This is 
exacerbated by triceps contraction, which lies 
medial to the axis of the elbow in cubitus varus 

[21]. In this scenario, correction of the underly-
ing deformity as well as reconstruction of the 
LCLC is necessary.

Chronic attenuation of the LCLC may also 
occur in a crutch-walking patient due to a cyclic 
posterolateral rotatory force. In these patients, 
modification to a forearm gutter may be enough 
to abate their symptoms and avoid the need for 
ligament reconstruction.

Patients with inflammatory arthritis may 
develop PLRI due to soft tissue attenuation and 
pannus formation. If suitable, linked arthroplasty 
may be considered in this group.

Finally, patients with global hyperlaxity or 
connective tissue disorders are more likely to 
develop PLRI without a history of trauma. The 
results of reconstructive surgery in this group 
are inferior and, hence, we are more conserva-
tive with rehabilitation if reconstructive surgery 
is performed [22, 23]. Table 5.1 summarises the 
aetiology of PLRI.

5.4  Clinical Presentation

5.4.1  History

Patients with PLRI may present acutely with 
an elbow dislocation, fracture dislocation or 
sub- acutely with symptoms of instability. These 
symptoms range from subtle to frank instability, 
however, it is more common for patients with 
isolated PLRI to only have subtle symptoms and 

Table 5.1 Aetiology of PLRI

Pathoanatomy Examples Management
Traumatic Soft tissue Severe ‘simple’ dislocation Consider acute soft tissue repair

Bony Fracture dislocation Internal fixation and ligament repair
Atraumatic Hyperlaxity Ehlers-Danlos syndrome Physio—if unhelpful then consider 

reconstruction with slow rehab (results inferior)
Attenuation Crutch walking Orthotic modifications/reconstruction

Inflammatory arthritis Reconstruction/arthroplasty
Varus humeral deformity Corrective osteotomy and LCLC reconstruction

Iatrogenic Surgical Lateral/posterior surgical 
approaches

Reconstruction

Radial head resection Radial head replacement and LCLC 
reconstruction

Medical Multiple steroid injections or 
dry needling for tennis elbow

Reconstruction
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signs. The patient may describe clunking, click-
ing or jarring, or they may just describe a feel-
ing of apprehension. This is likely to be during 
provocative activities such as pushing up from a 
chair or doing press ups [24]. It can be very dif-
ficult for the patient to verbalise their sense of 
instability, hence any history of previous disloca-
tion, lateral elbow surgery or generalised hyper-
laxity should raise suspicion of PLRI.

5.4.2  Examination

All patients should be screened for generalised 
hyperlaxity and neurologic symptoms, particu-
larly of the ulnar nerve. Inspection should iden-
tify previous surgical scars, especially on the 
lateral aspect and any abnormality to the carrying 
angle of the elbow. Generally, range of motion 
will be full and there may be hyperextension if 
there is no history of dislocation.

Both collateral ligaments should be tested. 
Although in pure PLRI only the lateral structures 
will be affected, the instability may be global and 
include the MCL.  The MCL is stressed under 
valgus load in 15–30° flexion in order to unlock 
the ulnohumeral joint and relax the anterior cap-
sule [24]. Some authors recommend testing the 
 anterior bundle of the MCL in 60–90° [25, 26]. 
The forearm is pronated to tighten the radiocapi-
tellar joint so that any excessive valgus will arise 
only from MCL deficiency. Varus testing in 30° 
flexion is performed to stress the LCLC, in par-
ticular the radial collateral ligament, however, 
in isolated PLRI there is usually no pure varus 
instability identified.

5.4.3  Provocation Tests

The two most common tests for PLRI are the 
pivot shift test (posterolateral rotatory instability 
test) and the posterolateral drawer test [1].

The pivot shift test is performed with the 
patient supine and the extremity over the 
patient’s head. The shoulder is externally rotated, 
to stabilise the humerus, so that the elbow can be 
assessed independent of shoulder motion. The 

examiner grasps the patient’s forearm, which 
is placed in full supination. Starting with supi-
nation and extension, the elbow is flexed while 
applying a valgus force and axial load. In this 
position, the ulna rotates externally on the troch-
lea subluxating the radial head posteriorly. At 
around 40°, the rotatory displacement is at a 
maximum and the subluxated radial head pro-
duces a skin dimple on the lateral aspect of the 
elbow. With further flexion, the triceps becomes 
taut and forces the radiocapitellar joint to reduce 
producing a “clunk” and change in the skin dim-
pling. Apprehension or pain, without a clunk 
during this manoeuvre should also be considered 
positive for PLRI.

In the posterolateral drawer test, the patient 
is positioned in the same way as for the pivot 
shift test. Anterior-posterior translation of the 
lateral forearm is performed whilst stabilising 
the humerus. The test is positive if a dimple 
appears on the lateral aspect of the elbow as 
the radial head subluxates then re-locates [24]. 
Apprehension should also be considered as a 
positive result.

Other provocative tests include asking the 
patient to push themselves up from a chair and 
to do a press up. Both actions impart a postero-
lateral rotatory force on the elbow and will repro-
duce the patients’ symptoms [24].

All tests for PLRI may appear normal in the 
awake patient due to apprehension and guard-
ing, however, joint proprioception may be dulled 
with an intra-articular local anaesthetic injec-
tion, which may unmask the underlying instabil-
ity especially when examined under fluoroscopic 
control.

5.4.4  Imaging

Plain radiographs are useful to screen for defor-
mity and osseous lesions, and may demonstrate a 
drop sign [27] (Fig. 5.2).

3D CT scans may reveal associated bony or 
chondral injuries indicative of instability, such 
as a coronoid tip fracture, radial head fracture 
or a capitellar Hill–Sachs lesion (Fig. 5.3). This 
reduces the range of radio-capitellar contact and 
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predisposes to recurrent subluxation of the radial 
head [28].

MRI usually confirms rupture of the LCLC 
from the humeral insertion, although a normal 
appearing MRI should not rule out PLRI. MRI, 
is also valuable in identifying concurrent MCL 
injury and bone bruising or chondral damage to 
the coronoid, radial head or capitellum [29].

Dynamic fluoroscopy may ultimately be the 
only imaging modality to detect PLRI.  Varus 
stress may not show gapping of the lateral joint 
line, however, a pivot shift test while viewing 
the elbow on a lateral view will show posterior 
subluxation of the radial head on the capitellum 

or reveal the ‘drop sign’ [27]. This is pathologic 
widening of the ulnohumeral joint seen on the 
lateral view.

5.4.5  Arthroscopic Diagnosis

We routinely perform an arthroscopic assessment 
of these patients. We commence with dry arthros-
copy, which yields a clearer image of the tissues 
and minimises distension of the joint, which may 
alter capsular laxity. Arthroscopy provides direct 
visual assessment of the bony, chondral and 
soft tissue stabilisers of the elbow, and allows 
dynamic instability testing.

Varus, valgus instability is assessed while 
viewing the anterior compartment looking for 
opening of the trochlea/coronoid interval during 
varus/valgus loading. A rent in the lateral capsule 
or detachment of the capsule from the lateral epi-
condyle may be seen.

Rotatory instability is assessed whilst view-
ing the posterior compartment. In PLRI, supina-
tion of the forearm may cause widening of the 
ulnohumeral articulation when viewing the lat-
eral gutter (Fig.  5.4). In global instability there 
will also be widening of the medial ulnohumeral 

Fig. 5.2 X-ray demonstrating a drop sign. This is patho-
logic widening of the ulnohumeral joint without applica-
tion of any stress. Note the incongruence of the 
ulnohumeral joint

Fig. 5.3 Sagittal CT scan demonstrating a posterior 
impaction fracture of the capitellum also known as an 
Osborne Cotterill lesion. The lesion is usually not appar-
ent on plain X-rays

Fig. 5.4 Dry arthroscopy of a patient with PLRI. The lat-
eral aspect of the ulnohumeral joint is viewed from the 
posterior compartment while supinating the forearm. 
Abnormal widening of the joint space (white arrow) is 
diagnostic of PLRI
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articulation with pronation (MCL rupture) and a 
drive through sign where the scope can be driven 
into the anterior compartment (Fig. 5.5).

5.5  Management

5.5.1  Acute Repair

In patients with a terrible triad injury to the 
elbow, a major component of surgical treatment 
is to primarily repair the LCLC.  The elbow is 
approached through a global posterior approach 
or via a lateral incision [23]. Regardless of skin 
incision, the same deep approach is used. In 
severe cases the soft tissue injury will delineate 
the approach required, however, in many cases 
the CEO will be intact with a concealed LUCL 
injury beneath. The aim of LCLC repair is to 
recreate the sling effect of the LCLC around the 
radial head. Hence, we endeavour to maintain 
the posterolateral tissue as a single unit. Repair 
of the LCLC to the humerus can be performed 
using anchors, transosseous tunnels or a combi-
nation of the two [23, 30]. The aim is to restore 
the LCLC to its isometric point, at the centre of 
the capitellum. To achieve this we prefer to place 
anchors just proximal to the isometric point as 

described by Moritomo et al. [31]. This reliably 
ensures restoration of the LCLC to its footprint 
at the isometric point. Care is taken to ensure the 
joint is reduced with the forearm pronated and 
the elbow in 45° flexion whilst tying the knots. 
If there is a more global instability we prefabri-
cate the lateral repair without tying the sutures 
and then address the coronoid fracture, anterior 
capsule and/or MCL from the medial aspect. The 
sutures in each soft tissue component are then 
tied sequentially from lateral to medial.

Most ‘simple’ elbow dislocations do not 
require surgical stabilisation [32]. However, there 
is a subset of injuries that are grossly unstable 
that may need acute stabilisation. These injuries 
can be distinguished by the mechanism of injury 
(high energy or fall from height); the degree of 
swelling and bruising circumferentially around 
the elbow and by the patient’s reluctance to 
mobilise their elbow after 1–2 weeks of non- 
operative treatment. We recommend examination 
under anaesthetic (EUA) of such patients and sur-
gical stabilisation if the elbow dislocates during 
EUA.  It is rare that such injuries have isolated 
PLRI, rather, they have a global instability pat-
tern, the soft tissue component of which is far 
more dramatic than in a terrible triad injury. The 
whole distal humerus is often stripped of soft 
tissue and the joint is exposed as soon as a skin 
incision is made. Figure 5.6 illustrates EUA and 
then sequential ligament stabilisation of a grossly 
unstable ‘simple’ elbow dislocation.

5.5.2  Chronic Instability

The management of chronic PLRI is dependent 
on the patient’s functional demands, the degree 
of instability and the pathoanatomy of the insta-
bility. Crutch walking patients or low demand 
patients with isolated PLRI that does not cause 
recurrent dislocation should be managed non- 
operatively if possible. However, most patients 
who present with chronic PLRI cannot be treated 
successfully with non-operative modalities such 
as bracing or physiotherapy.

If there is isolated LCLC insufficiency and only 
PLRI present we perform a LCLC reconstruction 

Fig. 5.5 Dry arthroscopy of a patient with global insta-
bility. A drive through sign is present where the arthro-
scope can be ‘driven’ into the anterior compartment from 
the posterior compartment because of instability
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Fig. 5.6 Sequential stabilisation of a grossly unstable 
elbow with no bony injury (a ‘simple’ dislocation). (a) 
Examination under anaesthetic (EUA). Note the wide-
spread bruising and swelling of the elbow. Valgus is 
applied with the weight of the forearm without excessive 
force by the surgeon. (b) EUA demonstrates widening of 
the ulnohumeral joint (arrow) and radiocapitellar 
malalignment (dotted line). Under only mild valgus load, 
the elbow is virtually dislocated. (c) Lateral incision and 
dissection through the superficial fascia. The LCLC has 
been avulsed from the lateral epicondyle with a significant 

tear of the common extensor origin. Note the osteochon-
dral lesion of the radial head. (d) Medial incision reveals 
extensive underlying soft tissue damage down to the joint, 
without any further dissection. The MCL has been avulsed 
from its attachment on the humerus and the common 
flexor origin has been torn. (e) After repair of the LCLC, 
the radiocapitellar alignment has been restored (dotted 
line) but there is still ulnohumeral joint widening (arrow). 
(f) After repair of the MCL, the elbow is congruently 
reduced
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[23]. If there is combined PLRI and valgus insta-
bility, then concurrent LCLC and MCL recon-
struction is performed [33]. If there is also bony 
deficiency to the coronoid or radial head, these 
structures are also reconstructed [34].

5.5.3  Isolated LCLC Reconstruction

An autologous, isometric, extra-articular ten-
don graft is our preference. Palmaris longus can 
be sufficient, however, it is often too small and 
hence hamstrings are preferred. On occasion we 
have used a flexor carpi radialis graft as this is 
in the same operative field and is much more 
robust than Palmaris longus. Other possible graft 
choices are allograft tendon, synthetic ligaments, 
triceps fascia or the fourth toe extensor tendon.

Whichever graft material and reconstruction 
technique is used, it is important to adequately 
tension the graft and to recreate the sling effect 
around the radial head.

5.5.4  Combined LCLC and MCL 
Reconstruction

If chronic valgus instability is present as well as 
PLRI it is important to address both components 
of the instability. This can be done by individu-
ally reconstructing the LCLC and MCL or by 
performing a circumferential graft [22, 23]. The 
circumferential graft can be performed using a 
single or double loop technique [33]. The single 
loop technique is performed in all but the most 
complex cases.

5.5.5  Bone Loss

The primary osseous stabiliser of the ulnohu-
meral joint is the coronoid process. Ulnohumeral 
instability is directly proportional to the amount 
of coronoid bone loss [17]. In chronic PLRI 
with coronoid bone loss it is generally not pos-
sible to simply fix back the coronoid, as it may 

e f

Fig. 5.6 (continued)
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have been fragmented or resorbed. In this sce-
nario the coronoid process is reconstructed. 
Autologous graft options include the radial 
head, olecranon tip, rib and iliac crest. We prefer 
not to use bone from the already unstable elbow 
and feel that the iliac crest is inferior because it 
lacks a cartilaginous surface. Hence we favour 
using a costochondral graft harvested from the 
sixth rib at the anterior costochondral junction 
[34] (Fig. 5.7).

The radial head may contribute to instability 
especially if it has been partially or completely 
resected. The radial head, normally a secondary 
stabiliser of the ulnohumeral joint, becomes of 
prime importance when the MCL has been dis-
rupted as it provides a restraint against valgus 
stress [2]. Hence, it is prudent to fix or replace 
the radial head to restore a congruent radiocapi-
tellar articulation.

If present, posterior capitellar bone loss is not 
usually reconstructed, as the primary pathology 
of PLRI affects the ulnohumeral joint. The radio- 
capitellar instability seen on imaging and noted 
on examination is a consequence of ulnohumeral 
instability.

5.6  Outcomes

Several authors have reported good results after 
both acute fixation and chronic reconstruction 
of PLRI [22, 33, 35]. Recurrent instability is 
uncommon, however patients with underlying 
degenerative changes and hyperlaxity appear to 
fare worse [18]. Reconstruction of PLRI after 
cubitus varus and reconstruction after radial head 
excision using radial head arthroplasty have been 
reported with similarly good results [36, 37].

c d

ba

Fig. 5.7 A patient with chronic global instability and 
coronoid bone loss, reconstructed with a costochondral 
graft. (a) The native coronoid bed has been prepared to 
allow insetting of the rib graft. (b) The rib graft has been 
inset into the native coronoid bed and temporarily stabi-

lized with a Kirschner wire. (c) A buttress plate is applied 
to ensure stability of the graft. (d) Post-operative X rays. 
Note the fragmented native coronoid tip on the lateral 
view and the humeral tunnel used to pass a circumferen-
tial graft
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5.7  Conclusion

PLRI is a condition where failure of the LCLC 
results in ulnohumeral instability. PLRI should 
be considered as a part of a spectrum of elbow 
instability. Acute and chronic reconstruction 
should address all bony and soft tissue factors 
that contribute to PLRI.  Doing so provides a 
good outcome in the majority of patients.

Q&A
Q1. What are the primary and secondary sta-
bilisers of the elbow?

The primary stabilisers are the ulnohumeral 
joint, the lateral collateral ligament complex 
and the anterior band of the medial collateral 
ligament. The secondary stabilisers are the 
common flexor and extensor muscles groups, 
the radial head and the muscles that cross the 
elbow (brachialis, anconeus and triceps)

Q2. What are the components of the lateral 
collateral ligament complex?

These are the radial collateral ligament, the 
lateral ulna collateral ligament, the annular 
ligament and the accessory lateral collateral 
ligament

Q3. Why does the radial head dislocate in 
PLRI?

The radial head dislocates because the 
hammock effect of the LCLC is lost when it 
is ruptured. This means that when an exter-
nal rotation force (supination) is applied to the 
elbow, the radial head is able to subluxate pos-
terior to the capitellum.

Q4. What are the iatrogenic causes of 
PLRI?

Tennis elbow release performed posterior 
to the equator of the radial head. Surgical 
approaches (Kochers, Boyd and Wrightington 
approach) when not performed for the cor-
rect indication or without adequate repair. 
Previous radial head resection.

Q5. In chronic PLRI with bone loss, what 
options are there for coronoid reconstruction?

Autografts: Olecranon, radial head, iliac 
crest, costochondral.

Allografts may also be used although this is 
uncommon.

Q6. Which clinical tests are commonly used 
to diagnose PLRI?

The pivot shift test and the posterolateral 
drawer test are the two man provocative tests 
for PLRI. The armchair push up and press up 
tests are also useful provocative tests.
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Key Learning Points
Osteochondritis dissecans of the elbow:

 1. is a lesion of the articular cartilage and sub-
chondral bone that typically affects the capi-
tellum of the humerus

 2. usually presents in young athletes engaged in 
repetitive overhead or upper extremity weight- 
bearing activities

 3. should be suspected in any teenager present-
ing with lateral elbow pain, since delay in the 
diagnosis is common

 4. is diagnosed with use of computed tomogra-
phy or magnetic resonance imaging

 5. is initially treated nonoperatively if stable 
(characterised by an open growth plate and 
flattening or radiolucency of the subchondral 
bone in a patient with normal elbow motion)
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 6. is treated surgically if refractory to nonopera-
tive treatment or if unstable

6.1  Introduction

Osteochondritis dissecans (OCD) is a process in 
which a segment of articular cartilage separates 
from the subchondral bone. In the human body, 
OCD lesions are most commonly found in the 
knee, followed by the ankle and the elbow [1]. 
OCD of the elbow typically affects the capitel-
lum of the humerus. It can be a debilitating injury 
in a young patient population.

6.1.1  Epidemiology

Elbow OCD presents typically in adolescent athletes 
engaged in repetitive overhead or upper extremity 
weight-bearing activities (e.g. baseball, tennis, volley-
ball, weight lifting and gymnastics). The prevalence 
of OCD of the humeral capitellum was 3.4% among 
more than 2000 adolescent baseball players [2]. Not 
all of these patients had symptoms [2]. Patients with 
an OCD usually are in their second decade of life, 
with an age ranging from 11 to 23 years. Boys are 
affected more commonly than girls. The capitellum 
of the dominant elbow is mostly affected. Bilateral 
involvement is seen in up to 20% of the patients [3].

Elbow OCD should be distinguished from 
Panner’s disease or osteochondrosis of the capitel-
lum. Panner’s disease is encountered in younger 
children (aged 4–12 years), and characterised by 
ischaemia and necrosis of the capitellar epiphysis, 
followed by regeneration and recalcification. It is a 
self-limiting, benign disorder that usually resolves 
with rest.

6.1.2  Aetiology

The exact aetiology of OCD is unknown. A 
genetic predisposition has been suggested in twin 
studies [4]. The main cause, however, is thought 
to be excessive repetitive valgus compression 
across the elbow joint with immature articular 
cartilage [5, 6]. Repetitive stress to the lateral 
elbow compartment could lead to localised injury 

of subchondral bone of the poorly vascularised 
humeral capitellum, characterised by focal avas-
cular necrosis and subchondral bone changes. 
Subsequently, this could result in loss of support 
for the overlying articular cartilage and eventu-
ally breakdown and formation of loose fragments 
once the mechanical support of the articular car-
tilage is compromised [5, 6].

6.1.3  Pathology

OCD usually evolves through three stages [3, 
6]. In stage 1, hyperemic bone and oedematous 
periarticular soft tissues are found. In stage 2, 
the epiphysis deforms, sometimes with frag-
mentation. In stage 3, necrotic bone is replaced 
by granulation tissue. The articular surface may 
separate and form a loose body as the bone heals.

6.1.4  Natural History

It seems logical to assume that patients with OCD 
are predisposed to early osteoarthritis of the elbow. 
However, the relation between cartilage defects 
in general and the development of osteoarthritis 
in the long term has not been elucidated to date. 
Most evidence is available for cartilage lesions 
in the knee and ankle [7, 8]. Large chondral and 
osteochondral lesions of the knee are presumed to 
predispose to osteoarthritis, although the scientific 
evidence is limited [7]. In the ankle, however, a rela-
tion between OCD and osteoarthritis has not been 
shown [8]. Only 4% of ankle OCDs develop a nar-
rowed joint space up to 20 years of follow-up [9].

With regard to the elbow, little is known about the 
risk of developing degenerative changes in the long 
term. Bauer et al. [10] investigated elbow degenera-
tion amongst 31 OCD patients at a mean follow-up 
of 23 years. One-third had radiographic degenera-
tive changes and 42% of patients complained of 
pain and/or reduced range of motion at the time of 
follow-up. Younger patients had better odds of hav-
ing a pain-free elbow without radiographic signs of 
degeneration in the long term. In addition, larger 
lesions may be more prone to degenerative changes 
over time. Takahara et al. [11] noted a poorer long-
term outcome of patients with large cartilage lesions 
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compared with those with small lesions. There is no 
evidence that surgical debridement with or without 
microfracturing protects against degeneration.

6.2  Clinical Presentation

Patient’s delay and doctor’s delay are very com-
mon in elbow OCD. Therefore, a high index of 
suspicion and directed imaging studies are nec-
essary. In fact, any teenager presenting with lat-
eral elbow pain should be suspected of having an 
OCD lesion. The typical patient is a young male 
sports person, initially presenting with pain, 
tenderness, and swelling over the lateral aspect 
of the elbow [12]. In a later stage, there may be 
loss of extension and intermittent catching and 
locking of the elbow, but physical examination 
findings are not very distinct in the early stage of 
OCD. Yet, it is important to detect OCD as early 
as possible to prevent expansion of the lesion 
and possible degeneration of the joint.

6.3  Imaging

Plain anteroposterior and lateral radiographs 
are often used as an initial screening method 
(Fig.  6.1). Radiographic signs of an OCD are 
flattening of the capitellum, a focal defect of the 

articular surface, and loose bodies. However, rou-
tine radiographs of the elbow are insensitive in 
identifying OCD of the capitellum [13]. In fact, 
approximately half of the radiographs of patients 
with a capitellar OCD appear normal [13]. An 
anteroposterior view with the elbow in 45° of 
flexion may better depict the lesion [14].

Because of the low sensitivity of plain radiog-
raphy, additional imaging is indicated when an 
OCD is suspected. Ultrasound of the elbow has 
been described to detect capitellar OCD [15–17]. 
However, the capitellum is partially obscured 
by the radial head [17]. Computed tomography 
(CT) and magnetic resonance imaging (MRI) are 
most useful in diagnosing an OCD. MRI demon-
strates early OCD and is valuable in determining 
the stability and viability of the OCD fragment 
(Fig. 6.2) [10, 17, 18].

CT scans, however, are more sensitive and 
better depict loose bodies (Fig. 6.3). We studied 
25 patients with an OCD proven by arthroscopy 
who all had preoperative radiographs, MRI and 
CT [19]. The OCD was visible on 25 CT scans 
(sensitivity, 100%), on 24 MRI scans (sensitiv-
ity, 96%), and on 19 radiographs (sensitivity, 
76%). Arthroscopy identified loose bodies in 20 
cases. These were visible in 18 CT scans (90%), 
13 MRI scans (65%) and 11 radiographs (55%). 
CT thus seems to be the best imaging technique 
to diagnose OCD and loose bodies.

a b

Fig. 6.1 Plain radiography of the elbow (a, anteroposterior; b, lateral) showing an osteochondritis dissecans lesion 
of the capitellum
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6.3.1  Classification

Although the value of grading capitellar OCD 
seems limited, various classifications have been 
described. Most are based on radiography, MRI, 
or arthroscopy.

Minami et  al. [20] described a classification 
based on anteroposterior radiography. Grade 1 

describes a stable lesion with a translucent cys-
tic shadow in the capitellum; grade 2, a clear 
zone between the OCD and adjacent subchondral 
bone; and grade 3, loose bodies.

a

b

Fig. 6.2 Magnetic resonance imaging (a, coronal view; 
b, sagittal view) of an elbow affected with osteochondritis 
dissecans of the capitellum

Fig. 6.3 Computed tomography scans showing capitellar 
osteochondritis dissecans

C. J. A. van Bergen et al.



67

Itsubo et  al. [21] recently introduced a 
T2-weighted MRI staging system that provides 
accurate and reliable estimation of stability of 
OCD.  The following stages are distinguished: 
stage 1, normally shaped capitellum with several 
spotted areas of high signal intensity that is lower 
than that of cartilage; stage 2, as with stage 1 
but with several spotted areas of higher intensity 
than that of cartilage; stage 3, as with stage 2 but 
with both discontinuity and noncircularity of the 
chondral surface signal of the capitellum and no 
high signal interface apparent between the lesion 
and the floor; stage 4, lesion separated by a high 
intensity line in comparison with cartilage; and 
stage 5, capitellar lesion displaced from the floor 
or defect of the capitellar lesion noted. Stages 1 
and 2 are considered stable. Stages 3, 4 and 5 are 
considered unstable.

The International Cartilage Repair Society 
has proposed an arthroscopic classification sys-
tem for OCD lesions [22]. Grade 1 indicates 
a stable lesion with a continuous but softened 
area covered by intact cartilage; grade 2, a 
lesion with partial discontinuity that is stable 
when probed; grade 3, a lesion with a complete 
discontinuity that is not yet dislocated; and 
grade 4, an empty defect as well as a defect 
with a dislocated fragment or a loose fragment 
lying within the bed.

6.4  Treatment and Outcomes

The treatment choice depends on several aspects, 
including the severity of symptoms and the size, 
location and stability of the lesion. It is important 
to differentiate between stable and unstable OCD 
lesions. In general, stable lesions may be reversible 
and can heal completely with nonoperative man-
agement, while unstable lesions need surgical treat-
ment [23]. Stable lesions are characterised by an 
immature capitellum with an open growth plate, and 
flattening or radiolucency of the subchondral bone, 
in a patient with (almost) normal elbow motion [23, 
24]. Unstable lesions have at least one of the fol-
lowing findings: a capitellum with a closed growth 
plate, fragmentation, or restriction of elbow motion 
20° or more [23, 25]. On MRI, unstable lesions are 
characterised by a high signal intensity line through 
the articular cartilage, a high signal intensity inter-
face, and an articular defect [13, 21].

6.4.1  Nonoperative Treatment

Nonoperative measures consist of rest or sports 
restriction (cessation of repetitive stress on the 
elbow), muscle strengthening exercises, non- 
steroidal anti-inflammatory drugs, and/or a short 
course of immobilisation [23, 24, 26]. The minor-
ity of OCD lesions are classified as stable and the 
initial success rates of nonoperative treatment were 
poor [23, 27]. Takahara et al. [27] reported a suc-
cess rate of only 50% after an average follow- up of 
12.6 years. Factors that are associated with the out-
comes of nonoperative treatment were identified 
later. Bradley and Petrie [26] reported that most 
patients fully recovered with complete return to 
sports with rest alone if they had a lesion with all of 
the following conditions: 1, open capitellar growth 
plate; 2, localised flattening or radiolucency of 
the subchondral bone; and 3, good elbow motion. 
Likewise, Mihara et al. [24] showed that spontane-
ous healing potential of OCD in patients with open 
capitellar growth plates appears high. Conversely, 
healing potential with nonoperative management 
is extremely low in advanced OCD lesions with 
closed growth plates and in those that are unstable, 
even if they are undisplaced [6, 10, 24, 26, 27].

Fig. 6.3 (continued)
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6.4.2  Surgical Treatment

Although outcome studies on surgical treat-
ment lack long-term follow-up and have limited 
methodologic quality, they generally show sat-
isfactory results regarding pain, return to sports, 
and elbow function [28]. Surgical intervention 
is, therefore, indicated for lesions that do not 
respond to initial nonoperative treatment and for 
unstable lesions [28].

Primary surgical management most com-
monly consists of arthroscopic debridement of the 
lesion, microfracturing of the subchondral bone 
and removal of loose fragments. Alternatively, 
to arthroscopic surgery or for lesions after 
failed previous surgery, numerous open surgical 
approaches have been reported, including inter-
nal fixation of large fragments and osteochondral 
autograft transfer [14, 29–32].

6.4.2.1  Arthroscopic Treatment
Arthroscopic surgery has become the standard 
procedure for the treatment of capitellar OCD 
[33]. It offers the advantage of direct visualisation 
of the pathology and the ability to treat the lesion 
through small stab incisions. This minimally inva-
sive approach reduces the risk of operative mor-
bidity and allows the patient to start rehabilitation 
directly after surgery [33].

Arthroscopic treatment consists of debride-
ment of the lesion to achieve a stable rim, fol-
lowed by bone marrow stimulation, and removal 
of any loose fragments and osteophytes [34, 35]. 
The patient is placed in the lateral decubitus posi-
tion on the operating table. A tourniquet is placed 
around the upper arm, which rests on a padded 
arm holder that is attached to the side of the table 
(Fig. 6.4).

Fig. 6.4 Patient positioning for arthroscopy of a left elbow. The patient is in the lateral decubitus position and the arm 
rests on a support
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The portal sites and the ulnar nerve are 
marked, and the elbow is disinfected and draped. 
The joint is injected with 20 mL of saline solu-
tion. The complete elbow joint is inspected from 
anterior and posterior with use of five to six por-
tals. A distal ulnar portal allows for ergonomic 
exposure to the posterolateral capitellum provid-
ing easy access for drilling, burring and local 
debridement [33]. A bonecutter shaver or curette 
is brought into the posterolateral capitellar joint 
space through the standard soft-spot lateral por-
tal. All unstable cartilage and necrotic bone are 
removed. Any cysts underlying the defect are 
opened and curetted. After debridement, several 
connections with the subchondral bone are cre-
ated by drilling with a Kirschner wire or micro-
fracturing with an awl (Fig. 6.5).

The objective is to partially destroy the cal-
cified zone that is often present and to create 
openings into the subchondral bone. Intraosseous 
blood vessels are disrupted and the release of 
growth factors leads to the formation of a fibrin 
clot. The formation of local new blood vessels 
is stimulated, marrow cells are introduced in the 
defect, and fibrocartilaginous tissue is formed 
[36, 37].

Arthroscopic treatment has shown encourag-
ing results at intermediate follow-up [34, 35, 37, 
38]. Most studies report significant improvement 
in clinical outcome scores up to 9 years of fol-

low- up [34, 35, 37–39]. Approximately 80–90% 
of patients return to sports and time to return to 
sports varies from 1 month to 5 months [40–42]. 
Complications of elbow arthroscopy are seen in 
7–14% of cases [43, 44]. Most complications are 
minor, e.g. superficial wound problems and tran-
sient nerve palsies not affecting clinical outcome. 
Major complications occur in 0.5–5% of cases 
(e.g. deep infection, permanent nerve injury, or 
complications requiring additional anaesthesia) 
[43, 44].

6.4.2.2  Open Surgical Treatment
Refixation of the lesion can be indicated for large 
and (sub)acute osteochondral fragments [30, 31, 
45]. Different fixation techniques are available, 
including metal and bioresorbable screws [30], 
pull-out wiring [31, 46], and corticocancellous 
bone pegs from the iliac crest or olecranon pro-
cess [3]. Cancellous bone can be additionally 
grafted into the defect to enhance union of the 
fragment [30, 31].

In follow-up studies, the clinical success rate 
of refixation is approximately 80% [45–47]. 
Reossification is observed in 44–100% at fol-
low- up [30, 31, 46]. An intact lateral wall of the 
capitellum appears to be important for fixation 
to be successful [47]. Complications have been 
observed in terms of intra-articular protrusion 
and loosening of screws [26].

After successful application in the knee and 
ankle [48], autologous osteochondral transplan-
tation (or mosaicplasty) has been used in repair-
ing OCD lesions of the humeral capitellum. With 
this technique, cylindrical osteochondral grafts 
are harvested from a non-weight-bearing area at 
the proximal aspect of the lateral femoral con-
dyle and transplanted to the elbow to resurface 
the capitellar OCD.

Several authors have evaluated the technique 
[29, 32, 49, 50]. In a series of ten patients, eight 
were completely pain free after a mean follow-
up of 30 months [50]. In a recent investigation 
of 33 patients who were allowed to begin throw-
ing after 3 months and to return to sports after 
6 months, 31 patients returned to a competitive 
level at which they had previously played after 
a mean of 7 months [49]. Although the clinical 

Fig. 6.5 Arthroscopic picture showing an osteochondritis 
dissecans lesion after debridement and microfracturing

6 Osteochondritis Dissecans of the Elbow
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outcomes are encouraging, the grafting technique 
implies damaging a healthy knee joint, possibly 
leading to donor-site morbidity. In a study that 
addressed the effect of the harvesting on donor 
knee function in young athletes, a time lag 
was evident in recovery between postoperative 
 symptoms and muscle power at 3 months [51]. 
However, harvesting osteochondral grafts did not 
exert adverse effects at 2 years after the proce-
dure [51].

Osteochondral autograft transfer has the 
advantage of replacing the affected articular 
surface with hyaline cartilage, but it is an inva-
sive procedure with possible donor-site morbid-
ity. Therefore, we recommend reserving this 
method for revision cases after failed primary 
arthroscopic treatment.

Other open procedures in the literature include 
rib osteochondral autograft and capitellar correc-
tion osteotomy [52–54]. Rib autografting pro-
vided satisfactory results after a follow-up of 1–6 
years for advanced OCD with extensive lesions 
≥15 mm and those affecting the lateral wall [53, 
54]. Closed-wedge osteotomy of the capitellum 
has been described to widen the radiohumeral 
joint space, reduce compression, and stimulate 
revascularization and remodelling of the area of 
the lesion in the capitellum [52]. Although almost 
all patients returned to full athletic activity, post-
operative osteoarthritic changes and enlarge-
ment of the radial head occurred in all patients. 
Because of the few scientific data, the place of 
these experimental treatment methods is unclear 
until more evidence is available.

6.4.3  Postoperative Rehabilitation

A physical therapist supervises the rehabilitation 
after surgery. Rehabilitation is aimed at reducing 
pain and swelling and restoring range of motion. 
The recovery after arthroscopic treatment is usu-
ally faster than after open surgery [3]. Active- 
assisted motion exercises are started within a 
couple of days after surgery. After arthroscopy, 
the range of motion is unrestricted as pain toler-

ates. For patients who were treated by mosaic-
plasty, flexion is restricted for the first 6 weeks. 
Resistive exercises are begun at 8 weeks after 
arthroscopic treatment and at 12 weeks after open 
treatment. If the patient has no pain and normal 
range of motion, an interval throwing program is 
initiated before the patient returns to sports [3].

6.5  Conclusions

OCD of the elbow typically affects the humeral 
capitellum of adolescent throwing athletes and 
leads to pain on the lateral aspect of the joint. CT 
or MRI are indicated to confirm the diagnosis and 
to address stability of the lesion. Nonoperative 
treatment can be initiated for stable lesions. 
Arthroscopic surgery has become the standard 
primary surgical procedure for treatment of capi-
tellar OCD.  This minimally invasive approach 
shows good results, low risk of operative morbid-
ity, and early recuperation postoperatively. Open 
surgery is indicated for more advanced cases or 
for those that failed previous operative treatment.

Q&A
Q: Which part of the elbow is mostly affected 
by OCD?

A: The capitellum of the humerus
Q: What kind of patient usually presents 

with OCD?
A: An adolescent athlete engaged in repeti-

tive overhead or upper extremity weight- 
bearing activities

Q: What is the best imaging study to diag-
nose OCD and loose bodies?

A: Computed tomography
Q: What is the primary surgical treatment?
A: Arthroscopic debridement and bone 

marrow stimulation
Q: Which open surgical procedure are 

available?
A: Fragment fixation, knee osteochondral 

autograft transfer (mosaicplasty), rib osteo-
chondral autograft, and capitellar correction 
osteotomy

C. J. A. van Bergen et al.
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Key Learning Points
• Painful elbow impingement may occur anteri-

orly, posteriorly or with a combination of the 
two. Posterior impingement can be medial, 
lateral or combined.

• The most common cause of impingement is 
osteophyte formation leading to localised 
synovitis.

• Posteromedial impingement may occur as a 
result of gradual stretching of the medial col-
latral ligament (Valgus extension overload).

• Elbow stiffness can be caused by a number of 
conditions. Consider whether the cause is 
extrinsic (extra-articular causes such as capsu-

lar, collateral ligament muscle contractures, 
HO, extra-articular malunions) or intrinsic 
(intra-articular adhesions, loose bodies, osteo-
phytes, malalignment of the articular surface) 
or mixed (extrinsic contractures developing as 
a result of intrinsic pathology).

7.1  Evaluation of the Stiff Elbow

The history should include details about the 
patient (age, hand dominance, occupation, type 
of sport and level of involvement); the injury 
(mechanism, nature of injury, operative details 
including surgical approaches, type of hardware, 
nerve transposition, post-operative infection); the A. Rashid (*) 
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impact of current symptoms and what their func-
tional goals are.

Patients typically complain of a combination 
of pain, stiffness or mechanical symptoms. It is 
important to determine the anatomical location of 
pain, where it occurs in the arc of motion (termi-
nal vs. throughout the arc) and which phase of 
throwing (early acceleration vs. terminal exten-
sion). Stiffness usually refers to a loss of range of 
movement, can affect one or both planes of 
motion and may be painful or painless. It is 
important to determine the onset and course of 
the stiffness; did it come on suddenly or was 
there a gradual loss of range, is it progressive or 
relapsing, is the loss of flexion and extension the 
same. Mechanical symptoms such as snapping, 
catching or locking may accompany pain or 
stiffness.

The elbow is inspected for deformity, swelling 
and scars from previous surgery. Boney (lateral 
epicondyle, radiocapitellar joint, olecranon tip 
and medial epicondyle) and soft tissue elements 
(common extensor origin, lateral gutter, triceps 
insertion, posteromedial gutter, common flexor/
pronator origin, the distal biceps tendon and lac-
ertus fibrosus) should be palpated in a systematic 
manner. The elbow is taken through its active and 
passive range of motion, looking for disparity 
between the two as well as making comparison 
between the affected and contralateral side 
(throwing athletes lack terminal extension in the 
throwing arm) and feeling for the nature of the 
endpoint (hard vs. soft). Isometric muscle testing 
is performed by placing each of the four muscle 
groups (biceps, triceps, wrist extensors and wrist 
flexors/forearm pronators) in their maximal posi-
tion of tension and testing strength against resis-
tance. Capsulo-ligamentous stability is tested by 
placing the elbow in 30° of flexion and applying 
varus and valgus stress looking for pain and or 
apprehension with more specific tests for the 
LUCL (postero-lateral drawer test or push off 
test) and MCL (moving valgus stress test or milk-
ing manoeuvre). The Ulnar nerve is frequently 
involved with elbow pathology and should be 
assessed for location (if previously transposed), 
irritability (positive compression test or a Tinel’s 
sign), subluxation with elbow flexion and general 

sensory-motor function in the hand. Analysis of 
the throwing action is imperative as elbow pathol-
ogy may be alleviated by minor adjustments of 
the throwing action or elsewhere in the kinetic 
chain.

Plain radiographs are obtained in orthogonal 
and two oblique planes, which demonstrate 
most boney pathology. Furthermore, elevated 
fat pads can help differentiate between soft tis-
sue swelling and an effusion, which is often 
secondary to occult intra-articular pathology. 
CT permits 3D assessment of complex post-
traumatic deformity and, when combined with 
arthrography, demonstrates soft tissue pathol-
ogy such as cartilage defects, loose bodies and 
ligament injuries. MRI with or without arthrog-
raphy can be useful in cases of suspected insta-
bility, which can present with elbow stiffness 
due to recurrent effusions.

If inflammatory markers are elevated in the 
context of previous surgery, then aspiration 
should be performed through the soft spot in an 
aseptic environment to exclude infection. 
Neurophysiology is useful to assess the progno-
sis of a recovering Ulnar nerve injury.

7.2  Post-traumatic 
Osteoarthritis

Traumatic damage to articular cartilage and sub-
sequent incongruences change load distribution 
across the bearing surface, culminating in the 
development of osteoarthritis [1]. Unlike idio-
pathic osteoarthritis it is usually restricted to the 
specific area that was injured. Although rare, the 
pain and disability coupled with the functional 
demands of athletes makes it difficult to treat.

In the early stages patients present with termi-
nal arc pain due to periarticular osteophytes and 
mild stiffness due to extrinsic capsular contrac-
ture. As articular degeneration then progresses, 
patients increasingly complain of: pain through-
out the arc of motion (particularly at rest and at 
night) stiffness, crepitus and sometimes locking 
(due to loose bodies). Infection, radicular pain 
and CRPS also present in this manner and must 
be excluded [2].

A. Rashid
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The elbow is evaluated as described above. 
Although radiographs show larger osteophytes, 
loose bodies and joint space narrowing, CT 
arthrogram more accurately demonstrates osteo-
phyte distribution, articular cartilage defects and 
capsulo-ligamentous contracture [3].

The goals of treatment are managing pain and 
maintaining joint mobility. The mainstay of treat-
ment is usually non-operative and includes activ-
ity modification (minimising weight bearing or 
repetitive motions that place undue stress across 
the joint); physiotherapy; and pharmacologic 
treatment (oral NSAIDS or selective intra- 
articular corticosteroid injection).

The aim of surgery is to restore joint function 
and relieve pain whilst preserving the possibility 
of future salvage. Patients experiencing impinge-
ment are best served with open or arthroscopic 
osteocapsular release and joint debridement 
(Fig. 7.1). This involves removal of loose bodies 
and osteophytes, subtotal capsulectomy, selective 
release of the MCL to improve flexion, with 
transposition of the ulnar nerve if there is preop-
erative ulnar neuritis or flexion is limited to less 
than 90° (as larger flexion gains with surgery may 
inadvertently stretch the nerve). Patients with 
more advanced disease are best served with inter-
position arthroplasty, resection arthroplasty or 
partial replacement arthroplasty but these would 
most likely end their sporting career. Radial head 
resection is indicated in patients with isolated 
radiocapitellar osteoarthritis affecting forearm 

rotation, although there is a theoretical risk of 
increased force transmission through the ulnohu-
meral joint promoting early degenerative 
changes. Interposition arthroplasty involves 
removal of the radial head and interposition of 
autograft or allograft into the gap, thus improving 
lateral ligament complex tensioning and, there-
fore, valgus stability (although it does not 
improve axial stability). Partial replacement 
arthroplasty options include radial head replace-
ment (which restore lateral column stability but 
reduce radiocapitellar contact) and radiocapitel-
lar resurfacing (which provides valgus and axial 
stability, although this is a more extensive proce-
dure). Although total joint arthroplasty provides 
predicable pain relief, patients are unlikely to 
accept the functional restrictions (limit isolated 
lifts to less than 10 lbs and repetitive lifts to less 
than 5  lbs) and the likelihood of deterioration 
over time necessitating revision surgery [4].

7.3  Posterolateral Impingement

This is usually due to either inflammation and 
hypertrophy of a synovial plica (a mesenchymal 
remnant from normal development) in the lateral 
compartment or posterolateral osteophyte forma-
tion [5, 6]. Repetitive hyperextension during the 
follow-through phase of throwing and swinging 
causes microtrauma to the plica (only occasion-
ally present), which becomes inflamed causing 

a bFig. 7.1 (a) 
Arthroscopic view of 
Outerbridge-Kashiwagi 
procedure. Burring from 
posterior compartment 
into anterior 
compartment to excise 
bi-compartmental 
osteophytes and release 
capsule. (b) Post-op AP 
radiograph showing hole 
in olecranon fossa
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pain (Fig. 7.2). The plica subsequently hypertro-
phies and gets caught on the radiocapitellar joint 
during movement, felt as snapping or catching, 
resulting in chondromalacia of the involved bony 
surfaces. Alternatively, repetitive hyperextension 
in pronation, as seen in boxers who miss punches 
or goalkeepers blocking a football, may result in 
abnormal contact between the posterolateral 
olecranon and the fossa resulting in osteophytes 
that cause pain and locking. Unlike posterome-
dial impingement it is not associated with any 
micro-instability.

Patients complain of posterolateral elbow pain 
in the region of the Anconeus muscle. Symptoms 
can be reproduced by passively flexing the pro-
nated elbow (flexion-pronation test). Other con-
ditions presenting with lateral-sided elbow pain 
(e.g. lateral epicondylitis and osteochodritis dis-

secans) need to be excluded. CT arthrogram 
shows articular cartilage defects and plicae, as 
well as osteophyte distribution (Fig. 7.3). Plicae 
larger than 3  mm with an irregular or nodular 
appearance are usually associated with symp-
toms [5].

Although selective corticosteroid injections 
offer therapeutic benefit, symptoms invariably 
return on return to sport. We, therefore, recom-
mend arthroscopic excision of the plicae with 
debridement of chondromalacia or excision of 
osteophytes and or removal of loose bodies as 
required. Patients should refrain from throwing 
or swinging for approximately 6–8 weeks post- 
operatively, followed by a progressive throwing 
or swinging programme. The majority of patients 
can return to their previous level of sport by 
approximately 4–6 months. The presence of 

a b

Fig. 7.2 (a) Axial T1 weighted fat-suppressed image showing postero-lateral plica. (b) Arthroscopic view of lateral 
compartment showing hypertrophied plica (arrow) and associated focal fibrosis (arrow head)

a b c

Fig. 7.3 Preoperative CT scans. The white arrows indicate an osteophyte and loose body. (a) Coronal view; (b) sagittal 
view; (c) transverse view. M medial, L lateral, A anterior, P posterior
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chondromalacia does not affect the functional 
outcome and return to sport.

7.4  Posteromedial Impingement

Repetitive overhead throwing places large valgus 
stresses on the elbow, 50% of which are absorbed 
by the MCL [7, 8]. These stresses are exacerbated 
by poor throwing mechanics (e.g. late trunk rota-
tion, reduced shoulder external rotation and 
increased elbow flexion). This causes progressive 
laxity of the medial soft tissues to the extent that 
the normally conforming medial compartment 
undergoes micromotion when the elbow is forci-
bly extended. As a consequence, the posterome-
dial tip of the olecranon impinges on the medial 
wall of the olecranon fossa, resulting in localised 
synovitis manifesting as pain (Fig. 7.4) [9]. The 
body responds by creating osteophytes on the 
posteromedial tip of the olecranon in order to 
restore stability. These can fracture and lodge in 
the posteromedial gutter causing mechanical 
symptoms such as locking, clicking or snapping.

Patients complain of posteromedial elbow 
pain during ball release when the elbow nears ter-
minal extension. If, however, the patient experi-
ences medial pain in the early acceleration phase 
of throwing there may be concurrent MCL 
 insufficiency. On examination there is usually 
focal tenderness over the posteromedial gutter, 
with loss of terminal extension and MCL laxity 
(although this does not have to be present for the 
condition to develop). Symptoms can be repro-
duced by placing the elbow in 20–30° of flexion 
while forcing the elbow into terminal extension 
and applying a valgus stress (Valgus Extension 
Overload Test). Other causes of medial elbow 
pain (e.g. flexor-pronator tendinopathy, medial 
epicondylitis, ulnar neuritis) must be excluded. 
MRI is useful early on in the disease process as it 
may show insertional tendinopathy at the medial 
border of the triceps with subenthesial bone mar-
row oedema in the olecranon [10]. However, in 
advanced cases CT arthrogram shows obvious 
bony and articular changes to the posterior troch-
lea and olecranon along with posteromedial gut-

ter synovitis. Compression forces through the 
lateral compartment often result in corresponding 
imaging abnormalities in the lateral 
compartment.

Non-operative treatment consists of NSAIDS, 
selective corticosteroid injections and active rest 
(including rest from throwing), cuff strengthen-
ing, flexor-pronator strengthening, and an inter-
val throwing mechanics programme. If, however, 
these measures fail we recommend arthroscopic 
excision of the olecranon spur (which should be 
restricted to less than 8 mm to avoid potentiating 
any MCL insufficiency), microfracture of areas 
of cartilage loss (typically in the posteromedial 
trochlea) and loose body excision, with or with-
out MCL reefing or autograft reconstruction.

Fig. 7.4 Valgus extension overload resulting in postero-
medial impingement
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7.5  Anterior and Posterior 
Impingement

Posterior impingement in athletes is usually due 
to olecranon stress fracture, with two separate 
patterns seen. Tip fractures are due to repetitive 
loads induced by the forceful pull of triceps or 
from impaction of a hypertrophic olecranon into 
the olecranon fossa, commonly seen in throwers. 
Fractures of the middle third, however, are due to 
a repetitive valgus force across the olecranon 
from impaction of the olecranon within the fossa, 
commonly seen in weightlifters throwing ath-
letes, gymnasts and weight lifters. Patients com-
plain of posterior elbow pain during the 
acceleration and follow-through phases, throw-
ing with limitation of terminal extension. 
Examination reveals tenderness directly over the 
olecranon and pain on resisted elbow extension. 
Almost all cases have concurrent MCL and or 
medial epicondyle avulsion. Plain radiographs 
confirm the diagnosis, although in some instances 
findings may be subtle, such as periosteal reac-
tion. If there is a high clinical suspicion in the 
context of normal radiographs then MRI is neces-
sary (and can help exclude a triceps tendon tear/
avulsion). Treatment begins with 6–8 weeks of 

rest from the inciting activity, followed by a grad-
uated programme of sport-specific rehabilitation. 
Failing this we advise debridement of the non- 
union and internal fixation with bone grafting.

Anterior impingement is usually due to coro-
noid osteophytes and is most commonly seen in 
boxers. It can occur as a result of coronoid frac-
ture malunion secondary to elbow hyperexten-
sion or shearing forces imparted through the 
trochlea with a posteriorly directed force through 
the forearm such as in close quarters fighting or 
pushing off from a clinch [11, 12]. Although tra-
ditionally associated with recurrent elbow insta-
bility, they do occasionally lead to hypertrophic 
malunion and fibrous non-union in a prominent 
position, thus blocking elbow flexion. Plain 
radiographs and CT arthrogram are diagnostic 
(Fig. 7.5). Treatment consists of excising the 
non-union and allograft fixation to recreate the 
coronoid in order to avoid instability.

7.6  Post-traumatic Stiffness

A stiff elbow is one that cannot achieve flexion of 
30–130° or pronation of 50° and supination of 
50° (although loss of supination is less well toler-

a b

Fig. 7.5 (a) T2 weighted MRI scan demonstrating coro-
noid osteophyte in the anterior compartment (thick black 
arrow), an impingement lesion at the tip of the olecranon 

(white arrow) and a loose body (small black arrow). (b) 
Arthroscopic view of coronoid osteophyte and impinge-
ment lesion. T trochlea, C coronoid, I impingement lesion
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ated, as shoulder abduction cannot compensate 
for it) [13, 14]. Stiffness in athletes is usually due 
to trauma (fractures, dislocations, soft tissue and 
head injury and surgery) due to one or a combina-
tion of arthrosis, soft tissue contracture, hetero-
topic ossification and non-union or malunion 
[13]. It is classified by Kay on the combination of 
elements impeding elbow motion (type I = soft 
tissue contracture, type II = soft tissue contrac-
ture with ossification, type III = undisplaced 
articular fracture with soft tissue contracture, 
type IV = displaced articular fracture with soft 
tissue contracture and type V = bony bars); and 
by Morrey on the anatomic location of the pathol-
ogy (extra-articular causes such as capsular, col-
lateral ligament muscle contractures, HO, 
extra-articular malunions), intrinsic (intra- 
articular adhesions, loose bodies, osteophytes, 
malignment of the articular surface) or mixed 
(extrinsic contractures developing as a result of 
intrinsic pathology). It is important to consider 
the hidden cause of instability such as neural 
causes (usually from entrapment of the ulnar 
nerve) and instability.

Soft tissue contracture Any insult to the elbow 
that results in bleeding, oedema and granulation 
tissue formation. The net effect is upregulation of 
TGF-β in ligaments and soft tissues, stimulating 
an increase in myofibroblasts and α-smooth mus-
cle actin resulting in capsular fibrosis and subse-
quent joint contracture. The risk can be minimised 
by splinting the elbow in full extension (which 
creates sufficient pressure within the tissues to 
minimise bleeding and resist extravasation of 
fluid) and using CPM immediately post- 
operatively (which drives fluids away from the 
joint and peri-articular tissues, thus halting the 
cascade of events leading to soft tissue contrac-
tures). Post-traumatic stiffness is typically not 
painful and endpoints are soft [15].

HO This is the inappropriate formation of lamel-
lar bone in the soft tissues. This requires osteo-
genic precursor cells, an inductive agent and a 
conducive environment. It is histologically iden-
tical to native bone but is more metabolically 
active and doesn’t have a true periosteal layer. 

HO restricts movement by causing generalised 
stiffness and less often radio-ulnar synostosis 
limiting rotation (Fig. 7.6). 3% of simple elbow 
dislocations and 30% of fracture dislocations are 
complicated by HO.  Approximately 5–10% of 
patients with closed head injury and spinal cord 
injury form HO as they have higher circulating 
levels of osteblastic growth factors. Those 
patients with head injury and concurrent elbow 
trauma have a rate of 76–89% development of 
HO. Additional risk factors include two-incision 
distal biceps repair, elbow arthroscopy and mul-
tiple surgery within 7–14 days after trauma [13]. 
HO is classified by Hastings & Graham: class I = 
HO not causing functional limitation and, there-
fore, clinically insignificant; class II = HO with 
functional limitation with IIA representing ulno-
humeral limitation with less than a 100° flexion 
arc, IIB representing forearm rotation limitation 

Fig. 7.6 Oblique radiograph showing post-traumatic 
radio-ulnar synostosis
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with less than a 100° rotation arc and IIC repre-
senting limitation in both planes; class III = anky-
losis that prevents flexion, rotation or both.

Prevention of HO is based on disrupting sig-
nalling pathways (NSAIDS inhibit COX, thus 
reducing prostaglandin levels, which are partly 
responsible for inducing HO), altering the pro-
genitor cells (adjuvant radiotherapy stops stem 
cells differentiating into osteoblasts) or modify-
ing the osteogenic environment (post-operative 
etidronate interferes with calcification of oste-
oid in HO by inhibiting angiogenesis). HO pres-
ents within 12 weeks of an inciting event as 
localised soft tissue swelling, warmth and ten-
derness (often mistaken for infection, cellulitis 
or thrombophlebitis) and endpoints are hard. 
Surgery can only be undertaken in symptomatic 
cases when radiographic maturity is achieved 
(measured by time since onset and physiologi-
cal activity). On plain radiographs a cloudy 
peri-articular density is usually seen several 
weeks after injury and maturity is indicated by 
smooth well demarcated cortical margins and 
defined trabecular markings, generally about 
3–6 months after its onset.

Extra-articular malunion The lateral column 
of the distal humerus is curved anteriorly with the 
lateral epicondyle translated anteriorly with 
respect to the humeral diaphysis. Failure to 
restore this relationship (e.g. by using a straight 
plate rather than an anatomically pre-contoured 
plate on the lateral column or bridging a highly 
comminuted fracture that subsequently shortens 
and obscures the coronoid or olecranon fossae) 
may reduce the available space for the coronoid 
and olecranon to engage their respective fossae. 
In treating this entity, the fossae should be cleared 
of HO, scar and implants then a burr used to 
deepen the hole or even fenestrate it permitting 
an osteocapsular release. If this does not work 
then extra-articular osteotomy is an option.

Intra-articular malunion Uneven articular sur-
faces with subsequent incrongruency can lead to 
stiffness by arthrosis. Malunited radial head frac-
tures limit rotation but can be treated successfully 

by radial head excision (except in Essex-Loprsti 
injuries and terrible triad injuries). Malunited 
intra-articular fractures of the proximal ulna limit 
flexion-extension and are treated with restoration 
of the trochlear notch. Coronoid malunited ante-
rior shear fractures of the capitellum or trochlea 
can be treated with osteotomy and capsular 
release.

Non-union Non-union tends to occur at the 
supracondylar level leading to motion at the non- 
union site and ankylosis of the joint. These can be 
addressed with excision of the non-union, fixa-
tion with bone grafting, capsulectomy and an 
intense rehabilitation programme. Non-union of 
proximal ulna fractures (olecranon fractures, 
olecranon osteotomy, iatrogenic fractures during 
TEA and Monteggia fractures) are less common, 
most of which are successfully managed non- 
operatively especially iatrogenic fractures during 
TEA.

Surgical treatment involves excision of non- 
union, revision fixation with bone grafting with 
the addition that the coronoid should be included 
in the fixation if large or reconstructed if small. 
Olecranon non-union can also result from simple 
olecranon fractures or osteotomy. Radial head 
non-unions are extremely uncommon. Those 
treated operatively, however, often lead to stiff-
ness through broken or loose implants causing 
limited rotation or a block to flexion. Removal of 
implants and excision of the radial head will usu-
ally solve this problem.

7.7  Treatment of Elbow Stiffness

Non-operative treatments Non-operative treat-
ment is useful in contractures of 6 months’ dura-
tion or less. Options include active mobilisation 
with physiotherapy guidance, static and dynamic 
splinting, serial casting and manipulation.

Physiotherapy is the mainstay of treatment in 
the early phases. This should include efforts to 
control pain and swelling. Active mobilisation 
exercises are recommended in preference to pas-
sive stretch. See the chapter on elbow rehabilita-
tion for more details.
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Some practitioners recommend the use of 
static splints to apply stress relaxation force to 
the tissues, which is sequentially increased as 
motion is achieved and can produce a 25–43° 
increase in the arc of motion. Although more 
cumbersome than dynamic splints, they offer 
more comfort due to the inherent stress  relaxation 
of the tissues. Dynamic splints apply a constant 
prolonged force to the tissues as additional 
motion is achieved and have been shown to 
increase the arc of motion by 39%. Once a stiff 
elbow is pain free, the splint can be applied at 
night with serial increases in the tension of its 
adjustable spring. However, co-contraction of the 
elbow flexors and extensors due to constant ten-
sion on the soft tissues often causes more pain 
and discomfort resulting in non-compliance. 
Zander and Healy have shown that elbow flexion 
contracture can be reduced by 33° with the use of 
serial casting. Manipulation can be beneficial 
within the first 6 weeks but risks include reports 
of transient ulnar neuropathies, peri-articular 
fracture and HO [13].

Surgical treatment Young age, stiffness second-
ary to arthrosis and intervention more than 1 year 
from the onset of symptoms (more contracted the 
muscles and tendons) are related to poor surgical 
outcomes. Arthroscopy can be used to address 
both bony blocks to motion and soft tissue con-
tracture, although decreased intra-articular vol-
ume makes access more difficult and iatrogenic 
neurovascular injury more likely. Good results 
have been reported with open and arthroscopic 
releases with previous ulnar nerve transposition 
being a contraindication to arthroscopy [13].

The approach depends upon the plane of 
elbow contracture, the location and extent of 
HO, location of previous incisions and need for 
ulnar nerve decompression. The lateral approach 
(column procedure) is preferred for radio-capi-
tellar articular pathology but also permits ante-
rior and posterior capsule contracture release. It 
is usually done with a concurrent medial 
approach to decompress the ulnar nerve if 
required (if there is concurrent scarring from the 
MCL contracture that forms the bed of the cubi-
tal tunnel or if the patient has pre-operative flex-

ion limited to less than 90°, as gains in flexion 
may stretch the nerve). The medial over the top 
approach is preferred for ulno-humeral articular 
pathology and allows release of the MCL and 
ulnar nerve. The main risk of this procedure is 
that the radial nerve is at risk at the depth of the 
exposure on the far side anteriorly. Furthermore, 
it may not be effective when there is extensive 
articular involvement. The anterior approach is 
useful when HO is located anteromedial to the 
radial head or along the ulno-humeral articula-
tion within Brachialis. This approach permits 
visualisation of the entire anterior capsule and 
median nerve for safe excision of HO.  HO 
resulting in proximal radio ulnar synostosis is 
best treated with radial head resection just distal 
to the synostosis and can increase arc of rotation 
from 0 to 98° (Fig.  7.6). Regardless of the 
approach used, every attempt is made to pre-
serve the lateral collateral ligament and the 
anterior oblique band if the MCL, as it enhances 
rehabilitation and avoids instability. The most 
common complications are neuropathies, infec-
tion, recurrence and HO. Injection of botulinum 
toxin A into the elbow flexors at the time of con-
tracture release or even up to 2 months post- 
operatively when patients fail to progress, can 
improve range of motion [13].

Q&A
Q1: How would you assess the patient presenting 
with a stiff and painful elbow?

The assessment starts by taking a careful his-
tory from the patient detailing when and where 
the experience the pain, what makes it worse and 
what makes it better. If the elbow is stiff is this 
progressive or intermittent? Record careful the 
detail of any trauma. A careful examination 
should be conducted working through the differ-
ential diagnosis. Imaging with Xrays, CT or MRI 
may be helpful to confirm the diagnosis and for 
treatment planning.

Q2: What are the causes of elbow stiffness?
Stiffness in athletes is usually due to trauma 

resulting in one or a combination of arthrosis, 
soft tissue contracture, heterotopic ossification 
and non-union or malunion. It is classified 
according to the structure that is impeding elbow 
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motion and the type of pathology. It is important 
to consider the hidden cause of instability such as 
neural causes (usually from entrapment of the 
ulnar nerve) and instability.

Q3: What is the best treatment for an elbow 
that is stiff within 6 months of an injury.

The first objective is to determine the cause of 
the stiffness. If there is no evidence of a mechani-
cal block to movement then the first line treat-
ment should be physiotherapy with the aim of 
controlling pain and swelling and encouraging 
active mobilisation exercises. Careful serial doc-
umentation of the range of movement measured 
with a goniometer will show evidence of prog-
ress which can encourage the patient.
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Key Learning Points
 1. Be aware of the incidence of elbow tendinopa-

thy and its impact on time off work and sport.
 2. Understand the current basic science under-

standing of tendinopathy.
 3. Recognise that corticosteroid injections are 

not indicated, and are harmful, in elbow 
tendinopathy.

 4. Be able to differentiate clinically between 
acute reactive tendinopathy and chronic 
degenerative tendinopathy and recognise how 
this affects management and prognosis.

 5. Be able to prescribe an evidence-based man-
agement plan for elbow tendon pathologies, 
including advising on the natural history, the 
role of therapy, injections, electrotherapy’s 
and surgery.

 6. For tendon rupture, understand the relative roles 
of conservative and surgical management.

8.1  The Normal Tendon

Normal tendon is a composite viscoelastic bioma-
terial that transmits muscle contraction force to 
bone. The principal matrix protein is Type 1 colla-
gen—a helical structure composed of long, stag-
gered, cross-linked proteins, that functions much 
like a rope in resisting tensile forces. A hierarchi-
cal structure organises these collagen bundles into 
crimped fibrils that are aligned to stress. These 
crimped fibrils absorb early stress exerted on the 
tendon and produce the ‘toe region’ of the tendon 
load-deformation curve. Other collagen subtypes 
may also be present, as well as proteoglycan and 
glycoprotein molecules. The cellular component 
is formed of tenocytes: these fibroblast-like cells 
are responsible for the maintenance of the matrix.

The insertion of tendon into bone is termed 
the ‘enthesis’. This region comprises a transition 
from tendon substance to bone, via fibrocartilage 
and mineralised fibrocartilage. The fibrocartilage 
regions assist load distribution across the changing 
tissues. A tendon’s blood supply may be rich if it’s 
covered by a paratenon (e.g. Achilles tendon), or it 
may rely on diffusion from synovial fluid and seg-
mental supply from vinculae (e.g. flexor tendons in 
the hand). There may be ‘watershed areas’ of blood 
supply where tissue is vulnerable to ischaemia.

As for all biomaterials, a constant (albeit slow) 
turnover recycles the matrix and repairs damage. 
Matrix breakdown is effected by ‘matrix metallo-
proteinase’ enzymes (MMPs) (which cleave col-
lagen) and ‘a disintegrin and metalloproteinase 
with thrombospondin motifs’ (ADAMTS) (which 
degrade proteoglycans). ‘Tissue inhibitors of metal-
loproteinase’ (TIMPs) balance the rate of degrada-
tion. The co-ordination of this turnover in tendons 
remains incompletely understood, but the concept 
of the ‘neuro-mast cell unit’ has been proposed that 
is thought to play a role in the development of ten-
dinopathy [1]. Such a balance between degradation 
and repair is key to normal tendon homeostasis. 
Increased loading will prompt an adaptive anabolic 
response in the biomaterial and this is desirable. 
Overuse or abnormal loading can, however, cause 
tissue damage and a neurogenic response.

Collagen fibres stiffen with age and crimping 
reduces. This explains the epidemiology of ten-
dinopathy, with peak incidence in patients aged 
35–55 years. Figure  8.1 below is a Stress strain 
curve for a tendon. It illustrates the ‘toe zone’ where 
the tendons initially uncramp during loading before 
entering the linear zone between 2 and 4% strain. 
Beyond this level, micro or partial tendon injury 
will occur. Physiological loading occurs in the 
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0–4% strain region. With ageing (red dashed line), 
the fibres stiffen and crimp less effectively. This 
reduces the toe zone and moves the curve to the left. 
This renders the ageing tendon vulnerable to micro 
and partial tears during physiological loading.

8.2  The Pathology 
of Tendinopathy in General

Most cases of tendinopathy occur at, or near to, the 
fibrocartilage region of the enthesis—an area that 
experiences higher stress, is less well vascularised 
and is exposed to shear and compressive forces. 
Biopsy of painful tendons demonstrates disorgan-
ised matrix, vessel proliferation and altered cel-
lularity (increased and decreased). Inflammatory 
cells are rarely present, leading to the term ‘ten-
dinopathy’, rather than ‘tendinitis’ [2]. There are 
increased levels of type III collagen, fibronectin 
and tenascin C levels (molecules associated with 
healing). Fibrocartilage proteoglycans are also 
found, suggesting an adaptation to abnormal load-
ing (shear or compression). A catch-all term used 
to characterise tendinopathy: ‘angio-fibroblastic 
hyperplasia’ was coined by Nirschl [2].

Despite the prevalence of tendinopathy, 
only recently was a convincing proposal for 
the continuum from normal tendon to chronic 
degeneration proposed. Cook and Purdham 

integrated histolopathology, clinical and ani-
mal data to suggest this model (Fig. 8.2). Three 
overlapping stages were proposed, producing 
two clinically distinct entities for treatment 
and prognosis [3].

8.2.1  Reactive Tendinopathy

The first stage is reactive tendinopathy; this 
involves a proliferative response of the matrix 
to overload (burst of training) or direct trauma. 
The proteoglycan component of the matrix 
increases and these hydrophilic compounds lead 
to the matrix swelling with water. The collagen 
structure remains largely intact. Proteoglycan 
accumulation can begin only a few hours after 
overloading or trauma to the tendon: this may 
represent a protective attempt by the tendon to 
resist sudden increases in load demand. The reac-
tive tendon can return to normal state if the trig-
ger is removed. MRI will show increased tendon 
diameter and a slight increase in signal on T2 
imaging (increased water). Ultrasound will show 
intact collagen fibrils with hypoechogenic sub-
stance between fibrils.

In clinical terms, this stage is seen in a younger 
patient who has either sustained a direct blow to a 
tendon, or an increased intensity of athletic training. 
However, it is also considered possible that underuse 
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of a tendon may predispose to reactive tendinopathy 
after return to only normal levels of loading, through 
structural decline and stress shielding.

8.2.2  Tendon Disrepair

The second stage occurs as the reactive tendon 
attempts repair. There is considerably increased 
matrix production, resulting in both collagen 
and proteoglycan synthesis. Tendon architecture 
becomes disrupted by proteoglycans. Changes 
seem to be more focal and varied. Vascular and 
neuronal ingrowth occurs. T2 MRI demonstrates 
increased signal and tendon swelling. Ultrasound 
reveals collagen disruption, focal areas of hypo- 
echogenicity and neovascularisation.

In clinical terms, this stage will have lasted 
longer than reactive tendinopathy and will have 
more focal signs on examination and imaging. It 
remains possible for resolution to normal tendon 
to occur if the loading environment is optimised.

8.2.3  Degenerative Tendinopathy

The end stage of the continuum is degenerative 
tendinopathy. It is here that the angiofibroblastic 
hyperplasia will be seen. In chronic cases, there 
is evidence of apoptosis as ‘tenocyte exhaustion’ 
results in abortion of attempted healing. This 
leads to hypocellular collagen voids within the 
substance of the tendon, full of vessels and matrix 
debris. It is probably these areas that render the 

degenerate tendon at risk of rupture. Ultrasound 
shows the varied stages of tendinopathy, the dis-
rupted and depleted collagen and an abundance 
of blood vessels. MRI shows increased size and 
focal areas of increased T2 signal change in the 
tendon substance.

The typical middle-aged sportsman, who will 
describe a chronic, but waxing and waning symp-
tom profile related to training intensity illustrates 
this stage. The patient is likely to have focal areas 
of tenderness and/or nodules in the tendon. Once 
this stage is reached, there is little capacity for 
spontaneous resolution and the tendon remains at 
risk for rupture. A study by Tallon and colleagues 
demonstrated significantly greater degeneration 
in ruptured tendons, compared to tendinopathic 
tendons; and both were significantly more degen-
erate than asymptomatic control tendons [4].

8.3  The Relationship Between 
Pathology and Pain 
in Tendinopathy

Many patients, who have never experienced 
symptoms of tendinopathy, sustain tendon rup-
ture with degenerative tendons found at sur-
gery. Why some develop pain is unclear [5], but 
the notion that inflammation produces the pain 
has largely lost support since Nirschl’s work. 
Many treatment strategies focus on improv-
ing the tendon biology and architecture and, 
through this, hope to improve the pain patients 
experience.
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Tenocytes in tendinopathy have been shown 
to produce increased levels of Substance P, a 
neurotransmitter in the glutamate pathway [6]. 
A recent animal model of overuse tendinopathy 
further demonstrated that Substance P, a vasodi-
lator, accelerated the vascular processes seen in 
tendinopathy.

8.3.1  Treatment Strategies 
in Tendinopathy

As our understanding of pathology improves, so 
treatments evolve. Numerous treatments have 
been examined, but disappointingly few are sup-
ported by robust evidence. Steroid injections, for-
merly a mainstay of conservative therapy, have 
now been shown to prolong the natural history of 
tennis elbow [7], to have a dose dependent toxic 
effect on tenocytes and to confound the early 
beneficial effect of physiotherapy. Despite this 
they continue to be given in practice.

It is important to assess in which stage of the 
continuum of tendinopathy a patient lies: if in 
the reactive tendinopathy or early tendon disre-
pair stages, there is good scope for spontaneous 
resolution if the precipitating activity is ceased. 
As such, something simple like altering training 
plans or increasing rest periods may be all that is 
required. The majority of patients who present to 
the specialist, however, are in chronic stages of 
tendinopathy. Recalcitrant sufferers are unlikely 
to improve with just cessation of the original trig-
ger and require a more specific programme.

8.4  Common Extensor Origin

Tennis elbow is common with a prevalence of up 
to 3% [8]. Up to 15% of repetitive task workers 
experience tennis elbow [9]. It is most common 
in the fourth to the sixth decades of life [10]. 
While tennis elbow occurs in up to 40% of ten-
nis players, the majority of patients do not of 
course play tennis [11]. Ten to 30% of sufferers 
take an absence from work (mean 12 weeks off) 
with obvious financial implications [12]. The 
dominant arm is affected in 74% of cases. Several 
studies support the notion that, for the majority 

of patients, symptomatic tendinopathy is a self- 
limiting condition [13, 14]. Approximately 85% 
of patients can expect symptom resolution within 
a year from presentation.

Most patients present with a history of gradu-
ally increasing activity-related pain. In some, 
pain later becomes constant. Any history of repet-
itive activities in the limb is relevant. Pain is felt 
over the lateral elbow and may radiate along the 
extensor compartment of the forearm. Provoking 
manoeuvres usually include resisted wrist and 
middle finger extension with the elbow extended 
(the extensor carpi radialis brevis tendon inserts 
into the base of the middle finger metacarpal), 
and gripping forcefully or twisting objects. The 
lateral epicondyle, especially over the ECRB and 
EDC origins will normally be tender and may be 
swollen. Grip strength will be reduced secondary 
to pain.

Other pathologies should of course be con-
sidered. Elbow pathology may mimic tendinopa-
thy (plica, synovitis, osteochondritis dissecans, 
arthritis and postero-lateral rotatory instability). 
Entrapment neuropathy of the posterior interos-
seous nerve can cause pain just distal to the lat-
eral epicondyle. Typically, this radiates down the 
forearm and is made worse by repeated resisted 
supination. Radicular pain due to cervical nerve 
entrapment should also be excluded.

In many cases, imaging is not required. Plain 
radiography will show bony spurs in up to 20% 
of cases; they will also highlight osteoarthritis 
and previous trauma. Magnetic resonance and 
ultrasound scans are useful in the presence of 
diagnostic doubt [15], with the usual cautions 
surrounding observer experience for ultrasound 
assessment [16].

8.4.1  Tennis Elbow Treatment

The majority of patients improve over 12 months, 
although some experience symptoms for longer 
[17]. Initial focus should be on achieving rapid 
and enduring symptom relief using the least 
invasive effective method. For those who fail to 
improve, increasingly invasive treatments become 
appropriate. A host of different treatments have 
been tried, often in combination, to improve the 
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symptoms of elbow tendinopathy. This section 
covers the more common interventions.

8.4.1.1  Physiotherapy
Eccentric training is in vogue for tendinopa-
thy management. It is thought to stimulate 
collagen production by tenocytes, to moder-
ate proteoglycan proliferation and to improve 
collagen cross- linking and alignment [18]. 
Since Alfredson proposed it in 1998, clini-
cal efficacy has been demonstrated in several 
Achilles tendinopathy studies [19] and ultra-
sound follow-up has provided evidence of 
improved tendon structure in the long-term 
[20]. Data also exist to support eccentric 
exercises in tennis elbow patients. Individual 
protocols vary, but most involve twice- daily 
eccentric strengthening exercises, with or 
without additional stretching or massage 
therapy. Programmes generally last 12 weeks. 
A study comparing daily stretching with 
eccentric training demonstrated improved 
grip strength and complete relief of pain in 
86% in those undertaking the eccentric pro-
gramme [21]. Another eccentric programme 
by Crosier and colleagues demonstrated sig-
nificantly improved grip and abolition of 
pain, coupled with normal ultrasound find-

ings in 48% of the eccentric training group 
versus only 28% in those undertaking a stan-
dard regime [22].

Physiotherapy has been shown to outperform 
corticosteroid injection at time points greater 
than 6 weeks and is significantly superior at 12 
months, where steroid injection fares worse than 
no treatment [14] (Fig. 8.3 below).

A recent systematic review supported these 
individual study findings [23].

Progressive stretching is also commonly 
employed in tennis elbow [10]. Pienimaki 
undertook a small comparative study between 
exercise with stretching and ultrasound [24]. 
The course lasted 6–8 weeks and physiotherapy 
improved pain but not grip over ultrasound. At 
3 years, the same physiotherapy cohort enjoyed 
less pain, fewer further treatments and fewer 
days off work.

Movement with mobilisation has shown 
short- term effect in reducing pain and improv-
ing grip at 13 weeks, but longer duration has 
not been shown. Another recent review of 
various therapy combinations in tennis elbow 
reported short-term benefit of add-on cervical 
and thoracic spine manipulation, suggesting that 
improved analgesia facilitated more vigorous 
exercise rehabilitation [25].
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8.4.1.2  Bracing and Orthotics
Bracing has been used to ‘offload’ the tendon 
origin. In one RCT comparing bracing with ste-
roid injection, Jensen showed that bracing was 
as effective as steroid at 6 weeks [26]. Another 
study compared placebo bracing, unbraced con-
trols and an off-the-shelf orthotic and showed no 
difference in outcomes between groups [27]. A 
Cochrane review in 2002 suggested that further 
study was required to clarify the role of bracing 
in tennis elbow. More recently, a wrist brace out-
performed a forearm strap in a randomised trial 
[28]. Overall, the evidence is weak for bracing 
in tennis elbow, but it is possible that some treat-
ment effect exists and it is unlikely to be harmful.

8.4.1.3  Electrotherapies
A systematic review in 2014 assessed 20 ran-
domised controlled trials and 2 systematic 
reviews covering electrophysical therapies in the 
treatment of tennis elbow [29]. Ultrasound was 
supported by moderate evidence for effect over 
placebo at mid-term follow up. In the short-term, 
laser therapy was supported by moderate evi-
dence over plyometric exercise, but was inferior 
to ultrasound and friction massage. Longer-term 
effect (beyond 3 months) has not been shown, 
and pooled data in Bisset’s systematic review 
of 2005 showed no treatment effect from either 
modality [30].

Extracorporeal shock wave therapy (ESW) 
has been assessed in two good-quality, placebo- 
controlled, blinded trials. No improvement was 
found with ESW, but side effects (mostly red-
ness or bruising) were worse in the ESW-treated 
cohorts [31, 32]. A Cochrane review of ESW in 
tennis elbow reported “Platinum level evidence 
that ESW provides little or no benefit in lateral 
elbow pain” [33].

8.4.1.4  Injection Therapies
For many years a mainstay of conservative treat-
ment, recent work has highlighted the harmful 
medium and longer term effect of corticosteroid 
in tennis elbow. Smidt et  al. compared ultra-
sound, friction and exercise, with corticoste-
roid injection or no treatment control [14]. At 6 

weeks, the steroid group had improved the most, 
with therapy improving slightly more than con-
trols. By 3 months however, therapy and steroid 
groups were equal. By 12 months, a reversal had 
occurred, and therapy and no treatment were sig-
nificantly better than steroid injection. This find-
ing has been supported by a systematic review 
into corticosteroid injections in tennis elbow 
[34]. Further, a recent study has refuted the 
notion that a steroid injection enables physio-
therapy: showing that a corticosteroid injection 
negated the short-term beneficial effect of phys-
iotherapy [35]. Another recent study contributed 
further evidence of the harmful effect of steroid 
injections, by demonstrating a dose-related teno-
cyte death rate in response to steroid injection. 
Steroid injection is not, therefore, indicated to 
facilitate active rehabilitation, it prolongs the 
natural history of tennis elbow and should be 
avoided. 

8.5  Botulinum Toxin Injection

A placebo-controlled trial has shown no ben-
efit of Botulinum Toxin A (Botox) in chronic 
tennis elbow patients at 3 months [36]. Another 
study, comparing Botox to corticosteroid 
injection, showed that Botox produced more 
weakness, but inferior pain relief at 4 weeks 
[37]. A systematic review has pooled data 
from four randomised trials with at least one 
pain outcome measure. Overall a beneficial 
effect on pain was reported, but there was no 
improvement in grip strength [38]. Botulinum 
toxin has not been compared with autologous 
blood injections.

8.5.1  Hyaluronic Acid

In a large, placebo-controlled trail in athletes with 
LE of more than 3 months’ duration, two doses of 
Hyaluronic acid (HA) outperformed  placebo in 
all measures out to the 1-year endpoint [39]. HA 
afforded a return to sport at a mean of 18 days 
versus no return in the placebo group.
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8.5.2  Acupuncture

How acupuncture achieves a clinical improve-
ment in pain remains controversial. A Cochrane 
review in 2013 found four randomised trials 
assessing acupuncture in tennis elbow. Overall, 
it is possible that acupuncture yields some 
improvement over placebo in the immediate and 
short- term (2–8 weeks), but no benefit beyond 3 
months has been shown.

8.5.3  Autologous Blood Products 
and Platelet Rich Plasma

Platelet-rich-plasma (PRP) describes a concen-
trated fraction of the patient’s blood. Most tech-
niques involve: peripheral blood harvest (30 ml 
from a venous cannula), centrifuge separation of 
red cells and plasma from the platelet-rich com-
ponent (within the buffy coat), local anaesthetic 
field block of the affected region and injection 
of the PRP (approx. 3 ml) by a peppering nee-
dle technique into the affected tendon origin. 
It is possible that, by introduction of this con-
centrated mixture of platelets and their growth 
factors to the site of tendinopathy, healing will 
be improved and symptoms resolve. Variability 
between company preparation systems makes it 
difficult to compare different PRP preparations 
and the evidence is dominated by case series, but 
prospective controlled trials have been under-
taken and a recent Cochrane review assessed 
these studies [40]. This reported a possible mar-
ginal short- term pain benefit of questionable 
clinical impact, but overall there was inadequate 
evidence to support the use of PRP.  Since this 
analysis, however, a larger RCT (230 patients) 
has compared PRP with needling; both groups 
receiving a standard physiotherapy regime 
[41]. While both groups improved equally at 3 
months, PRP was significantly superior in treat-
ment success rate (83.9% vs. 68.3%) and pain 
reduction (70.9% without significant pain vs. 
46.0%) at 6 months. Unfortunately, the follow-
up rate at only 51% at 6 months degrades the 
impact of this study.

Autologous blood injection (ABI) involves 
simply the injection of a small volume of blood. 
An RCT compared ABI (3  ml) to PRP (3  ml) 
injection; with both groups receiving the same 
physiotherapy regime [42]. PRP was marginally 
superior to ABI in reducing pain and this was sig-
nificant at 6 weeks. Functional scores improved 
to a similar degree in both groups. Another RCT 
compared PRP and ABI in chronic cases and 
reported 6-month outcome scores [43]. Success 
rates were similar (66% PRP and 72% ABI) and 
overall 70% avoided surgery.

8.5.4  Autologous Tenocyte 
Injection

Autologous tenocyte injection aims to bring 
healthy housekeeping cells to the degenerate, 
hypocellular tendon. The process involves per-
cutaneous biopsy under local anaesthetic of 
healthy tenocytes from a patella tendon. These 
cells are cultured in laboratory conditions and 
the tenocytes separated by flow cytometry. Under 
US guidance, the tenocytes are injected into the 
common extensor origin. Wang and colleagues 
have reported on a pilot study of 20 patients with 
recalcitrant chronic severe tennis elbow [44]. 
Patients demonstrated marked improvement in 
pain, qDASH, grip strength and MRI features at 
12 months. Only one patient underwent surgery. 
A follow-up study suggested enduring benefit in 
these cases [45]. Further comparative studies will 
clarify the role of this expensive, but potentially 
promising technique.

8.5.5  Traumatic Avulsion

This is a rare problem, but one should be suspi-
cious of a history of a tearing sensation or trauma, 
with sudden-onset of pain over the lateral epicon-
dyle and forearm. Weakness of grip is profound 
and, although there is very little published, in 
our experience this does not settle with time or 
 therapy and the injury is best repaired anatomi-
cally with a suture anchor technique.
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8.6  Common Flexor Origin: 
Golfers’ Elbow/Medial 
Epicondylitis

If the tendinopathy arises in the common 
flexor origin, it is termed medial epicondy-
litis (ME), or Golfer’s elbow. The incidence 
of medial epicondylitis is approximately five 
times lower than tennis elbow, although the 
pathology is the same. As such, the literature 
is less abundant. The pronator teres tendon is 
the principal culprit and the provocative test 
involves resisted pronation with the elbow 
extended. Some authors suggest that weak-
ness in the flexor pronator muscles predis-
poses to medial tensile overload. This notion 
is supported by the high incidence (44%) of 
ME in patients with C6 and C7 radiculopathy 
[46]. In addition to the tendon origin pain, a 
substantial group also experience ulna nerve 
symptoms. Neurophysiology may not demon-
strate entrapment, but neuritis may, neverthe-
less, cause symptoms. Differential diagnosis 
again includes elbow instability, intra-articu-
lar elbow pathology and pronator syndrome. 
The principles of management echo those for 
LE, with an eccentric programme, stretch-
ing and activity modification forming the 
first line of management. Autologous blood 
injection has shown improvement in symp-
toms from baseline at 4 weeks and 10 months 
(Level IV) [47]. Corticosteroid injection again 
shows improvement at 6 weeks, but not at 
any further time point and the same concerns 
exist regarding prolonging the natural his-
tory of the disease. If surgery is required for 
recalcitrant cases and there is ulna neuritis, 
a cubital tunnel release should be performed 
in addition to the release procedure. A small 
series of 15 patients with chronic recalcitrant 
medial epicondylitis achieved excellent results 
from open release (11/12 responders at 66 
months) [48]. Eleven of 12 returned to work 
within 8 weeks of surgery and DASH and VAS 
improved significantly.

8.7  Distal Biceps Pathology

8.7.1  Distal Biceps Tendinopathy

Tendinopathy of the distal biceps tendon is 
uncommon. Again, a degenerative process is 
thought to provoke symptom onset [49]. Patients 
report a pain at the front of the elbow made worse 
by resisted flexion and supination. Examination 
will reveal an intact, but painful tendon with 
pain made worse by resisted supination and flex-
ion. Hook testing may be painful, although it 
should be negative, as no rupture has occurred. 
Diagnosis may be made on clinical grounds, but 
MRI imaging may help to identify those with 
partial tears and plain films may reveal calcifi-
cation changes at the tuberosity. Ultrasound can 
also be used. MRI in a flexed, abducted and supi-
nated (FABS) position optimises the view of the 
distal biceps tendon (Giuffrè and Moss [50]). 
As for other tendinopathies around the elbow, 
eccentric physiotherapy is a first line treatment. 
Many will be expected to improve, but those with 
ongoing symptoms may benefit from injection. 
Ultrasound has been assessed as a guidance-tool 
for peri- tendinous injection in cadavers and both 
posterior and anterior approaches were effective 
[51]. Although corticosteroid injection has shown 
good results in a small retrospective series [52] 
at long-term follow-up, concerns remain related 
to the action of corticosteroid and the pathology 
of tendinopathy. Recent articles have reported on 
PRP use in distal biceps tendinopathy. One small 
study showed that four of six patients enjoyed 
resolution of symptoms with negative provoca-
tion signs by 6 weeks from PRP injection [53]. 
The remaining two underwent repeat injection, 
one of whom had a partial tear on MRI. At sec-
ond follow up, both had improved and provoca-
tion signs were negative. Pain and Mayo scores 
improved significantly and there were no com-
plications. A second, larger study has also sug-
gested benefit from PRP injection [54]. Flexion 
Abduction Supination (FABS) MRI scan is 
ordered if the diagnosis is in doubt, or there is a 
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history of trauma (to detect partial injury). Initial 
treatment comprises an eccentric programme and 
precipitant avoidance. Those who fail to respond 
to the exercise programme receive an ultrasound- 
guided PRP injection. It is rare for a patient to 
require surgery for distal biceps tendinopathy in 
the absence of a tear.

8.7.2  Partial Tear

Partial tearing of the distal biceps tendon may 
occur either after a sudden eccentric loading, as 
for complete rupture, or it may be the result of 
a chronic degenerative tendinopathy. In an acute 
injury, symptoms will be similar to a complete 
rupture; although on examination, the hook test 
will be negative and intact tendon palpable. In 
chronic cases, the symptoms mirror those of 
tendinopathy. US scans can differentiate par-
tial versus complete tearing with 91% accuracy 
[55]. MRI scanning is useful in quantifying the 
degree of tendon rupture, with FABS views rec-
ommended (Giuffrè and Moss [50]). In general, 
a tear of <25% (i.e. half of one muscle belly’s 
tendon) can be managed with rehab, injection or 
surgical debridement [56]. Some propose that a 
50% tear can be tolerated, but it is important to 
appreciate that the insertion is derived from two 
muscle belly heads—a 50% tear, therefore, prob-
ably represents a complete tear of one head. A 
symptomatic tear greater than 25–50% should be 
taken down and repaired formally as for a com-
plete rupture [56]. In experienced hands, a distal 
biceps bursoscopy can be useful in visualising the 
damaged tendon and debriding partial injury [56]. 
For those patients who do not improve with phys-
iotherapy or injection, surgery achieves reliable 
results in terms of pain relief and return to almost 
normal flexion and supination strength with a low 
rate of complications in small case series [57, 58].

8.7.3  Complete Rupture

The classic mechanism for acute distal biceps 
tendon rupture is a sudden eccentric overload-
ing event. This typically affects the middle-
aged male. A history of anabolic steroid use is 

associated with increased risk of tendon rup-
ture, although these patients fare no worse post- 
operatively than non-steroid users [59]. Patients 
report a sudden onset of pain, followed rapidly 
by bruising and swelling in the ante-cubital fossa. 
Biomechanical study reveals a 30% reduction in 
flexion power and a 40% reduction in supina-
tion strength after distal biceps tendon rupture. 
On examination, the inability to hook one’s 
finger around the biceps tendon with the elbow 
flexed to 90° and the forearm supinated confirms 
complete rupture [60]. It is important to recog-
nise that the O’Driscoll hook test may be falsely 
negative in cases where the tendon is torn but the 
lacertus fibrous remains intact and is tethering 
the ruptured tendon. In cases where doubt exists 
regarding degree of injury an urgent ultrasound 
or ‘FABS’ MRI can be useful.

While some patients tolerate well the func-
tional loss of a torn distal biceps, most active 
patients will opt for surgical fixation. Anatomic 
repair achieves consistently good results [61] and 
surgical repair has been shown to provide supe-
rior outcomes to non-operative management in 
all measures at 2-year follow-up in a comparative 
study [62]. The surgical approach used to per-
form the repair, and the method of fixation seems 
not to affect significantly the overall outcome. 
In our practice, we employ a single incision and 
endobutton bi-cortical fixation [63].

Complications, although rare, include hetero-
topic ossification, cutaneous or posterior interos-
seous nerve injury (usually temporary), infection 
and re-rupture. Active range of motion without 
resistance can be permitted immediately after 
surgery, but surgeons employing suture anchors 
often protect their repair for a few weeks. 
Resistance training is allowed at 3 months post-
 op. Re-rupture rate is very low at 1.5% [64]. Our 
institution recently presented a series of cases of 
symptomatic failure of footprint healing, without 
frank re-ruptures. All followed suture-anchor fix-
ation and we believe tendon gapping has resulted 
in failure to achieve on-bone healing. All cases 
were revised using our standard in-bone endobut-
ton technique. Almost normal functional strength 
compared to the uninjured side can be expected. 
Complications, such as heterotopic ossification, 
increase if surgery is performed more than 2 
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weeks after the injury so prompt onward referral 
is recommended.

8.7.4  Irreparable Tendon Injury

Delayed presentation and diagnostic delay can 
present the surgeon with an injury that may 
not be directly repairable because the tendon 
has retracted, scarred and atrophied. These 
are often referred to as chronic injuries but 
time alone is not the factor that dictates the 
ability to repair the tendon. A complete rup-
ture with an intact lacertus fibrosus is likely 
to be directly repairable even many months 
after the injury, as the tendon has been held 
out to length. Although it may be necessary 
to perform the repair with the elbow joint in a 
degree of flexion this causes little concern as 
the biceps muscle will stretch with activity and 
normal range of motion will be restored. Those 
with significant tendon retraction and fibrosis 
require interposition allograft or autograft 
reconstruction—our preference is allograft 
tendo- Achilles in a modification of the Mayo 
clinic’s technique [65]. Rehabilitation after 
allograft reconstruction takes longer (usually 
6 months), but patients can still expect good or 
excellent functional outcome.

8.8  Distal Triceps

Symptomatic pathology of the triceps tendon is 
uncommon. Weight lifters are more prone to suf-
fering from the condition. If the onset is acute, it 
is worth excluding an enthesophyte avulsion frac-
ture as the cause of pain with a lateral radiograph 
and tendon rupture should also be considered. 
Treatment follows the same principles as for LE 
and ME, with eccentric exercise being the first-
line therapy, leading to PRP injection in recalci-
trant cases. We are not aware of any reports of 
surgery for triceps tendinopathy.

An enthesophyte avulsion fracture describes 
the pull-off of a small bony spur, with some of 
the triceps enthesis, from the olecranon. It does 
not lead to any discontinuity in the triceps tendon 
and function is not affected.

8.8.1  Triceps Tendon Rupture

Triceps rupture is extremely rare, with only 8 
cases from 1014 tendon injuries reported by the 
Mayo clinic [66]. The tendon is normally avulsed 
from its insertion on the olecranon process and 
usually takes with it a fleck of bone (the flake 
sign) [67]. Patients present with pain, swelling 
and weakness of active elbow extension (Farrar 
and Lippert [68]). Metabolic bone disease, ste-
roid injection, rheumatoid arthritis are all associ-
ated with increased risk of rupture. Total elbow 
replacement, particularly revision cases with tri-
ceps detachment can also threaten the distal tri-
ceps: The Mayo clinic reported ten cases over a 
20-year period [69]. Bodybuilders and collision 
football players are also at greater risk of rupture 
[70]. The rupture may be either partial or com-
plete, a distinction of importance if one is consid-
ering conservative management in partial injuries 
(Farrar and Lippert [68]). The mechanism is clas-
sically a sudden eccentric triceps contraction, 
with or without a direct blow—a fall onto an out-
stretched arm is a common mechanism. In cases 
of complete rupture, there may be a palpable gap 
just proximal to the tip of the olecranon and loss 
of active elbow extension. However, the rarity of 
the injury, pain and swelling may impede initial 
diagnosis and cases are often missed. MRI and 
US are useful imaging modalities to confirm and 
quantify triceps injury [71]. Surgery is recom-
mended for complete ruptures and those cases 
with more than 50% disruption. The width of 
the tendon proper is 21 mm in a cadaveric study 
[72]. In ten professional American football play-
ers with partial injury, six returned to full play 
without surgery [70].

For those that need surgery, Farrar reported 
success with transosseous suture repair through 
tunnels drilled into the olecranon [68]. Good 
results can be expected in acute repair [73], 
although the Mayo clinic reported a 21% re-
rupture rate in their 14 primary repairs. Despite 
this, in the same study, the long- term strength 
was 82% of the uninjured side with symmetri-
cal endurance. For two neglected ruptures, with 
retraction of the muscle, Yazdi performed a V-Y 
advancement of the triceps tendon and direct 
repair without the need for turn-down flap or 
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allograft interposition and gained good results 
[74]. More complex reconstructions, with anco-
neus rotation, interposition allografts have also 
been employed [75].

8.9  Conclusion

Tendon injury includes a spectrum of pathology 
from reactive tendinopathy to chronic tendon 
rupture. Identification of the stage of pathology is 
key to providing appropriate treatment. Despite 
the prevalence of these conditions there is a pau-
city of good quality literature to guide manage-
ment and many questions remain un-answered.

Q&A
Q1: Describe the pathological process that leads 
to tendinopathy.

Tendinopathies are considered to occur as a 
result of a disruption of normal tissue homeo-
stasis. There is a continuum of pathology from 
reactive tendinopathy, through tendon disrepair 
to degenerative tendinopathy. Reactive tendi-
nopathy is readily reversible condition associated 
with proteoglycan accumulation and oedema. If 
overload continues there is an increase in matrix 
production, resulting in both collagen and pro-
teoglycan synthesis known as tendon disrepair. 
The final stage of degeneration is associated 
with angiofibroplastic hyperplasia and tenocyte 
cell death with hypocellular collagen voids. This 
can weaken the tendon and may lead to tendon 
rupture.

Q2: What is the best initial treatment for a 
patient with tennis elbow?

Patients with recent onset symptoms of ten-
nis elbow should be advised to avoid aggravating 
activities, to take oral analgesia and to consult a 
physiotherapist. In athletes a reactive tendinopa-
thy can result from overtraining and immediate 
rest and alternate day isometric exercises are 
recommended. In more established cases a con-
trolled loading programme is recommended. 
Steroid injections should be avoided.

Q3: Who is at risk of distal biceps tendon 
rupture?

The peak incidence of distal biceps rupture 
is in the fifth decade of life but traumatic avul-
sion is seen in athletes at a younger age. The risk 
is higher in contact sports such as rugby. With 
advancing age a greater proportion of patients 
report prodromal pain symptoms suggesting that 
tendopathy may predispose to tendon failure.

Q4: What symptoms and signs should raise 
a suspicion of distal triceps tendon rupture and 
how would you investigate further?

Patient will typically report a feeling of tear-
ing at the back of the elbow with loading. The 
patient is often involved in weight lifting or 
contact sports activities but certain systemic ill-
nesses are associated including metabolic bone 
disease and rheumatoid arthritis. There is likely 
to be weakness of elbow extension but exten-
sion against gravity is usually possible due to the 
intact muscular medial head. A palpable gap may 
be found on examination and the muscle belly 
will be high riding in full elbow extension. If the 
diagnosis is not clear an MRI or ultrasound scan 
are the investigations of choice.
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Key Learning Points
 1. Exertional compartment syndrome of the 

forearm is initially treated with activity 
modification.

 2. Surgery has good results for exertional com-
partment syndrome of the forearm resistant to 
activity modification.

 3. Forearm splints are common amongst pom-
mel horse gymnasts.

 4. The treatment of forearm splints is activity 
modification.

 5. There is no single diagnostic investigation for 
forearm splints or exertional compartment 
syndrome of the forearm.

9.1  Exertional Compartment 
Syndrome of the Forearm 
(Arm Pump)

9.1.1  Introduction

Chronic exertional compartment syndrome of the 
forearm (CECSf) is a clinical syndrome of fore-
arm pain on exercise. The typical exercises that 
cause CECSf are constant forceful gripping. 
CECSf is the upper limb equivalent of the more 
common form of exertional compartment 
 syndrome that affects the lower leg. It is colloqui-
ally known amongst athletes as “arm pump”.

CECSf occurs when the compartment pres-
sure is higher than the capillary perfusion pres-
sure. Any one or more of the four forearm 
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compartments can be involved (Fig.  9.1). 
Notably, CECSf does not occur every time the 
compartment pressure is higher than the capil-
lary perfusion pressure. It is likely that there are 
other environmental and genetic factors that 
determine if an athlete experiences symptoms 
or not.

9.1.2  Pathophysiology

During exercise the forearm muscles produce 
lactic acid that stimulates an increase in blood 
flow. The muscles are already often large in an 
athlete and the increase in blood flow further 
increases the volume of the forearm contents. 
The fascial compartments have a fixed volume 
and so the pressure within the forearm increases. 
The increase in pressure compromises venous 
return because the veins, which are low pressure, 
are occluded before the arteries, which are higher 
pressure. This results in more blood flowing into 
the forearm than out of the forearm further 
increasing the forearm pressure. This positive 
feedback loop is outlined in Fig. 9.2.

The pain caused by CECSf is most likely 
caused by a combination of the high forearm 

pressure itself and the lactic acid build up in the 
muscles caused by the inadequate blood flow.

It is not known why some athletes suffer with 
CECSf while others do not. It is more common in 
young men in who naturally have greater muscle 
bulk. It has been speculated that some individuals 
may have a genetic predisposition to CECSf. 
This is supported by several case reports of bilat-
eral CECSf; case reports of exertional compart-
ment syndrome affecting different anatomical 
areas and a case report of family members having 
exertional compartment syndrome [1–5]. 
Anecdotally, it has been reported that the fascia 
in patients with CECSf is thicker than normally 
encountered [6]. Another, equally plausible, 
explanation as to why some athletes get CECSf 
while others do not, is that previous injury can 
cause muscle contusion, swelling and scaring. 
This could increase the volume of the forearm 
contents and reduce the ability of the fascial com-
partments to expand.

The sports that cause CECSf are those that 
involve constant forceful gripping with little 
rest time where the compartment pressure can 
drop below the capillary perfusion pressure. 
Intermittent or less forceful grips promote 
venous return and may be protective of CECSf. 
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Motocross and motorcycle racing are particu-
larly high risk sports because of the combina-
tion of constant grip, twisting of the throttle and 
shocks through the arms. Up to half of enduro 
motorcyclist riders experience forearm pain 
after riding (Fig. 9.3) [7]. Other high-risk sports 
include kayaking, rock climbing and weight lift-
ing (Table 9.1).

9.1.3  Diagnosis

Athletes with CECSf present with forearm pain 
when they do specific activities. The pain resolves 
after a period of rest, however, it can persist for 

beyond 12 h. The main concern to athletes is usu-
ally a “dead arm” that prevents participation in 
sport and not the persistent pain [8]. The athlete 
may also experience numbness in the hand, clum-
siness, a loss of muscle strength and cramp. The 
differential diagnosis includes peripheral nerve 
entrapment neuropathies, forearm tendinopathies 
and limb ischemia (Table 9.2).

Clinical examination is usually unremarkable. 
When the athlete is symptomatic the forearm 
compartments will be tight to palpate but this is 
an unreliable sign [8]. An increase in forearm cir-
cumference may also be found. Radiographs, 
ultrasound scans and resting MRI scans are often 
normal in CECSf but can be useful to exclude 
other conditions.

Sequential MRI scans immediately after the 
onset of symptoms and then every 5  min for 

lactic acid
build up

Inadequate
circulation

Venous
occlusion

Increased
compartment

pressure

Increased
blood flow

Fig. 9.2 Positive feedback loop causing CECSf

Fig. 9.3 Enduro motorcyclist

Table 9.1 Sports associated with CECSf and interven-
tions to reduce the risk

Associated 
activities Interventions
Climbing Chalk hands adequately

Push up with legs during climbs in 
preference to pulling up with arms

Gymnastics Chalk hands adequately
High quality hand guard

Hockey Use a vibration dampening hockey 
stick
High quality grips

Kayaking Cranked paddle to align forces with 
the forearm
Wax paddle grip to increase friction
Ergonomic paddle cross section to 
facilitate grip

Motocross Ensure optimal front suspension to 
reduce shock transmission
Ensure optimal bike set up to enable 
grip from legs

Rowing Alternate between a strong “drive 
grip” during the stroke and a weaker 
“recovery grip” during the feather

Tennis High quality racket grip
Shock absorbers

Waterskiing High quality handle
Consider using a rope with more 
stretch
Change grip position

Weight 
training

Change grip position
High quality gloves

Wheelchair 
sports

Consider using gloves
High quality wheel grip
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15 min during recovery can be helpful. This can 
show an area of high signal on the T2 sequence 
that resolves with resolution of the symptoms [9].

A needle electromyogram (EMG) may show 
denervation secondary to the increased compart-
ment pressure. Some studies have identified 
EMG changes that they cannot attribute to cause 
other than the CECSf [9]. Nevertheless, a normal 
needle EMG does not exclude CECSf and so this 
invasive painful investigation is not recom-
mended routinely. Surface nerve conduction 
studies have not been shown to be affected by 
CECSf [9].

There is no consensus as to what the normal 
compartment pressure measurements of the fore-
arm are [10]. It is generally considered that a 
forearm pressure >10 mmHg at rest or >20 mmHg 
on exertion is supportive of CECSf [11]. 
However, lower pressures than this do not exclude 
CECSf and higher pressures than this can be nor-
mal. Compartment pressures as high as 39 mmHg 
have been recorded in normal forearms and fol-
lowing a surgical fasciectomy forearm compart-
ment pressures that have dropped only to 
104 mmHg have had a successful outcome [10].

Measuring changes in compartment pressures 
with serial measurements has been suggested as 

an alternative to measuring absolute values as a 
potential diagnostic tool for CECSf [1, 12–14]. 
However, to date this has had limited success. 
This in part may be due to inaccuracies in mea-
suring forearm compartment pressures, which 
can be due to differences in probe positioning, 
limb positioning, degree of muscle contraction 
and operator expertise. Compartment pressure 
measurements are invasive, time consuming and 
unreliable so we do not recommend them 
routinely.

9.1.4  Treatment

Unlike acute compartment syndrome, CECSf is 
self-limiting; upon the cessation of sustained 
forceful gripping the symptoms resolve. Athletes 
often suffer with recurrent symptoms every time 
they participate in sport. The symptoms can 
become severe enough to prevent the participa-
tion in sport; early intervention may prevent this.

Activity modification is the mainstay of treat-
ment. Athletes can often incorporate periods of 
grip relaxation during sport even if this is only for 
a short period of time. Selling this concept to an 
athlete can be difficult. In some sports such as 
motocross the athlete will be aware that a period 
of grip relaxation may have an immediate short 
term detrimental effect on performance. When 
discussing this it is important to stress that grip 
relaxation may improve endurance and so 
improve overall performance. Some sports, such 
as rowing, alternate between a “drive grip” and 
“recovery grip”. Emphasising the endurance ben-
efits of utilising the recovery grip better can 
improve endurance with no detrimental effect on 
performance.

The strength of the grip required for sport can 
be reduced by optimising the ergonomics of the 
object they are gripping. An example of this is in 
kayakers where often a round paddle shaft is 
used. This requires a tight grip to prevent it slip-
ping. An oval paddle shaft reduces the grip pres-
sure required.

Some sports have different techniques that can 
be used for gripping. An example of this is that 
water-skiers can choose to hold the handle in dif-

Table 9.2 Causes of forearm pain in athletes

Tendinopathies
Golfers elbow
Tennis elbow
Intersection syndrome
De Quervains tenosynovitis
FCR Tendonitis
Compression Neuropathies
Carpal tunnel syndrome
Cubital tunnel syndrome
Radial tunnel syndrome
Pronator syndrome
Radiculopathy
Vascular
Limb ischemia
Thoracic outlet syndrome
Other
Tumours
Infections
Stress fractures
Ganglions
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ferent ways. This includes one palm up with one 
palm down, both palms down or both palms up. 
Athletes may be reluctant to change their grip, 
but if doing so for a period of time allows them to 
train for longer, they may be receptive to this. 
Some other sport specific adaptations are sug-
gested in Table 9.1.

It is unlikely that athletes who have intolerable 
symptoms despite activity modification will have 
any improvement in their symptoms over time 
[1]. A surgical forearm fasciotomy or partial fas-
ciectomy is recommended for these patients. A 
fasciectomy has the theoretical advantage of 
reducing the risk of the fascia healing in the same 
place leaving the compartment volume 
unchanged. Both fasciotomies and fasciectomies 
have been shown to be successful in managing 
persistent symptoms [5, 6, 8].

Following surgery patients can be back to 
sport as early as 4 weeks post-operatively. Most 
patients have some long-term improvement in 
their symptoms [5, 6, 8]. Failure to improve is 
likely to be either because the fasciotomy has 
scarred, reforming a tight compartment, or the 
diagnosis was incorrect. The reported complica-
tions are haematoma formation, cutaneous nerve 
injury and widening of the scar over time [5, 6].

9.2  Forearm Splints 
(Pommel Arm)

9.2.1  Introduction

Forearm splints are pain experienced in the fore-
arm, often during repeated forceful eccentric 
muscle contraction. The exact cause is poorly 
understood but they are thought to be the coun-
terpart to shin splints in the lower limb. Gymnasts 
using the pommel horse are the most commonly 
affected athletes, which has led to the colloquial 
term “pommel arm”.

9.2.2  Pathophysiology

The pathophysiology of forearm splints is 
unknown. It has been suggested that forceful 

eccentric muscle contractions stress the muscles 
attached to the radius, ulna and interosseous 
membrane [15]. It is thought this may lead to 
periostitis although this has not been proven his-
tologically. Flexor digitorum profundus has a 
large attachment to the ulna, and flexor pollicis 
longus has a large attachment to the radius and so 
these muscles are most likely the cause of fore-
arm splints (Fig. 9.4).

Deep tissue massage has been reported to 
improve shin splints more quickly than no treat-
ment [16]. Advocates of this treatment suggest a 
fascial distortion model, whereby connections 
between fascial layers exist that lead to abnormal 
traction and pain. They report deep massage 
breaks these down. In forearm splints athletes 
often use isotonic exercises with the hand in a 
rice bucket that may have a similar effect on any 
abnormal fascial connections (Fig. 9.5). Although 
unproven the fascia distortion model does pro-
vide an alternative hypothesis as to the pathology 
of forearm splints.

It is important to note that forearm splints are 
not caused by stress fractures, CECSf or trau-
matic periostitis. If these conditions are identi-
fied, then they should be treated before diagnosis 
of forearm splints is made.

9.2.3  Diagnosis

Athletes with forearm splints complain of a 
sharp, localised, sudden onset of pain in the fore-
arm during repetitive forceful eccentric loading. 
The athlete may report that it feels like the bone 
will break. This classically occurs in gymnasts 
doing turns on a pommel horse or when perform-
ing a planche (Fig. 9.6).

The pain can be anywhere in the forearm and 
is often felt on the dorsal or ulnar sides. It 
 typically resolves quickly on stopping exercise. 
Examination may identify tender areas but is oth-
erwise unremarkable.

Radiographs, MRI scans and isotope bone 
scans can all show abnormalities in the presence 
of periostitis [15]. However, periostitis can have 
different causes including stress fractures, 
tumours, infections and trauma. It is, therefore, 
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important to interpret imaging in context with the 
clinical history. In the investigation of shin splints 
T2-weighted MRI scans have shown periosteal 
high signal in up to 40% of patients [17]. 
Assuming a similar pathology, MRI scans may 
be a useful in diagnosing forearm splints.

9.2.4  Treatment

The prevention of forearm splints is important 
for high-risk athletes, particularly gymnasts. 
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Fig. 9.4 Muscle 
attachments in forearm

Fig. 9.5 Rice bucket exercises (t-nation.com)
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Forearm splints have been widely attributed to 
training at a level that is too high for the condi-
tion of the wrists and forearms. It is important to 
work on conditioning the wrists and forearms as 
much as possible. One way to condition the 
wrists is for athletes to transition from the train-
ing mushroom to the pommel horse early on in 
their career (Fig.  9.7). The pommel horse 
strengthens the wrist and forearm in a more 
functional way than the training mushroom. 
When training on the pommel horse, the inten-
sity should be graduated and appropriate to the 
athlete. A thorough warm up and cool down 
should always be used.

When an athlete suffers with forearm splints 
the initial treatment involves a period of relative 
rest by activity modification. Analgesics and 
NSAIDs can also be used. Deep tissue massage 
may also be tried and advocates suggest this may 
break down adhesions between the fascial com-
partments in the forearm [16]. There is also week 
evidence that extracorporeal shockwave therapy 
may shorten the duration of shin splints, but there 
are no reports of its use in the upper limb [18]. 
Once the forearm splints have resolved, if the 
athlete returns to their previous activity the fore-
arm splints are likely to return. Some permanent 
activity modification should be considered.

Fig. 9.6 Planche 
(Wikipedia.org)

Fig. 9.7 Pommel horse and training mushroom
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When returning to training, the initial rehabili-
tation should involve less forceful eccentric 
 loading than precipitated the forearm splints. 
High repetitions can be used to optimise the 
strength gain from this. These exercises should 
work on the long flexors and extensors particu-
larly flexor digitorum profundus and flexor pol-
licis longus.

One of the most important activity modifica-
tions is training optimisation. When training on 
the pommel horse every turn should be consid-
ered precious. Athletes should perform fewer 
high-quality turns; with the coach watching each 
turn and a specific goal for each turn. This opti-
mises training and reduces the summation of 
forces through the forearm. A suggested training 
routine could be to have a maximum of three 
attempts at any specific sequence and not to do 
more than 20 circles in a set.

The entire kinetic chain should be considered 
when treating a gymnast with forearm splints. 
Whilst using the pommel horse, a gymnast’s 
kinetic chain has two rotations. The first is the 
rotation of the legs around the body. The second 
is the rotation of the bodies centre of mass 
(Fig. 9.8).

Asymmetrical rotation of the centre of mass 
increases the forces placed through the forearms 
and wrists [19]. As well as rotational movements, 
whilst using the pommel horse, gymnasts also 
have a vertical motion. Minimising this and keep-
ing it smooth reduces the forces through the 
forearms.

Wrist supports are widely used by gymnasts to 
prevent forearm splints although it is preferable, 
when possible, to condition the forearms suffi-
ciently to avoid this.

Q&A
Q—What is the most useful investigation for 
CECS?

A—Sequential MRI scans every performed 
every 5 min from the onset of symptoms, brought 
about by forearm exertion exercises such as 
squeezing a sphygmometer bulb, can show 
oedema changes within the muscle. Forearm 
compartment pressure monitoring is invasive and 
there is no true “cut off” for diagnosis.

Q—What non-surgical adaptations might a 
motocross rider do to prevent CECSf?

A—Ensure optimal set up to enable grip from 
legs.

Ensure suspension optimally set up.
Relax grip when safe while riding.
Q—What are the surgical options to treat 

CECSf?
A—Fasciotomy.
Partial fasciectomy.
Q—What athlete is at most risk from forearm 

splints?
A—Pommel horse gymnast.
Q—Are forearm splints and periostitis the 

same condition?
A—No. Forearm splints are thought to be one 

of several causes of periostitis.

Balanced Kinetic Chain Unbalanced Kinetic Chain

Motion
of the legs

Motion
of the legs

Fig. 9.8 Pommel horse 
rotations
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Key Learning Points
• An understanding of the key components of 

elbow rehabilitation will optimise outcomes 
and return to sport.

• Early overhead mobilisation is key to prevent 
stiffness.

• A comprehensive elbow rehabilitation pro-
gramme should include isometrics, the full 
kinetic chain and plyometrics.

• Interval programmes should be included in a 
return to sports programme.

10.1  Introduction

Over recent decades there has been a sharp rise 
in the number of participants in sport. Injuries to 
the elbow during sport, such as fracture, disloca-
tion or tendon rupture, can be the result of a sin-
gle traumatic event. However, most injuries can 
be attributed to chronic overuse. Sports that are 
prone to elbow injuries involve those with exten-
sive use of the arm in throwing, e.g. bowling, 
javelin; those in which the arm is used as a lever 
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for swinging or hitting e.g. tennis, golf and rac-
quetball; and those where the arm is turned into a 
weight bearing joint e.g. gymnastics and weight-
lifting. In addition, the elbow can be injured in 
sport when used to block fired shots such as in 
rugby, volleyball or goalkeeping in football. Up 
to 30% of participants engaged in activities such 
as throwing, bowling, tennis, swimming and vol-
leyball complain of elbow problems [1–4]. The 
most common athletic overuse injuries include 
lateral and medial tendinopathies, ulna collateral 
ligament injury and Valgus Extension Overload 
(VEO).

In Europe, where there is less dominance of 
pitching sports, other common sporting injuries 
to the elbow are seen (Table 10.1) and it should 
be noted that the patterns of injuries seen in ado-
lescents differ from those seen in adults [6, 7].

To compensate for the physical forces placed 
on the structures, an athlete’s upper limb devel-
ops marked physical adaptations [6, 8].

10.2  Physical Adaptations 
to Overhead Activities

Adaptations in range of motion, ligamentous lax-
ity and muscular compensation are seen in the 
throwing limb of athletes, compared with the 
contra-lateral upper limb, which means between 
sides comparisons may not be adequate when 
restoring an athlete back to their pre-injury base-
line [7, 8].

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 [9, 10]. There is also an increased strength 
profile for the dominant arm in the glenohumeral 
joint internal rotators, elbow, wrist and forearm 
muscles, seen in tennis players, baseball pitchers 
and javelin throwers [11–17].

However, it should be noted that muscle 
group strength ratios are sport specific. In some 
overhead activities such as volleyball and ten-
nis, high elbow extensor to flexor ratios are 
seen [17], whereas in activities such as judo, 
there is an almost equal ratio of elbow exten-
sors to flexors [18]. This should be borne in 
mind when designing individual rehabilitation 
programmes.

10.3  General Rehabilitation

The aim of rehabilitation is to expose heal-
ing tissues to appropriate stress and avoid 
the adverse changes to tissue biomechan-
ics and morphology seen after prolonged 
immobilisation.

According to Wilk et al. [7], rehabilitation fol-
lowing elbow injury or surgery (Table 10.2) fol-
lows 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 evidence, adapted to each 
individual and their respective sport. Progression 
through a rehabilitation regimen should be based 
on targets rather than time. Time points should be 
used as a guide only.

10.4  Acute Phase

The first phase is the immediate motion phase, 
where the goals are to reduce the deleterious 
effects of immobilisation, to re-establish motion, 
decrease pain, decrease inflammation and retard 
muscle atrophy [7, 19].

Table 10.1 Commonly encountered elbow injuries [5]

Commonly encountered injuries
Lateral ulnar collateral ligament and medial collateral 
ligament tears
Ulnar nerve lesions
Flexor pronator sprain, tear or tendinopathy
Medial epicondyle apophysitis or avulsion
Lateral epicondylar tendinopathy
Olecranon osteophytes
Olecranon stress fractures
Osteochondritis dissecans
Loose bodies
Distal biceps tendon rupture
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Movement is initiated as soon as it is safely 
possible, as progressive mechanical loading is 
more likely to restore morphological character-
istics of tissues, such as capsuloligamentous, 
osteochondral and muscular structures [20, 21]. 
Animal models have demonstrated that loading 
upregulates genetic expression for key proteins 
associated with tissue healing [20–22]. Clinical 
studies have demonstrated that immediate elbow 
mobilisation, even post-dislocation, results in 
less loss of motion with no apparent increase in 
instability [23]. The safe arc of motion is dictated 
by healing constraints of soft tissues as well as 
the specific pathology or surgery [7].

Mobilisation exercises are performed, in this 
protected range, as defined by surgery/injury, 
frequently throughout the day, for all planes of 
elbow, forearm, and wrist motion. There should 

be a bias towards active mobilisation, as muscular 
activation stabilises the elbow, when compared 
with passive mobilisation alone [24]. The elbow 
joint is especially prone to flexion contractures, 
therefore, establishing full pre-injury extension, 
as early as possible, is a primary goal.

The overhead position described by Wolff and 
Hotchkiss [25] is the optimal mobilisation posi-
tion to achieve this goal (Fig. 10.1).

This position has been demonstrated to 
maximise elbow stability, by minimising ulno- 
humeral distraction [26]. Distraction is most 
marked with the arm hanging dependent by the 
side, especially when wearing a cast or hinged 
elbow brace, and therefore, this position should 
be avoided for exercises. The overhead position 
also has the added benefit of minimising biceps 
EMG activity seen clinically in the painful, stiff 

Table 10.2 Example guidelines for progression of rehabilitation

Surgical procedure Early stage Intermediate stage Late stage Return to sport
Collateral ligament 
reconstruction

Immediately post op Gradual progression 
between weeks 2–6

Week 6+
Week 8+ for Plyometrics

From Week 12

Distal biceps repair 
with endobutton

Immediately post op, 
within safe ROM

Weeks 2–12 Week 12 12+ weeks

Long flexor/extensor 
tendon origin repair

Immediately post op Weeks 3–8 Week 8 Week 12

Communication with the surgeon is essential, to ensure a good understanding of the integrity of the repair. Timescales 
are approximate guidelines only.
For some specific surgery, if AROM is to be restricted to allow tissue healing, it is beneficial to have a ‘safe zone’ as 
established by the surgeon prior to closure. This can be utilised to progress rehabilitation within the safe zone without 
putting the repair at risk.

Fig. 10.1 Overhead pictures
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elbow [27], and enhances triceps activity, thereby 
maximising elbow extension range. This posi-
tion is suitable for the majority of individuals 
with conservatively managed elbow pathology. 
However, it is only suitable for post-operative 
patients, where a triceps sparing approach has 
been taken.

Initially, active assisted flexion/extension 
is performed with the contralateral upper limb 
providing support where needed. The forearm 
position during this exercise, is dependent on 
any capsule-ligamentous structures that need 
protecting. With lateral compartment lesions, the 
forearm is placed in pronation, whereby passive 
tension in the common extensor origin contrib-
utes to lateral stability. Supination is the optimal 
position for medial compartment lesions [24]. 
As soon as comfort allows, the exercises are pro-
gressed to active movements without assistance.

It is of great importance 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 [28]. 
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 [7]. In elbow tendinopathy, mobilisa-
tions with movements can be applied, where they 
have a demonstrable effect on decreasing pain on 
symptomatic activities such as grip [29].

During the acute phase, focus is also placed 
on voluntary activation of muscles and reduc-
ing muscular atrophy. Isometric exercises of the 
major elbow, forearm and wrist muscle groups 
are performed, which have been shown place no 
additional strain on healing ligamentous grafts 
[30]. Contractions are performed at the common 
flexor pronator group and the common exten-
sor group, which are secondary stabilisers of the 
medial and lateral compartments, respectively 
[31]. The dynamic stabilisers, including triceps, 
biceps and anconeus, that produce compression 
at the elbow are also targeted [31]. The anconeus 
appears from both EMG and anatomical studies 
to be a lateral elbow stabiliser, co-apting the ulna 

to the humerus, reducing postero-lateral rotatory 
displacement [32–34], and can be facilitated iso-
metrically even when the elbow is immobilised in 
a plaster cast or splint.

Isometric contractions also have the addi-
tional benefit of reducing pain, via a generalised, 
centrally induced, pain inhibitory response. The 
magnitude of this effect increases with contrac-
tions of longer durations, of moderate or above 
intensity (40–50% MVC) and is not constrained 
to the exercising limb [35–40].

If the patient has had surgery, consideration 
must be given to the integrity of the musculo-
tendinous units in order to guide early resistance 
work [41]. This requires good communication 
between the surgeon and therapist about the 
surgical approach employed, structures injured, 
divided and repaired.

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 exter-
nal rotation, as they produce a valgus moment 
at the elbow, possibly compromising vulnerable 
tissues [41].

10.5  Intermediate Stage

This is commenced when the following is 
achieved, a return to pre-injury range, with mini-
mal pain and tenderness and good strength of 
elbow and forearm musculature [7], usually at 
4–6 weeks post-injury/surgery.

Elbow extension and forearm pronation is of 
particular importance for effective performance 
in throwing sports [7, 19]. Local strengthening 
exercises are progressed to isotonic contractions, 
beginning with concentric work, then eccentric 
work, with emphasis placed on the secondary 
stabilisers [7] (Fig. 10.2).

With medial compartment symptoms, empha-
sis 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 [42–
44]. With tendinopathy, the key goal is improving 
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the capacity of the tendon and muscle to man-
age load. Several strengthening options exist, as 
well as heavy slow resistance work, all sharing a 
common goal of gradually increasing load, whilst 
carefully monitoring pain. This approach for 
tendinopathy has been supported by clinical tri-
als, with long-term benefits seen compared with 
pharmacological and electrotherapy interven-
tions [45–47]. Counterforce bracing is only use-
ful in individuals where it demonstrably reduces 
pain or improves grip, and is only worn during 
pain provoking activities [48].

Emphasis is also placed on exercises improv-
ing endurance and neuro-muscular control of 
the elbow complex [7, 19, 49]. Loss of kinaes-
thetic awareness of upper extremities can occur 
post-injury, and has been shown to decrease 
proprioceptive accuracy in throwers [50–53]. 
Proprioceptive neuromuscular facilitation, rhyth-
mic stabilisation drills and open and closed 
kinetic chain activities, which promote co- 
contraction and mimic functional positions with 
joint approximation, are now implemented [7]. 
Studies show a decrease in neuro muscular con-

trol, kinaesthetic detection strength and throw-
ing accuracy is associated with muscular fatigue, 
therefore exercises, including multiple sets [8], 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 gleno-humeral internal rotation deficit (GIRD) 
has been shown to place strain on medial elbow 
structures during throwing [54]. Postero-inferior 
gleno-humeral capsular tightening and shrink-
age, along with adaptive humeral head changes 
are well-documented problems in long-term 
throwers [54–56]. For this group, stretches such 
as a sleeper stretch are thought to be effective 
in addressing the capsular tightness [57]. Care 
should be taken with stretches at extremes of 
glenohumeral external rotation, as mentioned 
previously. It is also important not to apply this 
to all individuals with elbow injury or pathology. 
It must be considered that the GIRD may be a 
problem of control, rather than of capsular origin 
[57–59]. For this group stretching may not be as 
effective, and the problem should be addressed by 

Fig. 10.2 Pro/supination with weighted bar
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performing eccentric and concentric rotator cuff 
exercises through range [57]. It is essential that 
the individual is carefully assessed to ensure that 
any deficit is managed appropriately. Therefore 
a comprehensive assessment of the shoulder and 
the scapula should be undertaken, as scapula dys-
function prevents optimum energy transfer in the 
upper limb.

Gleno-humeral rotational strength and scapula 
strength is addressed during this phase, and are 
incorporated in the Throwers 10 strengthening 
programme [60]. This has been designed, from 
EMG evidence, to illicit muscular activity most 
needed to provide upper limb dynamic stability, 
and has been demonstrated to increase throw-
ing velocity, following a 6 week programme [8, 
61, 62]. Attention should be paid to global upper 
limb strengthening, even with elbow tendinopa-
thy, as previous studies have shown global weak-
ness, affecting all major shoulder groups, and the 
triceps, with this condition 67, probably due to 
pain inhibition and disuse [63].

It is vital not only to concentrate on the upper 
limb, but on the whole kinetic chain at this stage 
in rehabilitation, the kinetic chain being a specific 
sequence of movement which allows efficient 
accomplishment of a task. Injuries or adaptations 
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 produc-
tion and energy delivery through more proximal 
links [7, 64].

Kibler and Chandler calculated a 20% reduc-
tion in kinetic energy delivered from the hip and 
trunk to the upper limb, require a 34% increase in 
rotational velocity of the arm, to impart the same 
amount of force to the hand [65]. Hannon’s study 
70 has shown a link between lower limb balance 
deficits in throwers with medial elbow ligament 
injuries, compared with healthy controls [66]. 
These balance deficits disappear following a 3 
month throwers rehab programme including the 
trunk and the lower limb. Therefore, in this early 
stage, whilst the elbow is recovering, leg and 
trunk exercises involving sport specific activa-
tion patterns can be initiated, so that the base of 
the kinetic chain is ready for the next phase, late 
stage rehabilitation.

10.6  Late Stage Rehabilitation

The ultimate aim of late stage rehabilitation’ is to 
prepare the individual for a return to sport with 
confidence, and with as minimal risk of injury as 
possible. In order to achieve this, full concentric 
and eccentric strength, power, endurance, and 
control must be achieved throughout the upper 
quadrant and kinetic chain.

Late stage rehabilitation can be commenced 
when the individual has minimal or no pain 
on palpation, near full active range of move-
ment, and 70% of their predicted (or previously 
recorded) strength [7]. It is essential that the 
stage of healing is considered specifically for the 
injured tissue type, and that the tissue involved is 
theoretically considered to have achieved a suf-
ficient degree of repair or stability. Depending on 
the particular tissue type and the individual, it is 
suggested that progression to late stage rehabili-
tation will commence between 7 and 12 weeks 
post injury or surgery.

Late stage 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 12 months, with athletes throwing 
for short periods of time at 3 months post-op [41]. 
It should include an exercise programme with a 
gradual increase in resistance, an increase in muscle 
work through a wider range of movement, and a 
steady increase in lever length. It should gradually 
become more dynamic, with a reduction in predict-
ability, and an increase in weight bearing exercise 
and activities. This stage should also commence 
plyometric exercise and controlled impact work.

At this stage basic range of motion ought to 
have been achieved. It is important to concen-
trate on sports specific functional patterns of 
movement, and on the principles of propriocep-
tive, neuromuscular facilitation (PNF) and motor 
learning [67]. This can be achieved by exagger-
ating movement patterns performed during the 
specific sport [7].

It is vital to address any deficits or ongoing 
problems in terms of ROM. For a lack of elbow 
extension and or flexion, it is important to go back 
to the basics discussed in the previous stages to 
regain elbow range.
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Strengthening should follow the principles 
described above with regards to functional 
and sport specific patterns of movement. Load 
should be increased gradually, as should the 
length of lever. Therapists should design an 
exercise programme specific to the individual’s 
sport. Alternatively an established programme 
such as the ‘Advanced Thrower’s Ten’ should 
be initiated [68].

Strengthening should address the entire upper 
quadrant, and ought to progress strengthen-
ing exercises for the rotator cuff, and scapula, 
already started in the intermediate phase [69–
72]. Exercise should include both concentric and 
eccentric work through the full available range 
[7, 9]. Again, it is essential to consider sport 
specific eccentric control, for example the decel-
eration phase in throwing 8. During deceleration 
there is a marked biceps and brachialis activity, 
decelerating the rapidly extending elbow and 
pronating forearm, which need addressing during 
this stage.

Strengthening exercises should be performed 
in a dynamic manner incorporating the full kinetic 
chain mentioned previously, and should address 
proximal stability as part of the chain [72]. The 
strengthening programme should be progressed 
by reducing positions of stability [73]. An exam-
ple of progression of an exercise would be that 
of a tennis forehand movement with an exercise 
band; this would be initiated with a step forward, 
to stepping in different directions, to lunges, 
whilst altering the position of the upper limb (in 
terms of degrees of shoulder abduction +/− flex-
ion), increasing the lever length (elbow flexion/
extension), to ultimately increasing the speed of 
lunge, and upper limb movement, and increas-
ing the load. Each element should be progressed 
slowly, and only one component increased at 
a time to avoid overload or injury. Progression 
could also be made by initially hitting a low com-
pression ball, seen in mini tennis, to then move 
on to a regular tennis ball.

The therapist should carefully consider the 
sport for which they are rehabilitating and tai-
lor the strengthening programme accordingly, 
especially muscle group ratios, as discussed pre-
viously. For example in disciplines such as the 

bars in gymnastics, it is essential that a strength-
ening programme includes weight bearing exer-
cises such as a progression to handstand work. 
All strengthening programmes should start with 
low resistance and high repetitions and progress 
slowly [73].

10.6.1  Plyometrics

Plyometrics are commonly used in late stage reha-
bilitation to improve the power and neuromuscular 
control of a limb. They are designed to activate the 
stretch-shortening cycle and increase the excit-
ability of the neurological receptors to improve 
the reactivity of the neuromuscular system [14, 
15]. The stretch of the musculo- tendinous unit 
immediately followed by shortening is key to the 
concept of plyometric exercise, and this stretch-
shortening cycle enhances the ability of the mus-
culo-tendinous unit to produce maximum force in 
the shortest time [74]. They are commonly used 
to increase strength and power, and are considered 
to be the bridge between pure power and sports 
related speed, and ultimately thought to enhance 
athletic performance [74, 75]. In practice plyo-
metric exercises mimic the dynamic and explosive 
characteristics of many sports.

A plyometric programme should be structured 
and tailored to the individual.

Example of an plyometric program

Week
1 Two handed throws and wrist flips

Low impact ball progress to standard ball
2 One handed throws and wrist flips

Standard ball progressing to heavy ball
3 Reduce predictability

Trampet throws
Med progressing to heavy ball
One progressing to two handed

4 Weight bearing plyometrics
Trampet press ups—add in clap
Bosu ball press up/bounce/clap

In order for an exercise to be deemed plyomet-
ric it is essential that the change in muscle recruit-
ment (point of impact) is sudden. This should 
mimic the sport for which you are rehabilitating. 
For example when playing squash, the ball makes 
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contact with the racquet for less than 1 second. 
Therefore plyometric training should reflect this. 
Throwing activities involving the shoulder and 
elbow should commence with two handed low 
load, high repetition, predictable plyometrics 
(Fig. 10.3), and should progress to one handed, 

unpredictable (Fig. 10.4), dynamic plyometrics, 
on a stable platform, but can ultimately end on 
an unstable platform, e.g. gym ball, or wobble 
board. Other examples of plyometric activities 
localised to forearm flexors include wrist flips 
and snaps [7].

Fig. 10.3 Wrist flips and snaps

Fig. 10.4 Plyometric throw
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10.6.2  Impact Work

For individuals who wish to return to contact 
sports e.g. rugby, it is vital to address impact 
work at this stage. Previous studies 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 [76]. With practice, individuals can 
select the upper extremity posture, allowing the 
athlete to minimise the effects of impact. Lo 
showed that practising 5–10 repetitions of for-
ward falls, result in decreased impact forces in 
the upper limb, during subsequent falls, for the 
following 2 months [77].

10.6.3  Return to Sport

It is essential that the return to sport phase is 
fully addressed, failure to do so may put the 

individual at risk of injury or reduce their per-
formance. Prior to returning to sport the indi-
vidual must be painfree, with no tenderness, 
have adequate dynamic stability, have com-
pleted a satisfactory isokinetic test, and have 
been assessed on their ability to perform sports 
specific drills [73, 78].

Interval sports programmes (ISP) are widely 
accepted as an appropriate method of training a 
sports person for their return to sport. The princi-
ple of an ISP involves a graduated return to sport 
specific activities following injury or surgery 
[59, 73, 78]. ISPs should be designed on an indi-
vidual basis, and should include, specific sport 
related activities involving the full kinetic chain, 
a gradual progression of applied forces, a com-
prehensive warm-up, and correct biomechanical 
alignment and technique [78]. Examples of ISPs 
have been published, including ISPs for throwers, 
golf, and racquet sports, and are widely available.
Example of Tennis ISP

Week Effort FH BH Serves Rest Play Repeat
1 50% Shots 12–15 7–10 0 10 min Nil ×2
2 75% Shots 25–30 15–25 0 10 min Nil ×2
3 75% Shots

50% Serves
30 25–30 10–15 10 min Nil ×2–3

4 100% Shots
75% Serves

30 30 10 10 min 3 games
Set
1.5 sets

×2
After rest and play, reduce shots
10 10 5

5 100% Shots
75% Serves

30–20 30–20 30–15 10 min Set
1.5 Sets

×2

6 100% Shots
100% Serves

30 30 30 10 min 1.5 sets ×2

NB Play only performed once daily, repeat training pre and post play.
Return to full play after week 6

Adapted from Reinold et al. [78]

The duration of the ISP should be specific 
to the individual, and will vary dependent on 
the sport person’s injury, skill level and goals. 
Towards completion of the ISP, a plan for the 
start of full participation in sport ought to be 
made. This should include an adequate warm-
up which should include the full kinetic chain. 
A sport specific warm-up that has been dem-
onstrated to activate appropriate musculature 
is ideal, for example an exercise band pro-

gramme for throwers [79]. The game or com-
petition should be followed by an appropriate 
cool down, and ongoing exercise programme 
to prevent further injury.

Q&A
Q1: What is the primary goal of the acute phase 
of rehabilitation?

The goal of acute phase rehabilitation are to 
reduce the deleterious effects of immobilisation, 
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to re-establish motion, decrease pain, decrease 
inflammation and retard muscle atrophy.

Q2: What is the optimal position for early 
mobilisation of the elbow?

The overhead position described by Wolff 
and Hotchkiss is the optimal mobilisation posi-
tion for early mobilisation as it maximises elbow 
 stability, minimises biceps activity and enhances 
triceps activity, thereby maximising elbow exten-
sion range.

Q3: Why should the injured elbow not be com-
pared to the contralateral elbow in sports persons.

Many sports require very different func-
tion of each limb and equivalence should not be 
expected.

Q4: What is the role of the kinetic chain?
The kinetic chain can be used synchronously to 

provide power to the upper limb. Injuries or adap-
tations in remote areas of the kinetic chain can 
cause problems as the elbow compensates for lack 
of force production and energy delivery through 
more proximal parts of the chain. A 20% reduc-
tion in kinetic energy delivered from the hip and 
trunk to the upper limb, require a 34% increase in 
rotational velocity of the arm, to impart the same 
amount of force to the hand. Therefore, 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 pro-
vides stable support to upper limb function.

Q5: Give an example of a plyometric exercise.
Wrist flips and snaps are examples of plyo-

metric exercises. In order for an exercise to be 
deemed plyometric it is essential that the change 
in muscle recruitment (point of impact) is sud-
den. Plyometrics are commonly used in late stage 
rehabilitation to mimic the dynamic and explo-
sive characteristics of many sports. A plyometric 
programme should be structured and tailored to 
the individual.
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