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CHAPTER 1
General introduction
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Function of the elbow
Stable and painless motion of the elbow is important for activities in daily living, sports 
activities and occupational tasks. Optimal elbow motion is essential for stable positioning 
of the hand in space. In order to provide this freedom for the hand, the elbow consists of 
three distinct joints (the ulnohumeral, the radiohumeral and the proximal radioulnar joint) 
allowing for flexion and extension of the arm in combination with supination and pronation 
of the forearm. Because there is also a slight medial and lateral mobility (abduction and 
adduction in frontal plane) and medial and lateral rotation (about the ulna in the transverse 
plane)1, the elbow is one of the most ‘complex joints’ in the human body. 
The evolution of the current complex elbow joint can be traced back to the Pelycosaurs 
that lived about 300 million years ago and gave rise to more advanced mammals such as 
humans and apes2. The configuration of the elbow adapted to the specific needs of a species 
with different forms of limb use. It appears, for instance, that in the beginning during the 
quadrupedal locomotion of our fossil ancestors, stability in flexion rather than mobility was 
the major functional characteristic of the elbow. Later on, the use of overhead suspensory 
postures and locomotion in apes has presumably led to the evolution of the capacity for 
complete elbow extension. As the human forearm became less involved in locomotion, it 
underwent modifications to increase performance during a range of motion. It is therefore 
suggested that the morphologic structure of the elbow developed in response to the need 
for stabilization throughout flexion-extension and pronation-supination range of motions to 
allow for a more all-round form of forearm use of humans today2, 3. 
Daily functional movements of the elbow include 1) flexion coupled with supination to 
bring the hand to the body and face, or carry objects, and 2) extension coupled with 
pronation to reach, throw or push4. By performing these motions, the elbow functions 
in both open chain conditions (the elbow is used to place the hand in an appropriate 
position) and closed chain conditions (the elbow is fixed into position in order to transmit 
forces from proximal muscles to the hand, or external loads that are applied to the hand or 
forearm are transmitted to the elbow and arm)4. 

Elbow motion
The normal arc of flexion-extension of the elbow is highly variable5, 6. The range of flexion-
extension is influenced by several individual-dependent factors. Thin individuals have 
approximately 10° more flexion than muscular or obese individuals. Range of motion declines 
with increasing age7; children have a hyperextension and from the fourth decade there is 
loss of flexion and later extension. Gender of the person is the final factor that influences 
range of motion, with more hyperextension for females compared to males5, 8. Normal 
range of motions for males and females are provided in table 1. Several studies have looked 
for side-to-side differences between dominant and non-dominant arms with conflicting 
results. Gunal et al. found a significant diminished range of motion for the dominant side9. 
Macedo et al. also noted a difference, however, they concluded that these differences were 
clinically insignificant as the confidence interval of the difference between the dominant 
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and non-dominant side was within the range of the minimal detectable change of range of 
motion10. Overall the results suggest that loss of motion after trauma can be calculated by 
comparison with the contralateral uninjured limb. 

The pronation-supination motion is usually measured from a neutral position with the 
upper arm alongside the trunk and the elbow in 90° of flexion. The neutral position is 
defined as when the extended thump is parallel to the humerus. Pronation is approximately 
80° and supination 90°8. The amount of forearm rotation depends on the degree of flexion 
in the elbow11, 12. Flexion of the elbow allows for a significant increase in forearm supination, 
whereas extension allows for more pronation. The greatest range of forearm rotation is 
with the elbow in mid-range of flexion12. See figure 1. In accord to flexion-extension motion, 
forearm rotations vary between normal subjects and can therefore, when measured after 
injury or surgery, be compared to the contralateral normal limb. 

Figure 1: The relationship between active supination and active pronation in different positions of the elbow joint (FE, 
full extension; 45F, 45° flexion; 90F, 90° flexion; FF, full flexion); reproduced with permission of Sage from12.

Table 1: normal elbow range of motion in different gender and age groups5.
Age 2-8 years Age 9-19 years Age 20-44 years Age 45-69 years

Joint ROM Female Male Female Male Female Male Female Male

Flexion° 153 151 150 148 150 145 148 144

Extension° 7 2 6 5 5 1 4 -1

Pronation° 85 80 81 80 82 77 81 78

Supination° 94 86 90 88 91 85 87 82
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Despite the significant differences in elbow motion between individuals, the full range of 
possible motion is rarely used in daily life. Morrey et al. evaluated normal elbow motion 
required for 15 regular activities of daily living and concluded that most activities can be 
accomplished with 100° of elbow flexion (30°/130°) and 100° of forearm rotation (50°/50°) 
13 (figure 2). However, more recently, Sardelli et al. found that contemporary tasks like using 
a cell phone or keyboard requires more flexion (147°) and pronation (65°), respectively, 
than the degrees stated before14. Additionally, the influence of diminished elbow motion in 
patients with posttraumatic elbow stiffness on the quality of life has been evaluated. Patients 
that underwent open contracture release showed improved elbow motion and improved 
health status. However, the increase in health status was correlated to the reduction in 
pain, rather than the increase in motion15, 16. In the end, the disability one experiences from 
diminished range of motion will mainly depend on the activities (sports, occupational, etc.) 
required by some, whereas others will easily adjust to less motion. 

Figure 2: Functional range of motion; reproduced with permission of Wolters Kluwer from17.

 
Stability
The elbow is one of the most congruous and therefore stable joints of the musculoskeletal 
system18. Elbow stability is provided by both static and dynamic constraints. 
The dynamic constraints consist of the muscles across the elbow joint. By compressing the 
radiocapitellar and ulnohumeral joint surfaces against each other, the muscular forces across 
the elbow add stability to the joint19. The ability and relative contribution of these muscles 
to add stability is dependent on position of the forearm19, 20. The muscles that arise from 
the lateral aspect of the distal humerus (anconeus, brachioradialis, extensor carpi radialis, 
extensor carpi ulnaris and extensor digitorum communis) play a role in varus stability of the 
elbow by producing a valgus moment. On the other side, the muscles on the medial side 
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(pronator teres, flexor carpi radialis, flexor carpi ulnaris and flexor digitorum superficialis) 
produce a varus moment and thus can resists valgus forces19, 21. 
The static constraints consist of osseous structures, joint capsule and the collateral ligaments. 
On the medial side, the Ulnar Collateral Ligament (UCL) or Medial Collateral Ligament 
(MCL) complex is divided into the anterior oblique ligament, the posterior oblique ligament 
and the transverse ligament. This anatomy is discussed below. The anterior bundle of the 
UCL is the primary constraint to valgus stress and internal rotatory forces20, 22, 23. The 
posterior ligament and transverse ligament have less influence on elbow stability. Morrey 
and An found that the UCL resisted approximately 30% of the valgus stress applied to 
the extended elbow, with the capsule and articular constraints being responsible for the 
remainder. However, when the elbow is flexed to 90°, the UCL resists almost 55% of the 
valgus forces to the elbow24. See table 2. On the lateral side the Lateral Collateral Ligament 
(LCL) complex is composed of the radial collateral ligament, annular ligament and lateral 
ulnar collateral ligament25. In general, the LCL is less important for elbow stability than the 
UCL. See table 3. The structures of the LCL resist varus stress and posterolateral rotatory 
forces19, 26. The principal clinical problem associated with LCL disruption is posterolateral 
subluxation or instability. Posterolateral instability is a condition in which the radial head 
dislocates posteriorly to the capitellum, together with subluxation of the ulna relative to the 
trochlea and without associated instability of the proximal radioulnar joint. Dunning et al. 
found that both the radial collateral ligament and lateral ulnar collateral ligament had to be 
transected to produce posterolateral instability. When the annular ligament is intact, either 
the radial collateral ligament or the lateral ulnar collateral ligament can be transected and 
the elbow will remain stable27. Morrey and An showed that the anterior capsule provides 
stability to varus and valgus stress and distraction of the extended elbow24. It is hypothesized 
that the posterior capsule resist flexion and posteriorly directed forces, although there is no 
literature supporting this assumption19. 

Table 2: Contribution to resist applied valgus stress (%)24.
Extended 90° Flexion

UCL 31 54

Soft tissue, capsule 38 10

Osseous, articulation 31 33

UCL = ulnar collateral ligament

Table 3: Contribution to resist applied varus stress (%)24.
Extended 90° Flexion

LCL 14 9

Soft tissue, capsule 32 13

Osseous, articulation 55 75

LCL = lateral collateral ligament



16

Chapter 1

There are three main structures involved in the osseous articular stabilization of the elbow 
joint: the radiohumeral articulation, and the olecranon and coronoid in the ulnohumeral 
articulation. The radial head is an important secondary stabilizer of the elbow in resisting 
valgus force. When the distal radioulnar joint is compromised or the MCL has been 
disrupted, the radial head is critical to elbow function and stability23. See figure 3. The major 
stabilizer of the ulnohumeral joint is the coronoid. Both the flexor musculature and extensor 
musculature have a posteriorly directed component. Thus, the forearm has a tendency to 
displace posteriorly with elbow flexion or extension. This explains why the coronoid is crucial 
to resist posterior displacement28. Experiments by Closkey et al. indicated that a minimum 
of 50% of the coronoid is necessary for functional elbow stability29. The contribution of 
the olecranon to elbow stability has been examined by An and Morrey in biomechanical 
studies in which the humerus was axially loaded into the trochlear notch of the flexed 
elbow with internal-external rotation forces30. They found that elbow stability diminished in 
proportion to the amount of resection of the olecranon. Excision of the olecranon up to 
50% would result in acceptable functional stability of the elbow according to the authors. 
O’Driscoll et al. pictured the static and dynamic constraints of the elbow as the defenses 
of a fortress with primary and secondary constraints31 (figure 4). An elbow with its three 
primary constraints intact will be stable. 

Figure 3: [A], Removing the radial head (RH) and placing the elbow in valgus when the MCL is intact results in 
relatively little displacement of the forearm. When the medial collateral ligament is then removed, marked instability 
is demonstrated. [B], On the other hand, when the sequence is altered and the medial collateral ligament is released, 
some valgus instability is noted. After this, removal of the radial head results in subluxation of the elbow. This defines 
the radial head as an important secondary stabilizer of the elbow to resist valgus stress. Reproduced with permission 
of Elsevier from28. 
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Figure 4: The static and dynamic constraints to instability can be considered analogous to the defenses of a fortress. 
The three primary static constraints are the anterior ligament of the MCL, the LCL and the ulnohumeral articulation, 
especially the coronoid process. The secondary constraints include the radial head, the common flexor and extensor 
origins and the capsule. Dynamic stabilizers included the muscles across the elbow joint. F-P = flexor-pronator. 
Reproduced with permission of the Mayo Foundation for Medical Education and Research from31.

 
Strength
Based on motion in the sagittal plane, the elbow may be considered as a hinge joint. The 
major elbow muscles acting in the sagittal plane, and thus contributing to elbow flexion-
extension, consist of biceps, brachialis, brachioradialis, triceps, and anconeus2. Although the 
upper limb is ‘non-weight bearing’, external forces may heavily load the elbow joint. In 
general, loads (at the hand) act at a large distance from the axis of rotation of the 
joint (elbow), and thus have a large lever arm. The major elbow muscles are set against 
these loads. However, since the muscles themselves are acting at small moment arms, they 
perform at a great mechanical disadvantage. Their tensions, therefore, must be scaled up in 
order to achieve equilibrium across the joint. As a result, the joint forces will be much larger 
than the external loads8 (figure 5). 
Since muscle strength is affected by the change in length of the muscle when it contracts, 
the maximum strength of a muscle can be seen within a specific range of muscle lengths32. 
Furthermore, the change in muscle length is related to the change in joint angle. Elbow 
flexion strength has therefore been investigated at various degrees of elbow flexion. The 
maximum isometric elbow flexion strength varies from 60°-90° of elbow flexion in the 
literature32-34. An explanation for these differences may be the different angles at which 
elbow strength was measured in the various studies. For elbow extension maximal strength 
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was seen at approximately 90° of flexion32, 34. Provins and Salter found that both flexion 
and extension strength depend on the position of the forearm, with a maximum strength 
in elbow flexion and extension with the forearm in neutral position34. Amis et al. have 
studied the effects of disease on flexion strength in patients with rheumatoid arthritis and 
found that flexion strength was reduced to approximately 45% of that of normal persons35. 
Other factors affecting reduced elbow strength include the nondominant side, older age 
and female gender7, 8, 36. 

Figure 5: Simplified representation of elbow flexion, to show how the muscle tension must be a multiple of the load in 
the hand, resulting in most of the elbow joint force being caused by the muscle, not the load itself. Reproduced with 
permission of Elsevier from8.

With regard to rotational strength, Salter and Darcus noted that the greatest supination 
strength is generated from the pronated position, whereas the greatest pronation strength 
is produced from supination (with the pronator muscles stretched)37. This association 
between forearm position and isometric torque developed for attempted pronation and 
supination showed a linear relationship. In the same study was showed that the strongest 
position for pronation and supination was with the elbow flexed to 90°. Moreover, the 
degree of elbow flexion had a more obvious effect on supination strength than on pronation 
strength, which may be explained by the fact that flexion of the elbow affects mostly the 
length of the supinator and biceps muscles rather than the pronator teres muscle37. 

Anatomy of the elbow
Bone
The elbow is composed of three bones: the humerus, the radius and the ulna. These bones 
articulate in three joints: the radiohumeral, the ulnohumeral and the proximal radio-ulnar 
joint (figure 6). The humerus diaphysis ends in a lateral and medial ridge, which forms more 
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distally the lateral and medial epicondyles. Between the ridges, the coronoid fossa on the 
anterior side of the distal humerus prevents impingement from the coronoid during flexion 
of the elbow. At about the same position on the posterior side, the olecranon fossa is 
formed to provide space for the olecranon during extension. The medial condyle forms 
the trochlea, which articulates with the olecranon of the ulna. The lateral condyle forms 
the capitellum, which is orientated anteriorly and articulates with the radial head. The radial 
head is a concave shaped disc which is angled 15° from the long axis of the radius by the 
radial neck. The circumferential surface of the radial head articulates with the lesser sigmoid 
notch of the ulna. About 280° of the circumference is therefore covered with cartilage. 
The lateral 80° of the radial head is part of the so-called ‘safe zone’ for the insertion of 
screws during surgery, that does not articulate with the lesser sigmoid notch38 (figure 7). 
The radial head can be divided in four quarters: anterolateral, anteromedial, posterolateral 
and posteromedial, with the forearm in neutral position. It was noted that most fractures 
of the radial head occurred in the anterolateral quarter39. This anterolateral quarter has a 
decreased density and volume compared to the posteromedial quarter. It was hypothesized 
that this was the result of increased joint reactive forces of the posteromedial quarter with 
the lesser sigmoid notch, resulting in enhanced bone density that may prevent this part from 
fractures40. Although the safe zone allows for easy fixation of fractures of the anterolateral 
quarter, one should keep in mind that the bone quality of this part may be compromised. 
The radial bicipital tuberosity is located about 23mm distal to the radiocapitellar joint line 
and serves as attachment side for the distal biceps tendon41. The proximal ulna consists of 
two processes, the olecranon and the coronoid, which forms the greater sigmoid (trochlear) 
notch and articulates with the distal humerus. While most of the surface of the greater 
sigmoid notch is covered with cartilage, there is an area in the center where the cartilage 
is thin or absent. This is a normal finding and should not be interpreted as osteochondral 
damage. The lateral side of the proximal ulna that articulates with the radial head is the 
lesser sigmoid (radial) notch. 

Figure 6: Bony anatomy of the 
elbow. 

1 = capitellum; 
2 = trochlea; 
3 = radial head; 
4 = coronoid; 
5 = olecranon; 
6 = radial bicipital tuberosity. 

Reproduced with permission of 
Arko sports media from42.
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Figure 7: The ‘safe zone’ of the radial head allows for insertion of hardware without impingement with the lesser 
sigmoid notch of the ulna. Reproduced with permission of Elsevier from38.  

Capsule
The elbow joint is surrounded by a joint capsule, which attaches to the articular margins 
of the three joints. On the anterior side it includes the coronoid and the radial fossa, while 
posteriorly it includes the olecranon. On the sides the humeral epicondyles are located just 
outside the elbow capsule. On the medial and lateral sides, the capsule is thickened to form 
the LCL and UCL. The average volume of the elbow joint is about 25ml18.

Ligaments
On the medial side of the elbow, the UCL is comprised of three bundles: anterior, posterior 
and transverse parts25, 43 (figure 8). The anterior bundle originates from the medial epicondyle 
and inserts distally from the sublime tubercle of the proximal ulna44. The posterior bundle 
is located between the medial epicondyle and the posteromedial olecranon. The transverse 
ligament connects the insertion points of the anterior and posterior bundles. The anterior 
bundle has been shown to be the primary restrained to valgus stress. The transverse 
ligament contributes little or nothing to elbow stability25. On the lateral side of the elbow, 
the LCL is comprised of three main bundles that may vary from person to person: radial 
collateral, lateral ulnar collateral and annular ligaments24, 25, 45 (figure 9). The lateral ulnar 
collateral ligament originates from the lateral epicondyle and inserts onto the tubercle of 
the supinator crest. The radial collateral ligament is located between the lateral epicondyle 
and the annular ligament. The annular ligament encircles the radial head and insert on the 
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anterior and posterior margins of the lesser sigmoid notch of the ulna. The annular ligament 
binds the radial head to the lesser sigmoid notch and stabilizes the proximal radioulnar joint. 
Although the lateral ulnar collateral ligament is considered to be the most important part 
of the LCL complex, it is not able to stabilize the elbow joint by itself26. Seki et al. therefore 
suggested that all three parts of the LCL play a role as a Y-shaped structure that stabilizes 
the elbow to varus and external rotationally forces26.
 

Figure 8: Anatomy of the Ulnar Collateral Ligament Complex. Reproduced with permission of Elsevier from45.

  

Figure 9: Anatomy of the Lateral Collateral Ligament Complex. Reproduced with permission of Elsevier from45.
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Muscles and tendons
The primary flexor muscles of the elbow are the brachialis, brachioradialis and biceps. The 
brachialis muscle has the largest cross-sectional area and consists of two heads: a superficial 
head and a deep head46. The origin is on the anterolateral aspect of the humerus and inserts 
on the anterior aspect of the ulna, just distal to the coronoid process. The larger superficial 
head has the mechanical advantage of a more proximal origin and more distal insertion, 
and may therefore provide the major portion of flexion strength46. The biceps also consists 
of two heads: the long head has an origin on the superior aspect of the glenoid and the 
short head on the corocoid process41 (figure 10). Originally it was thought that the biceps 
distally inserted on the radial bicipital tuberosity (RBT) as one tendon. However, more 
recent studies described the distal part as two distinct tendons, that have both their own 
orientation on the RBT41, 47-50 (figure 11). The short head of the distal biceps tendon is 
inserted more distally on the RBT than de long head and acts predominantly as a flexor of 
the elbow. The long head inserts at a point farthest away from the rotation of the radius 
and provides greater supination strength51. From proximal to distal, the biceps rotates about 
90° externally41, 50. The distal biceps tendon has been divided into three zones, dependent 
on their vascular blood supply52 (figure 12). As the middle zone is a transitional 

Figure 10: The biceps muscle consists both proximal, as well 
as distally, of two heads: the long head and short head. 
Reproduced with permission of Elsevier from41.
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area that receives its blood supply only by its paratenon cover, it is suggested that tendon 
repair mechanisms are limited and this zone is more prone to rupture52. The origin of the 
brachioradialis muscle is along the lateral supracondylar ridge and it inserts on the styloid 
process of the distal radius. 
 

Figure 11: The distal biceps muscle consists of two distal tendons. Reproduced with permission of Springer from51.

 

Figure 12: The arterial blood supply of the three zones of the distal biceps tendon. Reproduced with permission of 
Springer from51.
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The triceps and anconeus muscles are the primary extensors of the elbow. The triceps 
has three origins on the humerus: the lateral, long and medial heads. Distally the medial 
head has a separate insertion deep to the common insertion of the lateral and long heads 
on the olecranon53. The average width of the triceps at the insertion is about 35mm. A 
one-third strip of the medial or central part of the triceps has been shown to have failure 
strengths of 704 Newton, which is more than enough to serve as an autograft for ligament 
reconstructions54. The anconeus muscle is located from the lateral epicondyle to the 
superior ulna on the posterolateral side of the elbow. 
The superficial flexors of the forearm all originate from the medial epicondyle, whereas the 
superficial forearm extensors originate from the lateral epicondyle.

Nerves
The most important nerves that cross the elbow are the median, radial and ulnar nerves. 
The median nerve lies medial to the biceps tendon and anterior to the brachialis muscle8. 
The radial nerve lies between the brachialis and brachioradialis muscles and bifurcates into 
posterior interosseous nerve (PIN) and superficial sensory radial nerve at the level of the 
cubital crease. The PIN pierces the supinator muscle in the proximal forearm, wrapping 
around the radius, just distal to the RBT51. The PIN is a motor nerve, innervating the extensor 
muscles of wrist and fingers. The nerve is at risk during distal biceps tendon surgery. The 
ulnar nerve passes the elbow subcutaneously, posterior to the medial epicondyle. The lateral 
antebrachial cutaneous nerve (LABCN) is a terminal branch of the musculocutaneous 
nerve that runs with the cephalic vein in the anterior aspect of the elbow and provides the 
sensibility of the lateral aspect of the forearm. Usually it lies on the deep fascia, lateral to the 
route of the distal biceps tendon51. 

Trauma and sports injuries of the elbow
Surgical procedures about the elbow of adults were historically predominately performed 
for inflammatory arthritis or traumatic conditions. With the introduction of modern 
therapeutic drug regimens for patients with inflammatory arthritis, the number of surgical 
procedure for this indication has declined last decades55, 56. The indications for elbow surgery 
in adults are nowadays most frequently (post)traumatic conditions including sports injuries. 
Trauma to the elbow can result in fractures, dislocations, soft tissue injuries and combinations 
of these that may produce pain, dysfunction, instability, stiffness or arthritis in the long term. 
Fractures are usually the result of falls or traffic incidents, whereas soft tissue injuries are 
frequently seen following sports or overuse activities. 
Common elbow injuries in adult athletes are epicondylitis, articular anterior or posterior 
impingement, ligamentous injuries or insufficiency, and tendon ruptures57. The most affected 
ligament in the elbow is the ulnar collateral ligament. The UCL is often ruptured after 
hypervalgus or hyperextension injuries, or after a posterolateral dislocation of the elbow. 
Chronic UCL insufficiency is seen in overhead throwing athletes57. Historically, an injury 
of the UCL was career ending for the professional sports player. The first description of 
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successful UCL reconstruction was from Jobe on major baseball pitcher Tommy John58. 
Since that publication in 1986, the anatomy, pathophysiology, (surgical) treatment and 
rehabilitation of UCL injuries became a very popular area of research. This is reasonable, as 
about 10% of the professional baseball players will get an UCL reconstruction during their 
career59. Over the years, many different reconstruction techniques have been developed, all 
with their pros and cons. However, the optimal surgical technique for UCL reconstruction 
is currently still subject to debate60.
Rupture of the distal biceps tendon is rare in overhead throwing athletes, but more common 
in weightlifting, bodybuilding and contact sports61, 62. They are typically seen in middle-aged 
men who endure a sudden eccentric force on the flexed elbow. Epidemiologic studies 
revealed an incidence of distal biceps tendon ruptures of 1.2 – 5.4 per 100.000 persons per 
year63, 64. Theories about the pathophysiology are limited to observational studies and can 
be subdivided in two aspects: hypovascular / degenerative causes and mechanic causes65. 
It has been shown that nicotine abuse increases the risk on distal biceps tendon ruptures, 
possibly due to negative effects on the micro-vascularity of the tendon64. Drugs that are 
considered to impair tendon quality are steroids and statins, as those may influence collagen 
metabolism66, 67. More recently, also obesity has been identified as a risk factor to distal 
biceps tendon ruptures as the load on tendons are increased and the immune response 
on micro-traumata of the tendon may be decreased63. Seiler et al. in 1995, hypothesized 
about mechanical factors that may be involved in the pathophysiology of distal biceps 
tendon ruptures52. They found that the distal biceps tendon might impinge between the 
proximal radius and ulna. Moreover, it was shown that the space available for the biceps 
tendon decreases with pronation of the forearm52. Back in 1956, Davis and Yassine already 
supposed that hypertrophic changes of the radial bicipital tuberosity might predispose to 
impingement of the tendon68. In athletes, surgical reconstruction is favored as nonoperative 
treatment fails to restore flexion and supination strength69, 70. In classic textbooks the distal 
biceps tendon was described as a single homogenous tendon. However, more recent 
studies described the distal biceps as two distinct tendons inserting on the radial bicipital 
tuberosity41, 48-50. With these new insights in distal biceps tendon anatomy, also various 
reconstruction techniques (with new implants) were developed. In general four different 
reconstruction techniques are used to fixate the distal biceps tendon to the radial bicipital 
tuberosity: 1) suture anchors, 2) bone tunnels, 3) cortical buttons, and 4) interference 
screws. These fixation methods can be performed using a single anterior incision approach 
or a double incision approach. Currently, it is still unclear which fixation technique and which 
approach is superior. 
Fractures about the elbow most commonly involve the radial head, and the radial head 
accounts for almost 4% of all fractures in humans71. Fractures of the radial head are 
common with an incidence of 25-55 per 100.000 persons per year72, 73, and are frequently 
categorized according to the Mason classification. Mason type-1 fractures are nondisplaced 
fractures of the radial head, Mason type-2 fractures are displaced and Mason type-3 are 
comminuted fractures74 (figure 13). The trauma mechanism leading to a radial head fracture 
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is usually of a fall on the outstretched hand with the elbow partially flexed and pronated75. 
The distal humerus and proximal ulna are less frequently fractured in elbow trauma. A 
fracture of the distal humerus or proximal ulna usually requires surgical management with 
open reduction and internal fixation of the fracture or arthroplasty in the case of severely 
comminuted distal humerus fractures. The management of radial head fractures on the 
contrary remains open to debate. Whereas Mark Mason in his keynote paper74 about radial 
head fractures in 1954 stated ‘in doubt – resect’, the radial head was later on increasingly 
recognized for its stabilizing function and therefore repaired or replaced. In addition to this 
stabilizing function, it was found that fractures of the radial head are frequently associated 
with other injuries to the ipsilateral arm76-78. In order to maximize elbow stability, surgical 
management (reconstruction or replacement) of the fractured radial head (with or without 
ligaments repair) has been promoted. However, the superiority of operative management 
has also been questioned as it has been shown to lead to complications and similar results 
compared to nonoperative treatment for partial articular fractures of the radial head79. 
Currently, there is consensus that the management of nondisplaced radial head fractures 
should be nonoperative, but the management of displaced and comminuted fractures 
remains unclear, as RCT’s and long-term follow-up studies are unavailable. Especially the 
long-term results of radial head arthroplasty have been insufficiently reported, as compared 
to arthroplasty of for instance the hip or knee joint. Currently, many different kinds of radial 
head prosthesis are available for implantation. Radial head prostheses may be categorized 
according to material (silicone, polyethylene, pyrocarbon, metal), modularity (monoblock 
vs. modular), fixation technique (cemented, uncemented press fit, intentional loose fit or 
fixation with an expandable stem), or polarity (uni- or monopolar vs. bipolar). The bipolar 
articulation theoretically allows for free rotation and therefore reduced abrasion of the 
capitellar cartilage, reduced stress at the implant-cement and cement-bone interfaces, and 
may accommodate to some degree if there is any question about the alignment of the 
radius on the capitellum. However, up-to-date there is no clinical data supporting one 
design over the other. 

Figure 13: Radial head fractures can be classified into nondisplaced, displaced, comminuted and a fracture in 
combination with elbow dislocation.
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Aim and Outline of the Thesis
The general aim of this thesis is to evaluate contemporary knowledge on the pathophysiology 
and treatment of common traumatic elbow conditions. The thesis is structured in four parts; 
part I is a general introduction, part II focusses on sports related injuries and part III deals 
with traumatic injuries. Part IV is the general discussion, summary and overall conclusion 
of this thesis. 

Part I
The elbow is one of the most complex joints in the human body. A basic understanding 
of elbow anatomy, biomechanics and function is essential to appreciate factors that may 
contribute to the pathophysiology of elbow injuries and the successful treatment of sports 
related or posttraumatic conditions. In the current chapter, chapter 1, elbow anatomy and 
function are discussed and an introduction to the subject of this thesis is given.   

Part II
This part focuses on rupture of the distal biceps tendon and the UCL, as the optimal 
surgical treatment of these potentially career-ending injuries remains unclear. One of the 
aspects that are considered to play a role in the pathophysiology of distal biceps tendon 
ruptures is impingement of the tendon between the proximal radius and ulna during 
forearm pronation. Additionally, the space available for the distal biceps tendon may be 
diminished by hypertrophic changes of the radial bicipital tuberosity (RBT). Although the 
size of the ridge of the radial bicipital tuberosity varies between individuals, the theoretical 
involvements of mechanical factors have never been evaluated. In chapter 2, we evaluated 
whether or not the size of the RBT was different between patients with and without a 
rupture of the distal biceps tendon. Active patients with a rupture of the distal biceps 
tendon are presumably better off with a reconstruction69. There are four different 
techniques for anatomic repair of the distal biceps tendon. Chavan et al. in 2008 evaluated 
and found no significant clinical difference between the different reconstruction techniques 
in a systematic review. A biomechanical comparison showed the highest load and stiffness 
for cortical button reconstructions80-82. However, the cortical button was only used in one 
clinical study with only 10 patients by that time82, 83. The clinical results of the cortical button 
reconstruction technique were therefore examined in chapter 3. From the time when 
the systematic review by Chavan et al. was published, the results of many other clinical 
studies about distal biceps tendon reconstructions have been reported. In addition, a new 
approach for distal biceps tendon repairs had been described in the meantime84. As clinical 
results are considered more leading in clinical practice when compared to biomechanical 
studies, we performed a systematic review of the recent literature in chapter 4. Some of the 
fixation techniques (bone tunnels, interference screws, cortical buttons) that are commonly 
used for distal biceps tendon reconstruction are also effective in surgical repair of UCL 
lesions. However, it is unclear whether for UCL reconstruction one implant is superior to 
the other85. Also, the origin and insertion anatomy is different than for distal biceps repair, 
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and a graft is necessary for UCL reconstruction. Most studies on the clinical outcome 
were from centers in the USA, and it is unclear if the same results apply for European 
athletes. The purpose of chapter 5 was therefore to describe the long-term results of a new 
reconstruction technique of the UCL in European athletes with a triceps fascia autograft 
and interference screw technique fixation. 

Part III
This part focuses on radial head fractures, a frequently encountered fracture. The evaluation 
and management of these fractures remains indefinite. Epidemiological studies revealed a 
higher age of females with a radial head fracture compared with males73. It is suggested that 
the radial head fracture is therefore a potentially osteoporotic fracture86. Although radial 
head fractures are commonly seen as isolated injuries, associated fractures or ligamentous 
injuries have a high prevalence76, 87. It is undecided whether the mechanism of injury is 
of influence on the risk on associated injuries. The purpose of chapter 6 was to define 
whether mechanism of injury and patient related factors were of influence on (Mason) type 
of radial head fracture and associated injuries. The treatment of Mason type-1 fractures is 
nonoperative with early mobilization of the elbow. The treatment of Mason type-2 fractures 
is subject to debate. Long-term results for both nonoperative and surgical treatment 
are comparable in case series and reviews. However, there is no high-level of evidence 
supporting one treatment over the other. Chapter 7 is the protocol of a randomized 
controlled trial in which open reduction and internal fixation (ORIF) with screws will be 
compared with nonoperative management for stable partial articular fractures of the radial 
head. 
The treatment of Mason type-3 fractures is also variable. David Ring suggested treating 
comminuted fractures with 3 or less fragments with ORIF and more comminuted fractures 
with radial head arthroplasty88. Radial head prosthesis allow for restoration of elbow stability 
and may function as a spacer that supports healing of associated ligamentous injuries89. 
Long term results are however, not available for most implants. The purpose of chapter 8 
was to evaluate the results of the press-fit bipolar radial prosthesis, which was introduced 
on the market more recently. The cemented version of the bipolar prosthesis is available 
for a longer time. Although the survival of this implant has been reported in previous 
articles, it is unknown whether the theoretical advantages of the bipolar head also exist in 
clinical practice. In chapter 9 we therefore evaluated the cemented radial head prosthesis 
according to the before mentioned aspects. In order to compare the results of the different 
types of implants we performed in chapter 10 a systematic review of the literature on the 
fixation of radial head arthroplasty.

Part IV
In chapter 11, all previous chapters are put into perspective in a general discussion and a 
summary in the English and Dutch language in chapter 12. 
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