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Introduction 
The quality of elbow function after fracture of the distal humerus is related to the 
degree to which normal anatomic relationships are restored.

1-4
  

Through time, the human elbow has evolved into a complex non-weight bearing 
articulation, giving the distal humerus an intricate osseous anatomy.

5
The ulno-

humeral articulation allows the hand to move from and to the body, where the 
radio-ulnar articulation facilitates hand position.

6
  

 
The same basic elbow design is shared amongst all vertebrates. 

7
 In most 

vertebrates, the elbow is primarily used for locomotion. However, the elbow is 
used in different ways depending on the locomotor demands placed upon the 
system. Understanding these demands enables us to appreciate the differences 
in distal humerus morphology between species.  
 
This chapter will discuss the evolutionary changes to the elbow in general and 
more specifically the distal humerus. A general perspective of vertebrate evolution 
will be given after which the distal humeri of 6 species that use their elbow in 
different manners will be compared. Finally, general considerations regarding the 
comparative morphology of the distal humerus will be given. 
 
Evolution 
Bone is only found in vertebrates.

8
 The origin and early evolution of vertebrates 

took place in marine water, somewhere around 544 million years ago (Ma). 
Fossils have left a detailed record of the structure of lobed fins: pectoral 
appendages that internally possess bones homologous to those of early Tetrapod 
limbs. (fig. 1) Tetrapods (‘four-footed’) are the common ancestor, shared by 
amphibians, reptiles, bird and mammals. Ancathostega, an early Devonion, 
showed transitional features from fish to Tetrapod and could be described as a 
“food-footed fish”(fig. 2A and 2B) .The first tetrapods quickly displayed changes in 
the appendicular skeleton correlated with locomotion on land and the exploitation 
of the terrestrial environment.

9-11
  The pelycosaur is a late Paleozoic reptile that 

later gave rise to therapsids. 
 

 
FIGURE 1: Fins to limbs. From left to right: Polypterus, Sauripterus (Tetrapodomorph) and Limnoscelis 
(Thetrapod). (From Anderson, J.S.) 
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FIGURE 2: Acanthostega, early tetrapod, showing transitional features from fish to tetrapod. About 7 
cm overall length. (From Anderson, J.S.) 

 
The distal humerus of the pelycosaur shows a bulbous capitellum and the 
humero-ulnar articulation is formed but has a concave ventral surface and a flat 
dorsal surface.

12-14
(fig. 3A) Three-hundred and forty Ma the amniotes (reptiles) 

evolved from the tetrapods: the first fully terrestrial vertebrates.  
Therapsids, mammal-like reptiles, appeared in the late Permian (300 Ma). Their 
stance was quadrupedal and their limb posture was less sprawled than reptiles. 
The femur and especially the humerus show torsion of their distal ends which 
rotates the digits in line with the direction of travel.

13
  

 
Cynodonts (256 Ma), the common ancestor of all mammals, had limbs directly 
beneath the body, not sprawled, thereby contributing to the ease and efficiency of 
active terrestrial locomotion.

15-20
 On the distal humerus of the cynodont, the radial 

condyle (capitellum) and ulnar condyle are separated by a shallow groove. (fig. 
3B) The distal humerus of the theria (live bearing mammals) had several 
modifications. The trochlea is more apparent, deeper and separated from the 
capitellum.

13
 (fig. 3C) Around 125 Ma the theria evolved into monotremes (egg 

laying mammals), metatheria (marsupials) and eutheria (placentals).
21
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FIGURE 3 

 
A. Distal Humerus of a pelyocaur. (From Jenkins, F.A.) 
 

 
B: Distal humerus of a cytodont. (From Jenkins, F.A.) 

 
 
C: Distal humerus of a bear. (From Jenkins, F.A.) 
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Comparative Morphology of Eutheria 
 
Locomotion through a fluid medium: 
Aquatic: Dolphin (Lagenorhynchus acutus) 
The dolphin is a species of the Delphinidae, in the order of cetacean. Cetaceans 
(whales, dolphins, and porpoises) descended from terrestrial mammals.

22-24
 Their 

forelimbs  have been radically modified during the limb-back-to-flipper transition.
25

 
(fig. 4) 
Like many other fully aquatic animals, cetaceans employ a lift based propulsion 
system using an oscillating hydrofoil to generate thrust.

26
 Their smooth, 

streamlined fusiform body is propelled by high aspect ratio flukes.
27

 Flippers are 
of prime importance in total hydrodynamics

28
 controlling stability, minimizing drag, 

and effecting forces in roll, pitch, and yaw directions.
29

 The morphology and 
skeletal design both favor maneuverability over speed – adaptations suited to 
prey and feeding techniques.

27
  

 
In the transition to an aquatic lifestyle, cetaceans have lost most forelimb 
structural complexity and evolved into a stiff forelimb distal to the shoulder.

25
 They 

display a mostly immobile flipper that is rigid, reinforced by dense connective 
tissue. If the flippers were malleable and deformed under hydrodynamic pressure, 
this would increase drag and decrease the speed of corkscrewing.

25, 30
  

 
The elbow joint is immobilized as the radius and ulna are firmly attached to the 
distal end of the humerus by articular cartilage

31
 The lower end is broad and 

flattened and its inferior surface is divided into two nearly equal flat surfaces 
placed side by side (one external, the other internal) and meeting at a very obtuse 
angle.

32
 The wrist is mostly immobilized by closely oppressed carpal elements 

that lack the ability to glide relative to another.  
 
Corresponding with the loss of elbow joint mobility, cetaceans are unique in 
displaying atrophied muscles in the triceps complex. A shortening and flattening 
of the humerus, radius, and ulna is also observed.

33-35
  Flipper movement is 

generated at the glenohumeral joint primarily by means of the deltoid and 
subscapularis muscles.

36
 The musculature of in the brachial region have become 

vestigial or absent, given the lack of mobility of the forelimb at the elbow joint
31

 
and antebrachial muscles display drastically reduced origins and insertions.

25
 

 
Areal: Bat (Pteropus giganteus) 
Bats (order Chiroptera) have gone beyond the gliding and parachuting abilities of 
several lineages of flying squirrels, flying lemurs and Australian gliders and 
developed active flight.

37
 As a consequence of this achievement, bats underwent 

one of the greatest adaptations in the history of mammalian evolution.
38-40

 (fig. 5) 
Bat powered flight is made possible by several key morphological innovations, 
one of the most crucial being the elongation of the forelimb digits to support the 
broad, two-layered wing membrane,

40
 stretched between the side of the body and 

the collapsible support system formed by the arm, hand and finger bones.
41

 
Many of the joints of the bat forelimb are specialized to restrict movement in the 
plane of the outstretched wing. This allows a reduction of the joint stabilizing 
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musculature and a decrease of insertion area of the remaining muscles that 
control flexion and extension.

42
 

 
The large, strong humerus is suspended from the scapula

41
 and has a slight 

sigmoid curve.
32

The distal articular surfaces are rotated anteriorly and both lateral 
and medial epicondyles are widely displaced from the long axis of the shaft.

43, 44
  

The medial condyle is large, the lateral side small.
45

 
 
The humeral capitellum is non-spherical with its articular surface limited laterally 
and medially by ridges and grooves and its articular surface is mostly aligned with 
the shaft.  The groove separating the capitellum from the trochlea is deep and 
rather V-shaped.

46
 The presence of a prominent spinous process from the medial 

condyle is consistent throughout the chiroptera.
44

 
 
The extensive, rigid articulation between the trochlea and the radius only allows 
motion n the anteroposterior plane and is associated with relatively fast, direct 
flight.

47-49
  The radius occupies the greater part of the joint and is greatly enlarged, 

sometimes being twice as long as the humerus.
45

 The radius cannot rotate and 
the wrist can only flex and extend. The ulna is reduced: only the upper third being 
present and that is ankylosed with the radius. There is a detached sesamoid 
ossicle on the olecranon.

32
 These modification make the wing gain strength and 

rigidity in order to withstand air pressures associated with flight.
49, 50

  
 
Locomotion through a solid medium: 
Fossorial: Mole (Talpa europaea) 
Moles are the majority of the members of the mammal family Talpidae, in the 
order Soricomorpha. Fossil evidence shows that the Talpidae radiated into 
subterranean habitats as early as Eocene times.

51, 52
 (fig. 6) 

Ridges are a common sign of the presence of moles and are made as they travel 
just beneath the surface by forcing their way through the soil.

53
 Their burrows are 

used for nesting , food storage, sanitation
54

 and retreat
55-57

 The closed 
environment provides a relatively constant microclimate, protection from 
predators or competitors, and access to food.

58-60
  

 
The manner of its subterranean locomotion necessitates very powerful forelimbs 
and a pectoral girdle to excavate the burrow.

61, 62
 The moles almost swim through 

the earth, their burrowing process called a ‘lateral thrust method of digging’.
63, 64

 
Their front limbs are armed with broad spade-like claws.

62
 When the claws are 

moved aside, the mole straightens its forelimbs forward, extending the shoulder 
and elbow, while rotating the shoulder as to fixate the humerus in parasagittal 
position.

64-67
 

 
In no other group of mammals has the humerus undergone as remarkable a 
rotation and transformation as in talpids.

62, 65
 Associated changes are related to 

the development of areas of muscle attachement.
68

 The humerus has undergone 
considerable medial ration. Its lateral border faces antero-medial and its medial 
border postero-lateral, while, as a result of extension and abduction, its proximal 
extremity is directed postero-medial and its distal extremity antero-lateral.

69
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The distal humerus has four oversized processes. The lateral epicondyle consists 
of a sharp spinous process, a smooth, oval shaped capitellum and the radial 
fossa. The medial epicondyle is marked by a spinous process proximally and the 
trochlea is shaped like a slightly bent cylinder. Adjacent to the medial epicondyle 
on the ventral surface are the supracondylar foramen, which transmits the median 
nerve, and a slight coronoid fossa with on the dorsal surface the deep olecranon 
fossa. 

62, 66, 69
 

 
Locomotion on a substrate: 
Arboreal: Gibbon (Hylobates lar lar) 
The bimanual arm swinging locomotion of the gibbons (Hylobatidae) is a highly 
specialized mode of locomotion that involves energy-saving mechanisms using 
gravity.

70-74
 Besides brachiation, gibbons frequently walk along branches using 

bipedal locomotion and climb vertically.
75

 Analytical studies of body proportions in 
gibbons using an oscillating model showed that the concept of a pendulum motion 
of the free arm in gibbons is important for acceleration of the body.

72, 73
 (fig. 7) 

Elbow flexion of the support arm during brachiation is important to accelerate 
body progression. 

72, 76
 Increased arm length results in improved periodicity, 

greater efficiency and higher velocity. The shoulders are very mobile, mostly as a 
result of freedom of movement of the scapula.

77
 Increased stability of the elbow 

joint is achieved by making use of the crachioradialis muscle as a shunt, 
contracting automatically if its fibers are suddenly extended and  so cushioning 
the shock which prevents potential dislocation of the elbow.

78
 

 
The humerus of brachiators has prominent muscular processes

79
 and the upper 

limb bones are very slender as well as elongated. A supratrochlear foramen in the 
humerus appears rarely in hylbatids.

80
 The articular surface is perpendicular to 

the shaft with a relative low biepicondylar width.
81

 
 
The elbow joint has several features associated with full extension: small 
olecranon process of the ulna, deep olecranon fossa and posterior extension of 
the distal articular surface of the humerus. The lateral keel of the trochlea is much 
less well-defined and the medial slope of the lower humeral surface is lacking. 
The capitellum is rounded, and occupies more of the articular surface than the 
trochlea.  
 
Pronators and supinators are strongly developed in brachiators, correlated with a 
strongly developed medial epicondyle to the humerus

82
 which makes it possible to 

rotate 180 degrees.
83

 However, the lateral epicondylar ridge is poorly 
developed.

84
 

 
Terrestial, quadrupedal: Lion (Felis leo) 
Cats are part of the order of the carnivora. Efficiency as a predator necessitates 
the ability to make a wide variety of movements. Carnivores have not specialized 
in the performance of one particular type of movement to the determent of others: 
some are swift runners, but most can also climb or dig to some extent and many 
are good swimmers.

85-88
 (fig. 8) 
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In felines, elbow and knee are oppositely oriented. When the forefoot contacts the 
ground the humerus is vertical and the elbow and wrist slightly flexed. The paw 
thus comes down well in advance of the elbow. Retraction of the humerus with 
extension of the elbow and wrist then follows. In the recovery stroke, the elbow is 
first flexed and the humerus protracted ; as the latter nears the vertical position, 
elbow and wrist extend again to set the foot down for the next step.

61
  

 
This gait is associated with digitigrade foot pressure: elevated metacarpals to an 
acute angel, leaving only the phalanges in contact with the substrate.

89
  

In cursorial species there is a tendency for action to be limited to movement in the 
sagittal plane: the head of the humerus is more cylindrical and the articulating 
grooves between the humerus and ulna are deeper.

88, 90
  Some carnivores retain 

supinatory ability, allowing them to manipulate prey and other items with their 
forepaws.

85-87, 91
  

 
The articular surface of the distal humerus is displaced 90 degrees anteriorly and 
is slightly dorsally to the axis of the shaft. The concave trochlea continues directly 
into the capitellum, without a defined lateral margin of the trochlea.

92, 93
 The 

olecranon fossa is deep compared to other species since the olecranon is 
enlarged for the attachment of a powerful triceps, necessary for fast quadrupedal 
movement. The supracondylar foramen is a narrow perforation from the ventral to 
the dorsal aspect of the humerus near the caudal side of the distal extremity. 
Through it pass the median nerve and the brachial artery.

94
 

 
Terrestial, bipedal: Human (Homo Sapiens)  
Most paleoanthropologists agree that bipedalism is the key adaptation of the 
hominin clade.

95
 Some of the most long-standing questions in paleoanthropology 

concern how and why human bipedalism evolved. Some theories include 
monkey-like arboreal or terrestrial quadrupedalism, gibbon- or orangutan-like (or 
other forms of) climbing and suspension, and knuckle-walking. (fig. 9) 
The functional characteristics of the shoulder and arm, elbow, wrist, and hand 
shared by African apes and humans, including their fossil relatives, most strongly 
supports the knuckle-walking hypothesis, which reconstructs the ancestor as 
being adapted to knuckle-walking and arboreal climbing.

96
 The elbow is typically 

extended during knucklewalking,
97

 which suggests that stability in extended 
postures may be particularly important to resist torque. Some early homonin 
humeri have features related to strong elbow extension, such as extension of the 
distal margin of the capitellum onto the posterior aspect of the humerus.

98
 Details 

of the forelimb remains of Ardipithecus, including a well-developed lateral 
trochlear ridge on the distal humerus 

99
, are consistent with the knuckle-walking 

hypothesis.  
 
Flexion at the elbow underlies man’s ability to carry food to his mouth. The distal 
end of the humerus bulges anteriorly at an angle of 30 to 45 degrees to the shaft 
(or: its most anterior point of the articular surface lies 11.7 mm in front of the 
anterior border of the shaft).

100-105
  In the same way the trochlear notch of the ulna 

projects anteriorly and superiorly at an angle of 45 degrees to the ulnar shaft. This 
anterior projection of the articular surfaces and their inclination promotes 
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flexion.
106

 The anterior translation evolved during the transition from quadruped to 
biped as the need for stability was supplanted by the need for flexion. A straight 
distal humerus offers more stability in extension, whereas an anteriorly translated 
distal humerus offers more stability in flexion.

96, 107
 

 
The trochlea is pully-shaped with a central groove and is bound by two convex 
limps accommodating the trochlear notch of the ulna. The capitellum is a 
hemisphere placed anteriorly and distally on the distal humerus, laterally from the 
trochlea, articulating with the radial head. Immediately above the articular 
surfaces, two concavities are present: anteriorly, the coronoid fossa which 
receives the coronoid process during flexion; and posteriorly the olecranon fossa 
which receives the olecranon process of the ulna during extension.  
The compact portions of the distal humerus lie on either side of these fossae, 
forming two divergent pillars, one ending on the medial epicondyle, the other on 
the lateral epicondyle; in this fork-like construction, the capitulo-trochlear 
articulation complex lies supported.

106
  

 
The humero-ulna articular combination (the true elbow joint) has a range of 
motion of 145 degrees actively and up to 160 degrees passively.

6
 Women and 

children can increase this by 5-10 degrees depending on the laxity of the 
ligaments, allowing hyper extension.

106
  The range of motion of rotation (pronation 

and supination) is around 175 degrees. Rotation is a function of the radio-ulnar 
joints, superior and inferior. The muscles for of the upper limb are adapted for 
climbing: maximum efficient flexion occurs when reaching up while strongest 
extension is achieved when the arm is pointing downwards.

106
 

 
General considerations on distal humerus comparative morphology  
Evolution is the process of continuously changing life on earth, sustaining the 
most practical adaptations. The evolutionary development and diversification of 
the mammalian humero-ulnar joint principally reflects changes in forelimb posture 
and excursion.

13
 

 
Bones, cartilage, tendons, ligaments and muscles of all vertebrates have a 
gracefully efficient physical order. The existence of a hierarchy of structural and 
kinematic harmony is not accidental but the result of unique and complex 
phylogenetic and ontogenetic histories in which genes and mechanical forces 
provide critical control.

108
 The development of joint surfaces and bone geometry 

near joints can be viewed as an interdependent causal relationship between form 
and function. The structural changes of the distal humerus articulation reflect a 
functional shift in load bearing, joint stability and forearms rotation that is 
connected with differences in forearm use.

109
 

 
Capitellum shape is correlated with movement of the radius on the humerus, and 
a more spherical shape is generally indicative of multi axial movement, whereas a 
trochleated capitellum is correlated to varying degrees with fast flexion/extension 
of the ulna that requires lateral bracing. A distally flattened (as opposed to 
rounded) capitellum with well-defined borders is characteristic of more terrestrial 
vs. arboreal species.

110-115
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The deeper trochlea of terrestrial mammals
110, 114-116

  has extended surface area 
for ulnar articulation and medial restriction of that articulation.

117
 A more derived 

mammalian condition where the trochlea takes over more direct loads at the 
elbow, and the capitellum is reduced, plays an important role in movement 
associated with radial rotation.

115
  

 
Deep or perforated coronoid and/or olecranon fossae are generally attributed to 
more extreme degrees of forearm flexion and extension, respectively.

113
 There is 

a significant correlation between anterior translation of the articular surface of the 
distal humerus and elbow flexion.

100
 The entepicondylar foramen, which transmits 

the median nerve
64

 is considered to be a primitive therian trait that has been lost 
in several mammalian taxa.

114, 115, 118, 119
 

 
Most of the variation in the width of the distal humerus is accounted for by the 
medial and lateral epicondyles. These structures serve as areas of origin for the 
wrist and digital flexors (medially) and extensors (laterally).

120-124
 Differences in 

mediolateral widths of the trochlea and capitellum suggest how much body weight 
is distributed on one side of the humerus relative to the other.

113, 114
 



 

21 

 

FIGURE 4: Distal humerus of Lagenorhynchus acutus  
A. Anterior view 

B. Posterior view 

C. Lateral view  

D. Medial view 

Museum of Comparative Zoology, Harvard University 
©President and Fellows of Harvard College 
 

A   B  
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FIGURE 5: Distal humerus and olecranon sesamoid of Petropus giganteus  
A. Anterior view          

B. Posterior view 

C. Lateral view  

D. Medial view 

E. Articular surface 

Museum of Comparative Zoology, Harvard University 
©President and Fellows of Harvard College 
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FIGURE 6: Distal humerus of Talpa europaea  
A. Anterior view with complete arm 

B. Anterior view 

C. Posterior view  

D. Medial view 

E. Lateral view 

Museum of Comparative Zoology, Harvard University 
©President and Fellows of Harvard College 
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FIGURE 7: Distal humerus of Hylobates lar lar  
A. Anterior view 

B. Posterior view 

C. Lateral view  

D. Medial view 

E. Articular surface 

Museum of Comparative Zoology, Harvard University 
©President and Fellows of Harvard College 
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FIGURE 8: Distal humerus Felis Leo 
A. Anterior view 

B. Posterior view 

C. Lateral view  

D. Medial view 

E. Articular surface 

Museum of Comparative Zoology, Harvard University 
©President and Fellows of Harvard College 
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FIGURE 9: Distal humerus Homo Sapiens 
A. Anterior view 

B. Posterior  view 

C. Lateral view 

D. Medial view 

E. Articular surface 

Museum of Comparative Zoology, Harvard University 
©President and Fellows of Harvard College 
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Introduction 
The distal humerus has an intricate osseous anatomy.

1
 The distal end of the 

humerus is translated anteriorly with respect to the shaft. This anterior projection 
of the articular surfaces allows clearance of the coronoid process and arm flexor 
muscles in flexion.

2
 
3, 4

 
 
The trochlea is spool-shaped with a central groove and is bound by two convex 
lips accommodating the trochlear notch of the ulna. The medial and lateral ridges 
of the trochlea add to the intrinsic stability of the articulation. The capitellum is a 
hemisphere on the anterior aspect of the lateral column distally, articulating with 
the radial head. Immediately above the articular surfaces, three concavities are 
present: anteriorly, the coronoid fossa which receives the coronoid process during 
flexion and the radial fossa for the radial head during flexion; and posteriorly the 
olecranon fossa which receives the olecranon process of the ulna during 
extension.

5
  

 
The compact portions of the distal humerus lie on either side of these fossae, 
forming two divergent columns, one ending on the medial epicondyle, the other 
on the lateral epicondyle, with the articular surface (the capitellum and trochlea 
supported in between.

2
  

 
The ulnohumeral articulation has a range of motion of on average 145 degrees 
actively and up to 160 degrees passively.

6
 The range of forearm rotation 

(pronation and supination) is approximately 175 degrees.
2
 One highly quoted 

study of 10 common functional tasks reported that the majority of these tasks 
could be performed with a range of ulnohumeral motion between 30 to 130 
degrees of flexion.

6
  

 
A three-dimensional analysis regarding ten activities in daily life, has found a 
range of necessary ulnohumeral motion between146 degrees of flexion to 36 
degrees of extension

7
. Another recent study concerning more contemporary tasks 

has found an ulnohumeral motion between 149 to 27 degrees on average.
8
  

 
Evaluation of Distal Humerus Fractures 
The complex anatomy of the elbow, the small size of the fracture fragments, and 
the limited amount of subchondral bone which is often osteopenic, make 
treatment of distal humerus challenging. Furthermore there exists a subset of 
these fractures that represents particularly difficult patterns of skeletal and 
articular injury. Among these are low columnar fractures,

9, 10
 fractures that feature 

articular disruption in more than 1 plane or multiple fragments,
11, 12

 capitellum and 
trochlea fractures, and fractures associated with extensive soft tissue injury or 
contamination. 
 
Fracture Patterns 
Columnar Fractures: 
The Comprehensive Classification of Fractures

13
 is a comprehensive system for 

fractures of the long bones. According to this system, distal humerus fractures are 
classified into three types: A: extra-articular fractures, B: partial articular fractures; 
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and C: complete articular fractures. These types are then diviced twice more 
according to pattern and fragmentation, which results in 27 different potential 
injury patterns. The Mehne and Matta classification

9
 divides distal humerus 

fractures into three grades: intra-articular fractures, extra-articular and 
intracapsular fractures and extra capsular fractures. The distance from the joint 
and the direction of the transverse limb of the fracture further determine a total of 
21 subgroups.  
 
Capitellum and Trochlea Fractures: 
Bryan and Morrey

14
 classified capitellar fractures as Type 1, 2, and 3 depending 

on the involvement of the subchondral bone or compression. McKee and 
colleagues emphasized that these often involve a substantial part of the anterior 
trochlea.

15-17
 Ring and colleagues distinguished five patterns of articular injury 

based on each additional involvement to a fracture of the capitellum and the 
lateral portion of the trochlea, of the lateral epicondyle, posterior capitellum, 
posterior trochlea and medial epicondyle.

11, 17, 18
 Dubberley

19
 classified low 

articular fractures into those involving primarily the capitellum with or without the 
lateral trochlear ridge (Type 1), those involving the capitellum and the trochlea as 
one piece (Type 2), and those consisting of fractures of both the capitellum and 
the trochlea as separate fragments (Type 3). These fractures were further 
characterized with respect to the absence (A) or presence (B) of posterior 
condylar comminution. 
 
Imaging 
Distal humeral fractures are difficult to characterize and classify on radiographs.

20
 

Radiographs have low sensitivity and negative predictive values. Preoperative 
computed tomography (CT) gives more information to assist in pre-operative 
planning.

17, 21-23
  

Three-dimensional (3D) imaging has several potential advantages over 
radiographs and 2-dimensional (2D) computed tomography (CT).

23, 24
 Three-

dimensional imaging seems more intuitive--structures look similar to what the 
surgeon sees in the operating room. In addition, the technique has been 
associated with improved identification of single fragments, articular surfaces, and 
fracture edges

25
, which allows better preoperative planning in terms of implants 

and equipment while also facilitating the surgeon’s preparation.  
Physical models could be used as a medium for realistic surgical planning, 
customization of treatment devices, and detailed communication. Models could 
also be used extensively in educational settings, research, and implant 
development.

26
 

 
Treatment of Distal Humerus Fractures 
The goals of treatment may be different for elderly patients who are debilitated, 
infirm, and dependent on others for care and those who remain healthy, active, 
and independent. In either case the aim of treatment should be to return the 
patient to his or her pre morbid status, as resourcefully and with as little risk as 
possible. 
In patients with limited functional demands, an adequately mobile pain free elbow 
may be achieved with limited morbidity with the so-called ‘bag-of-bones’ 
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technique.
27, 28

 Treatment of active, independent, elderly patients and younger 
adults should account for the importance of motion and stability of the elbow joint 
to overall upper extremity motion.  The vast majority of distal humerus fractures 
are displaced and operative treatment represents the best opportunity for 
preserving elbow function.

29
 

The results of operative treatment improved as elbow anatomy, operative 
exposures, and techniques for securing small articular fracture fragments were 
better understood.

30
  Nevertheless, reconstruction of the complex articular 

anatomy is particularly challenging when small fragments, many limited non-
articular surfaces, must be realigned and stabilized with sufficient security to 
permit functional aftercare. Certain fracture patterns and reconstructive problems 
remain particularly troublesome.

29
 

 
Complications of Distal Humerus Fractures 
Adverse events associated with complex distal humerus fractures can occur both 
during the injury itself and during operative treatment and include: failure to unite, 
malunion, loss of functional motion, ulnar neuropathy, osteonecrosis, infection 
and hetererotopic bone formation.

29-32
  These can contribute to impairment and 

disability.
30

  
The operative repair of an ununited distal humerus fracture is challenging, 
because the bone quality is typically poor as a result of previous failed operative 
fixation and disuse osteopenia.

29
 Contracted joint capsule amplifies the need for 

strong fixation to allow immediate mobilization after anterior and posterior 
capsulectomy.

12, 33, 34
 Heterotopic ossification is also challenging, because 

excision of the ectopic bone necessitates extensile exposure and may place 
several nerves at risk.

35-42
 Ulnar nerve dysfunction is a common consequence of 

operative treatment of fractures of the distal humerus and is difficult to treat.
12, 34, 

43
 

 
Outline of the Thesis 
The general aim of this thesis is to investigate complex distal humerus fractures. 
In part I the implications of evolution on distal humerus anatomy are reviewed. 
The aim of part II is to better understand complex factures of the medial column 
and low extra-articular fractures of the distal humerus. Part III is to evaluate 
various imaging methods of distal humerus fractures.  Part IV is to review the 
complications heterotopic ossification, osteonecrosis and ulnar neuropathy. In 
part V, all chapters of this thesis will be reviewed in general perspective in a 
discussion and summary in the English and Dutch language. 
 
Part I Introduction 
In chapter 1 of this thesis the development of distal humerus anatomy over time 
is reviewed and a comparison is made between human distal humerus anatomy 
and 5 related species based on different ways of locomotion: the dolphin 
(aquatic), the bat (areal), the mole (fossorial), the gibbon (arboreal) and the lion 
(terrestrial, quadrupedal). Chapter 2 is a general introduction to complex distal 
humerus fractures. 
 
Part II Complex Distal Humerus Trauma 
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Complex fractures of the medial column are the subject of chapter 3. In medial 
column fractures the lateral column remains intact. Single column fractures are 
uncommon in adults so very little has been written about medial column 
fractures.

44-55
 The aim of this chapter is to document the presentation, fracture 

patterns and prognosis of medial column fractures. Amongst 26 patients identified 
in the English language literature, only 2 had articular fragmentation. We 
reviewed the experience of 2 trauma centers with isolated medial column 
fractures in order to evaluate our hypothesis that these fractures often involve 
complex articular fragmentation. 
Similar to medial column fractures, low transcondylar extra-articular distal 
humerus fracture -at the base of the olecranon fossa- are relatively uncommon in 
adults.

56-58
 Despite the rarity of these fractures, they are over represented in 

nonunion series.
33, 53, 59

 Chapter 4’s aim is to investigate the prevalence of low 
transcondylar fractures and the comparison of results to other extra-articular 
bicolumnar distal fractures. We hypothesize that these fractures may be more 
common that previously recognized and that they have a relatively higher risk of 
non-union. 
 
Part III Evaluation of Distal Humerus Fractures 
Distal humeral fractures are difficult to characterize and classify on radiographs.

20
 

Plain radiographs have low sensitivity and negative predictive values. 
Preoperative computed tomography (CT) gives more information to assist in pre-
operative planning.

17, 21-23
 

 
Accurate preoperative radiological characterization of the fracture may facilitate 
management. Prior studies have demonstrated improved agreement in 
characterization and classification of various fractures with three-dimensional 
(3DCT) compared to two-dimensional computed tomography (2DCT) images and 
radiographs

60-68
 Three-dimensional (3D) models are constructed based on CT 

images and can be held in the hand and may facilitate fracture characterization 
and surgical planning.

69, 70
 

 
The investigation for chapter 5 used prospectively recorded intra-operative 
evaluation of distal humerus fractures as the reference standard for fracture type 
and characteristics.  Diagnostic performance characteristics were calculated for 
2D and 3DCT and 3D models with respect to this reference standard to test our 
hypothesis that 3D-CT images and models improve the reliability and accuracy of 
classification and diagnosis of specific distal humerus fracture characteristics as 
well as accurately predict treatment.  In secondary analyses, the reliability of the 
classification and characterization of these fractures was assessed.  
 
In chapter 6 we developed a method of measuring the anterior translation of the 
articular surface of the distal humerus in order to test the hypothesis that anterior 
translation of the distal articular surface of a distal humerus after open reduction 
and internal fixation after a distal humerus fracture correlates with elbow flexion. 
Quantitative measurements of fracture morphology may provide a more detailed 
understanding of fracture morphology, which could help with management 
decisions, implant choice, and implant development.

26
 In chapter 7 we test the 
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influence of quantitative evaluation on distal humerus fracture morphology. We 
hypothesize that bicolumnar fractures and capitellum and trochlea fractures 
create similar numbers of 1) fracture fragments, 2) small (difficult to repair) 
fragments, and 3) articular fragments.  
 
Part IV Complications 
Heterotopic ossification reflects a series of events that result in highly organized 
bone around the elbow joint. Loss of motion ranges from small limitations to 
complete lack of elbow motion or ankylosis.

9, 38, 39, 71-73
 For chapter 8 we tested 

the null hypothesis that, controlling for other factors, patients with complete bony 
ankylosis and patients with HO causing partial limitation of motion have similar 
motion after elbow contracture release. 
The blood supply of the capitellum is limited.

74-77
 Recent studies show the 

previously underestimated involvement of the posterior aspect of the lateral 
column in low articular fractures, which will likely compromise the blood supply of 
the anterior portion of the lateral part of the distal humerus. 

19, 21, 22, 78
 Chapter 9 

documents a substantial rate of nonunion after an articular fracture of the distal 
humerus. We hypothesize that nonunion may be more common than previously 
noted, perhaps because we are including more complex fractures with lateral 
column injury and greater disruption of the blood supply.  
The incidence of postoperative ulnar nerve dysfunction after open reduction and 
internal fixation of the distal humerus fractures has been reported as 0% to 
51%,

29, 44, 57, 58, 79-112
, but the multifactorial prevalence of ulnar nerve dysfuncation 

after open reduction and internal fixation of distal humerus fractures is not well 
understood.

108, 110
 In chapter 10 the aim is to identify predictors of ulnar 

neuropathy after distal humerus fractures as ulnar nerve dysfunction is one of the 
most common complications of operative treatment of fractures of the distal 
humerus.

29
 We hypothesize that implant placement over the medial epicondyle 

and olecranon osteotomy influence the occurrence of ulnar nerve dysfunction. 
 
Part V General Discussion & Summary 
In chapter 11, all previous chapters will be put into perspective in a general 
discussion and summary in the English and Dutch language. 
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Abstract 
Purpose: Medial column fractures of the distal humerus are uncommon in adults. 
Among 26 patients identified in the English language literature, only 2 had 
articular fragmentation. We reviewed the experience of 2 trauma centers with 
isolated medial column fractures to evaluate our impression that these fractures 
often involve complex articular fragmentation. 
Methods: There were 10 men and 4 women with an average age of 61 years 
(range, 44–86 years). The incidence was 3% of all distal humerus fractures at one 
institution with a prospective fracture database. The mechanism of injury was a 
fall from standing height in most patients. There was one B2.1 fracture, 3 B2.2 
fractures, 9 B2.3 (multifragmentary), and 1 C3.2 fracture. All patients were treated 
surgically; 7 were treated with an olecranon osteotomy. Eight patients had 1 or 
more postoperative complications and 5 patients underwent subsequent 
surgeries. 
Results: We observed 11 patients for an average of 8 years (range, 14 months to 
21 years). The arc of ulnohumeral motion averaged 92°, average flexion was 
118°, and average flexion contracture was 25°. According to the Broberg and 
Morrey Functional Rating Index, the result was excellent in 4 patients, good in 6, 
and fair in 1. Six patients had arthrosis (3 grade 1 and 3 grade 2) according to the 
radiographic criteria of Broberg and Morrey. 
Conclusions: Surgeons should be aware that the relatively uncommon medial 
column adult distal humerus fracture usually features complex articular 
fragmentation, but that satisfactory results can be obtained after open reduction 
and internal fixation. 
 
Type of study/level of evidence: Therapeutic IV. 
 
Key words: Distal humerus; medial column; trauma 
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Background 
Fractures involving the medial column of the distal humerus alone (ie, in which 
the lateral column remains intact; sometimes referred to as medial condyle 
fractures) are relatively uncommon, particularly in adults

1
. Single column 

(unicondylar) fractures have been estimated to account for 3% to 5%
2, 3

 of distal 
humeral fractures, or 21% of intra-articular distal humerus fractures

4
. The lateral 

column is fractured more frequently than the medial column
1, 3, 5-7

.
 
We identified a 

total of 26 adult patients with a fracture of the medial column of the distal humerus 
reported in the English language literature, mostly in the form of case reports or 
small case series

1, 8-14
 with a maximum of 7 patients in a single series. Only 2 of 

those fractures were noted to have articular fragmentation. 
 
Considering the lack of published data available to help guide management of 
medial column fractures of the distal humerus in adult patients, in combination 
with our impression that these fractures often involve complex articular 
fragmentation, which may have been underrecognized in the past, we reviewed 
the experience of two level 1 trauma centers with medial column fractures. The 
purpose of this article is to document their presentation, fracture patterns, and 
prognosis. 
 
Materials and Methods 
Since 1974, all patients undergoing surgical fracture treatment at one of our 
institutions have been entered in a prospective database. Among a total of 173 
distal humerus fractures entered during this time period, only 4 fractures were 
classified as type 13-B2, a medial column fracture according to the 
comprehensive classification of fractures of long bones

15
, which represents 2.3% 

of distal humerus fractures, or 1 patient every 8.5 years (Fig. 1). 
 
At the second institution, between 1997 and 2007, 2 surgeons treated an 
additional 10 patients with fractures of the medial column of the distal humerus, 
many of whom had been referred from other institutions. The medical records 
were reviewed under a protocol approved by the human research committee at 
each institution. Four patients returned for a free research-specific follow-up 
evaluation including radiographs, and the remaining 10 patients were evaluated 
from the medical record alone. The functional results are reported for the 11 of 14 
patients who were evaluated a minimum of 10 months after injury. Injury 
characteristics are reported for all 14 patients. 
 
There were 4 women and 10 men with an average age of 54 years (range, 22–79 
years). The fractures occurred in 7 right elbows (4 dominant) and 7 left elbows 
(none dominant). At the time of the injury, 5 patients defined their occupation as 
desk-based work, 3 were laborers, 2 were unemployed, 3 were retired, and 1 had 
an unknown employment status. Of the 14 patients, 11 were evaluated for an 
average of 8 years (range, 14 months to 21 years). 
 
The mechanism of injury was a fall from standing height in 8 patients (2 involving 
a slip on ice); a bicycle crash in 3 patients; and a motor vehicle crash, a crush 
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injury, and an attempted suicide by jumping in front of a train each in a single 
patient. One fracture was associated with an open wound (rated type 3 according 
to Gustilo and Anderson)

16
 with a brachial artery rupture. Three patients had 

associated ipsilateral elbow fractures: one had a posterior Monteggia-type 
fracture-dislocation of the proximal ulna

17
, one an olecranon fracture, and one an 

anteromedial coronoid facet fracture. Two patients had an ipsilateral fracture of 
the distal radius, and one an ipsilateral fracture of the proximal humerus (Table 
1). 
 
We classified the fractures of the distal humerus based on their injury radiographs 
and intraoperative findings, according to the comprehensive classification of 
fractures of long bones

15
. One patient had a subgroup B2.1 fracture, a 

nonfragmented transtrochlear fracture (Milch I
7
). Three patients had a subgroup 

B2.2 fracture, a nonfragmented fracture of the medial column exiting between the 
trochlea and the capitellum (ie, the entire trochlea was part of the fracture 
fragment: Milch II). Nine patients had a subgroup B2.3 fracture, a 
multifragmentary transtrochlear fracture, and 1 patient had a subgroup C3.2 
fracture, a complete articular multifragmentary, metaphyseal wedge fracture, 
which involved the medial column and the lateral articular surface, but not the 
lateral column (fig. 1, fig. 2 and fig.  3). 
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FIGURE 1. A 22-year-old male fractured his right, nondominant distal humerus in a bicycle crash. A 
The original anteroposterior radiograph taken just after injury (left), and anteroposterior (center) and 
lateral (right) radiographs immediately after open reduction and internal fixation. B An anteroposterior 
radiograph obtained 22 years after injury shows healing with the original postoperative malalignment 
(likely related to fracture complexity), but no avascular necrosis. C Lateral radiograph shows mild 
arthrosis. He had motion from 10° to 120° of flexion and works as a police officer. 
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Treatment 
The average duration between the injury and surgery was 4 days (range, 0–11 
days). Thirteen patients were initially treated with plate or screw fixation, or both. 
One patient with an open wound was initially stabilized with an external fixator 
and then converted to plate and screw fixation 5 days later. 
In 1 patient, a severe traumatic wound was used for exposure, and in 1 patient, 
the position of the incision was not documented. Among the remaining 12 
patients, the skin incision was posterior in 8 patients and medial in 4. An 
olecranon osteotomy was used for exposure in 7 patients, 6 of whom had a 
complex (B2.3) fracture. The ulnar nerve was identified and protected but not 
transposed in 11 patients, and it was transposed anteriorly in 3 patients. 
 
Postoperative management 
The upper extremity was immobilized in a splint for an average of 11 days (range, 
1–49 days). Once the fracture had healed, the patient was allowed unrestricted 
use of the limb. Three patients were treated with static progressive dynamic splint 
devices to address elbow stiffness, for an average of 30 days (range, 12–56 
days). 
 
Complications and subsequent surgeries 
Eight patients had a total of 14 postoperative complications: There were 3 
postoperative infections, 1 nonunion, 1 wound dehiscence, 1 contracture, and 4 
ulnar neuropathies. One patient developed heterotopic ossification, 1 patient had 
urosepsis, and 2 patients reported prominent implants. Four patients had more 
than 1 complication. 
 
Five patients underwent subsequent surgical procedures. In total, subsequent 
surgeries included 1 capsulectomy, 1 excision of heterotopic ossification, 1 
irrigation and debridement, 1 skin graft, 4 implant removals, and 1 fixation of a 
nonunion. One patient had more than 1 subsequent procedure: irrigation and 
debridement, followed by a skin graft for a wound defect, and later excision of 
heterotopic ossification plus implant removal. Four patients had implant removal 
an average of 9 months after initial surgery. The implant was removed during a 
subsequent procedure in 2 patients, and because of implant prominence in 2 
patients. 
 
Evaluation 
Two investigators who were not involved in the initial care evaluated 4 patients in 
a research-specific outpatient follow-up, and reviewed the medical records for the 
remaining 10 patients. Eleven patients evaluated at least 10 months after injury 
were evaluated according to the Broberg and Morrey Functional Rating Index 
after all surgical procedures. 
 
An independent observer rated radiographic evidence of arthritis, according to the 
system of Broberg and Morrey

18
, as grade 0 (a normal joint), grade 1 (slight joint-

space narrowing with minimum osteophyte formation), grade 2 (moderate joint-
space narrowing with moderate osteophyte formation), or grade 3 (severe 
degenerative change with gross destruction of the joint). 
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Results 
Functional results 
The arc of ulnohumeral motion averaged 92° (range, 70° to 120°) with an average 
flexion of 118° (range, 95° to 140°) and an average flexion contracture of 25° 
(range, 10° to 40°). The average arc of forearm rotation was 161° (range, 110° to 
180°). All elbows were stable at the time of final follow-up or last office visit. 
According to the Broberg and Morrey Functional Rating Index, the result was 
rated as excellent in 4 patients, good in 6, and fair in 1 patient, with an average 
score of 88 (range, 73–97), which represents an average good score. 
Six of 11 patients had arthrosis according to the radiographic criteria of Broberg 
and Morrey. Three patients had slight joint-space narrowing with minimum 
osteophyte formation (grade 1), and 3 patients had moderate joint-space 
narrowing (grade 2). 
 
Discussion 
Among the 26 adult patients with a fracture of the medial column of the distal 
humerus previously described in the English language literature

8-14, 19, 20
, the result 

is known for 25, 18 of whom had good or excellent results and 7 of whom had fair 
or poor results. Twenty-three patients were treated surgically, of whom 3 had a 
poor result. Two patients were treated conservatively and both had a poor result. 
Among the 22 fractures described in enough detail to allow classification 
according to the Comprehensive Classification of Fractures, there were 8 B2.1 
fractures, 12 B2.2 fractures, and only 2 B2.3 fractures (multifragmentary 
fractures) (Table 2). Both B2.3 fractures were treated in a resource-poor 
environment in India and both were treated with fragment excision: owing to 
significant delay (11 weeks) to presentation in 1 patient and to substantial 
fragmentation in the other. The final outcome was described as good in both 
cases

20
. The 4 remaining patients had a B2 fracture, but a specific 

subclassification could not be derived from the articles.  
 
The two fracture classification systems of which we are aware that are specific to 
single column fractures of the distal humerus do not account for the potential for 
complex articular fragmentation. Milch described the unicondylar fractures in 
1964

7
. The differentiated between simple fractures (in which the lateral wall of the 

trochlea remains attached to the humerus), type 1, or fracture dislocation (in 
which the lateral wall of the trochlear is part of the fracture fragment), type 2. 
Milch's emphasis was on the integrity of the lateral wall of the trochlea, which he 
felt was important for elbow stability. Jupiter and Mehne divided the distal 
humerus into medial and lateral columns and described fractures as either high or 
low on each column. The higher the fracture, the larger the trochlear fragment 
that separates with the column

19
. A collateral ligament injury may also be 

associated with the fracture
21

. 
 
Shortcomings of this study include retrospective review (as is usually necessary 
for uncommon conditions), reliance on medical records, relatively short follow-up 
in most patients, and variability in the way patients were identified as well as the 
way that they were managed. Because this study was based on the medical 
record, we did not use a standardized examination or outcome questionnaire in 
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most patients; consequently, our understanding of the results of treatment should 
be considered incomplete. The value of our report lies principally in the 
observations regarding injury patterns, and we cannot make definitive statements 
about treatment or outcome. These patients were treated over 3 decades, and 
many of the treatment techniques used would not be recommended currently. We 
do not intend to promote or condone these older techniques but are merely 
reporting what was done. Our series differs from prior reports in the literature in 
that 10 of 14 fractures showed complex articular comminution and impaction. 
Because our hospitals are tertiary care referral centers, this complexity may not 
reflect the average medial column fracture of the distal humerus. Furthermore, 
some might dispute the inclusion of fractures that extend into the capitellum, but 
our purpose is to emphasize that even when there is no fracture of the lateral 
metaphyseal column, the articular fracture may extend into the capitellum. This 
observation has proved useful in the care of our patients. It would not intuitively 
be anticipated and is a valuable observation because it directly influences 
treatment options. Surgeons should be aware of the potential complexity of this 
fracture pattern. Despite the severity of the injury, most patients had a good to 
excellent outcome. 
 
Computed tomography, particularly three-dimensional, can help define the 
fracture anatomy, including articular comminution and articular surface impaction, 
and facilitate the way surgery is planned

22
. (fig.2 and fig. 3). Three-dimensional 

computed tomography with the radius and ulna subtracted can help identify the 
number, size, and location of articular fragments, which will help with planning the 
surgery. If the articular fracture is straightforward, it can be realigned without the 
need for an olecranon osteotomy. Impacted fragments and more complex 
fragmentation may benefit from an olecranon osteotomy to improve visualization 
and exposure to the articular surface, particularly when buried implants are 
needed to repair the articular surface. As in other complex articular distal 
humerus fractures, open reduction and internal fixation remains the best 
treatment option in healthy, active patients, even when several surgeries are 
needed, because elbow function has been shown to be durable in the long term

23
. 
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FIGURE 2. A 47-year-old male fractured his left, nondominant distal humerus in a fall from a standing 
height. A An anterior view of a 3-dimensional computed tomography reconstruction demonstrates 
medial column fracture of the distal humerus with complex articular injury. The articular fractures are 
stable and impacted, meaning that realignment will require the use of some force. There is an old 
medial epicondyle injury. B An end on (inferior) 3-dimensional computed tomography view shows 
additional detail. The capitellum and lateral column are intact. C Anteroposterior and D lateral 
radiographs taken 37 months after injury show healing in good alignment with minimal arthrosis. The  
patient's elbow flexion was 20° to 120°. 
 
 
 
 

 
 
FIGURE 3. A 56-year-old male fractured his right, dominant distal humerus in a slip on the ice. A An 
anterior 3-dimensional computed tomography view shows fracture of the medial column of the distal 
humerus with complex articular comminution extending to the capitellum. B An end-on (inferior) view 
shows greater detail of the complex articular comminution. C A posteroanterior radiograph 182 months 
after surgery—and also following subsequent surgery for partial implant removal and capsular 
release—shows healing of the fracture without osteonecrosis nor arthrosis, and the complexity of the 
fixation with many buried headless screws. D The lateral radiograph shows complete loss of the 
normal anterior translation of the distal humerus with respect to the ulnar diaphysis. The patient's 
elbow flexed from 20° to 95°. 
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First 

Author

# Result Procedure Milch-classification AO-

Classification

Wilson24 1 Good ORIF Milch I B2.1

Aitken8 2 Good ORIF Unknow n B2.? 

Berhman9 1 Good ORIF Milch II B2.2

1 Poor ORIF Milch II B2.2

1 Good ORIF Milch II B2.2

1 Poor Non-

operative

1 Good ORIF

5 Good ORIF Milch II B2.2

1 Poor ORIF Milch II B2.2

Milch I 3x B2.1 3x

Trochlear comminuted B2.3 

Milch 1 Compoud B2.1 

Milch I Compound comminuted B2.3 

1 Poor Non-

operative

Milch I B2.1

Stimson26 1 Unknow n Unknow n Milch I B2.1

Mitsunaga12 1 Poor ORIF Milch II B2.2

1 Good ORIF Milch I B2.1

2 Poor ORIF Milch II B2.2

ORIF, open reduction and internal f ixation

Scharplatz27

TABLE II. Literature Overview

El Gaw abi10

Harmer25 Unknow n B2.? 

Jupiter1

Nagi20 6 Good ORIF
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Abstract 
Introduction: We reviewed our experience with low transcondylar, extra-articular 
distal humerus fractures to determine the prevalence of extra-articular distal 
humerus fractures, the percentage that are low transcondylar fractures, and the 
results of treatment. 
Material and methods: One hundred seventy-four fracturesof the distal humerus 
in adult patients were identified. Patients with at least 1-year follow-up were 
evaluated based on the medical record according to the system described by 
Broberg and Morrey.   
Results: Twenty-six fractures (15%) were extra-articular (AO Type A), 15 involved 
both the medial and lateral columns (8.6%), 9 of which were low transcondylar 
fractures representing 5% of all fractures and 60% of the extra-articular 
bicolumnar fractures. Among the 9 patients with low transcondylar fractures, 2 
had nonunion and 3 died within 3 months of injury. Among the 8 patients with 
healed fractures after sufficient follow-up, patients with higher extra-articular distal 
humerus fractures had better motion and function than patients with low 
transcondylar fractures.  
Discussion and conclusions: Transcondylar fractures are the most common type 
of extra-articular bicolumnar fracture and may be more common than previously 
recognized. Mortality within three months and nonunion seem common with this 
fracture type.  
 
Key words: Distal humerus fracture; transcondylar; open reduction and internal 
fixation; nonunion 
 
Type of study/level of evidence: Therapeutic level IV 
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Introduction 
Most distal humerus fractures involve the articular surface

1, 2
. Extra-articular 

fractures are less common and are addressed specifically in only few studies
3-5

. A 
subset of extra-articular bicolumnar fractures involving both the medial and lateral 
columns occur very low, at the base of the olecranon fossa, and are often referred 
to as transcondylar fractures

3, 6
. 

 
Given that low transcondylar fractures of the distal humerus are relatively 
uncommon, it is remarkable that they seem over represented in many nonunion 
series

7-9
. Considering the relative lack of published data available, and our 

impression that these fractures may be more common than previously 
recognized, we reviewed the experience of a level 1-trauma center treating extra-
articular (AO Type A) fractures of the distal humerus over a period of 6 years

10
. 

 
The purpose of this investigation was to measure the prevalence of extra-articular 
distal humerus fractures, the percentage that comprises low transcondylar 
fractures, and to compare the results of treatment of the low transcondylar 
fractures with higher extra-articular bicolumnar distal humerus fractures. 

FIGURE 1: Breakdown of adult patients with distal humerus fractures treated at our level 1 trauma 
center between 2002 and 2007 
 

Materials and Methods 
Using a trauma database and billing records we identified 174 consecutive acute 
distal humerus fractures in adult (age 18 or greater) patients treated at a level 1-
trauma center between 2002 and 2007. Under a protocol approved by our Human 
Research Committee we reviewed the medical records and applied the following 
inclusion criteria: 1) extra-articular fracture; 2) very low fracture at the level of the 
base of the coronoid and the olecranon fossa (transcondylar fracture). Twenty-six 
of the 174 fractures (15%) were extra-articular fractures, of which 11 were single 
extra-articular epicondyle fractures and 15 were bicolumnar metaphyseal 
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fractures of which 9 were low fractures at the level of the base of the olecranon 
and coronoid fossae (transcondylar fracture) (Fig. 1).  
We compared the demographics, injury characteristics, and results of treatment 
for the 9 transcondylar fractures and the 6 higher bicolumnar fractures (Fig. 2). 
 
Transcondylar Fractures 
Among the patients with transcondylar fractures there were 5 women and 4 men 
with an average age of 67 years (range, 41 to 85 years).  Two of the four patients 
under age 60 were very infirm and a third was diagnosed with breast cancer 3 
years after fracture and died 8 years after fracture. The fourth patient under age 
60 had 10 prior surgeries for lower limb problems. The right elbow was fractured 
in 5 patients, the left in 4. Limb dominance was not regularly available. At the time 
of injury, 5 patients defined their occupation as retired, 1 was unemployed, 1 was 
disabled, 1 was employed at desk-based work, and the occupation was unknown 
in one patient. The mechanism of injury was a fall from a standing height in all 9 
patients. One patient had an ipsilateral distal radius fracture. Two patients had 
grade 1 open fractures

11
. 

 
Three non- or minimally displaced transcondylar fractures were treated with cast 
immobilization. Six patients with displaced fractures were treated with open 
reduction and fixation, 5 using parallel plates and 1 using a single lateral plate. 
The ulnar nerve was identified and transposed in 3 patients; released and 
relocated back in its original position in 1 patient and identified and protected in 2 
patients. An olecranon osteotomy was used for exposure in 2 patients and the 
remainder were treated using a paratricipital approach

12
. The average duration 

between date of injury and surgery was 3.6 days (range, 1 – 15 days; median, 1.5 
days). 
 
Higher Bicolumnar Fractures 
The higher bicolumnar fractures occurred in 4 women and 2 men with an average 
age of 68 years (range, 26 – 85 years). The right elbow was fractured in 3 
patients and the left in 3 patients. Five patients were retired and 1 was 
unemployed. All fractures resulted from a fall from a standing height.  One patient 
had an ipsilateral proximal humerus fracture. No open fractures were seen.  
All 6 patients had displaced fractures treated with open reduction and fixation, 4 
using parallel plates, 1 using a single lateral plate, and 1 using 3 plates. The ulnar 
nerve was transposed in 5 patients and released and relocated back in its original 
position in 1 patient. Olecranon osteotomy was used in 1 patient and a 
paratricipital approach in 5 patients. The average duration between date of injury 
and surgery was 1.5 days (range, 0 – 3 days; median, 1.5 days). 
  
Evaluation 
Three patients with transcondylar fractures died within 3 months of injury, one of 
whom died in the hospital. Three patients were followed less than one year and 
either could not be contacted or declined to return for a research specific visit 
(one transcondylar fracture and 2 higher fractures). The nine patients (5 
transcondylar fractures and 4 higher fractures) with at least 1-year follow-up 
(average 3.0 years, range 1.0 – 6.0 years) were evaluated based on the medical 
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record according to the system described by Broberg and Morrey
13

. Nonunion 
was defined as a persistent fracture line with either instability of the arm in 
patients treated nonoperatively or loose or broken implants after surgery. 
 

 
 
Figure 2A (left): A 79-year-old male sustained a left transcondylar fracture.  The anteroposterior 
radiograph shows the extra-articular fracture line at the level of the base of the olecranon and coronoid 
fossa 
Figure 2B (right): An 80-year-old male fractured his left distal humerus.  The anteroposterior 
radiograph shows a high extra-articular metaphyseal fracture 
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Results 
Transcondylar Fractures 
Among the 6 operatively treated patients, one died and 4 had a minimal follow-up 
of 1 year (average 3.8 years, range 2.4 – 6.0 years). The average arc of 
ulnohumeral motion was 108° (range, 90° - 125°) with an average flexion of 125° 
(range, 110° - 135°) and an average flexion contracture of 18° (range, 10° - 20°). 
All patients retained full forearm rotation. According to the Broberg and Morrey 
system

13
, the result was rated excellent in 1 patient, good in 2 patients, and fair in 

1 patient, with an average score of 89.5 (range, 76 - 98 points) which represents 
an good score. 
One patient developed a postoperative wound infection, nonunion and 
osteomyelitis. He was treated with multiple debridements and hardware removal 
to eradicate the infection and gain healing. 
 
Among the 3 patients who were treated nonoperatively, two died and one 
developed a nonunion, which was treated with open reduction and internal plate 
and screw fixation without bone grafting.However, the patient did not return for 
scheduled visits thereafter. When admitted for an ununited left proximal femur, his 
distal humerus nonunion was unstable with broken hardware. Additional elbow 
surgery was deemed to risky because of multiple medical co-morbidities. His 
elbow was rated poor (30 points), according to the Broberg and Morrey System 
(Table 1). 
 
Higher Bicolumnar Fractures 
Four patients were followed for at least one year (average 2.7 years; range, 1.0 – 
3.9 years). The average arc of ulnohumeral motion was 128° (range, 105° - 135°) 
with an average flexion contracture of 8° (range, 0° - 30°). All patients maintained 
full flexion and forearm rotation. According to the system of Broberg and Morrey 
13, the result was rated as excellent in 2 patients and as good in 2 patients, with 
an average of 95.0 (range, 87 – 100), which represents an average excellent 
score. 
One patient developed a postoperative infection and underwent irrigation, 
debridement and implant removal, after which fracture healing was obtained. 
Another patient had a postoperative ulnar neuropathy (Table 2). 
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Discussion 
AO Type A, extra-articular fractures comprised 15 percent of the distal humerus 
fractures seen at our institution. Fifteen of 174 (8.6%) were bicolumnar extra-
articular fractures and 9 of 174fractures (5%) were low transcondylar fractures. 
Low transcondylar fractures were the predominant type of bicolumnar extra-
articular fractures (60% of the total compared to 39% reported by Robinson et 
al

14
). 

Consistent with Robinson et al, low transcondylar fractures comprised 5% of all 
distal humerus fractures and resulted largely from falls from a standing height in 
older patients.  The average age in their series was 59.6, but they included 
children (range, 12 – 99 years).  Our average age of 67 years may be more 
representative of transcondylar fractures in adults.  
 
Three of nine (33%) patients with transcondylar fractures in our series died within 
3 months of injury. These patients had an average age of 82 years old and all had 
medical co-morbidities. Four patients with transcondylar fractures were younger 
than 65 years; 2 of which had substantial co-morbidity and 1 was physically 
impaired by chronic knee pain after multiple knee surgeries. The low 
transcondylar fracture may be similar to a femoral neck fracture in being 
associated with infirmity and a high risk of mortality

15, 16
. At our institution, we now 

mention both total elbow and “bag of bones” nonoperative treatment as options 
for infirm older patients with this fracture. 
 
We had adequate follow-up in only 9 of 15 (60%) patients and cannot judge 
statistical significance in terms of functional outcome, but the finding that patients 
with higher extra-articular fractures gained more motion than patients with 
transcondylar fractures merits additional study. 
 
Many authors describe transcondylar fractures as problematic. Bryan reported on 
2 transcondylar fractures. Both were initially treated with closed reduction and 
cast immobilization. One patient lost fracture alignment and underwent a 
secondary closed reduction and percutaneous pinning

6
. Robinson et al reported a 

greater risk of delayed or nonunion for ‘low’ extra-articular fractures compared to 
‘high’ extra-articular fractures although no specific numbers are provided. 
Considered together 8 of 54 (15%) bicolumnar extra-articular fractures in their 
study went on to delayed or nonunion

14
. Indeed, among 3 large series of patients 

treated for nonunion of the distal humerus
7-9

, 63% of the nonunions followed 
initially extra-articular fractures, which is far greater than the prevalence of extra-
articular fractures among all distal humerus fractures.  Two of the nine patients 
(22%) with at least 1 year of evaluation in our series developed nonunions, one in 
conjunction with post-operative infection, and one following open reduction and 
internal fixation.  
 
On the other hand, some authors describe good results. Imatami et al treated 12 
AO type A2 fractures with a custom AO small T plate and described excellent 
results with a union rate of 100%

4
. Likewise, Perry et al described good results for 

operative treatment of 2 displaced fractures and for nonoperative treatment of 3 
non-displaced transcondylar fractures

3
.  
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Conclusions 
In summary, we believe that transcondylar fractures are more common than 
previously assumed and are the predominant bicolumnar distal humerus fracture 
pattern; however, a larger study population is needed to confirm this. 
Transcondylar fractures seem to have a relatively high risk of nonunion and are 
also associated with a substantial rate of co-morbidity and post-injury mortality.  
Operative treatment of a displaced fracture is challenging because of the small, 
largely articular distal fragment, complex elbow anatomy, and osteoporosis.  
Unfortunately, the results of nonoperative treatment, even for non- or minimally 
displaced fractures seem unpredictable.  
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Abstract 
Purpose: This investigation used prospectively recorded intra-operative 
evaluation as the reference standard for distal humerus fracture type and 
characteristics in order to measure the diagnostic performance characteristics of 
computed tomography and physical models.  In secondary analyses we assessed 
the reliability of classification. 
Methods: Thirty-five fractures were evaluated by the treating surgeon and first 
assistant on radiographs and two-dimensional (2D) computed tomography (CT) 
images first; a second time based on radiographs, 2D and three dimensional (3D) 
CT images; a third time based on 2D and 3D-CT, as well as 3D physical models; 
and a fourth time based on intra-operative visualization of the fracture 
characteristics.  The intra-operative evaluation of the attending surgeon was used 
as the reference standard. 
Results: The addition of 3DCT and the 3D models to 2DCT and radiographs led 
to significant improvements in sensitivity, but not specificity, in the diagnosis and 
proposed treatment, and improved the interobserver agreement with respect to 
specific fracture characteristics but not classification.  
Conclusions: Increasingly sophisticated imaging and modeling leads to slight but 
significant improvements in diagnostic performance characteristics and 
interobserver agreement on fracture characteristics.     
 
Type of study/level of evidence: Diagnostic, Level 2 
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Introduction 
Three-dimensional imaging seems more intuitive because structures look similar 
to what the surgeon sees in the operating room. Computer generated bone 
models have been successfully used in the planning of surgery to address 
malunion of the distal radius or humerus fractures

1-7
 and might be even more 

intuitive for understanding the injury and planning treatment.  
 
In one study, three-dimensional computed tomography (3DCT) of fractures of the 
distal humerus improved both the intraobserver and the interobserver reliability of 
the AO classification system, but only improved the intraobserver agreement for 
fracture characteristics and treatment recommendations when compared to two-
dimensional computed tomography (2DCT). In general, more sophisticated 
imaging seems to affect intraobserver agreement more than interobserver 
agreement.

8
 Furthermore, 3DCT did not improve the diagnostic characteristics 

(sensitivity, specificity, and accuracy) for the recognition of specific fracture 
characteristics, but that study used a retrospective, medical record based 
reference standard. 

8
   

  
This investigation used prospectively recorded intra-operative evaluation as the 
reference standard for fracture type and characteristics.  Diagnostic performance 
characteristics were calculated for 2D and 3DCT and 3D models with respect to 
this reference standard to test our hypothesis that 3D-CT images and models 
improve the accuracy of classification and diagnosis of specific distal humerus 
fracture characteristics.  In secondary analyses, the agreement between surgeon 
and first assistant on the classification and characterization of these fractures was 
assessed.  
 
Material and Methods 
Inclusion and Exclusion Criteria 
Between 2007 and 2010 patients with a distal humerus fracture treated at two 
Level 1 trauma centers were invited to enroll in a prospective cohort study 
approved by our Human Research Committee. Inclusion criteria were 1) fracture 
of the distal humerus; 2) election of operative treatment; 3) Computed 
Tomography scan (CT) of sufficient quality to make 3D images and models; 4) 
age 18 years or older. Exclusion criteria were pregnant women and patients 
unable to give informed consent. Thirty-five patients satisfied the inclusion and 
exclusion criteria. 
 
There were 17 men (49%) and 18 women with a mean age of 50 years (range, 20 
to 94 years). The distal humerus fracture was an isolated injury in 21 patients 
(60%) and was associated with open wounds, dislocation or fracture of the radial 
head, coronoid process or olecranon in 14 patients. The left side was injured in 27 
patients (77%) and the right side in 8 patients (23%).  Twenty patients (57%) 
fractured their elbow in a fall from a standing height, 4 (11%) from a greater 
height, 4 (11%) in a motor vehicle collision (MVC), 5 (14%) in a sports related 
injury and 2 (6%) were gunshot fractures.  
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Three patients (9%) had both an open wound and an ulnohumeral dislocation. 
One of these patients also had a coronoid and a radial head fracture.  Three 
patients (9%) had an open wound without dislocation. Two of these patients had 
associated fractures: one patient had a radial head, a coronoid and an olecranon 
fracture; the other patient had a non-displaced olecranon fracture with intra-
articular extension. 
 
Four patients (11%) had an ulnohumeral dislocation without an open wound. 
Three of these had associated fractures: one patient had a coronoid fracture, one 
patient had a coronoid and radial head fracture; the third patient had a coronoid 
fracture and an olecranon fracture. 
Four patients (11%) had associated fractures, without dislocation or open wound. 
There were 2 patients with a radial head fracture. One patient had coronoid 
fracture and one patient had both a radial head and a fracture of the ulnar 
diaphysis. 
 
Evaluation 
Three-dimensional CT reconstructions with the radius and ulna subtracted were 
made. The DICOM (Digital Imaging and Communications in Medicine) files from 
the Computed Tomography scans were sent to Medical Modeling LLC (Golden, 
CO) for manufacture of the 3D physical model reconstructions. 
 
The treating surgeons and their first assistant classified the fracture according to 
the Comprehensive Classification of Fractures, diagnosed the presence or 
absence of several fracture characteristics, and indicated treatment plans. These 
ratings were completed four times: initially based upon radiographs and 2D 
images alone; a second time based on radiographs, 2D and 3D-CT images; a 
third time on radiographs, 2D, 3D-CT and 3D physical models; and a fourth time 
based on intra-operative visualization of the fracture characteristics.  The fourth 
questionnaire completed by the intra-operative evaluation of the surgeon 
represented the reference standard.    
 
 Fracture Characteristics and Treatment plan: 
Each observer was asked diagnose the presence or absence of the following 
fracture characteristics:  1) coronal fracture line; 2) more than 3 articular 
fragments; 3) metaphyseal comminution; 4) entirely separated articular 
fragments; 5) impaction (stable fracture) of the articular surface. Proposed 
treatment was evaluated by choosing one or more of the following five treatment 
options: standard plating, plating variation like a third plate or parallel plate, small 
headless screws or buried fixation, bone graft; and need to be prepared for total 
elbow arthroplasty.  
 
Statistical Analysis 
We used a chance-corrected kappa (κ) coefficient with strength of agreement 
assessed with the benchmarks of Landis and Koch

9
 to measure the interobserver 

agreement concerning fracture class, fracture characteristics and treatment 
proposal was measured for each method (2D, 2D/3D, 2D/3D with physical model, 
direct intraoperative view).  
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In order to account for the same 35 cases evaluated by multiple surgeons using 
each of 4 different methods (2D, 2D/3D, 2D/3D with physical model, direct 
intraooperative view) logistic regression was then applied using a generalized 
estimating equations (GEE) strategy with a binomial distribution for binary yes/no 
fracture characteristics and a multinomial logit distribution for fracture 
classification.  
 
The AO classification was considered to the Group level (3 groups for each of 3 
types for a total of 9 options). Differences between the methods were determined 
using the maximum likelihood Wald chi-square test with a two-tailed p < 0.05 as 
the criterion for statistical significance 

10
.  

According to power analysis performed prior to initiating the study, 30 fractures 

provide 80% power (α = 0.05, β = 0.20) to detect significant inter-observer 
agreement using the kappa coefficient 

9
 as well as in comparing diagnostic 

characteristics between the two imaging modalities. 
Sensitivity, specificity, and accuracy were calculated using standard formulas with 
the intra operative findings of the attending surgeon as the reference standard. 
McNemar’s test for paired binary data was used to test for statistically significant 
differences 

11
.  

 
Results 
The addition of 3DCT and the 3D models to 2DCT and radiographs led to 
significant improvements in sensitivity, but not specificity, in the diagnosis of 
coronal fracture line, more than 3 articular fragments, metaphyseal comminution, 
separated articular fragments, impaction and proposed treatment (Table 1).  
More sophisticated imaging improved the interobserver agreement of diagnosis 
of, coronal fracture line, more than 3 articular fragments, metaphyseal 
comminution, separated articular fragment, and proposed treatment; however, 
classification did not improve with more sophisticated imaging.(Table 2) 
 
Discussion 
The strengths of this investigation include the prospective design, adequate 
power, and the intra-operative reference standard.  With prospective direct 
intraoperative view as the gold standard, 3D-CT and 3D models achieve slightly, 
but significantly higher diagnostic performance characteristics than radiographs or 
two-dimensional computed tomography alone.      
 
This study should be interpreted in light of the fact that we were unable to 
consistently get observations completed before surgery (in part due to the 
inherent delay in receiving the physical 3D model), so that ratings of the 
radiological images were–in essence--sometimes retrospective and biased by 
having seen the operative exposure. There is probably some spectrum bias 
although the majority of distal humerus fractures at our institution are imaged with 
computed tomography. When reviewing these data, one should also bear in mind 
that the second observer was either a resident or fellow, so that observer 
variability may largely reflect differences in training and experience. 
Prior studies on acetabular, proximal humerus, distal radius, and coronoid 
fractures have demonstrated improved agreement in characterization and 
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classification of fractures with 3DCT compared to 2DCT and radiographs alone, 
as well as increased intra-observer agreement, more so than inter-observer 
agreement.

12-21
 

 
Other retrospective work on the distal radius

22
 suggested that three-dimensional 

computed tomography can improve the intra-observer reliability of diagnosis of 
fracture characteristics, but found a more limited influence interobserver 
agreement when compared to 2D imaging alone. In other studies it was found 
that 3D CT reconstructions improve interobserver agreement on classification and 
treatment of coronoid fractures when compared with 2D CT

18
; that 3D CT 

reconstructions significantly improved the interobserver agreement on 
classification of proximal humerus fractures

23
; and  that three-dimensional 

computed tomography is the most accurate method to assess true displacement 
in medial humeral epicondyle fractures in children.

24
 Some studies, such as one 

looking at tibial plateau fractures found that 3D CT did not improve the reliability 
of classification or characterization compared to 2D CT alone.

25
 

 
There is still a question as to whether reliability improves with more sophisticated 
imaging simply because the observer has more data as an increasing number of 
studies are reviewed.

26
  It has also been suggested that interobserver variability 

may be a reflection of the level of training, the awareness and understanding of 
fracture concepts and variations in opinion rather than the nature or quality of 
images. 
 
Conclusion 
More sophisticated imaging, three-dimensional computed tomography and three-
dimensional printed models, in distal humerus fractures achieve higher diagnostic 
performance characteristics than radiographs or two-dimensional computed 
tomography alone. 
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  Variable Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

  Fracture Characteristics

80 87 85 77 93 * 80

(65-89) (70-94) (71-93) (59-88) (80-97) (63-90)

75 82 86 * 88 78 88

(59-86) (66-92) (71-93) (73-95) (61-88) (73-95)

62 86 76 92 83 * 94

(45-76) (71-94) (60-88) (78-97) (69-91) (82-98)

78 75 86 * 83 86 * 83

(65-86) (47-91) (75-93) (55-95) (75-93) (55-95)

43 83 65 77 73 * 77

(28-58) (67-93) (50-78) (60-88) (57-84) (59-88)

  Proposed Treatment

89 71 100 79 100 77

(67-97) (58-82) (82-100) (66-88) (82-100) (64-86)

60 98 83 95 77 * 98

(42-75) (87-100) (66-93) (84-99) (59-88) (87-100)

81 68 88 * 64 88 * 82

(68-90) (47-84) (75-94) (43-80) (75-94) (61-93)

72 79 83 * 85 72 92

(49-88) (66-88) (61-94) (72-92) (50-88) (81-97)

50 97 100 * 92 100 * 95

(15-85) (90-99) (51-100) (83-97) (51-100) (87-98)

Values are percentages w ith 95% confidence interval based on attending surgeon for each method 

compared to  intraoperative direct view  gold standard (N = 35 paired cases). 

* Statistically signif icant compared to sensitivity for 2D CT alone (all p < 0.05). There w ere no signif icant 

dif ferences  in specif icity betw een the three methods.

TABLE I. Sensitivity and Specificity Characteristics Stratified by Modality

  Third plate/parallel plates

  Headless screw s/buried f ixation 

  May need bone graft

  Prepared for total elbow

  >3 articular fragments

  Metaphyseal comminution

  Separated articular fragments

  Impaction

  Standard plating techniques

  Coronal fracture line
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Humerus Fractures for Each Imaging Modality and Direct Operative View

Xray + 2D CT With 3D CT

With 3D 

model

Intra-

operative 

view (Gold 

Standard)

Fracture classification

AO Classif ication 0.74† 0.78† 0.74† 0.64†

Fracture characteristics

Coronal fracture line 0.43† 0.24 0.46† 0.53†

> 3 articular fragments 0.49† 0.60† 0.67† 0.66†

Metaphyseal comminution 0.63† 0.71† 0.71† 0.66†

Separated articular fragments 0.47† 0.41* 0.41* 0.32*

Impaction 0.14 0.26 0.21 0.29

Proposed treatment

Standard plating techiques 0.40† 0.41† 0.38† 0.38†

Third plate/parallel plates 0.35* 0.58† 0.51† 0.50†

Headless screw s/buried f ixation 0.62† 0.44† 0.62† 0.64†

May need bone graft 0.62† 0.42* 0.46† 0.58†

Prepared for total elbow 0.48† 0.62† 0.53† 1.00†

Data are kappa (k) values based on 35 cases evaluated by tw o independent surgeons. 

Guidelines for strength of observer agreement: k = 0-0.20 (slight), k = 0.21-0.40 (fair), 

k = 0.41-0.60 (moderate), k = 0.61-0.80 substantial, k = 0.81-1.00 almost perfect. 

Signif icant interobserver agreement  (* p < 0.05; † p < 0.01).

TABLE II. Interobserver Agreement for Characterization and Treatment of Distal 
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Abstract 
Purpose: The normal anterior translation of the articular surface of the distal 
humerus with respect to the humeral diaphysis facilitates elbow flexion. We 
hypothesize that there is a correlation between anterior translation of the distal 
humeral articular surface and flexion after open reduction and internal fixation 
(ORIF) of a fracture of the distal humerus. 
Methods: Two independent observers evaluated 141 lateral radiographs of 
patients more than 6 months after fracture of the distal humerus and 155 lateral 
radiographs of patients without injury of the distal humerus. The distance between 
the most anterior point of the distal humerus articular surface, perpendicular to 
the humeral shaft, from the anterior border of the distal part of the humeral 
diaphysis, was measured on lateral radiographs as a percentage of the width of 
the humeral shaft. 
Results: The technique of measuring anterior translation of the distal humeral 
articular surface had good intra- and interobserver reliability. The most anterior 
point of the distal humeral articular surface lies an average of 11.7 mm (range, 
6.8 to 17.0 mm) in front of the most anterior border of the humeral shaft in normal 
distal humeri, which represents 62% of the humeral shaft diameter (range, 33% to 
91%). There was a limited but significant correlation between flexion and anterior 
translation as a percentage of the humeral shaft diameter in distal humeri after 
fracture that was maintained in multivariable statistical models. 
Conclusions: Using a reproducible technique for measuring anterior translation of 
the distal humerus, there was a correlation between anterior translation of the 
distal humeral articular surface and elbow flexion after ORIF. Although the 
weakness of the correlation emphasizes that limitation of elbow flexion after ORIF 
of a distal humerus fracture is multifactorial, reduced anterior translation of the 
distal humeral articular surface might be a contributing factor. 
 
Type of study/level of evidence: Prognostic IV. 
 
Key words: Distal humerus; elbow motion; open reduction internal fixation 
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Background 
Anterior translation of the trochlea with respect to the humeral shaft provides 
clearance for the coronoid process and space for the anterior arm and forearm 
musculature as the elbow flexes

1
. This, combined with the coronoid and radial 

fossae to accommodate the coronoid process and the radial head, respectively, 
allows maximal flexion.

1
 This anterior translation evolved during the transition 

from quadruped to biped as the need for stability was supplanted by the need for 
flexion. A straight distal humerus offers more stability in extension, whereas an 
anteriorly translated distal humerus offers more stability in flexion.

2, 3
 

 
 The anterior translation of the trochlea with respect to the humeral diaphysis has 
been described quantitatively by various authors, most often as an angle between 
30° and 45°, as well as the observation that the axis of rotation of the trochlea is 
in line with the anterior cortex of the humeral diaphysis on a lateral radiograph.

4
  

 
Measurements of anterior translation and angulation in the literature are 
estimates.

1, 5-8
 In the treatment of patients with stiff elbows after fracture of the 

distal humerus, we have found that loss of anterior translation of the trochlea with 
respect to the humeral shaft seems to limit the amount of flexion that can be 
restored after capsulectomy, even when the coronoid fossa has been deepened 
and the tip of the coronoid has been excised (fig. 1). We therefore hypothesized 
that loss of anterior translation of the distal humerus would correlate with elbow 
flexion after open reduction and internal fixation (ORIF) of the distal humerus. 
 
 

 
 
FIGURE 1. A Lateral radiograph of a healed fracture of the right distal humerus and substantial loss of 
anterior translation of the distal humerus articular surface in a 75-year-old man. His final flexion 35 
months after surgery was 105°, with an arc of flexion and extension of 80°. His humeral shaft width is 
2.1 cm, and anterior translation is 0.1 cm. B Lateral radiograph of a healed fracture of the distal 
humerus in a 62-year-old woman. Her final flexion after 14 months was 120°, with an arc of flexion and 
extension of 90°. Her humeral shaft width is 1.7 cm, and the most anterior part of the distal humeral 
articular surface lies 1.1 cm in front of the anterior humeral line. 
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Materials and Methods 
From 7 prior investigations, we derived a convenience sample of skeletally 
mature patients who had fractured their distal humerus and were treated with 
open reduction and internal plate and screw fixation. Institutional review board 
permission was obtained. We used lateral radiographs obtained on the day of the 
research-specific physical examination, when the patients were called back for an 
x-ray, including measurement of active flexion using a goniometer, a minimum of 
6 months after final surgery. Patients with heterotopic ossification or oblique 
radiographs were excluded, leaving us with 141 subjects. On a lateral radiograph, 
the centers of 3 concentric circles are formed by the projection of the edges of the 
condyles, the ulnar groove at the back of the medial epicondyle, and the medial 
lip of the trochlea.

9
 Obliquity was defined according to agreement between 2 

observers as a sidewise anterior-posterior translation of the spheres, where the 
overlap no longer resembled a circle. Superior or inferior malalignment did not 
influence anterior translation. 
 
Articular stepoff was measured on the anteroposterior radiographs. We also 
documented the number of subsequent surgeries, the number of plates used for 
internal fixation, and the approach used for ORIF. 
 
Arthritis was rated according to the classification of Broberg and Morrey

10
, as 

follows: grade 0 (a normal joint), grade 1 (slight joint-space narrowing with 
minimum osteophyte formation), grade 2 (moderate joint-space narrowing with 
moderate osteophyte formation), or grade 3 (severe degenerative change with 
gross destruction of the joint). 
 
Patients with fracture of the distal humerus 
The average age of the 141 patients (69 men and 72 women) who had ORIF of a 
fracture of the distal humerus was 50 years (range, 18 to 98 years). The average 
interval between surgery and evaluation was 70 months (range, 6 months to 30 
years). Sixty-nine patients had a single surgery, the index surgery for ORIF; 44 
patients had 1 additional surgery; 23 patients had more than 1 additional surgery; 
and the number of additional surgeries was not documented in 5 patients. Forty-
one patients showed signs of arthritis. Twenty-nine patients had grade 1 arthritis, 
8 patients had grade 2 arthritis, and 4 patients had grade 3 arthritis. 
In 46 patients, only screws or wires were used for fixation; in 40 patients, 1 plate 
was used; in 45 patients, 2 plates were used; in 9 patients, 3 plates were used; 
and in 1 patient, 4 plates were used. The average maximum articular step or gap 
on the immediate postoperative radiographs was 0.54 mm (range, 0 to 9 mm). 
A medial approach was used in 6 patients; a lateral approach in 34 patients; and 
a posterior approach in 98 patients. The approach involved splitting the triceps in 
3 patients, elevating or working around either side of it in 27 patients, and 
mobilizing it with an olecranon osteotomy in 68 patients. In 3 patients, the 
approach was not documented. 
 
Patients without fracture of the distal humerus 
As a measure of the normal anterior translation of the trochlea with respect to the 
shaft of the humerus, we also measured 155 lateral radiographs from patients 
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without trauma of the distal humerus. The average age was 45 years (range, 18 
to 85 years). There were 40 men and 37 women. The fracture group and the 
normal group were comparable in terms of age and gender (Student's t-test p = 
.09, and chi-square test p = .50). These 155 patients represented a random 
sample from a list of consecutive patients with radiographs taken to evaluate 
fracture of the radial head or lateral elbow pain over a 2-year period. Oblique 
radiographs were excluded. 
 
Measurements 
We measured anterior translation, rather than anterior angulation, because this 
method proved more reproducible than measuring angulation in a pilot study of 50 
radiographs. There are no specific landmarks on the distal humerus to guide 
measurement of angulation. The measurements were performed using software 
(IMPAX ES DS3000; Agfa-Gevaerts N.V., Mortsel, Belgium). 
Anterior translation was measured as the distance from the most anterior point of 
the distal humerus articular surface on a lateral radiograph,

9
 perpendicular to the 

anterior humeral line. The anterior humeral line is a line drawn along the distal 
anterior cortex of the distal part of the humeral diaphysis on a true lateral elbow 
radiograph. The humeral shaft width was measured (in millimeters) where the 
anterior humeral line cuts through the epiphysis (fig. 2). The measurements of 
anterior translation were expressed as a percentage of the humeral shaft width in 
order to scale them to overall bone size. 
 
Statistical analysis 
In order to evaluate the reliability of the measurement techniques, 2 observers 
performed all measurements, and the inter-observer reliability was calculated. To 
evaluate intra-observer reliability, each measurer repeated the measurement at 
least 1 week after the first measurement. The Pearson product-moment 
correlation coefficient (r) was used to measure the level of intra- and interobserver 
reliability. 
 
The relationship between anterior translation of the articular surface of the distal 
humerus and elbow flexion was studied using a Pearson product-moment 
correlation coefficient (r), as well. Anterior translation as a percentage of the 
humeral shaft width was used to correct for variation in general elbow size 
between subjects. The r values are assigned to subdivisions as follows: slight 
agreement or correlation, 0.00–0.20; fair, 0.21–0.40; moderate, 0.41–0.60; 
substantial, 0.61–0.80; and almost perfect agreement or a strong correlation, 
≥0.81

11
 Two-tailed values of p < .05 were regarded as statistically significant. 

The relationship between arthritis and range of motion was evaluated using the 
Spearman correlation (ρ). The r values are assigned to subdivisions in the same 
order as above. The relationship between surgical approach and range of motion 
was evaluated using a 1-way analysis of variance. Two-tailed values of p < .05 
were regarded as statistically significant. 
 
Multiple linear regression analysis was used to analyze the ability of the 
explanatory variables (anterior translation, age, number of subsequent surgeries, 
number of plates, arthritis, time between day of surgery and follow-up, articular 
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stepoff, and surgical approach) to account for variation in the response variable 
(range of motion), in order to address any confounding between the explanatory 
variables. Instead of entering all the potential explanatory variables into the 
backward stepwise models, we chose to enter only those variables that were 
either significant (p < .05) or nearly significant (p < .1) in the univariate analysis. 
 
 

 
 
FIGURE 2. A lateral radiograph of a healthy elbow demonstrates the reference points for the 
measurements. Line ‘a’ represents the anterior humeral line, line ‘b’ measures the humeral shaft width, 
and line ‘c’ represents the anterior translation of the distal humeral articular surface. 

 
 
 
Results 
Reliability of measurements 
Intra-observer reliability was almost perfect for the 2 observers. The respective 
product–moment correlation coefficients were r = .810 and r = .965 for width of 
the humeral shaft and r = .859 and r = .956 for the anterior translation (p < .001). 
With respect to interobserver reliability, the average correlation between observer 
1 and 2 was good for humeral width (r = .832) and substantial for anterior 
translation (r = .777) (p < .001). 
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Measurements and statistical analysis 
The average humeral width in the control group was 19.2 mm (range, 14.6 to 26.1 
mm). The average anterior translation in this group was 11.7 mm (range, 6.8 to 
17.0 mm, SD, 4.95). This converts to an average translation as a percentage of 
the humeral shaft width of 62% (range, 33% to 91%, SD 11%). 
 
The average humeral width in the fracture group was 20.1 mm (range, 15.1 to 
29.0 mm). The average anterior translation in this group was 12.8 mm (range, 10 
to 29.5, SD, 2.26). This converts to translation as a percentage of the humeral 
shaft width of 64% (range, 0% to 142%, SD 23%). 
 
The small difference in anterior translation as a percentage of shaft width 
between the fractured and the nonfractured humeri was not significant (p = .292). 
The average active elbow flexion among fracture patients was 125° (range, 70° to 
150°). There was fair correlation (r = .232 with p < .005) between flexion and 
anterior translation as a percentage of the humeral shaft width in the fracture 
group. Analyzed as a dichotomous variable, patients with less than 33% or less 
than 50% anterior translation had significantly less flexion than did patients with 
greater anterior translation (both p < .01). 
 
Pearson correlation showed a slight correlation between age and flexion (r = 
−.168 with p < .05) in the fracture group. There also was a fair correlation 
between the number of subsequent surgeries and flexion (r = −.247 with p < .05), 
as well as a slight correlation between the number of plates used and the flexion-
extension arc (r = −.176 with p < .05). We did not find significant correlations 
between range of motion and articular stepoff. 
 
Spearman correlation showed a fair correlation between the amount of arthritis 
(according to the classification of Broberg and Morrey) and flexion and extension 
(ρ = −.304 with p < .05 and ρ = −.338 with p < .05, respectively). One-way 
analysis of variance showed no association between surgical approach and range 
of motion (all p > .05) 
 
In bivariate analysis, there was a significant or near-significant association 
between flexion and anterior translation, age, number of subsequent surgeries, 
arthritis, and time between day of surgery and follow-up. The best logistic 
regression model included all explanatory variables and accounted for 21% of the 
variation in flexion (p < .001). 
 
Discussion 
Although slight obliquities in the lateral elbow radiographic projections and the 
relatively qualitative nature of the landmarks used to exclude oblique radiographs 
and select measurement points are likely to introduce both imprecision and 
observer variability, our measurement technique proved adequately reliable with 2 
different observers. We can be sure that these are not “pure lateral” radiographs, 
as perfection is rare in radiography. The question of “How good is good enough?” 
is certainly open to debate. 
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Although the deformity after fracture is a combination of loss of translation and 
loss of angulation of the distal articular part of the humerus, we measured anterior 
translation rather than anterior angulation because this measurement was more 
reproducible. It is unclear how much of the variability in measurements of anterior 
translation (SD 11% and 23%) is due to the techniques of measurement and how 
much is due to anatomical variation. Despite these concerns, our finding that the 
anterior limit of the distal humeral articular surface extends an average of nearly 
two thirds of a shaft width anterior to the anterior humeral line appears accurate 
and will hopefully prove reproducible and useful. 
 
The absence of a significant difference in anterior translation between fracture 
and non-fracture groups is likely a reflection of changes in anterior translation 
associated with ORIF. Both increased and decreased anterior translations were 
observed in the ORIF group (range, 0–142% translation, compared to 33–91% in 
the non-fracture group). The result is a substantial difference in the standard 
deviations but no difference in the means of these cohorts. 
 
The correlation between anterior translation and elbow flexion was limited (fair) 
but significant. Several other factors, including age, number of subsequent 
surgeries, arthritis, and time between day of surgery and follow-up were 
maintained in the best fit multivariable model, suggesting that all are important 
independent factors determining final elbow flexion. The retrospective, 
convenience nature of our sample of patients, the variability in surgeries 
subsequent to the index surgery, and the inclusion of large numbers of patients 
with increased translation might have diluted the effect of loss of anterior 
translation on elbow flexion. In addition, there is likely a substantial variation in 
capsular stiffness that has a stronger influence on elbow flexion than do changes 
in bony alignment. 
 
On the basis of these data, patients and surgeons seeking increased elbow 
flexion after ORIF of a fracture of the distal humerus can be aware that the ability 
to regain flexion might be restricted when the anterior translation of the distal 
humeral articular surface is lost due to residual deformity. Loss of anterior 
translation is common, particularly for complex articular fractures and fractures 
with substantial metaphyseal comminution. Even a well-performed capsulectomy 
might not restore flexion if this anterior translation has been lost. 
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Abstract 
Purpose: To measure the average number, size, shape and articular surface area 
of articular fracture fragments of the distal humerus using quantitative analysis of 
3-dimensional computed tomography (3DCT) images.  
Materials and methods: Forty-eight computed tomography scans of distal 
humerus fractures were analyzed with quantitative 3DCT. Twenty-one patients 
had a capitellum and trochlea fracture and 27 had bicolumnar fractures of the 
distal humerus. The volume and articular surface area of each articular fracture 
fragment were measured. A small fragment was defined of having a volume of 
less than 500 mm

3 
or an articular surface of less than 500 mm

2
.  

Results: Bicolumnar fractures have a mean of 9.3 fragments, 5.4 small fragments 
and 3.7 articular fragments per fracture. Trochlea and capitellum fractures have a 
mean of 3.6 fragments, 1.5 small fragments and 2.3 articular fragments per 
fracture.  For each fracture type the number of small fragments correlated with the 
total number of fragments.  
Conclusion: Columnar fractures had more articular fragments and more small 
fragments than trochlea and capitellum fractures.  
 
Level of evidence: N/a 
 
Keywords: Computed tomography; fractures; morphology; quantitative; distal 
humerus; three-dimensional; surface; volume. 
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Introduction  
Quantitative 3-dimensional computed tomography (Q3DCT) can measure the 
number, volume, and articular surface area of fracture fragments 

1, 2
.  The 

quantitative measurements may provide a more detailed understanding of 
fracture morphology, which might help with treatment decisions and implant 
development

3
.  We applied this technique to fractures of the distal humerus and 

tested the null hypothesis that bicolumnar fractures and capitellum and trochlea 
fractures create similar numbers of 1) fracture fragments, 2) small fragments, and 
3) articular fragments in order to gain insight in fracture morphology as part of the 
pre-operative planning.  
 
Materials and methods 
Our Human Research Committee approved the protocol for this investigation.   
 
Inclusion and Exclusion criteria 
A search of billing records identified 72 patients with a fracture of the distal 
humerus who were evaluated with computed tomography (CT) between 2002 and 
2008. Fifty-two CT scans had a slice thickness between 0.62 and 1.25 mm and 
were deemed adequate for 3-dimesional modeling, of which 48 had a bicolumnar 
fracture or a capitellum or trochlea fracture. Several different CT scanners were 
used with up to 140 kV and 500 to 700 mAs and slices from 8 to 64/ dual source. 
There were only 4 single column fractures and we excluded them. There were 29 
women and 19 men with a mean age of 51 years (range, 18 to 88). There were 
21 fractures of the capitellum and trochlea and 27 bicolumnar fractures. (Figures 
1, 2)   
 
Modeling technique 
The CT scans (DICOM files; Digital Imaging and Communications in Medicine) 
were analyzed with an algorithm that identifies the outer margin of the highest 
density (cortical or subchondral) bone. (Figures 1A, B)  Subcondral bone was 
deselected, resulting in outlines that were then stacked creating a mesh 
representing the outer margin of the bone. (Figure 1C). This wire model was then 
transformed into a polygon mesh: a hollow 3-dimensional model of the outer 
surface of the bone (figure 1D). Fracture fragments with articular surface attached 
were then identified and isolated for analysis (Figure 1E).   
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FIGURE 1: A 61-year-old man who fractured his distal humerus in a motor vehicle accident.  
 
 

Three-dimensional reconstructions of a bicolumnar distal humerus fracture. A 
mathematical algorithm identified the outer border of the cortical and subchondral 
bone (points) of the distal humerus fracture fragments on two dimensional 
computed tomography images. These points from each CT slice were stacked to 
create a wire mesh model of each distal humerus fracture fragment. A polygon 
mesh was calculated to convert the wire mesh into a final 3-dimensional model of 
a bicolumnar fracture. This bicolumnar distal humerus fracture created 15 
fragments. Three of the fragments involved the articular surface.   

 
 
 
 
 
 
 
FIGURE 2: Final 3-dimensional model of a 
trochlea and capitellum fracture. The distal 
humerus is fractured into 8 different 
fragments. 
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Evaluation 
The volume and articular surface area of each individual fracture fragment and 
the remaining unfractured bone were measured. Volumetric measurements and 
surface area measurements are a standard feature in Rhinoceros (version 4.0; 
McNeel North America, Seattle, WA). The articular surface calculations were 
done by selecting the distal articular surface on the particular fracture fragment. 
The volume of the intact distal humerus was arbitrarily cutoff by the limit of the CT 
in a way that hindered meaningful measurement of this part, similar to previously 
executed work on radial head fractures

1
. The volumetric measurements were 

arbitrarily categorized into 3 different sizes: major fragments (Greater than 1000 
mm

3
), minor fragments (500-1000 mm

3
), and small fragments (less than 500 

mm
3
). We divided our articular surface measurements into 2 groups: large 

fragments (greater than 500 mm
2
) and small fragments with a surface area of less 

than 500 mm
2
. 

 
Statistical analysis 
The mean fragment volume and articular surface area of each fracture fragment 
was calculated. The percent articular surface area on each fracture fragment was 
calculated as a percentage of the total articular surface area.  The percentage of 
the total articular surface area that is involved in the fracture was calculated for 
capitellum and trochlea fractures. 
Student’s T-test and Pearson correlation were used in bivariate analysis.    
 
Results 
In this study, 3 fractures created 1 fracture fragment, 2 created 2 fracture 
fragments, 7 created 3 fracture fragments and 36 created 4 or more fracture 
fragments. (Table 1) According to the volume measurement criterion, 177 of 348 
fracture fragments (53%) were classified as small (less than 500 mm

3
). (Table 2)  

Forty of the 48 fractures (83%) had at least 1 small fracture fragment.  The mean 
number of small fracture fragments was 3.7 per fracture.  
According to the surface area measurement criterion, 76 of 148 articular fracture 
fragments were classified as small (less than 500 mm

2
). (Table 3)  Thirty-five of 

48 fractures (73%) had at least 1 small fracture fragment by surface area criteria. 
The mean number of small fracture fragments by articular surface area criteria 
was 1.58 per fracture.   



 

 
102 

 

TABLE I. Distal humerus fracture type and number of fracture fragment

1 Fragment 2 Fragments 3 Fragments ≥ 4 Fragments Total

Capitellum and trochlea fracture 3 2 6 10 21

Bicolumnar fracture 0 0 1 26 27

Total 3 2 7 36 48

TABLE II. Fracture fragment by volumetric criteria

Major            

(> 1000 mm³)

Minor           

(500-1000 mm³)

Small            

(<500 mm³) Total

No. of small 

fragments by 

volume 

citerion per 

fracture

Capitellum and trochlea fracture

1 Fragment 3 0 0 3

2 Fragments 3 0 1 4 0.5

3 Fragments 10 4 4 18 0.67

≥ 4 Fragments 22 6 26 54 2.6

Bicolumnar fracture

<4 Fragments 2 0 1 3 1

≥ 4 - 9  Fragments 51 14 60 125 3.33

≥ 10 Fragments 27 11 85 123 10.63

Total 118 35 177 330 3.66

TABLE III. Fracture fragment by surface criteria

Major               

(> 500 mm³)

Minor             

(<500 mm³) Total

Estimated 

bone loss by 

surface area 

as % of intact 

distal 

humerus

No. of small 

fragments by 

surface area 

per fracture

Capitellum and trochlea fracture

1 Fragment 4 1 5 17 0.2

2 Fragments 7 9 16 22 1.13

3 Fragments 6 9 15 19 1.8

≥ 4 Fragments 5 7 12 19 2.33

Bicolumnar fracture

<4 Fragments 29 10 39 9 0.67

≥ 4 Fragments 21 40 61 12 3.33

Total 72 76 148 1.58
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Capitellum and Trochlea Fractures 
Capitellum and trochlea fractures created an average of 3.8 fragments per 
fracture (range, 1 to 7) (Figure 3) with a mean volume per fracture fragment of 
2164 mm

3
 (range, 1 to 12120 mm

3
).  The average number of small fragments 

according to the volume criterion was 0.5 when there were 2 fragments, 0.67 
when there were 3 fragments, and 2.6 when there were 4 fragments.  (Figure 4) 
Sixty percent of the articular fragments involved the articular surface (average 2.3 
articular fragments per fracture; range, 1 to 4). The mean articular surface area of 
the fragments with some articular surface was 538 mm

2
 (range, 11 to 1611 mm

2
). 

The average number of small articular fragments by surface area criteria was 0.2 
for single fragment fractures, 1.1 for 2-fragment fractures; 1.9 for 3-fragment 
fractures; and 2.3 for fractures with 4 or more fragments.(Figure 5) 
The mean articular surface area of the fractured part of the articular surface of the 
distal humerus was 1229 mm

2
 (range, 444 to 2515 mm

2
) or 63% of the total 

articular surface (range, 27 to 100%).  The percentage of the total articular 
surface area involved in the fracture averaged 34% for single fragment fractures; 
71% for 2 fragments; 61% for 3 fragments; and 91% for fractures creating 4 or 
more fragments. 
 
 Bicolumnar fractures 
The bicolumnar fractures had an average of 9.3 fragments per fracture (range, 3 
to 29) (Figure 6).  The mean volume per fracture fragment was 2577 was mm

3
 

(range, 1.41 to 20682 mm
3
). The average number of small fragments by the 

volume criterion was 1 for fractures with fewer than 4 fragments; 3.3 for fractures 
with more than 4 but less than 10 fragments; and 10.6 for fractures with more 
than 10 fragments (Figure 7). 
Forty percent of the fracture fragments involved the articular surface (mean 3.3 
fragments per fracture; range, 2 to 10 articular fragments). The fracture fragments 
had a mean articular surface area of 619 mm

2
 (range, 27 to 1790 mm

2
). The 

mean total articular surface of the distal humerus was 2211 mm
2
 (range, 1140 to 

3572 mm
2
). The average number of small fragments was 0.7 for fractures with 

fewer than 4 articular fragments 3.3 for fractures with 4 or more fragments. 
(Figure 8)  
 
Comparison of Columnar and Capitellum/Trochlea Fractures 
Columnar fractures had significantly more fragments per fracture (9.3 vs. 3.6; p < 
0.01) and small fragments per fracture (5.4 vs. 1.5; p < 0.01). There was a very 
strong correlation between the number of fragments and the number of small 
fragments (r = .96 with p<0.01) . (Figure 9)  
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FIGURE 3: Pie chart 
depicting distribution of the 
number of capitellum and 
trochlea fractures per 
number of fracture 
fragments 

FIGURE 4: Stacked column  
chart depicting the volume of  
capitellum and trochlea  
fracture fragments and the  
number of small fragments  
per number of fragments  
per fracture. 

 

FIGURE 5: Stacked  
column chart depicting  
the size of articular fracture  
fragments and the number  
of small fragments per number  
of articular fragments per  
capitellum and trochlea fracture. 
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FIGURE 6: Pie chart depicting 
distribution of the number of 
bicolumnar fractures per 
number of fracture fragments. 

FIGURE 7: Stacked column  
chart depicting the volume of  
bicolumnar fracture fragments  
and the number of small  
fragments per number of  
fragments per fracture. 
 

FIGURE 8: Stacked column  
chart depicting the size of  
articular fracture fragments  
and the number of small  
fragments per number of  
articular fragments per  
bicolumnar fracture. 
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FIGURE 9: Scatter plot 
depicting the 
relationship between 
number of fracture 
fragments and number 
of small fracture 
fragments. 

 
 
 
 
 
 
 

Discussion 
Bicolumnar distal humerus fractures are often conceptualized as Y or T-shaped 
fractureswith a simple, unfragmented articular fracture that can be secured with a 
single interfragmentary articular screw.

4-6
  Analysis of bicolumnar fractures with 

quantitative 3DCT found that bicolumnar fractures tend to create numerous 
fragments with articular surface, many of them small and likely difficult to repair.   
The common conception of capitellar fractures is that they are simple fractures 
involving only the capitellum that are easily repaired with a few screws. Recent 
literature has emphasized frequent involvement of the trochlea as well as 
fragmentation of the anterior and posterior parts of the fracture 

7-9
.  Quantitative 

3DCT analysis confirmed that capitellar fractures often extend into the trochlea, 
are often fragmented, involve a substantial portion of the articular surface area, 
and that many of the fragments are small and likely difficult to repair. Presumably, 
most surgeons simply discard many of these small and relatively inconsequential 
fragments, but it’s not clear because this aspect of fracture distal humerus 
fracture treatment is uncommonly addressed in book chapters, technique and 
review articles, and scientific investigations.    
 
The strengths of this study include a mathematical algorithm for identification of 
the outer margin of the highest density bone that left limited room for judgment or 
bias on the part of the individual creating the model, although we have not tested 
if this is sensitive to the CT scanning techniques (e.g. slice thickness, etc.).  The 
limitations of this study include the fact that our estimates of total articular surface 
area may not have accounted for lost or very small fragments; our definition of 
small fragments was arbitrary; the subset of patients that had a CT scan may not 
be representative of the average patient with a fracture of the distal humerus 
treated at our institution (although most distal humerus fractures that present to 
our Emergency Department  are evaluated with CT); and we do not have 
adequate data on the results of treatment.       
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Conclusions 
The majority of the distal humerus fractures in this series had 4 or more 
fragments and fractures with more fracture fragments had a higher percentage of 
small fracture fragments. More fragmented fractures are more likely to have small 
and difficult to repair fragments.  Quantitative analysis of distal humerus fracture 
fragments confirmed that capitellar fractures often extend into the trochlea, that 
they are often fragmented, and that some of the fragments are small and likely 
difficult to repair.  It is our hope that the ability to make quantitative measurements 
may improve our understanding of and management of these fractures beyond 
what we have achieved with observations alone.    
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Abstract 
Purpose: This study tests the hypothesis that the results of release of elbow 
stiffness related to heterotopic ossification (HO) are comparable whether there is 
partial or complete restriction (ankylosis) of flexion and extension. 
Methods: Eighteen patients who had surgical release of complete bony ankylosis 
between the humerus and ulna were retrospectively compared to 27 matched 
patients who had surgical release of partial restriction of elbow flexion and 
extension related to HO. Patients were evaluated a minimum of 10 months after 
surgery, using the Disabilities of the Arm, Shoulder, and Hand questionnaire and 
the Broberg and Morrey rating system. 
Results: An average of 22 months after surgery (range, 10 to 62 mo), the arc of 
flexion and extension averaged 95° in the ankylosis cohort and 93° in the partial 
HO cohort. Forearm rotation averaged 131° versus 134°; the mean Disabilities of 
the Arm, Shoulder, and Hand score was 28 versus 30 points; and the mean 
Broberg and Morrey score was 81 versus 84 points, respectively. 
Conclusions: After controlling for other factors, patients with elbow stiffness 
related to HO can recover comparable motion after surgical release at short-term 
follow-up whether they have complete ankylosis or only partial restriction of 
motion. 
 
Type of study/level of evidence: Therapeutic III. 
 
Key words: Ankylosis; elbow motion; heterotopic ossification; release 
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Background 
The results of surgical elbow contracture release are better (more motion and 
fewer reoperations) when there is a discrete block to motion from heterotopic 
ossification (HO) than when there is capsular contracture alone.

1, 2
 It is not clear 

that this holds true in cases of complete ulnohumeral ankylosis from heterotopic 
bone—a particularly complex subset of patients with HO.

3, 4
 The complete 

absence of joint motion might be harmful to the articular cartilage, and the surgery 
is more complex, with greater difficulty finding the limitations of heterotopic and 
native bone, frequent ossification of the medial collateral ligament, and occasional 
entrapment of the ulnar nerve in bone.

3, 4
 We tested the null hypothesis that, 

controlling for other factors, patients with complete bony ankylosis and patients 
with HO causing partial limitation of motion have similar motion after elbow 
contracture release. 
 
Methods 
Using a billing database, we identified patients who had elbow contracture 
release with removal of HO by one of 2 surgeons between January 2000 and July 
2006. The following inclusion criteria were applied: (1) skeletal maturity, (2) 
posttraumatic or post-burn contracture, (3) arc of elbow flexion and extension less 
than 100°, (4) no prior contracture release, (5) no active infection, (6) no 
diagnosed nonunion of the supracondylar humerus or proximal ulna at the time of 
HO excision (nonunion of the medial epicondyle was acceptable), and (7) no 
advanced articular injury or arthritis. 
 
Nineteen patients had complete ankylosis of the ulnohumeral joint due to HO. 
Eighteen of these 19 patients had a minimum of 10 months of follow-up in the 
medical record or agreed to return for a research-related visit using a protocol 
approved by the human research committee, and one declined participation. We 
attempted to match each of these 18 patients with 2 patients who had partial 
restriction of elbow motion due to HO. Matching was according to age, gender, 
mechanism/etiology (eg, severe burn vs trauma) and fracture type (if applicable). 
For 9 of the patients with ankylosis, we were able to identify only one suitable 
control. Therefore, the cohort of control patients with partial HO consisted of 27 
patients. 
 
Complete ankylosis cohort 
The complete ankylosis cohort consisted of 12 men and 6 women with an 
average age of 39 years (range, 20–62 y). The left arm was involved in 10 
patients (all right-handed) and the right arm in 8 patients (6 right-handed). One 
patient developed ankylosis from HO after injury to her cervical spinal cord, 
resulting in hemiplegia. Another developed HO after a severe closed head injury. 
In 2 patients, the ankylosis followed severe burn injuries. 
Fourteen patients developed ankylosis due to HO after an elbow fracture. Eight 
fractures occurred in motor vehicle collisions, 3 in falls from a height, 2 from 
gunshots, and 1 in a crushing injury. There were 6 fracture–dislocations, 7 
fractures of the distal humerus (1 with concomitant injury to the proximal ulna, and 
1 with concomitant injury to the proximal radius), and 1 fracture of the proximal 
ulna. Four fractures were open. Ten patients had ipsilateral arm injuries. The 
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initial treatment was surgical in 12 patients and nonsurgical in 2 patients. Two 
patients with fractures had serial irrigation and debridement for infection after the 
index procedure to repair the fracture. 
 
The interval between the initial injury/event and the index surgery for release of 
the bony ankylosis averaged 13 months (range, 4–66 mo). The average angle of 
the ankylosis was 58° (range, 15 to 100°). The mean preoperative arc of forearm 
rotation was 55° (range, 0° to 180°), with an average pronation of 24° (range, 20° 
supination to 90° pronation) and an average supination of 31° (range, 0° to 90°). 
Twelve patients had motor and sensory ulnar nerve dysfunction recorded in the 
medical record. 
 
The contracture release was performed using combined medial

5
 and lateral

6, 7
 

muscle intervals in 17 patients and a lateral muscle interval in one patient who 
had ulnar nerve transposition and sural nerve grafting at a prior procedure and 
had limited heterotopic bone on the medial side. A single posterior skin incision 
was used unless prior incisions made separate medial and lateral incisions more 
favorable. The ulnar nerve was transposed anteriorly in 17 patients and had been 
transposed at a prior surgery in the remaining patient. 
Fifteen patients received a single 7 Gy dose of preoperative radiation as 
prophylaxis for the recurrence of heterotopic bone. Two of these patients and one 
additional patient were prescribed indomethacin, 25 mg 3 times a day for 2 weeks 
after surgery. Two patients did not receive any prophylaxis for the recurrence of 
HO. 
 
Partial restriction cohort 
The cohort of control patients with partial restriction of motion consisted of 21 men 
and 6 women with an average age of 42 years (range, 18 to 62 y). The left arm 
was involved in 9 patients (one left-handed) and the right arm in 18 patients (13 
right-handed). Twenty-three patients developed HO after an elbow fracture, 2 
after severe burns, and 2 after closed head injuries. 
 
Among the 23 patients with HO after fracture, 6 were injured in motor vehicle 
collisions, 8 in falls from a standing height, 7 in falls from a greater height, 1 by a 
gunshot injury, and 1 patient by a crushing injury. There were 7 fracture–
dislocations, 13 fractures of the distal humerus (2 with concomitant injury to the 
proximal ulna and the proximal radius, 2 with concomitant injury to the proximal 
radius alone), and 3 fractures of the proximal ulna. Four fractures were open. The 
initial fracture treatment was surgical in 19 patients and nonsurgical in 4 patients. 
Fourteen patients had additional surgeries before the index surgery for revision of 
internal fixation or irrigation and debridement. 
 
The average time between the injury/event and the index elbow contracture 
release was 13 months (range, 2–32 mo). The surgery was done 2 months after 
the original surgery was performed at that early time to address possible deep 
infection and an errant screw. The average arc of flexion and extension before 
release was 47° (range, 30° to 95°), with an average flexion of 98° (range, 10° to 
130°) and an average flexion contracture of 51° (range, 10° to 90°). The average 
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arc of forearm rotation was 108° (range, 0° to 180°), with average supination of 
52° (range, 0° to 90°) and average pronation of 56° (range, 0° to 90°). Twelve 
patients had motor and sensory ulnar nerve dysfunction recorded in the medical 
record. 
 
In the partial motion restriction cohort, the releases were performed using a lateral 
muscle interval

6, 7
 in 6 patients, a medial muscle interval

5
 in 5 patients, and 

combined intervals in 16 patients. Ulnar nerve transposition was performed in all 
patients, through a medial or combined interval. Seven patients received 
irradiation before surgery, and one patient was prescribed indomethacin. 
 
Postoperative management 
Self-assisted and gravity-assisted active hand, wrist, elbow, and shoulder motion 
exercises were initiated the morning after surgery. Brachial plexus catheters and 
continuous passive motion were used inconsistently by one of the surgeons. Six 
patients in the partial restricted motion cohort had brachial plexus catheters for an 
average of one day (range, 1–2 d). Continuous passive motion was used in 15 
patients, 14 in the partial restricted motion cohort and 1 in the complete ankylosis 
cohort. Fourteen patients who had difficulty regaining the motion that was 
obtained in the operating room despite active exercises began using static 
progressive or dynamic splints between 4 and 6 weeks after surgery: 7 in the 
complete ankylosis cohort and 7 in the partial restricted motion cohort. 
 
Statistical comparison of cohorts 
The cohorts were comparable in terms of age, gender, limb dominance, etiology, 
open injuries, dislocation, initial injury type, distal humerus fractures, ipsilateral 
upper extremity injuries, number of surgeries after the initial treatment and before 
the index release, preoperative ulnar nerve dysfunction, occupation and 
mechanism of injury, and time of follow-up, confirming adequate matching (all p > 
.05). Patients in the ankylosis cohort were treated significantly more often with 
radiation (82% vs 29%, p < .005), used continuous passive motion less frequently 
(6% vs 58%, p < .005), and had worse preoperative forearm rotation than patients 
in the partial restriction cohort (p < .01). 
 
Complications and subsequent surgeries 
Four patients in the partial restriction cohort had one or more elbow surgeries 
after their initial HO excision. One patient had a total of 5 subsequent surgeries: 
repeat elbow contracture release (capsule only); several debridements to treat a 
deep infection after the second contracture release; and finally, open reduction 
internal fixation and autogenous cancellous bone grafting of a nonunion of the 
proximal ulna. Another patient had a total of 3 subsequent surgeries: open 
reduction internal fixation and autogenous cancellous bone grafting of a nonunion 
of the proximal ulna; release of a proximal radioulnar synostosis; and finally, a 
radial head excision. A third patient had a subsequent surgery to address 
recurrent heterotopic bone. A fourth patient had 2 subsequent surgeries: one for 
implant removal and a second for debridement of an infection that followed the 
implant removal. 
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Four patients in the complete ankylosis cohort had one or more subsequent 
elbow surgeries. Two patients had irrigation and debridement of a deep infection 
and implant removal, and 2 patients had surgery to address recurrent heterotopic 
bone. 
 
Evaluation 
Seven patients with fewer than 10 months follow-up in the medical record were 
asked to return for a research–specific follow-up visit. All patients completed the 
Disabilities of the Arm, Shoulder, and Hand

8
 (DASH) questionnaire, either at that 

visit or by phone. Arthritis was rated according to the system of Broberg and 
Morrey

9
: grade 0 (a normal joint), grade 1 (slight joint-space narrowing with 

minimum osteophyte formation), grade 2 (moderate joint-space narrowing with 
moderate osteophyte formation), or grade 3 (severe degenerative change with 
gross destruction of the joint). 
 
Statistical analysis 
Differences between continuous variables were evaluated using Student's t-test. 
Differences in dichotomous variables were evaluated using Fisher's exact test. 
 
Results 
The average follow-up for evaluation of final motion was 26 months (range, 10–62 
mo) among patients with complete ankylosis and 20 months (range, 10–56 mo) in 
the partial restriction cohort. The average follow-up for evaluation of DASH scores 
was 34 months (range, 14–72 mo) among patients with complete ankylosis and 
28 months (range, 12–66 mo) in the partial restriction cohort. 
 
In the complete ankylosis cohort, the final average arc of flexion and extension 
was 95° (range, 25° to 140°), with an average flexion of 121° (range, 65° to 145°) 
and average flexion contracture of 26° (range, 0° to 50°). The average arc of 
forearm rotation was 131° (0° to 180°), with an average pronation of 73° (range, 
0° to 90°) and an average supination of 59° (range, 0° to 90°). Seven patients had 
ulnar nerve dysfunction recorded in the medical record at final follow-up, of which 
5 patients had ulnar nerve dysfunction before their release. We are not confident 
that ulnar nerve dysfunction was consistently or reliably noted in the preoperative 
medical record. The average DASH score was 28 (range, 1–64) and the average 
Broberg and Morrey score was 81 (range, 50–100). Categorical ratings according 
to the Broberg and Morrey system

9
 were 2 poor, 5 fair, 9 good, and 2 excellent 

results. Eight patients had grade 1 arthritis, 2 patients had grade 2 arthritis, and 2 
patients had grade 3 arthritis, according to the Broberg and Morrey system.  
 
In the partial restriction cohort, the average arc of flexion and extension was 93° 
(range, 20° to 140°) with an average flexion of 122° (range, 90° to 145°) and an 
average flexion contracture of 29° (range, 0° to 80°). The average arc of forearm 
rotation was 134° (range, 20° to 180°), with an average pronation of 73° (range, 
10° to 90°) and an average supination of 61° (range, 0° to 90°). Five patients had 
postoperative ulnar nerve dysfunction. The average DASH score was 30 (range, 
3–84), and the average Broberg and Morrey score was 84 (range, 66–100). 
Categorical ratings were 9 fair, 15 good, and 3 excellent results. Twelve patients 
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had grade 1 arthritis, 1 patient had grade 2 arthritis, and 2 patients had grade 3 
arthritis. 
 
Statistical analysis 
There were no significant differences between the complete ankylosis and partial 
HO cohorts in final flexion (p = .89), final extension (p = .54), final arc of flexion 
and extension (p = .79), pronation (p = .99), supination (p = .84), arc of forearm 
rotation (p = .88), DASH score, (p = .78), or Broberg and Morrey Functional 
Rating Index (p = .41). According to the Fisher's exact test, there were no 
statistical differences in arthritis (p = .08) or ulnar nerve dysfunction (p = .16) at 
final evaluation. 
 
Discussion 
The study of elbow stiffness is complicated by variability in—among other 
things—the etiology of the contracture; associated problems including heterotopic 
bone, nonunion, and ulnar neuropathy; and surgical release technique. 
Prospective study designs and adequate control for the numerous sources of 
variation in pathophysiology and treatment are difficult to achieve because 
specific types of elbow stiffness are relatively uncommon. The strengths of this 
series are that 2 surgeons used similar surgical techniques to release a complete 
bony ankylosis in a relatively large number of patients with this uncommon 
problem and that we were able to match these patients with comparable patients 
who had heterotopic bone with reduced range of motion but without bony 
ankylosis. This case-control study design is intended to limit the sources of bias 
and variability inherent in retrospective studies of uncommon conditions. These 
data should be interpreted in light of the fact that patients who had other surgeries 
and problems after the contracture release (eg, nonunion and infection) were 
included as if the study were done prospectively according to intent-to-treat 
principles. The rationale was that patients with complex posttraumatic 
contractures can be expected to have additional problems and surgeries, and this 
should be considered an integral part of their management. The patients with 
nonunions did not do appreciably worse than the other patients. Considered in 
light of the limitations of this study (including small numbers of patients, mixed 
contracture types and patient characteristics, non-standard postoperative 
protocols, chart-based retrospective evaluation, imperfect evaluation of ulnar 
nerve function, relatively short follow-up, and difficulties with patient matching) our 
data suggest that the results of release of complete bony ankylosis are 
comparable to those for partial restriction of motion from HO. 
 
It is difficult to compare the improvements in motion and impairment in this series 
with those observed in prior series, because so few prior authors separated the 
patients with posttraumatic complete bony ankylosis. Djurickovic and colleagues 
reported poor results in the 3 patients with burn contractures who had complete 
ankylosis

3
. Ring and Jupiter reported a final average arc of elbow flexion and 

extension of 81° for 7 patients with burn-related complete bony ankylosis and 94° 
for 9 patients with trauma-related complete ankylosis

4
.  Most series describe the 

surgical release of contractures of mixed etiologies, with improvements in the arc 
of flexion and extension of approximately 45° to 60°—comparable to the results in 
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our series
1, 5-7, 10

 The relatively lower improvements in the partial HO cohort of this 
series compared to a prior series

1
 might be a result of the matching, resulting in a 

subset of patients with more complex and difficult contractures. Recurrence of HO 
sufficient to merit surgery was uncommon in this and prior series. 
 
It is also difficult to sort out the influence of etiology on the results of contracture 
release. Ring and Jupiter found slightly worse, but comparable, results of release 
of bony ankylosis in patients with burn-related ankylosis when compared to 
patients with trauma-related ankylosis

4
. Tsionos and colleagues reported an 

average final flexion–extension arc of 123° among 35 elbows with burn-related 
HO and an average preoperative flexion–extension arc of 22°

11
. Itoh and 

colleagues reported improvement after release of heterotopic bone of 59° in 
patients with trauma, 72° in patients with quadriplegia, and 127° in patients with 
severe closed head injury.

12
  

 
Study of the surgical treatment of elbow stiffness will be advanced by multicenter 
prospective cohorts that can accumulate sufficient numbers of patients treated 
using comparable techniques to allow us to sort out the influence of etiology and 
associated problems such as HO on the final result. The data to date suggest that 
HO is a good prognostic factor in general and that complete ankylosis by bone is 
not a negative prognostic factor, at least when controlling for other aspects of the 
contracture. Additional investigation is needed to confirm these findings and 
further clarify the treatment of elbow stiffness. 
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Abstract 
Purpose: The purpose of this study was to test the hypothesis that comminuted 
fractures of the capitellum and trochlea with posterior comminution (Dubberley 
Type 3B) have a greater risk of nonunion than other types of capitellum and 
trochlea fractures.  
Methods: Thirty patients with operatively treated fractures of the capitellum and 
trochlea were followed for an average of 34 months (range, 12 to 75 months).  
Eighteen fractures with comminution of the capitellum and trochlea and posterior 
comminution (Type 3B according to Dubberley and colleagues) were compared to 
12 fractures consisting of single large anterior fracture fragments with (6 patients; 
Dubberley Type 2B) or without (6 patients; Dubberley Type 2A) posterior 
comminution.       
Results: Eight of eighteen patients (27%) with type 3B fractures were noted to 
have nonunion.  No patients with type 2 fractures had a nonunion.    
Conclusions: Nonunion is more common in patients with comminuted fractures of 
the capitellum and trochlea with posterior comminution (Dubberley Type 3B).    
 
Level of Evidence: Prognostic IV 



 

123 

 

Introduction 
Several recent case series have emphasized that fractures of the capitellum and 
trochlea can be complex injuries with fragmentation, fracture of the posterior part 
of the lateral column or posterior trochlea, and limited soft tissue attachments. 

1-4
. 

In spite of these challenges, nonunion has been rare, and ostenecrosis was 
suspected in only 2 of 21 patients in the series of Ring and colleagues

3
, 3 of 38 

patients in the series of Dubberley and colleagues
1
, and none in the series of 

Guitton and colleagues.
2 

 
We tested the hypothesis that comminuted fractures of the capitellum and 
trochlea with posterior comminution (Dubberley Type 3B) have a greater risk of 
nonunion than other types of capitellum and trochlea fractures.     
 
Methods 
Over an eight-year period from 2000 to 2008, 2 surgeons operated on 35 adults 
with a fracture of the distal humeral articular surface as follows: 1) the main 
fracture fragments primarily involved the articular surface (these have been 
described as coronal shearing fractures, complex articular fractures, or fractures 
of the capitellum and trochlea (1-4); 2) any metaphyseal component of the 
fracture was at or distal to the base of the olecranon fossa; and 3) the fracture 
was treated with open reduction and internal fixation.  During this 8-year period, 
neither surgeon operated on a fracture of the capitellum alone.   
 
Under a protocol approved by our Human Research Committee we invited 
patients to return for a research-specific follow-up visit. Thirty patients with a 
minimum of one-year follow up were evaluated.  
 
The cohort of patients followed for at least one year consisted of 21 women and 9 
men with an average age of 49 years (range, 17 to 75 years) at the time of 
surgery.   Twenty were injured in a fall from a standing height, four in a fall from a 
greater height. Four fractures were sports related, and two patients were injured 
in car accidents. Eight patients had concomitant dislocation of the involved elbow, 
2 with associated radial head fractures and 2 with an associated open wound 
(Gustilo Type 2 and 3A).  Two patients who did not have dislocation had a 
fracture of the radial head.  
Six patients had fractures of other limbs.  One patient had several fractures of the 
ipsilateral limb:  proximal humerus, diaphyseal humerus, distal radius, scaphoid, 
fracture, trapezium.  One other patient had an ipsilateral distal radius fracture.    
  
Classification 
According to the classification of Dubberley et al.

1
 there were 6 2A fractures 

(involving the capitellum and the trochlea as 1 piece without posterior condylar 
fracture/comminution), 6 2B fractures (involving the capitellum and the trochlea as 
1 piece with posterior condylar fracture/comminution) and 18 3B fractures 
(consisting of fractures of both the capitellum and the trochlea as separate 
fragments with posterior condylar comminution).  
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Operative Technique 
The average time between injury and surgery was 7 days (median, 4 days; range, 
0 to 40 days).  One patient had a delay of 40 days because he was very ill with 
multiple injuries.   One patient with multiple injuries and a complex open fracture 
had an initial debridement and stabilization with an external fixator and then open 
reduction and internal fixation 5 days after injury.     
 In 13 patients the fracture was repaired with small headless countersunk screws 
and wires alone. Standard plates and screws were used in 4 patients, and a 
combination of plates and ancillary headless countersunk screws and wires were 
used in 13 patients. It was not usually possible to obtain rigid fixation of Dubberley 
Type 3B fractures.  The lateral epicondyle was repaired with a 22-gauge stainless 
steel figure-of-8 wire in 11 patients. (Figure 1) 
 
One patient received autogenous cancellous bone from the iliac crest , and 2 
patients received demineralized bone matrix. 
 
Post-operative Management 
Sixteen patients began self-assisted active elbow exercises the morning after 
surgery, and 3 began exercises within 7 days. Eleven patients (9 Type 3B, 1 Type 
2A, and 1 Type 2B) were immobilized in 90 degrees of flexion and neutral rotation 
for an average of 17 days (range, 10 to 31 days) because there was concern 
regarding tenuous fixation due to articular fragmentation, osteoporotic bone, and 
involvement of the posterior aspect of the humerus so that the fragments could 
not be compressed and stabilized to intact parts of the humerus. Eight patients 
who had difficulty regaining range of motion through exercises alone used a 
dynamic or static progressive splint to increase range of motion starting an 
average of 6 weeks after surgery (range 4 to 13 weeks).   
  
Evaluation 
Nonunion was diagnosed radiographically on the basis of a persistent fracture 
line, loose or broken implants, loss of alignment, or resorption of fragments. 
(Figure 1)      
 
Statistical Analysis  
To identify factors associated with non-union we performed bivariate analysis. 
The independent (or explanatory) variables were dislocation, duration of 
immobilization, gender, age, mechanism of injury, days between injury and 
surgery, Dubberley classification, operative approach, and open wound. 
Associations between explanatory variables and the response variable, nonunion, 
were evaluated using the Mann Whitney U-test for continuous variables and 
Fischer’s Exact Test for dichotomous variables.  Associations with a p-value less 
than 0.05 were considered statistically significant.   
Among patients that retained their native elbow, we compared Dubberley Type 3B 
and Type 2 fractures for final ulnohumeral motion, forearm rotation, DASH, ASES, 
MEPI, and Broberg and Morrey scores using Student’s T-test. 
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FIGURE 1 
A 28-year old man had a complex fracture of the articular surface of the distal humerus. The fracture 
created numerous small articular fragments with limited subchondral bone and impaction and 
comminution of the posterior aspect of the lateral column.   
A and B: Anteroposterior and lateral radiographs 2 months after surgery demonstrates fixation of the 
fracture with numerous buried headless screws, threaded Kirschner wires, one headed screw, and a 
tension band wire on the lateral epicondyle.  
C: Six months later an anteroposterior radiograph shows that two Kirschner wires had migrated and 
were removed, and many of the capitellar fragments had failed to heal and are starting to be resorbed.  

 
Results 
Nonunion 
Eight patients (all with Type 3B fractures) were noted to have nonunion. Three 
had concomitant infection (one left with heterotopic bone causing ulnohumeral 
ankylosis after resection of the articular fragments, one left with a resection 
arthroplasty after treatment of the infection, and one that retained the native 
ulnotrochlear joint after resection of ununited capitellum fragments). Two patients 
had surgery to remove loose implants and ununited fracture fragments.  Three 
patients were diagnosed with nonunion and did not have additional surgery.  
Fractures classified as Type 3B acccording to Dubberley and colleagues (those 
with fragmentation of the articular surface and loss of an intact posterior humerus 
to compress the fragments against) had a significantly higher rate of nonunion 
than those classified as Type 2A or B (0 out of 12 Type 2 versus 8 out of 18 Type 
3; p < 0.01). The time between injury and definitive open reduction and internal 
fixation was not significantly associated with nonunion (union: 4.4 days, 95%CI 
2.2 to 6.6, range 0 to 18; nonunion: 12.5 days, 95%CI 2.3 to 23, range 0 to 40; p 
= 0.11).  Dislocation and open fractures were not associated with the 
development of nonunion.  
 
Among the eight patients with nonunion, 2 patients with concomitant infection did 
not retain their native elbow and were considered failures.  Among the remaining 
6, 2 patients had an excellent result according the Broberg and Morrey scale, 1 
patient had a good result and 3 patients had fair results with 85 points on average 
(range, 65 to 100), and  the average ulnohumeral range of motion was 115 
degrees (range, 65 to 145 degrees).  Among patients that retained the native 
elbow, there was no significant difference in ulnohumeral range of motion 
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between patients with or without nonunion.  Three elbows with nonunion had 
slight joint-space narrowing with minimum osteophyte formation, 3 elbows had 
moderate joint-space narrowing with moderate osteophyte formation, and 2 
elbows were not retained.  
 
Among patients who retained their native elbows, there were no differences 
between patients with and without nonunion in terms of ulnohumeral motion, 
forearm rotation, Broberg and Morrey, DASH, MEPI and ASES scores. 
 
Discussion  
The main finding of this series was that nonunion after open reduction and 
internal fixation of capitellum and trochlear fractures was significantly more 
common in fractures with involvement of the posterior part of the lateral column or 
posterior trochlea.  Many of the small ununited fracture fragments subsequently 
resorbed.  A posterior fracture may preclude stable fixation, which relies on the 
anterior articular fragments being rigidly compressed against the posterior aspect 
of the distal humerus.  In addition, as the blood supply to the capitellum and 
lateral trochlea comes mainly from the posterior condylar perforating vessels

5-8
, 

extension of fractures posteriorly may at least partially devascularize the lateral 
column, predisposing to nonunion.  Because over half of the patients in this series 
had complex fractures with posterior comminution (Dubberley type 3B fractures), 
it may not be directly comparable to prior reported series describing patients with 
simpler fractures of the capitellum and trochlea.  
 
There were also more infections in this series than in prior series (five total, two 
associated with open wounds), which might also have contributed to a greater risk 
of nonunion, although this did not achieve statistical significance with the numbers 
available.  It is possible that the increased rate of infection may have been due to 
the devascularization caused by the more complex fractures found in this series. 
 This series should be interpreted in light of several shortcomings.  First, by virtue 
of the fact that it is a small series of an uncommon injury treated by two surgeons 
in a referral center, it may not be representative of the true spectrum of capitellum 
and trochlea fractures.  Second, again related to the small numbers, some of the 
findings may be spurious and the statistical comparisons may be underpowered.    
  
Some authors

9
 still describe the treatment of simple capitellum fractures, but it 

seems that most of the other recent series are consistent in noting that it is 
unusual for a capitellar fracture not to involve some portion of the trochlea or 
some degree of impaction of the posterior aspect of the lateral column.  While 
nonunion is less common than one might expect with completely or nearly 
completely devitalized fragments, it does occur, sometimes in association with 
infection, and a higher risk seems to be associated with posterior condylar 
comminution. The authors are cautious about using primary arthroplasty for 
fractures of the capitellum and trochlea in all but the most infirm and inactive of 
patients; however, it is possible that some of these fractures may have been 
better treated by prosthetic arthroplasty—perhaps even hemiarthroplasty 
(replacement of the humerus alone) than by open reduction and internal fixation, 
and more study is merited. 
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Abstract 
Purpose:  Ulnar nerve dysfunction is a common sequella of operative treatment of 
fractures of the distal humerus. We analyzed consecutive patients with 
operatively treated distal humerus fractures to address the primary null 
hypothesis that different types of distal humerus injuries have comparable rates of 
diagnosis of ulnar neuropathy. 
Methods: We assessed diagnosis of ulnar neuropathy in 107 consecutive adult 
patients that had an operatively treated fracture of the distal humerus followed at 
least six months after injury. Diagnosis of ulnar neuropathy was defined as 
documentation of sensory or motor dysfunction of the ulnar nerve in the medical 
record.  Explanatory variables were age, sex, general fracture classification (both 
column, single column, capitellum/trochlea), AO Type, associated wound, 
associated elbow dislocation, mechanism of trauma, ipsilateral skeletal injury, 
release of the ulnar nerve, mobilization of the ulnar nerve, transposition of the 
ulnar nerve, olecranon osteotomy, implant over or below the medial epicondyle, 
parallel versus perpendicular plating, infection, treating surgeon, time from injury 
to surgery, the number of surgeries within 4 weeks and 6 months of injury, and 
the total number of surgeries. 
Results: Post-operative ulnar neuropathy was diagnosed in 17 of 107 patients 
(16%), including 14 of 62 bicolumnar fractures (23%).  The only risk factor for 
ulnar neuropathy was bicolumnar fracture (p=0.04, OR 8.75).    
Conclusion: Patients with bicolumnar fractures are at higher risk for the 
development of postoperative ulnar neuropathy than patients with single column 
or capitellum and trochlea fractures. Intraoperative handling of the ulnar nerve 
had no effect on the rate of postoperative ulnar neuropathy in this study.  
 
Level of evidence: Prognostic, Level 2, retrospective study. 
 
Keywords: Distal humerus fracture; ulnar neuropathy 
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Introduction 
The reported incidence of postoperative ulnar nerve dysfunction after open 
reduction and internal fixation (ORIF) of distal humerus fractures varies 
substantially between 0% and 51% with an average of 12.3%

1
.  A recent 

prospective randomized clinical trial comparing total elbow arthroplasty and ORIF 
documented post-operative ulnar neuropathy in 20% of patients

2
.   

 
The majority of studies are retrospective and do not specifically evaluate the ulnar 
nerve.  Our experience treating patients with distal humerus fractures indicates 
that both patients and surgeons often overlook ulnar nerve dysfunction post-
operatively—perhaps it’s a relatively minor thing compared to the pain and 
stiffness associated with the fracture itself.  In addition, most studies don’t 
distinguish among pre-existing nerve dysfunction from cubital tunnel syndrome, 
injury-related ulnar nerve palsy, postoperative iatrogenic ulnar nerve palsy, and 
delayed-onset ulnar nerve palsy

3
.  

 
Potential contributions to post-operative iatrogenic ulnar neuropathy include the 
proximity of the nerve to the injury zone and handling of the nerve (stretch, 
compression, devascularization) during surgical intervention.

4-7
  Delayed onset 

postoperative ulnar neuropathy is believed to be related to heterotopic ossification 
or scarring around the implants and surgical site.

4-7
 Data on the effect of anterior 

subcutaneous transposition of the ulnar nerve during surgery is inconclusive.
7, 8

 In 
a prior multicenter retrospective study of bicolumnar fractures that included some 
of the patients from the current study, no significant predictors of ulnar neuropathy 
were identified.

9
 

 
The purpose of this study is to analyze a cohort of consecutive adult patients with 
a full spectrum of operatively treated distal humerus fractures to determine risk 
factors for the development of ulnar neuropathy. Our primary null hypothesis is 
that different types of distal humerus injuries have comparable rates of ulnar 
neuropathy. 
 
Methods 
Under a study protocol approved by our Human Research Committee we used 
billing records and a trauma database to identify 604 consecutive patients that 
had an operatively treated fracture of the elbow between 2001 and 2007. 
Inclusion criteria included fracture of the distal humerus treated with ORIF, age 18 
or greater, and minimum follow-up of six months in the medical record. Exclusion 
criteria included gunshot fracture, pathological fracture, sharp injury, and revision 
surgery. 
 
Patients 
There were 115 patients with distal humerus fractures, 107 that satisfied the 
inclusion and exclusion criteria. There were 67 women and 40 men with an 
average age of 57 at the time of injury (range, 23 to 95 years, interquartile range 
33). Sixty-two patients had a bicolumnar fracture; 13 a single column fracture (9 
lateral, 4 medial); 31 a fracture of the capitellum and trochlea; and one patient 
had a fracture of the medial epicondyle. According to the AO comprehensive 
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classification of fractures, 12 fractures were classified as type A, 46 fractures as 
type B, and 49 fractures as type C. According to the Dubberley classification of 
capitellar and trochlear fractures, 3 were type 2A  (involving the capitellum and 
extensive involvement of the lateral part of the trochlea as one fragment, but no 
posterior fracture), 4 were type 2B (the same as type 2A but with a posterior 
fracture), 1 was type 3A (fractures of both the capitellum and the trochlea as 
separate fragments, without posterior fracture), and 23 were type 3B (same as 
Type 3A with a posterior fracture).

10
   In 15 patients the fracture was associated 

with an open wound.  Seven patients had associated complete ulnohumeral 
dislocation of the elbow. Twenty-one patients had another fracture of the 
ipsilateral arm: 5 involved the proximal humerus, 4 the humeral diaphysis, 6 the 
distal radius, 2 the radial head, 5 the proximal ulna, 2 the scaphoid, and 1 a 
metacarpal.  
 
The mechanism of injury was a motor vehicle collision in 16 patients, a fall from 
standing height in 58 patients, a fall from a greater height in 24 patients, and 9 
sports injuries. The average time between injury and operative treatment was 5 
days (range, 0 to 60 days). 
 
The operative exposure was posterior in 81 patients (66 olecranon osteotomies, 1 
triceps split, and 14 paratricipital approaches); a lateral or extended lateral 
exposure in 23 patients; and a medial exposure in 3 patients.  In 24 patients the 
ulnar nerve was not handled during surgery, in 12 patients it was released in situ, 
in 14 it was mobilized and returned to its normal anatomical location, and in 57 it 
was mobilized and left in an anterior subcutaneous position at the end of the 
surgery. Among the capitellar and trochlear fractures, the ulnar nerve was 
transposed in 9 patients, released in 6 patients, mobilised in 3 patients, and not 
handled in 14 patients. All patients with capitellar and trochlear fractures that had 
transposition of the ulnar nerve were Dubberley Type 3B fractures.  Among 
bicolumnar fractures, the ulnar nerve was transposed in 44 patients, released in 
situ in 3 patients, mobilised and returned to it’s normal position in 8 patients, and 
not handled in 6 patients.(Figure 2) Bicolumnar fractures were secured with 
perpendicular plating in 38 patients, parallel plating in 19 patients, three plates 
(one medial and two lateral plates) in 7 patients, and one medial plate in 1 patient. 
Thirty-four patients had one or more additional surgeries (average 1.9, range 1 to 
11), and 20 patients had additional surgery within 6 months (average 2.0, range 1 
to 8). Additional surgeries consisted of irrigation and debridement in 5 patients, 
implant removal in 18 patients, elbow contracture release in 12 patients (all but 
one of whom had removal of heterotopic bone), ulnar nerve transposition in 6 
patients, and total elbow arthroplasty in 1 patient.  
 
Ulnar neuropathy 
Post-operative ulnar neuropathy was defined as motor or sensory dysfunction of 
the ulnar nerve noted in the medical record.  
 
Variables 
Post-operative ulnar neuropathy was the response variable. Explanatory variables 
were age, sex, general fracture classification (both column, single column, 
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capitellum/trochlea), AO Type, associated wound, associated elbow dislocation, 
mechanism of trauma, ipsilateral skeletal injury, release of the ulnar nerve, 
mobilization of the ulnar nerve, transposition of the ulnar nerve, olecranon 
osteotomy, implant over or below the medial epicondyle, infection requiring 
surgical debridement, treating surgeon, surgeon subspecialty, the number of 
surgeries within 4 weeks, and the total number of surgeries. In subgroup analysis 
of bicolumnar fractures, patients treated with parallel, perpendicular, or three 
plates were compared.  
 
Statistical Analysis 
Continuous data are presented as the median and interquartile range because of 
non-normal distribution of the data. Several categorical variables appeared not 
applicable to Chi-squared analysis, taking a maximum of 20% of cells with counts 
below 5 as rule of thumb. Bivariate analysis was therefore adjusted, and 
associations between explanatory variables and the response variable, ulnar 
neuropathy, were evaluated using a separate binary logistic regression model for 
each explanatory variable. P-values < .05 were considered significant. Significant 
and near significant (p<.10) variables in bivariate analysis were entered into a 
backwards stepwise logistic regression model for multivariable analysis.  
 
Results 
Ulnar Neuropathy 
There were 9 women and 10 men with a median age of 58 years old (range, 22 to 
85 years, interquartile range 35) diagnosed with post-operative ulnar neuropathy. 
Six of 19 patients with ulnar neuropathy had a second surgery consisting of 
implant removal in 2 patients, contracture release with removal of heterotopic 
bone in 4 patients, and nerve transposition in 5 patients. 
 
One of 31 patients with a capitellar and trochlear fracture developed 
postoperative ulnar neuropathy, 14 of 62 patients with a bicolumnar fracture, and 
2 of 13 patients with a single column fracture. The patient with a medial 
epicondyle fracture did not develop ulnar neuropathy. 
 
Bivariate analysis indicated that bicolumnar fractures had significantly more 
postoperative ulnar neuropathy than capitellar and trochlear fractures (p=0.04, 
OR 8.75, CI 1.09 – 70.0). Pearson chi-square analysis showed a significant 
difference in handling of the nerve between bicolumnar and capitellar/trochlear 
fractures (p<0.001).  None of the other explanatory variables were significant in 
bivariate analysis.  
 
As there was only one significant explanatory variable in bivariate analysis, we did 
not proceed to multivariable analysis. 
 
Discussion 
Sixteen percent of all patients that had operative treatment of a fracture of the 
distal humerus (and 23% of patients treated for a bicolumnar fracture) were 
diagnosed with ulnar neuropathy in the medical record. Fracture type was the 
only predictor for the development of postoperative ulnar neuropathy. In 
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secondary analyses, handling of the ulnar nerve was not a risk factor for ulnar 
neuropathy.  
 
In contrast, a recent report comparing operatively treated distal humerus fractures 
with or without ulnar nerve transposition based on surgeon preference showed a 
four times higher rate of ulnar neuropathy when the nerve had been transposed.

11
  

Selection bias is likely, however, given that some fractures are difficult or 
impossible to secure without moving the ulnar nerve at least temporarily.  One of 
the strengths of our investigation is that we accounted for a large number of 
potential risk factors for iatrogenic post-operative ulnar neuropathy including 
fracture and fixation type.   
 
 Anterior transposition of the ulnar nerve theoretically provides a new bed for the 
nerve away from prominent hardware, posttraumatic scar tissue, or heterotopic 
bone. On the other hand, transposition requires further dissection of the nerve 
with potential for additional stretch, pressure and devascularization.

11, 12
 Most 

authors support routine anterior transposition of the nerve,
3, 8, 13-15

 but some 
authors advocate placing the nerve back into its epicondylar groove after internal 
fixation is completed.

16, 17
 Others transpose the nerve only when it is contused or 

if it lies directly on the medial plate.
18-20

 Potential issues associated with ulnar 
nerve transposition include impaired blood supply or inadequate release (e.g. 
retained medial intermuscular septum or inadequate facial release proximally or 
distally).

21-23
  

 
This study has all the drawbacks that are standard for a retrospective study. 
Inherent to the study design, we were not able to stratify patients for injury-
related, sub-acute or late onset ulnar neuropathy, and a few patients may have 
developed ulnar neuropathy only after a reconstructive procedure. Even more 
important, given that ulnar nerve dysfunction can be subtle and go unrecognized 
in the early post-operative period, a prospective study is necessary to determine 
the true incidence of ulnar neuropathy.  In our opinion, a prospective study using 
a diagnostic test such as Semmes-Weinstein monofilament testing would identify 
a substantially greater incidence of ulnar neuropathy.   
 
Recent investigations addressing the operative fixation of a fracture of the distal 
humerus consistently note a high rate of post-operative ulnar neuropathy.  The 
risk factors for ulnar neuropathy are incompletely defined.  At our institution, the 
only risk factor was bicolumnar rather than single column or capitellar/trochlea 
fracture.  Patients and surgeons should understand that post-operative iatrogenic 
ulnar neuropathy is an aspect of the routine management of these fractures that, 
to date, cannot be predicted or controlled.  The optimal handling of the ulnar 
nerve is unclear.  No treatment, in situ release, mobilization and return, and 
anterior subcutaneous transposition are all options, but it’s unclear if all of these 
options are possible with complex fractures or fractures with small distal 
fragments where low medial implants are needed. 
 



 

135 

 

References 
1. Robinson CM, Hill RM, Jacobs N, Dall G, Court-Brown CM. Adult distal humeral 
metaphyseal fractures: epidemiology and results of treatment. J Orthop Trauma 2003;17:38-47. 
2. McKee MD, Veillette CJ, Hall JA, et al. A multicenter, prospective, randomized, controlled 
trial of open reduction--internal fixation versus total elbow arthroplasty for displaced intra-articular 
distal humeral fractures in elderly patients. J Shoulder Elbow Surg 2009;18:3-12. 
3. Shin R, Ring D. The ulnar nerve in elbow trauma. J Bone Joint Surg Am 2007;89:1108-16. 
4. Huang TL, Chiu FY, Chuang TY, Chen TH. The results of open reduction and internal 
fixation in elderly patients with severe fractures of the distal humerus: a critical analysis of the results. 
J Trauma 2005;58:62-9. 
5. McCarty LP, Ring D, Jupiter JB. Management of distal humerus fractures. Am J Orthop 
(Belle Mead NJ) 2005;34:430-8. 
6. Webb LX. Fractures of the distal humerus. In: Bucholz RW, Heckman JD, eds. Rockwood 
and Green's Fractures in Adults. Philadelphia: Lippincott, Williams & Wilkins; 2001:953-72. 
7. Vazquez O, Rutgers M, Ring DC, Walsh M, Egol KA. Fate of the ulnar nerve after operative 
fixation of distal humerus fractures. J Orthop Trauma 2010;24:395-9. 
8. Wang KC, Shih HN, Hsu KY, Shih CH. Intercondylar fractures of the distal humerus: routine 
anterior subcutaneous transposition of the ulnar nerve in a posterior operative approach. J Trauma 
1994;36:770-3. 
9. Vazquez O, Rutgers M, Ring DC, Walsh M, Egol KA. Fate of the ulnar nerve after operative 
fixation of distal humerus fractures. J Orthop Trauma;24:395-9. 
10. Dubberley JH, Faber KJ, Macdermid JC, Patterson SD, King GJ. Outcome after open 
reduction and internal fixation of capitellar and trochlear fractures. J Bone Joint Surg Am 2006;88:46-
54. 
11. Chen RC, Harris DJ, Leduc S, Borrelli JJ, Jr., Tornetta P, 3rd, Ricci WM. Is ulnar nerve 
transposition beneficial during open reduction internal fixation of distal humerus fractures? J Orthop 
Trauma 2010;24:391-4. 
12. Yamaguchi K, Sweet FA, Bindra R, Gelberman RH. The extraneural and intraneural arterial 
anatomy of the ulnar nerve at the elbow. J Shoulder Elbow Surg 1999;8:17-21. 
13. Gofton WT, Macdermid JC, Patterson SD, Faber KJ, King GJ. Functional outcome of AO 
type C distal humeral fractures. J Hand Surg Am 2003;28:294-308. 
14. Ring D, Jupiter JB. Complex fractures of the distal humerus and their complications. J 
Shoulder Elbow Surg 1999;8:85-97. 
15. Ring D, Jupiter JB, Gulotta L. Articular fractures of the distal part of the humerus. J Bone 
Joint Surg Am 2003;85-A:232-8. 
16. Holdsworth BJ, Mossad MM. Fractures of the adult distal humerus. Elbow function after 
internal fixation. J Bone Joint Surg Br 1990;72:362-5. 
17. Kundel K, Braun W, Wieberneit J, Ruter A. Intraarticular distal humerus fractures. Factors 
affecting functional outcome. Clin Orthop Relat Res 1996:200-8. 
18. Gupta R, Khanchandani P. Intercondylar fractures of the distal humerus in adults: a critical 
analysis of 55 cases. Injury 2002;33:511-5. 
19. Helfet DL, Schmeling GJ. Bicondylar intraarticular fractures of the distal humerus in adults. 
Clin Orthop Relat Res 1993:26-36. 
20. Jupiter JB, Neff U, Holzach P, Allgower M. Intercondylar fractures of the humerus. An 
operative approach. J Bone Joint Surg Am 1985;67:226-39. 
21. Ruan HJ, Liu JJ, Fan CY, Jiang J, Zeng BF. Incidence, management, and prognosis of early 
ulnar nerve dysfunction in type C fractures of distal humerus. J Trauma 2009;67:1397-401. 
22. Ogata K, Shimon S, Owen J, Manske PR. Effects of compression and devascularisation on 
ulnar nerve function. A quantitative study of regional blood flow and nerve conduction in monkeys. J 
Hand Surg Br 1991;16:104-8. 
23. Sugawara M. [Experimental and clinical studies of the vascularized anterior transposition of 
the ulnar nerve for cubital tunnel syndrome]. Nippon Seikeigeka Gakkai Zasshi 1988;62:755-66. 
 

 



 

 
136 



 

137 

 



 

 
138 

 
 



 

139 

 



 

 
140 

The distal humerus has an intricate osseous anatomy
1
 which makes treatment of 

distal humerus challenging.
2
 The quality of elbow function after fracture of the 

distal humerus is related to the degree to which normal anatomic relationships are 
restored.

3-6
  

 
The general aim of this thesis is to investigate various aspects of complex distal 
humerus fractures. In part I the implications of evolution on distal humerus 
anatomy is reviewed. The aim of part II is to better understand complex factures 
of the medial column and low extra-articular fractures of the distal humerus. Part 
III is to evaluate various imaging methods of distal humerus fractures.  Part IV is 
to review the complications heterotopic ossification, osteonecrosis and ulnar 
neuropathy. 
 
Part I  Introduction 
A greater understanding of the functional anatomy of the elbow can be gained 
from the evolutionary perspective that is given in chapter 1. From 544 million 
years ago (Ma), major changes has been made to the structure that was 
previously a pectoral fin.  Around 300 Ma quadrupedal stance became less 
sprawled

7, 8
; the limbs ending directly underneath the body around 256 Ma

9-15
.  

As the result of the unique and complex phylogenetic and ontogenetic history in 
which genes and mechanical forces provide critical control

16
, distal humeri 

developed differently amongst our closest related species . Depending on the 
organisms demands, the capitellum can be well rounded, trochleated or flattened. 
17-22

 The depth of the trochlea is essential in resisting or enabling radial rotation.
22

 
Deep fossae and anterior translation attribute to extremer degrees of flexion and 
extension

20
 and the variation in the width of the medial and lateral epicondyles 

depends on the body weight distribution and the amount of force executed during 
locomotion. 

20, 21
 The structural changes of the human distal humerus articulation 

reflect a functional shift in load bearing, joint stability and forearms rotation that is 
connected with differences in forearm use.

23
 

 
Part II Complex Distal Humerus Trauma 
In part II attention is brought to two difficult types of distal humerus fractures. The 
necessity of these types of reports is to better differentiate between classification 
types in order to provide clarity in clinical practice and research. Better recognition 
of specific types of fractures enables to set realistic expectations of outcome and 
predict difficulties one might encounter during treatment and recovery.

24
  

 
In chapter 3, a combined experience of 14 patients with a medial column fracture 
is described.

25
 Of the 14 patients that were identified with a medial column 

fracture, most patients (58%) presented after a fall from standing height; the rest 
had higher impact injuries. Seventy-one percent of our group was male and the 
average age was 54 years old. 
 
The relevancy our relatively large group lies in the lack of reports in the literature 
on this type of fracture. Besides group size, the amount of fragmentation found in 
our patient stands out. Of the 22 out of 26 fractures described in the English 
language literature to allow classification, only 2 fractures were 
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multifragmentary.
26-33

Amongst 14 medial column fractures, we found 10 
multifragmentary fractures, namely 9 B2.3 and 1 C2.1 fractures (multifragmentary 
transtorchlear fractures and a complete articular multifragmentary, metaphyseal 
wedge fracture, which involved the medial column and the lateral articular 
surface, but not the lateral column). This confirms our hypothesis that isolated 
medial column fractures often have very complex articular fragmentation.  
The C2.1 fracture is probably the most interesting of this group: because of the 
lack of involvement of the lateral column, it is by definition a medial column 
fracture, however, the articular fracture extends into the capitellum. This seems 
counter-intuitive, but has significant consequences in deciding on treatment 
options.  
 
Eighteen out of the 26 fractures (69%) in the literature had a good result, which 
seems lower than the 10 patients (91%) with a good or excellent result from the 
11 in our group that were followed for a year or longer. Still, our understanding of 
the results of treatment should be considered incomplete because of the 
retrospective nature of this study and the lack of standardized examination of 
outcome questionnaires.  
 
Moving forward, it would be of interest to further investigate the prevalence of 
medial column fractures in general and more specifically, medial column fractures 
with involvement of the lateral articular surface, as well as lateral column fractures 
with an intact medial column and the occurrence of articular fragmentation on 
both sides. The influence of the integrity of the lateral wall of the trochlea, the 
height of the fracture and collateral ligament injury on stability in this type of 
fracture also requires more investigation.

34-36
 

 
Like medial column fractures, low transcondylar fractures, chapter 4, are 
uncommon.

37-39
 At our institution 9 of 174 distal humerus fractures (5%) were low 

transcondylar fractures which makes them the predominant type of bicolumnar 
extra-articular fractures (60% of the total), occurring mostly in older patients in a 
fall from standing height.  
 
Three of nine (33%) patients with transcondylar fractures in our series died within 
3 months of injury leads to believe that the low transcondylar fracture may be 
similar to a femoral neck fracture in being associated with infirmity and a high risk 
of mortality.

40, 41
 Transcondylar fractures seem to have a relatively high risk of 

nonunion in addition to a substantial rate of co-morbidity. Two of the nine patients 
(22%) with at least 1 year of evaluation in our series developed nonunions.

31, 42-44
  

Transcondylar fractures are thus more common than previously assumed as they 
are the predominant extra-articular distal humerus fracture pattern; however, a 
larger study population is needed to confirm this. A larger study would be ideal to 
also investigate the relative high risk of non-union, co-morbidity and post-injury 
mortality.  Furthermore, virtual investigations of the fracture patterns should be 
undertaken in order to get a full grip on the morphological properties of this type 
of fracture, as well as medial column fractures. A virtual environment would also 
facilitate operative treatment for these challenging fracture types. 
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Part III Evaluation of Distal Humerus Fractures 
In chapter 5 we conclude that three-dimensional computed tomography and 
three-dimensional models of distal humerus fractures help with fracture 
characterization as evidence by the fact that they achieve sensitivity greater than 
radiographs or two-dimensional computed tomography alone and have better 
interobserver reliability. 
 
Various studies have investigated the benefit of 3D imaging.

45-53
 They have 

shown that 3D reconstructions and physical modeling may outweigh the 
disadvantages of increased cost, resource usage, and additional time, as both the 
surgeon and the patient will be benefited significantly

54
. However, most of these 

studies had limitations in the study design: none were prospective. In order to 
truly measure the efficacy of sophisticated imaging, a prospective study design is 
merited. This study has a prospective design and essentially evaluates two 
entities: 3D computed tomography and 3D physical models. Three-dimensional 
reconstructions are relatively simple to create from 2D scans, sometimes as easy 
as easy as a click of a button

54
. Three-dimensional physical models however 

require a special printer as well as personnel to adapt the scans.  
 
Due to practical issues, we were not always able to obtain the full evaluation pre-
operatively: it took a little over a day to produce the 3D physical model. Ideally, 
the 3D printer should be in the same location as the patient thus enabling the 
operating surgeon to truly comprehend the fracture anatomy before incision. 
Another new development is the possibility to sterilize the models. This way the 
surgeon can take the model into the operating room and perform a lifelike mock 
surgery before reconstructing the patients fracture. 
 
The background for chapter 6 follows from the developments explicated in 
chapter 1, as the anterior translation of the distal humerus is a specific adaptation 
to the typical demands on the developing human elbow.

8
 Elbow function evolved 

into prehension and manipulation
55

 which enables us to bring food to our mouth, 
therefore making loss of elbow function very disabling. Modern technology places 
bigger demands on upper extremity mobility, like the need of flexion to hold a cell 
phone to ones ear.

56
 

 
 There have been various citing in the literature regarding the anterior translation 
or angulation, but are always estimates.

57-62
 Similarly, we were unable to develop 

a reproducible method to accurately measure the angulation, but we were able to 
quantitatively define translation. Unfortunately, translation depends on the sheer 
size of the bone, generating the need to express this as a percentage of shaft 
width, where angulation is applicable regardless of size. The obliquity of lateral 
radiographs is another downside of our study. Pure lateral radiographs are 
difficult to obtain, especially when a patient is in pain. In general, radiographs 
where the ridges of the trochlea line up seem to be lateral enough.  
 
Whether the variation found between patients was natural, a result of ORIF or due 
to our measurement technique, the correlation found with elbow flexion was 
significant, although fair. This correlation should be considered as part of the 
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multifactorial etiology of posttraumatic limited flexion including arthrosis
63, 64

, 
heterotopic bone

65-67
, failure of fracture healing

43, 68, 69
 and contracture of the soft 

tissues.
70, 71

  
 
In chapter 7 the number, size, and articular surface area of fracture fragments 
are measured using quantitative 3-dimensional computed tomography (Q3DCT) 
72, 73

 in order to evaluate whether bicolumnar fractures and capitellum and 
trochlea fractures create similar numbers of 1) fracture fragments, 2) small 
(difficult to repair) fragments, and 3) articular fragments. Our analysis shows that 
most bicolumnar fractures are comminuted and create numerous articular fracture 
fragments and confirmed that capitellar fractures often extend into the trochlea.  
Furthermore, our analysis demonstrated that bicolumnar and capitellum/trochlea 
fractures, as well as single column fractures, often create small fragments that are 
difficult to repair. Columnar fractures had significantly more fracture fragments 
and small fracture fragments than capitellum and trochlea fractures. Quantitative 
measurements of fracture morphology may provide a more detailed 
understanding of fracture morphology, which could help with management 
decisions, implant choice, and implant development.

54
  

 
The interactive virtual environment allows a wide array of manipulations of the 
fracture and the separate fragments, increasing understanding of fracture 
morphology in a way current conservative modalities are unable to offer. 
Developments in virtual operating systems would complement this modality in 
providing a true pre-operative simulation of ORIF.  
 
Part IV Complications 
Complications associated with complex distal humerus fractures associated both 
with the injury itself or operative treatment include failure to unite, malunion, loss 
of functional motion, ulnar neuropathy, osteonecrosis, infection and hetererotopic 
bone formation.

2, 74-76
 Part IV of this thesis discusses the last four. 

 
Loss of motion of the elbow is commonplace after elbow trauma

77-81
, however, 

heterotopic ossification (HO) leading to loss of motion is uncommon.
82

 HO is the 
inappropriate formation of mature lamellar bone in soft tissues.

83
 Complete bony 

ankylosis is a uniquely challenging problem, because the joint may be entirely 
encased in bone. Given the relative infrequency of heterotopic bone that actually 
restricts motion and the complexity of the surgical technique, HO  was traditionally 
approached with caution and pessimism.

84
 

 
In chapter 8 it is shown that there are no significant differences in outcome 
between complete ankylosis and partial HO cohorts in final motion, DASH score, 
Borberg and Morrey Functional Rating index, arthritis or ulnar nerve dysfunction.

85
  

Current data suggests that HO is a good prognostic factor in general
86, 87

 and that 
complete ankylosis by bone is not a negative prognostic factor.

85
 Despite 

relatively  good outcome, surgical resection of heterotopic bone is only indicated 
when the bone blocks motion

83
 as it is a challenging procedure.

88
 However, 

according to literature and to our research, there are improvements to be gained: 
on average approximately 45 to 60 degrees in the arc of flexion and extension.

78, 
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86, 89-91
 NSAIDS as prophylaxis for HO around the elbow

92
 still has no prospective 

clinical research proven its effectiveness, similar to low-dose irradiation.
93, 94

 A 
focus on predictive factors on the formation of post traumatic HO in future studies 
would provide clarity in developing more effective treatment plans.

71
 

 
Capitellum fractures can be very complex, almost always involving a greater part 
of the distal humerus articular surface

70, 95-97
. Osteonecrosis in the adult elbow is a 

rare entitiy.
98-101

 It is surprising that osteonecrosis is not even more commonplace 
in capitellum and trochlea fractures, given that most of these articular fragments 
are completely devascularized, further complicated by the limited blood supply of 
the capitellum.

102-105
  

 
The posterior impaction that in our opinion occurs in almost every ‘simple’ 
capitellum fracture, possibly contributes to the occurrence of osteonecrosis, since 
the lateral part of the distal humerus depends almost completely on the posterior 
condylar perforating vessels.

70, 95-97, 102-105
 It has been suggested that these 

vessels become endangered with subperiosteal dissection in this area during 
open reduction an internal fixation.

106
  Direct implant application over soft tissue 

attachments may further compromise the blood supply.
107

 
 
Amongst our 30 patients, 8 patients were noted to have osteonecrosis. Other 
complications included ulnar neuropathy, infection, contraction, dislocation and 
loose implants. When looking at the Broberg and Morrey score in our group, 16 
patients had a Good or Excellent result, while 14 had a Fair result or was 
considered a failure, making the chance of uncomplicated fracture healing just 
over 50%. Chapter 9 confirmed our impression that osteonecrosis and infection 
after distal humerus articular surface fracture are more common than previously 
noted.

70, 95-97
  

 
The incidence of postoperative ulnar nerve dysfunction after open reduction and 
internal fixation of the distal humerus fractures has been reported as 0% to 51%,

2, 

3, 26, 38, 39, 44, 108-139
 with on average 13%

3, 112-114, 116, 119, 121, 123, 129-132, 134, 136, 137
 

occurring in the immediate postoperative period.  
 
In Chapter 10, amongst 108 patients with a distal humerus fractures, twenty-two 
patients were identified with motor or sensory symptoms of ulnar neuropathy. To 
goal was to identity factors associated with ulnar nerve dysfunction after ORIF of 
a fracture of the distal humerus. Age, gender, open wound, dislocation, 
mechanism of trauma, general fracture classification, AO-classification, ipsilateral 
injuries, ulnar nerve transposition, olecranon osteotomy, an implant over the 
medial epicondyle, serious infection treated with antibiotics, subsequent surgery, 
and the total number of surgeries required were used as explanatory variables. 
None of these variables had a significant relationship with the occurrence of ulnar 
nerve dysfunction.  
 
The ulnar nerve should be identified and protected during the treatment of a 
bicolumnar fracture of the distal part of the humerus, but current data are 
inconclusive regarding the value of routine anterior transposition of the nerve.

3, 70, 
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112, 113, 121, 129, 130, 132, 137
  Some advocate placing the nerve back into its epicondylar 

groove after internal fixation is completed.
116, 121

 Others transpose the nerve only 
when it is contused or if it lies directly on the medial plate.

3, 113, 114
 However, most 

support routine anterior transposition of the nerve.
2, 70, 112, 130, 137

 
 
Various scientists have tried to identify predictors to ulnar nerve dysfunction, but 
were unable to identify any explanatory variables. However, most reports use 
similar variables in their analysis (demographics, medial implants, olecranon 
osteotomy, fracture classification, number of surgeries, transposition vs. 
protection, etc.). Patients who develop ulnar nerve dysfunction after distal 
humerus fracture ORIF have in common that they a. fractured their distal 
humerus, and b. underwent surgery. It is clear there is a correlation between 
impact of the injury and surgery and dysfunction. The question remains why only 
a percentage of patients with distal humerus fractures treated with ORIF develop 
an ulnar nerve dysfunction? Perhaps a new approach to this problem is needed. 
Smoking, weight, diet, cardiovascular and muscular fitness, and genetics for 
example could be explanatory variables for immediate post-operative dysfunction. 
 
Conclusions 
Various aspects of complex distal humerus fractures are discussed in this thesis. 
After an introduction of the evolution of distal humerus anatomy, the complexity of 
two fracture types is explored. We emphasize that the articular involvement of 
medial column distal humerus fractures is often underestimated and in low 
transcondylar fractures attention must be paid to comorbidity and a high chance 
of complications.  
 
Virtual three-dimensional imaging of distal humerus fractures has substantial 
implications on fracture recognition, treatment planning and increases the ability 
to discuss and report our results: increased visualization and quantitative 
evaluation directly lead to better interpretation of the disturbed anatomy. Future 
studies should focus on the development of a virtual operating environment so 
treatment can be meticulously planned preoperatively.  
 
Unfortunately complex distal humerus fractures are still prone to complications. 
Heterotopic ossification and ankylosis are challenging problems. Osteonecrosis 
probably occurs more often than anticipated in capitellum and trochlea fractures, 
due to the small devascularized fragments. The risk of ulnar neuropathy is 
substantial and it is still not well understood what predicts the dysfunction of the 
nerve. 
 
As the result of better understanding of complex distal humerus fracture patterns, 
better visualization and a better understanding of the potential complications, 
distal humerus fractures might be slightly less challenging to treat. 
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De ingewikkelde botanatomie van de distale humerus
1
 maakt behandeling van 

fracturen uitdagend.
2
 De kwaliteit van de elleboog functie na een fractuur van de 

distale humerus wordt namelijk bepaald door de mate waarin de normale 
anatomische verbanden worden hersteld.

3-6
  

 
Het algemene doel van dit proefschrift is om de diverse aspecten van complexe 
distale humerus fracturen te onderzoeken, zodat uiteindelijk de kwaliteit van het 
herstel van deze fracturen kan worden bevorderd. Deel I is een achtergrond 
verhaal, waarin de invloed van de anatomische evolutie van de distale humerus 
wordt onderzocht. Het doel van deel II is om complexe fracturen van de mediale 
kolom en lage extra-articulaire fracturen van de distale humerus beter te 
begrijpen. Deel III bespreekt de voor- en nadelen van verschillende technieken 
om de distale humerus fracturen in beeld te krijgen. In Deel IV worden de 
complicaties van heterotope ossificatie, osteonecrose en ulnaire neuropathie 
besproken. 
 
Deel I  Introductie 
In deel I wordt getracht een beter begrip te krijgen van de functionele anatomie 
van de elleboog door het in een evolutionair perspectief te plaatsen. Er is veel 
veranderd, sinds 544 miljoen jaar geleden de structuur nog een pectorale vin 
was. Rond 300 miljoen jaar geleden werd de viervoetige stand minder 
uitgespreid

7, 8
, waardoor rond 256 miljoen jaar geleden de ledenmaten meer 

direct onder het lijf gingen staan.
9-15

 
 
Als resultaat van deze unieke en complexe fylogenetische en ontogenetische 
geschiedenis waarin genen en mechanische krachten specifieke invloed 
uitoefenden

16
, ontwikkelden de distale humeri zich verschillend in onze naast 

verwante soortgenoten. Afhankelijk van de eisen van het organisme, werd het 
capitellum rond, schijfvorming of plat.

17-22
 De diepte van de torchlea is essentieel 

in het tegen- of toestaan van radiale rotatie.
22

 Diepe fossae en anterieure 
translatie dragen bij aan extremere mate van flexie en extensie

20
 en de variatie in 

de wijdte van de mediale en laterale epicondylen hangen af van de verdeling van 
het lichaamsgewicht en de hoeveelheid kracht uitgevoerd tijdens beweging.

20, 21
 

De structurele veranderingen van het distale humerus laten afhankelijk van de 
verschillen in het gebruik van de onderarm, een functionele verandering zien in 
het dragen van gewicht, stabiliteit van het gewricht en onderarm rotatie.

23
 

 
Deel II  Complex Distale Humerus Trauma 
In deel II wordt aandacht geschonken aan twee verschillende typen complexe 
distale humerus fracturen. Differentiatie in deze classificatie typen is noodzakelijk 
voor de klinische praktijk en het onderzoek. Onderkenning en daardoor betere 
herkenning van specifieke fractuur typen stelt ons in staat beter de moeilijkheden 
te voorspellen die men tegen zou kunnen komen tijdens behandeling en om 
realistische verwachtingen te hebben van het herstel.

24
 

 
In hoofdstuk 3, wordt een overzicht van 14 patiënten met een mediale 
kolomfractuur beschreven.

25
 Van de 14 patiënten, die waren geïdentificeerd met 

een mediale kolomfractuur, was het merendeel (58%)  vanaf stahoogte gevallen; 
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de rest had de verwonding opgelopen na vallen met meer impact. Eenenzeventig 
procent van onze groep was van het mannelijk geslacht en de gemiddelde leeftijd 
was 54 jaar. 
 
De groepsgrootte was van belang, omdat er in de literatuur over dit type fractuur 
weinig is beschreven. Naast het aantal patiënten, valt de hoeveelheid 
fragmentatie op.  Bij 22 van de 26 geclassificeerde fracturen beschreven in de 
Engelstalige literatuur, waren slecht 2 fracturen multi-fragmentair.

26-33
 Onder 14 

mediale kolomfracturen, vonden wij 10 multifragmentaire fracturen, namelijk 9 
B23 en 1 C2.1 fracturen (multifragmentaire transtrochleare fracturen en een 
complete articulaire multifragmentaire, metaphyseale wig fractuur, die de mediale 
kolom betrof en de laterale articulaire oppervlakte, maar niet de laterale kolom). 
Dit bevestigt onze hypothese dat geïsoleerde mediale kolomfracturen vaak 
complexe articulaire fragmentaties hebben. 
 
De C2.1 fractuur is waarschijnlijk het meest interessant in deze groep: omdat de 
laterale kolom er niet bij betrokken is, is het per definitie een mediale 
kolomfractuur, echter, de articulaire fractuur strekt uit tot in het capitellum. Dit lijkt 
contra-intuïtief, maar heeft significante consequenties voor het kiezen van 
behandel opties. 
 
Achttien van de 26 fracturen (69%) uit de literatuur hadden een goed resultaat. 
Dat lijkt lager dan de 10 patiënten (91%) met een goed of excellent resultaat van 
de 11 in onze groep die voor een jaar of langer werden vervolgd. Gezien de 
retrospectieve opzet van deze studie en het gebrek aan gestandaardiseerd 
onderzoek met vragenlijsten naar resultaten van ingrepen, moeten wij ons begrip 
van de resultaten van behandeling als incompleet beschouwen. 
In de toekomst zou het interessant zijn de prevalentie van mediale kolomfracturen 
verder te onderzoeken, en meer specifiek de mediale kolomfractuur met laterale 
gewrichtsoppervlakken , of  laterale kolomfracturen met een intact mediale kolom 
en met articulaire fragmentatie aan beide zijden. De invloed van een 
ongeschonden laterale wand van de trochlea, de hoogte van de fractuur en 
collaterale ligamentschade op de stabiliteit van dit type fractuur behoeven ook 
meer onderzoek.

34-36
 

 
Net als mediale kolomfracturen, zijn lage transcondylaire fracturen, in hoofdstuk 
4, ook ongewoon.

37-39
 In ons instituut waren 9 van de 174 distale humerus 

fracturen (5%) lage transcondulaire fracturen, wat hen het predominante type 
bicolomnaire extra-articulaire fractuur (60% van het totaal) maakt, vrijwel alleen 
voorkomend bij oudere patiënten na een val van stahoogte. 
Drie van de 9 patiënten (33%) met een transcondylaire fractuur in onze serie 
stierf binnen 3 maanden na hun ongeluk. Dit leidt tot de veronderstelling dat lage 
transcondylaire fracturen wellicht lijken op femorale nek fracturen, omdat deze 
samenhangen met algehele zwakte van de patiënt en een hoog risico op 
mortaliteit.

40, 41
 Transcondylaire fracturen lijken een relatief hoog risico op non-

union te hebben in aanvulling op een substantiële ratio van comorbiditeit. Twee 
van de negen patiënten (22%) met op zijn minst 1 jaar evaluatie in onze serie 
ontwikkelde een non-union.

31, 42-44
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Transcondylaire fracturen zijn dus meer voorkomend dan eerder werd 
aangenomen aangezien zij onderdeel zijn van het predominante extra-articulaire 
distale humerus fractuur patroon. Een grotere populatie studie is nodig om dit te 
bevestigen. Een grotere studie zou ook gewenst zijn om het relatief hoge risico op 
non-union, co morbiditeit en post-ongeluk mortaliteit te onderzoeken. Verder 
zouden virtuele onderzoeken van het fractuur patroon moeten worden opgezet 
om een volledig inzicht in de morfologische eigenschappen van dit type fractuur, 
en mediale kolomfracturen te verkrijgen. Een virtuele omgeving zou ook helpen 
bij het plannen van de operatieve behandeling van deze uitdagende typen 
fractuur. 
 
Deel III  Evaluatie van Distale Humerus Fracturen 
In hoofdstuk 5 concluderen wij dat drie-dimensionale computed tomography en 
drie-dimensionale modellen van distale humerus fracturen goed werken bij het 
karakteriseren van de fractuur, zoals blijkt uit de hogere sensitiviteit dan alleen 
röntgenfoto’s of twee-dimensionale computed tomography en zij tevens een 
betere inter-observer betrouwbaarheid hebben. 
 
Verschillende studies hebben de toegevoegde waarde van 3D beeldvorming 
onderzocht.

45-53
 Ze hebben laten zien dat 3D reconstructies en fysieke modellen 

opwegen tegen de nadelen van de toegenomen kosten, materiaal gebruik en 
extra tijd, aangezien zowel de chirurg als de patiënt hier significant baat bij 
heeft.

54
 Echter, de meeste studies waren beperkt van opzet: er zijn geen 

prospectieve studies gedaan. Om daadwerkelijk de effectiviteit van verfijnde 
beeldvorming te meten is een prospectieve studie noodzakelijk. Deze 
prospectieve studie evalueert namelijk twee essentiële entiteiten: 3D computed 
tomography en 3D fysieke modellen. Drie-dimensionale reconstructies zijn bij 
wijze van spreken met één druk op de knop te creëren uit 2D scans.

54
 Drie-

dimensionale fysieke modellen hebben echter een speciale printer nodig, en 
professionals die de scans kunnen bewerken. 
 
Als gevolg van praktische problemen, waren we niet altijd in staat om de volledige 
preoperatieve evaluatie te verkrijgen: het kostte iets meer dan een dag om een 
3D fysiek model te produceren. Idealiter, zou de 3D printer op de zelfde locatie 
als de patiënt beschikbaar moeten zijn, waardoor de chirurg in staat is om de 
fractuur en de anatomie echt te begrijpen voordat de ingreep plaatsvindt. Op deze 
manier kan de chirurg voorafgaand aan de werkelijke operatie op basis van het 
model in een oefensituatie met de realistische patiëntgegevens de ideale 
reconstructie van deze specifieke fractuur uitzoeken.  
 
Hoofdstuk 6 volgt uit de ontwikkelingen uiteengezet in hoofdstuk 1, aangezien de 
anterieure translatie van de distal humerus een specifieke adaptatie is aan de 
typerende vereisten in de ontwikkeling van de menselijke elleboog.

8
 Verlies van 

elleboog functie is erg beperkend, omdat de elleboogfunctie is geëvolueerd in een 
grijp- en manipulatiefunctie

55
, wat ons in staat stelt voedsel naar de mond te 

brengen. Moderne technologie stelt nog hogere eisen aan de mobiliteit van de 
bovenste extremiteit, zoals het nodig hebben van flexie om een mobiele telefoon 
aan het oor te kunnen houden.

56
 



 

155 

 

 
Anterieure angulatie wordt vaker genoemd in de literatuur, maar het zijn altijd 
schattingen.

57-62
 Net als anderen voor ons, waren ook wij niet in staat om een 

reproduceerbare techniek te ontwikkelen om accuraat angulatie te meten, maar 
we waren wel in staat om translatie kwantitatief vast te stellen. Omdat helaas 
translatie afhangt van de grootte van het bot, kan het alleen uitgedrukt worden als 
een percentage van de humerus schachtbreedte, terwijl angulatie onafhankelijk 
van de grootte toepasbaar is. De onduidelijkheid van de laterale röntgenfoto is 
een ander nadeel van onze studie. Het is moeilijk puur laterale röntgenfoto’s te 
verkrijgen, vooral als de patiënt pijn heeft. Over het algemeen leken röntgenfoto’s 
waar de randen van de trochlea overlappen lateraal genoeg. 
 
Het is de vraag of de variatie gevonden tussen patiënten natuurlijk was, een 
resultaat van ORIF of veroorzaakt werd door onze meettechniek. De correlatie die 
is gevonden met elleboog flexie was significant, hoewel matig. Deze correlatie 
zou moeten worden beschouwd als onderdeel van de multifactorele etiologie van 
posttraumatische flexie beperking, waaronder arthrose

63, 64
, heterotoop bot

65-67
, 

het uitblijven van fractuur heling
43, 68, 69

 en de contracturen van weefsels.
70, 71

 
In hoofdstuk 7 worden het aantal, de grootte en articulaire oppervlakte van 
fractuur fragmenten gemeten met kwantitatieve 3-dimensionale computed 
tomography (Q3DCT)

72, 73
 om te bepalen of bicolumnaire fracturen en capitellum 

en trochlea fracturen, een gelijk aantal geeft van 1) fractuur fragmenten, 2) kleine 
(moeilijk te reparen) fragmenten en 3) articulaire fragmenten. Onze analyse laat 
zien dat bicolumnaire fracturen verbrijzelingen hebben en een groot aantal 
articulaire fractuur fragmenten geeft en bevestigde dat capitellum fracturen vaak 
doorlopen tot in de trochlea. Verder demonstreert onze analyse dat bicolumnaire 
en capitellum/trochlea fractures, net als fracturen van 1 kolom, vaak kleine 
fragmenten geven die moeilijk te repareren zijn. Colomnaire fracturen hadden 
significant meer fractuur fragmenten en meer kleine fractuur fragmenten dan 
capitellum en trochlea fracturen. Kwantitatieve metingen van fractuur morfologie 
kunnen leiden tot  een beter begrip van fractuur morfologie, wat betere keuzes 
kan genereren voor behandeling , implantaat en implantaat ontwikkeling.

54
 

 
De interactieve virtuele omgeving maakt een scala aan manipulaties mogelijk van 
de fractuur en de aparte fragmenten. Dit vergroot het begrip van de fractuur 
morfologie op een wijze waartoe conservatieve modaliteiten op dit moment niet in 
staat zijn. Ontwikkelingen in virtuele operatie systemen zouden gebaat zijn met 
deze modaliteit, waardoor een echt preoperatieve simulatie van ORIF mogelijk 
wordt. 
 
Deel IV Complicaties 
Complicaties bij complexe fracturen, zoals het uitblijven van fractuur heling, 
malunion, verlies van functionele beweging, ulnaire neuropathie, osteonecrose, 
infectie en hetereotope botformatie, komen zowel door het ongeluk zelf of door de 
operatieve behandeling.

2, 74-76
 Deel IV van dit proefschrift bespreekt de laatste 

vier. 
Verlies van beweging van de elleboog komt veel voor na elleboog trauma

77-81
, 

maar heterotope ossifcatie, dat bewegingsverlies geeft, is ongewoon.
82

 HO is 
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formatie van volwassen lammelair bot in de weke delen.
83

 Complete benige 
ankylose is een zeer uitdagend probleem, omdat het hele gewricht omgeven kan 
worden door bot. HO werd traditioneel met voorzichtigheid en pessimisme 
benaderd, omdat de vorming van heterotoop bot dat daadwerkelijk de beweging 
beperkt weinig voorkomt en omdat de operatietechniek complex is.

84
 

 
In hoofdstuk 8 wordt gedemonstreerd dat er geen significante verschillen zijn in 
resultaat tussen complete ankylose en gedeeltelijke HO cohorten in uiteindelijke 
beweging, DASH score, Broberg and Morey Functional Rating Index, arthrose en 
ulnaire zenuw dysfunctie.

85
 

 
Actuele data suggereert dat HO een goede voorspellende factor is

86, 87
 en dat 

complete ankylose door bot geen negatieve voorspeller is.
85

 Ondanks dit relatief 
goede resultaat, blijft chirurgische resectie (door de complexe procedure)

88
 van 

heterotoop bot alleen geïndiceerd wanneer het bot beweging blokkeert.
83

 Echter, 
volgens de literatuur en ons onderzoek, zijn er verbeteringen te behalen: 
gemiddeld 45-60 graden in de boog van flexie en extensie.

80, 86, 89-91
 NSAIDS als 

profylaxe voor HO rond de elleboog
92

 kent nog geen prospectief onderzoek dat 
de effectiviteit bewijst, hetzelfde geldt voor lage dosis radiatie.

93, 94
 Een focus op 

voorspellende factoren voor de vorming van post-traumatisch HO in toekomstige 
studies zou helderheid verschaffen en zorgdragen voor het ontwikkelen van meer 
effectieve behandelingsplannen.

70
 

 
Capitellum fracturen kunnen erg complex zijn en beslaan vaak een groot deel van 
het articulaire oppervlakte van de distal humerus

71, 95-97
. Osteonecrose in de 

volwassen elleboog is een rariteit.
98-101

 Het is verrassend dat osteonecrose niet 
vaker voorkomt in capitellum en trochlea fracturen, gezien het feit dat de meeste 
van deze articulaire fragmenten compleet gedevasculariseerd zijn en verder 
worden gecompliceerd door de gelimiteerde bloedvoorziening van het 
capitellum.

102-105
 

 
De posterieure impactie, die volgens ons voorkomt in bijna elke ‘simpele’ 
capitellum fractuur, draagt wellicht bij aan het voorkomen van osteonecrosis, daar 
het laterale gedeelte van de distale humerus bijna volledig afhankelijk is van de 
posterieur door de condylar perforerende vaten.

71, 95-97, 102-105
 Gesuggereerd wordt 

dat deze vaten in gevaar komen bij subperiosteale dissectie in dit gebied tijdens 
open reductie en interne fixatie.

104
 Directe applicatie van implantaten over weke 

delen banden belemmert de bloedtoevoer wellicht nog meer.
106

 
 
Acht van onze 30 patiënten hadden osteonecrosis. Andere complicaties waren 
ulnaire neuropathy, infectie, contractie, dislocatie en losse implantaten. Wanneer 
we kijken naar de Broberg and Morrey Scorre in onze groep, hadden 16 patiënten 
een goed of uitstekend resultaat, 14 een matig resultaat of werden beschouwd als 
falen. Deze resultaten maken de kans op ongecompliceerde fractuur herstel 
ongeveer 50%. Hoofdstuk 9 bevestigt onze indruk dat osteonecrose en infectie 
na distale humerus articulaire oppervlakte fracturen vaker voorkomen dan werd 
gedacht.

71, 95-97
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De incidentie van postoperatieve nervus ulnaris dysfunctie na open reductie en 
interne fixatie van distale humerus fracturen ligt tussen de 0 en 51%,

2, 3, 26, 38, 39, 44, 

107-138
 met een gemiddelde van 13%

3, 111-113, 115, 118, 120, 122, 128-131, 133, 135, 136
 tijdens 

de directe postoperatieve periode. 
 
In Hoofdstuk 10, werden onder 108 patiënten met een distale humerus fractuur 
22 patiënten geïdentificeerd met motorische of sensorische symptomen van 
ulnaire neuropathie. Ons doel was om factoren te identificeren die samenhingen 
met nervus ulnaris dysfunctie na ORIF van een fractuur van de distale humerus. 
Leeftijd, geslacht, open wond, dislocatie, mechanisme van het ongeval, algemene 
fractuur classificatie, AO classificatie, ipsilaterale verwondingen, nervus ulnaris 
transpositie, olecranon osteotomy, een implantaat over de mediale epicondyle, 
serieuze infectie behandeld met antibiotica, secundaire operatie en het totaal 
aantal operaties werden gebruikt als verklarende variabelen. Geen van deze 
variabelen hadden een significante relatie met het voorkomen van nervus ulnaris 
dysfunctie. 
 
De nervus ulnaris dient te worden geïdentificeerd en beschermd gedurende de 
behandeling van bikolomnaire fracturen van het distale gedeelte van de humerus, 
maar actuele data zijn niet overtuigend voor de toegevoegde waarde van routine 
anterieure transpositie van de zenuw.

3, 71, 111, 112, 120, 128, 129, 131, 136
 Sommigen 

pleiten voor het terug plaatsen van de zenuw in de epiccondylaire groeve nadat 
interne fixatie klaar is.

115, 120
 Anderen transponeren de zenuw alleen wanneer 

deze gekneusd is, of direct op de mediale plaat ligt.
3, 112, 113

 Het merendeel is het 
eens met routine anterieure transpositie van de zenuw.

2, 71, 111, 129, 136
 

 
Verschillende onderzoekers hebben geprobeerd om voorspellers te identificeren 
van nervus ulnaris dysfunctie, maar waren niet in staat om verklarende variabelen 
te vinden. De meeste artikelen gebruiken vergelijkbare variabelen in hun analyse 
(demographische factoren, mediale implantaten, olecranon osteotomy, fractuur 
classificatie, aantal operaties, transpositie vs. bescherming, etc.). Patiënten die 
nervus ulnaris dysfunctie ontwikkelen na distale humerus fracturen ORIF hebben 
gemeen dat zij a. hun distale humerus hebben gebroken en b. een operatie 
hebben ondergaan. Het is evident dat er een correlatie is tussen impact tijdens 
het ongeluk en operatie en dysfunctie. De vraag blijft waarom maar een 
percentage van de patiënten met distale humerus fracturen na operatie een 
nervus ulnaris dysfunctie ontwikkelt? Wellicht is een nieuwe benadering nodig. 
Roken, gewicht, dieet, cardiovasculaire en spier fitness and genetische aspecten 
kunnen bij voorbeeld een verklarende variabelen. 
 
Conclusie 
Verschillende aspecten van complexe distale humerus fracturen worden 
besproken in dit proefschrift. Na een introductie over de evolutie van de distale 
humerus anatomie wordt de complexiteit van twee typen fracturen onderzocht. 
We benadrukken dat de articulaire betrokkenheid bij mediale kolomfracturen van 
de distale humerus vaak wordt onderschat en dat bij lage transcondylaire 
fracturen aandacht moet worden besteed aan comorbiditeit en een hoge kans op 
complicaties. 
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Virtuele drie-dimensionale beeldvorming van distale humerus fracturen is van 
substantiële waarde voor fractuur herkenning, planning van behandeling en laat 
de mogelijkheid om onze resultaten te bespreken en vergelijken toenemen: 
toegenomen visualisaties en kwantitatieve evaluaties leiden direct tot een betere 
interpretatie van de verstoorde anatomie. Toekomstige studies zouden moeten 
focussen op de ontwikkeling van een virtuele operatiekamer zodat behandeling 
preoperatief precies kan worden gepland. 
 
Helaas zijn complexe distale humerus fracturen nog steeds gevoelig voor 
complicaties. Heterotope ossificatie en ankylose zijn uitdagende problemen. 
Osteonecrose komt waarschijnlijk vaker voor dan gedacht in capitellum en 
trochlea fracturen door de kleine gedevasculariseerde fragmenten. Het risico op 
ulnaire neuropathie is substantieel en het is niet duidelijk wat de dysfunctie van 
de zenuw voorspelt. 
 
Het beter begrijpen van complexe distale humerus fractuur patronen, betere 
visualisatietechnieken en een beter begrip van potentiële complicaties maakt 
wellicht distale humerus fracturen iets minder moeilijk om te behandelen. 
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