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Chapter I 

General Introduction & Outline of Thesis
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Chapter I 

INTRODUCTION

Musculoskeletal trauma is among the ten most common causes for loss of healthy 
life years (disability adjusted life years) in Western Countries [1]. Nine percent of 
all musculoskeletal trauma is related to the elbow, in athletes the prevalence is 11 
percent [2]. 
 Approximately 80 percent of patients that had elbow trauma is 50 years 
of age or less [1]. Therefore we conclude that elbow trauma usually occurs in 
the work population. Elbow trauma can result in less quality of life and inability to 
work, which can have a substantial impact on society. 

The distal humerus, proximal ulna and radial head form the elbow [3]. There are 

three primary articulations: ulnotrochlear, 

radiocapitellar and proximal radioulnar articulations [4]. Flexion and extension 

occur at the ulnotrochlear and radiocapitellar articulations, and pronation and 

supination occur at the radiocapitellar and radioulnar articulations [4]. The medial 

and lateral collateral ligament complex stabilizes the elbow articulations [4]. 

There are several types of elbow trauma including fractures, 

ligament injuries, tendon injuries, nerve injuries and vascular injuries [2]. There are 

also forms of overuse trauma, such as osteochondrosis and chondral lesions. In 

this thesis we discuss elbow fractures, osteochondritis dissecans (OCD) and 

osteochondrosis. 

 Osteochondrosis is a focal disturbance in endochondral ossification that 

is observed at more than 50 different anatomical sites [5]. Experts hypothesize 

that osteochondrosis is characterized by disturbances in blood supply to the 

epiphysis in the immature skeleton [5].

 Studies to date report that osteochondrosis goes through stages, 

starting with avascular necrosis, followed by fragmentation of the epiphysis, and 

regeneration [6]. Some experts consider OCD of the humeral capitellum as a type 

of osteochondrosis [7, 8].
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Patients with osteochondrosis usually present with pain. Since osteochondroses 

are uncommon diseases, the etiology and optimal treatment are difficult to study 

and open to debate. There seems to be an increased prevalence in young 

throwing athletes and gymnasts, but the influence of exposure to these sports 

has not been studied at a population level. For instance, it is unknown whether 

capitellar disorders are more common in countries where throwing sports, like 

baseball, are more popular. Are osteochondroses more common in throwers 

than non-throwers that do not present to a doctor? Is it possible that children 

that pursue these activities are more symptomatic? These are all important 

unanswered questions that need to be addressed.

The radiographic appearance of OCD of the humeral capitellum varies according 

to the stage of the lesion [9-12]. In general, OCD of the humeral capitellum should 

be treated nonoperative, unless there are loose bodies, mechanical symptoms, or 

failure of nonoperative treatment [9, 13-16]. 

Currently the Minami- [17], Berndt and Harty- [18], Ferkel and Sgaglione- 

[19] and Anderson classification systems [20] are used to classify OCD of the 

humeral capitellum on radiographic imaging to guide treatment. We hypothesized 

that the Minami- [17], Berndt and Harty- [18], Ferkel and Sgaglione- [19] and 

Anderson Classification systems [20] are not reliable for classification of OCD of 

the humeral capitellum.

Distal humerus fractures are uncommon in adults (about 6 per 100,000 persons 

per year) and usually benefit from operative treatment [21, 22]. They are 

challenging to treat due to the anatomic complexity, fragmentation, and multiple 

nerves that are at risk [23], particularly when the fracture is intra-articular.

The quality of the anatomic reduction influences final motion and 

propensity to arthrosis. The quality of the fixation influences maintenance 

of reduction and healing [24-27]. The AO (Arbeitsgemeinschaft für 

Osteosynthesefragen) have taught and recommended fixation techniques for half 

a century. 
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Since most trauma and upper extremity surgeons receive training in techniques 

for internal fixation of bicolumnar fractures of the distal humerus, and many have 

experience in managing such fractures, we would assume that these surgeons 

are skilled in judging the quality of internal fixation. Therefore, surgeons might be 

able to predict which fracture fixation will fail. 

Surgeons increasingly consider arthroscopic treatment as an option for elbow 

pathology [28-30]. Elbow arthroscopy is relatively difficult because the surgeon is 

working upside down and backwards, and especially the radial and ulnar nerves 

are at risk of injury [31-34]. Iatrogenic nerve complications associated with elbow 

arthroscopy are reported in up to 20 percent of patients, but most are transient 

neurapraxias [32, 33]. It is a logical assumption that complications are more 

likely with inexperience, improper technique, or lack of anatomical knowledge 

of the elbow [35]. Therefore, it is important that surgeons planning to perform 

elbow arthroscopy receive thorough pre-clinical training in elbow arthroscopy in 

relation to local anatomy, starting from portal placement [35, 36], because portal 

placement in elbow arthroscopy is technically more challenging than at other 

anatomical joints. Moreover, this is probably one surgery that should be limited to 

a few experts.

 Experts believe that repetition and practice are the best and most 

efficient methods of achieving competence in arthroscopic procedures [37]. In 

addition, instructional courses prior to the start of arthroscopic surgery can play 

an important role in the acquisition of this skill by the surgeon. We assessed if 

didactic lecture and cadaver instruction alone are sufficient to result in accurate 

portal placement among surgeons with no experience in elbow arthroscopy. 

Each patient that had surgery is at risk for adverse events, such as infection, 

nonunion, malunion, loss of fixation, breakage of implant, heterotopic ossifications, 

nerve damage or vessel damage. 

 For example, operative treatment of intra-articular bicolumnar (AO type C) 

distal humerus fractures is associated with secondary operation for loosening or 

breakage of implants or nonunion in two percent to 21 percent of patients [38-43]. 
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Adverse events like these result in higher costs of healthcare [44]. Another 

example is surgical site infection. Infection prolongs hospital stay by seven to 14 

days per patient [44, 45] and increase healthcare costs by more than 300 percent 

[44]. 

Infection, nonunion, breakage of implants and nerve damage after elbow 

surgery are studied less and factors associated with predictors for these adverse 

events are incompletely understood.

Measurable outcomes such as adverse events are important for evaluating 
the outcome of treatment. Subjective measurements, such as patient-reported 
outcome measures (PROMS) are increasingly emphasized. PROMS quantify 
symptom intensity and magnitude of disability [46]. PROMs are increasingly used 
to assess quality and value in healthcare and may soon be tied to reimbursement 
[47]. 

Among patients with musculoskeletal illness PROMs are influenced by mindset 
and circumstances (e.g. stress, distress, and ineffective coping strategies) as 
much or more than by objective impairment/pathophysiology (e.g. motion, union, 
arthrosis, and sensibility) [48, 49]. This raises the question whether priming of the 
mindset of the patient can influence PROM scores. 

Priming is the unconscious process of activating specific associations 
just before carrying out an action or task [50, 51]. It is a form of implicit memory 
and priming experiments usually consist of two stages. In the first stage, the 
patient is presented with a stimulus, for example happy faces or negative words. 
In the second stage the patient is given reduced perceptual information about 
the stimulus, for example letters of the negative words or the originally presented 
happy face in a schematic form [51]. Priming is said to have occurred if the 
probability of baseline identification performance of the stimulus is increased 
in comparison with control patients [51]. Priming affects all aspects of human 
behavior [50]; for example, someone who has just heard a sentence in passive 
voice is more likely to use a passive construction. Priming also has affective 
dimensions [52-54]. For instance, subjects primed with happy faces or action 
words were able to exercise significantly longer than a control group primed with 
unhappy faces and non action words [54}. We assessed whether priming affects 
scores on PROMs of physical function, symptoms of depression, or pain intensity 
in patients with musculoskeletal illness. 
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This thesis mainly focuses on the prevention of adverse events that result in a 
decrease in quality of life and longer hospital stays with higher healthcare costs 
after treatment of elbow trauma. 

Prevention of adverse events after treatment of elbow trauma leads to better 
quality of life, lower healthcare costs, lower unemployment benefit costs and less 
unemployment. Prevention of adverse events benefits the patient, healthcare 
professionals and society by lowering hospital visits, work load and costs.

The most important questions answered in this thesis were:
* What are potential factors that influence the exposure of Panner disease, 
Hegemann disease and fishtail deformity?
* Is it possible that Hegemann disease is an early form of fishtail deformity?
* What is the best nomenclature for Panner disease?
* Are the Minami [17], Berndt and Harty [18], Ferkel and Sgaglione [19] and 
Anderson classification systems [16] reliable and accurate for classification of the 
OCD of the humeral capitellum?
* Are a didactic lecture and cadaver instruction alone sufficient to teach accurate 
portal placement among surgeons with no experience in elbow arthroscopy?
* What factors are associated with iatrogenic radial nerve palsy after operative 
treatment of diaphyseal humerus fractures? 
* What factors are associated with infection after operative treatment of elbow 
fractures? 
* What factors are associated with early loosening within six months of surgery 
or breakage of implants and nonunion after surgery for intra-articular bicolumnar 
distal humerus fractures?
* Can surgeons predict which implants will loosen or break after operative 
treatment of bicolumnar distal humerus fractures based on early postoperative 
radiographs?
* Can priming affect scores on PROMs of physical function, symptoms of 
depression, or pain intensity in patients with musculoskeletal illness? 
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OUTLINE OF THIS THESIS

We determined the latest theories on etiology of Panner disease and evaluated 

clinical outcome in order to summarize the best available evidence for diagnosis 

and treatment in chapter II. 

In chapter III, we formulated a novel theory on etiology in order to better define 

Hegemann disease and fishtail deformity and generated an overview of different 

treatment options. 

The interobserver reliability of most common used classification systems for 

OCD of the humeral capitellum was compared. To identify the most reliable 

classification system, we evaluated methods coined by Minami, Berndt and Harty, 

Ferkel and Sgaglione, and Anderson in chapter IV. 

In chapter V, we measured the distances between major nerves and ligaments 

at risk for iatrogenic injury and portals created by non-experienced trainees after 

they received didactic lectures and cadaver instruction in order to determine the 

incidence of injury from novice portal placement in elbow arthroscopy. 

In chapter VI, we sought for factors associated with iatrogenic radial nerve 

palsy, traumatic radial nerve palsy or radial nerve palsy of any type after 

operative treatment of a diaphyseal humerus fracture in a retrospective study. 

We investigated modifiable risk factors for surgical site infection after surgery for 

elbow fracture that might help reduce the risk of infection in chapter VII. 

In chapter VIII, we used a database of patients treated at five hospitals to 

study the primary null hypothesis that there are no factors associated with early 

loosening within six months of surgery or breakage of implants and nonunion 

after surgery for intra-articular bicolumnar distal humerus fractures. In chapter 

IX, we measured the reliability and accuracy of interpretation of postoperative 

radiographs to predict which implants will loosen or break after operative 

treatment of bicolumnar distal humerus fractures.

We assessed whether priming affects scores on PROMs of physical function, 

depression, or pain in patients with arm illness in a double-blinded randomized 

controlled trial in chapter X. 
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