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SUMMARY 

Musculoskeletal trauma –of which approximately 9% is related to the elbow– is a 
common cause of disability adjusted life years in Western Countries.
 There are several types of elbow trauma resulting in ligament injuries, 
tendon injuries, nerve injuries and vascular injuries. There are also forms of 
overuse injuries due to repetitive microtraumata to the elbow, such as valgus 
extension overload syndrome, osteochondrosis and osteochondral lesions. In this 
thesis a number of observations are described in patients that had elbow trauma. 
These observations focus on the etiology of elbow osteochondrosis, radiologic 
classification of osteochondritis dissecans (OCD) of the humeral capitellum, 
arthroscopic treatment of elbow trauma, adverse events after treatment of elbow 
trauma, and priming of outcome scores.

Osteochondrosis is a focal disturbance in endochondral ossification. The etiology 
and optimal treatment are difficult to study, since osteochondroses are very 
uncommon. We performed a review study in order to evaluate the most current 
theories on the etiology of Panner disease and clinical outcome to summarize 
the best available evidence for diagnosis and treatment (Chapter II). We also 
performed a review study to evaluate the current theory on etiology of Hegemann 
disease and fishtail deformity and to evaluate clinical outcome in order to 
summarize the best available evidence for diagnosis and treatment (Chapter III).

Panner disease –the most common form of osteochondrosis in the elbow– is 
localized in the humeral capitellum. We reviewed twenty-three articles that 
reported on Panner disease. 
 Panner disease usually has a unilateral distribution and occurs in boys 
during the first decade. In contrast to OCD of the humeral capitellum, Panner 
disease is a self-limiting disease and the majority of patients heal without clinical 
impairment. Based on the results of this review, we conclude that Panner disease 
should be treated non-operatively in the majority of patients. Panner disease is 
often (mis-)diagnosed as OCD of the humeral capitellum in these young patients 
and is also often missed as a diagnosis. Knowledge of this pathology, uniform 
names and descriptions of signs on radiographs, such as osteochondrosis of the 
humeral capitellum would be helpful to prevent this. 
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Hegemann disease is another form of osteochondrosis in the elbow. It occurs in 
the humeral trochlea in the young adult. We hypothesized that fishtail deformity 
and Hegemann disease are manifestations of a single disease: osteonecrosis 
of the trochlea. We reviewed 22 articles, of which seven reported on Hegemann 
disease and 15 on fishtail deformity. Given that the etiology is not completely clear 
and the symptoms and radiographic appearance seem to form a continuum, it 
may be preferable to refer to this disease as ‘vascular disturbance of the immature 
trochlea’. 

Some experts consider OCD of the humeral capitellum as a type of 
osteochondrosis in the elbow. Radiographic appearance of OCD of the humeral 
capitellum varies according to the stage of the lesion. Treatment and clinical 
outcome are dependent on the stage of the OCD lesion. There are several 
classification systems, coined by Minami, Berndt and Harty, Ferkel and Sgaglione 
and Anderson used to classify capitellar OCDs. We studied the reliability of these 
classification systems for OCD of the humeral capitellum (Chapter IV). 

Thirty-two musculoskeletal radiologists and orthopedic surgeons specialized 
in elbow surgery evaluated anteroposterior and lateral radiographs and 
corresponding computer tomography (CT) scans of 22 patients. We found that the 
Minami classification was the most reliable method for classification of different 
stages of OCD of the humeral capitellum. However, none of these classifications 
were better than fair. 

Arthroscopic treatment options to treat posttraumatic elbow conditions are 
expanding. Elbow arthroscopy is challenging as a result of the proximity of 
neurovascular structures. Up to 20% iatrogenic nerve complications are reported. 
Surgeons that would like to perform elbow arthroscopy in their practice should 
receive training in elbow arthroscopy in relation to surgical technique with special 
emphasis on local anatomy and portal placement. In an anatomical cadaver 
study, we measured the distance between major nerves and ligaments at risk for 
injury and portal sites created by trainees –inexperienced in elbow arthroscopy– 
after receiving didactic lecture and cadaver instruction (Chapter V). We also 
determined the incidence of iatrogenic injury from novice portal placement. Ten 
inexperienced trainees in elbow arthroscopy created anterolateral, direct lateral, 
and anteromedial arthroscopic portals in 10 cadavers. After creating each portal, 
the trajectory of the portal was marked with a guide pin. 
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Subsequently, the cadavers were dissected and the distances between the 
guide pin in the anteromedial, anterolateral and direct lateral portals and 
important ligaments and nerves were measured. We found a 30% rate of 
surgical complications with novice portal placement during elbow arthroscopy. 
Furthermore, our study indicates that the accuracy and precision for safe creation 
of portal placement in elbow arthroscopy may not easily be achieved by didactic 
lecture and cadaver instruction session alone. 

Patients that had surgery for trauma are at risk for adverse events, such as 
infection, nonunion, malunion, loss of fixation, breakage of implant and nerve 
damage. For example, radial nerve dysfunction commonly occurs after surgery to 
repair diaphyseal humerus fracture. Studies to date about iatrogenic radial nerve 
palsy are based on small series of patients or the patients are not compared to 
patients without radial nerve palsy. Moreover, factors that are associated with 
iatrogenic radial nerve palsy are incompletely understood. We used a large 
database of 325 adult patients to study factors associated with iatrogenic radial 
nerve palsy (Chapter VI). We also studied factors associated with traumatic 
radial nerve palsy or radial nerve palsy of any type. Iatrogenic radial nerve palsy 
was diagnosed in 6% of the diaphyseal humerus fractures and traumatic radial 
nerve palsy was diagnosed in 20% of the diaphyseal humerus fractures. Surgical 
approach was associated with iatrogenic radial nerve palsy. No factors were 
associated with traumatic radial nerve palsy. Open fractures, location of fracture 
and high-energy trauma were associated with radial nerve palsy of any type (26% 
of the patients that had diaphyseal humerus fracture). Based on these results, we 
conclude that patients and surgeons should keep in mind that about one in five 
patients treated with lateral exposure of the humerus, one in nine patients treated 
with posterior exposure and one in 25 patients with an anterolateral exposure will 
have transient iatrogenic radial nerve dysfunction.

Surgical site infection (SSI) is one of the more common major complications of 
elbow trauma surgery and can contribute to other adverse outcomes, prolonged 
hospital stays, and increased healthcare costs. Factors associated with SSI after 
surgery for elbow fractures are incompletely understood. Therefore, we performed 
a retrospective study of 1,320 adult patients that had surgery for elbow fractures 
to study which factors were associated with SSI (Chapter VII). We also studied 
factors associated with SSI within the subset of closed elbow fractures and what 
organisms were frequently isolated after SSI of the elbow after surgery. 
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We found that the use of plate and screw fixation and the use of external fixation 
before surgery for elbow fracture were associated with higher infection rates. 
When subset analysis was performed for closed fractures, only smoking was 
associated with higher infection rates. Staphylococcus aureus was the most 
common bacteria cultured (59%). In conclusion, cigarette smoking was the 
only modifiable factor for SSI after open reduction and internal fixation of elbow 
fractures. Plate fixation and temporary external fixation are probably surrogates for 
more complex injuries; therefore no recommendations should be inferred from this 
association. We advise surgeons to counsel patients who are smokers.

Surgery for intra-articular bicolumnar (AO) arbeitsgemeinschaft für 
osteosynthesefragen type C distal humerus fractures is associated with loosening 
or breakage of implants or nonunion in 2% to 21% of patients. In a few relatively 
small case series technically inadequate fixation, severe comminution, and open 
fracture were described to be associated with early loosening or breakage of 
implants. We used a database including 129 adult patients who had surgery for 
an isolated AO type C distal humerus fracture to investigate factors associated 
with early loosening or breakage of implants (within six months) or nonunion 
(Chapter XIII). We assumed that surgeons that are skilled in internal fixation of 
intra-articular bicolumnar AO type C distal humerus fractures would be able to 
diagnose when the fracture fixation will loosen or break. 

 Therefore, we performed an interobserver study to measure the reliability 
and accuracy of interpretation of early postoperative radiographs to predict 
which implants will loosen or break after operative treatment of bicolumnar distal 
humerus fractures (Chapter IX). We also addressed the agreement between 
surgeons on which implants will loosen or break and we addressed if there was 
a difference in interobserver agreement on which implants will loosen or break 
according to observer characteristics. 

 We found that 12% of the included patients had loosening or breakage 
of implants or nonunion after surgery for AO type C distal humerus fractures. 
Charlson comorbidity index, smoking, obesity, diabetes mellitus, and radiographic 
osteoarthritis were associated with early loosening or breakage of implants or 
nonunion. We also found that patient factors rather than technical factors were 
associated with loosening or breakage of implants and nonunion. However, due to 
a relatively low incidence of fixation problems and nonunion, a much larger study 
is needed to address technical deficiencies.
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Our interobserver study showed a low sensitivity, specificity and accuracy of 
prediction of loosening or breakage of fixation of distal humerus fracture on 
radiographs. There was only fair interobserver agreement on predictions of 
loosening or breakage of fixation of distal humerus fracture on radiographs. Given 
the low accuracy and fair interobserver agreement for the use of radiographs 
to predict which implants will loosen or break after surgery of AO type C distal 
humerus fractures, radiographs may not be useful to decide which fixations 
should receive revision surgery.

Objective outcomes such as adverse events are important to evaluate the 
outcome of treatment. However, subjective measurements, such as patient-
reported outcome measures (PROMs) are increasingly used in clinical practice. 
It occurred to us that PROMs are influenced by mindset and circumstances (e.g. 
stress, distress, and ineffective coping strategies), but it is unknown whether 
we can influence PROM scores by modifying the patient’s mindset. Therefore, 
we investigated whether priming affects scores on PROMs of physical function, 
symptoms of depression, or pain intensity in a double blinded, randomized, 
controlled study (Chapter X). The patients were randomized into three groups 
(1:1:1): 1. negatively primed with the original Pain Catastrophizing Scale (PCS); 
2. positively primed with a positively phrased PCS, and 3. control group that was 
not primed. We found that patients primed with a positively phrased version of the 
PCS reported less functional disability compared to patients that were negatively 
primed. This suggests that changing the patient’s mindset can influence PROMs 
scores what can result in better outcome if positively primed. 
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DISCUSSION AND FUTURE PERSPECTIVES

The etiology and optimal treatment on Panner disease, Hegemann disease and 
fishtail deformity remain incompletely understood. Population based databases 
with long follow-up times could be helpful to determine factors associated with the 
development of osteochondrosis in the elbow and to compare different treatment 
options. 
 It might also be valuable to study differences in the vascularization 
in patients with and without osteochondrosis with CT-angiography. A 
bone scintigraphy could be helpful to measure changes in vascularity and 
osteogenesis, however it cannot distinguish between osteochondrosis and other 
diseases that influence the vascularity and osteogenesis. 
 Since the etiology of Panner disease is not completely clear, it is 
debatable if OCD of the humeral capitellum can be considered a more severe 
stage of Panner disease that develops at an older age. However, there is 
evidence for two distinct diseases. The different age at presentation and different 
radiographic findings and prognosis support this hypothesis. In general, patients 
aged 10 years and younger without intra-articular loose bodies have lesions 
similar to those described by Dane Panner. Another important observation is that 
Panner disease is usually self-limiting, while OCD is mostly not. 
 Currently, Panner disease is frequently used as a term to describe 
osteochondrosis, OCD or osteonecrosis of the elbow. We suggest using a 
description of the most frequently encountered finding on radiographs, for 
example osteochondrosis of the humeral capitellum to make it easier to identify 
a uniform cohort in population based studies. MRI might be helpful when plain 
radiographs are inconclusive.
 The etiology of Hegemann disease and fishtail deformity remains unclear 
as well. Posttraumatic vascular injury of the distal humerus at the trochlea might 
play a role in the development of both diseases. The majority of the patients 
diagnosed with Hegemann disease in our study had a contusion, fracture or 
chronic repetitive micro trauma to the distal humerus in the past history. Fishtail 
deformity usually develops after a distal humerus fracture in childhood. Therefore, 
both diseases might be a continuum of the same process. Where Hegemann 
disease in the immature elbow might be a precursor of fishtail deformity at skeletal 
maturity. As long as there is no clear etiology for both diseases, we propose to 
name both entities ‘vascular disturbance of the trochlea’.
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In new studies, past history, clinical examination, radiographic findings and 
measurements in patients diagnosed with Hegemann disease or fishtail deformity 
should be compared.
 Besides studies to investigate the etiology, it is also important to reliably 
stage diseases to guide treatment, outcome and clinical decision-making. For 
example, a reliable staging system for OCD lesions of the humeral capitellum 
is important to guide treatment. Patients with lower stages of OCD usually 
receive non-operative treatment, while surgery is advised for higher stages. The 
Minami classification was the most reliable classification in our study, however 
only fair agreement was found. Therefore, we recommend developing a more 
simplified classification system for OCD of the humeral capitellum. For example, 
to categorize stages for which non-operative treatment (I and II), and operative 
treatment (III and IV) are helpful.

Elbow arthroscopy is increasingly considered as treatment for elbow pathology. 
However, the procedure is technically challenging, because of the proximity of the 
nerves in the elbow. 

We found that passive instructional courses alone are not sufficient to result in 
accurate and precise portal placement among novice surgeons. A pre-clinical 
stepwise fashion, preferably during a supervised training on elbow cadavers 
might lead to better results. However, cadaver courses are difficult to organize, 
mainly because of high costs. Currently, computer-aided instruction and virtual 
reality simulators are becoming more popular. New studies should test the validity 
of those simulators as a training tool for elbow arthroscopy. 

As discussed before, large databases are important to investigate specific study 
questions. However, new studies should take into account that when too many 
factors are studied the importance of each individual factor becomes less clear. 
Too many factors also increase the risk of overfitting the model. Moreover, not 
relevant correlations can be found. Therefore, only clinically relevant variables 
should be tested.
  In this thesis, we used a large database of five hospitals for over more 
than ten years to study factors associated with early loosening or breakage of 
implants or nonunion after surgery for intra-articular bicolumnar distal humerus 
fractures. 
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Because of the low incidence of early loosening or breakage of implants or 
nonunion we could not address technical deficiencies –despite large overall 
numbers of patients– and it was also impossible to perform a multivariable 
analysis. We suggest the use of even larger databases with higher numbers of 
early loosening or breakage of implants or nonunion with a follow-up time of at 
least one year in future studies.

Subjective measurements, which measure endpoints that matter to patients, such 
as PROMs are increasingly used in clinical practice. PROMs are also used to 
measure patient satisfaction. 

However, PROMs are strongly influenced by psychosocial factors what can result 
in misleading clinicians and patients. Since patients usually do not know what they 
can expect from treatment it is important to distinguish measurements on patient 
satisfaction regarding the results of treatment from satisfaction with the process of 
the received care.
 We investigated whether modifying the patient’s mindset could influence 
PROM scores and found that patients primed with a positively phrased version of 
the PCS reported less disability on the Patient-Reported Outcomes Measurement 
Information System (PROMIS) Upper Extremity compared to patients primed with 
the original PCS. Therefore, we hypothesize that positively phrased words and 
concepts can prime and coach patients to improve their health. 
 To confirm priming we performed a second randomized controlled trial 
study to test the null hypothesis that there is no difference in mean or maximum 
grip strength between patients who completed the original PCS compared to 
patients that completed a positively phrased version of the PCS. We found that 
positive priming with the positively phrased version of the PCS resulted in higher 
mean and maximum grip strength when compared to negative priming (original 
PCS). In new studies we need to determine whether the effects of priming are 
lasting or not. 


