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general introduction

Shoulder trauma

Epidemiology and mechanism of injury

Proximal humerus fractures account for up to ten percent of all fractures and are the third most 
common fracture in elderly patients after the hip and distal radius(4).
The incidence of proximal humerus fractures in the United States is 11-25 per 10.000 per year(6, 51). In 
elderly individuals, falls are the most common cause of proximal humerus fractures; approximately 
87 to 93 percent of fractures occur after a fall from standing height(17, 51). Anterior shoulder 
dislocations are the most prevalent dislocations with an incidence of 0.8-2.4 per 10.000 persons per 
year(33). The prevalence, expressed in cumulative incidence, is 0.7% for men, and 0.3% for women 
up to 70 years of age(24). The highest incidence of anterior shoulder dislocations has been reported 
in men age 21-30 years and women age 61-80 years(33). An anterior shoulder dislocation is caused 
by (forced) external rotation and abduction of the arm. In elderly people, it is again mainly caused 
by a fall on an outstretched hand (FOOSH)(33). In the young, these dislocations are mainly caused 
by sport injuries.

Classification Systems

Codman defined four anatomic parts (greater tuberosity, lesser tuberosity, articular segment, 
and diaphysis) of proximal humerus fractures in 1934 and proposed that fracture lines follow the 
epiphyseal plates(14). Since Codman, other classifications have been proposed(21, 31, 48, 49, 55), such as 
the one by Hertel. Hertel classified fractures using a binary description system combining the four 
fragments described by Codman, as well as five basic fracture planes, rendering twelve basic fracture 
patterns and two additional split head fracture types(31). 
Though, this classification system is frequently used in Europe, the two most used systems are that 
of the Arbeitsgemeinschaft fur Osteosynthesefragen (AO)(48) (Fig. 1) and that of Neer(49) (Fig. 2). 

The Neer system groups each fracture by the number of fracture segments and describes the 
fractured anatomic segment as a part, rendering 1-part, 2-part, 3-part, or 4-part fractures. There are 
16 different potential types of fracture (Fig. 2). The Neer classification classifies proximal humerus 
fractures as 2-, 3- or 4-part fractures when the fragment is >1 cm displaced or angulated more than 
≥45°. These fractures belong to groups II to VI. Group I includes all proximal humerus fractures 
with minimal displacement.  

The AO classification divides proximal humeral fractures into three groups, A, B and C. Type A are 
extra-articular unifocal fractures; type B are extra-articular bifocal fractures; and type C fractures 
are articular fractures. These three groups are subdivided into three subsequent groups according to 
the degree of fragmentation (Fig. 1).
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Figure 1. The AO-classification of proximal humerus fractures (with credits to the AO Foundation)

The Neer and AO-classifications have limited intra- and interobserver reliability (no higher than 
moderate) (7, 42, 53, 56). Neer indicated that his classification was meant to be applied after operative 
exposure and felt that radiographs alone would be unreliable(50); however, treatment protocols and 
scientific experiments rely on accurate and reliable fracture characterization prior to surgery. The 
addition of two-dimensional (2-D) computed tomography (CT) scans does not seem to improve 
interobserver reproducibility of these classification systems(57). Foroohar et al. added 3D CT scans 
in an interobserver study, but found only slight agreement on the Neer classification, as indicated 
by the kappa measure (k = 0.069 to 0.14), and fair agreement on treatment (k = 0.28 to 0.33) across 
all three modalities(22). This agreement is counterintuitive and more research is required to validate 
these results in a larger interobserver study; preferably one in which observer agreement on other 
fracture characteristics is also analyzed. 
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Figure 2. The Neer classification of proximal humerus fractures (published with permission of the Journal of 
Bone and Joint Surgery American)

These counterintuitive results may be caused by statistical pitfalls such as the kappa paradox; 
an underappreciated phenomenon of the kappa statistic, causing a lower kappa than one might 
expect based on absolute percentages of agreement. This paradox is caused by an imbalance in 
case distribution of a study. An explanation of the kappa paradox to the orthopedic readership is 
necessary, ensuring proper interpretation of study results. Also it may serve as a guide in designing 
interobserver studies.
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Management of proximal humerus fractures

Most patients with proximal humeral fractures can be treated nonoperatively(17, 49). Especially in 
older, less active or infirm patients(3, 8-11, 23, 25-28, 39). Good functional outcome has been described for 
(AO, Hertel, Neer) 2, 3 and 4-part fractures that still have cortical contact with the shaft and are not 
severely angulated(16, 18).

When nonoperative treatment is elected, exercises to regain functional range of motion are part of 
the rehabilitation trajectory. Some data suggests that better function is obtained with immediate 
initiation of shoulder exercises(28, 29, 40, 41).  However, this might be unnecessary and even contribute 
to nonunion of the fracture. Others have shown similar functional outcomes when rehabilitation 
begins approximately a month after injury, or when radiographs show signs of bone healing, and 
this delay is associated with lower rates of non union and malunion occurrence. Level 1 evidence is 
lacking in support of either of the options. 

Management of anterior shoulder dislocations

The current Dutch guideline for treatment of anterior shoulder dislocations aims towards 
nonoperative treatment by short-term immobilization of the shoulder. The CBO-guideline advises 
immobilization during 2-4 weeks in a sling, after which exercises should commence. 
However; active young adults are known to have up to a 90% increased risk of recurrent dislocation 
after the nonoperative treatment of a primary shoulder dislocation. Evidence from the literature 
suggests that shoulder stabilization surgery--either open or arthroscopic--reduces the risk of 
recurrence and improves the functional outcome over the long term in young active first time 
dislocaters. A recently published randomized trial reported a significantly higher recurrence rate after 
arthroscopic stabilization surgery, but no difference in functional outcome between an arthroscopic 
or open approach(63). The choice of operative technique should therefore be dependent on the 
preference of the patient and the experience of the surgeon. It is our impression that orthopaedic 
and trauma surgeons in the Netherlands do not follow evidence-based practice and adhere to the 
CBO guideline, which was published in 2005. A Dutch overview of the current evidence is needed 
to give an incentive to change the current guideline. 

elbow trauma

Epidemiology and mechanism of injury 

Radial head fractures account for 1.7–5.4% of all fractures in adults and account for one-third of 
all fractures around the elbow(43, 46).  The incidence in the general population is 2.5-3.9 per 10.000 
persons per year(20, 36, 37). The most common mechanism of injury leading to radial head fractures is 
an axial load of the radius on the capitellum, most frequently caused by a fall onto an outstretched 
hand. Sport injuries, fall from heights and other high-energy traumas often cause more severe 
fracture patterns, in which case radial head fractures may also be part of a more complex injury due 
to its intricate relation with other structures in the elbow; such as an Essex-Lopresti fracture (fracture 
of the radial head with concomitant dislocation of the distal radio-ulnar joint with disruption of the 
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interosseous membrane) or as part of an elbow dislocation. However, even a fall from standing 
height can cause a fracture-dislocation or complex proximal ulna fracture.
Elbow dislocations constitute 10-25% of all injuries to the elbow and are second to dislocations of 
the shoulder among injuries to the upper extremity(45). The incidence is 5.2% per 100,000(58). Elbow 
dislocations occur more often in males and adults with a mean age of 30. 

Patients diagnosed with a posterior elbow dislocation often state having fallen on their outstretched 
hand, in which the radius and ulna are both dislocated in a posterolateral direction. These forces 
therefore may contribute to associated fractures such as coronoid and radial head fractures as well as 
ligamentous injury. The coronoid process acts as an important elbow stabilizer; it counteracts axial, 
varus and posterior rotatory forces by acting as a buttress(44). The radial head acts as a stabilizer in 
resisting valgus stress and posterolateral forces targeting the elbow(47, 54). Dislocation of the elbow 
may result in the combination of a radial head fracture and a coronoid fracture in a combination 
termed the ‘‘the terrible triad’’ due to a high rate of complications. In a case series, Ring et al.(52) 

reported unsatisfactory results of treatment in seven of eleven patients with these injury patterns 
due to repeat dislocation, subluxation, and arthrosis. 

Classification

In 1907, T. Turner Thomas reported that it was Berard who discovered the first reported case of 
a radial head fracture at an autopsy in 1834(61). Since then we have gradually developed a better 
understanding of radial head fractures and have attempted to classify them to our best abilities. 
The first known classification system was that of Cutler in 1926, who divided radial head fractures 
into three classes(19). In Cutlers classification system, Class 1 fractures consisted of a simple crack in 
the head of the radius; in Class 2 fractures there was separation of one fragment of the radial head; 
and Class 3 were fractures with two or more pieces (table 1). A fourth class also existed in Cutler’s 
classification, describing radial neck fractures. Nowadays, fractures of the radial head are commonly 
classified according to the classification by Mason(43) as modified by Broberg and Morrey(13). 
Nondisplaced or minimally displaced fractures are classified as type 1 fracture. Fractures with an 
articular step-off of more than 2 mm that comprise more than 1/3 of the articular surface are defined 
as type 2 fractures. Type 3 fractures are displaced whole head fractures (Table 1). Johnston wrote 
about a fourth type to denote a fracture of the radial head with associated dislocation in 1962(34), 
which Broberg and Morrey use as a fourth type in their modification of Mason’s classification 
scheme. In another attempt to link treatment of radial head fractures to classification, Hotchkiss(32) 

modified the Mason classification (Table 1), by suggesting that the presence of a mechanical block 
preventing movement qualifies a radial head fracture as type 2. 
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Classification Fracture characteristics

Cutler *1926

Class I Crack in  the radial head

Class II Seperation of one fragment

Class III Fragmentation

Mason *1954

I Non-displaced fracture

II Displaced partial head fracture

III Disaplced entire head fracture

Johnston *1962

I Non-displaced fracture

II Displaced partial head fracture

III Displaced entire head fracture

IV Fracture as part of an elbow dislocation

Broberg and Morrey *1987

I < 2mm displaced fracture

II ≥ 2mm displaced fracture and ≥30% of the articular surface

III Comminuted Fracture

IV Fracture-dislocations about the elbow that are associated with radial head fractures

Hotchkiss *1997

I Non or marginally displaced fracture without block to forearm motion

II Displaced fracture suited for open reduction and internal fixation

III Displaced fracture not suited for open reduction and internal fixation

Table 1. Classification schemes for radial head fractures and their fracture characteristics

Management 

Up until recently, the Mason classification has guided treatment (15, 59, 60). Mason type 1 fractures are 
usually treated nonoperatively with good or excellent results in most patients. Residual stiffness is 
a problem in a few, and early mobilization (<48 hours) is encouraged to minimize elbow stiffness. 
For Mason type 2 fractures, the choice of treatment is subject to discussion, partially due to the 
absence of level 1 evidence. Previously, these fractures were treated nonoperatively; if treatment 
failed, radial head excision would be performed. Nowadays, the tendency lies towards open 
reduction and internal fixation of isolated displaced partial articular radial head fractures because 
this treatment leads to less pain and better range of motion ROM and functional outcome scores. 
(62). Mason type 3 fractures are displaced whole radial head fractures(43) and are most commonly 
treated operatively. There is an ongoing debate about when the radial head should be partially or 
fully excised, should be repaired with plate and screws, or replaced with a prosthesis(1, 12, 30). 
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Management is influenced more by the displacement and instability of fracture fragments than by 
involvement of part or all of the head. Radiocapitellar contact is an important element of forearm and 
elbow stability and unstable displaced fractures of the radial head do not provide the needed support. 
Radiographic signs associated with radial head fracture instability, such as loss of contact, should 
be tested for interobserver agreement, as these unstable fractures are associated with concomitant 
fracture or dislocation. If this finding has adequate interobserver reliability, it could help examiners 
identify and treat associated ligament injuries and fractures, because when ligamentous injuries 
are present, restoration of radiocapitellar contact is essential(2, 5, 13, 38). Elbows that are unstable after 
injury or reconstructive surgery as seen on radiographs often are stabilized using external fixation 
or cross-pinning of the joint supplemented by cast immobilization. The superiority of one approach 
or the other remains a matter of debate.

outline of the theSiS

This thesis addresses several issues in the classification and management of shoulder and elbow 
trauma, which have been described in the introduction. It is subdivided into three parts:
Part one consists of this introduction (Chapter 1) on the classification and management of 
shoulder and elbow trauma. Chapter 2 aims to answer the question why interobserver studies in 
the orthopedic literature have relatively low kappas but high interobserver agreement. This chapter 
sheds a light on an important statistical pitfall associated with other interobserver studies later on 
in this thesis.

Part two focuses on shoulder trauma classification and management, particularly of proximal 
humerus fractures and anterior shoulder dislocations. Chapter 3 aims to test the interobserver 
variability of the AO and Neer classification, but also of proximal humerus fracture characteristics, 
such as displacement of the greater tuberosity and anterior primary shoulder dislocations, in a 
large interobserver study. Chapter 4 discusses different treatment options for primary shoulder 
dislocations, primarily focusing on the role of operative treatment; comparing open with 
arthroscopic techniques. Chapter 5 describes a randomized controlled trial comparing functional 
outcome in early versus late exercises in patients with a nonoperatively treated proximal humerus 
fractures. 

Part three of this thesis focuses on the elbow, particularly radial head fractures and elbow 
instability. Chapter 6 compares external fixation with cross-pinning in terms of adverse events and 
Broberg and Morrey Scores in elbows that are unstable after injury or reconstructive surgery. Both 
patients with simple elbow dislocations as well as fracture dislocations were included in this study.  
Chapter 7 and 8 discuss management of radial head fractures. Chapter 7 is a variability study 
analyzing the characteristics of radial head fractures, aiming to isolate one that would define stability.  
Chapter 8 is a protocol of a randomized controlled multicenter international trial comparing two 
known treatment methods for stable, partial articular radial head fractures; nonoperative treatment 
versus open reduction and internal fixation. 
Finally, Chapter 9 provides an overall summary and conclusions based on the results of the data 
presented in the studies in this thesis. 
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Introduction  

Observer reliability studies for fracture classification systems evaluate agreement using Cohen’s 
kappa as well as absolute agreement as outcome measures. Cohen’s kappa is a chance-corrected 
measure of agreement and usually ranges between 0 (no agreement) and 1 (perfect agreement). 
Absolute agreement is the percentage of times observes agree on the matter they have to rate; it 
does not depend on the answer (yes/no) as long as they agree. Some studies report a high absolute 
agreement, but a relatively low kappa value, which is contradictory. This phenomenon is called the 
Kappa Paradox.  The objective of this review is to explain the statistical phenomenon of the Kappa 
Paradox to the Orthopaedic Readership. 

Explaining the Kappa Paradox

The kappa statistic corrects for the difference between the observed agreement (o) and the 
agreement expected by chance (c). The kappa statistic is denoted as (o – c)/(1-c). The higher ‘c’ is, 
the lower the kappa coefficient will be. However, the agreement expected by change is influenced 
by the distribution of positive and negative cases displayed to the observers. When there is a high 
amount of only positive or only negative cases, the observed agreement based on chance will 
increase, in turn lowering the Kappa value without influencing the absolute agreement.
In a published interobserver study, 107 observers were asked to score whether or not the humeral 
head was split based on CT scans. A low kappa value of 0.26 and high absolute agreement of 0.95 
was found. Analysis of the case distribution showed that 14 cases had a humeral head split and 1 
did not. This imbalance in case and answer distribution rendered low kappa values.

 Conclusions 
Kappa values are influenced by case and answer distribution. We advise investigators to balance 
their case distributions to ensure that the amount of agreement by chance is as low as possible.  
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background

Observer reliability for classification systems of fractures has been widely studied in orthopaedic 
literature(1-3, 5-8, 10, 11, 13, 15, 17). A perfect classification system should: 1) guide treatment; 2) predict 
clinical outcome; and 3) facilitate comparison of clinical studies from different institutions and 
investigators(14).  Since its introduction by Cohen in 1960, kappa values have been used to define 
agreement in intra- and inter observer studies(4, 12, 16). 

The kappa value (κ) is a chance-corrected measure of agreement comparing the observed measure 
of agreement with the level of agreement expected by chance alone. The kappa value can be classified 
according to Landis and Koch(9) indicating the quantity of agreement: κ less than 0.0 is “poor,” 0.0 to 
0.20 “slight,” 0.21 to 0.40 “fair,” 0.41 to 0.60 “moderate,” 0.61 to 0.80 “substantial,” and greater than 
0.80 “almost perfect”.  

Studies regularly report the absolute agreement alongside their kappa values.(1) The absolute 
agreement is the percentage of times observes agree on the matter they have to rate; it does not 
depend on the answer (yes/no) as long as they agree. If this absolute agreement is e.g. 95%, this 
means that 95 out of a 100 ratings, observers agreed with each other. Sometimes a study may report 
a high absolute agreement, but a relatively low kappa value. This phenomenon that the observed 
percentage of agreement is high and the kappa value is lower than one might expect based on the 
observed percentage of agreement is called the Kappa Paradox. 

The objective of this study is to explain the statistical phenomenon of the Kappa Paradox to the 
Orthopaedic Readership.

explaining the kappa paradox

In order to explain the Kappa Paradox we will discuss two interobserver studies; one hypothetical 
and one published study(1).

The hypothetical study consists of two observers rating 100 proximal humeral fractures and 
answering one question: Is the Greater Tuberosity displaced; ‘yes’ or ‘no’? 

In the published study, 107 observers were asked 6 questions about the radiographs of 15 different 
proximal humerus fractures.  Four of the six questions could be answered with a yes or no, rendering 
binary results; 1) Is the humeral head split?; 2) Is the Greater Tuberosity displaced?; 3) Is the arterial 
supply compromised?; and 4) Is the glenohumeral joint dislocated? The other two questions 
concerned the Neer and AO-classification. We will focus on questions 1 and 4, as well as the results 
from the published study to further illustrate the Kappa Paradox. 

Hypothetical Study

The results of the hypothetical study are presented in Table 1. The percentage of agreement is 85 + 4 
(the number of times the observers agreed on a displaced greater tuberosity added to the number of 
times they agreed there was not) divided by the total number of cases = (85 + 4)/100 = 89%. 
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Observer 1

Yes No

Observer 2 Yes 85 5 90

No 6 4 10

91 9 100

Table 1. Answers to “Is the greater tuberosity displaced?” in hypothetical study

If the answers of the two observers would be totally random, in some cases there will be agreement 
based on chance.  To calculate the agreement based on chance we turn to the marginal values (these 
are the values to the side of the table).  Looking at the positive results, observer 1 rated 91 cases as 
‘yes the tuberosity was displaced’.  The marginal value would then be 91/100 = 0.91.  For observer 
2 the positive marginal value would be 90/100 = 0.90.  If the two observers would be completely 
independent, the amount of agreement on a positive result that should be expected by chance would 
be 0.91 x 0.90 = 0.82.  The amount of agreement on a negative result that could be expected by 
chance would then be = (9/100) x (10 /100) = 0,01.  The total expected agreement based on chance 
would be the amount of agreement on a negative result added to the amount of agreement on a 
positive result = 0.82 + 0.01 = 0.83.

The observed agreement is denoted as ‘o’ and the agreement expected by chance as ‘c’.  The kappa 
statistic corrects for the difference between the observed agreement (o) and the agreement expected 
by chance (c) as a proportion of the difference between a perfect agreement and the agreement 
expected by chance: 1 – c.  The kappa statistic is therefore (o – c)/(1-c). As illustrated above, the 
higher ‘c’ is, the lower the kappa coefficient will be. 

In this hypothetical study, the agreement according to the kappa value of our two observers rating the 
displacement of the greater tuberosity in a binary fashion the kappa would be: (0.91 – 0.83)/(1-0.83) 
= 0.47, which is classified as moderate agreement according to Landis and Koch. The kappa value of 
0.47 combined with the total agreement of 0.89 seems contradictory; this is called the Kappa Paradox.

Data Published Study

In the published study, question one was: “Is the humeral head split?”.  Agreement of this question 
was ‘fair’ with a kappa of 0.26.  This kappa value is contra-intuitive, as one may think that 
diagnosing a humeral head is split should not render such a low agreement.  This is supported by 
the percentage of absolute agreement of 0.95 in this study (Table 2). 

 n = 46

Question κ Classification Percentage of overall agreement

Is the head split? 0.26 Fair 0.95

Is the glenohumeral joint dislocated? 0.12 Fair 0.87

Table 2. Kappa values vs. percentage of overall agreement in the published study 
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We proceeded to review the case distribution.  In this study, cases were distributed in a way that 
14 cases had a head split, and one did not (Table 3). We altered the results so the cases would be 
symmetrically distributed; e.g. 50% of the cased díd have a displaced greater tuberosity and 50% of 
the cases did not (Table 4). 

Case Category

No Yes

1 8 38

2 2 44

3 39 7

4 10 36

5 8 38

6 8 38

7 3 43

8 3 43

9 5 41

10 5 41

11 5 41

12 5 41

13 1 45

14 4 42

15 4 42

Total 110 580

Table 3. Distribution of answers to:  
“Is the head split?” 

Agreement according to the benchmarks of Landis and Koch turned to substantial with a kappa of 
0.80. Absolute agreement was even slightly lower (0.90 vs. 0.95) (Table 5).

2D - n = 46

Question κ Classification Percentage of overall agreement

Original Study

       Is the head split? 0.26 Fair 0.95

Hypothetical Study

       Is the head split? 0.80 Substantial 0.90

Table 5. Kappa values vs. percentages of overall agreement in original study and hypothetical study

In the original study, question four was: “Is the glenohumeral joint dislocated”? Agreement of this 
question was ‘slight’ with a kappa of 0.12; also a counterintuitive finding considering the absolute 
agreement of 0.87 (Table 1). 

Case Category

No Yes

1 2 44

2 44 2

3 4 42

4 45 1

5 3 43

6 43 3

7 3 43

8 44 2

9 2 44

10 44 2

11 4 42

12 44 2

13 3 43

14 43 3

15 1 45

Total 329 361

Table 4. Answers to: “Is the head split?”  
with altered marginal values
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Agreement in this study was 0.87 (Table 1). We again turned towards the case distribution; none of 
the cases had a dislocated glenohumeral joint; producing a substantial imbalance in ‘yes’ and ‘no’ 
answers. Altering the results like question 2 would lead to the same substantial agreement.

diScuSSion 

Agreement between observers is quantified according to the kappa coefficient by Cohen and 
categorized by Landis and Koch. The advantage of the kappa coefficient is its correction for the 
amount of agreement that can be expected to occur by chance alone.  This distinct feature of the 
kappa coefficients has made it the instrument of choice in observer agreement studies(2, 8, 13, 19-21, 

29, 30).  However, many investigators are not aware that kappa is affected by the case and answer 
distributions of their study. 

Because of this feature, two observers who have high absolute agreement may generate low kappa 
coefficients. Cichetti and Feinstein provided us with a reasons for these contradictory low kappa 
coefficients: Prevalence of the subject under study in the data set has an effect on marginal values 
–i.e. balance or symmetry of ‘yes’ versus ‘no’ answers - as we have demonstrated in the hypothetical 
study. The phenomenon that a kappa coefficient may be low in contrast to high actual percentage of 
agreement has been dubbed the Kappa Paradox (5, 10).  

Some authors point out that the Kappa Paradox is not a weakness in the kappa statistic, but rather a 
logical consequence of its purpose; to correctly interpret the agreement in a study is to correct this 
for the expected amount of agreement by chance. And if this chance is affected by the way cases and 
answers are distributed, it is only logical that the kappa statistic does as well(26).  

As for an example in daily practice; the presence of scaphoid fracture is an uncommon finding on 
plain radiographs, and would therefore subsequently render low kappa values of agreement if a study 
would be designed mimicking this distribution (e.g. 5% of plain radiographs with scaphoid fractures 
and 95% without)(1). If one would decide to design an observer reliability study of radiographs for 
the presence or absence of a scaphoid fracture and would balance the number of cases with a fracture 
and without a scaphoid fracture the Kappa coefficients would improve.

As illustrated in Table 1, the absolute percentage of overall agreement in our published study(1) was 
much higher than agreement according to the kappa coefficient. We contribute this finding to the 
Kappa Paradox as illustrated by rearranging case and answer ratios, even though this hypothetical 
prevalence after re-distributing cases does not represent prevalence in daily practice. 

We would advise investigators to balance their case distribution to ensure that the amount 
of agreement that can be expected by chance is as low as possible, thus ensuring that the kappa 
coefficient nears the percentage of agreement.

When interpreting the results interobserver studies to date, it is vital to take the study design into 
account; especially with low kappa’s one should look to the case distribution before accepting the 
low agreement as a fact and drawing any consequences from the result.
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Background

Interobserver reliability for the classification of proximal humeral fractures is limited. The aim of 
this study was to test the null hypothesis that interobserver reliability of the AO classification of 
proximal humeral fractures, the preferred treatment, and fracture characteristics is the same for 
two-dimensional (2-D) and three-dimensional (3-D) computed tomography (CT).

Methods

Members of the Science of Variation Group—fully trained practicing orthopaedic and trauma 
surgeons from around the world—were randomized to evaluate radiographs and either 2-D CT or 
3-D CT images of fifteen proximal humeral fractures via a web-based survey and respond to the 
following four questions: (1) Is the greater tuberosity displaced? (2) Is the humeral head split? (3) 
Is the arterial supply compromised? (4) Is the glenohumeral joint dislocated? They also classified 
the fracture according to the AO system and indicated their preferred treatment of the fracture 
(operative or nonoperative). Agreement among observers was assessed with use of the multirater 
kappa (k) measure.

Results

Interobserver reliability of the AO classification, fracture characteristics, and preferred treatment 
generally ranged from ‘‘slight’’ to ‘‘fair.’’ A few small but statistically significant differences were 
found. Observers randomized to the 2-D CT group had slightly but significantly better agreement 
on displacement of the greater tuberosity (k = 0.35 compared with 0.30, p < 0.001) and on the AO 
classification (k = 0.18 compared with 0.17, p = 0.018). A subgroup analysis of the AO classification 
results revealed that shoulder and elbow surgeons, orthopaedic trauma surgeons, and surgeons in 
the United States had slightly greater reliability on 2-D CT, whereas surgeons in practice for ten 
years or less and surgeons from other subspecialties had slightly greater reliability on 3-D CT.

Conclusion

Proximal humeral fracture classifications may be helpful conceptually, but they have poor 
interobserver reliability even when 3-D rather than 2-D CT is utilized. This may contribute to the 
similarly poor interobserver reliability that was observed for selection of the treatment for proximal 
humeral fractures. The lack of a reliable classification confounds efforts to compare the outcomes of 
treatment methods among different clinical trials and reports.

Level of Evidence

Diagnostic Level III. 
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introduction

The Neer and AO (Arbeitsgemeinschaft für Osteosynthesefragen) classifications of proximal 
humeral fractures have limited intraobserver and interobserver reliability(1, 9, 15, 16). Neer indicated 
that his classification was meant to be applied after operative exposure and believed that radiographs 
alone would be unreliable(14); however, treatment protocols and scientific experiments rely on 
accurate and reliable fracture characterization prior to surgery. Some investigators have reported 
that the addition of two-dimensional (2-D) computed tomography (CT) scans did not improve 
the interobserver reproducibility of either of these classification systems(19). Recently, Foroohar 
et al. studied interobserver agreement among sixteen observers (including four upper extremity 
specialists, four general orthopaedic surgeons, four senior orthopaedic residents, and four junior 
orthopaedic residents) who utilized radiographs, 2-D CT scans, and three-dimensional (3-D) CT 
scans to classify such fractures. There was slight agreement on the Neer classification, as indicated by 
the kappa measure (k = 0.069 to 0.14), and fair agreement on treatment (k = 0.28 to 0.33) across all 
three modalities(8), but neither characteristic exhibited strong performance for clinical or research 
use. The aim of the present study was to test the null hypothesis that interobserver reliability of the 
AO and Neer classifications, preferred treatment, and fracture characteristics is the same for 2-D 
and 3-D CT. A large cohort of practicing surgeons underwent randomization to review either 2-D 
or 3-D CT scans along with radiographs.  

MaterialS and MethodS 

The study protocol was approved by the institutional review board at the principal investigator’s 
hospital. We invited the members of the Science of Variation Group (fully trained practicing 
orthopaedic and trauma surgeons from around the world) to participate in an online evaluation 
of the characteristics, classification, and preferred treatment of proximal humeral fractures. The 
only incentive for observers to participate was the group authorship of the present manuscript. 
We constructed a list of consecutive patients with a proximal humeral fracture, treated at one 
institution from 2000 to 2010, for which both high-quality CT scans (slice thickness, ≤ 1.25mm) 
and anteroposterior and axillary or scapular-Y radiographs were available. Fifteen fractures were 
then selected by general consensus of the authors to represent a full spectrum of proximal humeral 
fracture patterns. The approach of the Science of Variation Group is to gain statistical power through 
increasing the number of observers rather than the number of observations per observer; this limits 
the burden on individual observers and thereby hopefully increases participation, allows for more 
comparisons among observers, and improves external validity. The 2-D CT slices were converted 
into a movie (in AVI format) that the observers could scroll through in three dimensions (in the 
transverse, sagittal, and coronal planes). Two sets of 3-D reconstructions were also made; one set 
was in the form of a movie showing a vertically and horizontally rotating humerus with a proximal 
fracture, and the other set showed both the humerus and the surrounding articulating structures 
rotating around a horizontal as well as a vertical axis. The members of the Science of Variation 
Group were randomized in an ideally 1:1 ratio (with use of a computerized random-number 
generator at the time of invitation) to review radiographs and either 2-D or 3-D CT scans. A total of 
371 invitations were sent, of which 193 (52%) went to the 2-D group and 178 (48%) went to the 3-D 
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group. Responses were received from 135 surgeons (36%); sixty-two respondents were from the 2-D 
group and seventy-three were from the 3-D group. Of the respondents, 107 (79%) completed the 
online survey; 93% of these were male and 7% were female. Forty-six (43%) of these 107 surgeons 
had been randomized to the 2-D group and sixty-one (57%), to the 3-D group. After they had 
logged on, observers were asked where they practiced, how long they had been in independent 
practice, whether or not they supervised trainees in the operating room, and what their orthopaedic 
subspecialty was. Each observer answered the following four yes-or-no questions for each of the 
fifteen proximal humeral fractures: (1) Is the greater tuberosity displaced? (2) Is the humeral head 
split? (3) Is the arterial supply compromised? (4) Is the glenohumeral joint dislocated? He or she 
also classified the fracture according to the AO system(13) and indicated the preferred treatment 
(operative, percutaneous pinning, open reduction and internal fixation, or hemiarthroplasty) 
by selecting it from a pull-down menu. No training or criteria were provided. In addition, each 
observer was asked to classify the fracture according to the Neer system by choosing the correct 
classification from a subset of pull-down menus. The observer first had to choose the number of 
‘‘parts’’ between one and four, and then use the corresponding pull-down menu to choose the 
structures involved. However, this arrangement proved unsuccessful as only seventeen observers 
used it correctly. 

Statistical Analysis

Interobserver agreement was determined with use of the multirater kappa measure described by 
Siegel and Castellan(17), which is a frequently used measure of chance-corrected agreement between 
ratings made by multiple observers (interobserver reliability). The generated kappa values were 
interpreted according to the guidelines of Landis and Koch: a value of 0.01 to 0.20 indicates slight 
agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substantial 
agreement; and 0.81 to 0.99, almost perfect agreement. Zero indicates no agreement beyond that 
expected because of chance alone; –1.00, total disagreement; and +1.00, perfect agreement(10). A 
post hoc power analysis was performed with use of nQuery Advisor software (version 7.0; Statistical 
Solutions, Saugus, Massachusetts). It was calculated that the forty-six observers in the 2-D group 
and sixty-one observers in the 3-D group would have yielded 80% power to detect a difference of 
0.015 in the kappa value for the AO fracture classification.

Source of Funding
No external funding was received for this study.

reSultS

The forty-six observers who were randomized to review radiographs and 2-D CT scans and the 
sixty-one observers who were randomized to review radiographs and 3-D CT scans were comparable 
except for the distribution of surgical subspecialties. The 3-D CT group had a greater percentage of 
hand surgeons and surgeons in the United States as well as a lower percentage of shoulder and elbow 
surgeons and orthopaedic trauma surgeons (Table 1). 
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2D (n=46) 3D (n=61) Total (n=107)

n % n % n

Sex

Male 44 96 55 90 99

Female 2 4 6 10 8

Area

United States 16 35 33 54 49

Europe 12 26 13 21 25

Asia 5 11 3 5 8

Canada 3 7 1 2 4

UK 1 2 2 3 3

Australia 2 4 2 3 4

Other 7 15 7 11 14

Years in independent practice

0-5 8 17 15 25 23

6-10    8 17 14 23 22

11-20   17 37 19 31 36

21-30   13 28 13 21 26

Specialization

General 
orthopaedic 
surgery

2 4 1 2 3

Orthopaedic 
traumatology

22 48 25 41 47

Shoulder and 
elbow

14 30 12 20 26

Hand and Wrist 7 15 20 33 27

Other 1 2 3 5 4

Supervises trainees in the operating 
room

Yes 41 89 51 84 92

No 5 11 10 16 15

Table 1. Observer demographics

The observers randomized to the 2-D CT group had minimally, but significantly, better agreement on 
displacement of the greater tuberosity (k =  0.35 compared with 0.30 for the observers randomized to 
the 3-D group) and on the AO classification (k =  0.18 compared with 0.17). However, the agreement 
was no better than fair for any question (Table 2). 
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2D 3D P-value

Question κ Agreement 95% CI κ Agreement 95% CI

Is the humeral head split? 0.26 Fair (0.12, 0.40) 0.3 Fair (0.20, 0.41) 0.594

Is the Greater Tuberosity 
Displaced?

0.35 Fair (0.33, 0.37) 0.3 Fair (0.28, 0.32) <0.001*

Is the arterial supply 
compromised?

0.19 Slight (0.14, 0.25) 0.22 Fair (0.20, 0.23) 0.438

Is the glenohumeral joint 
dislocated?

0.12 Slight (-0.12, 0.36) 0.09 Slight (-0.09, 0.27) 0.846

What is the AO Classification? 0.18 Slight (0.17, 0.19) 0.17 Slight (0.16, 0.18)   0.018*

What is the preferred treatment? 0.25 Fair (0.18, 0.32) 0.24 Fair (0.18, 0.30) 0.828

*Significant.

Table 2. Overall interobserver agreement

Shoulder and elbow surgeons, orthopaedic trauma surgeons, and surgeons in the United States 
had greater reliability for the AO classification on 2-D CT, whereas surgeons in practice for ten 
years or less and surgeons from other subspecialties had greater reliability on 3-D CT. However, the 
differences were again small and the reliability was no better than fair (Table 3). 

Radiography and 2-D CT Radiography and 3-D CT P-Value

N Categorical κ SE* N Categorical κ SE*

Area

Europe and UK 13 Slight 0.14 0.01 15 Slight 0.14 0.01 0.65

United States and Canada 19 Fair 0.23 0.01 34 Slight 0.18 0 <0.001†

Other 14 Slight 0.16 0.01 12 Slight 0.15 0.01 0.40

Years in independent practice

0-10 16 Slight 0.14 0.01 29 Slight 0.17 0.01 0.014†

11-20    17 Slight 0.20 0.01 19 Slight 0.19 0.01 0.22

>20 13 Slight 0.18 0.02 13 Slight 0.15 0.01 0.12

Specialization

Orthopaedic traumatology 22 Slight 0.20 0.01 25 Slight 0.16 0.01 0.002†

Shoulder and elbow 14 Fair 0.24 0.02 12 Slight 0.18 0.02 0.008†

Other 10 Slight 0.09 0.02 24 Slight 0.17 0.01 <0.001†

*SE = Standard Error. † Significant.

Table 3. Interobserver agreement on AO classification according to observer demographics and imaging 
modality
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European surgeons achieved moderate agreement on the splitting of the humeral head (k =  0.42), 
and American surgeons achieved moderate agreement on displacement of the greater tuberosity 
(k =  0.42), on 2-D CT. The corresponding agreement using 3-D CT was fair in both cases, and all 
other ratings by the three geographic subgroups (North America, Europe, and other) had slight or 
fair agreement. Surgeons with more than twenty years in independent practice achieved moderate 
agreement on displacement of the greater tuberosity (k = 0.41) on 2-D CT but fair agreement using 
3-D CT; agreement on all other ratings by the subgroups defined on the basis of years in practice was 
slight or fair. Shoulder and elbow surgeons achieved moderate agreement on the displacement of the 
greater tuberosity on both 2-D and 3-D CT, but agreement on all other ratings in the subspecialty 
groups was slight or fair. Agreement on preferred treatment was fair or worse in all subgroups.
 
diScuSSion

Consistent with Foroohar et al.(8), we documented slight to fair agreement overall on proximal humeral 
fracture classification, characterization, and treatment on both 2-D and 3-D CT scans combined 
with radiographs. In fact, interobserver agreement was slightly but significantly lower overall on 
displacement of the greater tuberosity and on the AO classification among surgeons viewing 3-D 
reconstructions. In particular, 3-D CT was beneficial only for surgeons with a subspecialty other 
than shoulder and elbow or orthopaedic traumatology and for surgeons with less than ten years in 
independent practice. One could argue that surgeons who are not used to looking at radiographs 
and 2-D CT scans benefit from the more intuitive 3-D reconstructions, but the differences were 
very small and should not be overinterpreted, particularly in the context of the limited reliability 
overall. Also, cost is a lesser issue because the 3-D reconstructions add only $100 at our institution 
and can be done for free with use of files in DICOM format and software such as OsiriX (Pixmeo, 
Bernex, Switzerland). The strengths of this study include the large number of surgeons, which 
allowed randomization and subgroup analysis, and the fact that all observers were experienced, 
practicing surgeons. The study should be interpreted in light of several limitations. First, the data 
may be subject to the so-called ‘‘kappa paradox’’ because the kappa measure was considerably lower 
than the overall percentage of agreement (Table 4). If the prevalence of an outcome is low, it causes 
an imbalance in the marginal totals, generating a lower kappa than one might expect.
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Consequently, we plan to study the ability of observers to distinguish among a few of the most 
common fracture types in future studies. Second, the observers had no patient-specific information 
(e.g., comorbidities, level of activity, and age) on which to base treatment recommendations. 
Third, we did not train the observers or provide them with measurement tools (for instance, no 
criteria were specified for greater tuberosity displacement or head splitting), as we were interested 
in the surgeons’ general impressions based on their experience and training. Fourth, there may 
be important differences between the web interface that we utilized and the usual way in which 
doctors view radiographs and CT scans. Finally, for practical purposes we chose to limit the study 
to two classifications systems even though others merit testing. For instance, one study suggested 
that the classification of Hertel and colleagues—which is widely used in Europe—may have better 
interobserver agreement, although that agreement was still only moderate(11). The Neer classification 
system was originally intended as a classification based on intraoperative findings(14) , and the low 
reliability found in previous studies might be explained by the attempt to classify fractures on the 
basis of preoperative imaging. Also, the observers in the present study were not able to navigate 
the pull-down menu for the Neer classification; instead of choosing the number of ‘‘parts’’ between 
one and four and subsequently choosing the structures involved from the corresponding pull-
down menu, they chose the number of parts from each pull-down menu. Only seventeen observers 
used this menu correctly, and this might emphasize the merit of training in the use of the Neer 
classification. 

To date, the consistently low interobserver agreement of proximal humeral fracture classification 
has not been consistently or substantially improved by more sophisticated imaging or training(1, 3, 

4, 7, 12, 15, 18, 19). One exception involves the study by Brunner et al., who described an improvement in 
agreement (from moderate to good) on the AO and Neer classifications with the use of stereoscopic 
visualization and interactive 3-D imaging by four independent observers classifying forty proximal 
humeral fractures(5).

Brorson et al. demonstrated that training of observers holds promise. They randomized observers to 
either two training sessions or no training, and then had them classify forty-two fractures according 
to the Neer system. The mean difference in kappa between the groups with and without training 
was 0.30 (95% confidence interval [CI], 0.10 to 0.50; p = 0.006). The mean kappa for interobserver 
variation improved from 0.27 (95% CI, 0.24 to 0.31) to 0.62 (95% CI, 0.57 to 0.67) with the addition 
of training(2). Training also improves the reliability of determining characteristics of other fractures, 
such as the diagnosis of scaphoid fracture displacement(6). 

Although the Neer and AO classifications are helpful conceptually, a reliable classification is 
necessary in order to be confident that the fractures treated in one trial are comparable with those 
treated in another. Perhaps a simpler classification would have better interobserver reliability. In 
future studies, we plan to test the ability of surgeons to reliably distinguish among a few common 
fracture patterns.
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abStract

According to the current guidelines, primary anterior shoulder dislocations are treated 
nonoperatively by short-term immobilization of the shoulder after relocating the shoulder. Shoulder 
stabilization surgery- -either open or arthroscopically--reduces the risk of recurrence and improves 
the long-term functional outcome. Active young adults are known to have up to a 90% increased risk 
of recurrent dislocation after nonoperative treatment of a primary shoulder dislocation. Particularly 
active young men benefit from shoulder stabilization surgery. Shoulder stabilizing surgery using an 
open approach has a lower recurrence rate than through an arthroscopic approach. We therefore 
recommend a shoulder stabilizing surgery for young adult men with a primary anterior shoulder 
dislocation.
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introduction

Anterior shoulder dislocations are the most prevalent dislocations with an incidence of 8-24 per 
100.000 persons per year(9). The prevalence, expressed in cumulative incidence, is 0,7% for men, and 
0,3% for women up to 70 years of age(6). The highest incidence of anterior shoulder dislocations has 
been reported for men age 21-30 years and women age 61-80 years(9). The current guideline in the 
Netherlands, a CBO-guideline from 2005, advises to treat patients with a primary anterior shoulder 
dislocation nonoperatively en to be cautious with early operative treatment(1). After repositioning, 
the shoulder should be briefly immobilized with a sling and the patient should start exercising 
immediately. The current guideline also states that only complicated dislocations – a dislocation 
combined with vascular damage or with a fracture, or a non-repositionable dislocation – as well 
as the occurrence of a recurring shoulder dislocation warrants operative treatment. According to 
more recent studies a shoulder stabilizing surgery after a primary anterior shoulder dislocation 
produces a lower recurrence rate, a better shoulder function as well as a better quality of life (7, 8, 

12). The recurrence rate after a primary anterior shoulder dislocation is between 49 and 90%(2, 5, 10). 
Improved shoulder function and quality of life after a shoulder stabilizing surgery may possibly be 
attributed to the prevention of recurrent shoulder dislocations en corresponding damage to the 
shoulder joint. This topic however, remains controversial. The purpose of this paper is to provide an 
overview of the anatomy of the shoulder, as well as the pathophysiologic mechanism and treatment 
options of anterior shoulder dislocations. We also analyzed the literature for evidence whether or 
not a shoulder stabilizing surgery should be offered to a patient after a primary anterior shoulder 
dislocation.

Literature Search

We searched the Medline-, Cochrane- and Embase-databases for publications that compared 
outcome of nonoperative treatment after a primary shoulder dislocation with outcome of operative 
treatment. We also searched for publications comparing open procedures with arthroscopic 
treatment. Only publications that described an open or arthroscopic Bankart procedure, a Bristow-
arthroscopic procedures or capsular tightening of the shoulder were included. Besides the included 
publications we also added the CBO-guideline (figure 1). 
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Figure 1. Flowchart depicting the selection of articles based on treatment of primary anterior shoulder 
dislocations. After selection 21 articles remained to which the CBO-guideline was added.

Anatomy

De glenohumeral joint is a ball and socket joint. The head of the humerus (caput humeri) articulates 
with the shoulder blade (scapula) at the glenoid fossa (cavum glenoidale scapulae). This anatomic 
construction ensures movement in 3 axes, enabling internal and external rotation, ab- and adduction 
and flexion and extension in the shoulder. To accomplish stability in spite of this mobility, the joint 
capsule as well as the muscles of the rotator cuff ensure that the caput humeri stays in her spot in 
the glenoid fossa. The joint capsule is attached to a rigid cartilage ring around the joint cavity, the 
labrum. The labrum provides a bigger articular surface as well as more depth of the joint cavity, 
benefitting joint stability. The joint capsule is also attached to the tendons of the rotatorcuff. The 
rotatorcuff consists of the M. subscapularis, M. infraspinatus, M. supraspinatus and the M. teres 
minor.
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Pathophysiologic mechanism of an anterior shoulder dislocation

An anterior shoulder dislocation is caused by (forced) exorotation and abduction of the arm. 
Shoulder dislocations in young people are generally attributed to sport injuries, whereas in older 
people dislocations are mainly caused by a fall on an outstretched hand(9). An anterior shoulder 
dislocation may be accompanied by a Bankart-lesion, Hill-Sachs lesion, injury to the rotatorcuff and 
fractures of the greater tuberosity. A Bankart-lesion is a tear in the lower part of the labrum and is 
present in over 90% of the dislocations(24). The phrase ‘Bony-Bankart’ is used to indicate a fracture 
of the anterior edge of the glenoid. In case of a Hill-Sachs lesion the glenoid causes an impression 
fracture in the posterolateral part of the humerus(5). Boileau et al. analyzed risk factors for recurrence 
of shoulder dislocation and describes an increased risk for a recurrence after nonoperative 
treatment when a bony defect of the glenoid amounts to more than 25% of the articular surface(2, 

19). In these patients a primary surgical treatment is advised. An anterior shoulder dislocation may 
also be accompanied by rotatorcuff injury. A recent prospective study in 3633 patients reports a 
12% incidence of rotatorcuff injury after an anterior shoulder dislocation(18). These accompanying 
injuries are associated with a decrease in stability and in turn lead to an increase in recurrence rate, 
after nonoperative treatment as well as after operative treatment(5, 18). 

Radiographic Imaging

According to the current CBO-guideline an X-ray before as well as after repositioning of the shoulder 
is necessary in order to rule out bony injury and to assess the quality of the reposition. Ultrasound 
and MRI may be used to assess the rotatorcuff. According to two meta-analyses, ultrasound and 
MRI had a sensitivity of 96% vs. 91% for detecting full-thickness rotatorcuff tears; the specificity 
was 93% and 97%(20, 21). For partial-thickness tears the specificity was comparable, but the sensitivity 
was lower; 84% with ultrasound and 80% with MRI(20, 21). According to the current CBO-guideline, 
ultrasound and MRI should be obtained only when the patient has been diagnosed with persisting 
shoulder complaints.

treatMent of anterior diSlocationS

The primary treatment goal is safe, atraumatic repositioning of the shoulder as fast as possible. 
Repositioning can be done under local or general anesthesia. No superior repositioning technique 
has been described, though little comparative evidence exists (16, 24). 

Nonoperative treatment

The current CBO-guideline recommends immobilization during 2-4 weeks, potentially followed 
by physical therapy. The arm should be immobilized through a sling holding the arm in internal 
rotation. Physical therapy should be focused on regaining full range of motion (ROM) in the 
shoulder and subsequently on strengthening the rotatorcuff. 
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Operative treatment

The most frequently used technique to stabilize the shoulder is the procedure described by Bankart. 
Sutures or anchors are placed in the glenoid rim to fix the labrum and anterior part of the shoulder 
capsule to the bone. The Bankart-procedure is a proven effective method to stabilize the glenohumeral 
joint and is associated with low morbidity(5). A different operative treatment method for instability of 
the shoulder joint is a capsular shift procedure, whether or not combined with a Bankart-procedure. 
With this technique an incision is made in the shoulder capsule. Two capsular imbrication steps 
follow, ensuring tightening of the capsule around the caput humeri, enhancing glenohumeral 
stability(3). A Bristow-Latarjet procedure is also an option. With this procedure an osteotomy of 
the coracoid process is performed. Afterwards, the free part of the coracoid process is attached to 
the anterior rim of the glenoid, thus blocking anterior dislocation of the caput humeri(25). A recent 
review reported a recurrence rate of instability after a Bristow-Latarjet procedure of 2.4-12%(5, 10, 23).  
The surgeon can choose between open and arthroscopic approach for each procedure(8).

Operative vs. Nonoperative treatment

In 2007 a randomized controlled study compared operative treatment through an open Bankart 
repair vs. nonoperative treatment in patients with a primary anterior shoulder dislocation(12). After 
a follow-up time of 2 years, the recurrence rate was 56% in nonoperatively treated patients, vs. 3% 
in the operatively treated group. Patients that were treated operatively also had better functional 
outcomes. After a follow-up time of 10 years, 72% of operatively treated patients had ‘good’ results 
measured by the Oxford shoulder score. In the nonoperatively treated group, 26% had good results. 
The Oxford shoulder-score is a questionnaire filled out by patients and is a measure for pain and 
disability of the shoulder experienced by the patient(12). 

A meta-analysis of 163 young men, randomized between nonoperative treatment and operative 
treatment, reported a recurrence risk of dislocation of 16% in the operatively treated group vs. 62% 
in the nonoperatively treated group. Glenohumeral joint movement (expressed as percentage of 
movement compared to the non-affected shoulder) was 95% in the operatively treated group vs. 
99% in the nonoperatively treated group(7). Flexion in particular was diminished after a Bankart-
procedure. However, the clinical relevance of the diminished mobility was low(7). The Western-
Ontario shoulder instability (WOSI)-score, in which a low score depicts a better function and 
better quality of life, was significantly higher for the operatively treated group compared to the 
nonoperatively treated group (287 vs. 634). In addition, 11% of patients in the operatively 
treated group were dissatisfied about their shoulder function compared to 53% of patients in the 
nonoperatively treated group(7).  There is not much known about the application of the capsular shift 
procedure after a primary anterior shoulder dislocation(11). Promising results have been reported 
in two case series in which a capsular shift was performed in athletes; a return to previous level of 
activity was accomplished in 65-85% of athletes(4, 22).  

Randomized trials have also demonstrated a lower recurrence rate of shoulder dislocations after 
arthroscopic procedures compared to nonoperative treatment(7, 8, 12, 13, 15, 17). In arthroscopically treated 
patients the recurrence rate was 7-16% compared to 29-47% in nonoperatively treated patients(13, 17).
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Open vs. arthroscopic approach

There is an ongoing discussion about the advantage of an arthroscopic approach over an open 
approach. A 2007 meta-analysis of 18 comparative studies demonstrated a higher recurrence risk 
and instability after arthroscopic treatment (18 and 12%) compared to open treatment (8 and 
5%)(14). In more recent studies, there are no significant differences found for recurrence risk and 
shoulder function as measured by the Constant-Murley-score(8, 15). However, these studies were 
all retrospective studies. A recently published randomized trial reported a significantly higher 
recurrence rate (23% vs 11%, p = 0.05) at a follow-up time of 2 years after arthroscopic stabilization 
surgery (26). There was no difference in functional outcome between the two approaches.

diScuSSion

This literature study has demonstrated that an operative treatment of a primary anterior shoulder 
dislocation leads to a lower recurrence rate and better shoulder function compared to nonoperative 
treatment. The results of an open approach and an arthroscopic approach are comparable. However, 
if all primary shoulder dislocations were to be treated operatively, a large number of patients would 
be overtreated. 

The patients that were enrolled in these studies and were randomized between nonoperative 
treatment and operative treatment were mostly young men with an active lifestyle. Most studies also 
enrolled only men. In the studies that did include women, their percentage varied between 4 and 20. 
The mean age of enrolled patients was between 20 and 28 years.

A number of studies have shown that this specific study population of active, young adult males 
(younger than 30 years) has a strongly increased risk of recurrent shoulder dislocations(5, 10, 23). One 
of these reviews reported a recurrence risk of up to 90% in patients younger than 24 years old. For 
these reasons we have aimed our suggested treatment at young adult males(5).
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concluSion

Shoulder stabilizing surgery after a primary anterior shoulder dislocation decreases the recurrence 
risk compared to nonoperative treatment. It also increases long-term functional outcome. Especially 
active, young adult males seem to benefit from surgical treatment after a primary anterior shoulder 
dislocation. Shoulder stabilizing surgery using an open approach has a lower recurrence rate than 
through an arthroscopic approach. We recommend a shoulder stabilizing surgery for young adult 
men with a primary anterior shoulder dislocation.

Side note

The article in this thesis differs from the published article because we added new evidence comparing 
an open vs. arthroscopic approach for shoulder stabilizing surgery that was not yet available at the 
time of publication.
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abStract

Background

In the nonoperative treatment of proximal humerus fractures some surgeons recommend passive 
pendulum exercises in the early post-fracture period. Others wait a month, starting with active 
exercises when early fracture healing is established.  

Questions/Purposes

We addressed the primary null hypothesis that there is no difference in active forward flexion of 
the shoulder six months after nonoperative treatment of a proximal humerus fracture when passive 
pendulum exercises are initiated within 3 weeks of injury compared to delaying exercises until 
early fracture healing is established at least 3 weeks after injury, and starting with active exercises. 
Secondarily we addressed differences in pain intensity, external rotation, abduction, and upper 
extremity specific disability both three and six months after injury and forward flexion three months 
after injury.

Patients and Methods

Thirty-two patients were randomized to the early mobilization group and 31 patients to the late 
mobilization group. Three and six months after the injury, patients completed the DASH and we 
measured forward flexion, external rotation, abduction of the shoulder, and pain intensity.   

Results

There was a significant loss to follow-up in this study; 20 patients that turned up for their 3 month 
follow-up did not return at 6 months. There was no significant difference in forward flexion six 
months after injury between the groups (p = 0.85), or in any motion measurement, pain intensity, 
upper extremity specific disability (DASH score) three or six months after injury.

Conclusions

Delaying exercises until early fracture healing is established does not affect recovery from 
nonoperative treatment of a fracture of the proximal humerus. 
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background

Proximal humerus fractures with limited displacement are generally treated nonoperatively (1-4, 10, 

11, 13, 15).  There is a general impression that better function is obtained with immediate initiation of 
passive shoulder motion exercises(14-16, 18, 19).  However, there is concern that this may increase the risk 
of fracture nonunion and does not affect outcome. 

Lefevre et al., Hogdson et al., and Kristiansen et al. compared early (<72 hours or within 1 week) vs. 
delayed (about 3 weeks) shoulder motion exercises in patients with a minimally displaced proximal 
humerus fracture in randomized controlled trials(17, 20, 21). Shoulder motion was better with early 
exercises within the first 3 months, but not after. 

Patients with shoulder fractures are concerned that they might get a “frozen shoulder” if they do 
not exercise right away. This fear is sometimes reinforced by caregivers that may not be aware of 
the findings of randomized trials to date. It is also reasonable that some caregivers might not find 
three randomized trials convincing enough to change their belief that delaying exercises might be 
harmful. We felt this important issue merited additional study. 

This randomized trial addresses the null hypothesis that there is no difference in active forward 
flexion of the shoulder six months after nonoperative treatment of a proximal humerus fracture 
when exercises are initiated within 3 weeks of injury compared to between 4 and 8 weeks after 
injury. Secondarily we addressed differences in pain intensity, external rotation, abduction, and 
upper extremity specific disability both three and six months after injury and forward flexion three 
months after injury.

patientS and MethodS

Study Design and Setting

This was a two center; randomized controlled study conducted in an academic teaching hospital 
in the United States and the Netherlands. The Institutional Review Boards of both hospitals 
approved the study. It was registered at www.clinicaltrials.org (United States) under the identifier 
NCT00438633, as well as www.trialregister.nl (The Netherlands). Study design and report were 
conducted according to the Consolidated Standards of Reporting Trials guidelines(22). All enrolled 
patients had given written informed consent.

Participants

Outpatients were screened by a trained research assistant for proximal humerus fractures. If the 
surgeon and patient chose nonoperative treatment, the research assistant assessed eligibility for the 
study. Any adult (age 18 or greater) patient with a fracture of the proximal humerus diagnosed by 
radiographs, and enrolled within 2 weeks of injury was eligible. Patients with other fractures were 
excluded.  
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Randomization

After informed consent, participants were randomized 1:1 according to a computerized random 
number generator to either early (immediate prescription to learn pendulum exercises) or delayed 
(at least three weeks after injury) exercises. Allocation to treatment groups was concealed. The 
research assistant responsible for recording the outcome measures was not blinded to the allocation.

Study Procedures

After randomization all patients completed the DASH questionnaire. Patients randomized to early 
exercises were given a prescription for physical therapy or a leaflet with instructions to do pendulum 
exercises until 1 month after fracture and then start active self-assisted stretches after incipient 
healing was verified by the treating surgeon. Patients randomized to late exercises did no shoulder 
motion exercises for at least one month until early healing was established as determined by the 
treating surgeon by examination and radiographs.

Description of follow-up routine 

Three months (between 2 and 4 months was deemed within protocol) after the injury, patients 
again completed the DASH. Forward flexion, external rotation, and abduction of the shoulder and 
pain intensity were measured by a research assistant using a goniometer. The same measures were 
completed 6 months (between 4 and 8 months) after the injury. 

Statistical Analysis

This study was designed to determine a 10 degrees mean difference in shoulder forward flexion 
between the intervention and the control group at 3 and 6 months post treatment. We assumed 
a standard deviation of 10 degrees, which translates into an effect size of 1.0 (delta = 10/10). A 
power analysis indicated that a sample size of 23 patients randomized to each of the two groups will 
provide 90% statistical power to detect this effect size between the groups (α = 0.05, β = 0.10) using 
an unpaired Student t-test(7). To account for a possible loss to follow-up of 20-25%, we enrolled 
a total sample size of 60 patients with a 1:1 randomization plan with a Uniform (0,1) model (30 
patients to each arm of the study)(24).

We used a Shapiro-Wilk test to assess normality of our data. We used the 2-tailed unpaired Student 
t test and the Mann-Whitney U test to compare means/medians. The level of significance of the 
primary outcome was set at P < 0.05.  Mean imputation was used for missing data. Analysis was 
according to strict intention-to-treat.

Enrollment started March 4th, 2005 and ended at February 4th 2013. The duration of the study 
was due to the decrease in triage of patients with proximal humerus fractures to one center during 
the study period and prioritizing of other studies for several prolonged intervening periods at that 
center. The study was completed by collaborating with another center. 
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Demographics

Sixty-five patients were assessed for eligibility; one patient did not meet the inclusion criteria and one 
patient declined to participate. Sixty-three patients with a proximal humerus fracture were enrolled.  
Of these 63 patients, 54 patients (28 early, 26 late) had non-or minimally displaced fractures and 9 (4 
early, 5 late) had displaced fractures, but elected nonoperative treatment.  Thirty-two patients were 
randomized to the early mobilization group and thirty-one patients to the late mobilization group. 

Thirteen enrolled patients did not return for evaluation at either three or six months (six early, seven 
late), and we could not determine if they received the allocated intervention. Among the remaining 
50 patients, 10 (10 early, 10 late) returned at 3 months, but not at 6 months (Figure 1). We used 
mean imputation for the 6-month evaluation for these patients. Baseline demographics and clinical 
characteristics were comparable for each cohort. (Table 1). There were no significant differences by 
follow-up category (Table 2).  

Early 
n = 26

Late 
n = 24

p-value

Sex

Men 5 9 *0.21

Women 21 15

Injured Hand

Dominant 9 12 *0.39

Non-Dominant 17 12

Age (mean) 63(13) 62(12) ^0.83

DASH at enrollment 61(16) 54(21) ^0.23

Completed three month follow-up 26 24 *1.00

Completed six month follow-up 16 16

Non or minimally displaced fracture

Yes 22 19 *0.72

No 4 5

Numeric values are presented as means (standard deviations)

^Unpaired t-test, *Fisher’s Exact test

Table 1. Baseline Characteristics

 



60

Timing of Exercises for Nonoperatively Treated Proximal Humerus Fractures

Figure 1. Flow diagram 
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All 
enrolled

Neither f/u 3 month 
f/u only

Both f/u p-value 
comparing 
the 3 
follow-up 
categories

n = 63 n = 13 n = 20 n = 30

Randomization *p = 0.91

Early 32 6 10 16

Late 31 7 10 14

Sex *p = 0.95

Men 18 4 6 8

Women 45 9 14 22

Injured Hand *p = 0.43

Dominant 29 8 9 12

Non-Dominant 34 5 11 18

Non- or mimimally 
displaced

*p = 0.23

Yes 54 13 17 24

No 9 0 3 6

Age (mean) 62 58 63 62 ^p = 0.64

DASH at enrollment 57 (36-68) 52 (48-68) 58 (51-64) 58 (52-62) ^p = 0.70

*Chi-Square test, ^ANOVA
Table 2. Characteristics of follow-up categories

reSultS

There was no significant difference in forward flexion six months after injury between patients 
starting exercises immediately or after 1 month (p = 0.85). There were no significant differences 
in any motion measurement, pain intensity, upper extremity specific disability (DASH score) three 
or six months after injury (Table 3). There were no adverse events reported during the trial period. 
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Early Mobilization Late Mobilization p-value

n = 26 n = 24

Mean/
Median

SD 95% CI, 
IQR

Mean/
Median

SD 95% CI, 
IQR

Primary Outcome

Forward Flexion, 
6 months

150 26 140-160 146 22 138-155 *0.63

Secondary Outcome, 
3 months

Flexion 122 43 106-139 126 33 113-139 *0.71

Abduction 115 43 98-131 101 41 84-117 *0.26

External Rotation 53 30 42-64 51 21 42-59 *0.72

NRS 3 2 3 1 ^0.47

DASH 33 25 24-43 24 15 18-30 *0.10

Secondary Outcome, 
6 months

Abduction 147 27 137-158 136 33 123-149 *0.20

External Rotation 70 17 63-76 66 26 57-76 *0.58

NRS 2 1 1.3-1.7 2 3 0.95-2.1 ^0.83

DASH 18 12 13-23 14 7 11-17. *0.17

CI = Confidence Interval, IQR = Interquartile Range, NRS = Numeric Rating Scale, DASH = Disability of 
Arm, Shoulder and Hand score 
*Unpaired t-test, ^Mann-Whitney U test 

Table 3. Comparison of study cohorts

diScuSSion

We found no advantage in terms of motion, pain, or disability to starting exercises immediately 
rather than waiting a month for early fracture union. Patients treated nonoperatively regained 
good shoulder function, particularly if they had a nondisplaced fracture. Combined with the other 
randomized trials to date, we conclude that passive motion (so-called pendulum) exercises during 
the first month after injury do not add to the nonoperative treatment of proximal humerus fractures 
and can be safely omitted. We expect that patients will find this data reassuring, and that their 
recovery will be more comfortable and assured, and will use fewer resources.  

The results of this trial should be viewed in light of several limitations. This was a pragmatic trial 
in which patients were prescribed exercises, but adherence was not monitored. The results of this 
study reflect what happens when exercises are prescribed in actual practice, but not the efficacy of 
a specific set of exercises done consistently. The study was powered for the primary study question 
and may have been underpowered for some secondary study questions. We had a large percentage of 
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patients that did not show-up to any follow-up moment and therefore there was no data available for 
analysis. We believe most of these patients did not return because they felt better and did not see the 
need to return even though they were enrolled in a prospective trial. This speculation is supported 
by the overall very good recovery of patients in this trial and the fact that patients with nondisplaced 
fractures seemed more likely to skip follow-up visits. We do not believe these lost participants affected 
the results of the trial, because there were no significant differences between groups of patients with 
different levels of adherence to the protocol, although there might be important differences that we 
did not measure. We did not stratify for Neer or AO-fracture classification but these classifications 
have only ‘slight’ to ‘fair’ observer agreement(5, 9) and variations in fracture complexity should have 
been comparable as a result of randomization.  

Our data are consistent with the other randomized trials performed to date except that we found no 
differences at the 3 months evaluation(17, 20, 21). Prior trials enrolled patients with minimally displaced 
proximal humerus fractures, and instructions for exercises were monitored. Our study (a pragmatic 
trial) reflects actual practice in that all patients choosing nonoperative treatment were included no 
matter the fracture pattern or displacement and exercises were prescribed but not monitored(6, 12, 23, 

25). Also, the fact that patients were able to choose between doing exercises themselves or under the 
supervision of a physical therapist mirrors daily practice (particularly at one of our centers) where 
physical therapy is not always covered by insurance. 

Since the emphasis on early motion exercises risks reinforcing the natural human tendency to 
“prepare for the worst” (psychologists refer to this as catastrophic thinking(8)) it should be avoided 
in patient care. Terms that have a strongly negative emotional valance such as “frozen shoulder” 
are particularly unhelpful and we should train ourselves not to say them. The idea that waiting one 
month for incipient healing of a fracture of the proximal humerus prior to starting exercises to 
regain motion will cause harm is not supported by scientific data. Centers that do prescribe early 
motion after sustaining a fracture of the proximal humerus that is treated nonoperatively should be 
assured that this also does not negatively influence outcome. 
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Background 

Elbows that are unstable after injury or reconstructive surgery often are stabilized using external fixation or by 
cross-pinning of the joint supplemented by cast immobilization. The superiority of one approach or the other 
remains a matter of debate. 

Questions/purposes 

We compared patients treated with external fixation or cross-pinning in terms of (1) adverse events, (2) Broberg 
and Morrey scores, and (3) ROM.

Methods 

Between 1998 and 2010, 19 patients (19 elbows) had hinged external fixation and 10 patients (11 elbows) cross-
pinning and casting for subacute or acute posttraumatic elbow instability. Our general indications for both 
techniques were persistent elbow instability after usual treatment. Initially, we used external fixation for delayed 
treatment of fracture-dislocations and cross-pin- ning for simple elbow dislocations in patients who could not 
tolerate surgery, but more recently we have used cross- pinning for both indications. Adverse events, elbow 
scores, and ROM were retrospectively evaluated by chart review, with the latter two end points being calculated 
at a mean of 31 months (range, 5–83 months) and 10 months (range, 5–21 months) after index procedure for the 
patients treated with external fixation and cross-pinning, respectively.

Results 

Seven of 19 patients treated with external fixation experienced nine device-related adverse events: three pin 
tract infections, two nerve problems, one broken pin, one residual subluxation, one suture abscess, and one pin 
tract fracture of the ulna resulting in a nonunion. Of the 10 patients (11 elbows) treated with cross-pinning, 
one patient had pin tract inflammation that resolved with pin removal. Mean Broberg and Morrey score was 
90 (95% CI, 84–95) after external fixation and 90 (95% CI, 84–96) after cross- pinning (p = 0.88). There were 
no differences between the external fixation and cross-pinning groups in mean flexion (123⁰ versus 128⁰, p = 
0.49), extension (29⁰ versus 29⁰,p= 0.97), forearm pronation (68⁰ versus 74⁰, p = 0.56), and forearm

Conclusions  
When the elbow remains unstable after reduction and usual treatment for fractures and dislocations or has 
been out of place for more than 2 weeks, both cross- pinning and external fixation can help maintain elbow 
alignment while structures heal. Hinged external fixation is associated with more adverse events related to the 
device, but Broberg and Morrey score and ROM are similar between techniques.

Level of Evidence 

Level III, therapeutic study.
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introduction

Hinged external fixation or cross-pinning of the elbow is used to manage traumatic instability in 
the following circumstances: (1) in the setting of acute injury, when the elbow is unstable after 
ligament or bone repair or (2) when the repairs are tenuous and need to be protected with more 
than a cast (e.g., a comminuted coronoid or capitellum/trochlea fracture); (3) when the elbow has 
been subluxated or dislocated for more than 10 days; or (4) in conjunction with a reconstructive 
procedure (contracture or heterotopic bone release, interposition arthroplasty) that destabilizes 
the elbow(4, 7). It is our impression that improved recognition of fracture patterns, fixation of the 
coronoid, restoration of radiocapitellar contact, and lateral collateral ligament repair have led to less 
use of external fixation and cross-pinning(6, 8). Cross-pinning of the elbow joint holds less appeal 
than one might guess based on the fact that it is simpler than external fixation and something the 
average surgeon is capable of.     

We therefore reviewed our experience with these treatments of elbow instability by comparing 
patients treated with hinged elbow fixation or cross-pinning of the elbow in terms of (1) adverse 
events, (2) Broberg and Morrey scores, and (3) ROM.

patientS and MethodS

Our institutional review board approved this study. We retrospectively reviewed the use of hinged 
elbow fixation and cross-pinning by two surgeons (JBJ and DR) for acute and subacute elbow 
instability between 1998 and 2010.    

Two surgeons treated a total of 30 elbows in 29 adult (18 years or older) patients using either hinged 
external fixation (19 elbows in 19 patients) (Figure 1) or cross-pinning (11 elbows in 10 patients) 
(Figure 2). 

 

Figure 1. An elbow treated with external fixation Figure 2. An elbow treated with cross-pinning
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Of the 19 patients treated with hinged external fixation, there were 12 men and seven women, with 
a mean age of 47 years (range, 18–59 years) (Table 1). Fifteen were injured in a fall from a standing 
height and four in a higher-energy fall. Of the 10 patients treated with cross-pinning, there were 
nine women and one man, with a mean age of 64 years (range, 49–86 years) (Table 1). Nine were 
injured in a fall from a standing height and one in a higher-energy fall. Among the eight patients 
treated for acute injuries (within 2 weeks of injury), one had external fixation and seven had cross-
pinning. Among the 22 patients treated for subacute instability (persistent subluxation between 
2 and 8 weeks after injury), 18 had external fixation and four had cross-pinning. Static external 
fixation was not used, although several fixators were kept in static mode for the first 2 weeks. 

Cross Pinning (n=11) Hinged External Fixation (n= 19) p-value

Age§ 64 (49-86) 47 (18-59) *0.000

Men 1 12 ^0.007

Follow-Up (Months)§ 10 (5-21) 31 (5-83) *0.007

Dominant Side 2 2 ^ 0.14

No Radial Head Fracture 7 5

±0.12
Mason 1 0 0

Mason 2 2 9

Mason 3 2 5

Coronoid Fracture 7 16 ^0.37

Olecranon Fracture 2 2 ^0.61

Fall from standing height 9 15

Higher-energy fall 1 4
§values expressed as means, with ranges in parentheses; *Student’s t test; ^Fisher’s exact test; ±Chi-squared test

Table 1. Baseline Demographics 

The Compass® Hinge (Smith & Nephew, Inc, Memphis, TN, USA) was used in 14 elbows, the 
OptiROM® fixator (EBI, Parsippany, NJ, USA) in three patients, and the DJD™ (Stryker Orthopaedics, 
Mahwah, NJ, USA) in two patients. The pinning was performed with two crossed 5/64th-inch (2-
mm) Kirschner wires drilled with a slightly distal starting point on the ulna in order to cross the 
trochlea with the pin tract matching the angle of the trochlea with the shaft of the humerus. An 
oscillating drill was used to limit the risk of nerve injury. The pins were placed about 1 cm outside 
the distal humerus posteriorly to allow for easier removal in case of pin breakage. An above-elbow 
cast was applied for 3 to 4 weeks.

Fourteen patients had the fixator removed under anesthesia in the operating room and five had it 
removed in the office. The pins were buried and removed in the operating room in two elbows and 
removed in the office in nine elbows.
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Evaluation was performed by chart review at a mean of 31 months (range, 5–83 months) after 
surgery for the group treated with external fixation. Three of the 10 patients in the cross-pinning 
group had no final evaluation, two who underwent pin removal and one who died. Evaluation in the 
eight elbows (seven patients) with follow-up in this group was likewise by chart review, at a mean of 
10 months (range, 5–21 months) after surgery. The difference in follow-up duration reflects a shift 
in practice pattern away from the use of the external fixator in recent years.

Independent variables were injury mechanism, mode of treatment (hinged external fixation or 
cross-pinning), age at surgery, hand dominance, sex, follow-up in months, and the existence of 
a coronoid fracture, a radial head fracture and an olecranon fracture. Dependent variables were 
adverse events, ROM, Broberg and Morrey score and Broberg and Morrey rating. In the categorical 
Broberg and Morrey rating, 95–100 points indicates an excellent outcome; 80–94 points, a good 
outcome; 60–79 points, a fair outcome; ≤60 points, a poor outcome. Range of motion (pronation/
supination/flexion/extension) was also an independent variable measured at the outpatient clinic 
by either of the two treating surgeons as part of clinical care using a universal goniometer. Patient 
demographics were retrieved from case files by an independent researcher (JBJ and DR). Because of 
the nature of this study (retrospective), follow-up time was subject to the treatment at that time and 
not according to specific frequencies/intervals.

The Shapiro-Wilk test indicated that only a few parameters were not normally distributed, so we 
decided to use parametric tests for all data. A fisher’s exact test was use to compare the number of 
adverse events occurring in each group. (SPSS® for Windows®, Version 21.0.0; IBM Corp, Armonk, 
NY, USA). A post-hoc power analysis determined that we had 73% power to detect a 10 point 
difference in Broberg and Morrey scores with a significance level of 0.05.

reSultS

There were proportionally more complications associated with hinged fixator application, although 
the difference was not statistically significant (1/11 vs. 9/19; p = 0.11) (Table 2). In the hinged 
external fixation group, there were nine adverse events related to the device experienced by seven 
patients. Three had pin tract infections treated with oral antibiotics and removal of the fixator earlier 
than planned. One patient had breakage of an external fixation pin; the pin fragment was left in 
the humerus and the remainder of the hinge was removed in the office. Two patients had nerve 
problems related to the hinge: one had a radial nerve palsy related to retraction during insertion 
of the most proximal radial pin and the other had ulnar nerve irritation from the distal medial 
humeral Compass® hinge pin that resolved after fixator removal. One patient had a fracture through 
the proximal ulna pin tract 2 weeks after removal treated with open reduction and internal plate 
fixation. Other adverse events included a suture abscess in one patient treated with local debridement 
and oral antibiotics and residual subluxation in one patient related to insufficient coronoid process 
(in the one patient with a posterior olecranon fracture-dislocation). In the cross-pinning group, one 
patient had a superficial pin tract infection treated with pin removal and oral antibiotics.   
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After all repeat surgeries, there was no difference in mean Broberg and Morrey score; it was 90 points 
(95% CI; 84–95) after hinged external fixation and 90 points (95% CI; 84–96) after cross-pinning. 
There was no statistical difference between the groups (p = 0.88) (Table 2). The categorical ratings 
according to Broberg and Morrey were six excellent, 11 good, one fair, and one poor result in the 
hinged external fixation group and three excellent and five good results in the cross-pinning group. 
In the hinged external fixation group, the mean flexion was 123° (95% CI; 117°–130°) compared to 
a mean flexion of 128° (range, 117°–138°) in the cross-pinning group (p = 0.49). There was also no 
difference (p = 0.97) in extension between the external fixation (29°; 95% CI; 23-35) and the cross-
pinning group (29°; 95% CI; 13-44). The mean forearm pronation was 68° (95% CI; 56-80) in the 
external fixation group compared with 74 (95% CI; 64-84) in the cross-pinning group (p = 0.56). 
The mean forearm supination was 47° (95% CI; 31-64) in the external fixation group compared with 
68 (95% CI; 44-91) in the cross-pinning group (p = 0.15) (Table 2). 

Cross Pinning 
(n=11)

Hinged External Fixation 
(n= 19)

p-value

Adverse Events 1 9 $0.11

Extension 29 (13-44) 29 (23-35) ^0.97

Flexion 128 (117-138) 123 (117-130) ^0.49

Pronation± 74 (64-84) 68 (56-80) ^0.56

Supination± 68 (44-91) 47 (31-64) ^0.15

Broberg and Morrey Score± 90 (84-96) 90 (84-95) ^0.88

±Values expressed as means with 95% confidence intervals in parentheses; ^Student’s t test; $Fisher's Exact 
test

Table 2. Results

diScuSSion

Cross-pinning and static or dynamic (hinged) external fixation are used to hold the elbow joint 
reduced while the ligaments and complex or tenuous fracture repairs heal. It is our impression that 
improved recognition of fracture patterns, fixation of the coronoid, restoration of radiocapitellar 
contact, and lateral collateral ligament repair have led to less use of external fixation and cross-
pinning(6, 8). Cross-pinning seems useful, but underappreciated and perhaps underutilized. We 
therefore compared adverse events, elbow function scores, and ROM after hinged external fixation 
or cross-pinning.   

The results of this study should be viewed in light of several limitations. The sample size is small 
but reasonable given that this is an uncommon problem; perhaps even less common in recent years 
as the treatment of traumatic elbow instability has improved. It is difficult to study uncommon 
problems prospectively; and retrospective data collection and small series may miss some details or 
fail to resolve some differences between treatments that might be more apparent in larger studies. 
Follow-up was considerably longer in the external fixator group (31 months [range, 5–83 months] 
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versus 10 months [range, 5–21 months], p = 0.007), reflecting a shift in practice pattern at our site 
away from this approach in recent years; while this difference would tend to accentuate the negative 
findings in that group, the reason for the shift was the perception, borne out in general by this study, 
that the complications were more frequent and more severe in that group. The pinning cohort had 
more acute injuries, more women (9/10 vs. 7/19; p = 0.007), fewer terrible triad injuries, and was 
older (64 years [range, 49–86 years] versus 47 years [range, 18–59 years], p = 0.001), reflecting a 
clear selection bias in the initial use of this procedure for older, more infirm patients. Only eight of 
11 elbows had a final evaluation in the pinning cohort. Also, the only patient with an adverse event 
in the cross-pinning group was lost to follow up. Many of the evaluations were very short-term—
good enough for device-related complications but not long enough to know the final motion, pain, 
and arthrosis. While long-term results are desirable, the key outcome is concentric elbow reduction 
without external support. It can be argued that in an aligned elbow, the long-term outcomes relate 
more to other aspects of the injury and adverse events, than they do to the device used to keep the 
elbow in joint while the ligaments heal. 

Hinged external fixation was associated with a higher complication rate than cross-pinning (9 vs. 1; 
p = 0.11). Cheung et al. reviewed the complications associated with hinged external fixation of the 
elbow in their experience with 100 patients (1). They documented pin site irritation in 15 patients, 
superficial pin site infection in one, deep pin infection in four, fixator malalignment in one, and pin 
loosening in four. A paper by Duckworth et al.(3) describes 17 patients with a posterior dislocation of 
the elbow and either no fracture or a minimal capsuloligamentous avulsion fracture who were treated 
operatively for persistent redislocation after manipulative reduction. Two of these 17 patients could 
not tolerate (prolonged) anesthesia and had closed reduction and cross-pinning of the elbow. There 
were no reported complications with either patient. Cramer et al.(2) described 17 patients followed a 
mean of 17 months after temporary articular screw or Steinmann pin fixation for persistent elbow 
instability after an elbow or fracture dislocation. Complications included two superficial pin tract 
infections, heterotopic ossification treated with a second surgery, and one broken screw.  

In our study, hinged external fixation was able to maintain elbow alignment in all but one patient 
who may have had inadequate coronoid reconstruction with a bone graft from a radial head remnant 
and had slight subluxation. Recurrent dislocation is a known complication in patients with acute 
and subacute trauma(5), although it was not encountered in our small series, perhaps because we 
had learned from prior adverse events both in terms of indications and leaving the hinge in a static 
(nonmoving) mode early on when there is less confidence in elbow stability.

The method of keeping the elbow in the joint while bone and ligaments healed did not affect the 
ultimate Broberg and Morrey score. There was an important difference in follow-up duration that 
might have favored the cross-pinning group since these scores may deteriorate over time, but we feel 
more likely would favor the external fixation group because motion and pain can improve for more 
than 1 year after elbow surgery. 

With the numbers available, there were no differences in ROM between the two treatment 
approaches considered here. Although there was an important difference in follow-up duration, 
this is unlikely to influence this finding, because the small increases in motion among those with 
short follow-up and the slight decreases in motion that might occur with arthrosis over the years 
or decades are unlikely to change the results observed between 6 months and 5 years after surgery. 
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In conclusion, immobilization of the elbow allowed healing of ligaments and fractures, thereby 
restoring stability in difficult and complex cases of traumatic elbow instability, many of them 
subacute. The key to a reasonable result is adequate coronoid reconstruction and limited articular 
surface degeneration. Both cross-pinning of the elbow and external fixation can help maintain 
elbow alignment while structures heal. Hinged external fixation is associated with more adverse 
events related to the device, but we found no differences in Broberg and Morrey scores or ROM 
between techniques.
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abStract

Background 

Loss of contact between radial head fracture fragments is strongly associated with other elbow 
or forearm injuries. If this finding has adequate interobserver reliability, it could help examiners 
identify and treat associated ligament injuries and fractures (e.g. forearm interosseous ligament 
injury or elbow dislocation). 

Questions/purposes 

(1) What is the interobserver agreement on radiographic loss of contact between radial head 
fracture fragments? (2) Are there factors associated with the observer, such as location of practice 
or subspecialization that increase interobserver reliability? 

Methods 

Fully trained practicing orthopaedic and trauma surgeons from around the world evaluated 27 
anteroposterior and lateral radiographs of radial head fractures on a web-based platform for the 
following characteristics: (1) loss of contact between at least one radial head fracture fragment and 
the remaining radial head and neck; (2) a gap between fragments of 2 mm or greater; (3) anticipated 
fracture instability (mobility) on operative exposure; (4) anticipated associated ligament injuries; 
and (5) recommendation for treatment. Agreement among observers was measured using the 
multirater kappa measure. Kappas for various observer characteristics were compared using 95% 
confidence intervals. 

Results 

The overall interobserver agreement was moderate (range; 0.49-0.55) for each question except 
associated ligament injury, which was fair (0.33). Shoulder and elbow surgeons had substantial 
agreement (range 0.51-0.61) in many areas, but Kappas were generally in the moderate range 
(0.41-0.59) based on number of years in practice, radial head fractures treated per year, and trainee 
supervision.  

Conclusions 

Radiographic signs of radial head fracture instability, such as loss of contact have moderate reliability. 
This characteristic seems clinically useful, because loss of contact between at least one radial head 
fracture fragment and the remaining radial head and neck is strongly associated with associated 
ligament injury or other fractures. 

Level of Evidence: 

Level III, diagnostic study. 
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introduction

Some classification systems for fracture of the radial head are based on the degree of displacement 
and the size of the fracture fragments(2, 5, 10, 14, 15). The classification by Mason, being the most 
widely used, is based on fragment characteristics but does not quantify displacement. According 
to the modified classification by Broberg and Morrey, displacement of more than 2 mm and/or 
involvement of at least 30% of the articular surface indicates a displaced radial head fracture(2). A 
key distinction in fractures of the radial head is between stable fractures where the step off is the 
issue (but usually for block to motion not arthrosis, which seems rarely to be a problem after these 
injuries) and unstable fractures where the issue is stability (e.g. terrible triad, where the radial head 
plays a critical role in elbow stability)(8). 

Fracture instability at operative exposure (meaning that the fracture is loose and mobile) seems 
important, because unstable fractures are typically associated with other injuries to the elbow or 
forearm(6, 11, 17). Many partial fractures are depressed 2 mm or more but are impacted and stable 
(it takes force to move them on operative exposure) with an intact periosteum. We are curious 
whether radiographic factors such as a gap between fracture fragments or loss of contact indicate 
which fractures are mobile on operative exposure and—more importantly—which are associated 
with other fractures or ligament injuries(17). Rineer and colleagues(17) reported that partial articular 
(Mason 2) radial head fractures with at least one fracture fragment without bony contact (i.e., no 
area where the fracture fragments are immediately adjacent and it is possible that the fracture is 
stable and difficult to move on operative exposure) are 21 times more likely to be associated with 
a complex, unstable injury pattern. For this radiographic finding to be useful, its interobserver 
reliability needs to be demonstrated.

This study addresses the following study questions: (1) Is there agreement between observers on 
radiographic gap, loss of contact between radial head fracture fragments, anticipated fracture 
instability/mobility on operative exposure, anticipated associated ligamentous injury, and decision 
for surgery? (2) Are there factors associated with the observer, such as location of practice or 
subspecialization, that increase interobserver reliability? 

patientS and MethodS 

Study Design and Setting

The institutional research board at the principal investigator’s (DR) hospital approved this study. 
Twenty-seven sets of AP and lateral elbow radiographs from patients treated for a radial head 
fracture were selected based on image quality to provide a spectrum of displacement and injury 
patterns. Seven out of twenty-three fractures (30%) were whole head fractures (Figure 1 and 2) 
and fourteen out of twenty-three fractures (61%) were displaced (Figure 3 and 4) according to 
the criteria by Broberg and Morrey. We invited the members of the Science of Variation Group – 
fully trained practicing orthopaedic and trauma surgeons from around the world--to evaluate the 
radiographs on a web-based study platform (SurveyMonkey, Palo Alto, CA). 
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Figure 1. Anteroposterior radiograph of a  
displaced whole head radial head fracture 

Figure 3. Anteroposterior radiograph of a  
nondisplaced partial radial head fracture

 

Figure 2. Lateral radiograph of a displaced 
whole head radial head fracture

Figure 4. Lateral radiograph of a nondisplaced  
partial radial head fracture
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Participants
Three hundred thirty-three invitations were sent, 179 responses were received (54%, not all of the 
members treat elbow fractures), and 168 surgeons (92% men, 8% women) completed the online 
survey (94% of the initial responders). The majority practiced in the Unites States (58%), had more 
than 5 years of experience (79%), were specialized in either the hand and wrist (41%) or orthopaedic 
traumatology (45%), had trainees in the operating room (81%), and treated more than 10 elbow 
fractures a year (53%) (Table 1).          

Demographic Number (%)

Sex  

Male 155 (92%)

Female 13 (8%)

Area  

United States 97 (58%)

Europe 30 (18%)

Asia 13 (8%)

Other 12 (7%)

Canada 10 (6%)

Australia 4 (2%)

UK 2 (1%)

Specialization  

General orthopaedic surgeons 5 (3%)

Orthopaedic traumatology 75 (45%)

Shoulder and elbow 12 (7%)

Hand and Wrist 69 (41%)

Other 7(4%)

Treated elbow fractures/year  

0-5 elbow fractures in one year 22 (13%)

6-10 elbow fractures in one year 41 (24%)

11-20 elbows in one year 47 (28%)

>20 elbows in one year 58 (35%)

Trainees in the operating room  

Yes 136 (81%)

No 32 (19%)

Table 1. Observer Demographics (n=168)
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Study Description

After logon, the observers were asked general information about their practices. Subsequently, they 
were asked to answer five multiple-choice questions about fracture characteristics and treatment 
options for each of the 27 patients: (1) Is there a gap of more than 2 mm between one of the radial 
head fragments and the intact radius? (2) Is there complete loss of contact between a fracture 
fragment and the rest of the proximal radius? (3) Is the fracture unstable? (4) Are there likely to be 
associated ligament injuries or fractures? (5) Would you recommend operative treatment? 

Variables, Outcome Measures, Data Sources, and Bias

Independent variables were observer characteristics and fracture characteristics. Dependent 
variables were binominal (yes/no answers to the questions). Agreement among observers was 
determined using the multirater kappa measure described by Siegel and Castellan(18). The multirater 
kappa measure is a frequently used statistic measure to describe chance-corrected agreement 
between ratings made by multiple observers (interobserver reliability) or between ratings made by 
one observer on multiple occasions (intraobserver reliability)(16). The generated kappa values were 
interpreted according to the guidelines by Landis and Koch(12): values of 0.01 to 0.20 indicate slight 
agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substantial 
agreement; and more than 0.81, almost perfect agreement. Zero indicates no agreement beyond that 
expected resulting from chance alone, –1.00 means total disagreement, and +1.00 represents perfect 
agreement. The only incentive for observers to participate was group authorship. 

Statistical Analysis

As a measure of power, the precision was determined for estimating the true value of kappa in the 
population based on a 95% confidence interval for a kappa of 0.30 in 27 subjects (i.e., 27 radiographs) 
of radial head fracture rated by 168 observers. According to the Fleiss-Cuzick estimator of kappa in 
the case of equal numbers of ratings for each subject, the 168 observers and 27 subjects provide a 95% 
precision of the true kappa value of ± 0.18 around the observed value of kappa(20). Multirater kappas 
were calculated with use of SPSS for Windows, 21.0.0.0 2012. (SPSS Inc, Chicago, IL, USA).

reSultS

Interobserver Agreement

The interobserver agreement of the surgeons who participated in the survey was moderate 
(reference value, 0.41-0.60) for diagnosing a gap between radial head fracture fragments of more 
than 2 mm (κ = 0.55) and also for diagnosing a complete loss of bony contact between fragments 
(κ = 0.43), classifying a fracture of the radial head as unstable (κ = 0.49), and for recommending 
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operative treatment (κ = 0.52). There was fair (reference value, 0.21-0.40) interobserver reliability for 
diagnosing anticipated ligament injuries associated with the radial head fracture (κ = 0.33) (Table 2). 

Variable Categorical κ (95% CI)*

Gap of >2mm Moderate 0.55 (0.53, 0.58)

Complete loss of cortical contact Moderate 0.43 (0.43, 0.44) 

Unstable fracture Moderate 0.49 (0.48, 0.50)

Associated ligament injuries/fractures Fair 0.33 (0.32, 0.34) 

Recommend operative treatment Moderate 0.52 0.51, 0.54)

* CI calculated (x? [1.96 x SEM], x + [1.96 x SEM]); CI = confidence interval.

Table 2. Interobserver Agreement

Factors Associated with Increased Interobserver Agreement  

Shoulder and elbow surgeons were the only subset of surgeons that agreed substantially (range 0.51-
0.61) in diagnosing a gap of more than 2 mm, anticipating fracture instability and recommending 
operative treatment. General orthopaedic surgeons had only fair or slight agreement on all five 
questions. Surgeons specialized in either orthopaedic traumatology or hand and wrist scored 
moderate on all five questions except for anticipated ligament injuries (Table 3).

The interobserver variability of complete loss of cortical contact, anticipated fracture instability, 
and anticipated associated ligament injuries were also affected somewhat by years in practice, 
supervision of trainees in the operating room and number of elbow fractures treated in a year. 
(Tables 4, 5 and 6)    
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diScuSSion

Loss of contact between radial head fracture fragments is strongly associated with other elbow 
or forearm injuries(17). A reliable radiographic sign of radial head fracture instability could help 
examiners anticipate and properly treat associated fractures and ligament injuries. We aimed to 
assess interobserver agreement on radial head fracture characteristics based on radiographs and to 
try to identify factors associated with increased interobserver reliability.

This study should be interpreted in light of several limitations. The quality of the radiographs 
was determined by what was obtained in the emergency department and was not standardized. 
No CT scans were available in the survey. Observers had no information about the patient or the 
injury. Also, we did not give observers any training or reference values on e.g. what defined ‘loss of 
contact’ or ‘gap’. Also, this study was limited to interobserver agreement only, because intraobserver 
agreement is less relevant to clinical practice and because it is more practical to have the members 
of the collaborative volunteer one 20- to 30-minute session. Intraobserver agreement tends to be 
much less of a problem for most types of radiological diagnosis and studies consistently show that 
more sophisticated imaging improves intraobserver variation more than interobserver variation(1, 

13, 19) . We also asked many secondary study questions of the data, including variations based on 
training and experience, all of which should be interpreted with caution and considered primarily 
hypothesis-generating. The members of our collaborative and those who chose to participate in this 
study may not be representative of the average surgeon. Our collaborative includes many types of 
surgeons and a decision not to participate generally means they are either not familiar with the topic 
or too busy at the time. 

Because this is a reliability study, we did not have an interoperative evaluation of the fracture as a 
reference standard and cannot comment on the validity of the answers of the surgeons. The next step 
would be interoperative verification of loss of bony contact as a radiographic predictor of radial head 
fracture instability and associated fractures or ligament injuries and determine to what extent these 
findings changed prognosis and treatment. Finally, intuitively one might expect higher kappa’s for 
e.g. loss of contact, than our study results depict. It is possible that in imbalance in marginal totals 
(e.g. the way in which the fractures with and without loss of contact have been distributed in our 
study) have resulted in the “ kappa paradox”; a result with lower kappa’s than one might expect(3, 4, 9).

The interobserver agreement on the radiographic diagnosis of loss of bony contact was moderate 
overall, suggesting that this is a useful radiographic finding that can be used to guide management 
and counsel patients. When a surgeon evaluating a radiograph of a radial head fracture diagnoses 
a gap between fracture fragments and loss of bony contact, he or she should understand that this 
diagnosis is moderately reliable and strongly associated with a risk of associated ligament injuries or 
fractures of the forearm or elbow. Our findings are consistent with Doornberg et al.(7) who measured 
substantial intraobserver and moderate interobserver reliability of classification of radial head 
fractures according to the modified Mason classification by Broberg and Morrey. 

The observations based on training and experience were inconsistent with only the subgroup 
of shoulder and elbow surgeons having somewhat better agreement, so these should not be 
overinterpreted. Our interpretation of the findings of these secondary analyses is that there is no 
single factor (such as experience for instance) that accounts for interobserver variation. 
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Interobserver variation is greater than one would expect even for simple diagnoses such as 
radial head contact and a large amount of the variation among observers remains unexplained.  
Interobserver variation therefore merits additional study to determine ways to reduce observer 
variation other than more sophisticated imaging and simplified classifications (which have only 
helped to a limited degree).

Loss of contact of radial head fracture fragments on radiographs is associated with intraoperative 
fragment mobility/instability and usually indicates other injuries to the elbow or forearm, which can 
be important but subtle (e.g. interosseous ligament injury of the forearm). This study documents 
moderate reliability in the diagnosis of a gap between fracture fragments on radiographs. We 
recommend that clinicians inspect radiographs for loss of contact and a gap between between radial 
head fracture fragments and scrutinize patients with this finding carefully for possible interosseous 
ligament injury, self-reduced elbow dislocation, or associated fractures.  Future studies can address 
whether other tests (e.g. computed tomography) are even more reliable and accurate. 
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abStract

Background

The choice between operative or nonoperative treatment is questioned for partial articular fractures 
of the radial head that have at least 2 millimeters of articular step-off on at least one radiograph 
(defined as displaced), but less than 2 millimeter of gap between the fragments (defined as stable) 
and that are not associated with an elbow dislocation, interosseous ligament injury, or other 
fractures. Up to this moment there are no prospective randomized trials addressing this debate. 

The fractures described above are often classified as Mason type 2 fractures. In the time that Mark 
Mason wrote his landmark paper on the classification of radial head fractures in 1953, patients 
with isolated displaced partial articular fractures were treated nonoperatively. If patients had poor 
forearm rotation after fracture consolidation, radial head excision was considered. Since the advent 
of smaller screws and headless screws, open reduction and internal fixation has become more 
popular.  Retrospective comparative studies suggest that operative treatment might be better than 
nonoperative treatment, but the long-term results of nonoperative treatment are very good1–4. Most 
experts agree that problems like reduced range of motion, painful crepitation, nonunion or bony 
ankylosis are infrequent with both nonoperative and operative treatment of an isolated displaced 
partial articular fracture of the radial head, but determining which patients will have problems 
is difficult. A prospective, randomized comparison would help minimize bias and determine the 
balance between operative and nonoperative risks and benefits. 

Methods

The RAMBO trial (Radial Head – Amsterdam – Amphia – Boston - Others) is an international 
prospective, randomized, multicenter trial. The primary objective of this study is to compare patient 
related outcome defined by the ‘Disabilities of Arm, Shoulder and Hand (DASH) score’ twelve 
months after injury between operative and nonoperative treated patients. Adult patients with partial 
articular fractures of the radial head that comprise at least 1/3rd of the articular surface, have ≥ 2 
millimeters of articular step-off but less than 2 millimeter of gap between the fragments will be 
enrolled. Secondary outcome measures will be the Mayo Elbow Performance Index (MEPI), the 
Oxford Elbow Score (OES), pain intensity through the ‘Numeric Rating Scale’, range of motion 
(flexion arc and rotational arc), radiographic appearance of the fracture (heterotopic ossification, 
radiocapitellar and ulnohumeral arthrosis, fracture healing, and signs of implant loosening or 
breakage) and adverse events (infection, nerve injury, secondary interventions) after one year. 

Discussion

The successful completion of this trial will provide evidence on the best treatment for stable, 
displaced, partial articular fractures of the radial head.

Trial registration 

The trial is registered at the Dutch Trial Register: NTR3413.
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background 

In 1953, Mark Mason wrote his landmark paper on the classification of radial head fractures5. 
Despite several modifications, the classification is still limited with regards to the description of 
stability of the fractured fragments. Fracture stability is potentially important because unstable 
fractures are typically associated with other injuries to the elbow or forearm6–8. We therefore prefer 
describing the characteristics of the fracture we are addressing; stable, displaced, partially articular 
fractures of the radial head. 

Open reduction and internal fixation (ORIF) of fractures of the radial head became popular after 
the advent of implants and techniques for the fixation of small articular fracture fragments9–14. 
Subsequently, enthusiasm grew with reports of good results on operative treatment of isolated, 
displaced, partial articular fractures11–13,15.

Members of our study group described satisfactory long-term elbow function following ORIF of 
these fractures, but with a high complication rate of 44%16. A limitation of this study was the fact that 
many of the screws used were of a larger diameter than those that would be used today. 

A recent meta-analysis by Kaas et al. compared the results of operative and nonoperative treatment 
of isolated, displaced, stable, partial articular fractures of the radial head17. Nine retrospective case 
series describing 224 patients met their inclusion criteria. Successful treatment was defined as an 
excellent or good result according to various performance scores. Nonoperative treatment was 
successful in 114 of 142 patients (80%) pooled from the studies. Subsequent operative treatment 
after failed nonoperative treatment was reported in three patients (2%). Open reduction and internal 
fixation was successful in 76 of 82 patients (93%), with subsequent surgery in four patients (5%). 
These differences were statistically significant; however, the authors noted that the level of evidence 
of the included studies was too low to support any firm conclusions. 

There is currently no consensus as to the optimal treatment of patients with isolated, displaced, 
stable, partial articular fractures of the radial head. This multicenter prospective randomized trial 
compares DASH scores twelve months after screw fixation vs. nonoperative treatment and will help 
to find the balance between operative and nonoperative risks and benefits. 

MethodS

Study Design

The RAMBO trial is a prospective, international multicenter, randomized controlled trial. Two 
academic and six teaching hospitals in the Netherlands as well as a teaching hospital in the United 
States and a teaching hospital in Canada will participate. 
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Recruitment and consent

All adult patients with partial articular fractures of the radial head that comprise ≥ 1/3rd of articular 
surface, have ≥ 2 millimeters of articular step-off but less than 2 millimeters of gap between the 
fragments presenting to either the emergency department or the outpatient departments of the 
participating hospitals will be invited to participate in the trial. The fractures are evaluated on 
standard anteroposterior (AP) and lateral radiographs with optional Greenspan view. An additional 
Computed Tomography (CT)-scan with axial, coronal and sagittal reconstructions will be made for 
post-hoc analysis.

The treating surgeon or a member of the study staff will introduce and explain the trial to the patient 
and address any questions the patient might have. The patient will receive a written information 
form and a consent form. After receiving informed consent, eligible patients will be randomized. We 
will use a block randomization strategy with random blocksize and stratify for participating country 
and age of the patients. Age groups will be 18-49 and ≥50 years old. Applicants will be allocated to 
either operative or nonoperative treatment using a web-based randomization program. This web-
based program is secure and only members of the study staff have login credentials. It is not possible 
to blind surgeons and patients for the allocated treatment. 

Study population

Patients with the following inclusion criteria are eligible for enrollment:

•	 ≥18 years of age

•	 Partial articular fractures of the radial head that comprise at least 1/3rd of the articular surface, 
have at least 2 millimeter of articular step-off but less than 2 millimeter of gap between the 
fragments

•	 Diagnosis based on an AP and Lateral radiograph (with additional Greenspan view if necessary)

•	 A CT-scan will be obtained after enrollment/randomization

•	 Fracture amenable to screw fixation according to pre-operative judgment of operating surgeon

•	 Definitive treatment initiation <10 days after date of injury.

If any of the following criteria apply, patients will be excluded:

•	 Polytraumatized patients (ISS >15)

•	 Other fractures or dislocations of the ipsilateral or the contralateral upper extremity

•	 Radial head fracture as part of an elbow dislocation or associated fractures of the ipsilateral 
elbow or forearm
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•	 A nondisplaced or comminuted fracture (also know as Mason type 1 or 3) 

•	 Open fracture

•	 Pathologic fracture 

•	 Previous ipsilateral olecranon/distal humerus/radial head fracture

•	 Pre-existent neurological disorders affecting the upper extremity

•	 Patient unable to follow treatment protocol

•	 Unfit for general anesthesia and/or operative management. 

Intervention

Patients that are assigned to nonoperative management will receive a sling for comfort and are 
instructed to start active and active-assisted range of motion exercises after a resting period of 48 
hours. Patients that are assigned to ORIF will be treated by screw fixation of the radial head. The 
approach as well as the number and type of screws used is subject to the preference of the treating 
surgeon and will be recorded in our study log. 

Patients in both cohorts will be given a leaflet containing instructions for exercises to regain 
motion. Patients that prefer to do their exercises with coaching and supervision can work with an 
occupational or physical therapist or see their surgeon more frequently. 

Outcome measures

The primary outcome measure is the DASH outcome measure; a validated, self-reported 
questionnaire designed to help describe the disability experienced by people with upper-limb 
disorders and also to monitor changes in symptoms and function over time18–20.The DASH outcome 
measure is scored in two components: the disability/symptom section (30 items, scored 1-5) and 
the optional high performance Sport/Music or Work section (4 items, scored 1-5). The DASH gives 
a score out of 100, in which a higher score indicates greater disability. The DASH outcome score is 
validated in both the English and Dutch language. 

Secondary outcome measures consist of;

•	 The Oxford Elbow Score (OES), which reflects both function and pain following elbow surgery. 
The OES consists of three domains; pain, function and social-psychological. Each domain 
comprises of 4 questions with 5 response options per question. Each response is scored 0 to 4, 
with 0 representing greater severity. Scores for each domain are calculated as the sum of each 
individual item score within that domain. These scores are then converted to a metric score 
between 0 and 100 (a lower score represents greater severity)21,22.
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•	 The Mayo Elbow Performance Index (MEPI), which is based on 4 domains (pain, range of 
motion, stability and elbow function). A total score between 95 and the maximum 100 points is 
considered excellent; 80–95 is good; 60–80 is fair and less than 60 points is poor23. 

•	 Elbow pain; Pain level will be determined using the Numeric Rating Scale, an 11–point scale for 
patient self-reporting of pain 

•	 Active and passive ROM (flexion, extension, pronation, supination) of both elbow joints will be 
measured on both sides using a universal goniometer.

•	 Crepitance or block to motion will be assessed with elbow and forearm motion at admission and 
every follow up visit   

•	 Number of complications (infection, neurovascular compromise, subsequent or secondary 
intervention, arthrosis)

•	 Determining the need for secondary interventions

•	 Radiographic appearance of the elbow joint will be evaluated on the anteroposterior and lateral 
radiographs at one year. Heterotopic ossification will be classified as a bone exostosis or as 
soft tissue ossification of a ligament, capsule or muscle (“myositis ossificans”) according the 
classification scheme of Broberg and Morrey24; degenerative changes of the radiocapitellar and 
ulnohumeral joints will be classified as grade zero (no change), grade 1 (slight narrowing of the 
joint space with small osteophytes), grade 2 (moderate narrowing of the joint space, osteophytes 
and subchondral sclerosis), or grade 3 (severe narrowing of the joint space, large osteophytes, 
subchondral sclerosis and cystic deformation). The final radiographs will also be evaluated for 
fracture healing and signs of hardware failure or other complications. 

Study procedures

Clinical assessment will be performed at admission (baseline), three, six months and one year after 
treatment initiation. At each follow-up visit the surgeon will perform a physical examination of 
both elbows and complete the MEPI and NRS scores. Simultaneously, the patient will be sent a link 
to the online, patient-specific DASH and OES questionnaires: this will be monitored by the study 
coordinator. At the two weeks and twelve months follow-up visit an AP and lateral radiograph of the 
elbow will be made. At the last follow-up visit, an independent and blinded researcher will record 
any interventions, complications and physical therapist visits. 

Sample size calculation

The primary outcome variable will be the DASH, which has a minimal clinically important difference 
of 17 for the elbow20. Consequently, a 2-sided unpaired T-test with an alpha-level of 0.05, a beta-level 
of 0.1, and an allocation ratio of 1, requires 31 patients in each group to detect an effect size of 0.85. 
Anticipating a dropout rate of 25%, a sample size of 39 patients in each arm is required.
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Statistical analysis

Normality of continuous data will be tested with the Shapiro-Wilk and Kolmogorov-Smirnov 
test as well as by inspecting the frequency distributions (histograms). Homogeneity of variances 
will be tested using the Levene’s test. The analysis will be performed on an intention to treat basis. 
Patients with protocol violations will remain in follow-up, and data will be recorded. Data will be 
analyzed with and without inclusion of patients with a protocol violation. Descriptive analysis will 
be performed to report baseline characteristics in both treatment groups. For continuous data (e.g. 
age), means and standard deviations (parametric data) or medians and percentiles (nonparametric 
data) will be calculated. For categorical data (e.g. gender) frequencies will be calculated. 

Patients will be analyzed according to the intention-to-treat protocol. The primary outcome, DASH 
at one year will be corrected for age and assessed using an analysis of covariance (ANCOVA). Trends 
in DASH scores among the different time points will be assessed using a repeated measures ANOVA 
if the data is normally distributed. The secondary outcomes; MEPI, OES, pain as indicated on a 
Numerical Rating Scale (NRS), Range of Motion (ROM) will be analyzed in a similar manner. The 
radiological outcome, number of conversions and complication rate will be determined using either 
a Fisher Exact or a Chi square test, depending on the order of magnitude of the results. 

Ethical considerations

Considering current evidence, no clear preference exists for either one of the treatment allocations 
in this study. Both treatment modalities are regularly applied for these fractures in each of the 
participating institutions. All surgeons participating in this study are familiar with nonoperative and 
operative management of patients with radial head fractures. Except for the assignment of treatment, 
management will not differ from patients with similar conditions that are not enrolled in the study. 
Patients will be exposed to radiation from radiographs. However, this exposure is part of routine 
clinical care and represents no increased risk. No additional radiographs will be made as part of 
this study. The risks and discomfort of participating in this study do not exceed those of expected 
of standard treatment for this condition. Patients may be inconvenienced by the questionnaires, but 
we consider this a minor inconvenience, as they will take approximately 10 minutes to complete and 
can be filled in online.  

There is no incentive for patients to participate in this trial. The motivation for the study is a potential 
benefit to all patients with radial head fractures, as we increase our knowledge on optimal treatment 
of these fractures.

Monitoring and quality assurance

This study has been approved by the Institutional Review Board of the principal investigators 
hospital under the number: NL38903.008.11. Approval of local Medical Ethical Committees will 
be obtained in all participating hospitals separately. At the time of press, local approval was already 
obtained for 5 out of 9 participating hospitals. All signed informed consent forms will be filed in 
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locked cabinets in research offices. Any personal information collected during this study will be 
placed in a research folder, and not added to the patient’s medical record unless expressly requested 
by the patient. Functional results (range of motion, complications) and questionnaires will be 
collected digitally and stored on a password-protected, secured server to which only study staff will 
have access. Apart from date of birth of included patients, no personal data will be stored digitally. 

A member of the study staff will be responsible for monitoring outcomes.  No independent 
monitoring will occur. All investigators and study staff will be responsible for reporting adverse 
effects to the coordinating investigator. Our coordinating investigator will report adverse events to 
the ethical committee in accordance with the ethical committee adverse event reporting procedures. 
The coordinating investigator and the principal investigator are responsible for adherence to all 
ethical committee rules and guidelines and for the accuracy and completeness of all forms, entries, 
and informed consent.

diScuSSion

To date there have been no prospective randomized trials comparing nonoperative treatment and 
ORIF for stable, displaced, partial articular fractures of the radial head. The RAMBO trial will 
compare management of these fractures of the radial head by nonoperative treatment and ORIF.  
Open reduction and internal fixation may lead to a better ROM, but may also carry a higher risk of 
complications. Patient enrollment has started in November 2012 and we expect to enroll 4 patients 
per month. Considering the one-year follow-up, publication of data will be expected in 2015.
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This thesis describes several aspects of classification and management of shoulder and elbow trauma. 

Part 1 consists of an introduction to this thesis and includes chapter 1 and chapter 2. Part 2 of this 
thesis focuses on shoulder trauma and encompasses chapter 3, 4 and 5. Part 3 focuses on elbow 
trauma and includes chapter 6, 7 and 8. 

part 1: introduction

Chapter 1 of this thesis describes the epidemiology, pathomechanisms, classification and treatment 
of both proximal humerus fractures as well as shoulder dislocations.

Certain questions are posed in this chapter based on lack of evidence in current literature; - is the 
AO-classification for proximal humerus a reliable classification? – What is the best treatment of 
a primary anterior shoulder dislocation? And – what is the optimal time frame in which to start 
shoulder exercises in case of a nonoperatively treated proximal humerus fracture? These questions 
will be answered in part 2 of this thesis. 

Chapter 1 also describes epidemiology, pathomechanisms, classification and treatment of radial 
head fractures and elbow dislocations. Questions posed in this section are covered in part 3 of 
this thesis; - what is the best treatment for elbow instability after trauma or reconstructive surgery; 
cross-pinning or hinged external fixation? – What is the interobserver agreement on radial fracture 
characteristics and suspected instability of the elbow? And – what is the best treatment for Mason 
type 2 radial head fractures; nonoperative or screw fixation?

Researchers may encounter a statistical pitfall of the kappa value when analyzing results of 
interobserver studies; the so-called Kappa Paradox. The Kappa Paradox describes the phenomenon 
that the kappa value (a statistical measure of agreement) is lower than one might expect based on 
the absolute agreement (the percentage of times that observers agree with each other)(3, 6). Chapter 
2 explains the Kappa Paradox by using examples from interobserver studies, and subsequently 
demonstrates how the kappa value is influenced by the distribution of cases in a dataset. With a 
binary outcome measure it is important to ensure that both choice options are equally distributed 
in the dataset. In other words; the number of x-rays with a fracture should be equal to the number 
of x-rays without one. When the cases are unequally distributed the kappa value can turn out lower 
than one might expect based on the total percentage of agreement. When interpreting results of 
interobserver studies this paradox should be taken into account because low kappa values do not 
always mean there is a low agreement. 

part 2: Shoulder trauMa

Interobserver agreement of classification of proximal humerus fracture has proven to be limited. 
The addition of 2D and even 3D CT-scans to plain films has not improved agreement. Chapter 
3 describes a study in which 106 observers were asked to classify 15 proximal humerus fractures 
based on either 2D CT-scans or 3D-CT scans. Interobserver agreement of the AO classification 
was significantly better when using 2D-CT-scans, but was still only slight (0.19). For this reason we 
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do not find the AO classification reliable in classifying proximal humerus fractures. Interobserver 
agreement of fracture characteristics such as displacement of the greater tuberosity, and presence 
of a head-split was only slight (0.00-0.20) to fair 0.21-0.40) despite high absolute agreement (87%-
97%). This phenomenon may be explained by the previously mentioned Kappa Paradox. 

In Chapter 4 we discuss the results of a literature review of the current views on operative treatment 
of a primary anterior shoulder dislocation. This literature review was performed because the 
Dutch CBO guideline recommends nonoperative treatment as the treatment of choice after a 
primary anterior shoulder dislocation(1). However, active young adults are known to have up to 
a 90% increased risk of recurrent dislocation after nonoperative treatment of a primary shoulder 
dislocation(4, 8, 14). Shoulder stabilizing surgery reduces this recurrence rate and improves long-term 
functional outcome. A recently published randomized trial reported a significantly higher recurrence 
rate after arthroscopic stabilizing surgery compared with an open approach, but no difference in 
functional outcome between the two approaches. Because most studies enrolled (young) adult men, 
we therefore recommend a shoulder stabilizing surgery for young adult men with a primary anterior 
shoulder dislocation.

Chapter 5 presents the data of a randomized controlled trial comparing early (within three weeks of 
injury) with late (after 4 weeks of injury or after healing has commenced) exercises after nonoperative 
treatment of a proximal humerus fracture. Sixty-three patients were enrolled in the study, 31 in the 
early group and 32 in the late group. Thirteen patients were lost to follow-up. Data of fifty patients 
(26 early, 24 late) were used for analysis, which showed no significant difference in forward flexion 
after six months between the two study groups. We conclude that patients who are not able to start 
exercising immediately following trauma are not at risk for a worse functional outcome. 

part 3: elbow trauMa

In Chapter 6 we present the data of a retrospective study comparing external fixation with cross-
pinning to stabilize the elbow. Inclusion criteria consisted of patients with elbow instability after 
ligament repair or fracture treatment and/or instability after reduction of an elbow dislocation. Of 
the 19 patients treated with hinged external fixation, seven patients experienced nine fixator-related 
adverse events. These included three pin tract infections, two radial nerve problems, one broken 
pin, one residual subluxation, one suture abscess, and one pin tract fracture of the ulna resulting 
in a nonunion. Of the 10 patients (11 elbows) treated with cross-pinning, one patient had pin tract 
infection that resolved after pin removal. There were no differences between the external fixation 
and cross-pinning groups with respect to Broberg and Morrey Scores and range of motion (ROM).  
Based on this study we conclude that both cross-pinning and external fixation can help maintain 
elbow alignment while structures heal after treatment for elbow instability. Hinged external fixation 
is associated with more adverse events related to the device, but there is no difference in functional 
outcome (Broberg and Morrey Scores and ROM). 
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Chapter 7 presents the data of an interobserver study comparing radial head fracture characteristics 
based on plain x-rays. Hundred-and-sixty-eight observers evaluated twenty-seven radial head 
fractures for fracture characteristics such as loss of contact between radial head fracture fragments, 
ligamentous injury and anticipated elbow instability. The overall interobserver agreement was 
moderate (range; 0.49-0.55) for each question except associated ligament injury, which was fair 
(0.33).  Based on these study results we conclude that radiographic signs of radial head fracture 
instability, such as loss of contact, have moderate reliability and seem clinically useful. 

For Mason type two radial head fractures, or, partially articular, non displaced radial head 
fractures, the method of treatment remains controversial. Level 1 evidence is lacking on the 
superiority of either nonoperative treatment or treatment with screw fixation(2, 5, 7, 9, 10, 12, 13)  
Chapter 8 is a study protocol of a randomized controlled international trial comparing the DASH 
scores after six months between patients treated with either nonoperative treatment or screw 
fixation; the ‘RAMBO-trial’. Enrollment has started in various hospitals and 13 patients have already 
been enrolled. 
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concluSionS

•	 When interpreting results of interobserver studies readers should be aware of the Kappa 
Paradox; a phenomenon in which a high absolute agreement may be accompanied by low kappa 
values. This may be caused by an unequal distribution of cases and answers in a dataset and can 
therefore be prevented by incorporating equal distribution of each outcome option in a study 
design.

•	 The AO-classification has low interobserver agreement for classification of proximal humerus 
fractures. A 3D CT-scan does not have additional value in both the classification of proximal 
humerus fractures and assessment of fracture characteristics such as the presence of a humeral 
head split, glenohumeral dislocation, displacement of the greater tuberosity or compromization 
of the arterial supply to the humeral head.

•	 Shoulder stabilizing surgery after a primary anterior shoulder dislocation reduces the 
recurrence rate and improves the functional outcome over the long term in young adult males. 
Shoulder stabilizing surgery using an open approach has a lower recurrence rate than through 
an arthroscopic approach, but there is no difference in functional outcome between the two 
approaches. 

•	 Patients with a nonoperatively treated proximal humerus fracture who are not able to start 
exercising immediately following trauma are not at risk for a worse functional outcome. 

•	 Assessing fracture characteristics, ligamentous injury and anticipated elbow instability based on 
plain x-rays of radial head fractures has acceptable interobserver agreement and may be used 
in daily practice.

•	 Both cross-pinning and hinged external fixation are suitable to stabilize the elbow following 
trauma or reconstructive surgery; the range of motion is comparable, however hinged external 
fixation has more adverse events.

•	 The optimal treatment for Mason type 2 radial head fractures remains subject of debate. To 
generate evidence on the superior treatment a protocol has been established comparing 
nonoperative vs. operative treatment with screw fixation. This trial has commenced and so far 
13 patients have been enrolled.
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nederlandSe SaMenvatting

Dit proefschrift beschrijft de verschillende aspecten van de classificatie en behandeling van 
schouder- en elleboogtrauma. 

Deel 1 bestaat uit een introductie van dit proefschrift. Dit beslaat hoofdstuk 1 en hoofdstuk 2. Deel 2 
van dit proefschrift concentreert zich op schoudertrauma en beslaat hoofdstuk 3, 4 en 5. Deel 3 van 
dit proefschrift richt zich op classificatie en behandeling van elleboogtrauma en beslaat hoofdstuk 
6, 7 en 8. 

deel 1: introductie

Hoofdstuk 1 beschrijft de epidemiologie, pathomechanismen, classificatie en behandeling van 
zowel proximale humerusfracturen als anterieure schouderluxaties. Hierbij wordt een aantal vragen 
gedefinieerd, op basis van hiaten in de huidige literatuur; - is de AO- classificatie betrouwbaar om 
proximale humerusfracturen te classificeren? – Welke behandeling dient toegepast te worden na een 
eerste anterieure schouderluxatie? En – wat is het ideale tijdstip om te beginnen met mobiliseren bij 
conservatief behandelde proximale humerusfracturen? Deze vragen worden beantwoord in Deel 2 
van dit proefschrift. 

Hoofdstuk 1 beschrijft verder de epidemiologie, pathomechanismen, classificaties en huidige 
behandelstrategieën van radiuskopfracturen en instabiliteit van de elleboog. Ook hier wordt een 
aantal vragen geformuleerd , die in Deel 3 van dit proefschrift worden beantwoord; - wat is de 
beste behandeling van instabiliteit van de elleboog na trauma of na reconstructieve chirurgie; 
gekruiste k-draden of een fixateur externe? - Wat is de interobserver overeenkomst van fractuur 
karakteristieken en verwachte instabiliteit van de elleboog? En - wat is de beste behandeling van 
Mason type 2 radiuskopfracturen; conservatief of toch middels schroeffixatie?

Bij de analyse van data van interobserver studies blijkt er soms sprake te zijn van een statistische 
valkuil, de zogenaamde Kappa Paradox. Dit betekent dat de kappa waarden (een statistische maat 
van overeenkomst) lager uitvallen dan verwacht wordt op grond van de absolute overeenkomst (de 
absolute overeenkomst is het percentage van het totaal aantal maal dat de onderzoekers het met 
elkaar eens zijn). In hoofdstuk 2 wordt de Kappa Paradox uitgelicht aan de hand van een aantal 
voorbeelden uit interobserver studies, waarbij aangetoond wordt dat de kappa waarde afhankelijk 
is van de manier waarop casus in een dataset worden verdeeld. Bij een binaire uitkomstmaat is het 
daarom van belang dat beide keuzemogelijkheden even vaak voorkomen in een dataset. Met andere 
woorden; het aantal röntgenfoto’s met een fractuur dient gelijk te zijn aan het aantal foto’s zonder 
fractuur. Bij een ongelijke verdeling van casus kan de kappa waarde laag uitvallen terwijl er wel 
een hoge mate van absolute overeenkomst is. Bij het interpreteren van resultaten van interobserver 
studies dient rekening gehouden te worden met deze paradox omdat een lage kappa waarde dus niet 
per definitie betekent dat er een slechte mate van overeenkomst is.
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deel 2: claSSificatie en behandeling van SchoudertrauMa

De interobserver overeenkomst van classificaties van proximale humerusfracturen is tot nu toe beperkt 
gebleken. Ook het toevoegen van CT scans en zelfs 3D-CT scans aan de conventionele opnamen om 
proximale humerusfracturen te classificeren heeft aan deze overeenkomst niet veel bijgedragen. In 
Hoofdstuk 3 wordt een studie beschreven, waarin een groep van 106 chirurgen wordt gerandomiseerd 
om aan de hand van standaard CT-scans of 3D CT-scans 15 proximale humerusfracturen te classificeren.  
De interobserver overeenkomst van de AO-classificatie was significant beter op basis van standaard 
CT-scans dan op 3D CT-scans, maar was in beide groepen nog steeds gering (0.19). Wij achten de 
AO classificatie derhalve geen betrouwbaar classificatiesysteem voor proximale humerusfracturen. 
De interobserver overeenkomst van de fractuurkarakteristieken, zoals de aanwezigheid van een 
‘head split’ en een gedisloceerd tuberculum majus waren slechts ‘gering’ (0.00-0.20) tot ‘matig’ (0.21-
0.40) ondanks hoge absoluut percentage van overeenkomst van 87 tot 97%. Een verklaring voor dit 
fenomeen kan worden gevonden in de hierboven beschreven Kappa Paradox. 

In Hoofdstuk 4 worden de uitkomsten van een literatuurstudie naar de indicaties voor een operatieve 
stabilisatie van het schoudergewricht na een eerste schouderluxatie besproken. Deze literatuurstudie is 
opgezet omdat de Nederlandse CBO-richtlijn een conservatieve behandeling voor een eerste anterieure 
schouderluxatie door middel van kortdurende immobilisatie van de schouder na repositie adviseert.  
Actieve jongvolwassenen hebben echter een grote kans, tot 90%, op een recidiefluxatie na 
conservatieve behandeling van een eerste schouderluxatie. Recidiverende schouderluxaties 
kunnen leiden tot schade aan het schoudergewricht en een slechtere schouderfunctie. Een 
schouderstabiliserende operatie verlaagt de recidiefkans en verbetert de functionele uitkomst op 
lange termijn. Een onlangs verschenen gerandomiseerd onderzoek toont dat een open techniek 
minder recidiefkans heeft dan een arthroscopische techniek Aangezien de meeste studies, (jong)
volwassen mannen hebben geïncludeerd, richten wij ons advies op deze groep. We raden aan na een 
eerste anterieure schouderluxatie een schouderstabiliserende operatie te overwegen bij actieve jong 
volwassen mannen.  

Hoofdstuk 5 geeft de resultaten weer van een gerandomiseerd onderzoek dat vroege 
schouderoefeningen (binnen drie weken na trauma) met late oefeningen (vier weken na trauma) 
met elkaar vergelijkt in patiënten met een conservatief behandelde proximale humerusfractuur.

Drieënzestig patiënten werden geïncludeerd in de studie, eenendertig in de vroege groep en 
tweeëndertig in de late groep. Dertien patiënten waren lost to follow-up. Data van 50 patiënten (26 
vroeg en 24 laat) werden geanalyseerd waarin geen significant verschil in anteflexie na zes maanden 
tussen beide groepen werd gezien. 

Concluderend ondervinden patiënten die niet in staat zijn om snel te beginnen met oefeningen 
na een fractuur van hun proximale humerus geen functioneel nadeel van het later starten van 
oefeningen. 
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deel 3: claSSificatie en behandeling van elleboogtrauMa

Hoofdstuk 6 beschrijft een retrospectieve studie die scharnier externe fixatie met gekruiste 
Kirschner-draden (K-draden) door het olecranon en de humerus vergelijkt als methode om de 
elleboog te stabiliseren. Inclusiecriteria waren patiënten met persisterende instabiliteit na repositie 
van een eenvoudige elleboogluxatie en/of patiënten met persisterende instabiliteit na bandrepair 
of behandeling van fracturen. Primaire uitkomstmaten waren adverse events, Broberg en Morrey 
Scores en range of motion (ROM). 

Zeven van de negentien patiënten die met een externe fixateur waren behandeld hadden negen 
complicaties; drie pengatinfecties, twee zenuwproblemen, een gebroken fixateurpen, een 
persisterende luxatie, een abces bij een hechting en een fractuur in een pentraject gevolgd door 
pseudoarthrose. Eén van de tien patiënten die behandeld werd met gekruiste K-draden kreeg een 
infectie rondom de K-draad, waarop de K-draad werd verwijderd. Er waren geen verschillen in 
Broberg en Morrey scores en ROM tussen beide patiëntengroepen. 

Concluderend kunnen zowel gekruiste K-draden als de externe fixateur het ellebooggewricht 
stabiliseren; de externe fixateur gaat gepaard met meer adverse events, maar er is geen verschil in 
functionele uitkomst (Broberg en Morrey Scores en ROM).

In Hoofdstuk 7 wordt de data gepresenteerd van een interobserver studie die is opgezet om 
de overeenkomst over karakteristieken van radiuskopfracturen op basis van conventionele 
röntgenopnamen te toetsen. 

Honderdzesentwintig observers beoordeelden zevenentwintig radiuskopfracturen op 
fractuurkarakteristieken, zoals het ontbreken van contact tussen fractuurfragmenten, 
te verwachten weke delenletsel en te verwachten instabiliteit van de elleboog. 
De gemiddelde interobserver overeenkomt was matig (0.49-0.55) voor elke 
vraag behalve de vraag over het te verwachten weke delenletsel (gering; 0.33).  
Wij concluderen hieruit dat röntgenologische karakteristieken van radiuskopfracturen, zoals verlies 
van contactoppervlak tussen fractuurfragmenten, voldoende overeenkomst hebben om klinisch 
toepasbaar te zijn.

Voor Mason type 2 radiuskopfracturen is de behandeling nog steeds niet eenduidig. Level 1 bewijs 
over de meerwaarde van conservatieve behandeling danwel behandeling met schroeffixatie van deze 
fracturen ontbreekt. Hoofdstuk 8 is een studie protocol van de ‘RAMBO-trial’ een internationaal 
gerandomiseerd onderzoek dat de DASH scores na zes maanden vergelijkt tussen een groep patiënten 
die conservatief behandeld zijn of met schroeffixatie. De inclusie is inmiddels in verschillende centra 
van start gegaan en er zijn reeds 13 patiënten geïncludeerd. 
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concluSieS

•	 Bij interobserver studies dient men bedacht te zijn op de Kappa Paradox; een fenomeen waarbij 
een hoge absolute overeenkomst gepaard kan gaan met een lage kappa waarde. Dit kan het 
resultaat zijn van een ongelijke verdeling van casus in de dataset. Het daarom van belang dat alle 
keuzemogelijkheden even vaak voorkomen in een dataset. 

•	 De AO-classificatie heeft een lage interobserver overeenkomst voor het classificeren van 
proximale humerusfracturen. Een 3D-CT heeft geen meerwaarde bij zowel het gebruik deze 
classificatie als het beoordelen van fractuurkarakteristieken.

•	 Actieve jongvolwassen mannen hebben baat bij een schouderstabiliserende operatie na een 
eerste anterieure schouderluxatie, aangezien dit de recidiefkans verkleint. Een open benadering 
leidt tot minder recidieven dan een arthroscopische benadering en tot dezelfde functionele 
uitkomst.

•	 Er is geen verschil in uitkomst tussen vroeg (binnen een week na trauma) of laat (4 weken 
na trauma) beginnen met schouderoefeningen in patiënten met een conservatief behandelde 
fractuur van de proximale humerus

•	 Het beoordelen van röntgenfoto’s van radiuskopfracturen op fractuurkarakteristieken (zoals 
het ontbreken van contact tussen fractuurfragmenten), te verwachten weke delenletsel en te 
verwachten instabiliteit van de elleboog heeft voldoende interobserver overeenkomst en is 
klinisch toepasbaar.

•	 Zowel gekruiste k-draden als de externe fixateur kunnen gebruikt worden om het 
ellebooggewricht te stabiliseren na trauma of reconstructieve chirurgie. Beide technieken 
resulteren in een vergelijkbare range of motion, alleen geeft de externe fixateur meer adverse 
events. 

•	 Voor Mason 2 type radiuskopfracturen ontbreekt bewijs over de beste behandeling. Om dit 
bewijs te genereren is een protocol opgezet dat conservatieve vs. operatieve behandeling middels 
schroeffixatie met elkaar vergelijkt. De trial is inmiddels van start gegaan en de eerste patiënten 
zijn geïncludeerd. 
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