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Introduction

Olecranon fractures are relatively common in adults and 
account for about 10% of all elbow fractures [1] and 20% of 
fractures of the proximal forearm [2]. Fractures of the olecranon 
play an important role in fractures of the elbow, particularly 
because potential complications associated with the treatment 
of olecranon fractures sometimes lead to severe functional 
deficit due to pain and loss of mobility [3-6].

Different methods of internal fixation have been described 
for the treatment of these fractures. The characteristics of the 
fracture are important to indicate the best fixation technique: 
tension band, intramedullary fixation, excision of the fragment 
with triceps reattachment, or plate and screws osteosynthesis 
[1]. The morphology of the fractures is also a major predictor for 
function and development of osteoarthritis of the elbow after 
surgery [7].

A reliable classification is essential to guide appropriate 
treatment. Classification systems have been developed as tools 
to assist surgeons in grouping different types of fractures, to 
facilitate communication and to standardise treatments, but 
none of the systems used today is universally accepted for 
olecranon fractures [8].

The AO/ASIF (Association Arbeitsgemenschaft Für Osteo-
synthese fragen) system divides the fractures of the proximal 
radius and ulna into three broad categories. Type A fractures 
are extra-articular fractures that involve the metaphysis of the 
radius or ulna; type B fractures are intra-articular fractures of 
the radius or the ulna, and type C fractures are intra-articular 
fractures of both the radial head and olecranon [9].

Morrey [10] described the Mayo classification system of 
fractures of the olecranon, which is based on the degree of 
displacement, stability and articular comminution. Type I 
fractures are undisplaced with minimal or no comminution; type 
II are displaced fractures, but with stability of the elbow joint, 
with anterior articular surface integrity to maintain stability, and 
type III are fractures with unstable elbow involving a major part 
of the olecranon. Types I, II and III are sub-divided into type A 
(not comminuted) and type B (comminuted).

The Schatzker classification for olecranon fractures [11] 
divides the fractures into six types: type A, simple, transverse 
fracture; type B, transverse fracture with depression of the 
central part of the olecranon; type C, simple oblique fracture; 
type D, comminuted fracture; type E, oblique fracture distal to 
the midpoint of the trochlea; and type F, associated with radial 
head fracture.

The Colton classification system [12] divides the fractures into 
two major groups: undisplaced (type I) and displaced (type II). 
Type II displaced fractures are subdivided into type IIA, avulsion; 
IIB, oblique or transverse; IIC, comminuted; and IID, fracture-
dislocations.
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Introduction: Fractures of the olecranon are relatively common injuries in adults and are of great 
clinical importance. Classification systems have been developed as tools to assist surgeons in grouping 
different types of fractures, to facilitate communication and to standardise treatment, but none of the 
systems used today is universally accepted for olecranon fractures.
Methods: Fifty-nine olecranon fractures were classified according to the Schatzker, Colton, Mayo 
and AO/ASIF systems by four observers with different levels of expertise. Intra- and inter-observer 
agreement was assessed. Each observer analysed the images at three different times; the images were 
randomised and presented in a different sequence at each assessment.
Results: There was higher mean intra-observer agreement in the AO/ASIF (0.60) and Mayo (0.64) 
classifications compared with the Schatzker (0.49) and Colton (0.38) classifications. Inter-observer 
agreement was better with AO/ASIF and Mayo (0.35 and 0.32, respectively) than with Schatzker and 
Colton (0.29 and 0.12, respectively).
Conclusion: The results of this study indicate that the most commonly used classifications for olecranon 
fractures are associated with low reproducibility.
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A good classification system must be valid, reliable and 
reproducible. The ideal classification system should standardise 
a language for reliable communication, provide guidelines for 
treatment, indicate the possibility of complications, and enable 
surgeons to predict prognosis for each specific fracture. This ideal 
system should also provide a mechanism to assess and compare 
the results with treatment of similar fractures at a variety of 
centres and at different times [12].

There is currently no consensus on which is the best 
classification system in terms of reproducibility for fractures of 
the olecranon and there are no similar studies to assess these 
fractures in the literature.

The aim of this study, therefore, was to assess intra- and 
inter-observer reproducibility of the most commonly used 
classification systems for fractures of the olecranon.

Patients and methods

Fifty-nine fractures of the olecranon in 59 patients aged over 
18 years who were treated at the Shoulder and Elbow Surgery 
Group of Hand and Upper Limb Surgery Clinic - Universidade 
Federal de Sao Paulo, were evaluated from March 2012 to January 
2013. This study was approved by the Institutional Research 
Ethics Committee.

Initial elbow radiographs were digitised, numbered and 
ordered in three different series for the analysis.

Four observers participated in the study: one sixth-year 
student of medicine (S6), one third-year resident of orthopaedics 
(R3), one orthopaedic trauma surgeon (TS) and one hand and 
upper limb surgeon (HS).

Observers viewed elbow radiographs in two incidences 
(anterior-posterior and lateral) and used four systems to evaluate 
each fracture. Each observer received illustrated diagrams with a 
description and explanation of each classification system. Each 
pair of incidences was numbered. The names and ages of the 
patients were omitted.

Radiographs of patients who presented with open physis or 
pathological fractures or who had undergone previous elbow 
surgery were excluded. No communication was allowed between 
observers.

At first assessment (T1), the radiographs were presented in 
a particular sequence. Three weeks later a second assessment 
(T2) was performed, and the radiographs were randomised and 
presented to observers in a new sequence, this was repeated in 
the third assessment (T3), six weeks after T1.

All data in this study were used for research purposes only 
and all patient data were kept confidential.

Statistical analysis

The kappa coefficient provides a paired proportion of 
agreement between observers. Using weighted kappa, the 
level of agreement is obtained by the proportion of agreement 
that would be expected if the agreement were by chance. The 
weighted kappa takes into account the order of variables, if 
a gradient between them is found. The relative importance 
between categories may not be the same between adjacent and 
distant categories [13-16].

This measure of agreement has the maximum value of 1, 
where 1 represents total agreement, while values close to and 
below 0 indicate no agreement or the agreement is exactly what 
is expected by chance. An eventual negative kappa indicates that 
the correlation found was less than that expected by chance. 
It therefore suggests disagreement, but its value may not be 
interpreted as the intensity of disagreement. In general, values   
of kappa coefficient less than 0.5 are considered unsatisfactory; 

from 0.5 to 0.75 are considered satisfactory and higher than 0.75 
are excellent [17].

SPSS V17, Minitab 16 and Excel Office 2010 software were 
used for statistical analysis.

Results

Table 1 summarises the values   found in the intra-observer 
kappa analysis for each observer in the three analysis times. 
The best agreement was found in the Mayo and AO/ASIF classi-
fications, and the worst results were obtained in the Colton 
system.

Table 2 shows the kappa values for inter-observer comparisons 
obtained in each of the evaluation times for each classification. 
Again, the best agreement was obtained in the Mayo and AO/ASIF 
classifications and the worst results were obtained in the Colton 
classification.

Discussion

Classification systems are very important in orthopaedic 
practice because they are used to describe fractures, facilitate 
communication between orthopaedic surgeons, guide treatment 
and compare treatments through studies in the literature. 
Reproducibility of these classification systems in terms of intra- 
and inter-observer agreements is essential to achieve these goals.

The four classification systems used in this study were chosen 
because they are very popular and commonly used among 
orthopaedic surgeons.

Unlike other classifications, such as those used in the proximal 
humerus [18,19] or distal radius [20-22], the systems used in 
elbow injuries are poorly studied [23,24].

In the analysis of intra-observer agreement, the mean kappa 
value was satisfactory for the ratings of the AO/ASIF (0.60) and 
Mayo (0.64) and unsatisfactory for Schatzker (0.49) and Colton 
(0.38). This probably reflects the difficulty in differentiating 
radiographic fracture patterns and concepts used for grouping 
fractures, such as oblique fractures and differentiation between 
comminution and central depression.

The great variability in the results probably relates to the 
complexity of classification systems; similar results have been 
presented in studies of classification systems for fractures of 
other bones [19,20,22].

Table 1
Kappa coefficients for intra-observer comparisons between the three time 
points (T1, T2 and T3)

 Classification

Observer AO/ASIF Mayo Schatzker Colton

S6 0.74 0.43 0.34 0.47
R3 0.52 0.77 0.81 0.47
TS 0.27 0.73 0.10 0.06
HS 0.87 0.64 0.71 0.50
Mean 0.60 0.64 0.49 0.38

Table 2
Kappa coefficients for inter-observer comparisons at each time point (T1, T2 
and T3)

 Classification

Time point AO/ASIF Mayo Schatzker Colton

T1 0.50 0.50 0.36 0.17
T2 0.30 0.23 0.20 0.08
T3 0.27 0.26 0.30 0.12
Mean 0.36 0.33 0.29 0.12
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All ratings for inter-observer agreement were unsatisfactory, 
with the Colton classification having the worst index. Again, 
this low agreement is because of the difficulty in definition and 
conceptualisation of patterns.

A study of elbow fracture-dislocations showed that the 
identification of a posterior instability with the olecranon 
fracture shows good inter-observer correlation; however, this 
study did not assess olecranon fractures alone [24].

A limitation of this study is that there was no measurement 
of the time spent by each examiner to perform the analyses, 
and the working conditions of the examination were not 
recorded; therefore, it is not possible to determine if such 
conditions favoured the attention of observers during the 
analysis. Another important aspect would be to highlight the 
characteristics of each classification system that can lead to 
greater disagreement, and whether or not this factor influences 
the decision of treatment.

Recent studies have shown that the use of higher definition 
scans (PEX 3D CT) may increase the agreement surrounding these 
classifications [25,26]. A study using these higher definition 
scans and the classifications used in the current study should be 
performed to verify if there is an increase in reproducibility.

The aim of this study was to assess only the reproducibility of 
classifications. It is also necessary to determine the influence of 
the classifications on the treatment of fractures, and the accuracy 
of the diagnosis with different imaging tests.

Conclusion

Intra-observer agreement with the Mayo and AO/ASIF 
classifications were considered satisfactory. Mayo and AO/ASIF 
classification systems showed better reproducibility compared 
with other classifications.
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