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Objective: The aim of this study was to evaluate the interobserver reliability and intraobserver repro-
ducibility of the Universal, AO, Fernandez and Frykman classifications for distal radius fractures. 
Methods: Fifty standard sets of posteroanterior and lateral roentgenograms of displaced distal radius
fractures were classified two times by two groups of evaluators at 2-month intervals. The first group
consisted of 10 orthopedic surgeons with a minimum of 5 years of experience. The second group con-
sisted of 10 orthopedic residents in their first two years of practice. Interobserver reliability and
intraobserver reproducibility were assessed using Cohen’s kappa test. 
Results: None of the classifications achieved good – very good reliability levels. The Fernandez clas-
sification had a moderate and the others had a fair interobserver agreement kappa coefficient. All clas-
sifications had fair kappa intraobserver agreement although the Frykman and Fernandez classifications
had better results. 
Conclusion: None of the classification systems were superior in terms of reliability and reproducibili-
ty. The reliability and reproducibility rates of all four classifications were insufficient.
Key words: Agreement; classification; Fernandez; Frykman; radius fractures; Universal.

Distal radius fractures are among the most common
fracture types. Fractures are classified depending on the
trauma mechanism, magnitude of the exposed energy,
local anatomical characteristics and bone quality.[1,2]

More than 20 classification systems have been defined
for distal radius fractures.[3-8] In practice, fractures are
referred to by the name of the writer who first defined
that fracture type. Commonly used classification sys-
tems are based on the anatomical characteristics of the
fracture or trauma mechanism. 

Classification systems should act as a guide for treat-
ment planning and assist physician communication and

prognosis prediction.[9] “Reliability”, the harmony
among different evaluators, and “reproducibility”, har-
mony within the same evaluator at different periods, are
the two most important features of classification sys-
tems.[10]

The Frykman classification was published in 1967.[11]

It is based on the existence of a fractured ulnar styloid
and extension of the fracture to radiocarpal and radioul-
nar joints and is commonly used all over the world. The
shortcomings of this classification system are its inabili-
ty to detect the amount of displacement, fragmentation
and resulting shortness.[3]
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The AO classification aims to provide clues about
fracture severity and prognosis. Fracture localization
and morphological characteristics must be known for
classification. Fractures are divided into three main
groups; intra-articular, partial intra-articular, and
extra-articular. Detailed classification is formed by
dividing each group into smaller main and sub-
groups.[12]

The Fernandez classification is based on trauma
mechanism. Understanding the trauma mechanism
helps to determine the simultaneous soft tissue dam-
age. Furthermore, it classifies distal radioulnar joint
injuries as a separate group, which is effective in prog-
nosis.[13,14]

The Universal classification was defined in 1993
and has been a common classification system due to its
simplicity. Determiners in this classification system are
fracture extension to the radioulnar joint, displacement
and stability.[15]

The objective of this study was to evaluate the reli-
ability and reproducibility characteristics of the
Frykman, AO, Fernandez and Universal classification
systems for distal radius fractures. 

Materials and methods
Standard posteroanterior (PA) and lateral radiographs
of 50 patients with distal radius fractures taken in the
emergency service between 2006 and 2010 were evalu-

ated in our study. A non-homogenous study group
including different fracture types was created by con-
sidering the extension of the fractures to radiocarpal
and distal radioulnar joints, radial shortening, displace-
ment, fragmentation in the dorsal cortex, and direction
of angulations. After the X-rays had been digitalized,
film sets enabling the radiographs to be seen clearly in
each screen were created and numbered from 1 to 50.
(Fig. 1) 

Two groups of evaluators performed the assess-
ments. The first group consisted of 10 orthopedic sur-
geons from 2 different training hospitals with a mini-
mum of 5 years of experience. The second group con-
sisted of 10 residents in orthopedic surgery within
their first 2 years of residency from the same hospitals. 

Radiographs were assessed using the Universal,
AO, Fernandez and Frykman classification systems. An
assessment report containing the schematic and writ-
ten explanations of these classification systems were
handed out to the evaluators. Assessment results were
recorded on pre-prepared forms. Radiographs were
evaluated twice by each evaluator with same classifica-
tion systems, with a minimum of 2 months between the
first and the second evaluations. 

All data were digitalized and assessed using SPSS
18.0 for Windows (SPSS Inc., Chicago, IL, USA) soft-
ware. Evaluators’ compatibility with their group was
analyzed. Compatibility between the first and second
evaluation of each evaluator was analyzed for each clas-
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Fig. 1. Sample X-ray image for evaluation. (a) Posteroanterior and (b) lateral
radiographs are numbered from 1 to 50 after being combined in one
screen. 

(a) (b)
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sification system using Cohen’s kappa test. Obtained
kappa values were assessed in accordance with the
Landis and Koch system. Kappa values under 0 was
defined as ‘poor agreement’, 0 to 0.20 as ‘slight’, 0.21
to 0.40 as ‘fair’, 0.41 to 0.60 as ‘moderate’, 0.61 to 0.80
as ‘good’ and 0.81 to 1 as ‘very good’.[10]

Results
Reliability kappa values of each group are shown in
Table 1. None of the classification systems achieved
good or very good reliability values. The Fernandez
classification had moderate and all other groups had
fair values. The highest kappa value was 0.46 for the
Fernandez system and the lowest was 0.24 for the
Universal system. The mean kappa value of the resi-
dent group was 0.33 (fair) and 0.36 (fair) in the surgeon
group. 

Kappa values of the compatibility between the first
and the second evaluations of the evaluators are shown
in Table 2. In the surgeon group, reproducibility of all
the classifications were fair and in the resident group
the Universal and AO classification systems received
fair and Frykman and Fernandez moderate values. The
mean kappa value was 0.40 (fair) in the resident group
and 0.55 (moderate) in the surgeon group.

Discussion
A classification system for fractures should be simple,
determine the characteristics of fractures, obtain data

about the accompanying soft tissue injuries, point out
the way of treatment and predict prognosis.[16] In addi-
tion, a classification system should assist the communi-
cation between physicians. The most important factors
positively affecting communication is high reliability
and reproducibility. Recent publications have mostly
reported low reliability and reproducibility.[5,17-20]

Illarramendi et al.[21] assessed the Frykman and AO
classification systems and found the Frykman system to
be moderate in terms of reliability and good in terms
of reproducibility. AO classification results were worse
than the Frykman classification. As a result, they
reported that both classification systems were not suf-
ficient in terms of reliability and reproducibility for
clinical application. 

Kreder et al.[17] achieved high compatibility rates in
a simplified AO classification application. However,
significantly lower reproducibility rates were found in
a more complicated AO classification with subgroups. 

In another study[18] evaluating the Frykman, AO,
Fernandez and Universal classification systems, relia-
bility values of all the evaluated classification systems
were between fair and moderate. The Fernandez clas-
sification had the highest reliability value and the
Frykman classification the lowest. In terms of repro-
ducibility, all classifications except the AO were found
to be satisfying. 

Ploegmakers et al.[22] evaluated the AO, Frykman,
Fernandez and Older classification systems for repro-

Resident Surgeon

Lowest Highest Mean Lowest Highest Mean

Universal 0.12 0.63 0.30 0.31 0.91 0.49
AO 0.15 0.66 0.37 0.37 0.74 0.50
Frykman 0.36 0.69 0.51 0.37 0.85 0.60
Fernandez 0.20 0.52 0.41 0.25 0.94 0.60

Table 2. The highest, the lowest and the mean reproducibility kappa values for resident and surgeon
groups in all classification systems.

Resident Surgeon

1. Evaluation 2. Evaluation 1. Evaluation 2. Evaluation

Universal 0.24 0.33 0.24 0.32
AO 0.29 0.31 0.30 0.34
Fernandez 0.39 0.39 0.46 0.45
Frykman 0.38 0.33 0.38 0.40

Table 1. Reliability kappa values for for all classification systems in both resident and surgeon groups after
1st and 2nd evaluations.



ducibility. AO classification reproducibility was mod-
erate and the other studies fair. As a result, they report-
ed all the evaluated classification systems to be insuffi-
cient for clinical application. 

According to our results, the Fernandez classifica-
tion had the highest reliability rate and the Universal
classification the lowest. None of the classifications
evaluated could meet the expected reliability level. The
Frykman and Fernandez classifications were better in
terms of reproducibility. However, none of them had
good reproducibility rates.

Reliability rates in both groups in our study were
fair. Reproducibility was fair in the resident group and
moderate in the surgeon group. Both groups failed to
meet the expected values. In this respect, our results
are in accordance with previous studies.[17,21,23,24]

Advantages of our study were the comparison
between 4 common classification systems and that this
comparison was performed by 20 different evaluators.
However, that the evaluators were picked from only 2
hospitals can be considered a weakness of this study. 

In conclusion, the reliability and reproducibility
rates of the AO, Frykman, Fernandez and Universal
classification systems are insufficient and do not have
advantages over each other. New classification systems
are required to maintain a common language when
defining distal radius fractures.
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