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The objective of this investigation was to evaluate the reliability of classification systems
by determining inter- and intraobserver agreement in displaced distal radius fractures.
Radiographs of 32 patients (21 men and 11 women with a mean age of 41.6 years)
who presented with a displaced distal radius fracture were classified by 9 orthopedic
surgeons (5-25 years experience) using 5 different classification systems (Fernandez,
AO, Frykman, Melone, and Universal Classification systems) twice with 20-day intervals. The results were processed with kappa statistics and used in assessment of
inter- and intraobserver agreement of the classification systems. When classification
systems were compared, the highest kappa coefficient in intraobserver agreement was
determined in Universal classification (0.621). Fernandez (0.474), AO (0.309), Frykman (0.305), and Melone classification systems (0.262) followed the Universal system
respectively. Kappa statistical results were evaluated using the Landis Koch score system for the assessment of interobserver agreement. According to the Landis Koch score
system, the results were insufficient in all classification systems. Fernandez classification system had the highest interobserver agreement (0.235) and Melone classification
system had the lowest interobserver agreement (0.056).

Figure: Fernandez Classification.

According to the results of our study, the systems used to classify the displaced distal
radial fractures are insufficient. A new classification system that ensures the 3-dimensional assessment of the fracture is more user-friendly and a high inter- and intraobserver agreement is necessary.
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istal radius fractures represent
17% of all fractures treated in
emergency departments. These
injuries are commonly referred to as fragility fractures and are more prevalent
among osteoporotic elderly women.1 Distal radius fractures are classified with an
attempt to help define the trauma mechanism, guide the treatment, and predict
prognosis.2 More than 20 different wrist
fracture classifications are in literature but
none of these various classifications are
reported to function as an excellent guideline for the prediction of prognosis and for
the definition of the treatment method.3,4
In fact, the classification system should be
easily understandable for the physicians
who use it for the first time. Secondly, it
should provide prognostic significance
and be a guide in the treatment4,5 The
fracture classification should be known to
have interobserver reliability and intraobserver reproducibility regardless of the
fracture type.5,6
In this study, 5 different popular distal
radial fracture classification systems were
selected (Fernandez, AO, Frykman, Melone
and Universal) to investigate inter- and intraobserver agreement in these classification
systems. These classification systems were
evaluated in displaced distal radial fractures
considering the anteroposterior and lateral
radiographic views by 9 investigators. The
Fernandez classification system was developed in 1993 by Fernandez and consists of
5 groups based on the mechanism of trauma
(Figure 1). This system was designed to determine stability, include associated injuries,
and assist treatment recommendations.7
AO classification was first used in
1986, and in 1990 it was revised with
some additions (Figure 2). Depending on
the relationship between the radius joint
surface and the fracture, it is divided into
3 main groups; each group is divided into
3 subgroups within itself, and these are divided into 3 subgroups, so that it is composed of 27 subgroups.8
Frykman classification, described in
1967, is evaluated under 8 groups according
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1
Figure 1: Fernandez Classification.

to the involvement of the radiocarpal and distal radioulnar joints (Figure 3), and whether
ulna styloid fractures accompany distal radius fractures. It is the most frequently used
classification in daily practice.9
Melone10 classification, which was first
described in 1984, focuses on 4 main parts
in distal radius intraarticular fractures, and
is classified under 5 groups depending on
whether radius styloid, radius body, dorsal
part, and palmar radial part are involved
radiologically or not (Figure 4).
Universal classification system, which
was described by Cooney11 in 1993, evaluates distal radial fractures as intra or extraarticular, displacement present or absent,
and whether they are stable (Figure 5).

MATERIALS AND METHODS
Anteroposterior and lateral radiographs of 21 men and 11 women who
presented to our emergency department
due to displaced distal radius fracture
were examined (nondisplaced fractures
were excluded). Radiographs were taken
from a distance of 105 cm using the same
radiography device and the same bathing
machine. Mean patient age was 41.6 years
(minimum, 18 years, maximum, 74 years).
The radiographs were evaluated to deter-
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Figure 2: AO Classification.

mine intraobserver reproducibility (in different time intervals by the same individual physician) and interobserver reliability
(among the physicians who were involved
in the study). Nine orthopedists and traumatology specialists (minimum, 5 years
of experience; maximum, 25 years of experience) participated in this study and the
radiographs were evaluated according to
5 different distal radius classification systems by each specialist independently. At
the first evaluation, all radiographs were
assessed in numerical sequence. Twenty
days later, the initial radiograph order was
randomly changed to generate a new sequence and all radiographs were reevaluated by the same physicians. During the
evaluation of the radiographs, investigators were referred figures of the classification systems used in this study.
Kappa coefficient was used as the statistical method. The inter- and intraobserver
compliance was revealed by kappa coefficients. The assessment of the measured
kappa coefficients were evaluated according to Landis and Koch classification. According to this classification, kappa values
below 0 are considered poor agreement,
0 to 0.20 slight, 0.21 to 0.40 fair, 0.41 to
0.60 moderate, 0.61 to 0.80 good, and 0.81
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to 1.00 near perfect.11 After all data were
recorded to the tables, they were evaluated
using SPSS 11.0 Windows statistics package (SPSS Inc, Chicago, Illinois).

RESULTS
The results of inter- and intraobserver
agreement are summarized in Tables 1 and
2. For the Universal classification, mean
highest intraobserver kappa coefficient
was determined (0.621). The mean intraobserver kappa values of the other 4 classifications were determined respectively as
Fernandez (0.474), Frykman (0.310), AO
(0.309), and Melone (0.285).
When interobserver evaluation of each
classification was made after days 1 and
20, mean kappa values for all classification systems were found to be insufficient
according to Landis-Koch classification12
(Table 2). However, Fernandez classification seemed to have a slightly higher
mean kappa value (0.2351) with respect
to other classifications. First and second
mean kappa values of the other 4 classifications were determined to be close and
noncompatible.

DISCUSSION
A fracture classification system should
be simple, easy to remember, define the
trauma mechanism, guide the treatment,
and predict prognosis. In addition, it
should have acceptable intra- and interobserver agreement. Distal radius fractures
like other fractures have been classified by
various methods. More than 20 different
wrist fracture classifications are described
in the literature. Previous studies were
conducted to find a classification system
that both responded to these goals and had
the best inter- and intraobserver agreement.
Ploegmakers et al3 demonstrated moderate intraobserver agreement for the AO/
ASIF classification and fair for the Frykman, Fernandez, and Older classifications.
They found no correlation and consistency
between clinical experience of the investigators and all 4 classifications. Because of
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these reasons, they did not recommend the
use of these classifications for clinical application.2
Andersen et al13 found good intra- and
interobserver agreement for the Older
classification system in 185 fractures
evaluated by 4 hand surgeons and did not
observe a difference between the experienced and inexperienced investigators.
Illarramendi et al4 investigated interand intraobserver agreement of the Frykman and AO classification systems in 200
fractures with 6 observers. They found
that the Frykman classification showed
moderate interobserver reproducibility
and good intraobserver reproducibility.
The experience of the investigators did
not significantly affect either of these. The
AO system showed fair interobserver reproducibility and moderate intraobserver
reproducibility.4 Kreder et al14 evaluated
the consistency of the AO classification in
36 physician and nonphysician observers
in a series of 30 fractures, and reported diminished interobserver agreement in comminuted fractures and in nonphysicians.
In another study, the Frykman, Melone, Mayo, and AO classification systems
in 55 sets of distal radius fractures were
evaluated for interobserver reliability and
intraobserver reproducibility by 2 orthopedic hand surgeons and 2 radiologists.
Interobserver agreement was found as
moderate for the Mayo classification and
fair for the Frykman, Melone, and AO
classifications. Intraobserver agreement
was good for only 1 of 4 observers for each
of the Frykman, Melone, and Mayo, while
the remaining 3 observers achieved only
fair to moderate reproducibility. Intraobserver agreement for the AO classification
was fair for all 4 observers. No difference
was found in inter- or intraobserver agreements between orthopedic hand surgeons
and radiologists who were involved in this
study.14
Belloti et al15 evaluated the intra- and
interobserver agreement of the Universal,
AO, Frykman, and Fernandez classification systems and they observed best in-
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Figure 3: Frykman Classification. Figure 4: Melone
Classification. Figure 5: Universal Classification.

terobserver reproducibility rate in the Fernandez classification system (0.43) and
the worst in the Frykman classification
(0.26). They reported that intraobserver
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Table 1

Intraobserver Kappa Values after First and Second Evaluations of
Observers for Each Classification
AO

Fernandez

Frykman

Melone

Universal

1. Observer

0.269

0.295

0.196

0.050

0.526

2. Observer

0.477

0.558

0.519

0.556

0.832

3. Observer

0.265

0.775

0.529

0.433

0.441

4. Observer

0.198

0.450

0.355

0.166

0.522

5. Observer

0.302

0.478

0.325

0.080

0.859

6. Observer

0.177

0.547

0.220

0.096

0.679

7. Observer

0.332

0.553

0.459

0.712

0.695

8. Observer

0.468

0.289

0.143

0.180

0.573

9. Observer

0.294

0.324

0.047

0.300

0.463

Mean Values

0.309

0.474

0.310

0.285

0.621

Abbreviation: AO, arbeitgemeinschaft fur osteosynthesfragen.

Table 2

Interobserver Kappa Values of First And Second Readings for
Each Classification

First Reading

AO

Fernandez

Frykman

Melone

Universal

0.0829

0.3022

0.2333

0.0436

0.1848

Second Reading

0.1093

0.1680

0.2058

0.0703

0.2675

Mean Values

0.0961

0.2351

0.2195

0.0569

0.2261

Abbreviation: AO, arbeitgemeinschaft fur osteosynthesfragen.

reproducibility was satisfactory in the
Universal (0.61), Fernandez (0.59), and
Frykman (0.55) classifications, and unsatisfactory in the AO classification (0.49).16
Naqvi et al17 evaluated the Fernandez classification for assessing the interobserver
reliability and intraobserver reproducibility and demonstrated poor interobserver
reliability and intraobserver reproducibility. They suggested that attention should
be spent when using this classification
for clinical practice.15 In the study of McDermid et al,18 radiographs of 128 distal
radius fractures were evaluated by 2 hand
surgery fellows, and interrater reliability for Mayo, AO, McMurtry, Universal,
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and Frykman classification systems were
found fair. Only the Older classification
system was found good.17
In our study, radiographs of 32 patients with displaced distal radius fractures were evaluated by 9 orthopedic
surgeons according to 5 different classification systems commonly used at
present. Intraobserver evaluation revealed kappa value of 0.621 (good) for
Universal classification, 0.474 (moderate) for Fernandez classification, and
0.309, 0.305, and 0.262 (fair) for AO,
Frykman, and Melone classifications
respectively. When interobserver evaluation of each classification was made,

mean kappa values for all classification
systems were found fair.
When compared with the literature,
our results seem to correlate with the
study of Belloti et al,15 since both studies
reveal good intraobserver agreement in
Universal classification followed by the
Fernandez classification. However, no
study in the literature shows excellent results considering intraobserver reproducibility. No study with excellent results
among intraobserver literature exists. In
our study, interobserver reliability values
for all classification systems were found
fair and were consistent with the literature.4,13-17 The only classification system
showing good reliability in the literature
was the Older system.12,17 But this classification system was designed for use in
extraarticular fractures and presently is
not used for intraarticular fractures.
In several studies, no direct proportion
has been found between the experience of
the observers and the intra- and interobserver agreement ratio.4,14 In the present
study, the relationship between intra- and
interobserver agreement and experience
of the observers was not investigated.
In the light of these data, none of the
classification systems examined in this
study approached the excellent or almost perfect level that one would rely
on, given their importance in making
clinical decisions in daily practice. To
date, no classification system evaluating
the plain radiographs that can be used
by all orthopedic surgeons with high intraobserver agreement and interobserver
reproducibility exists. The use of these
classifications for direct comparisons of
different published series may be beyond the capacity of any of the fracture
classifications studied. There exists a
need for a new classification system that
examines the fracture in 3-dimensional
fashion, that is easy to remember and
easy to use by all orthopedic surgeons
and has a high intraobserver reliability
and interobserver reproducibility.
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