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A B S T R A C T

Background: Radiographic fracture classification helps with research on prognosis and treatment. AO/
OTA classification into fracture type has shown to be reliable, but further classification of fractures into
subgroups reduces the interobserver agreement and takes a considerable amount of practice and
experience in order to master.
Questions/purposes: We assessed: (1) differences between more and less experienced trauma surgeons
based on hip fractures treated per year, years of experience, and the percentage of their time dedicated to
trauma, (2) differences in the interobserver agreement between classification into fracture type, group,
and subgroup, and (3) differences in the interobserver agreement when assessing fracture stability
compared to classifying fractures into type, group and subgroup.
Methods: This study used the Science of Variation Group to measure factors associated with variation in
interobserver agreement on classification of proximal femur fractures according to the AO/OTA
classification on radiographs. We selected 30 anteroposterior radiographs from 1061 patients aged 55
years or older with an isolated fracture of the proximal femur, with a spectrum of fracture types
proportional to the full database. To measure the interobserver agreement the Fleiss’ kappa was
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determined and bootstrapping (resamples = 1000) was used to calculate the standard error, z statistic,
and 95% confidence intervals. We compared the Kappa values of surgeons with more experience to less
experienced surgeons.
Results: There were no statistically significant differences in the Kappa values on each classification level
(type, group, subgroup) between more and less experienced surgeons. When all surgeons were combined
into one group, the interobserver reliability was the greatest for classifying the fractures into type (kappa,
0.90; 95% CI, 0.83 to 0.97; p < 0.001), reflecting almost perfect agreement. When comparing the kappa
values between classes (type, group, subgroup), we found statistically significant differences between
each class. Substantial agreement was found in the clinically relevant groups stable/unstable
trochanteric, displaced/non-displaced femoral neck, and femoral head fractures (kappa, 0.60; 95% CI,
0.53 to 0.67, p < 0.001).
Conclusions: This study adds to a growing body of evidence that relatively simple distinctions are more
reliable and that this is independent of surgeon experience.

© 2018 Elsevier Ltd. All rights reserved.

Introduction

Proximal femur fractures are common among the elderly and
notorious for their high rates of morbidity and mortality [1–3].
Radiographic fracture classification helps with clinical decision
making, communication, and research on prognosis and
treatment. There is evidence that the AO/OTA Classification of
Fractures and Dislocations is more reliable for classification of
trochanteric fractures of the proximal femur into fracture types
and groups than other classification systems (e.g. Evans, Kyle,
and Boyd) [4,5]. Further classification of fractures into sub-
groups reduces the interobserver agreement [5] and takes a
considerable amount of practice and experience in order to
master. We are interested whether the reliability of the AO/OTA
classification system of proximal femur fractures differs when
comparing more experienced to less experienced observers. In
addition, we are interested in differentiating stable versus
unstable and displaced versus non-displaced fractures due to its
treatment implications.

We therefore assessed: (1) the difference in interobserver
agreement between more and less experienced trauma surgeons
based on: hip fractures treated per year, years of experience, and
the percentage of their time dedicated to trauma, (2) the difference
in interobserver agreement based on classification type (trochan-
ter, femoral neck, and head), group, and subgroup, and (3) the
difference in interobserver agreement when assessing fracture
stability and displacement.

Materials and methods

Study design and setting

This cross-sectional survey study was exempt from review by
our institutional review board. We selected 30 anteroposterior
radiographs from 1061 patients aged 55 years or older with an
isolated fracture of the proximal femur who presented to a single
Level 2 trauma center between December 2010 and September
2013. Fractures were classified by three orthopedic surgeons who
came to a consensus opinion of the classification using the AO/OTA
fracture classification [6] and included: 31-A 1.1 (6.7%), 31-A1.2
(10%), 31-A1.3 (3.3%), 31-A2.1 (10%), 31-A2.2 (13%), 31-A2.3 (6.7%),
31-A3.1 (3.3%), 31-A3.3 (3.3%), 31-B1 (6.7%), 31-B2 (33%), and 31-
B3 (3.3%).

Using a random number generator, we selected a patient in the
database and from that patient onward, we consecutively added
radiographs of each of the fracture subgroups until we had a
representative number of each fracture type up to 30 cases in total.
Once a certain fracture type had reached a number proportional to
the distribution of that fracture in the database additional images
of that fracture type were skipped to limit spectrum bias.

We used Surveymonkey (Palo Alto, CA, USA), an online survey
design tool to develop the survey including the 30 cases.
Anteroposterior radiographs were shown and participants were
asked: “What type of fracture is shown on the radiograph?” Each
question had fifteen answer choices to a subgroup level (Table 2).
Members of the Science Of Variation Group (SOVG) were sent an
invitation to participate in this study. The SOVG has a list of emails
of several hundred orthopaedic, trauma, and plastic surgeons, but
only a subset participates regularly in the surveys, and even
regular participants only respond to surveys in their region of
expertise, so it is not possible to measure a meaningful response
rate.

Surgeon characteristics

Sixty-five surgeons completed the survey, 62 (94%) men and the
majority residing in Europe (60%) and North America (29%)
(Table 1). The surgeons had a median experience of 18 years, with
an interquartile range from 11 to 27 years. The median of hip
fractures per year that was treated by these surgeons was 45, with
an interquartile range from 25 to 75.

Statistical analysis

To measure the interobserver agreement the Fleiss’ kappa was
determined and bootstrapping (resamples = 1000) was used to
calculate the standard error, z statistic, and 95% confidence
intervals. The Kappa value reflects the degree to which observers
agree with one another, taking into account the chance that
observers agree at random. Perfect agreement is represented by a
Kappa of 1, while agreement solely by chance would equate to a
Kappa of 0. The classification of Landis and Koch [7] for
categorical data is used frequently when interpreting Kappa
values: a Kappa between 0.01 and 0.20 represents slight
agreement, a value between 0.21 and 0.40 represents fair
agreement, a value between 0.41 and 0.60 represents moderate
agreement, between 0.61 and 0.80 represents substantial
agreement, and greater than 0.81 represents almost perfect
agreement.

We compared the Kappa values of surgeons with more
experience (�80 of their percentage of work dedicated to trauma;
�17 years in practice; �50 hip fractures treated per year) to less
experienced surgeons (<80 of their percentage of work dedicated
to trauma; <17 years in practice; <50 hip fractures treated per
year). The definition of more or less experience was defined by
splitting the continuous variables (years in practice and hip
fractures treated per year) on the median (Table 1) and for the
categorical variable, percentage of work dedicated to trauma, we
strived to create two groups that were similar in the number of
observers to maximize statistical power.
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