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Background: Radial head fractures are common injuries, and there is little informa-
tion on the reliability of classification systems for such injuries. The purpose of our
study was to report the interobserver reliability of 2 commonly used classification sys-
tems: the Hotchkiss modification of the Mason classification and the AO classification
systems.

Methods: We compiled the radiographs from a cohort series of 43 patients with
radial head fractures, and 5 observers classified the radiographs according to both
classification systems. Additionally, we collapsed the systems, with types II and III
combined for the Hotchkiss classification and the final digit dropped for the AO clas-
sification. We calculated percent agreement, the K statistic and the associated 95%
confidence intervals (Cls).

Results: The mean percent agreement was 72.3% (95% CI 65.8%-78.9%) for the
Hotchkiss classification and 37.7% (95% CI 30.5%-44.9%) for the AO classification.
The «x statistic was 0.585 (0.541-0.661) for the Hotchkiss classification and 0.261
(0.240-0.350) for the AO classification. The mean percent agreement was 89.3%
(86.6%-92.0%) for the consolidated Hotchkiss classification and 67.4% (54.6%—
80.3%) for the consolidated AO classification. The « statistic was 0.760 (0.691-0.805)
for the consolidated Hotchkiss classification and 0.455 (0.372-0.521) for the consoli-
dated AO classification.

Conclusion: The interobserver reliability for the Hotchkiss modification of the
Mason classification was moderate, and that for the AO classification was fair accord-
ing to the criteria of Landis and Koch. Collapsing the Hotchkiss classification
improved the reliability to substantial, and collapsing the AO system improved reli-
ability to the lower end of moderate.

Contexte : Les fractures de la téte radiale sont des blessures fréquentes et on dispose
de peu de données sur la fiabilité des systémes de classification s’y rapportant. Notre
étude avait pour but de faire rapport sur la fiabilité interobservateurs de 2 systémes de
classification d’usage courant, soit la modification Hotchkiss du systéme de classifica-
tion Mason et le systeme de classification de I’Association pour I'étude de 1'ostéosyn-

these (AO).

Meéthodes : Nous avons compilé les radiographies d’une cohorte en série de 43 pa-
tients victimes d’une fracture de la téte radiale. Cing observateurs ont ensuite caté-
gorisé les radiographies selon les 2 systémes de classification. Nous avons en outre
consolidé les systemes en regroupant les types II et I1I de la classification de Hotchkiss
et en laissant tomber le dernier chiffre de la classification numérique de I’AO. Nous
avons calculé le pourcentage d’accord, le coefficient k et les intervalles de confiance
(IC) a 95 % associés.

Résultats : Nous avons obtenu un pourcentage d’accord moyen de 72,3 % (IC a
95 % 65,8 %-78,9 %) pour la classification de Hotchkiss et de 37,7 % (IC a 95 %
30,5 %—44,9 %) pour celle de ’AO. Nous avons enregistré un coefficient k de 0,585
(0,541-0,661) pour la classification de Hotchkiss et de 0,261 (0,240-0,350) pour celle
de ’AO. Nous avons obtenu un pourcentage d’accord moyen de 89,3 % (86,6 %—
92,0 %) pour la classification de Hotchkiss consolidée et de 67,4 % (54,6 %-80,3 %)
pour celle de ’AO consolidée. Nous avons noté un coefficient k¥ de 0,760 (0,691-
0,805) pour la classification de Hotchkiss consolidée et de 0,455 (0,372-0,521) pour
celle de ’AO consolidée.
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Conclusion : A partir des critéres de Landis et Koch, nous avons pu qualifier la fia-
bilité interobservateurs de modérée en ce qui concerne la modification Hotchkiss de la
classification de Mason et de passable en ce qui concerne celle de PAO. La consolida-
tion a amélioré la fiabilité de la classification de Hotchkiss jusqu’a la rendre sub-
stantielle, tandis que la consolidation du systeéme de ’AO en a amélioré la fiabilité

jusqu’a la limite modérée inférieure.

adial head fractures are a common orthopedic injury.

The classification of this injury attempts to distin-

guish between fractures that may be treated non-
operatively, fractures that are amenable to open reduction
and internal fixation, and fractures that cannot be recon-
structed and require prosthetic replacement or excision.
The interobserver and intraobserver reliability of the ori-
ginal Mason classification system was found to be unreli-
able." The reliability of other existing classification systems
has not been assessed.

The Hotchkiss’ modification of the Mason classifica-
tion and the AQO classification’ systems are used frequently
in clinical practice and in the orthopedic literature to clas-
sify radial head fractures. The AO classification system is
the accepted standard used by the Orthopaedic Trauma
Association and the Association for the Study of Internal
Fixation.

Hotchkiss’ modified the original Mason classification of
radial head fractures, dividing the fractures into 3 types.
Type I fractures include nondisplaced or minimally dis-
placed fractures of the head and neck that do not require
operative treatment. Type II fractures include displaced
fractures of the head and neck that are amenable to open
reduction and internal fixation. Type III fractures include
severely comminuted fractures of the head and neck that
require prosthetic replacement or excision.

The AO classification system resulted from an
attempt to provide a comprehensive classification sys-
tem for long bone fractures. Fractures of the proximal
radius and ulna are divided into 3 types. Type A in-
cludes extra-articular fractures of one or both bones of
the forearm. Type B includes intra-articular fractures of
one bone with or without an extra-articular fracture of
the other bone. Type C includes intra-articular fractures
of both bones. The fractures are then further subdivided
into groups 1, 2 and 3 based on the involvement of the
radius, the ulna or both the radius and ulna, and the
location of the fracture line. They are then further sub-
divided into subgroups 0.1, 0.2 or 0.3 based on further
specific qualifications such as the degree of fragmenta-
tion and the complexity of the articular and/or metaphy-
seal involvement.

The purpose of our study was to determine whether
radial head fractures could be classified reliably among
multiple examiners using these 2 classification systems. We
used interobserver reliability to gauge whether either clas-
sification system was sufficiently reproducible among users
for clinicians and researchers to use them to communicate
concisely and reliably about radial head fractures.

278 J can chir, Vol. 52, N° 4, aoGt 2009

METHODS

We designed the study to assess the reliability of 2 classifi-
cation systems for radial head fractures using 5 examiners
with various levels of experience in the assessment and
treatment of upper extremity injuries. Evaluation was
undertaken with all observers blinded to patient identity
and to the other examiners’ ratings.

We identified patients who experienced radial head
fractures between January 1999 and February 2004 from
the practice of an upper extremity subspecialist orthopedic
surgeon (K.A.H.), who did not participate in classifying the
fractures, for inclusion in the study. Inclusion criteria were
the presence of an acute radial head fracture, skeletal ma-
turity and both an anterior-posterior and lateral radiograph
of the elbow at the time of injury or before the start of
active treatment. The Calgary Health Region Ethics Board
approved our study.

The 5 observers selected to review the radiographs
included 4 upper extremity orthopedic surgeons (D.M.S.,
R.S.B., J.D., AL.) with differing levels of clinical experi-
ence, and a musculoskeletal radiologist (R.W.). The ortho-
pedic surgeons included an upper extremity surgeon with
20 years of orthopedic trauma experience, 2 upper extrem-
ity surgeons in practice between 3 and 5 years and an
upper extremity clinical orthopedic fellow. The observers
had not previously been involved in the care of the patients
included in the study and had not previously seen the
radiographs.

We compiled the radiographs, and the treating surgeon
(K.A.H.) selected the pretreatment anterior—posterior
and lateral images. We hid all identifying data on the
radiographs to protect patient confidentiality, and we num-
bered the images. In cases where the radiographs were
electronic images, we appropriately magnified them to
match the resolution of the original radiographic film
images.

Each observer received diagrams illustrating and
describing in detail the 2 classification systems being evalu-
ated. We obtained the illustrations and descriptions from
the initial descriptions by the original authors.**

We asked observers to classify the radiographs accord-
ing to the Hotchkiss modification of the Mason classifica-
tion and the AO classification systems. The observers clas-
sified the radiographs independent of each other. It took
45-60 minutes for the reviewers to go through the radio-
graphs; they classified the radiographs individually, but all
in one sitting. All observers reviewed the radiographs in
the same order, and they used a standardized data entry



sheet to record their classification for each set of radio-
graphs. Prior to classifying the radiographs, we reviewed
the classification systems with the observers. Reference
sheets detailing the systems were available to the reviewers
during the classification of the radiographs. We provided
reviewers with rulers to measure displacement.

For the Hotchkiss modification of the Mason classifica-
tion system, we asked observers to select either type I, IT or
III fractures. We asked them to ignore other fractures and
dislocations apparent in the radiographs while classifying
according to the Hotchkiss system.

For the AO classification system, we asked observers to
select fracture type A, B or C, followed by group 1, 2 or 3
and finally subgroup 0.1, 0.2 or 0.3. We asked them to
include fractures of the proximal ulna while classifying
according to the AO system, and depression in this case
meant any depression greater than 0 mm, following the
description of the original authors.?

Statistical analysis

We entered data from each observer into Excel spread-
sheets (Microsoft Corporation). We calculated percent
agreement pairwise among observers, yielding 10 different
results per classification system. We calculated the mean
percent agreement and corresponding 95% confidence
intervals (Cls) for each classification system using SPSS
11.0 for Windows (SPSS Inc.).

We also calculated the « statistic for each classification
system as a measure of chance-corrected agreement for
nominal data. It compares an observed measure of agree-
ment with the level of agreement expected by chance
alone. The maximum value of 1.0 means that every ob-
server agrees with every other observer on every case,
whereas a value of 0 indicates no more agreement than
what would be expected by chance alone.** We treated
each category of the classification system as nominal data.
Interpretation of the x value was based on the guidelines
proposed by Landis and Koch:® a x statistic less than 0.00
indicates poor agreement, 0.00-0.20 slight, 0.21-0.40 fair,
0.41-0.60 moderate, 0.61-0.80 substantial and 0.81-1.00
almost perfect agreement. We calculated x statistic values
using Stata 8 for Windows (StataCorp.).

We performed further analysis on consolidated versions
of both classification systems. We collapsed the Hotchkiss
modification of the Mason system into 2 types. The first
consisted of type I fractures, whereas the second consisted
of types II and III fractures. This, in effect, made the
Hotchkiss modification of the Mason system a nonopera-
tive versus operative classification system. We consolidated
the AO classification system by removing the final digit.
"Thus, we reduced the original number of 26 subgroup cat-
egories to 9. Although this did not result in a nonoperative
versus operative classification system, it was done to con-
solidate similar types of fractures and to reduce the com-
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plexity of the system. We recalculated percent agreement
pairwise among observers, and we recalculated the mean
percent agreement and corresponding 95% Cls for each
consolidated classification system. Additionally, we calcu-
lated x statistic values for the consolidated systems.

REsuLTs

We identified 58 patients as having radial head fractures
between January 1999 and February 2004; however, owing
to missing or destroyed radiographs, 43 patients provided
radiographs for the study. Of these, 12 patients had con-
comitant proximal ulna fractures. Of the 43 sets of radio-
graphs obtained, 37 sets were original radiographic film
images and 6 sets were electronic images, which we magni-
fied to match the resolution of the original radiographic
film images.

Each of the 5 observers classified the 43 sets of radio-
graphs. The mean percent agreement was 72.3% (95% CI
65.8%-78.9%) for the Hotchkiss modification of the
Mason classification system and 37.7% (95% CI 30.5%—
44.9%) for the AO classification system. The « statistic was
0.585 (95% CI 0.54-0.661) for the Hotchkiss modification
of the Mason classification system and 0.261 (95% CI
0.240-0.350) for the AO classification system (Table 1).
We considered the « statistic values to represent moderate
and fair agreement for the Hotchkiss modification of the
Mason classification and the AO classification systems,
respectively, according to the interpretation of the K statis-
tic by Landis and Koch.®

Consolidation of the categories within the classification
systems improved the percent agreement and K statistic
values for both classification systems. The mean percent
agreement increased from 72.3% to 89.3% (95% CI
86.6%-92.0%) for the Hotchkiss modification of the
Mason classification system and from 37.7% to 67.4%
(95% CI 54.6%-80.3%) for the AO classification system.
The x statistic was 0.760 (95% CI 0.691-0.805) for the
consolidated version of the Hotchkiss modification of the
Mason classification system and 0.455 (95% CI 0.372—
0.521) for the consolidated version of the AO classification
system (Table 2). We considered these values to represent
substantial and moderate (lower end) agreement for the
Hotchkiss modification of the Mason classification and the
AOQ classification systems, respectively, according to the
interpretation by Landis and Koch.*

Table 1. Percent agreement and « statistic of the

classification systems

Classification Percent agreement K statistic
system (95% CI) (95% Cl)
Hotchkiss 72.3 (65.8%-78.9%) 0.585 (0.541-0.661)
AO 37.7 (30.5%-44.9%) 0.261 (0.240-0.350)

Cl = confidence interval.
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Discussion

"The objective of a classification system is to provide a reli-
able and reproducible means by which clinicians and
researchers may communicate about various fractures and
dislocations. The purpose of our study was to assess
whether 2 common radial head fracture classification sys-
tems, the Hotchkiss modification of the Mason classifica-
tion and the AO classification systems, were reliable among
multiple examiners with varying levels of experience. To
our knowledge, ours is the first study assessing the inter-
observer reliability of the Hotchkiss modification of the
Mason classification and the AO classification systems for
radial head fractures.

We found that the Hotchkiss modification of the
Mason classification for radial head fractures had moderate
reliability based on the interpretation of the ¥ statistic by
Landis and Koch.® This reliability improved to substantial
agreement when we consolidated the classification system.
The Hotchkiss modification of the Mason system takes
into account the suggested treatment in addition to the
morphology of the fracture, and it builds upon the original
classification system proposed by Mason.’ Prior work on
the reliability of the Mason classification by Morgan and
colleagues' reported a median « statistic of 0.54 and 0.64 at
2 separate readings of radiographs by the same observers.
Although the authors concluded that the Mason system
was unreliable based on their interpretation of their study
results, using the interpretation of Landis and Koch, the
median K statistic values could be viewed as showing mod-
erate reliability.

These findings suggest that the Hotchkiss modification
of the Mason classification system is substantially success-
ful at differentiating between fractures that require opera-
tive treatment and those that do not. Examining the classi-
fication of the individual fractures by the 5 observers in the
present study revealed that no fracture classified as type I
by one reviewer was classified as type III by another. Thus,
all fractures that were labelled as type III by at least
1 reviewer would have received operative treatment based
on the classification of all of the other reviewers.

Differentiating type I and II fractures requires that we
determine whether the fractures are sufficiently displaced
to require open reduction and internal fixation; however, a
major concern is that the definition of sufficient displace-

Table 2. Percent agreement and « statistic of the consolidated

classification systems

K statistic
(95% Cl)

0.760 (0.691-0.805)

Classification
system

Percent agreement
(95% ClI)

89.3 (86.6%-92.0%)

Consolidated
Hotchkiss

Consolidated AO 67.4 (54.6%-80.3%) 0.455 (0.372-0.521)

Cl = confidence interval.
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ment is not clear in the existing literature. Although, tradi-
tionally, fractures with more than 2 mm of displacement
would be considered sufficiently displaced, anecdotally,
many surgeons treat radial head fractures with more than
2 mm of displacement nonoperatively (Fig. 1).

Previous studies examining the outcomes of Mason I
and II fractures of the radial head treated nonoperatively
and operatively have produced mixed results. Herbertsson
and colleagues’ recently reviewed the long-term results of
nonoperatively treated Mason I radial head fractures with
more than 1 mm of displacement. They found a generally
favourable outcome, with 91% of patients reporting no
symptoms and no measured loss of motion among all
patients included in the study. Studies by Arner and col-
leagues® and Poulson and Tophoj’ found excellent results
in 87% and 78% of patients, respectively, with marginal
fractures of the radial head treated nonoperatively.

Fig. 1. The Hotchkiss modification of the Mason classification
type Il radial head fracture.



Conversely, Carstam' reported 46% poor or fair outcomes
following nonoperative treatment of radial head fractures.
Khalfayan and colleagues' found improved outcomes fol-
lowing open reduction and internal fixation for patients
with Mason type II fractures of the radial head. Prospective
studies on radial head fracture treatment and outcomes are
required to better define sufficient displacement to require
operative treatment.

We found that agreement in the AO classification by
subgroup was fair, increasing to the lower end of moderate
when we consolidated the system to group classification.
Previous studies examining the interobserver reliability of
the AO classification system for fractures of the proximal
humerus, distal humerus and distal radius reported agree-
ment that ranged from fair to moderate, with most studies
finding fair subgroup agreement and moderate group
agreement."” "¢

As with previous studies examining the reliability of the
AO classification system for various fractures, our findings
suggest that the AO system is also generally unreliable for
classifying radial head fractures. The AO system arose
from efforts to produce a comprehensive method for classi-
fying fractures of the long bones that could be used as a
taxonomic system in research to make valid comparisons
among groups.*”” However, most studies assessing the reli-
ability of the AO system in various musculoskeletal injuries
have found it to be cumbersome, not applicable to clinical
decision-making and generally unreliable.’¢

A major criticism of the AO classification system spe-
cific to radial head fractures is its subgroup classification
for such fractures. Isolated radial head fractures could be
classified as either type B2.1, B2.2 or B2.3. The differences
between these subgroups relate to the degree of comminu-
tion first and the degree of displacement second, with sub-
group B2.1 including all displaced and nondisplaced simple
fractures, subgroup B2.2 including nondisplaced multifrag-
mentary fractures and subgroup B2.3 including displaced
multifragmentary fractures. Treatment decisions based on
this system may be limited, as nondisplaced simple and dis-
placed simple fractures (both B2.1) may require different
interventions. As treatment decisions are likely to be differ-
ent, one could suppose that the outcomes may be different,
which suggests this system may be limited in assisting clin-
ical decision-making or assessing outcomes. A factor con-
tributing to the lower agreement with the AO system and
the limitation of its usefulness is the inclusion of ulnar frac-
tures, when present, in the classification. Evaluators may
agree on the radial head fracture, but differ on the ulnar
fracture, lessening the agreement among observers.

In general, we found that the observers were likely more
familiar with the Hotchkiss modification of the Mason
classification system than the AO classification, which may
have affected our observed reliability. However, it could be
argued that this familiarity may be related to the greater
ease of use of the Hotchkiss system than that of the AO
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system, which in turn suggests that the Hotchkiss system is
more relevant as a treatment-based classification system.
The percentage of displaced and comminuted radial head
fractures may have been greater than what would be
expected in the general population owing to the subspe-
cialized nature of the practice from which we identified the
patients. Thus, the reported interobserver agreement may
be decreased as there was greater agreement in classifying
nondisplaced fractures.

We did not randomize the order of presentation of the
radiographs for each observer. However, the results do not
appear to show increasing or decreasing agreement on
radiographs reviewed earlier and those reviewed later,
arguing against a learning bias or examiner fatigue. Addi-
tionally, we did not ask observers to repeat classification to
assess the intraobserver reliability of the systems. A gold
standard such as a computed tomography scan or operative
intervention was not available for all patients, therefore we
were not able to determine the accuracy of each reviewer
in using the classification systems. The clinical experience
of the reviewers did not appear to alter the percent agree-
ment appreciably among the various reviewers. The num-
ber of observers and the number of patients is in keeping
with similar previously completed studies.”* ¢

In conclusion, the Hotchkiss modification of the Mason
classification system has moderate reliability, increasing to
substantial reliability following consolidation of the type II
and III fractures. The Hotchkiss system appears to be
moderately successful in distinguishing between fractures
requiring operative versus nonoperative intervention. Fur-
ther work is required to determine the true applicability of
this classification system: that is, whether fractures meeting
the operative treatment criteria truly require such an inter-
vention. As with previous studies on the interobserver reli-
ability of the AO classification system for long bone frac-
tures, our study confirms the unreliability of this system.
Specifically, for fractures of the proximal radius and ulna,
including the radial head, the AO subgroup classification
system has only fair reliability. Consolidation of the classi-
fication system, which eliminates the ability to distinguish
between different types of radial head fractures, increases
the reliability to the lower end of moderate. Although this
streamlines the system, the clinical relevance becomes lim-
ited by the consolidated version’s decreased ability to
describe injury severity and to identify injuries that require
operative treatment.
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