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Abstract

Background: The classification of fractures is necessary to ensure a reliable means of communication for clinical interactiom
education and research. The Neer classification is the most commonly used classification for proximal humerus fractures. In 2018
the Orthopedic Trauma Association (OTA) and the Arbeitsgemeinschaft flr Osteosynthesefragen (AO) Foundation provided an
update to the OTA/AO Fracture Classification Scheme addressing many of the concerns about the previous versions of the
classification. The objective of the present study was to evaluate the rater reliability of the 2 classifications and if the classifications
subjectively better characterized the fracture patterns.

Methods: X-rays and Computerized Tomography scans of 24 proximal humerus fractures were given to 7 independent raters for
classification according to the Neer and 2018 OTA/AO classification. Both full-forms and short-forms of the classifications were
tested. The Fleiss Kappa statistic was used to assess inter-rater agreement and intra-rater consistency for the 2 classifications. For
each case the raters subjectively commented on how well each classification was able to characterize the fracture pattern.

Results: All raters graded the 2018 OTA/AO classification as good as or better than the Neer classification for an adequate
description of the fracture patterns. The short-form 2018 OTA/AO classification had the most 4 rater and 5 rater agreement cases
and the second most 6 rater agreement cases. The short-form Neer classification had the second most 4 rater and 5 rater
agreement cases and the most 6 rater agreement cases. The full 2018 OTA/AO had the least 4, 5, or 6 rater agreement cases of all
the classification systems. Inter-rater agreement was fair for the full and short form of both the Neer and 2018 OTA/AQ classification.
The full and short Neer classifications together with the short 2018 OTA/AO classification had moderate intra-rater consistency,
while the full 2018 OTA/AQ classification only had slight intra-rater consistency.

Conclusions: The 2018 OTA/AO classification is equivalent in its short-form to the Neer classification in inter-rater reliability and
intra-rater consistency; and is superior in its full form for characterizing specific fracture types. The low inter-rater reliability of the full
2018 OTA/AQ classification is a concern that may need to be addressed in the future.

Keywords: Neer classification, OTA/AO classification, proximal humerus fractures, reliability study

1. Introduction The Neer classification, described initially in 1970, is the most
The classification of fractures is necessary to ensure a reliable ~ commonly used classification for proximal humerus frac-
means of communication for clinical interaction, education and ~ tures.!"*! There is ample evidence, however, that observers
research. Often, there are multiple classification schemes,  often disagree on displacement and orientation of fracture lines,
originating in different eras, available for the same fracture. ~ which are the necessary factors to accurately use this classifica-
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tion.[>® Furthermore, the Neer classification fails to account for
clinically significant fracture attributes such as varus/valgus
coronal plane alignment.[”!

Similar to the Neer classification, the original OTA/AO
classification!®”! was unable to account for fracture features
such as fragment displacement.””! In 2018 the Orthopedic
Trauma Association (OTA) and the AO Foundation provided an
update to the OTA/AQO Fracture Classification Scheme (2018
OTA/AQ classification), addressing many of the concerns about
the previous versions of the classification.'”! The updated
compendium included a modification of the classification of
proximal humerus fractures that offers a myriad of different
fracture descriptions compared to the 16 possible fracture types
available in the Neer classification. It is not evident, however,
that the new modification will be more useful for research or
clinical purposes. The objective of the present study was to
evaluate the rater reliability of the 2018 OTA/AO classification
compared to the Neer classification. A secondary aim was to
survey the raters regarding which of the classifications
subjectively better characterized the fracture patterns they
evaluated.

2. Methods

The methodology of this study complies with the Guidelines for
Reporting Reliability and Agreement Studies for reporting
reliability and agreement studies.!'""! The study received
institutional review board exempt status in both involved
trauma centers.

2.1. Patient and image selection

Two trauma centers submitted de-identified proximal humerus
fracture cases for review. An investigator that did not participate in
the classification exercise reviewed the cases and chose 24 cases so
that they would have equal distribution of OTA/AO types (As, Bs,
and Cs) and Neer classification groups (2-parts, 3-parts, and 4-
parts). Twenty-four cases were selected to approximate the
number of cases in similar, previously published studies!**'* and
in accordance with the recommended sample size of a reliability
study.['3 For each case, injury x-rays, Computerized Tomography
(CT) scans with axial, coronal and sagittal reconstructions, and 3D
reformations were presented.

2.2. Classification

We used a previously described numbering scheme! to classify
fractures according to the Neer classification. According to this
scheme, the raters needed to classify any fracture type using a
number between 1 and 16 (Fig. 1). A part in the Neer
classification was considered a fracture fragment that has 1cm or
45 degrees of displacement.!!! Next, the raters classified the
fractures, according to the 2018 OTA/AO classification.!**! For
each fracture, the raters recorded the type, group, subgroup
(Fig. 2) and added qualifications and universal modifiers as
necessary (Fig. 3). For each case, raters also recorded whether
they thought each classification adequately reflected the specific
fracture pattern.

Seven raters, all members of the OTA Classification and
Outcomes Committee, were available to perform the classifications
in 2 separate classification rounds. Due to the COVID-19 pandemic,
the raters were asked to classify the fractures in 2, 2-hour, zoom
video conferences (Zoom version: 5.0.4, Zoom Video Communi-
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Figure 1. The Neer classification together with a numbering scheme from 1 to
16 to aid in rating evaluation.

cations Inc.). The classification rounds were conducted 6 weeks
apart, with the cases presented in a different order in each round, to
minimize the risk that raters would remember how they classified a
particular fracture pattern in the first round. During the conferences,
the investigator not classifying the fractures, acting as the
moderator, presented the 24 cases, showing all the available images
and going back to review images per the rater’s requests. The raters
were not limited in time while reviewing the cases but were not
allowed to discuss the cases during the call. Once all the raters
signaled (verbally or through the Zoom chat/signaling options) that
they had finished classifying the fracture, the moderator presented
the next fracture. Recordings of the video conferences were available
to the raters, and they were allowed to watch the video recording
before submitting their final classification scoresheets. Two
reviewers in the first round and 6 reviewers in the second round
watched only the video recording before submitting their score-
sheets. Because of this limitation, the results of this study were
analyzed once for all raters and once for the raters that just used
video recording in both rounds. Before the classification rounds, the
raters received a detailed oral and pdf file description of how to use
both classification systems. The raters classified 2 test-cases together
as a group exercise to practice the use of the classifications, address
any questions and reinforce critical features of each classification
before the first session. On both classification rounds, each of the
raters classified all 24 proximal humerus cases independently
without discussion with the other raters.

2.3. Statistical analysis

All data were collected in Excel 2016 @Microsoft, gathered in a
central location and analyzed using Statistical Package for the
Social Sciences v 26 @International Business Machines Corpo-
ration. We used the Fleiss Kappa statistic to assess inter-rater
agreement and intra-rater consistency for the 2 classifica-


http://www.otainternational.org

Marmor et al OTA International (2022) e200

www.otainternational.org

11
Location: Humerus, proximal end segment 11

I

Humernus, proamal end segment,
articular or 4-part fracture
1C

‘ |
Figure 2. The 3 types (A, B, and C) of proximal humerus fractures (bone location 11) according to the 2018 update of the OTA/AO Classification.

tions."*! According to this statistical test, a kappa of <0 is
considered a poor agreement, 0 to 0.2 a slight agreement, 0.21 to
0.4 a fair agreement, 0.41 to 0.6 a moderate agreement, 0.61 to
0.8 a substantial agreement, and >0.81 an almost perfect

agreement.!' Confidence intervals of 95% (95% CI) were
calculated for each kappa score.

We also recorded the number of cases in which each reviewer
felt that the classifications adequately classified the fractures and

Type: Humerus, proxmal end segment, extraarticular, bifocal, 3-part fracture 118
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Figure 3. Examples of the possible subgroups (11B1.1 or 11B1.2), qualifications (u or v) and universal modifiersl'~'“! for the proximal humerus fractures (bone
location 11) of the extra-articular, bifocal, 3-part type (B), and the surgical neck group (B1) according to the 2018 OTA/AQO Classification.
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the maximal number of reviewers that agreed on a specific
classification for each case.

In order to account for a more clinically applicable version of
the classifications, we repeated the analysis on a truncated
“short” version of the 2 classifications. Neer-short included just
the number of parts of the fracture: 2, 3, or 4 parts. OTA/AO-
short included just the fracture type: A, B, or C.

The full data that was collected is available in the appendix,
http://links.lww.com/OTAI/A47.

3. Results

Seven raters reviewed 24 proximal humerus fracture cases in 2
classification rounds. Of the 168 classifications done in the first
round (24 cases by 7 raters) 76 cases were rated as 2-part
fractures, 50 as 3-part fractures and 40 as 4-part fractures
according to the Neer classification; 51 were rated as type A, 60
as type B, and 57 as type C of the 2018 OTA/AO classification.
All raters graded the 2018 OTA/AQ classification as good as or
better than the Neer classification for an adequate description of
the fracture patterns (Fig. 4). Raters uniformly stated that use of
advanced imaging in combination with applying the 2018 OTA/
AO classification allowed for the most complete description of
the injury.

In the Neer classification, complete agreement between all the
raters occurred only in 1 case of the full Neer classification (a 4-
part fracture dislocation) and only in 2 cases of the short Neer
classification (a 4-part and a 2-part fracture). In 5 cases (2
anatomical neck 2-part fractures, 1 surgical neck 2-part fracture,
one 4-part fracture and one 4-part fracture-dislocation), only 2
raters out of 7 agreed using the full Neer classification, and in 1
case (a 4-part fracture), only 2 raters agreed using the short Neer
classification (Fig. ).

www.otainternational.org

For the 2018 OTA/AO classification, complete agreement for
all reviewers was seen only for the short OTA/AO classification
in 4 cases (1 type A and 3 type C). In 7 cases (5 type A and 2 type
C), only 2 raters could agree on the full 2018 OTA/AO
classification (Fig. 6).

Figure 7 shows the number of cases in which at least 4, 5, or 6
of the raters agreed on the different classifications. OTA/AO
short classification had the most 4 rater and 5 rater agreement
cases and the second most 6 rater agreement cases. The short
Neer classification had the second most 4 rater and 5 rater
agreement cases and the most 6 rater agreement cases. The full
2018 OTA/AO had the least 4, 5, or 6 rater agreement cases of all
the classification systems.

Overall inter-rater agreement was fair for the full Neer
Classification with a kappa of 0.299 (0.266-0.333 95% CI), and
fair for the short Neer classification, with a kappa of 0.290
(0.226-0.353 95% CI). For the 2018 OTA/AO classification,
overall inter-rater agreement was fair, with a kappa of 0.240
(0.205-0.274 95% CI), and fair for the short OTA/AO (type
only) classification, with a kappa of 0.362 (0.300-0.423 95%
Q).

Intra-rater consistency was evaluated for all the raters. Both
the full and short Neer classifications had moderate intra-rater
consistency, with full Neer kappa of 0.443 (0.387-0.50 95%
CI). and short Neer kappa of 0.454 (0.348-0.560 95% CI). The
short 2018 OTA/AQ classification also had moderate intra-rater
consistency, kappa of 0.481 (0.374-0.588 95% CI). However,
the full 2018 OTA/AQ classification only had slight intra-rater
consistency, kappa of —0.11 (95% CI, —0.16, —0.06).

A repeat analysis of the reviewers that only watched a video of
the case presentations (did not participate in at least 1 live zoom
meeting) did not change any of the inter-rater or intra-rater
results for any of the classification systems.

—
w

—
Py

o

=

W Satisfied with Neer

Reviewer Satisfaction

1 2 3 4 5 6 7

® Sati sfied with AO/OTA

Figure 4. Number of cases (out of 24) each of the 7 reviewers saw as adequately describing each fracture pattern.
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Figure 5. Number of cases that had agreement on the Neer classification between different reviewers (out of 7).

When looking at specific fracture types, only Neer classifica-
tion type 13, 4-part fracture-dislocation (kappa=0.716, 0.626—
0.805 95%CI), and OTA/AO classification A1.1, isolated
greater tuberosity fractures (kappa=0.738, 0.624-0.802 95%
CI) had good agreement. The rest of the specific fracture types in
both classifications, including their long and short versions, had
fair to poor agreement between raters.

4. Discussion

The purpose of this study was to compare the 2018 update of the
OTA/AO classification to the Neer classification of proximal
humerus fractures. We were not able to demonstrate the
superiority of the newer, 2018 OTA/AQ classification over the
older, 1970 Neer classification in inter or intra-rater reliability.

However, we did find that all raters felt that the full 2018 OTA/
AO classification better characterizes the specific fracture
patterns. We also found that the short version of the 2018
OTA/AO classification had equivalent or better reliability than
both the full and short Neer classifications.

Management of proximal humerus fractures remains highly
controversial, with no single technique, surgical or nonsurgical,
consistently demonstrating superior outcomes.!’>! A reliable
classification that is also able to capture the intricacies of
proximal humerus fracture patterns is necessary for proper
standardization of data in outcome studies. Since its first
description in 1970, the Neer classification is widely used in
outcome studies as well as in clinical practice.””’ However,
previous tests of the Neer classification demonstrated only
moderate to fair agreement between raters.>121%171 [n a study

AO/OTA classification agreement

o K N W B U O N ®

3of 7

mAO/OTA

4 0of 7

50f 7

# AO/OTAshort

Figure 6. Number of cases that had agreement on the 2018 OTA/AO classification between different reviewers (out of 7).
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Figure 7. Number of cases in which at least 4, 5, or 6 of the raters agreed on the different classifications.

comparing residents to fellows and specialists, the mean kappa
value for inter-rater agreement for the Neer classification was
0.27 (95% C1 0.26-0.28) with no clinically significant difference
between orthopedic residents (n=9), fellows (n=6) and special-
ists (n=9).1'?! Analysis of 250 patient x-rays from the PROximal
Fracture of the Humerus: Evaluation by Randomisation trial
demonstrated similar findings.''®! Other studies suggested that
with the use of advanced computerized imaging, such as 3D CT
reconstructions, this inter-rater agreement could be
improved.""”'8 Our study found only fair agreement for the
Neer classification, despite the use of advanced imaging such as
CT axial cuts, and sagittal, coronal and 3D reconstructions. A
possible explanation of this observation may be the severity of
the injuries compared to previous trials since all of the cases were
taken from level I trauma centers. It is also worth noting that in
more recent studies, such as the PROximal Fracture of the
Humerus: Evaluation by Randomisation trial, the inter-rater
agreement was similar to our study."®

The OTA/AO classification was first published in 1996!"! as
an expansion of the Comprehensive Classification of Fractures
of the Long Bones developed by Miller and collaborators a
decade earlier.'®”! The classification intended to bring forth a
standardized and rational methodology of describing all
fractures and dislocations as well as a mechanism to code data
for future recall."”! The classification was updated in 2008 and
2018, each time addressing concerns about terminology and the
relevancy of specific classification schemes.!'”! For proximal
humerus fractures, the OTA/AQ classification improved on the
Neer classification by its account for varus and valgus
displacement. However, it was inferior to the Neer classification
by its lack of account of displacement.””! In the 2018 update to
the OTA/AQ classification, the Neer classification was inte-
grated into the OTA/AO classification to facilitate clinician
comprehension and optimize the best features of both
classifications.'”! The current study is the first study to test
the 2018 OTA/AO proximal humerus classification. Our find-
ings suggest that, in its fully detailed form, the 2018 OTA/AO
classification is inferior in terms of inter-rater reliability to the
Neer classification. However, in its short form, signifying the

fracture type only (A—extraarticular, unifocal, 2-part; B—
extraarticular, bifocal, 3-part fracture; and C—articular or 4-
part fracture) the inter-rater reliability is better or similar to the
Neer classification. This finding is expected since in its short
form the 2018 OTA/AO classification closely resembles the short
form of the Neer classification. An additional important finding,
however, was that 6 out of the 7 reviewers were significantly
more satisfied with the ability of the 2018 OTA/AO classification
to characterize the various fracture patterns correctly.

The current study demonstrates that both classification
systems have advantages as well as significant drawbacks. We
tested 2 versions of the Neer classification. The first version was
an extended numerical version, where the numbers 1 to 16
signify different fracture patterns. This version has previously
been used only for research purposes.”*! The second version of
the Neer classification that we tested was the short version,
which is common in clinical practice and where we only counted
the number of displaced parts in the fracture.!*! The familiarity
of most surgeons and trainees with this classification is its most
significant advantage. However, as demonstrated in this and
previous studies, the Neer classification falls short in its ability to
describe the more complex fracture patterns. The 2018 OTA/AO
classification is exceptionally suited for describing complex
fractures. With its types, groups, sub-groups and sub-group
qualifications, it offers 6 different unifocal (2-part) fracture
types, 6 different bifocal extraarticular (3-part), and 9 multifocal
intraarticular (4-part) fracture types. Considering the 14
different “universal modifiers” that account for factors such
as displacement, dislocation, extension, bone quality and
cartilage injury, 294 classifications are possible if we use 1
modifier and an endless amount if we use more than 1. This is an
overwhelming number compared to the 16 possible classifica-
tions of the Neer classification, and can explain why the raters
uniformly found that the 2018 OTA/AO classification better
describes or characterizes the various fractures.

Furthermore, in its most basic (short) form, the 2018 OTA/AO
classification retains and maybe slightly improves on the
simplicity and inter-rater reliability of the Neer classification.
When 1 considers the 4 primary reasons to use a classification—
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communication, teaching, research and ease of coding, it appears
that the short versions of Neer or OTA/AO are best for
communication and ease of coding due to their superior inter-
rater reliability. However, for teaching and research purposes
and in order to best classify a particular fracture and correlate it
to best management and outcome, the full 2018 OTA/AO
classification may be the best choice and is supported by the
selections of the reviewers in this work. The universality of the
OTA/AO classification (i.e., its ability to classify all fractures
according to similar principles) is another advantage it has over
other classification schemes. Future studies will need to research
the utility of the 2018 OTA/AQ classification in preoperative
planning (e.g., surgical approach, reduction strategy, implant
choice) and outcome prediction

The study is the first to compare the 2018 OTA/AO proximal
humerus classification to an existing classification. The number
of raters and the use of multiple imaging modalities are
additional strengths of this study. There are, however, also
significant limitations to the study. The first limitation is that a
single investigator chose the cases. The investigator, however,
did not participate in classifying the fractures. Moreover, the
final distribution of the fracture types by the raters was balanced
as intended. Another limitation is the nonuniform quality of the
images. The low quality of some of the x-ray and CT images may
have contributed to the disagreement between reviewers. The
authors felt, however, that this also made the cohort resemble
“real-life” imaging and the clarity of the images affected both
classification systems in a similar way. Another limitation may
be the difference in time that different raters took to classify the
fractures. Some raters completed their classification during the
live zoom call, while others viewed the video recording of the
zoom call to do their classifications. The authors do not feel that
this skewed the results of the study since there were no time
constraints to classify during the live zoom call. A sub-analysis of
raters that only used video recordings for both rounds did not
change the results. Classification of 2 test cases in group
discussion addressed the lack of familiarity with the particulars
of the classifications for some raters. The final important
limitation is that 2 of the raters were primarily responsible for
the 2018 update of the OTA/AO classification and all of the
raters were members of the OTA classification committee and,
therefore, may have a higher level of interest in this field and may
have biased the results of the study in favor of the 2018 OTA/AO
classification. This bias, if existent, was not severe since the study
did not show a clear superiority of the 2018 OTA/AO
classification and since the inter-rater and intra-rater reliabilities
of both classifications were similar to those previously reported.

In conclusion, this study showed the equivalence of the short-
form versions of the Neer and OTA/AO classifications, with
superiority of the OTA/AO classification at describing specific
fracture patterns. As a result, the authors believe that overall, this
study supports using the 2018 OTA/AO classification over the
Neer classification for classifying proximal humerus fractures.
For clinical use and data entry into registries, the authors
recommend using the short A, B, C (fracture type) version of the
2018 OTA/AO classification as it has the highest inter-rater
reliability and it also incorporates the Neer classification. A is
typically a 2-part fracture, B a 3-part fracture, and C a 4-part
fracture. The authors recommend using the complete 2018 OTA/
AOQ classification for teaching and research purposes, as it offers
a much more detailed description of relevant features of the
fracture. For research purposes, we recommend using advanced
imaging and that 2 or more investigators classify the fractures

www.otainternational.org

regardless of the choice of classification to increase reliability.
Accurate classification of fracture patterns is critical to our
ability to interpret the results of outcomes studies. However,
the low inter-rater reliability of the complete 2018 OTA/AO
classification is a concern that may need to be addressed by
introducing computer-assisted classification aids in the future.
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