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The AO CMF has recently launched the first comprehensive classification system for
craniomaxillofacial (CMF) fractures. The AO CMF classification system uses a hierarchical
framework with three levels of growing complexity (levels 1, 2, and 3). Level 1 of the system
identifies the presence of fractures in four anatomic areas (mandible, midface, skull base,
and cranial vault). Level 2 variables describe the location of the fractures within those
defined areas. Level 3 variables describe details of fracture morphology such as fragmenta-
tion, displacement, and dislocation. This multiplanar radiographic image-based AO CMF
trauma classification system is constantly evolving and beginning to enter worldwide
application. A validation of the system is mandatory prior to a reliable communication and
data processing in clinical and research environments. This interobserver reliability and
accuracy study is aiming to validate the three current modules of the AO CMF classification
system for mandible trauma in adults. To assess the performance of the system at the
different precision levels, it focuses on the fracture location within the mandibular regions
and condylar process subregions as core components giving only secondary attention to
morphologic variables. A total of 15 subjects individually assigned the location and features
of mandibular fractures in 200 CT scans using the AO CMF classification system. The results
of these ratings were then statistically evaluated for interobserver reliability by Fleiss’ kappa
and accuracy by percentage agreement with an experienced reference assessor. The scores
were used to determine if the variables of levels 2 and 3 were appropriate tools for valid
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classification. Interobserver reliability and accuracy were compared by hierarchy of
variables (level 2 vs. level 3), by anatomical region and subregion, and by assessor
experience level using Kruskal-Wallis and Wilcoxon’s rank-sum tests. The AO CMF
classification system was determined to be reliable and accurate for classifying mandibular
fractures for most levels 2 and 3 variables. Level 2 variables had significantly higher
interobserver reliability than level 3 variables (median kappa: 0.69 vs. 0.59, p < 0.001) as
well as higher accuracy (median agreement: 94 vs. 91%, p < 0.001). Accuracy was
adequate for most variables, but lower reliability was observed for condylar head fractures,
fragmentation of condylar neck fractures, displacement types and direction of the condylar
process overall, as well as the condylar neck and base fractures. Assessors with more clinical
experience demonstrated higher reliability (median kappa high experience 0.66 vs.
medium 0.59 vs. low 0.48, p < 0.001). Assessors with experience using the classification
software also had higher reliability than their less experienced counterparts (median kappa:
0.76 vs. 0.57, p < 0.001). At present, the AO CMF classification system for mandibular
fractures is suited for both clinical and research settings for level 2 variables. Accuracy and
reliability decrease for level 3 variables specifically concerning fractures and displacement of
condylar process fractures. This will require further investigation into why these fractures
were characterized unreliably, which would guide modifications of the system and future

instructions for its usage.

Trauma classification systems are essential for providing
reliable and reproducible documentation of fracture pat-
terns and their extent. Appropriate classification systems
may allow for more effective clinical communication and
support for decision making when formulating treatment
plans. Trauma often requires healthcare providers from
different specialties to work together during a patient’s
treatment course. This stresses the need for a common
language to facilitate professional exchange.

Currently, there is a multitude of existing classification
systems for mandibular trauma. These systems can vary with
regard to how they define topographic mandibular regions
and often lack clear definitions and details. Some of these
inconsistencies may arise as the result of historical limita-
tions in imaging, which have improved with the develop-
ment of modern cross-sectional imaging techniques.1

Due to these drawbacks, the Arbeitsgemeinschaft fiir
Osteosynthesefragen (AO) developed a new and comprehen-
sive craniomaxillofacial (CMF) trauma classification system for
adult craniofacial trauma.? This AO CMF classification system
is multispecialty in scope (plastic and reconstructive surgery,
otorhinolaryngology, oral and maxillofacial surgery, and neu-
rosurgery) and surveys the cranial vault, skull base, midface,
and mandible in a total of four anatomic modules.?

To establish a mainstream trauma classification system
with standardized rules and conventions that is universally
employed by the global medical community, it is funda-
mental to collect and stratify data according to comparable
categories for subsequent evaluation on pertinent criteria.
As with all modern fracture classification systems, a distinct
methodologic approach is crucial to come up with a scien-
tifically sound validation.* In iterative cycles, this classifica-
tion design was refined until it reached robust performance
in terms of accuracy, reliability, and reproducibility.?

The current AO CMF classification system for mandible
fractures has been developed through several revisions.'>®
The developmental process involved international expert
groups of variable size (4-18 individuals) and background
(CMF surgery, radiology, basic science, applied biostatistics)
and started with a series of pilot agreement studies that
resulted in a preliminary proposition of fracture classifica-
tion.” The kappa statistic (k) measuring the chance-corrected
proportional interobserver agreement of this first-genera-
tion scheme as well as of a successor model persistently
indicated shortfalls in the acceptable strength of agreement
within internal follow-up studies. A detailed analysis of the
raw data identified an overzealous complexity of the pro-
posed model, which made an attempt to comply with the
tripartition fracture severity concept advocated in the AO
long bone fracture classification system.®

Instead of adhering to an overly complex system,
the current AO CMF trauma classification system aims to
create a workable solution in the form of three hierarchical
precision levels (elementary, basic, and focused) which
represents a scale of increasing complexity. Notably the
mandible fracture classification was reconfigured under
almost ideal circumstances. Expert groups were primarily
involved in the definition and redesign of the schemes. They
were therefore highly cognizant of the options available
when creating the classification system and of the limita-
tions of the system.

To ease application of the classification system, the inter-
nal developmental phase included focusing on an updated
software package, the AO COmprehensive Injury Automatic
Classifier (AOCOIAC) version 4.0 (AO Foundation, Diibendorf,
Switzerland; www.aofoundation.org/aocoiac). This software
allows for straightforward documentation and easy fracture
coding.
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The comprehensive AO CMF trauma classification system
for adults, approved and propagated by the AQ, is presently
on its way into more widespread use. However, there is the
foremost need to conduct second phase validation studies in
terms of interobserver reliability and accuracy that replicate
realistic clinical encounters. In other words, surgeons in
different stages of training and experience who may use
the classification schemes must try the classification soft-
ware. The goal of any injury classification is to create a
common language to serve as the basis for communicating
between healthcare providers and for evaluating treatments
and their outcomes to assist with future clinical decisions. To
that end, the AO CMF classification needs to be tested to
demonstrate its validity. The purpose of this study was to
evaluate the interobserver reliability and accuracy of the AO
CMF trauma classification system and to investigate relation-
ships between scoring reliability and rater experience level.

Methods

Imaging Case Series Database

To test the AO CMF trauma classification system, a database of
200 consecutive de-identified computed tomographic (CT)
scans of mandibular fractures was created using the Stanford
Translational Research Environment (STRIDE).? The de-iden-
tification process was presented to the Privacy Office and
received approval. The Stanford University Institutional
Review Board deemed the study exempt from review because
allidentifiable patient health information was removed. Inclu-
sion criteria for the database were as follows: (1) patient older
than 18 years, (2) patient sustained a mandible fracture, and
(3) available pretreatment CT (helical or cone beam).

Using the Cohort Discovery Tool within STRIDE, an initial
search revealed 450 cases since 2010 that met the inclusion
criteria. CT scans from patients were retrospectively added to
the database and screened by one surgeon (S.G.) to confirm
that they met inclusion criteria. This was performed until a
cohort of 200 consecutive cases was assembled. This cohort
was representative of all fracture types and locations. For
each case, an image folder was created that contained de-
identified three-dimensional reconstructions of the radio-
graphic imaging data and any additional CT images relevant
to the fracture. The reconstructions were created from the
DICOM (Digital Imaging and Communications in Medicine)
data at the Department of Radiology, Stanford University
(Stanford, CA). The folders were then shared with surgeons at
four CMF surgery centers (Stanford University; Universitats-
spital Basel, Switzerland; Ludwig Maximilian University,
Munich, Germany; and Helsinki University Hospital, Fin-
land). Assessors at each site classified the 200 CT scans using
the AO AOCOIAC software, version 4.0.'° The assessors were
given a manual (Craniomaxillofacial Fracture Classification
Module User Manual version 4.0.0) to support their under-
standing of the classification software and were allowed to
complete the classifications in as much time as needed.
Additional images were provided upon request. The 200
fracture cases were evaluated by 15 assessors, resulting in
a total of 3,000 assessments of mandibular fracture patterns.
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Overview of Variables

The AO CMF classification modules for mandible fractures
have been described previously.">® They are based on a
system with three levels of increasing detail. Level 1 identi-
fies the fracture within one of four regions (mandible, mid-
face, skull base, and cranial vault). For mandible fractures,
level 2 variables describe the location of the fracture within
the mandibular regions. Level 3 variables then describe
details about the fracture morphology, including fragmenta-
tion, displacement, and dislocation. A brief synopsis of the
categories and fracture variables is shown in =Table 1.

It is most important to first distinguish the location of a
fracture in one or multiple anatomic regions or subregions prior
to determining the morphologic properties of each fracture.
Level 2 classification involves defining a fracture within nine
previously defined topographical regions (~Fig. 1a).! A total of
four “transitional zones” are interposed between the mandib-
ular regions and form corridors approximately the width of the
canine or the third molar. The transitional zones allow for the
clear-cut allocation of fracture lines entering into them or
passing through them into adjacent mandibular regions. A
few specific rules have been defined that allow a fracture to
be categorized as either “confined” to a single region or “not
confined” to a single region, meaning the fracture extends over
at least two adjacent regions (e.g., the symphysis, the right or
left body, and the right or left angle and ramus; ~Fig. 1a).

Level 3 classification of mandible fractures in the non-
condylar regions of the mandible involves evaluating tooth
injuries, periodontal trauma, involvement of the alveolar
process, fracture fragmentation severity (none, minor,
major), and determining whether there is bone loss.

A particular level 3 classification applies to fractures
within the condylar process (CP).° Condylar fractures are
allocated to one of three subregions: the condylar head (CH),
the condylar neck (CN), or the condylar base (CB). The
borders are defined by three horizontally arranged reference
lines (~Fig. 1b).% A CH fracture involves the area superior to
the CH reference line. A CN fracture is affirmed if more than
one-third of the fracture is higher than the sigmoid notch
line. Finally, a CB fracture corresponds to a fracture line
where more than two-thirds of its courses extend below the
sigmoid notch line and the fracture exits posteriorly above
the masseteric notch line (~Fig. 1b). Fractures within the CH
are further described in relation to the lateral condylar pole
zone (=Fig. 1c). Fractures are medial to the pole zone (m-)
only if all fracture lines pass medial to the pole zone. These
differ from pole zone fractures (p-), which include fractures
that run within or lateral to the pole zone. If a p-fracture is
present, it is the preponderant feature for classifying the
fracture and therefore a concomitant m-fracture is simply
considered a fragmentation variable (~Fig. 1c).

Level 3 variables to define CP fracture morphology include
variables for fragmentation and displacement. With regard
to fracture fragmentation, the fracture is defined as having
none, minor, or major fragmentation of the CH, CN, or CB.

Level 3 variables that focus on fracture displacement
describe features of the CP overall in addition to features
within its subregions (CH, CN, CB).
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Table 1 AO classification system for mandible fractures—overview of its variables
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Noncondylar regions

Condylar process

Condylar process
subregions

Angle/Ramus
Body
Symphysis
Coronoid

Condylar head

Condylar neck and
condylar base

Fracture location

0 = not fractured
1 = fractured
2 = undetermined

0 = not fractured
1 = fractured
2 = undetermined

0 = not fractured
1 = fractured
2 = undetermined

0 = not fractured
1 = fractured
2 = undetermined

m = medial to pole zone
p = within or lateral

to pole zone
Fracture morphology
Fragmentation
0 = none 0 = none 0 = none
1 = minor 1 = minor 1 = minor
2 = major 2 = major 2 = major

Displacement

Condylar head/cranial fragment related
to articular fossa

Vertical apposition/
fragment contact

0 = no displacement Direction: 0 = complete 0 = none
1 = displacement | = lateral 1 = partial 1 = partial
2 = dislocation m = medial 2 = lost 2 = full

a = anterior

p = posterior
Ramus end/caudal fragment related to Direction:
fossa | = lateral

m = medial

0 = no displacement Direction:
1 = displacement | = lateral
m = medial

a = anterior
p = posterior

Distortion of condylar head

= orthotopic
= dystopic

Overall loss of vertical ramus height

0 = no change of height
= loss of height
2 = increase of height

a = anterior
p = posterior

Angulation

0 = none (< 5)

1=>5-45
2=>45
Direction:
| = lateral
m = medial

a = anterior
p = posterior

Aspects concerning the overall CP fragment refer to the
displacement/dislocation of the CH in relation to the fossa, as
well as the displacement of the ramus or caudal fragment
end in relation to the fossa,. Moreover, the distortion of the
condyle bearing fragment, and the change of the vertical
ramus height, is described. In CH fractures, the displacement
is characterized by the vertical apposition of the medial
fragment.

CN and CB fractures are detailed in terms of sideward
displacement (degree and direction) and angulation (degree
and direction; =Table 1).

Statistical Analysis

The classification software automatically saved input from
each assessor. Results were aggregated in a REDCap database
and then imported to the statistical software RStudio version
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Fig.1 (a)Panoramicview of the mandible with a full set of permanent teeth. The mandible is divided into nine topographical regions with the symphysis (S)
in the anterior central position. All other regions, including the body (B), angle/ramus (A), coronoid (C), and condylar process (P) are symmetric. Two pairs of
transitional zones are assembled between the S and B (1 = anterior transition zone) and between the B and A (2 = posterior transition zone). (b) Three
reference lines are oriented perpendicular to the posterior ramus to define condylar process subregions. The condylar head reference line is a tangent line
caudal to a sphere around the lateral pole zone and separates the condylar head (CH) from the condylar neck (CN). The sigmoid notch line runs through the
deepest point of the sigmoid notch and separates the condylar neck (CN) from the condylar base (CB). The masseteric notch line is located one-third of the
distance from the most prominent point of the posterior border of masseteric tuberosity to the sigmoid notch line and this line defines the inferior extent of
the condylar base. (c) Fractures of the condylar head are defined based on whether the fracture line courses within the pole (p-fracture) or medial to the pole
(m-fracture). A combination of fractures that includes a pole fracture and fracture medial to the pole are described as a p-fracture with fragmentation.

Adapted from CMTR 2014;7(51).1:

1.0.153 (RStudio Team 2016. RStudio: Integrated Develop-
ment for R. RStudio, Inc., Boston, MA; URL http://www.rstu-
dio.com/) for further analysis. Of the 172 variables collected
during the classification process, 86 were used for analysis.
The first 86 variables asked assessors to classify fractures
located within any of the nine topographical regions (CP right
and left, coronoid right and left, angle/ramus right and left,
body right and left, and symphysis; =Fig. 1). Assessments
specific to dentition, edentulousness, bone atrophy, and
alveolar process fractures had low frequencies of occurrence
and limited data; therefore, these measures were excluded
from the final analyses.

Fleiss’ kappa coefficients were used to evaluate interob-
server reliability among the fifteen assessors for each vari-
able of the classification software.'’ Kappa coefficients

Craniomaxillofacial Trauma and Reconstruction  Vol. 12 No. 4/2019

compute the degree of agreement between all assessors
that exceeds agreement due to chance alone. One kappa
coefficient was calculated for each of the 86 evaluated
variables. The authors evaluated reliability as follows: <0
as indicating no agreement, 0-0.20 as slight agreement,
0.21-0.40 as fair agreement, 0.41-0.60 as moderate agree-
ment, 0.61-0.80 as substantial agreement, and 0.81-1.0 as
almost perfect agreement.'?

Accuracy was measured by comparing each of the four-
teen assessors to the one assessor who had the most experi-
ence using the classification software (6 years) and the
highest level of clinical experience treating mandibular
fractures (>100 fractures). The percentage agreement
between each assessor and the reference assessor was cal-
culated for every variable across all 200 cases. Accuracy was
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measured for each assessor. Therefore, 14 values of agree-
ment with the reference assessor were calculated per vari-
able and then averaged for each variable.

Interobserver reliability and accuracy were compared by
hierarchy of variables (level 2 vs. level 3), by anatomical
region and subregion (within the CP—CH, CN, and CB), and by
assessor experience level (previous experience with the
classification system and clinical experience). Level 2 vari-
ables represent more basic variables within the CMF classi-
fication, such as assessment of fracture location in each of the
nine anatomical regions, while level 3 variables are more
complex. Kruskal-Wallis and Wilcoxon’s rank-sum tests
were used to evaluate differences by group within each of
these comparisons. The Kruskal-Wallis test is a nonpara-
metric method for analyzing rank-order differences between
three or more groups of an independent variable. The
Wilcoxon rank-sum test is similar to the Kruskal-Wallis
test but is intended for comparing population mean-rank
differences between only two groups. This same method of
evaluating interobserver reliability and accuracy was used
for all other variables in the study (e.g., location of fracture
line in CH, fragmentation in condylar subregions, CP
displacement).

To determine if there were any differences by anatomic
laterality, the kappa coefficients from the left side of the
mandible were compared with the kappa coefficients from
the right side of the mandible using Wilcoxon’s rank-sum
tests.

The 15 assessors had various levels of experience both in
treating mandibular fractures and in using the CMF fracture
classification system. We compared interobserver reliability
and accuracy of the assessors by levels of clinical experience
and AO CMF fracture classification experience. The assessors
were divided into three groups based on the number of
treated mandibular fractures (low <50, mid 50-100, high
>100). A Kruskal-Wallis test was used to examine differ-
ences in reliability and accuracy according to treatment
experience. Only three of the fifteen assessors had prior
experience with the classification system software, while
the remaining twelve had not used the software previously.
Comparisons of reliability and accuracy of those with and
without prior classification experience were evaluated by
Wilcoxon’s rank-sum test.

Mittermiller et al.

Results

All 200 cases were evaluated by each of 15 assessors. Fracture
location and morphology, specifically fragmentation and
displacement, were key features of the analysis. There
were 14 basic order variables (level 2) and 72 variables
that asked for more detailed and difficult to define fracture
information (level 3). The level 2 variables had significantly
higher interobserver reliability than level 3 variables (med-
ian kappa: 0.69 vs. 0.59, p < 0.001). Accuracy was also
significantly higher among the level 2 variables compared
with level 3 (median agreement: 94 vs. 91%, p < 0.001).

Fracture Location within all Mandible Regions Is
Reliably Defined

The level 2 variables indicated fractures at each of the
anatomical regions. Interobserver reliability was substantial
at each of the level 2 fracture locations, with the highest
reliability for identification of a fracture in the CP (~Fig. 2).
Identification of fractures in the CP had significantly higher
interobserver reliability than fractures in the noncondylar
regions (0.83 vs. 0.69, p = 0.04). Accuracy for every anato-
mical region was greater than 50%, with the highest accuracy
for identification of a fracture in the coronoid (86%).

Fracture locations were also identified within the three
subregions of the CP—head (CH), neck (CN), and base (CB)
(=Fig. 3a). The interobserver reliabilities of these fracture
locations were also substantial (all k > 0.73). The reliability of
fracture identification in the head was the highest (left and
right k = 0.82), followed by the base (left k = 0.78, right
k = 0.79). The neck had the lowest reliability, though still
acceptably high (left k = 0.73, right k = 0.75). Accuracy for
the CP subregion locations was moderate, ranging from 57 to
71%. There was no significant difference in the reliability or
accuracy of fracture location variables by CP subregion
(reliability p = 0.10, accuracy p = 0.71).

Within the CH, the location of the fracture line was further
delineated with the option to specify if the course was medial
to the pole zone or within or lateral to the pole zone on both
the right and left sides (=Fig. 3b). Interobserver reliability
measures were lower than the previous location variables in
CH, CN, and CB, ranging from 0.38 to 0.59 or fair to moderate,
but accuracy measures were quite high, 84 to 92%.

Interobserver Reliability and Accuracy of Fracture Location Variables
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Fig. 2 Level 2—Interobserver reliability and accuracy of fracture location in the mandibular regions.
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Interobserver Reliability and Accuracy of Fracture Location Variables in Condylar Process Subregions
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Fig. 3 (a) Level 3—Interobserver reliability and accuracy of fracture location in condylar subregions. (b) Level 3—Interobserver reliability and
accuracy of fracture location within the condylar head (m-type fractures vs. p-type fractures).

Fracture Fragmentation Had Moderate to High
Reliability and|or Accuracy

Fragmentation, one of the two key features of fracture
morphology, was evaluated by asking the assessors to
mark the degree of fragmentation (none, minor, or major)
for each fracture pattern. There was moderate reliability for
fragmentation in each of the noncondylar regions (level 2),
with the highest reliability in the angle/ramus (k = 0.64),
and lowest reliability in the body (k = 0.59). Accuracy was
lowest in the symphysis (~Fig. 4a).

Within the CP subregions, classifications of fragmentation
in the base had the highest reliability, followed by the head
and then the neck. Accuracy was highest for fragmentation in
the CH and lowest in the CB (~Fig. 4b).

Type of Displacement Was Identified with Varied
Reliability and Moderate to High Accuracy

Besides fragmentation, displacement is the other key feature
describing fracture morphology. For the CP, displacement is
an umbrella term encompassing displacement/dislocation of
the CH constituent of the CP fragment in relation to the fossa,
displacement of the caudal mandibular end or ramus frac-
ture end in relation to the fossa, as well as distortion of the CH
constituent, and change of vertical ramus height. These
displacement type variables for the overall CP (~Fig. 5a)
reached moderate reliability (k range: 0.62-0.74). Measures
of accuracy were also in a moderate range from 61 to 66%
agreement (~Fig. 5a).

Craniomaxillofacial Trauma and Reconstruction  Vol. 12 No. 4/2019

Assessors also evaluated a series of specific displace-
ment types within each of the CP subregions. For example,
in CH fractures, the degree of vertical apposition was
assessed; in CN and CB fractures, the sideward displace-
ment direction, the angulation of the condyle bearing
fragment, and the override/shortening were assessed
(=Fig. 5b). Reliability across the CH, CN, and CB ranged
from 0.37 to 0.65. CN displacement had significantly lower
reliability compared with CH and CB displacement
(p = 0.002). Accuracy was moderate to high (73-87%),
and there was a significant difference in accuracy by
each CP subregion (p = 0.038).

Direction of Displacement in the Condylar Process
Was Identified with Fair to Moderate Reliability and
Moderate to High Accuracy

In the CP, reliability ranged from 0.29 when assessing the
direction of displacement of the caudal fragment to 0.63 for
direction of displacement of the CH fragment relative to the
fossa (=Fig. 6a). Accuracy was moderately high (67-73%
agreement).

Within the CP subregions of the neck or base, reliability
values for displacement direction variables were fair to
moderate (k = 0.23-0.59; =Fig. 6b). Reliability was the low-
est when evaluating angulation of the CN and highest when
assessing degree of angulation and direction of sideward
displacement in the CB. Accuracy was relatively high across
all variables in CN and CB (agreement = 73-85%).
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Fig.4 (a)Level 3—Interobserver reliability and accuracy of fragmentation in noncondylar mandible regions. (b) Level 3—Interobserver reliability
and accuracy of fragmentation in condylar subregions. Left and right measures have been averaged.
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Interobserver Reliability and Accuracy of Condylar Process Displacement Direction
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Fig.6 (a)Level 3—Interobserver reliability and accuracy of displacement direction of the condylar head fragment (left) and the caudal fragment
(right). Left and right measures have been averaged. (b) Level 3—Interobserver reliability and accuracy of displacement direction variables of
condylar process subregions. Left and right measures have been averaged.

Assessors with More Experience Show Higher
Reliability and Accuracy

Assessors who have treated more mandibular fractures
(clinical experience) and have previously used the AO CMF
classification software (classification experience) have con-
sistently higher reliability and accuracy than assessors with
less experience. Across all 86 variables used in analysis, there
was an increasing trend of interobserver reliability among
the assessors who had more clinical experience. Assessors
with the lowest experience treating mandibular fractures
had a median kappa value of 0.48, while the assessors with
medium clinical experience had a median kappa value of
0.59, and those with the highest clinical experience had a
median kappa value of 0.66 (p < 0.001, =~Fig. 7). Assessors
who had prior experience using the classification software
also had a significantly higher median kappa value (0.76)
compared with the assessors who did not have experience
with the software (0.57, p < 0.001). The same trends were
noted with accuracy by experience. Those with more clinical
experience had significantly higher measures of accuracy
(p < 0.001). Similarly, assessors with prior AO CMF classifi-
cation experience had higher percentage agreement with the
reference; those with no prior classification experience had a
median of 90.5% agreement, while those with prior experi-
ence had a median of 93.5% agreement (p < 0.001, ~Fig. 7).

Craniomaxillofacial Trauma and Reconstruction  Vol. 12 No. 4/2019

Among the nine level 2 fracture location variables, more
clinical exposure was generally associated with higher interrater
reliability (=~Fig. 8). Reliability ranged from moderate to very
high kappa values. Similarly, assessors who had prior experience
using the AO CMF fracture classification system also had higher
measures of interrater reliability, except for when evaluating the
fracture location in the right coronoid (~Fig. 9). Reliability was
moderate to very high, ranging from 0.57 to 0.93.

Data Quality

There were 200 fracture cases evaluated by 15 assessors,
making a total of 3,000 evaluations. Only 3.1% of these 3,000
evaluations had known classification errors in which the
assessor marked a fracture as being unconfined to a parti-
cular region without indicating any of the adjacent regions as
also having an unconfined fracture. In other words, these
cases were erroneously identified as both overlapping with
more than one region and also being confined to a single
region. This error rate is fairly small and includes errors made
by both more experienced and less experienced assessors.

Discussion

Accurate and consistent assessment of CMF fractures is
essential for communication both in the clinic and research
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Interobserver Reliability and Accuracy by Experience Level
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Fig. 7 Median reliability and accuracy across all 86 variables of level 2 and level 3 variables by assessor experience.

settings. The AO has developed a comprehensive craniofacial
fracture classification system for adults that aims to meet the
high demands of modern visual coding as well as verbal and
nonverbal communication. So far the system has not been
validated in a phase 2 setting, that is, in multicenter agree-
ment studies.? The purpose of this study was to validate the
three modules of the AO CMF classification system for
mandible fractures by a group of assessors from four centers
in high-resource countries.">®

Historically, several schemes were published to classify
mandible fractures. Most of them have primarily focused on
the topographical location of the fractures, with varying
definitions of the mandibular regions and subregions.'
Additionally, some have included characteristics that require
patient examination with regard to occlusion and soft-tissue
involvement. In contrast, the AO CMF classification system is

based entirely on tomographic radiographic imaging (i.e., CT
and cone beam CT). The purpose of this classification scheme
was to create a method for classifying all mandible fractures
of varying complexity using only radiographic images.

An ideal classification scheme is comprehensive, relevant
to the clinical situation, and structured in a logical fashion.
The AO classification system has been designed to allow for
rapid classification of fractures using level 2 variables. It also
allows for classifying more complex fracture patterns using
level 3 details. These variables aim to classify fractures based
on location and fracture morphology. It has also been
integrated into a computer program (AOCOIAC 4.0) to facil-
itate application and use.

This study found that the overall reliability and accuracy
of the AO mandible fracture classification system were
adequate for both fracture location and morphology with

Interobserver Rellabilty by Experience Treating Mandibular Fractures
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Fig. 8 Interobserver reliability of fracture location in the mandibular regions (level 2) by clinical experience treating mandibular fractures.
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Interobserver Reliability by Prior Experience with CMF Fracture Classification System
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Fig. 9 Interobserver reliability of fracture location in the mandibular regions (level 2) by prior experience with classification system.

regard to most level 2 and level 3 variables. With regard to
level 2 variables, reliability was highest for characterizing
fractures of the CP and lowest for the coronoid (=~Fig. 2).
Accuracy was highest when identifying fractures of the
coronoid and lowest for the symphysis. Overall, both relia-
bility and accuracy decrease when moving from level 2 to
level 3 variables. When focusing on level 3 fracture location
variables, reliability remains high with regard to fracture
location within the CP (0.73-0.82) and drops when looking at
more specific variables such as m-type versus p-type loca-
tion (=Fig. 3) within the CH (0.38-0.59). Accuracy remains
high both when looking at fracture location in the CP (57-
71%) and within the CH (84-92%).

Level 3 fragmentation variables have similar reliability
and accuracy measures for both condylar and noncondylar
regions (=Fig. 4). Reliability ranges from 0.59 to 0.64 in
noncondylar regions and 0.41 to 0.66 in condylar regions.
Accuracy ranges from 51 to 62% in noncondylar regions and
73 to 87% in condylar regions. Reliability is worst (kappa of
0.41) when evaluating fragmentation of CN fractures. Relia-
bility of the classification system for CN fractures is also poor
when looking at displacement variables, signifying either
general difficulty of classifying CN fractures or challenges
with applying the classification system.

Level 3 displacement variables describing the overall CP
(=Fig. 5a) remain at acceptable levels in the study. Relia-
bility ranges from 0.62 to 0.74, while accuracy ranges from
61 to 66%. The reliability decreases as one focuses on
displacement within the condylar subregions (=Fig. 5b).
These values are lower particularly for CN fractures. Relia-
bility drops to 0.37 when evaluating angulation of the neck.
It is also low when looking at sideward displacement (0.42)
and override/shortening (0.44) of CN fractures. As men-
tioned earlier, this may be due to the difficulty of classifying
neck fractures as even a small degree of displacement in
this region can result in what appears to be notable changes
at the neck. In other words, there is a component of

Craniomaxillofacial Trauma and Reconstruction  Vol. 12 No. 4/2019

subjectivity when the assessor is determining whether a
miniscule degree of CN displacement, angulation, or short-
ening is considered to be occurring. The remainder of level
3 displacement type variables (i.e., variables for the head
and base) maintain adequate reliability values, ranging from
0.59 to 0.65. Despite the low reliability, accuracy is accep-
table for all level 3 displacement type variables within the
condylar subregions, ranging from 73 to 0.87%.

Level 3 displacement variables focusing on displacement
direction for the CP as an overall fragment (~Fig. 6a, left) are
adequately reliable and accurate when looking at the dis-
placement or dislocation of the CH in relation to the fossa
(0.58-0.63 and 60-73%, respectively). Accuracy is high when
looking at the direction of displacement of the caudal frag-
ment (~Fig. 6a, right; 67-68%), but reliability drops signifi-
cantly (0.29-0.30). This trend remains when looking at
displacement direction within the condylar subregions.
Accuracy is adequate for neck or base fractures (73-85%),
but reliability is low for neck fractures (0.23-0.44). However,
itis slightly higher when looking at displacement direction of
base fractures with angulation having the worst values
(0.37-0.39), which improves slightly when looking at dis-
placement direction of base fractures and their degree of
angulation (0.48-0.59).

When evaluating interobserver reliability and accuracy,
there is a general trend of increased reliability and accuracy
for assessors who have treated more fractures. Additionally,
the assessors have higher interobserver reliability and accu-
racy if they have had prior experience with the CMF fracture
classification system. This fits the intuitive assumption that
individuals are better at classifying fractures if they have
treated fractures and have had more exposure to the classi-
fication system.

There are a few limitations of the study that are inherent
to the design. A limited number of assessors (15) were used
to validate the system.'>~1® Although this number of asses-
sors was adequate for drawing several conclusions, a more
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granular evaluation of reliability and accuracy could be
determined with more assessors at each level of training
and while in practice.

As there is no easily applicable method for obtaining a
gold standard definition of the fracture patterns in each case,
the author with the most experience with this classification
system was used as the benchmark against which to measure
assessor accuracy. One could potentially resolve this issue in
the future by discussing the true nature of each individual
fracture in a group setting and agree upon the fracture as a
whole. However, with 200 cases, many of which had multiple
fractures, this would be impractical.

There are some classification variables with wide differ-
ences between reliability and accuracy. Most commonly in
this study, there is a relatively high accuracy with occasional
low reliability. An important consideration of the reliability
measure, the kappa coefficient, is the subtracted level of
agreement due to chance alone. When the proportion of
agreement due to chance alone is high, the result will be a
low kappa coefficient, irrespective of the level of agreement
with the selected reference observer.'”

One method that could be considered for improving the
reliability and accuracy of the classification scheme would be
to add objective measurements to the system. Zhou et al, for
example, measured the degree of angulation of condylar
fractures and the amount of ramus height reduction
observed in condylar fractures.'® The AO CMF classification
scheme had difficulty maintaining high reliability with some
variables such as CN fractures, possibly due to subjective
evaluations of the variables, including the degree of angula-
tion, shortening, and displacement. An objective measure-
ment could help improve classification of those variables and
others.

This classification system and software will hopefully be
used both in clinical and research settings to improve com-
munication and presentation of information on fractures. It
has been shown in this article to be both accurate and reliable
to individuals at varied levels in their training or before their
surgical training. It will ideally improve documentation,
communication between teams, and clinical decision mak-
ing. More studies will be needed to evaluate how this impacts
the quality of patient care.*

Conclusion

The AO has developed a tool that is comprehensive, clinically
relevant, and easy to use. This study demonstrates that the
mandibular fracture classification system is also both accu-
rate and reliable for level 2 variables. These values decrease
when evaluating level 3 variables, in particular reliably
identifying the location of fractures within the CH and
when describing the displacement morphology of fractures
within the CN. This may be improved upon through efforts to
increase training and improve classification instructions.
Additionally, the data recording and entry could be improved
by implementing an input process that automatically checks
for plausibility.

Mittermiller et al.
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