L))

Check for
updates

Clinics in Orthopedic Surgery 2024;16:688-693 © https://doi.org/10.4055/cios23292

Original Article

Reliability of the 2018 Revised Version of
AO/OTA Classification for Femoral Shaft Fractures

Jung-Wee Park, MD*, Woo-Lam Jo, MD', Byung Kyu Park, MD*, Jong Jin Go, MD*, Minji Han, MPH’,
Sungha Chun, MD*, Young-Kyun Lee, MD*"

*Department of Orthopedic Surgery, Seoul National University Bundang Hospital, Seongnam,
'Department of Orthopedic Surgery, Seoul National University College of Medicine, Seoul,
‘Department of Orthopaedic Surgery, Seoul St. Mary's Hospital, College of Medicine, The Catholic University of Korea, Seoul,
*Department of Health Science and Technology, Graduate School of Convergence Science and Technology, Seoul National University, Seoul, Korea

Background: The Arbeitsgemeinschaft fiir Osteosynthesefragen (AQ) and the Orthopaedic Trauma Association (OTA) classifica-
tion system for diaphyseal fracture has been recently revised to refine and enhance the accuracy of fracture categorization. This
study aimed to investigate the interobserver reliability of the new AO/OTA classification and to compare it with the older version in
femoral shaft fractures.

Methods: We retrospectively analyzed 139 patients (mean age, 43.8 + 19.5 years; 92 men and 47 women) with femoral shaft frac-
tures who were treated from 2003 to 2017. Four well-trained observers independently classified each fracture following the previ-
ous and revised AO/OTA classification system. We calculated the Fleiss kappa for the interobserver reliability.

Results: The previous classification showed the kappa value of 0.580 (95% confidence interval [Cl], 0.547-0.613), and the revised
version showed 0.528 (95% Cl, 0.504—0.552). Both the old and the revised versions showed moderate reliability.

Conclusions: Our study highlights the moderate interobserver reliability of both the previous and new AQ/OTA classification sys-
tems for diaphyseal femur fractures. These findings emphasize the importance of standardized systems in clinical decision-making

and underscore the need for ongoing education and collaboration to enhance fracture classification.
Keywords: Femoral fracture, Classification, Validation study, Interobserver variability

Diaphyseal fractures of the femur represent a significant
clinical challenge, demanding accurate classification sys-
tems to guide treatment decisions and ensure consistent
communication among healthcare professionals."”
Fracture classification is a fundamental component
of orthopedic practice, allowing for the categorization of
injuries based on specific characteristics such as fracture
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location, morphology, and associated soft-tissue injuries.
The Arbeitsgemeinschaft fiir Osteosynthesefragen (AO)
and the Orthopaedic Trauma Association (OTA) have
historically been at the forefront of providing standard-
ized classifications for fractures, distinguishing specific
characteristics of each fracture pattern and facilitating
communication between surgeons since 1986.>7 Recently,
an updated version of the AO/OTA classification system
for diaphyseal fractures of the femur has been introduced,
aiming to refine the existing framework and address po-
tential limitations.” The introduction of the new AO/
OTA classification system for diaphyseal femur fractures
has prompted the need for a rigorous assessment of its in-
terobserver reliability, a key determinant of its real-world
applicability.

Interobserver reliability pertains to the consistency
of classification when performed by different observers,
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such as orthopedic surgeons with varying levels of experi-
ence. This reliability is vital to maintain the effectiveness
of the classification system across diverse clinical settings,
contributing to the accurate communication of fracture
patterns and the appropriate selection of treatment mo-
dalities.” By evaluating the interobserver reliability of the
updated AO/OTA classification system against the older
version, we can ascertain whether the revisions have suc-
cessfully improved agreement among orthopedic surgeons
in classifying diaphyseal femur fractures. However, the
revised version of the AO/OTA classification system has
been rarely analyzed in terms of reproducibility and in-
terobserver concordance.”

The purpose of the study was to evaluate the in-
terobserver reliability of the new AO/OTA classification
compared with the older version for diaphyseal fractures
of the femur.

METHODS

This retrospective study was approved by the Institutional
Review Board of Seoul National University Bundang Hos-
pital (IRB No. B-2311-864-103), which waived informed
consent.

To evaluate the reliability of AO/OTA classification
for long bone fractures, we identified the patients, who
were treated for diaphyseal fractures of femur at our hospi-
tal. The study inclusion criteria were as follows: all patients
who were treated for diaphyseal fractures of the femur at
our institute from 2003 to 2017, the availability of 2 views
(anteroposterior and lateral views of the entire femur), and
the age of > 18 years. The femoral shaft was defined as the
area between 2 cm below the lesser trochanter and the area
immediately above the supracondylar ridge.” We excluded
patients with a pathologic fracture, a history of previous
surgery using metallic implant, and low-energy trauma.

A total of 139 patients representing the full spec-
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trum of femoral shaft fractures were selected by a clinical
investigator (SC). The investigator was adequately trained,
had sufficient experience to select the radiographs of fem-
oral shaft fractures, and was not involved as an observer.
The mean age of the patients was 43.8 + 19.5 years (range,
18-87 years). There were 92 men and 47 women.

Four observers who were orthopedic surgeons with
6 (WL)), 5 (HKK), and 4 (BSL and HJW) years of experi-
ence and were familiar with the previous AO/OTA classi-
fication system participated in the analysis. All 4 observers
were fellowship-trained in the same high-volume tertiary
academic medical institution. They have performed clini-
cal management of femoral shaft fractures. As the new
AO/QOTA classification system was published in 2018, 2
surgeons (WL]J and HKK) practiced as specialists using
the previous AO/OTA classification system for 2 years and
1 year, respectively, while the other 2 observers (BSL and
HJW) were only educated and trained during residency
with the previous system.

In the previous AO/OTA classification, number 3
stands for the femur and number 2 for the diaphyseal seg-
ment. As shown in Fig. 1, 3 types of fractures are defined
and coded with letters: type A consists of simple fractures;
type B, wedge-type fractures; and type C, complex frac-
tures. Each of these 3 types can be further subdivided into
groups 1, 2, or 3. Overall, the AO/OTA classification sys-
tem for femoral shaft fractures has 9 groups (32-A1/2/3,
32-B1/2/3, and 32-C1/2/3).

The 4 observers independently classified each frac-
ture in accordance with the previous AO/OTA classifica-
tion system. Radiographs had no identifying information.
All radiographs were provided in random order, and the
observers were given as much time as needed for accurate
assessment. Each examiner was blinded to other measure-
ments and clinical information and were not allowed to
discuss their observations with other investigators.

All observers were familiar with the previous AO/
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32-A Simple fracture

32-A1 Spiral

32-A2 Oblique (= 30°)

32-A3 Transverse (< 30°)

32-A (1-3).1 = subtrochanteric fracture

32-B Wedge fracture

32-B1 Spiral wedge

32-B2 Bending wedge

32-B3 Fragmented wedge

32-B (1-3).1 = subtrochanteric fracture

32-C Complex fracture

32-C1 Spiral

32-C2 Segmental

32-C3 Irregular

32-C (1-3).1 = subtrochanteric fracture

Fig. 1. Previous version of AO Foundation/Orthopaedic Trauma Association (AO/OTA) classification for diaphyseal fractures. Adapted from AQ Foun-

dation, Switzerland.”
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OTA classification system used in this study. To ensure
unambiguous application of the fracture classification
system, an overview of the classification system was avail-
able to the surgeons during the classification. All data were
collected by a research assistant (JSO) who did not partici-
pate in the reliability sessions. After 12 weeks, 3 consensus
building sessions were held before measuring new AO/
OTA classification by the 4 orthopedic surgeons.

In the revised AO/OTA classification, number 3
stands for the femur and number 2 for the diaphyseal seg-
ment. As shown in Fig. 2, 3 types of fractures are defined
and coded with letters: type A consists of simple fractures;
type B, wedge-type fractures; and type C, multifragmen-
tary fractures. Differently from the previous classification,
types B and C can be further subdivided into groups 2 and
3. Overall, the AO/OTA classification system for femoral
shaft fractures has 7 groups (32-A1/2/3, 32-B2/3, and 32-
C2/3). Each examiner analyzed each fracture according to
the new revised AO/OTA classification system in the same
manner. On the second occasion, images were provided in
a different random order.

Statistics

Interobserver reliability is the degree of agreement when 2
or more independent observers classify the same fracture.
The interobserver reliability of each radiographic mea-
surement was evaluated with a Fleiss’ kappa coefficient for
each of the 4 observers (WLJ, HKK, BSL, and HJW).” The
Fleiss’ kappa coefficient represents the agreement between
raters of more than 3 when assigning categorical ratings
to a number of items or classifying items.” Interpretation
of the values was carried out according to the guidelines
of Gisev, which suggest that values < 0 represent poor
reliability; 0.00-0.20, slight agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80,

substantial agreement; and 0.81-1.00, almost perfect
9,10

21 or higher (IBM Corp.).

RESULTS

The previous classification showed the Fleiss kappa value
of 0.580 (95% confidence interval [CI], 0.547-0.613),
which was classified moderate reliability. Also, the new
classification showed the Fleiss kappa value of 0.528 (95%
CI, 0.504-0.552), which means moderate reliability. That
is, both the old and the new classifications showed moder-
ate reliability among the 4 observers.

The interobserver reliability was assessed by cal-
culating the kappa coeftficient, as proposed by Fleiss. Fig.
3 shows the interobserver concordance of each category
of classification, considering the 4 observers. The highest
value was A1 with a kappa of 0.734 among the previous
classification; however, the highest value was C2 with a
kappa of 0.791 among the new classification. The B1 and
C1 categories that remained in the previous classification
showed moderate agreement (0.531) and slight agreement
(0.109), respectively.

0.9 I ol [ New

Kappa value

Al A2 A3 B1 B2 B3 C1 C2 C3

Fig. 3. Interobserver concordance of the 4 evaluators.

agreement.”'” Data were analyzed using IBM SPSS version
32A1 32A2 32A3 32B2 32B3 32C2 32C3
Vo ] % o
)’ 230 <30° ’ {T ,”‘ ‘
32A Simple fracture 32B Wedge 32C Multifragmentary
32A1 Spiral 32B2 Intact wedge 32C2 Intact segmental
32A2 Oblique (> 30°) 32B3 Fragmentary wedge 32C3 Fragmentary segmental
32A3 Transverse (< 30°)

Fig. 2. The 2018 revised version of AQ
Foundation/Orthopaedic Trauma Association
(AQ/OTA) classification for diaphyseal
fractures.”"" Adapted from AO Foundation,
Switzerland.”
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DISCUSSION

In this study analyzing the interobserver reliability among
4 experts, the previous and new classification systems
showed moderate reliability with the kappa of 0.580 and
0.528, respectively. The revised AO/OTA classification
system on diaphyseal fractures of the femur was different
from the previous system, specifically in type B and C frac-
tures.” In type B fractures, previous distinction between
B1 spiral wedge and B2 bending wedge was inconsistent,
and therefore changed into only B2 intact wedge and B3
fragmentary wedge.” Similarly, type C fractures previously
consisted of Cl1 spiral, C2 segmental, and C3 irregular but
changed into C2 intact segmental and C3 fragmentary.
The naming of type C fracture was previously “complex,’
which was nonspecific and thus replaced by “multifrag-
mentary”” Although the experts revised the classification
system with aforementioned intentions, the reliability of
the revised system has not been previously assessed.

Our results (kappa = 0.580) on the interobserver
reliability for the previous AO/OTA classification systems
are consistent with previous studies, where reliability for
diaphyseal fracture classifications ranged from 0.539 to
0.82 (Table 1)."*' In the broader context of orthopedic
classification systems, such levels of reliability are compa-
rable to other well-known systems. For example, a study
on the reliability of different classification systems for lat-
eral clavicle fractures found mean kappa values, indicating
fair to moderate agreement among specialists.'” The OTA
system, the Neer system, and the Jager/Breitner system
showed mean kappa values of 0.338, 0.278, and 0.330, re-
spectively.'” Similarly, another study on the Sanders and
Crosby-Fitzgibbons classification systems for intra-articu-
lar calcaneal fractures reported kappa values in the moder-
ate to substantial range for interobserver and intraobserver
reliability.” These examples illustrate that moderate kappa

values, like those found in our study, are not uncommon
in orthopedic classifications, reflecting the inherent com-
plexity and subjective aspects of fracture classification.
Our findings emphasize the need for standardized train-
ing and continual refinement of classification systems to
improve their reliability and clinical applicability.

Fracture classification systems play a pivotal role in
orthopedic practice, guiding treatment decisions, facilitat-
ing communication, and enabling research comparabil-
ity.” The evolution of classification systems, driven by ad-
vancements in clinical knowledge and surgical techniques,
necessitates rigorous evaluation to ensure their reliability
and relevance.” Moreover, the observed moderate interob-
server reliability for both the previous and new AO/OTA
classification systems underscores the challenges inherent
in fracture classification, even among a panel of experi-
enced orthopedic experts.

In this study, we aimed to assess the interobserver
reliability of the new AO/OTA classification system in
comparison to the older version for diaphyseal fractures
of the femur, and the results offer valuable insights into
the clinical applicability of these systems. The Fleiss' kappa
coefficients of 0.580 and 0. 528 for the older and new sys-
tems, respectively, indicate moderate agreement among
the observers, but also highlight the potential for variabil-
ity in interpretation. These results suggest that while both
classification systems exhibited moderate interobserver
reliability, the older system displayed slightly stronger
agreement. The treatment of most of the diaphyseal frac-
tures of the femur is intramedullary nailing and treatment
decisions might not vary according to the classification.
However, precise classification ensures optimal manage-
ment even with subtle differences in fracture patterns and
can potentially improve the outcomes and reduce compli-
cations by influencing the implant selection.'*” There-
fore, evaluating the reliability of the revised classification

Table 1. Reliability of AO/OTA Classification for Diaphyseal Fracture of Long Bone

f Number of

Study Location of fracture e
Pignataro et al."” Humerus shaft 6
Mahabier et al.” Humerus shaft 30
Slongo et al." Pediatric long bone 5
Meling et al.” Adult long bone 26
This study Femur shaft 4

Number of Kappa of Kappa of 2018
patients previous version revised version
60 0.539 NA
90 0.60 (0.59-0.61)* NA
267 0.82 NA
949 0.68 (0.62-0.72)* NA
139 0.580 (0.547-0.613)* 0.528 (0.504-0.552)*

AO0/OTA: AQ Foundation/Orthopaedic Trauma Association, NA: not applicable.

*Kappa value (95% confidence interval).
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system is very crucial not only in terms of communication
and collaboration between healthcare professionals but
also in specific surgical planning.

Several factors may contribute to the moderate
reliability observed in this study. First, the complexity of
femoral diaphyseal fractures, which can exhibit variations
in fracture pattern, location, and associated soft-tissue
injuries, can introduce challenges in classification agree-
ment. Second, individual observer bias and experience
can influence the interpretation of fracture characteristics,
potentially leading to discrepancies in classification. Addi-
tionally, the transition from the older to the new classifica-
tion system may require a period of adaptation, affecting
the initial interobserver agreement with the newer system.
The difference in kappa values between the 2 systems
might be attributed to factors such as the familiarity of the
experts with the older system due to its longer history of
use.

It is noteworthy that while the moderate reliability of
the new classification system might be seen as a limitation,
it is also indicative of the challenges inherent in devising a
classification system that captures the diverse spectrum of
fracture patterns accurately.” Classification systems must
strike a balance between being comprehensive and user-
friendly to gain widespread adoption.” The new AO/OTA
classification system aims to improve accuracy and clinical
utility, and while its initial interobserver reliability is com-
parable to the older version, continuous education and
experience may contribute to improved agreement over
time.

The sample size of 139 patients in our study, de-
termined by the eligible cases treated at our institution
during the study period, reflects the natural incidence and
treatment frequency of femoral shaft fractures. This num-
ber represents the maximum feasible sample given the
inclusion and exclusion criteria, ensuring that our study
encompassed a comprehensive range of fracture patterns
within the constraints of the clinical setting. While simi-
lar studies in orthopedic fracture classification, like those
by Howells et al.”” and Lauder et al.,"” have employed
comparable sample sizes, we recognize that our sample
size was contingent upon the clinical caseload rather than
a pre-strategized selection. This factor underscores the
real-world applicability of our findings, although we ac-
knowledge that a larger, multicenter study could provide a
broader generalization of the results.

The difference in kappa values between the 2 classi-
fication systems might reflect the familiarity of the experts
with the older version due to its historical usage. This fac-
tor highlights the need for thorough training and familiar-

ization when adopting new classification systems to miti-
gate potential inconsistencies during the transition phase.
Continuous training and structured discussions among
orthopedic surgeons can contribute to refining their
understanding of classification criteria, thus enhancing
interobserver reliability.'” Another possibility is that the
observers’ level of experience between the 2 classification
systems could be different and this could have influenced
the kappa values. However, the difference between the pre-
vious and the new AO/OTA classifications is specifically
confined to the subclassification in B and C fractures, and
all observers had consistent training in the same tertiary
academic institution.

In conclusion, to our knowledge, this is the first
study to evaluate the interobserver reliability of the revised
2018 AO/OTA classification, and our study contributes to
the understanding of interobserver reliability by compar-
ing the new AO/OTA classification system with the older
version for diaphyseal fractures of the femur. Our study's
findings, indicating moderate interobserver reliability
for both the previous and revised AO/OTA classification
systems, have significant implications for clinical practice.
They underscore the necessity for standardized training
and continuous education among healthcare profession-
als to enhance consistency in fracture classification, which
is pivotal for guiding treatment decisions and improving
patient outcomes. Furthermore, these results highlight
the need for collaborative decision-making in complex
cases to ensure optimal treatment strategies, potentially
influencing patient recovery trajectories and reducing the
likelihood of complications.
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