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Abstract Objective To evaluate the inter- and intraobserver reliability and reproducibility of
the new AO/OTA 2018 classification for distal radius fractures and to compare it with
the Fernandez classification system.
Method A questionnaire was applied in the Qualtrics software on 10 specialists in
hand surgery who classified 50 radiographs of distal radius fractures according to the
Fernandez and AO/OTA 2018 classifications and, subsequently, indicated their treat-
ment. The questionnaire was applied in time T0 and repeated after 4 weeks (t1). The
mean agreement between the answers, and the reliability and inter- and intraobserver
reproducibility were analyzed using kappa indexes.
Results The mean interobserver agreement in the Fernandez classification was 76.4,
and it was 59.2% in the AO/OTA 2018 classification. The intraobserver agreements were
77.3 and 56.6%, respectively. The inter- and intraobserver kappa indexes for the
Fernandez classification were 0.57 and 0.55, respectively, and, in the AO/OTA 2018
classification, they were 0.34 and 0.31, respectively.
Conclusion The AO/OTA 2018 classification showed a low intra- and interobserver
reproducibility when compared with the Fernandez classification. However, both
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Introduction

Distal radius fracture (DRF) is one of the most common
fractures, representing 12% of all fractures in the Brazilian
population, associated or not with ulna fractures.1–5 It is
considered a public health problem because it affects young
men due to high-energy trauma, and the elderly due to bone
fragility.5–8 In most cases, for the correct diagnosis, radio-
graphs of the wrist in posteroanterior (PA), lateral (L), and
oblique8 incidences are sufficient to establish the appropriate
treatmentwithoutexcessively burdening thehealth system.5,8

To be clinically useful for radiography evaluation, a clas-
sification system should be comprehensive and simple,
besides having intraobserver reliability and interobserver
reproducibility.2,9–12 In 1967, the iconic classification by
Frykman was published, based on simple features of radio-
graphic anatomy. Subsequently, a series of classification
systems for DRFs followed, including the classifications
proposed by Melone,13 Fernández,14 Universal (Cooney,
1993)15, and the AO group (2007),16 which basically ordered
the radiographic characteristics of these lesions.10

Currently, due to the particularities of DRFs, there is no
consensus on what the best classification would be.6,17–19

The AO/OTA classification (2007) is widespread among spe-
cialists and, perhaps, the most cited in articles in the litera-
ture. Easy to use, it orders the most common possibilities of
DRFs without relating to the mechanism of trauma or offer-
ing a prognostic idea for the lesions. In this sense, the
classification proposed by Fernandez brings elements that
establish this connection with the initial trauma and the

prognosis, tending to identify DRFs morewidely; however, it
seems to present low reproducibility in the communication
between specialists.4

In 2018, the AO/OTA group updated their classification
with the addition of qualifiers andmodifiers in each subtype
to offer more possibilities in the identification of DRFs.9,20

This new AO classificationwasmore complete, but increased
the complexity in its application.21

The purpose of the present study is to evaluate the
reproducibility of the AO/OTA 2018 classification among
experienced surgeons and to compare it to the Fernandez
classification, which is the one already used by the group of
authors. Present study also has the objective of evaluating
the influence of the use of these classifications on decision-
making for the treatment of DRFs.

Materials and Method

A questionnaire was applied, through the online application
Qualtrics, containing questions about 50 radiographs of
distal radius fractures that should be analyzed using 2
different methods, the Fernandez and the AO/OTA 2018
systems, in order to classify the radiographs and choose
the treatment for each one.

Radiographic images were taken retrospectively from the
medical records of a trauma reference hospital. They were
digital with good resolution and were standardized in the
anteroposterior, profile, pronated oblique, and supinated
oblique incidences of acute fractures of the distal third of
the radius (with or without associated ulna fracture) in

classifications have low intra- and interobserver indexes. Although the Fernandez
classification did not obtain excellent results, it remains with better agreement for
routine use.

Resumo Objetivo Avaliar a confiabilidade e a reprodutibilidade inter- e intraobservadores da
nova classificação AO/OTA 2018 para fraturas distais do rádio e compará-la com o
sistema classificatório de Fernandez.
Métodos Foi aplicado um questionário no software Qualtrics em 10 especialistas em
cirurgia da mão que classificaram 50 radiografias de fraturas distais de rádio de acordo
com as classificações de Fernandez e AO/OTA 2018 e, posteriormente, indicaram seu
tratamento. Esse questionário foi aplicado em tempo T0 e repetido após 4 semanas
(t1). Analisou-se a média de concordância entre as respostas e confiabilidade e
reprodutibilidade inter- e intraobservadores utilizando os índices kappa.
Resultados A concordância média interobservador para a classificação de Fernandez
foi de 76,4, e de 59,2% para a AO/OTA 2018. A concordância intraobservador foi de
77,3 e 56,6%, respectivamente. O índice de kappa inter- e intraobservador para a
classificação de Fernandez foram de 0,57 e de 0,55, respectivamente, e a classificação
AO/OTA 2018 obteve 0,34 e 0,31, respectivamente.
Conclusão A classificação AO/OTA 2018 mostrou uma reprodutibilidade intra- e
interobservadores baixa quando comparada à classificação de Fernandez. Porém,
ambas as classificações apresentam índices intra- e interobservadores baixos. Embora
a classificação de Fernandez não tenha obtido resultados excelentes, ela permanece
com melhor concordância para o uso rotineiro.
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patients>18 years of age with mature skeleton between
October 2018 and March 2020. Radiographs of patients<18
years old, with previous fractures, and poor-quality radio-
graphs were excluded.

The images were randomly selected by hand surgeon
orthopedists who were not evaluators. The collected images
had their identification and date hidden throughout the
questionnaire, being identified only with a number, and
were randomly sampled to reduce the bias of the evaluators
regarding the intraobserver reproducibility test.

Ten observers specialized in hand surgery, from different
regions of Brazil and with>10 years of training in the
specialty, were invited to voluntarily evaluate the images.
Initially, 11 specialists started the study, but only 10 com-
pleted all stages. A copy of both classifications was made
available for consultation (►Appendix 1, supplementary
material)). Each evaluator individually answered a block of
5 questions for each of the 50 radiographs, without access to
the answers of the others. ►Figures 1 and 2 contain an
example of the guides provided.

The questionnaire startedwith themandatory filling of an
Informed Consent Form (TCLE) and identification of the
evaluator. Each of the 50 radiographs belonged to a block
with 5 questions (►Appendix 2, supplementary material)
asking the type of fracture according to the Fernandez
classification, containing 5 alternatives and a single answer
(types 1, 2, 3, 4, and 5). Next, the choice of preference for
treatment was asked, also with a single response, containing
the following alternatives: (1) Reduction and conservative
treatment (plaster); (2) Reduction and percutaneous pining;
(3) Surgical reduction and fixation with palmar "T" plate
associated or not with Kirschner wires; (4) Reduction and
fixation with locked volar plate; (5) Surgical reduction and
fixation with blocked dorsal plate; (6) Others.

The following question contained the same x-rays, now to
be classified according to the AO/OTA 2018 classification,
with a single answer (2R3A1, 2R3A2, 2R3A3, 2R3B1, 2R3B2,
2R3B3, 2R3C1, 2R3C2, and 2R3C3), as well as an answer for
ulna fracture, in case it was present, with the options:
2U3A1, 2U3A2, 2U3A3, 2U3B, and 2U3C or "Does not apply".

Next, the 2018 AO/OTA classification modifiers were
asked, with the following options: (0) Does not apply; (1)
Not diverted; (2) Diverted, (3a) Joint impaction; (3b) Meta-
physeal impaction; (4) Not impacted; (5a) Previous diverted
(Volar); (5b) Posterior diverted (Dorsal); (5c) Diverted ulnar;
(5d) Radial diverted; (5e) Multidirectional diverted; (6a)
Subluxation – Volar Ligament Instability; (6b) Subluxation

– Dorsal Ligament Instability; (6c) Subluxation – Ulnar
Ligament Instability; (6d) Subluxation – Radial Ligament
Instability; (6e) Subluxation – Multidirectional Ligament
Instability; (7) Diaphysary Extension; (8) Low Bone Quality.
In this question, the evaluator could choose more than one
alternative. The number of options marked for further anal-
ysis was considered: (1) Only one modifier option; (2) Two
modifier options; (3) Three modifier options; (4) Four or
more modifier options.

The last question of each block of radiographs questioned
whether, after classifying the same fracture using the
AO/OTA 2018 method, the specialist would change or main-
tain the initial treatment they had chosen after classifying
the same radiography according to the Fernandez
classification.

The first application of the questionnaire occurred con-
comitantly with the 10 evaluators, considered as time t0.
After 4 weeks, the evaluators answered the questionnaire
again, with the same 50 radiographs in a different order from
the previous one, in what was termed as time t1.

The mean agreement between the observers in the
answers to each question alonewas considered, andwhether
the change in classifications implied the change of conduct
and treatment in the interobserver analysis, in times t0 and
t1. The index was defined as excellent if>75% of the partic-
ipants agreed with the same answer, as satisfactory if the
agreement ranged from 50 to75%, and as unsatisfactory if
<50% of the participants agreed.21

To evaluate the reliability and the reproducibility of the
classifications and to compare their applicability, we tested
the interobserver reproducibility, which analyzed the agree-
ment between the 10 evaluators regarding the same fracture
in relation to the chosen classifications, comparing the
answers of all questions, and of all observers, in both cycles
(t0 and t1).

The intraobserver reproducibility was tested by compar-
ing the level of agreement of the same observer when
answering the same questions at two different times (times
t0 and t1). Considering that one evaluator was absent from
the questionnaire in time t1, we had the comparative analy-
sis of only nine examiners in this second stage.

The evaluation of the consistency of the inter- and intra-
observer responses was used using two parameters: the
proportion of agreement and the kappa index. The first is
the average percentage of cases on which the evaluators
agreed. The second is used to evaluate the agreement be-
tween the observers and involves adjusting the observed
proportion of agreement by correcting the proportion of
agreement that arises in each case.1,7,17,23

The calculation of kappa indexes was performed in Online
Kappa Calculator (Justus Randolph) with data analysis using
free-marginal kappa, since the evaluators remained free to
choose the answers.20 Traditionally, the kappa coefficient
values, interpreted by Landis et al., range from 0 to 1, with 1
being equal to perfect agreement and 0 corresponding to no
agreement, as specified in ►Table 1.1,7,23,24

The present study was approved by the Ethics Committee of
the institutionunder thenumber CAAE22570419.0.0000.0020.Fig. 1 Fernandez classification.
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Results

The analysis of the responses of the initial block referring to
the Fernandez classification showed an inter- and intraob-
server mean agreement, respectively, of 76.40 and 77.33%. In
terms of maintaining the same treatment in both question-
naires (t0 and t1), agreement was 62% in the interobserver
assessment and 64.7% intraobserver. In the AO/OTA 2018
classification, the inter- and intraobserver agreement for the
radius fracture segment were 59.2 and 56.66%, respectively.
In the ulna fractures segment, 81.2 and 80.44% intra- and
interobserver fractures were obtained, respectively. And for
the segment concerning the number of modifiers used, the
agreement was 52.6 and 49.55%. After classification by the
AO/OTA system in the radio, ulna and modifier segments,
95.4% of the evaluators maintained the treatment indication
based on the Fernandez classification. Considering the intra-
observer agreement for this item, 94.17% of the examiners
maintained their treatment option (►Table 2).

The overall average of interobserver agreement was con-
sideredmoderate for the Fernandez classification and low for

the AO/OTA 2018 classification. The treatment option after
the evaluators had classified according to the classification
Fernandez obtained low agreement, and the maintenance of
treatment after the AO/OTA 2018 classification was consid-
ered excellent (►Table 3). The result of the mean intra- and
interobserver agreement with all participants is found in
►Appendix 3 (supplementary material).

Fig. 2 AO/ OTA 2018 classification.

Table 1 Landis et al. interpretation for kappa values23

Landis et al. interpretation for kappa values

Kappa values Interpretation

< 0 No agreement

0–0.19 Bad agreement

0.2–0.39 Low agreement

0.4–0.59 Moderate agreement

0.6–0.79 Substantial/good agreement
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►Table 4 shows the results of the intraobserver interpre-
tation. Kappa values remained similar to those from time t0.
Consistency was observed between the values of general
percentage agreement (percent overall agreement) in t0 and
t1.

Regarding the AO/OTA 2018 ulna segment classification,
that is, the association of ulnar fracture, kappa indexes of
0.64 and 0.61were obtained in time t0 and t1, respectively, as
observed in ►Table 5.

Regarding the modifying segment of the AO/OTA 2018
classification, which obtained kappa values of 0.18 in time t0
and0.17 in time t1 (►Table 5), the agreementwas considered
poor in relation to the number of modifiers used to classify
each fracture. When we individually evaluated the use of
modifiers, it was noticed that the most selected data was
option "2 - Diverted", followed by option "5b - Subsequent
Diverted", as detailed in ►Table 6.

Discussion

The data obtained in the present study showed an average
intraobserver percentage agreement of 77.3% with the Fer-
nandez classification and of 56.6% with the AO/OTA 2018,
and an interobserver agreement of 76.4 and 59.2%, respec-
tively. This comparison was made with the part of the
AO/OTA 2018 classification that evaluates the radius seg-
ment because this system separates into segments for isolat-
ed evaluation of the radius and the ulna. Analyzing the kappa
index for inter- and intraobserver reproducibility, the Fer-
nandez classification resulted in moderate agreement (0.57

and 0.59, respectively), and the AO/OTA 2018 classification
resulted in low agreement (0.34 and 0.31, respectively). The
same results were found by Naqbi et al.4 regarding the
Fernandez classification, demonstrating moderate agree-
ment in the evaluation of 25 radiographs by specialists,
and in the work by Van Leerdam et al.25 regarding the
AO/OTA classification, which detected a low agreement.

Corroborating our study, Yinjie et al.21 published an intra-
and interobserver comparison between the Fernandez and
the AO/OTA 2018 classifications in which 5 experienced
surgeons evaluated 160 radiographic images. Their results
were comparable to ours: moderate intraobserver reproduc-
ibility with the Fernandez classification, and low with the
AO. They established that the reproducibility of the AO
classification decreases with the increase of subgroups,
modifiers, and qualifiers. When comparing the classification
proposed by Waever et al., they proved that there was no

Table 2 Mean intra- and interobserver agreement according to each evaluated item

Percentage of Average Agreement

Fernandez
classification

Treatment
option

AO/OTA
Rating 2018
radius
segment

AO/OTA Rating 2018
ulna segment

AO/OTA Rating
2018
segment
quantity of
modifiers

Maintenance of
the treatment
option

INTEROBSERVER 76.40% 62.00% 59.20% 81.20% 52.60% 95.40%

INTRAOBSERVER 77.33% 61.77% 56.66% 80.44% 49.55% 94.17%

Table 3 Interpretation of the interobserver kappa values

Interpretation of Interobserver Kappa Values

Online Kappa Calculator

Kappa Index Agreement

Fernandez classification 0.57 MODERATE

Choice of treatment 0.33 LOW

AO/OTA Rating 2018 -
Radius Segment

0.34 LOW

Maintenance of the
treatment option

0.83 EXCELLENT

Table 4 Interpretation of intraobserver kappa values

Interpretation of Intraobserver Kappa Values (General Percentage Agreement)

Online Kappa Calculator

Kappa
index in t0

Kappa
index in t1

Agreement General percentage
agreement in t0

General percentage
agreement in t1

Fernandez classification 0.57 0.55 Moderate 65.28% 63.69%

Choice of treatment 0.33 0.36 Low 44.22% 46.27%

AO/OTA Rating 2018-
Radius Segment

0.34 0.31 Low 41.02% 38.61%

Maintenance of the
treatment option

0.83 0.81 Excellent 91.47% 92.89%
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superiority in the results of reproducibility. These authors
studied 573 radiographs of patients with DRF seeking to
point out a unified and universal classification system.2

It is important to highlight the increase in the intra-
observer agreement in the analysis comparing times t0
and t1. After the classification is assimilated by the evaluator,
it tends to be used in amore reproducibleway. It was noticed
that the fewer the options to choose in the classification, the
higher will be the agreement in its use. In the evaluation of
the ulnar segment of the AO/OTA 2018 classification, � 80%
of agreement with only 6 options was obtained. Compared
with the result of the use of modifiers, which comprise>15
options, it was observed that the agreement fell to � 50%.
Therefore, the agreement tends to decrease with more
choices in the classification, as has already been pointed out.

The classificationdoes not seemto interferewith the choice
of treatment. After classifying according to the Fernandez
classification, the evaluators opted for one conduct for each
presented DRF. This conduct was maintained in almost all
cases (94%) after the evaluationaccording to theAO/OTA2018.
At this point, the question if knowledge and personal experi-

encetend tobepreferable totheuseofclassificationsystems in
the prediction of prognosis and decision-making of DRF
treatment arises.26 In a multicenter study, Mulders et al.
emphasized that there it is unlikely that a consensus on the
treatment of these fractures if guided specifically by classifi-
cationsystemswill be reached, sincesurgeonswill always tend
toward strategies based on their experiences.9,27,28

Another point to be discussed is the familiarity with the
proposed classification. The Fernandez systemhas been used
since the early 2000s, whichmay explain themost reproduc-
ible results. Perhaps, the proposed AO/OTA 2018 system, due
to its greater richness of detail and more options for the
identification of DRFs, will increase its reproducibility over
time and its use will become disseminated. It is worth
mentioning that none of the various classification systems
for DRF have high reproducibility.21

Wefoundseveral limitationsinthepresentstudy.Wehighlight
the free application of the questionnaire, which may evidence a
response bias, as well as that unlimited time was granted to
answer thequestionnaire,which allowed the examiners topause
the survey and resume it after a deadline of one week. Also, the

Table 5 Interpretation of kappa p values for associated ulna fractures

Interpretation of the Agreement Values of the AO/OTA Classification 2018 - Ulnar Segment and Segment Quantity of
Modifiers

Online Kappa Calculator

Kappa
index in t0

Kappa
index in t1

Agreement General
Percentage
Agreement at t0

General
Percentage
Agreement in t1

AO/OTA Classification 2018 -
Ulna Segment

0.64 0.61 Substantial/Good 69.82% 67.67%

Segment Quantity modifiers 0.18 0.17 Bad 34.53% 33.56%

Table 6 Percentage of modifiers selected by examiners in t0 and t1

Modifier time t0 (% )� time t1 (% )� Modifier time t0 (% )� time t1 (% )�

(0) Does not apply 0.45% 0.28% (5d) Radial diverted 6.00% 6.32%

(1) Not diverted 1.29% 1.19% (5e) Diverted
multidirectional

2.51% 1.97%

(2) Diverted 25.43% 23.33% (6a) Subluxation - Volar
Ligament Instability

1.16% 1.48%

(3a) Joint impaction 12.07% 11.24% (6b) Subluxation - Dorsal
Ligament Instability

1.74% 2.53%

(3b) Metaphyseal impaction 13.23% 13.00% (6c) Subluxation - Ulnar
Ligament Instability

0.96% 0.49%

(4) Not impacted 2.32% 1.76% (6d) Subluxation - Radial
Ligament Instability

0.38% 0.28%

(5a) Previous diverted (Volar) 3.80% 4.08% (6e) Subluxation - Multidi-
rectional Ligament
Instability

0.58% 0.35%

(5b) Posterior diverted
(Dorsal)

19.04% 21.71% (7) Diaphysarian Extension 1.87% 2.25%

(5c) Diverted ulnar 1.03% 1.41% (8) Low Bone Quality 6.06% 6.32%
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only quantitative and nonqualitative evaluation of the modifiers
of the AO/OTA 2018 classification, which leads to more details
anddifficulty to classify. In addition,weevaluatedhand surgeons
at only one level of training, although they were experienced.
Another possible limitation was to not have evaluated which
classification the examiner was accustomed to, because the
higher the familiarity, the greater the reproducibility in its use.
Ideally, we recommend further research on a larger scale, with
evaluators of different levels of experience, with a higher sample
number analyzed in the same period, and also with grouping of
multiple subtypes, to be performed in order to possibly increase
the consistency of the results obtained.

Conclusion

In the present study, the classifications studied did not
present high agreement in inter- and intraobserver repro-
ducibility. It is suggested that the complexity and detail of
the new AO/OTA 2018 classification is the cause of its low
reproducibility when compared with that of the system
proposed by Fernandez.
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