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Abstract

Objectives: To analyze whether PMF classifications can influence treatment choice and surgical approach. In addition, verify the intra-
and interobserver reproducibility of the three main classifications, stratified by observers’ experience.

Methods: Ankle computed tomography of 50 patients was evaluated by ten observers, four orthopedists specialized in foot and
ankle surgery, and six non-specialist orthopedists, with an interval of two weeks between evaluations. The evaluators classified PMF
according to the Mason, Haraguchi, and Bartoni¢ek/Rammelt classifications and determined whether to treat PMF conservatively or
surgically (in this case, by access route). In addition, the reproducibility of the classifications was evaluated. The association between
decision-making and access route was analyzed using the Chi-Square Test (32). Cronbach’s alpha was used to assess intraocbserver
agreement, and the kappa statistic was used to evaluate interobserver agreement.

Results: In analyses of decision-making and the access route, all classifications showed large effect sizes (V > 0.50). Intraocbserver
reproducibility across the entire sample ranged from 0.53 to 0.95 (0.78 + 0.12) for the Haraguchi classification, from 0.47 to 0.95
(0.74 + 0.17) for Mason, and from 0.53 to 0.94 (0.72 + 0.12) for Bartoni¢ek/Rammelt, indicating adequate agreement across the three
classifications. For the specialist orthopedists, the mean ratings for the Haraguchi, Mason, and Bartoni¢ek/Rammelt classifications were
0.86, 0.84, and 0.75, corresponding to good, good, and adequate, respectively. For the group of non-specialists, the means were 0.72,
0.68, and 0.70, indicating adequate, average, and adequate, respectively. Interobserver reproducibility was considered reasonable for
Haraguchi (0.38) and moderate for Mason (0.42) and Bartoni¢ek/Rammelt (0.43).

Conclusion: All three classifications had large effects on treatment choice and access route decisions, with the Bartoni¢ek/Rammelt
classification showing the highest effect. All three PMF classifications were considered adequately reproducible by intraobserver
assessment. Interobserver reproducibility was considered reasonable for Haraguchi and moderate for the others.

Level of evidence 1V; Therapeutic studies; Case series.

Keywords: Classification; Ankle fractures; Reproducibility of results.

Introduction The timing of PMF repair remains a subject of debate in

Ankle fractures account for 9% of all fractures in adults, with the literature and a source of ongoing uncertainty among

an estimated incidence of 1 fracture per 1,000 inhabitants per
year®. Among these, posterior malleolus fractures (PMF)  functional and radiological outcomes®, although patients
account for up to 44% and are associated with a worse = who underwent PMF fixation had larger fragments than
prognosis®. those treated conservatively. In addition to the size of the

surgeons. A recent study found no difference in long-term
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posterior malleolus fragment, a factor previously considered
the most important, fracture morphology has been used
as a decisive parameter in decision-making, particularly on
computed tomography (CT)®. The most commonly used
PMF classifications, based on CT, are Mason et al.®, Haraguchi
et al.®®, and Bartonicek et al.”

Fracture classification systems aim to characterize the
injury, guide treatment, and indicate prognosis, in addition
to facilitating communication among surgeons and orga-
nizing knowledge for its incorporation into clinical and epi-
demiological databases. A good classification must be
validated and reliable, and exhibit high inter- and intraobserver
reproducibility®®,

Previous studies evaluated the inter- and intraobserver
reproducibility of these three PMF classifications, yielding
similar results; however, they did not determine which was
most reproducible and employed different methodologies 2,
Interestingly, none of these studies examined whether these
classifications influence the choice of PMF treatment—
surgical vs conservative—an important criterion for a good
classification. In addition, these studies included observers
with varying levels of specialization, from medical students
and orthopedic residents to specialists in ankle and foot
surgery and traumatologists, information that may have
directly influenced the results due to the lack of experience
among some participants.

The objective of this study is to analyze whether PMF
classifications can influence treatment choice and surgical
approach. In addition, verify the intra- and interobserver
reproducibility of the three main classifications, stratified by
observers’ experience.

Methods

This is a cross-sectional repeated-measures study, following
the recommendations of GRASS™ and approved by the
Institutional Review Board. All cases of ankle fractures
involving the posterior malleolus at a single institution from
October 2021 to December 2023 were included. Cases of
fractures in patients with an immature skeleton or with an
incomplete radiological study were excluded.

The diagnosis of PMF was based on imaging, including
radiographs and CT of the injured ankle. Using CT images in
axial and sagittal views, an online questionnaire was created
in video format (https://forms.gle/PBt4lLgylgs2alDS87),
containing 50 cases of PMF, for the evaluation of ten
independent observers, all orthopedists qualified by the
Brazilian Society of Orthopedics and Traumatology, four
subspecialists in ankle and foot surgery, and six non-specialist
orthopedists (without other subspecialties). All participants
were trained in each PMF classification before completing the
questionnaire. Participants classified each case according to
the three PMF classifications: Haraguchi et al.® types 1, 2 or
3); Mason et al.® types 1, 2A, 2B or 3); and Bartonicek et al.””?
‘types 1, 2, 3, 4, or 5), on two occasions, with an interval of two
weeks between them. They also addressed treatment options
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for the posterior fragment, regardless of the presence of other
injuries, and, if the posterior malleolus was to be fixed, which
approach they would use (“percutaneous”, “posteromedial
open”, or “posterolateral open”).

Statistical analysis

The descriptive analysis presented the observed data in
tables. Cronbach’s alpha was calculated to assess internal
consistency among the items evaluated. The sample and
measured items were selected to reflect a single evaluation
task performed repeatedly by a single evaluator (intraobser-
ver reproducibility). Interpretation intervals for Cronbach’s
alpha used were: a > 0.9: Very good to excellent internal
consistency (with stronger interpretation of reproducibility,
suitable for accurate measurements); a. > 0.9: Excellent (high
reproducibility); 0.8 < a < 0.9: Good (good reproducibility);
0.7 <- a < 0.8: Adequate (acceptable reproducibility); 0.6 < -
o < 0.7: Average (questionable reproducibility); o. < 0.6: Low
(unsatisfactory reproducibility)™™.

The Kappa test (k) was used to assess interobserver
agreement. This test measures the degree of agreement
among evaluators beyond what is expected by chance. To
classify the results of the Kappa test, the following parameters
were used: Kappa test (k) interobserver agreement, « < 0.20:
Poor agreement; 0.21 <« < 0.40: Reasonable agreement; 0.41
< k £ 0.60: Moderate agreement; 0.61 < k < 0.80: Substantial
agreement; and k > 0.81: Almost perfect agreement®,

The Chi-square test (Q?) was applied to the tables “Decision
/ Method correlation” and “Access path / Method”. When
the Chi-square test assumptions (i.e., expected frequencies
of at least 5%) were not met, Fisher’s exact test was used.
In addition, to enhance robustness, a Monte Carlo test was
performed, yielding a more accurate estimate of statistical
significance. Effect sizes were calculated and suitable for
each matrix (2x3 “Decision / Method” and 3x3 “Access path /
Method”). For table 3x2 (k=1), the effect size was considered:
Small: V > 0.10, Medium: V > 0.30, Large: V > 0.50. For table
3x3 (k=1), the effect size was considered: Small: V > 0.07,
Medium: V > 0.21, Large: V > 0.359®,

The significance criterion adopted was the 5% level.
Statistical analysis was performed using SAS System, version
6.11 (SAS Institute, Inc., Cary, North Carolina, USA).

Results

When analyzing decision-making based on classifications,
withreferencetothe value of PhiCramér’s (V), all classifications
showed a large effect size (V > 0.50), but with a higher
absolute value in the Bartoni¢ek/Rammelt classification
(V =0.72) than in Mason (V = 0.70) and Haraguchi (V = 0.69).
Regarding the choice of access route, the three classifications
showed large effect sizes (V > 0.35), with the Bartoni¢ek/
Rammelt classification having the largest absolute effect size
(V = 0.40) compared to Maison and Haraguchi (V = 0.37 and
0.37, respectively).
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The results of the intraobserver agreement, measured by
Cronbach’s alpha, and their interpretation are presented in
detailin Table 1. The intraobserver agreement across the entire
sample was 0.78 (0.12) for the Haraguchi classification, 0.74
(+ 0.17) for Mason, and 0.72 (+ 0.12) for Bartoni¢ek/Rammelt,
indicating adequate agreement. The mean intraobserver
agreement in the expert group was 0.86 (+ 0.09) for the Ha-
raguchi classification, 0.84 (+ 0.15) for Mason, and 0.75 (x 0.17)
for Bartoni¢ek/Rammelt. These results were considered re-
producible, with good, good, and adequate reproducibility,
respectively. Among non-specialists, the results were lower,
with means of 0.72 (£ 0.12), 0.68 (x 0.17), and 0.70 (= 0.08)
for Haraguchi, Mason, and Bartoni¢ek/Rammelt, which were
considered adequate, average, and adequate, respectively.

Regarding the degree of reproducibility of classifications
among observers (measured by the Kappa test), it was
considered reasonable for Haraguchi (x = 0.38) and moderate
for Mason (k = 0.42) and Bartoni¢ek/Rammelt (x = 0.43), all
presenting statistical significance (p < 0.05).

Discussion

This study analyzed the influence of the three main PMF
classifications on treatment decision-making and inter-
and intraobserver reproducibility. The main findings were
that the treatment choice (fix or do not fix the PMF) and
the access route had substantial effects across the three
classifications, with the absolute values being higher for the
Bartoni¢ek/Rammelt classification. Intraobserver agreement
was considered adequate for the Haraguchi, Mason, and
Bartoni¢ek/Rammelt classifications. Separating by group,
the agreement of the three classifications was considered
good, good, and adequate among specialists in foot and
ankle surgery, and adequate, average, and adequate among
non-specialists. Interobserver reproducibility was considered
reasonable for Haraguchi and moderate for Mason and
Bartoni¢ek/Rammelt.

A good classification, in addition to being reproducible,
should also aid in the treatment®®- To our knowledge, our
study was the first to evaluate the agreement between
PMF classifications and treatment decisions. We asked the
observers to determine whether the analyzed fracture would
be managed surgically or conservatively, and, if surgically,
which access route to use. To define the conduct, regardless

of the degree of specialization, the three classifications
presented a large effect size, that is, all helped the observers
in their therapeutic choice, with the Bartoni¢ek/Rammelt
classification having the highest absolute value, the one that
most helped in the decision, and the Haraguchi classification
having the lowest value. We believe that this result reflects
the ease with which the Bartoni¢ek classification” proposes
the PMF treatment compared to the other two classifications:
type 1fractures are considered non-surgical treatment injuries,
while all other four types are mostly surgical treatment. For
Mason®, the decision to operate or not depends more on
syndesmosis stability tests than the fracture classification
itself. Haraguchi®®, despite not having its criteria properly
validated, suggests that type 1 fractures should only be
addressed if they remain poorly reduced after fixation of
the lateral and medial malleoli; type 2 fractures with two
fragments, initially only the medial fragment is fixed, making
the fracture a “type 17, then following the same criteria; ifitis a
type 2 fracture with only one fragment, its treatment must be
surgical. Based on the observed results, we believe that the
Bartoni¢ek/Rammelt classification is most useful for defining
the treatment, thereby facilitating the surgeon’s decision.

In addition to the choice of PMF fixation, we investigated
whether these classifications also help observers select
the surgical access route. Thus, in the surgical cases,
participants were asked to choose between “percutaneous
access routes from anterior to posterior”, “posteromedial
access”, or “posterolateral access”. The three classifications
showed large effect sizes, with the Bartonicek/Rammelt
classification having the largest absolute effect size. We
believe that this result occurred due to the ease with which
the Bartoni¢ek/Rammelt classification identifies the fracture
trace and the main fragment. To our knowledge, no other
study has analyzed the correlation between classifications
and the choice of access route for the surgical approach.
However, it is noteworthy that none of these classifications
can accurately describe the complexity of PMF, since none of
them considers the presence of a fragment interposed in the
fracture focus, the degree of joint impaction, or the degree of
deviation of the fragment®, and the surgeon must perform a
detailed study and surgical planning, based on imaging tests,
especially CT.

Several factors can influence the reproducibility of a
classification®. In our study, higher observer experience was

Table 1. Intraobserver agreement for each of the posterior malleolar fracture classifications, including maximum and minimum values

(mean * standard deviation).

Haraguchi
0.53 - 0.95 (0.78 £ 0.12)
(o = adequate)
0.75 - 0.95 (0.86 + 0.09)
(o = good)
0.53-0.84 (0.72 £ 0.12)
(a. = adequate)

Overall (n =10)

Specialists (n = 4)

Non-specialists (n = 6)

Mason
0.47 - 0.95 (0.74 + 0.17)
(a = adequate)
0.63 - 0.95 (0.84 = 0.15)
(o = good)
0.47 - 0.87 (0.68 = 0.17)
(o = average)

Bartonicek/Rammelt
0.53-0.94 (0.72 £ 0.12)
(o = adequate)
0.53 - 0.94 (0.75 £ 0.17)
(o = adequate)
0.68 - 0.79 (0.70 = 0.08)
(a. = adequate)
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associated with greater intraobserver reproducibility in PMF
classifications. According to the evaluations of non-specialist
orthopedists, the reproducibility of the Haraguchi, Mason,
and Bartoni¢ek/Rammelt classifications was adequate,
average, and adequate, respectively. Among the specialists,
the classifications of Haraguchi and Mason showed greater
reproducibility and were considered good, as indicated by
Cronbach’s alpha. The Bartoni¢ek/Rammelt classification
yielded similar values, indicating adequate reproducibility
across levels of specialization. These results differ from
previous studies, in which the observer’s experience did
not affect the reproducibility of these classifications@'2,
This divergent finding can be explained by the substantial
heterogeneity among the observers, who ranged from
subspecialists to medical students, whereas our evaluators
were all trained orthopedists, including four subspecialists.
A recent study®” found that among its observers, specialists
in foot and ankle surgery achieved the highest intra-
and interobserver reproducibility compared with non-
subspecialist orthopedists in this area, orthopedic residents,
and radiologists. Likewise, we believe that the greater the
observer’s experience, the easier it is to identify fracture
traits, thereby making this analysis more consistent and
supporting our results.

Interobserver reproducibility indicates the consistency of
evaluations across individuals using the same instrument
and is an important metric for assessing the validity of a
classification®™®, The interobserver reproducibility in our
study was lower than that reported in previous studies‘©?,
For the Haraguchi classification, our observers showed
reasonable reproducibility (k = 0.38), whereas other
studies reported moderate (10,11) or substantial (12) values.
Regarding Mason’s classification, reproducibility was
comparable to that reported in other studies. We obtained
moderate agreement (k = 0.42), which is close to that
reported in previous studies™'?, The Bartoni¢ek/Rammelt
classification had the highest interobserver reproducibility
in our study, with moderate reproducibility (k = 0.43),
similar to that reported by Morales et al./® (k = 0.53). Other
studies have also reported that this last classification has
the highest interobserver reproducibility, with substantial
agreement™?_ Collectively, we obtained divergent results

from previous studies, which can be explained by differences
in the evaluation methodologies employed. Our study
included 50 cases of PMF and ten evaluators, who completed
the questionnaire on two occasions, with an interval of two
weeks between each. The other studies used 94 cases and six
evaluators®, 60 cases and nine evaluators‘, and 113 cases
and four observers®™, with intervals between evaluations of
three, four, and eight weeks, respectively. Previous reliability
studies suggest approximately ten cases per observer to
ensure adequate statistical power for inter- and intraocbserver
agreement analyses®™'®, The observed results demonstrate
that changes in the number of cases to be evaluated, the
number of evaluators or evaluations, and the interval between
them can influence the research findings.

Our study has several limitations, including the small sample
size compared to previous studies. The choice of observers
(orthopedists specializing in foot and ankle and non-
specialists) introduces selection bias; however, this approach
was used to address results already reported in the literature.
Furthermore, unqualified observers (medical students or
radiologists) are not expected to decide on the therapeutic
modality, the main objective of this study. In addition, we
did not provide the evaluators with three-dimensional
CT reconstruction images, which may have affected the
reproducibility of the evaluated classifications. A previous
study showed that three-dimensional analysis of pylon
fractures improves the understanding and reproducibility
of their classification and preoperative planning®®, a factor
that may be similar in PMF. It is important to highlight that
the cross-sectional design of our study does not allow for
establishing a causal relationship between classifications and
therapeutic decisions or the choice of access route.

Conclusion

All three classifications had large effects on treatment
choice and access route decisions, with the Bartonicek/
Rammelt classification showing the highest effect. All three
PMF classifications were considered adequately reproducible
by intraobserver assessment. Interobserver reproducibility
was considered reasonable for Haraguchi and moderate for
the others.
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