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ABSTRACT

Objective: Three computed tomography (CT)-based classifications, including Haraguchi, Bartonicek-Rammelt, and Mason-Molloy sys-
tems, have been developed to better determine the characteristics of posterior malleolus fractures (PMFs). The aims of this study were (1)
to determine the intra- and inter-observer reliability of the computed tomography-based classification systems and (2) to investigate the
clinical experience and expertise on their reliabilities.

Methods: Sixty-seven preoperative ankle CT scans of 67 adult patients with “ankle fracture with the involvement of the posterior malleo-
lus™” were retrospectively identified. CT images were assessed by 10 observers with different levels of clinical experience from 2 different
specialties, including orthopedics and radiology. The observers were asked to classify PMFs according to 3 CT-based classifications on
2 separate occasions with a 4-week interval. Cohen’s k values were measured for 2 raters and Fleiss’ k values were measured for 3 raters
and more.

Results: Overall, each classification had moderate to very good intraobserver reliability (k=0.41 to 0.95, P < .01) as well as moderate
interobserver reliability for each of the 2 separate assessments (k=0.41 to 0.60, P < .01 for the first occasion; k=0.44 to 0.59, P < .01 for
the second occasion). Interobserver agreement among the foot and ankle surgeons regarding the Haraguchi and Bartonitek classifications
was substantial for both assessment periods, whereas there was a moderate agreement for the Mason classification. Orthopedic residents
showed moderate interobserver agreement in each period for both Bartoni¢ek and Mason classifications. Radiology experts illustrated
slight and fair agreements in the 2 assessments for Mason classification, moderate agreement in both assessments for Haraguchi classifi-
cation, and substantial to moderate agreement in the first and second assessments for Bartoni¢ek classification, respectively.

Conclusion: Computed tomography-based classification system for PMFs demonstrated moderate interobserver reliability as well as
moderate to very good intraobserver reliability. Moreover, foot and ankle specialists exhibit enhanced K values for both inter and intra-

observer reliability for each classification system, consistency seems to increase as the interest in the field condenses.

Level of Evidence: Level 111, diagnostic study.

Introduction

Posterior malleolus fractures (PMFs) are a prevalent
component of ankle fractures, frequently resulting
from rotational ankle injuries.’ The osseous integrity
and ligamentous attachment of the posterior malleo-
lus are of great importance for tibiotalar load transfer
and rotatory ankle stability."” Recognizing the prop-
erties of the PMFs will help determine the optimum
treatment strategy for patients with ankle fractures,
and thus preventing complications and improving the
prognosis.®

Conventional radiography is commonly recognized
as the initial imaging modality for the diagnosis of
PMFs; however, a multitude of studies have found
plain radiographs to be poorly reliable and accurate
in the determination of morphology and size of the

posterior malleolar fragment.*” Accordingly, over the
past 2 past decades, 3 computed tomography (CT)-
based classification systems have been developed to
better determine the fracture characteristics. The first
attempt to systematically classify PMFs was made by
Haraguchi et al (2006),* and the investigators defined
3 basic fracture types based on only preoperative
axial CT scans of 57 cases without 3-dimensional
(3D) CT reconstructions. Bartonicek and Rammelt
(2015)° later analyzed 141 CT scans of patients with
ankle fractures or fracture-dislocations in the coronal,
sagittal, and axial planes, and the authors proposed
an alternative 3D classification scheme that includes
5 basic fracture types. Most recently, Mason et al
(2017)" evaluated sagittal and axial CT images taken
from 5 mm above the tibial plafond and 1 cm medial
to incisura in 121 patients with PMFs and introduced
a new classification system that categorizes the
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fractures into 3 main types based on the severity and pathomechan-
ics of the injury.

The CT-based classifications can improve the fracture characteriza-
tion and thereby aid orthopedic surgeons in surgical decision-making
in PMFs. There is a present emphasis on the reliability of the PMFs
classifications. However, the impact of expertise and experience
level on the reliability remains questionable.

The aims of this study were (1) to investigate the intra- and inter-
observer reliability of the 3 computed tomography-based classifica-
tion systems in PMFs, including Haraguchi, Bartoni¢ek-Rammelt,
and Mason-Molloy, and (2) to investigate the clinical experience
and expertise on the reliability of these classification systems. We
hypothesized that reliability of CT-based classifications is affected by
clinician’s experience and expertise in the field.

Material and Methods

Institutional Review Board (IRB) approval from the regional author-
ity Nevsehir HBV University by the number of 214760154 was
granted and all personal data on slides were anonymized. The medi-
cal records and radiological data of patients in whom “ankle fracture
with the involvement of the posterior malleolus” was diagnosed and
treated by open reduction and internal fixation between March 2018
and April 2021 in a single tertiary referral center were retrospec-
tively reviewed based on the hospital database. Inclusion criteria
includes:

1. A diagnosis of ankle fracture with the involvement of the poste-
rior malleolus,
A closed physis,
Complete radiographic and CT images of the ankle stored in the
hospital Picture Archiving and Communication System (PACS,
GE Healthcare, Milwaukee), and

4. A complete set of preoperative CT scans of the ankle taken after
the closed reduction.

Exclusion criteria were:
1. A pilon-type injury of the tibial plafond.

A total of 77 patients were identified based on the above eligibility
criteria. Ten patients were excluded (8 had inadequate CT imaging
and 2 had CT scans with unreduced ankle joint), and of the remain-
ing 67 patients, 67 preoperative ankle CT scans were included in
the study. Informed consents were obtained and patients were noti-
fied that personal health records will be stored for scientific pur-
poses only.

+  Posterior malleolus fractures are a prevalent component of ankle fractures
and recognition of these are of utmost importance in determining the treat-
ment. This study aimed to investigate the intra- and inter- observer reliability
of three common posterior malleolus fracture classification systems.

The results showed all classification systems to have moderate to very
good intraobserver reliability as well as moderate interobserver reliability.
Bartoni¢ek-Rammelt classification demonstrated slightly better intra-observer
reliability. Foot and ankle specialists K values were better for both inter and
intraobserver measurements.

. The results indicate that while all three classification systems can be used,
consistency of the classifications increases as the field of interest condenses.

The preoperative CT scans with a 2- or 3-mm slice thickness in
Digital Imaging and Communications in Medicine (DICOM) format
of each participant were first collected from hospital PACS and then
imported into the RadiAnt DICOM viewer® (Medixant 2.2.9, Poznan,
Poland) software for image processing and 3D reconstruction.

For each participant, an axial CT scan at the level of tibial plafond
clearly indicating the fracture morphology and a sagittal CT scan
1 cm medial to the incisura as described by Mason et al'® were
obtained. A 3D reconstruction of serial sections was also generated,
and 3D images clearly illustrating the PMF characteristics and their
association with the fibular notch were selected for the analysis. All
the imaging materials were collected and processed by a consultant
orthopedic and trauma surgeon who was not serving as an observer.
The same surgeon then imported all the images into a Microsoft®
PowerPoint® (PPT) presentation of 67 slides, with each slide display-
ing an axial, a sagittal, and 3D CT images of a PMF case. All PPT
slides were assigned a case number. The cases were blinded, and no
information on clinical features was available in the slides. Later, the
PPT presentation was sent to observers via e-mail.

All cases with the selected CT images were evaluated by 10 indepen-
dent observers with different levels of clinical experience from 2 dif-
ferent clinical specialties:

* Observer (O) 1 and 2: Orthopedic surgeons specialized in foot
and ankle surgery with 4 and 8 years of clinical experience,
respectively.

* 0-3, 04, and O-5: Orthopedic surgeons with no special interest
in foot and ankle surgery, with 3, 5, and 8 years of experience,
respectively.

* 0-6, 0-7, and O-8: Orthopedic residents in their 1, 3, and 5 years of
training, respectively;

* 0-9 and -10: Radiologists without a special interest in musculoskel-
etal disorders, each with 5 years of experience.

The observers were asked to classify PMFs according to 3 classifi-
cation systems, including Haraguchi, Bartoni¢ek-Rammelt, and
Mason-Molloy (Table 1). The first author recorded the responses
from the observers. The RAND tool in Microsoft PowerPoint® was
used to mix up the slides at random, and the new order of the slides
was sent to the observers to eliminate any chance of remembering
after 4 weeks.

Statistical Package for the Social Sciences (SPSS) software version
25.0 (IBM SPSS Corp.,Armonk, NY, USA) was used to execute sta-
tistical analysis. A P-value < .05 was deemed statistically significant.
The agreement between 2 observers and intraobserver reliability was
evaluated by calculation of Cohen’s «x values with 95% confidence
intervals (CIs). Fleiss’ k with 95% ClIs was used to evaluate the agree-
ment among 3 or more observers. As suggested by Landis and Koch,"
the « values were interpreted as follows: less than 0.20, slight agree-
ment; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and
greater than 0.80, very good agreement. To provide adequate statisti-
cal power to attain a lower bound of the 95% CI for kappa of 0.35,
assuming Kappa would be equal to 0.50, a sample size of 66 subjects
was needed."

Results

Sixty-seven preoperative CT scans of 67 patients were reviewed in
the current study. There were 36 females (54%) and 31 males (46%).
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Table 1. Computed tomography based-classification systems for posterior malleolus fractures

Haraguchi classification Bartonicek-Rammelt classification

Mason-Molloy classification

Type I The posterolateral-oblique type ~ Typel  Extraincisural fragment Type I The typical avulsion appearance of the medial malleolus
Type II The medial-extension type Type I  Posterolateral fragment Type IIA A primary fragment of the posterolateral triangle of the
tibia (Volkmann area) extending into the incisura
Type IIl  The small-shell type Type IIl  Posteromedial, 2-part fragment Type IIB  The 2 separate posterior malleolar fractures (posterolateral
and posteromedial)
Type IV Large, posterolateral triangular fragment Type Il The long oblique fibular fracture in the same orientation
Type V.  Irregular osteoporotic fracture

Table 2. Demographic characteristics of the study participants

Number of patients 67
Number of ankle joints 67
Mean age (year) 46
Age range (year) 19-69
Gender (Female/male) 36/31

The mean age was 46 (range, 19-69) years. Thirty-nine fractures (62%)
were located in the right ankle and 28 in the left (Table 2).

Intraobserver reliability

Table 3 details the level of intra-observer agreement with kappa val-
ues. Moderate to very good agreement (k=0.41 to 0.95, P < .01) was
observed between the 2 separate assessments of each observer in
terms of the 3 CT-based classification systems in posterior malleolus
fractures (Figure 1).

Interobserver reliability

Interobserver reliability assessments demonstrated in Table 4. In
Haraguchi classification, inter-observer reliability among all observ-
ers was moderate for each of the 2 separate assessments (k=0.54,
95% CI=0.51 to 0.57, P < .01 for the first occasion, and x=0.55,
95% CI=0.52 to 0.58, P < .01 for the second occasion) (Figure 2).
In Bartoni¢ek-Rammelt classification, the overall interobserver reli-
ability was moderate for each of the 2 separate assessments (k= 0.60,
95% CI=0.57 to 0.62, P < .01 for the first occasion, and x=0.59, 95%
CI=0.531t0 0.58, P < .01 for the second occasion) (Figure 2). Similarly,
moderate levels of overall interobserver agreement were determined
for Mason-Molloy classification in each of the 2 separate evalua-
tions (k=0.41, 95% CI=0.39 to 0.43, P < .01 for the first occasion,
and k=0.44, 95% CI=0.41 to 0.46, P < .01 for the second occasion)
(Figure 3).

When analyzed individually, foot and ankle surgeons exhibited sub-
stantial inter-observer reliability with a slight decrease in the kappa
values between the 2 assessment periods in terms of Haraguchi and
Bartonicek-Rammelt classifications (Figures 2 and 3). Concerning

Mason-Molloy classification, moderate levels of interobserver
agreement were observed with a slight improvement in the kappa
values between the 2 assessment periods (Figure 4). Orthopedic
surgeons with no special interest in foot and ankle surgery dem-
onstrated moderate levels of agreement between the 2 assessment
periods with little improvement in Haraguchi and Bartonicek-
Rammelt classifications (Figures 2 and 3). These observers showed
fair agreement for Mason-Molloy classification on the first occasion
and moderate agreement on the second occasion with a significant
increase in kappa value (Figure 4). Orthopedic residents showed
moderate levels of agreement in each assessment period for both
Bartonic¢ek-Rammelt and Mason-Molloy classifications (Figures 3
and 4). In Haraguchi classification, while substantial agreement was
detected on the first occasion, moderate agreement was observed
with a significant decrease in kappa value on the second occasion
(Figure 2). Radiologists demonstrated slight and fair agreements
in the 2 assessments for Mason-Molloy classification (Figure 4),
moderate agreement in both assessments for Haraguchi classifica-
tion (Figure 2), and substantial to moderate agreement in the first
and second assessments for Bartonicek-Rammelt classification
(Figure 3), respectively.

Discussion

Our findings obtained from 10 observers with different levels of
clinical experience from 2 different clinical specialties have shown
moderate to very good intraobserver reliability, along with moder-
ate interobserver reliability for each CT-based classification system
of PMFs. Furthermore, the evidence from this study supported our
hypothesis that clinicians’ experience and expertise both have effects
on the reliability of these classifications.

PMFs have been gaining interest in recent years as their importance
in ankle biomechanics has been better understood.* Identification of
these fractures should be clear and universal to make accurate inter-
ventions and advance further scientifically. In line with the advances
in imaging technology, over the 2 decades, CT-based classification

Table 3. Details of intra-observer reliability

Haraguchi Bartonicek-Rammelt Mason-Molloy
Cohen’s k value Level of Cohen’s k value Level of Cohen’s k value Level of
Observer (95% CI) agreement (95% CI) agreement (95% CI) agreement
Orthopedic Surgeons 0-1 0.80 (0.79-0.95) substantial 0.84 (0.72-0.96) substantial 0.88 (0.72-0.98) substantial
(Foot and Ankle specialist) 02 0.89(0.79-0.99)  very good 0.90 (0.81:0.99)  very good 0.75 (0.62-0.88)  substantial
Orthopedic surgeons 0-3 0.43 (0.26-0.60) moderate 0.41(0.21-0.61) moderate 0.60 (0.45-0.75) moderate
(With no special interest in foot and 0-4 0.67 (0.51-0.82) substantial 0.85 (0.75-0.95) very good 0.71 (0.58-0.84) substantial
ankle surgery) 0-5 0.57 (0.38-0.76) moderate 0.83 (0.71-0.95) very good 0.69 (0.56-0.82) substantial
Orthopedic residents 0-6 0.62 (0.46-0.78) moderate 0.68 (0.53-0.83) moderate 0.44 (0.27-0.61) moderate
0-7 0.71(0.56-0.86) moderate 0.78 (0.64-0.94) Substantial 0.95 (0.90-0.99) very good
0-8 0.65 (0.50-0.80) substantial 0.77 (0.65-0.89) substantial 0.62 (0.49-0.75) substantial
Radiologists 0-9 0.72 (0.60-0.84) substantial 0.77 (0.65-0.89) substantial 0.48 (0.34-0.62) moderate
0-10 0.94 (0.89-0.99) very good 0.85 (0.76-0.94) substantial 0.90 (0.82-0.98) substantial

«: Gohen's kappa
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M Haraguchi Il Bartonicek- Rammelt W Mason-Malloy

Kappa Value (K)

0O-1 02 03 04 O5 06 O7 08 09
Observers

Details of intra-observer reliability

Figure 1. Vertical bars show intraobserver agreement of each observer with kappa
() values for all CT-based classifications of posterior malleolus fractures.

systems, including Haraguchi,® Bartoni¢ek-Rammelt,” and Mason-
Molloy classifications,” have been developed to better define the
characteristics of PMFs. There is a present emphasis on the reli-
ability of the PMFs classifications. However, the impact of exper-
tise and experience level on the reliability remains questionable. In
this study, we investigated the ability of the CT-based classification

systems to create a common nomenclature for identifying character-
istics of PMFs and the effect of clinician’s experience and expertise
on reliability.

Detection of PMFs via plain radiography may not be always pos-
sible. The use of CT scan, especially in PMFs, is advantageous as
the size of the fracture may be highly deceiving in plain radiogra-
phy.*”* Haraguchi et al introduced a CT-based classification sys-
tem for PMFs,® wherein only the sagittal plane images of 57 patients
were examined. Initially, fractures were sub-grouped into 3 types
depending on the extent. The authors preferred to surgically oper-
ate on fractures if only the fracture line reaches the medial mal-
leolus or intra-articular displacement is present. Thus, Haraguchi
classification is more fracture anatomy-oriented and lacks provid-
ing information about surgical decision-making. Additionally, no
information is available concerning the reliability of the classifica-
tion. Our findings demonstrate moderate to very good intraobserver
agreement and moderate to substantial interobserver agreement
for the Haraguchi classification consistent with the recent litera-
ture.’>® However, Turgut et al reported fair interobserver agreement
for the Haraguchi classification and they attributed this to the fact
that fewer subgroups cause the overlapping and reduce the agree-
ment. In contrast to those findings, even overall interobserver agree-
ment was moderate [Cohen’s k: 0.54, 95% CI (0.51-0.57)], foot and
ankle specialists demonstrated substantial interobserver agreement
[Cohen’s k: 0.84, 95% CI (0.70-0.96)] in our study. Supporting our
hypothesis, slightly better agreement levels observed as familiarity

Table 4. Details of inter-observer reliability

Haraguchi

Bartonicek-Rammelt Mason-Molloy

Status Cohen’s k value (95% CI) Level of agreement Cohen’s k value (95% CI) Level of agreement Cohen’s k value (95% CI) Level of agreement
All observers

First assessment 0.54 (0.51-0.57) moderate 0.60 (0.57-0.62) moderate 0.41 (0.39-0.43) moderate
Second assessment 0.55 (0.52-0.58) moderate 0.59 (0.53-0.58) moderate 0.44 (0.41-0.46) moderate
Orthopedic surgeons (0-1 and 0-2) (foot and ankle specialist)

First assessment 0.84 (0.70-0.96) substantial 0.77 (0.63-0.91) substantial 0.45 (0.31-0.59) moderate
Second assessment 0.74 (0.57-0.91) substantial 0.67 (0.51-0.83) substantial 0.52 (0.39-0.65) moderate
Orthopedic surgeons (0-3, 0-4, and 0-5) (With no special interest in foot and ankle surgery)

First assessment 0.45 (0.35-0.55) moderate 0.52 (0.42-0.60) moderate 0.35 (0.27-0.44) fair
Second assessment 0.51 (0.40-0.61) moderate 0.53 (0.43-0.61) moderate 0.42 (0.33-0.50) moderate
Orthopedic residents (0-6, O-7, and 0-8)

First assessment 0.61 (0.50-0.71) substantial 0.53 (0.43-0.62) moderate 0.57 (0.47-0.65) moderate
Second assessment 0.50 (0.40-0.60) moderate 0.51 (0.42-0.60) moderate 0.50 (0.40-0.58) moderate
Radiology consultants (0-9 and 0-10)

First assessment 0.49 (0.33-0.65) moderate 0.62 (0.45-0.79) substantial 0.16 (0.05-0.27) slight
Second assessment 0.51 (0.36-0.66) moderate 0.53 (0.35-0.69) moderate 0.27 (0.15-0.39) fair

K values

Inter-observer reliability of Haraguchi Classification

M Second Assessment

I First Assessment

All Observers Foot and Ankle Specialists Orthopedic Surgeons Orthopedic Residents  Radiology Consultants
(0-1,0-2) (0-3, 0-4, 0-5) (0-6, 0-7, 0-8) (0-9,0-10)
Observers

Figure 2. Vertical bars show interobserver reliability with kappa (K) values on 2 separate occasions for Haraguchi classification.
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Inter-observer reliability of Bartoni¢ek-Rammelt Classification

M First Assessment

08

0.6

K values

0,4

0,2

I Second Assessment

All Observers Foot and Ankle Specialists Orthopedic Surgeons Orthopedic Residents Radiology Consultants
(0-1,0-2) (0-3, 0-4, 0-5) (0-6, 0-7, 0-8) (0-9, 0-10)
Observers

Figure 3. Vertical bars show interobserver reliability with kappa (K) values on 2 separate occasions for Bartoni¢ek-Rammelt classification.

Inter-observer reliability of Mason - Molloy Classification

B First Assessment

08

06

K values

0.4

0,2

M Second Assessment

All Observers Foot and Ankle Specialists Orthopedic Surgeons Orthopedic Residents Radiology Consultants
(0-1,0-2) (0-3, 0-4, 0-5) (0-6, 0-7, 0-8) (0-9, 0-10)
Observers

Figure 4. Vertical bars show inter-observer reliability with kappa (K) values on 2 separate occasions for Mason-Molloy classification.

with ‘PMFs increases regardless of the inadequacies of the classifi-
cation systems.

In 2015, Bartonicek introduced a more comprehensive classifica-
tion system for PMFs not only based on anatomic features but also
covering associated injuries such as syndesmotic and soft tissue
injuries.” 3D constructed images were also evaluated in addition to
axial images. Fractures were classified into 4 subtypes (increasing
severity in order) and type 5 that corresponds to unclassified, osteo-
porotic fractures. Five subgroups allow more accurate definition of
the fracture and aimed to be more clinically oriented and surgically
guiding. Therefore, reliability of the classification is expected to be
higher. There was no mention about the inter and intraobserver reli-
ability. Moderate to substantial interobserver reliability reported
recently.”®" Among them, experience-based analysis was only exe-
cuted by Sugraiies et al and Morales et al, but no significant differ-
ence was observed in terms of experience and expertise. Similarly,
even foot and ankle specialists exhibited higher k values than overall;
in our study the difference was not statistically significant. Our study
demonstrated a slightly higher overall interobserver kappa value for
Bartoni¢ek-Rammelt than the Haraguchi and Mason-Malloy classi-
fication. However, it still does not meet sufficient requirements to be
used as a valid classification system.?

Mason and Molloy” have most recently introduced another
CT-guided classification that categorizes the fractures into 3 main
types in both axial and sagittal plane views based on the severity and

pathomechanics of the injury. The authors reported interobserver
reliability of 0.919 (Cohen’s kappa) which is significantly higher
compared to our findings. This contradiction is probably due to the
observers of the Mason-Molloy classification were both ankle spe-
cialists, and the number of observers was few. Otherwise, lower « val-
ues are expected as the number of observers increases. Supporting
this, our findings revealed relatively higher « values among the foot
and ankle specialists compared to other observer subgroups, albeit
the difference did not reach statistical significance. Additionally,
fair to moderate interobserver reliability were found among all the
observers. Interestingly, radiologists demonstrated slight to fair
interobserver reliability for Mason-Molloy classification, indicat-
ing the lowest x-values among all observers. This finding may be due
to the fact that orthopedic surgeons may be more prone to classify
PMFs because of their familiarity with such fractures depending on
the necessity for surgical intervention. Otherwise, attending radiolo-
gists are not specialized in musculoskeletal imaging, as fracture clas-
sification is seldom used in their daily routine.

This study has several limitations and strengths due to its retrospec-
tive nature. The major limitation is that observers were given only
single slice of the fracture. Even if 3D constructed images were avail-
able, a complete sectional evaluation of the fracture would increase
the reliability, and the more detailed and multi-planar observation
would possibly result in increased kappa values. The main strength
is; our hypothesis was questioned by 10 observers with varying levels
of experience from 2 different clinical specialties.
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In conclusion, evidence from this study has revealed that each
CT-based classification system for PMFs has moderate interobserver
reliability as well as moderate to very good intraobserver reliability.
Bartoni¢ek-Rammelt classification has slightly better intra-observer
reliability than Haraguchi and Mason-Molloy classifications. Given
that foot and ankle specialists exhibit enhanced « values for both
inter- and intra-observer reliability for each classification system,
reliability seems to increase as the interest in the field condenses.
Consequently, no classification system has absolute superiority over
others, and previously obscure differences are becoming marked as
the field of interest narrows. The choice of the classification system
is all on surgeons’ preference.
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