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Abstract

Background Classification of ankle fracture is important when deciding for operative or conservative treatment. This study
rates the reproducibility of ankle stability assessment and compares it with the classification by Lauge-Hansen and Arbe-
itsgemeinschaft fiir Osteosyntesefragen (AO) in adult patients with primary ankle fractures.

Methods A total of 496 consecutive ankle fractures were included, and the X-ray images were reviewed 2 times by 2 medical
students, 2 residents, and 1 consultant in orthopedic traumatology. The raters were blinded to each other and to their own
results. Unweighted Kappa statistics were used to assess reproducibility.

Results Overall mean (95% CI) interrater Kappa results were 0.65 (0.64; 0.68) for Lauge-Hansen, 0.62 (0.60; 0.63) for AO
and 0.61 (0.57; 0.62) for the stability assessment. The intrarater results ranged from a mean Kappa of 0.64-0.80 for the
medical students, 0.65—-0.81 for the residents and 0.82—0.84 for the consultant.

Conclusion The stability assessment has substantial to almost-perfect agreement which is comparable to the Lauge-Hansen

and AO classifications.
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Introduction

Ankle fracture is a very common fracture and represents
approximately 9% of all fractures with an incidence of 138-
169/100,000/year [1-3]. Many of these fractures are treated
operatively, but there are controversies in which fracture
types should be offered operative treatment [4]. There is
probably a correlation between the severity of the ankle
fracture and complications [5], and reliable fracture clas-
sification systems are needed for indication of operative
treatment.

The two most used classification systems for ankle frac-
tures are Lauge-Hansen and AO [6, 7]. The original work of
Lauge-Hansen from 1940 to 1950s describes the mechanism
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of injury, while AO classifies the ankle fractures according
to the position of the lateral malleolus fracture and integrity
of the syndesmosis (infrasyndesmotic, transsyndesmotic,
suprasyndesmotic) based on X-ray images. These two clas-
sification systems do not seem to have good reproducibility
with Kappa values ranging from 0.17 to 0.48 [8-10], and
the value is therefore limited. A simple and more functional
approach to classify an ankle fracture is to assess the stabil-
ity of the fracture. Pakarinen et al. [11] described a new
method to classify ankle fractures as stable or unstable frac-
tures by using X-rays and, if necessary, a dynamic examina-
tion. By using the stability-based classification criteria’s, the
number of operatively treated ankle fractures may decrease
and is therefore cost-effective [12]. However, in order to use
a new classification system, the reproducibility of the clas-
sification system needs to be assessed.

The primary aim of this study was to assess the reproduc-
ibility of the ankle fracture classification systems Lauge-
Hansen, AO and the new stability assessment in adult
patients with primary ankle fractures. Secondarily, our aim
was to assess the impact of clinical experience when clas-
sifying the ankle fractures.
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Method

The study was designed as a consecutive cohort design
with data from a Level 1 university hospital. The study
was approved by the Danish Data Protection Agency (case
number 14/38794), and reporting is performed according to
GRRAS [13].

Patients

From 2010 to 2011, data were retrieved from the county
database using ICD-10 diagnoses codes for ankle fractures
(DS824-DS828). The patients’ health records and radio-
graphs were reviewed for the inclusion criteria’s:

e Radiographs with adequate quality for classification
e Ankle fracture
e Primary fracture

The exclusion criteria’s were

Age under 18

Other fractures than ankle

Inadequate radiographs

Subsequent fractures of the same ankle in the same
patient.

During the study period, 692 radiographs were reviewed
by two authors and 496 X-rays compromised the final cohort.

Radiograph assessment

Radiographs were evaluated 2 times by 2 medical students
(STA/STB), 2 residents (REA/REB) and 1 consultant in
orthopedic traumatology (OC) with a minimum of 14-day
interval between the assessments. The data were regis-
tered using EpiData Software [14]. All radiographs were
measured independently, and any patient identifiers were
removed. The raters were blinded to each other and to their
own results.

Guide sheets illustrating the classifications and subclas-
sifications were provided prior to assessment to all raters.
Each ankle fracture was classified according to Lauge-
Hansen as either supination type I-II (S I-II), supination
eversion type I-IV (SE I-IV), pronation type I-II (P I-II) or
pronation eversion type I-IV (PE I-1V) [6]. Classification by
AO (either 44 A1-3, 44 B1-3, or 44 C1-3) and stability was
classified as either stable, unstable or test for syndesmosis
stability [7, 11]. The stability assessment criteria are given
in Table 1. Since it was not possible to do a stress test in our
study set up, a category for stress test was added for X-rays
with a hematoma on the medial side (Fig. 1).

Statistical analysis

The statistical software program Stata 15 was used for the
analyses. Unweighted Kappa statistics were used to assess
reproducibility, thereby treating all disagreements equally
and correcting measurement agreement for chance [15].
Analyses were performed for intrarater and interrater agree-
ment. The interraters’ agreement was based on the first
measurement for all raters. A sample size of 489 patients
was calculated using 0.7 (rater 1) and 0.66 (rater 2) as pro-
portion of a positive rating, 0.85 Kappa detection level and
a precision of 0.05 (CI 0.95).

Guidelines proposed by Landis and Koch [16] were used
to categorize inter/intrarater Kappa agreement: poor (<0),
slight (0-0.2), fair (0.21-0.4), moderate (0.41-0.6), substan-
tial (0.61-0.8) and almost perfect (0.81-1).

Results

Of the 496 radiographs, 187 fractures (38%) were classified
as SE2 according to the Lauge-Hansen classification and 141
fractures (28%) were SE4 which were the two most common
fracture types (Table 2). For AO, the most common fracture
was the 44-B1 with 183 fractures (37%).

The combined interrater mean (95% confidence interval)
Kappa values were 0.65 (0.64; 0.68) for Lauge-Hansen, 0.62
(0.60; 0.63) for AO and 0.61 (0.57; 0.62) for stability assess-
ment (Table 2). The individual interrater Kappa values for all

Table 1 Overview of the

Stable

Unstable

stability assessment criteria

Fracture

Talar shift

Medial tenderness and stress
test

Isolated lateral malleolar
fracture

Isolated non-displaced medial
malleolar fractures

No talar shift

No medial tenderness
Medial tenderness and nega-
tive stress test

High lateral malleolar fracture
Displaced medial malleolar fracture
Bi- or trimalleolar fracture

Positive talar shift
Medial tenderness and positive stress test
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Fig. 1 X-rays of different malleolar fractures: a is a stable fracture (LH SE2, AO B1). b is similar to a but has a medial hematoma and therefore
placed in the category for stress test. ¢ is an unstable fracture (LH SE4, AO B2), and d is also an unstable fracture (PE3, AO C2)

Table 2 Interrater Kappa results for Lauge-Hansen, AO and stability assessment

Lauge-Hansen n (mean) Kappa AO n (mean) Kappa Stability n (mean) Kappa
S1 67 0.86 Al 68 0.86 Yes 241 0.66
S2 12 0.26 A2 20 0.63 No 209 0.74
SUl 1 —-0.00 A3 1 —-0.16 Test 46 0.12
Su2 187 0.73 Bl 184 0.71 NC 15 —-0.02
SuU3 8 0.19 B2 73 0.32

Su4 142 0.67 B3 87 0.60

P1 7 0.28 Cl 32 0.55

P2 2 0.20 Cc2 21 0.58

P3 7 0.04 C3 5 0.71

PU1 5 0.14 NC 18 0.27

PU2 0 —0.00

PU3 39 0.65

PU4 15 0.53

NC 17 0.22

Total (95% CI) 0.65 (0.64; 0.68) 0.62 (0.60; 0.63) 0.61 (0.57; 0.62)

Number of radiographs in each category is calculated as a mean from the 5 raters

NC not classified, Test indication test for syndesmosis stability, CI confidence interval

raters ranged from 0.49 to 0.75 for AO, 0.55-0.72 for Lauge-
Hansen and 0.51-0.65 for stability assessment.

Intrarater Kappa values were 0.64—0.82 for AO, 0.68-0.84
for Lauge-Hansen and 0.67-0.84 for stability assessment
(Table 3). In general, the consultant had slightly higher int-
rarater Kappa values ranging from 0.82 to 0.84 in all 4 cat-
egories, while the students ranged from 0.64 to 0.80 and the
residents ranged from 0.65 to 0.81.

Discussion

We have demonstrated that the stability assessment has
substantial to almost-perfect agreement for intra- and
interrater assessment which is comparable to the Lauge-
Hansen and AO classification. By limiting the classifica-
tions categories as the stability assessment tool does, we
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Table 3 Interrater Kappa values are shown in normal text and int-
rarater in italic

Raters STA STB REA REB oC
AO
STA 0.73 0.49 0.67 0.51 0.61
STB 0.64 0.55 0.49 0.52
REA 0.81 0.60 0.75
REB 0.65 0.60
oC 0.82
Lauge-Hansen
STA 0.80 0.55 0.71 0.60 0.62
STB 0.69 0.57 0.60 0.55
REA 0.80 0.66 0.72
REB 0.68 0.63
oC 0.84
Stability assessment
STA 0.77 0.64 0.53 0.61 0.65
STB 0.67 0.51 0.63 0.62
REA 0.76 0.60 0.61
REB 0.70 0.65
oC 0.84

STA +STB Student A+B, REA + B Resident A+B, OC orthopedic
consultant

expected that the reproducibility would be higher than
for the Lauge-Hansen and AO classification. However,
we could not demonstrate that. Instead we demonstrated
large variations in Kappa values ranging from poor to
almost-perfect agreement. This could indicate that some
fractures are easier to diagnose than other fractures. The
lowest Kappa values (more than 1 event) were 0.04 for
Lauge-Hansen P3 and 0.16 for PU1. These were rarely
occurring fractures and might therefore be difficult to diag-
nose, but the AO C3 had a Kappa value of 0.71 and only 5
fractures. The C3 fracture is though very different from the
rest and could be expected easier to diagnose. However,
we do not find perfect agreement. The C3 fractures are
unstable (if displaced) according to the stability assess-
ment and with fewer categories compared to AO and we
had therefore hoped for better agreement. The reason lies
within the cohort as the majority of fractures are Lauge-
Hansen SU2-4 or AO B1-3. The difference between stable
and unstable fractures in these fracture types might be very
small, and the uncertainty in the stability assessment must
be due to these fracture types.

Only Cordova et al. [17] have previously assessed the
reproducibility of the stability assessment using 28 X-ray
images and 3 army physicians. They demonstrated an inter-
rater agreement of 0.36 for the stability assessment and
0.21 for Lauge-Hansen and 0.51 for AO. Two major draw-
backs are the lack of an intrarater assessment. Moreover,
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the study is underpowered. Thomsen et al. [18] compared
Lauge-Hansen with the AO classification and demonstrated
interrater Kappa values of 0.49 for Lauge-Hansen (intrarater
0.60-0.70) and 0.58 for AO (intrarater 0.60-0.71). These
results are comparable to ours, and we consider our results
to be with good external validity.

The consultant in our study had higher intrarater Kappa
values in all classification systems compared to the residents
and students but not by a large margin. Students have a lower
intrarater agreement, but via concrete instructions they can
reach an equal level of agreement as more experience raters
[19]. The participating students followed a guide sheet for
each classification system, and perhaps therefore they had
a very small difference compared to the consultant. Hence,
young doctors and students can achieve similar agreement
compared to consultants by following clear instructional
media.

A limitation in our study is the unequal distribution of
events due to the consecutive nature. However, this is also a
strength since it reflects the everyday clinic. Another limita-
tion is the fact that the raters knew their evaluations would
be analyzed and they might have been more thorough in their
assessment. Lastly, we used an extra category for stress test-
ing in the stability assessment for medial hematoma thereby
not including medial tenderness. However, we do not think
that the inclusion of clinical data would change the results.
The major strength in our study is the study size which is at
least 400 more than in the previous studies. This combined
with a sample size makes our results highly reliable, and
bias is reduced.

In conclusion, the new stability assessment has substan-
tial to almost-perfect agreement which is comparable to the
Lauge-Hansen and AO classifications.
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