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Objective: to assess whether there is a type of image that guides the surgeon to
indicate surgical treatment for ankle fractures and to determine whether the surgeon’s
decision is associated with the age and experience of the evaluator, considering surgeons
of different nationalities. Material and Methods: Three different presentations of
radiographic images of ankle fractures were analyzed in 36 patients, in anteroposterior
and lateral view, true anteroposterior and lateral view, and the three images combined.
The images were evaluated randomly and independently by 89 professionals of different
nationalities, ages, and lengths of experience. Results: For professionals from Ecuador,
Argentina, Mexico, and Chile, the indications for surgery are more frequent when the
images are presented in true anteroposterior and lateral view. For professionals from
Peru, Venezuela, Bolivia, Paraguay, Brazil, Colombia, Uruguay, and Guatemala, as in the
overall assessments, the indications for surgery are more frequent when images of the
three positions combined are presented.

In all countries and in general, there are lower frequencies of indications for surgery
when the image is presented only in the anteroposterior and lateral view. In only five
of the 108 assessments (4.6% of the assessments) was there a significant association
of the surgical decision in relation to the length of medical experience of the evaluating
physician. Conclusion: In most of the countries, indications for surgery are more frequent
when images of the three positions combined are presented. However, the highest
frequencies of indicated surgery were observed when the image was presented only in
the true anteroposterior and lateral view. The surgical indications are not associated with
the length of medical experience of the evaluating physician.

Introduction

Ankle fractures are among the most frequent injuries of the
musculoskeletal system and correspond to approximately 9% of all
fractures 1 and account for 10% of all x-rays performed on patients
in emergency departments, resulting in a significant expense [1-
8]. In ankle fractures, radiographic assessment is essential. The
Ottawa ankle rules represented an attempt to reduce the indication
of study by radiographs. However, the low radiation dose and the
low cost of x-ray are much less important than the possibility of
failure in diagnosis [6]. The exam with conventional radiographs
for the diagnosis of ankle fractures consists of anteroposterior,

anteroposterior with 20° internal rotation (true), and lateral
images. Various studies have contested the need for three
radiographic images for the diagnosis of ankle fractures [2,4,9,10].
Countless authors have suggested that two images can replace the
three images without affecting patient results [2,4,9,11,12]. Some
studies suggest that anteroposterior and lateral images could be
used for the diagnosis of fractures [2,10]. However, when using
two images, various authors recommend doing the anteroposterior
with 20° internal rotation (true) and lateral image as they would

provide, “with 95% accuracy”, diagnosis of ankle fractures, when
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compared to the series of three views [4,9]. In most of these studies,
the combination of two images was tested, comparing the standard
series of three images, selected based on the researcher’s preference
(anteroposterior or true anteroposterior) [11] compared the
images for the diagnosis of ankle fractures and combined the
individual results to compare the performance between two and
three images. This study aims to assess whether there is a type of
image that guides the surgeon to indicate surgical treatment for
ankle fractures and to determine whether the surgeon’s decision is
associated with the age and experience of the evaluator, considering
surgeons of different nationalities.

Material and Methods

This cross-sectional observational study was carried out
between March 1 and June 30, 2019, involving 89 professional
evaluators and 36 patients with ankle fractures treated in a tertiary
hospital. The inclusion criteria were patients over 18 years old,
diagnosed with supination external rotation type 44-B1 or B2
ankle fracture who had radiographs in three projections during the
study period. Exclusion criteria were patients with open fractures,
old fractures of the ankle, or fractures due to metabolic or tumor
alterations. The inclusion criteria for the evaluators were physicians
trained with more than one year in orthopedics and traumatology.
The evaluator exclusion criteria were physicians who did not work
with traumatology. The study was approved by the Research Ethics
Committee under registration CAAE 05677819.4.0000.9007. To
fulfill the objective of the study, three different presentations
of radiographic images of ankles of 36 patients were randomly
and independently evaluated by 89 professionals of different
nationalities, ages, and time since graduation. Each of the 36 cases
was presented to the evaluators as follows:

a) Presentation 1: radiographic image of the ankle in
anteroposterior and lateral view.

b) Presentation 2: radiographic image of the ankle in an
anteroposterior position with an internal rotation of 20°
(mortise view) and lateral view.

c) Presentation 3: radiographic image of the ankle with the
three images combined (anteroposterior, mortise, and lateral
view). The 108 presentations were provided to the evaluators
inrandom order and independently, on a digital platform, under
the control of the researchers only. For each presentation, the
evaluators indicated their decision for surgical or conservative
treatment. Once the result was indicated by the evaluator
for the type of treatment, the program did not allow them to
return later to change the indication. This was decided so that
evaluators did not change their opinion when they identified
the case in the presentations with three images.

Statistical Analysis Methodology

The evaluators’ data (age, time since graduation, and country

of practice), and their responses for surgical indication in each

of the 108 assessments were automatically placed in a Microsoft
Excel 2013 spreadsheet, thus building the research database.
Other statistical analyses were conducted using the IBM SPSS
program (Statistical Package for the Social Sciences), version 22.0.
The quantitative variables age and time since graduation were
described by the minimum, maximum, mean, median, standard
deviation, and coefficient of variation (CV) statistics. The variability
in the distribution of a quantitative variable was considered low if
CV<0.20; moderate if 0.20<CV<0.40 and high if CV20.40. For each
of the three types of case presentation, the results of the outcome of
interest (surgical indications) were presented in tables and graphs
by absolute frequency and percentage (relative rate of surgical
indication). To compare the age and time since graduation of the
professionals who did indicate and who did not indicate surgery,
the Mann-Whitney test was used, since the distribution of these
variables was not normal in the data from this study.

The normality of the distribution of the age variable and the
time since graduation variable was investigated using the Shapiro-
Wilk test. Due to the non-normality of the distribution of the
variables, the correlation between the quantitative variables was
investigated using Spearman’s rank-order correlation coefficient,
with significance analysis of the correlation coefficient made
through the correlation coefficient significance test. All discussions
were conducted at the maximum significance level of 5% (0.05).

Results

Professionals’ Profile

Peru ._ 54.3
Ecuada Saved to this PC [ 44.5
Chile — 3.7
Brazil I 410
Argentina EE— 10,3
Overall | 401
Colombia EEES———— 40.0
Mexico I 354
Venezuela __ 36.3
Bolivia IS 345
Uruguay — 340
Paraguay [ 33.3
Guatemala - 28.0

25 35 45 55 65 75 85

Mean age of the professionals (years)

Figure 1: Mean age of the professionals in descending
order, by country.

Table 1 shows the frequency distribution of the country
where the evaluators work and the main statistics on the age of
the professionals, by country and overall. The sample contains
professionals from 12 countries in South, Central, and North
America, with Brazil and Mexico being the countries with the
largest representation in the sample, 33.7% and 15.7% respectively.
Overall, the evaluators who participated in this study ranged in age
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from 27 to 82 years, with a mean of 40.1 years, median of 38.0 years,
standard deviation of 10 years, resulting in a coefficient of variation
of 0.25, which shows moderate variability in the age distribution
of these professionals. The graph in Figure 1 shows the mean age

of the professionals in descending order by country. In terms of
means, the countries Peru, Ecuador, Chile, and Brazil had the oldest
evaluators, with mean ages over 40 years, while Guatemala had a

28-year-old professional.

Table 1: Frequency distribution of the country in which the evaluators practice and the main statistics on the time since they

graduated, by country and overall.

Time since Graduation of The Professionals
Country of practice Number of Cases
Minimum | Maximum Mean Median | Standard Deviation | Coefficient of Variation

Argentina 8 3 29 13 12 9 0.69
Bolivia 2 2 5 3.5 4 2.1 0.61
Brazil 30 2 34 13.1 13 9 0.69
Chile 3 4 39 16 5 19.9 1.25
Colombia 9 2 22 8.8 6 7.3 0.83
Ecuador 2 10 15 12.5 13 3.5 0.28

Guatemala 1 2 2 2 2 - -
Mexico 14 2 33 11.8 9 10 0.85
Paraguay 3 1 12 5 2 6.1 1.22
Peru 4 4 50 21.3 16 211 0.99

Uruguay 1 5 5 5 5 - -
Venezuela 12 3 28 7.8 6 6.7 0.86
Overall 89 1 50 11.5 7 9.8 0.85

Table 2 shows the frequency distribution of the country in
which the evaluators practice and the main statistics on the time
since they graduated, by country and for the overall sample. Overall,
the physicians who participated in this study had their time since
graduation varying from 1 to 50 years, with a mean of 11.5 years,
median of 7.0 years, standard deviation of 9.8 years, resulting in
a coefficient of variation of 0.85, which shows high variability in
the distribution of time since graduation for these professionals.

The graph in Figure 2 shows the means for time since graduation
of the professionals in descending order, by country. In terms of
means, the countries Peru, Chile, Brazil and Argentina have the
most experienced evaluators, with means for time since graduation
greater than or equal to 13 years, while Paraguay, Uruguay, Bolivia,
and Guatemala present professionals with mean time since
graduation less than or equal to 5 years.

Peru
Chile I 16.0
Brazil ._ 131
._ 13.0

Ecuador N 125

Argentina

Mexico IS 118
Overall ._ 11.5
Colembia ._ 88
I 7.8

Uruguay BN 5.0

Venezuela

Paraguay I 5.0
Bolivia N 3.5

Guatemala Bl 2.0

I 21.3

0 10 20
Mean time since graduation of the professionals (years)

30 40 50

Figure 2: Mean time since graduation of the professionals in crescent order, by country.
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Decisions of the Professionals

Table 3 shows the frequency distribution of the professionals’
indications for surgery in the cases evaluated and the relative
rate of surgical indication, by country, type of image presented,
and overall. Figure 3 shows, for each type of image presented,
and overall, the frequencies and the relative rates of surgical
indications, by country and overall. For the professionals from
Ecuador, Argentina, Mexico, and Chile, indications for surgery are
more frequent when the images in a true anteroposterior position
are presented. For the professionals from Peru, Venezuela, Bolivia,
Paraguay, Brazil, Colombia, Uruguay, and Guatemala, as well as
overall, indications for surgery are more frequent when the three
images combined are presented. For all of the countries and overall,
there is a lower frequency of indications for surgery when only the
image in a normal anteroposterior position is presented.

100%

60%

a0% _

20% ll

00% - - -
»

f @ L P
‘,s""? & TS

Relative rate of surgical indication (%)

@)\ d A P &P
. Qo"e %“:} & & TS

 Presenting the image in & normal anteropasterior position
 Presenting the image in @ true anteropasterior position
Presenting the three images

= Overall

Figure 3: Relative Rates of Surgical Indication, by country,
by type of image presented, and overall.

Table 3: Analysis of correlation between the number of surgical indications of the evaluators and their age and time since graduation.

Correlation coefficient between table row and column variables
Evaluator age Evaluator Time since Gradua-tion
(significance p-value of the correlation coefficient)

Total evaluator surgical indications for the presentation in the lateral and the 0.06 0.09

normal anteroposterior view -0.559 0.4

Total evaluator surgical indications for the presentation in the lateral and the 0.06 0.12
true anteroposterior view -0.534 -0.246

0.07 0.09

Total evaluator surgical indications when the three images are presented.

-0.534 -0.427

0.06 0.11

Total evaluator surgical indications
-0.563 -0.32

From analysis of the ranking of the relative rates of surgical
indication provided in Table 3, it could be seen that the countries
with higher relative rates of surgical indication are Ecuador, Peru,
Venezuela, Bolivia, Argentina, and Paraguay, which have rates
higher than the overall rates. The countries with lower relative
rates of surgical indication are Guatemala, Uruguay, Mexico, Chile,
Colombia and Brazil, which have rates lower than the overall rates
of surgical indication. To determine whether the professional’s
decision to operate is associated with the professional’s age and
time since graduation, for each assessment the distributions of age
and time since graduation of the professionals who did not indicate
surgery and those who did indicate surgery were compared. Since
the variables age and time since graduation did not follow a normal
distribution (p-value of the Shapiro-Wilk test less than 0.001 for
both variables), the distributions were compared using the non-
parametric Mann-Whitney test.

In only two of the 108 assessments (1.9% of the assessments)
was there a significant association of the decision to operate in
relation to the age of the evaluating physician, that is, a p-value of
less than 5% was found when comparing the distribution of the age
of those who decided to operate with the distribution of the age
of those who did not decide to operate. In both cases, the doctors

who decided on surgical treatment were significantly older than
the doctors who decided on conservative treatment. In the other
assessments and overall, there was no significant association of
the decision to operate with the age of the evaluating physician
(p-values greater than 5% from the Mann-Whitney test comparing
the distribution of the age of those who decided to operate with
the distribution of the age who did not decide to operate). As the
association of the decision to operate with the age of the evaluating
physician occurred in a non-relevant frequency of cases, in only
1.9% of the assessments, it is concluded that the decision to
operate is not significantly associated with the age of the evaluating
physician.

In only five of the 108 assessments (4.6% of the assessments)
was there a significant association between the decision to
operate and the time since the medical examiner graduated, that
is, a p-value of less than 5% was found in the comparison of the
distribution of the time since graduating for those who decided to
operate with the distribution of the time since graduating of those
who did not decide to operate. In these five cases, the doctors who
decided on surgical treatment were significantly more experienced
than the doctors who decided on conservative treatment. In the

other assessments and overall, there was no significant association
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between the decision to operate and the time since graduation of
the evaluating physician (p-values greater than 5% from the Mann-
Whitney test comparing the time since graduation of the evaluators
who would not operate with the time since graduation of the

evaluators who would operate).

As the association of the decision to operate with the time
since graduation of the evaluating physician occurred in a non-
relevant frequency of cases (4.6% of assessments), it is concluded
that the decision to operate is not significantly associated with the
time since graduation of the evaluating physician. Additionally,
we investigated whether the total number of the professional’s
surgical indications, in the three presentations and overall, is
correlated with the professional’s age and time since graduation.
Due to the non-normality of the variables’ distributions, the
correlation was evaluated using Spearman’s rank-order correlation
coefficient. The correlations presented in Table 3 are small and not
significantly different from zero (significance p-values greater than
5%). It is concluded that the total number of surgical indications
of the professional, in the three presentations and overall, is not
correlated with the professional’s age and time since graduation.

Discussion

This study demonstrated that, even in different medical
scenarios (different countries), most evaluators opted for the use
of three images of ankle fractures to indicate the use of surgical
treatment. However, the true anteroposterior and lateral image,
when compared with the three images combined, also provides
more information such as: the type of fracture, classification, and
surgical treatment. The treatment of ankle fractures involves
diagnosis, classification, and treatment, and normally, three
radiographic images are requested: anteroposterior, mortise, and
lateral. In emergency departments, more than 12% of ankle x-rays
are requested to assess ankle fractures [2-13] reported that 50%
of ankle x-rays were not necessary and various studies have shown
that they are excessive [3,14,15].

According to the literature, various studies have shown how
many images would be necessary to diagnose ankle fractures
[1,4,9,10,16]. Cockshott et al. [2] observed that the fracture was
present in only 29% of the x-rayed patients, Auletta et al. [13] in
30% of the patient x-rays, and Brandser et al. [11] found a 28%
prevalence of fractures. Some investigators have observed that
series with two images can replace the series of three images
without decreasing the diagnosis of ankle fractures. Cockshott et
al. [2] in a review with 242 ankle radiographs, observed that the
anteroposterior and lateral image detected all the fractures and that
the mortise image did not add information. On analyzing 945 ankle
radiographs, Wallis 9 found 128 fractures (13.5%). This author
studied anteroposterior and lateral radiographs and compared
them with mortise radiographs and, although 4.7% of the cases
had fractures which in the anteroposterior radiograph had not
been detected, he determined that the mortise image would not be

necessary because the undiagnosed fractures were avulsion of the
fibula and, therefore, would not alter the treatment established.

Vangsnesset [4] examined 123 cases of ankle fractures and
compared the detection of fracture using the mortise and lateral
image with the three images. They observed 95% “accuracy” with
this combination and reported that the choice of the mortise and
lateral image over the anteroposterior and lateral image was the
authors’ decision to carry out the study. Brage et al. [10] studied
the intra- and inter-observer agreement for the classification of
99 ankle fractures using two and three images and found that the
agreement was better with two images. They recommended the
use of a mortise and lateral image for the classification of ankle
fractures. However, they did not focus on the diagnosis of the
fracture. Brandser et al. [11] observed that the combination of both
images (anteroposterior and mortise) was similar for diagnosing
fractures and did not find a reason for choosing one over the other.
However, they analyzed only the fracture diagnosis and did not study
whether the three images were necessary to classify the fractures
or decide on treatment. This study showed that, overall, surgeons
indicate surgery more frequently when three images are available

(69.7% surgical indication when three images are available).

However, this is not the pattern for the groups of surgeons in
all countries, since when looking at the rates of surgical indication
for each country separately, there are some differences. When
comparing the rates of surgical indication from the images in
anteroposterior, lateral, and in mortise, it was observed that, in
general, the rate of surgical indication is higher when the image
in true anteroposterior position is shown (68.4% versus 60.6%
when the normal anteroposterior position is shown). It is worth
repeating that this study focused on the surgical indication between
the images, not studying the classification or diagnosis. For the
first time in the literature, doctors from 12 different countries
participated in assessments regarding the images of ankle
fractures, which made it possible to identify and warn that there
are differences between the rates of surgical indication in different
countries. For the evaluators from Ecuador, Argentina, Mexico, and
Chile, indications for surgery are more frequent when the images
are presented in true anteroposterior position.

For the professionals from Peru, Venezuela, Bolivia, Paraguay,
Brazil, Colombia, Uruguay, and Guatemala, as well as overall,
indications for surgery are more frequent when images of the
three positions are presented. In all of the countries and overall,
it appears that the lowest frequencies of surgical indications are
presented when the image is in normal anteroposterior position.
The variety of patterns from different countries proves the need
to provide as many images as possible. This study also identified
that the decision to operate is not significantly associated with the
age and experience of the surgeon. The total number of surgical
indications by the professional, in the three presentations and
overall, is also not correlated with the age and experience of the
professional.
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Conclusion

In most of the countries, indications for surgery are more

frequent when images of the three positions are presented.

However, the highest frequencies of surgery indications were

observed when only the image in a true anteroposterior and lateral

position were presented. Surgical indications are not associated

with the surgeon’s time since graduation.
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