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Abstract

Objective: To compare the parameters associated with the normal ankle syndesmosis between
the hindfoot alignment view (HAV) and anteroposterior (AP) view and determine which view is
more accurate for comparing the left and right ankles.

Methods: This study involved 61 subjects without syndesmosis injury who had radiographs of
both ankles. The tibiofibular clear space (TFCS), tibiofibular overlap (TFO), and medial clear
space (MCS) were measured in each view. Intraclass correlation coefficients were used to
assess the agreement between the two ankles. Difference ratios for the measured parameters
between the ankles were also compared.

Results: The agreement for TFCS showed wide disparity between the two ankles (AP view,
0.576; HAV, 0.858). The highest degree of agreement was seen for TFO (AP view, 0.733; HAYV,
0.926). The agreement for MCS was low in both groups. The mean difference ratio for TFCS was
also lower in the HAV group (9.9%) than in the AP view group (16.4%); a similar result was
observed for TFO (16.4% vs. 25.8%).

Conclusions: For evaluation of the syndesmosis, use of the HAV showed increased accuracy and
few measurement errors when comparing the left and right ankles relative to use of the AP view.
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Introduction

Syndesmosis injuries can occur in isolation
or, more commonly, in association with
ankle fractures. If neglected or malreduced,
syndesmosis injuries can cause chronic
instability, which may progress to osteoar-
thritis (OA). Thus, increasing emphasis has
been placed on the detection of syndesmosis
injuries; however, radiographic diagnosis
can be difficult in some instances, leading
to misdiagnosis and neglect.

Radiographic parameters associated
with the syndesmosis that can be measured
on simple radiography include the tibiofib-
ular clear space (TFCS), tibiofibular over-
lap (TFO), and medial clear space (MCS).
These parameters can have a wide range of
values among individual patients and may
differ according to the degree of ankle rota-
tion during radiographic examination. The
use of cut-off values for these parameters in
isolation for classifying normal and abnor-
mal conditions is reportedly ineffective.'
The current consensus is to use the contra-
lateral ankle as the reference for compari-
son in identification of the presence of
syndesmosis injury.” A major pitfall of
this approach is that the radiograph of the
contralateral ankle is usually acquired sep-
arately; thus, the beam angle or degree of
rotation may differ, potentially confound-
ing the radiographic analysis.

Radiographs are usually taken in the
hindfoot alignment view (HAV) when
assessing hindfoot alignment.®® Various
other radiographic views, such as the
Saltzman, long axial, and Méary views,
have also been utilized in the analysis of
hindfoot alignment.” ' However, depending

on the angle of the radiographic beam, the
HAYV can be used to visualize not only heel
alignment but also the ankle joint and syn-
desmosis. In addition, because images of
both lower extremities are usually taken
simultanecously, the HAV facilitates an intu-
itive comparison of both ankles. Previous
studies have used the HAV to calculate
the medial distal tibial angle and compare
it with that calculated using images taken
in the anteroposterior (AP) and mortise
views.®!? However, no studies have used
the HAV to measure syndesmosis-related
parameters or to compare such parameters
with those measured in the AP view. In this
study, under the premise that the radiolog-
ical syndesmosis-related parameters have
the same values in the left and right ankles
in the healthy population, we assumed that
the differences between the left and right
ankle measurements are smaller when the
measurements are made using the HAV
(in which images of both ankles are taken
symmetrically at the same time) than when
they are made in the AP view (in which
images of the ankles are usually taken
separately).

In this study, we measured the parame-
ters associated with the normal ankle syn-
desmosis in the AP view and HAV in
subjects who showed no evidence of syndes-
mosis injury. We aimed to determine
whether the AP view or HAV is more accu-
rate in comparing the left and right ankles.

Patients and methods

The reporting of this study conforms to the
STROBE guidelines."*
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Patient selection

We retrospectively reviewed the medical
charts of patients with radiographs of the
right and left ankles taken in the weight-
bearing AP view and HAV at our institu-
tion from March 2018 to May 2020.
Patients with a history of hindfoot or
ankle fracture, a history of hindfoot or
ankle surgery, Kellgren—Lawrence grade
>3 ankle OA, or active inflammatory
arthritis were excluded. In total, 122
ankles of 61 subjects (27 men and 34
women) were included in this study. The
most common diagnoses were flatfoot
deformity, Kellgren—-Lawrence grade <2
ankle OA, hallux valgus, plantar fasciitis,
Achilles tendinopathy, cavus deformity,
neuropathic pain, and heel or ankle pain
of unknown etiology. The patients’ mean
age was 56.2 years (range, 19-82 years).
This study was approved by the institution-
al review board of the authors’ affiliated
institutions. The need for informed consent
was waived because of the retrospective
nature of this study and the lack of identi-
fiable information of the patients in the
manuscript.

Radiographic technique

The X-ray beam settings were as follows:
10mAs, 60kV, and a focus distance of
100cm for the AP view and 20mAs,
70kV, and a focus distance of 100cm for
the HAV.

For the AP view, the beam was angled
parallel to the floor, while the film cassette
was positioned perpendicular to the floor in
the usual manner. The subjects were
instructed to stand in an upright position
with the second toe of the target ankle
facing the front. The left and right ankle
radiographs were taken on separate films.

For the HAYV, instead of the classic
Saltzman method, we used a modified,
more clinically practical version of the

Saltzman method. The beam was angled
at 15° to the floor, while the film cassette
was positioned perpendicular to the floor
(Figure 1). The subjects were instructed to
distribute their weight evenly on both legs
and stand in an upright position. The
medial borders of both feet were placed in
parallel positions to minimize rotation, and
the second toes of both feet were aligned
parallel to the X-ray beam.

All radiographs were digitally obtained
from the picture archiving and communica-
tion system (PetaVision 2.0) of our
institution.

Radiographic analysis

The TFCS, TFO, and MCS were measured
in both the AP view and HAV
(Figure 2).>'* The TFCS was defined as
the distance between the medial border of
the fibula and the incisura fibularis, 10 mm
proximal to the tibial plafond. The TFO
was defined as the distance between the
medial border of the fibula and the lateral
border of the tibia, 10 mm proximal to the
tibial plafond. The MCS was defined as the
distance between the medial border of
the talus and the lateral border of the
medial malleolus, 5mm inferior to the
medial shoulder of the talus. All radio-
graphic parameters were evaluated by two
board-certified orthopedic surgeons. For
the assessment of interobserver reliability,
all parameters were evaluated separately
for each image by each observer and com-
pared. For the assessment of intraobserver
reliability, the measurement process was
repeated 4 weeks after the initial process
and the results were compared.

Statistical analysis

Intraclass correlation coefficients (ICCs)
were used to assess the agreement between
the measured values for the left and right
ankles of each subject. For each subject, the
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Figure I. Hindfoot alignment view: the modified version of the classic Saltzman view. The beam is angled at
I5° to the floor, and the film cassette is placed perpendicular to the floor.

Figure 2. Measured radiographic parameters in the (a) anteroposterior view and (b) hindfoot alignment
view. The parameters comprised the tibiofibular overlap (TFO), tibiofibular clear space (TFCS), and medial
clear space (MCS).
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differences in the measured values between
the two ankles were calculated with regard
to both the AP view and HAV, and the
average difference was compared using a
paired ¢ test. To avoid any bias that may
arise from the magnitude of the difference
in values between the two views, a compar-
ison was performed using the difference
ratio for each group. The difference ratio
was calculated as the difference between
the left and right ankle values divided by
the average value [|(Rt— Lt)[/{(Rt+ Lt)/
2)]. In other words, a high difference ratio
means that the difference between the left
and right ankle values is large, regardless of
the magnitude of the measurement values
of both ankles.

Bland—Altman plots were used to quan-
tify the agreement between the values of
both ankles. A 95% interval of agreement
was confirmed for the differences in the
average TFCS, TFO, and MCS. ICCs
were also used to evaluate the intraobserver
and interobserver reliabilities with respect
to each view. For all tests, a P-value of
<0.05 was considered statistically signifi-
cant. The collected data were analyzed
using the IBM SPSS version 25 software
(IBM Corp., Armonk, NY, USA).

Results

Comparison of measured values

The mean TFCS, TFO, and MCS values in
the AP view and HAV are displayed in

Table |. Measurements of radiological parameters.

Table 1. Several previous studies have sug-
gested that the cut-off value of the TFCS in
the AP view is 5mm'> or 6 mm.'®!” In this
study, the incidence rates of a TFCS of
>5mm in the AP view and HAV were
32.7% and 45.9%, respectively, and those
of a TFCS of >6mm were 9.8% and
18.9%, respectively.

Comparison of left and right ankles

The agreement between the measured
parameters for the left and right ankles
was evaluated using ICCs. All parameters
showed higher agreement in the HAV
group than in the AP view group (Table 2).

For the MCS, the agreement was low in
both groups. For the TFCS, the agreement
showed a wide disparity between the
groups. The TFO showed the highest
degree of agreement.

For the TFCS, the mean difference
between the left and right ankles was

Table 2. Agreement in measurements between
right and left ankles.

AP view HAV

ICC  95% ClI ICC  95% ClI
TFCS 0.576 0.380-0.722 0.858 0.774-0.912
TFO 0.733 0.591-0.831 0.926 0.880-0.955
MCS 0339 0.097-0.543 0.372 0.135-0.569

AP, anteroposterior; HAV, hindfoot alignment view; TFCS,
tibiofibular clear space; TFO, tibiofibular overlap; MCS,
medial clear space; ICC, intraclass correlation coefficient;
Cl, confidence interval.

AP view HAV

Mean (mm) 95% Cl (mm) Mean (mm) 95% Cl (mm)
TFCS 4.51 4.26-4.82 5.14 4.85-5.43
TFO 5.96 5.36-6.57 4.68 4.20-5.18
MCS 247 2.27-2.68 2.19 1.94-2.41

AP, anteroposterior; HAV, hindfoot alignment view; Cl, confidence interval; TFCS, tibiofibular clear space; TFO, tibiofibular

overlap; MCS, medial clear space.
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smaller in the HAV group than in the AP
view group. For the TFO, the mean side-
to-side difference was smaller in the HAV
group than in the AP view group. Because
the magnitude of the differences in the mea-
sured parameters differed between the two
groups, a direct comparison of the mean
difference may have led to statistical
errors; thus, the mean difference was con-
verted into a ratio. The mean difference
ratio for the TFCS was found to be lower
in the HAV group than in the AP group,
with a similar result for the TFO. The mean
difference ratio for the MCS was found to
be lower in the AP group than in the HAV
group (Table 3).

The Bland-Altman plots demonstrated
that for the TFCS and TFO, the 95% inter-
vals of agreement were much smaller in the
HAV group than in the AP view group,
indicating that the HAV group showed a
smaller mean difference between the left
and right ankles. The MCS showed similar
agreement in both groups (Figure 3).

Intraobserver and interobserver reliability

The TFO showed high intraobserver and
interobserver reliability in both the AP
view and HAV groups. The TFCS showed
good reliability, albeit less than that of the
TFO, and showed no significant difference
between the two groups. However, the
MCS had relatively low reliability in both
groups (Table 4).

Discussion

Radiographic parameters used to evaluate
syndesmosis injuries should be measured in
reference to the values for the contralateral
ankle to overcome patient-specific varia-
tions.>>!® In the present study, we tested
the hypothesis that HAV radiographs that
are taken for both ankles in conjunction
and in symmetrical positions can be advan-
tageous in comparing the left and right
ankles.

On the premise that the TFCS and TFO
must be nearly identical for both ankles in a
healthy individual, the ICCs for the mea-
sured values on both sides indicated
higher agreement in the HAV than AP
view group. In addition, the mean differ-
ence ratio between the two ankles
was obtained, and the comparative
analysis revealed that the difference for
the TFCS and TFO was significantly
smaller in the HAV group than in the AP
view group.

Several previous studies have suggested
that the radiological indicators related to
the syndesmosis can vary depending on
the degree of rotation of the ankle or hind-
foot.>* Based on these reports, we assumed
that the difference in the degree of rotation
of the left and right ankles is more likely to
be greater in the AP view, taking each ankle
separately, than in the HAV, taking both
ankles at once. The results of our study
are consistent with this assumption.

Table 3. Difference in measurements between right and left ankles.

Mean difference (|Rt— Lt|) (mm)

Mean difference ratio
[|(Rt — Lt)| x 100/{(Rt + Lt)/2)}] (%)

AP view HAV P value AP view HAV P value
TFCS 0.73 0.49 0.011 16.4 9.9 0.003
TFO 1.39 0.57 <0.001 258 16.4 0.004
MCS 0.66 0.71 0.583 19.0 37.7 <0.001

Rt, right; Lt, left; AP, anteroposterior; HAV, hindfoot alignment view; TFCS, tibiofibular clear space; TFO, tibiofibular

overlap; MCS, medial clear space.
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Figure 3. Bland—Altman plots of the differences in the measured values of both ankles. A 95% interval of
agreement (dotted line) was confirmed for the differences in the average (a) tibiofibular clear space (TFCS),
(b) tibiofibular overlap (TFO), and (c) medial clear space (MCS).
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Table 4. Intraobserver and interobserver
reliability.

Intraobserver Interobserver

AP view HAV AP view HAV

TFCS 0.890 0.909 0.896 0.891
TFO 0.987 0.984 0.954 0.965
MCS 0.798 0.731 0.769 0.785

Data are presented as intraclass correlation coefficients.
TFCS, tibiofibular clear space; TFO, tibiofibular overlap;
MCS, medial clear space; AP, anteroposterior; HAYV,
hindfoot alignment view.

We reviewed the radiographs of both
ankles of 61 healthy subjects taken in the
weight-bearing AP view and HAV. Some
previous studies have suggested a TFCS
cut-off value of 5mm'> or 6 mm,'®!” but
our study showed many deviations from
those values. This demonstrates the great
variability in the radiographic measure-
ments of healthy people, a finding similar
to other recent studies.>'*** Additionally,
the mean TFCS was smaller in the AP
view than in the HAV, whereas the mean
TFO was larger in the AP view than in the
HAV. The cause of these differences may be
that in the AP view, the X-ray beam is
transmitted from the front to the back of
the ankle and directed to the center of the
ankle, whereas in the HAV, the beam is
transmitted from the back of the ankle to
the front and approaches the midpoint
between the two ankles. It is reasonable to
consider checking the difference between
the two ankles in each image and to com-
pare this difference between the two views.
However, there may be a variation in the
degree of rotation between the two views,
which would have affected the aforemen-
tioned results.' >

Our study also demonstrated that unlike
the TFCS and TFO, the MCS had relatively
low reliability and showed low agreement in
the comparison of the left and right ankles.
Other studies have suggested that minor

deviations in the X-ray beam angle or
ankle rotation can cause MCS measure-
ment errors.?'*? Metitiri et al.>® asserted
that the parallax effects make it difficult
to reliably identify the true margins of the
clear space and that the curved shape of the
medial border of the talus distorts the true
and reproducible margin of the MCS. Our
results are consistent with these assertions.
In addition, when the articular surface of
the medial malleolus was not parallel to
the beam, both the anterior and posterior
borders became visible, making measure-
ment difficult and adversely impacting reli-
ability. Therefore, using the MCS alone to
determine syndesmosis injury may not be
appropriate.

In this study, the widely used Saltzman
method was not adopted for radiographs in
the HAYV; instead, the X-ray beam was
angled at 15° to the floor, with the cassette
placed perpendicular to the floor. However,
the image obtained with this protocol was
nearly identical to that obtained using the
Saltzman method, providing clear visualiza-
tion of the ankle joint and heel alignment.
In actuality, the Saltzman method requires
the cassette to be perpendicular to the
beam, and making such adjustments while
taking each HAV radiograph is time-
consuming and may hinder consistency. In
contrast, the method used in this study
requires no adjustment of the cassette,
decreasing the burden on the radiographic
technician and ensuring consistency.

This study has two main limitations.
First, despite the wide range of patient
ages, the sample size was relatively small;
this makes it difficult to generalize the
results to an entire adult population. An
additional study involving more subjects
or a specific disease group is necessary to
provide more insight into this topic.
Second, this study was conducted in
patients whose radiographs were taken in
the weight-bearing AP view and HAV.
Therefore, our results are difficult to apply
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to patients with acute trauma who cannot
undergo radiography in the weight-bearing
view. Our results are only applicable to
patients with subacute or chronic injury.
Further investigation comparing radiologi-
cal parameters in non-weight-bearing and
weight-bearing views will help to clarify
these concerns.

Conclusion

Relative to the AP view, the HAV is more
accurate and can decrease measurement
errors when comparing the left and right
ankles. Evaluation of the syndesmosis in
the HAV has high intraobserver and inter-
observer reliability. In addition to the
assessment of heel alignment, the HAV
facilitates intuitive visualization of both
ankles and remarkable side-to-side compar-
ison for evaluation of the syndesmosis.
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