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Abstract

Syndesmotic instability is a fundamental question that guides treatment; despite the currently available diagnostic imaging tests, its
determination is still challenging. Knowledge of the instability degree assists the physician in the decision-making process regarding
surgical or nonsurgical treatments. The authors are currently conducting a prospective diagnostic accuracy study by consecutively
selecting individuals aged 18 years and older with an orthopaedic clinical examination indicating suspected acute syndesmotic injury.
Magnetic resonance imaging is the reference standard used for evaluating the diagnostic accuracy of 3 computed tomography index
tests. These tests include the neutral position and 2 ankle stress maneuvers: external rotation and dorsiflexion. Comparative measure-
ments between the injured syndesmosis and the uninjured contralateral side of the same individual evaluate the tibiofibular relationship
and investigate syndesmotic instability. This study aims to describe a summarized research protocol for a new technique using compu-
ted tomography with stress maneuvers and to show a didactic example of syndesmotic instability diagnosis.

Level of Evidence V; Diagnostic Studies; Expert Opinion.
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in the neutral position (CTNP), weight-bearing computed to-
mography (WB-CT), and magnetic resonance imaging (MRI).
The best current practice considers that clinical diagnosis is
supported by limited evidence and that few clinical tests have
any validity in recognizing syndesmotic disruption®. Identi-
fying the wider articular space on the injured side relative to
the contralateral unaffected side may immediately allow the

Introduction

Ligament damage to the distal tibiofibular syndesmosis is a
specific type of sprain commonly recognized as a high ankle
sprain. Persistent disability and chronic pain are the leading
causes of unfavorable outcomes concerning syndesmotic le-
sions, which frequently demand a significantly more intense

treatment and longer recovery times than low lateral ankle
sprains®?,

In case of syndesmotic disruption, the degree of instabi-
lity guides decision-making on whether to operate or treat
conservatively®. The diagnostic tools available to define the
correct treatment option include clinical examinations, rou-
tine radiographs, stress radiographs, computed tomography

diagnosis of severe syndesmotic instability (SI) on mortise or
anteroposterior radiographic views. However, routine radio-
graphy may underdiagnose S| when this test demonstrates a
normal tibiofibular relationship and it cannot reliably estimate
syndesmotic injuries®. Stress radiographs are inaccurate for
evaluating syndesmotic injuries, as shown in a cadaveric mo-
del®, Recently, the use of WB-CT (a new imaging test mo-
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dality) has emerged in syndesmosis examination; however, a
study showed that WB-CT was not superior to CTNP™, and
axial loading did not improve the diagnosis of instability®.
Although MRI tests have a high accuracy in visualizing and
diagnosing syndesmotic injuries®, they are expensive and
not widely accessible. CTNP is more sensitive than radio-
graphy for identifying syndesmotic widening®; even so, the
anterior tibiofibular distance obtained using CTNP has an
undesirable area under the receiver operating characteristic
(ROC) curve (AUC) performance of 0.56 for diagnosing SI9.

Despite the utility of all these tests, the correct diagnosis of
Sl is still difficult to achieve, and syndesmotic disruption and
real Sl should be differentiated.

Comparative ankle CT with stress maneuvers (CTSM) is
an alternative test that might advance S| diagnosis, and to
the best of our knowledge, its implementation has not yet
been reported. This study is currently in progress, recruiting
participants, and for transparency purposes, the authors re-
gistered the complete research protocol on ClinicalTrials.gov
(NCT04095598, pre-results). The authors have also published
the complete research protocol, without results, in another
medical journal®. This article is a summarized version of
the entire research protocol, emphasizing the description
of the examination technique and adding a didactic example.

Methods

This study was approved by the Institutional Review Board
and registered on the Plataforma Brasil database under
CAAE (Ethics Evaluation Submission Certificate) number:
62100016.5.1001.0071.

This prospective study of diagnostic test accuracy follows
the Standards for Reporting of Diagnostic Accuracy Studies
(STARD) guidelines™., The Radiology Department of a ter-
tiary hospital is conducting this study in partnership with the
Orthopaedics Department. A consecutive sample of parti-
cipants with suspected syndesmotic disruption visiting the
foot and ankle outpatient clinic is being referred to the Ra-
diology Department of the same institution for CT and MRI
examinations. Researchers are including participants aged
18 years and older with an episode of ankle sprain having
occurred up to 3 weeks before imaging. Patients should also
have a positive orthopaedic evaluation for unilateral syndes-
motic injury determined as the presence of at least one of the
following symptoms: pain during palpation of the distal tibio-
fibular syndesmosis, pain during manual compression of the
tibia and fibula in the middle third of the leg (squeeze test),
pain in the external rotation examination, and an inability to
stand on the toes of the affected foot. Researchers are exclu-
ding participants with bilateral ankle sprains, previous ankle
surgery, ankle fractures or dislocations, acquired or conge-
nital ankle deformities, as well as infection, inflammatory, or
neuropathic ankle arthropathies. Participants are required to
sign an informed consent form, provide demographic data,
and complete preexamination forms before undergoing ima-
ging examinations.
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Technical parameters for CT image acquisition

An Aquilion ONE CT scanner (Toshiba Medical Systems, To-
chigi, Japan) with 320 channels uses the following techni-
cal parameters in the examinations: volumetric acquisition,
320-detector rows, medium or large field of view, a high-re-
solution bone filter, 120 kV, 150 mA, 0.5 s rotation time, 0.5mm
slice thickness, and 0.25mm interpolation. The lowest possi-
ble irradiation dose produces images of diagnostic quality.
The same field of view simultaneously examines the feet of
the participants.

Existing index test: CTNP

In this test, one foot is parallel to the other in the neutral
phase, and both feet are perpendicular to the long axis of the
legs. The knees are in the extended position. Figure 1 (A and B)
illustrates the position of the feet during CTNP.

Figure 1. Position of feet during the CT examination. Photograph

of a patient undergoing CT in the neutral position (A). A three-di-
mensional skin surface reconstruction CT image showing the
feet in the neutral position (B). Photograph of a patient under-
going CT with ankle stress maneuvers and extended knees (C).
A three-dimensional skin surface reconstruction CT image showing
the feet with stress maneuvers and extended knees (D). Photo-
graph of a patient undergoing CT with ankle stress maneuvers
and semi-flexed knees (E). A three-dimensional bone recons-
truction CT image showing the feet with stress maneuvers and
semi-flexed knees (F).
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New index test: CTSM and extended knees (CTSM-EK)

In the first stress phase, the researchers control external ro-
tation by placing the feet at 45 degrees using an angle meter
and a vertical line as reference. Voice commands instruct the
participant to maintain maximum dorsiflexion to the limit of
tolerable pain during image acquisition. The knees are main-
tained in the extended position. Figure 1 (C and D) shows the
position of the feet during CTSM-EK.

New index test: CTSM and semi-flexed knees (CTSM-FK)

In the second stress phase, the researchers control external
rotation by placing the feet at 45 degrees using an angle meter
and a vertical line as reference. Voice commands instruct the
participant to maintain maximum dorsiflexion to the limit of
tolerable pain during image acquisition. A support pad main-
tains the knees in a flexed position at 45 degrees. Figure 1 (E
and F) shows the position of the feet during CTSM-FK.

Acrylic board

Investigators perform the CTNP, CTSM-EK, and CTSM-FK
tests in a standardized manner. All participants are placed in
the supine position, and an acrylic board (Medintec, Mogi das
Cruzes, Brazil) connected to a pair of side strings of adjustable
length supports the feet during examinations. The researchers
ask the participants to hold the proximal ends of the strings
and provide verbal instructions to pull strings and perform
dorsiflexion at proper times through the room’s speakers.

Feasibility assessment of stress maneuvers

Technicians guide participants to train dorsiflexion by simula-
ting the movement of the feet, pulling strings just before ima-
ge acquisition. Difficulties in performing stress maneuvers, in-
cluding pain exacerbation, motion artifacts, image repetition,
total examination duration, and dropouts are used to assess
the feasibility of the new index test.

CTNP, CTSM-EK, and CTSM-FK reading parameters

Syndesmotic injury is a multiplanar instability, and reading
parameters should examine the rotational, anteroposterior,
and lateral translation of the fibula to the tibia. Measurements
comprising 6 distances, 2 ratios, and 2 angles as proposed
by Nault et al™ are a complete evaluation of the multiplanar
tibiofibular relationship. A reference line placed 1 cm above
the tibial plafond establishes the correct plane for all measu-
rements except for the second angle, which is measured in
the plane of the tibial plafond. All measurements are perfor-
med in a standardized manner for the CTNP, CTSM-EK, and
CTSM-FK examinations.

MRI technical parameters

A 1.5-T magnet HDX (GE Healthcare, Milwaukee, USA)
with a dedicated phased-array coil is being used in all exa-
minations with the following sequence parameters: sagittal
T2-weighted fat-suppressed (repetition time/echo time [TR/
TE] = 3000/39; number of excitations [NEX] = 2; matrix =

384 x 224; thickness = 4mm; field of view [FOV] = 10cm);
sagittal T1-weighted (TR/TE = 542/9; NEX = 1; matrix = 320 x
256; thickness = 4mm; FOV = 10cm); and axial T2-weighted
fat-suppressed (TR/TE = 3483/48; NEX = 2; matrix = 384 x
224; thickness = 4mm; FOV =10 cm). Two optimized sequen-
ces with a 3-mm slice thickness are also being performed:
coronal T2-weighted fat-suppressed (TR/TE = 3000/39;
NEX = 2; matrix = 384 x 224, thickness = 3 mm; FOV = 10cm)
and coronal oblique PD-weighted (TR/TE = 2840/35; NEX = 2;
matrix = 384 x 224; thickness = 3; FOV = 10cm).

Reference test (MRI)

The standard protocol acquires MRIs of all participants’
ankles suspected to have a syndesmotic injury. Participants
are scanned with their ankles in the neutral position and their
knees in extension. Two studies compared the accuracy of
MRI to that of arthroscopy and showed that MRl is highly sen-
sitive and specific for evaluating syndesmotic injury®'®. The
best reference standard for syndesmotic injuries is the ar-
throscopic examination, which enables correct diagnosis and
treatment® However, in this study, the inclusion criteria are
based on the ankle sprain context and physical examination,
which have limited accuracy®. A significant proportion of
uninjured syndesmosis is selected with the alternative diag-
nosis of lateral collateral ligament injury. The use of arthros-
copy would have been difficult to justify ethically because
patients with alternative diagnoses would presumably show
negative results in the index and reference tests. Although
the arthroscopic examination is a minimally invasive procedure,
it may lead to complications and is not risk-free®®,

MRI reading parameters

During MRI reading, investigators are classifying the
syndesmotic ligaments (anterior inferior tibiofibular, poste-
rior inferior tibiofibular, and interosseous), lateral collateral
ligaments (anterior talofibular, calcaneofibular, and poste-
rior talofibular), and deltoid ligaments (deep and superficial
layer) as grade O (normal ligament), grade | (ligament sprain
with soft tissue edema around the ligament, which is still
intact), grade Il (partial tear with high signal intensity and
thickening), and grade Il (complete ligament tear with avul-
sion or discontinuity){®.

Statistical analysis
Descriptive analyses
Absolute frequencies and percentages describe categorical

variables. Means, standard deviations, and minimum and ma-
ximum values describe numerical variables.

Inference analyses of diagnostic accuracy

The ROC curve and the AUC indicate the diagnostic accuracy
of the 3 index tests. The absolute difference in AUC compares
the performance of the tests. The CTSM-EK or CTSM-FK tests
will have superior diagnostic accuracy if the ROC curves shift
to the left when compared to the CTNP test. The CTSM-EK or
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CTSM-FK tests will have the best diagnostic accuracy if their
AUC values are greater than that of the CTNP test.

Analysis of variability

A subgroup analysis assesses sources of variability in the
accuracy of the index tests. The reference standard test de-
termines the degree of severity of the ankle sprain by pres-
pecifying 3 subgroups based on the number of damaged
syndesmotic ligaments. Isolated tears of the anterior inferior
tibiofibular ligament define a mild sprain. Injuries involving
the anterior inferior tibiofibular and interosseous ligaments
define a moderate sprain. Lesions involving the anterior in-
ferior tibiofibular, interosseous, and posterior inferior tibio-
fibular ligaments indicate a severe sprain. Higher degrees of
ankle sprain produce higher degrees of instability that may
be easier to diagnose, and lower sprain degrees act in the
opposite direction. The index test is expected to be more
accurate in higher than in lower sprain degrees. Another sour-
ce of variability is the control of dorsiflexion by the partici-
pants during the stress maneuver. The current acrylic board
setting does not enable researchers to control dorsiflexion,
but they do register this measurement and investigate its in-
fluence on result accuracy. The pain reported by the partici-
pant may be another source of variability. Pain aggravation
defines a subgroup, while no aggravation characterizes the
other subgroup. The pain aggravation subgroup may have di-
fficulties during dorsiflexion, and lower accuracy results are
expected in comparison to the subgroup with no pain aggra-
vation. The ROC curve and the AUC will compare the sub-
groups’ diagnostic accuracy for all variability sources.

Inter-rater analysis

Two observers will independently read the index tests and,
after a 3-month washout interval, the reference standard test.
The intraclass correlation coefficient will verify the agreement
between observers regarding the data extracted from the in-
dex test, and the Kappa coefficient will confirm the agreement
concerning reference standard data. A second consensus
reading will solve discordant cases.

Sample size calculation

A previous study found an AUC performance of 0.56 regar-
ding CTNPY. Considering the null hypothesis that the exis-
ting CTNP test has an AUC of 0.56, researchers propose the
alternative hypothesis that the new CTSM test will display
superior accuracy with an AUC of 0.80. The full sample size
needed to observe a difference between these outcomes is
estimated as 39, considering a 1.2 proportion between the
groups (13 and 26 participants per group, respectively).

Software and thresholds

The MedCalc Statistical Software (MedCalc Software Ltd,
Ostend, Belgium), version 19.4.0, will be used for the analy-
ses, considering a power of 80% for finding differences
between groups, a significance level of 5%, and 95% confi-
dence intervals.
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Didactic Case Example

A 47-year-old male patient suffered a high ankle sprain. He
complained of persistent pain and swelling in the left ank-
le since the sprain episode 3 weeks earlier. The orthopaedic
clinical examination was positive for syndesmotic injury. A
painful syndesmosis on palpation inspection and difficulty to
stand on the toes of the affected foot were the main positive
clinical signs. Anteroposterior, mortise, and lateral radiogra-
phic views of the ankle were unremarkable. The patient was
referred to the Radiology Department for CT and MRI. In the
first phase of the examination (CTNP), the left anterior, cen-
tral, and posterior tibiofibular distances were similar to those
of the unaffected contralateral side, representing a false-ne-
gative result (Figure 2A). In the second phase, where external

Figure 2. CT images in the axial plane 1 cm above

the tibial plafond during the three phases of the
examination. CT in the neutral position (A). CT
with ankle stress maneuvers and extended knees
(B). CT with ankle stress maneuvers and semi-fle-
xed knees (C).
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rotation and ankle dorsiflexion were performed (CTSM-EK),
the left anterior and central tibiofibular distances were wi-
der than those of the unaffected contralateral side (Figure
2B). In the third phase, using external rotation, ankle dorsi-
flexion, and semi-flexed knees (CTSM-FK), the left anterior
and central tibiofibular distances were wider than those of the
unaffected contralateral side, confirming syndesmotic ins-
tability (Figure 2C). Table 1 shows the anterior, central, and
posterior tibiofibular syndesmosis distances in both ankles.
The left ankle MRI depicted a complete tear of the anterior
inferior tibiofibular (Figure 3, A and B) and interosseous (Fi-
gure 3, C and D) ligaments. The posterior inferior tibiofibular
ligament was intact (Figure 3, E and F).

Discussion

Various imaging tests are available for the diagnostic of syn-
desmotic injuries; however, a fundamental question guiding
treatment remains partially answered. Current imaging tests
readily diagnose severe syndesmotic instability but have di-
fficulty in confirming mild and moderate cases. Undoubte-
dly, the correct treatment is not being offered to a significant
proportion of individuals. Undiagnosed and untreated mild
and moderate cases of syndesmotic instability are the pri-
mary sources of inappropriate outcomes. If this study endor-
ses CTSM as an accurate test for diagnosing syndesmotic ins-

Figure 3. MRI of the left ankle. An axial T2-weighted fat-suppres-
sed image shows complete tear of the anterior inferior tibiofibular
ligament (A - white arrow). A coronal T2-weighted fat-suppressed
image shows complete tear of the anterior inferior tibiofibular li-
gament (B - white arrow). A coronal T2-weighted fat-suppressed
image shows complete tear of the interosseous ligament (C - white

arrow). A coronal DP-weighted image shows complete tear of the
interosseous ligament (D - white arrow). A coronal T2-weighted
fat-suppressed image shows an intact posterior inferior tibiofibular
ligament (E - white arrow). A coronal DP-weighted image shows
an intact posterior inferior tibiofibular ligament (F - white arrow).

Table 1. Anterior, central, and posterior tibiofibular syndesmosis
distances in both ankles.
Distance (mm)
Posterior
Right Left

Central
Right Left

Anterior
Right Left

tability, a novel approach for investigating demanding cases
may become available and more individuals may benefit from
correct treatment, thus reducing the burden of unfavorable
outcomes. An algorithm matching clinical suspicion, MRI fin-
dings, and the CTSM protocol may be the most correct and
precise method to diagnose SI. To the best of our knowledge,
this is the first study to test the accuracy of CTSM in diagno-
sing syndesmotic instability and to evaluate the feasibility of
stress maneuvers; this represents the main strength of our
protocol. Our limitation is related to the use of MRI as the
reference standard test, which, although not perfect, has a
high estimated accuracy when compared to the gold-stan-
dard arthroscopy®. Other potential limitations are the fact

that the participants themselves control dorsiflexion, which

CTNP* 21 21 3.4 3.9 4.6 4.8
CTSM-EK** 20 a7 20 49 43 50 introduces an inherent degreg of II’T\DFGCISIOn angl variability,
J——— e A - =0 e - and the absence of follow-up imaging for recording the evo-

lution of the instability, producing long-term outcomes, and

*CTNP: CT in the neutral position. **CTSM-EK: CT with ankle stress maneuvers and extended . . L. . .
estimating the strength of the initial imaging data.

knees. ***CTSM-FK: CT with ankle stress maneuvers and semi-flexed knees
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