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Abstract

Purpose Our objective was to evaluate the syndesmotic and fracture instability using conventional ankle computed tomog-
raphy (CT) with stress maneuvers.

Methods A consecutive sample of 123 individuals with an ankle sprain was assessed for eligibility. In total, 33 patients
met the inclusion criteria. All patients underwent a magnetic resonance imaging (MRI) and CT scan with stress maneuvers
(CTSM). The patterns of ligament tears f were classified using West Point grades I, IIA, IIB, III. Mann—Whitney test was
used to test the differences in the numerical variables between injured and uninjured syndesmoses. The Spearman cor-
relation tested the strength of the association between the tibial joint surface involved in posterior malleolus fracture and
syndesmotic instability.

Results In MRI, two patterns of syndesmotic ligament injury predominated. A completely torn anterior inferior tibiofibular
(AITFL) and interosseous tibiofibular ligaments (ITFL) and a completely torn AITFL were combined with a partially torn
ITFL. In the neutral phase CTSM and during the stress phase the median difference of the narrowest tibiofibular distance
between injured and uninjured syndesmoses was 0.2 mm (P=0.057) and 2.3 mm (P <0.0001), respectively. There was no
association between the percentage of involvement of the posterior tibial joint surface in the posterior malleolar fracture and
syndesmotic instability as measured with CTSM.

Conclusion The conventional computed tomography with external rotation and dorsiflexion represents a reproducible and
accurate diagnostic option for detecting syndesmosis instability and fracture instability in acute isolated non-displaced pos-
terior malleolar fractures Bartoni¢ek and Rammelt type II.

Level of Evidence: Prospective study among consecutive patients (Diagnosis); Level of evidence, 2.
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Introduction

A ligament-centered analysis is currently incorporated into
the assessment of fracture stability and treatment decision
making. The tibiotalar joint represents an intrinsically stable
joint formed by three bones, with the talus lying inside the
tibiofibular mortise, and three ligamentous complexes, the
lateral, medial and the syndesmotic ligaments. Together, the
bony and ligamentous structures provide a ring-like stability
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apparatus. The current definition of rotational ankle fracture
stability is based on this ankle osseoligamentous ring integ-
rity. When the ring is interrupted in one place in isolation,
the stability is usually preserved; however, when the ring is
injured in two places, then it becomes unstable [1, 2].
Posterior malleolar fractures Bartonicek/Rammelt type
2 represent an avulsion fracture that includes the insertion
of the posterior inferior tibiofibular ligament (PITFL) and
part of the tibial incisura, involving part of the footprint of
the interosseous tibiofibular ligament (ITFL) [2—4]. In the
setting of an acute isolated non-displaced posterior malleolar
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fracture of Bartonicek/Rammelt type II with normal radio-
graphic stability parameters, such as medial clear space and
tibiofibular clear space within normal limits, it is often dif-
ficult and controversial to define fracture stability and to
recommend in favor or against surgical treatment.

The value of clinical tests to detect instability, such as
palpation of the syndesmosis, and the squeeze, Cotton,
fibular translation and external rotation stress tests, is
limited because of their questionable reliability and variable
patient’s perception of pain [4, 5]. Finally, imaging studies,
such as radiographs and magnetic resonance imaging (MRI),
have been proven insufficient for complete and meticulous
assessment of rotational ankle fractures [3, 5-12].

In this context, computed tomography (CT) allows a
better assessment of bony injuries, degree of fragment
displacement, and changes in bone relationship that can
indicate fracture instability [4, 13]. CT findings are usually
extremely helpful in the assessment of fractures of the
anterior and posterior malleolus, syndesmosis injury,
intercalated fracture fragments and impaction of the tibial
plafond [12]. However, similar to MRI, conventional CT is a
static, non-weight-bearing imaging modality, whose findings
might not directly correlate with the presence of tibiotalar or
syndesmotic instability, particularly in the setting of subtle
instability. More recently, conventional ankle CT with stress
maneuvers has been shown useful for the decision making
of many orthopedic disorders of the foot and ankle [11-13].

Our hypothesis was that acute conventional ankle CT
with stress maneuvers in patients sustaining malleolar
fractures would provide accurate assessment to differentiate
between stable and unstable injuries. In the present
study, conventional ankle CT with external rotation and
dorsiflexion was used to assess syndesmotic and fracture
instability in the setting of acute, isolated, non-displaced
Bartoni¢ek and Rammelt type II posterior malleolar
fractures.

Patients and methods

This multi-center cross-sectional study was
conducted with the approval of the Ethics Committee
(62100016.5.0000.0071). Patients signed and dated the
informed consent form before providing demographic data
or performing imaging examinations. A consecutive sample
of individuals with the orthopedic diagnosis of an ankle
sprain, assisted at the Foot and Ankle Outpatient Clinic, was
referred to the Radiology Department after standard weight-
bearing X-ray investigation (anteroposterior, lateral and
mortise views) to perform MRI investigation. Patients were
prospectively enrolled according to the following inclusion
criteria: adults aged 18 years and older; acute unilateral
ankle sprain episode up to 3 weeks before; those participants
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who presented syndesmotic, lateral or medial ligament
injury and isolated non-displaced posterior malleolar
fractures Bartoni¢ek and Rammelt type II in MRI [5] were
selected for stress CT protocol (after signing the consent
form). The exclusion criteria were previous surgery; lateral
malleolus fracture; medial malleolus fracture; congenital or
acquired ankle deformities; and infection, inflammatory or
neuropathic ankle arthropathies.

MRI technical and reading parameters

A phased array dedicated coil on 1.5-T magnet HDX (GE
Healthcare, Milwaukee, USA) was used to perform all of the
MRI examinations using the following sequences: sagittal
T1-weighted (TR/TE, 542/9; the number of excitations
[NEX], 1; matrix, 320 X 256; thickness, 4 mm; field of
view [FOV], 10 cm); sagittal T2-weighted fat-suppressed
(3000/39, 2, 384 %224, 4, 10); axial T2-weighted fat-
suppressed (3483/48, 2, 384 x224, 4, 10); coronal
T2-weighted fat-suppressed (3000/39, 2, 384 x 224, 3, 10)
and coronal oblique DP-weighted (2840/35, 2, 384 x 224,
3, 10).

Radiologists classified the anterior inferior tibiofibular
ligament (AITFL) posterior inferior tibiofibular ligament
(PITFL), interosseous tibiofibular ligament (ITFL),
superficial deltoid ligament and deep deltoid ligament
as grade 0 (normal ligament), grade I (strained with soft
tissue edema around the ligament but still intact), grade II
(partially torn with high signal intensity and thickening) or
grade III (completely torn with avulsion or discontinuity)
[7]. All measurements were taken blindly.

CT scan technical and reading parameters

An Aquilion ONE V6 scanner (Toshiba Medical Systems,
Tochigi, Japan) with 320 channels was used to perform the
CT examinations using the following technical parameters: a
volumetric acquisition, 120 kV, 150 mA, 0.5 s rotation time,
0.5 mm slice thickness, 0.25 mm interpolation, 320-detector
rows, a field of view medium or large and fine filter for bone.

All patients underwent a CT scan with stress maneuvers
(CTSM), following a protocol reported previously,
comprising a first phase with the ankles in a neutral position,
then a stress phase with the ankles in external rotation and
dorsiflexion and semi-flexed knees.

The narrowest tibiofibular distance was measured in the
axial plane using the image where the whole shape of the
tibial plafond began to show [13] (Fig. 1). For consistency,
we kept the same label d, as described by Ahn et al. [13].
The CT measurement d at the joint level has the best cor-
relation with the exact arthroscopic measurement, reaching
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Fig.1 Ankle CT scan in the axial plane. The sclerotic band on the
distal tibia corresponding to the tibial plafond was used as a reference
(red asterisk). In addition, the medial tibiotalar joint line may start to
show on the image (red hashtag). The d measurement is the narrowest
distance of the tibiofibular syndesmosis (red line pointed by the white
arrow)

an area under the ROC curve of 0.86 for diagnosing syndes-
motic instability.

Due to significant interindividual variability, we
measured the distance d for both syndesmoses of the
same individual, and the uninjured syndesmoses were used
as the normal standard. The difference in measurement
d between injured and uninjured syndesmoses defined
instability.

Based on a recent study, which showed significant
differences in the distances between injured and uninjured
syndesmoses estimated at 1.0 mm [4], we adopted a
1.0 mm cutoff point to define instability. In the current
study, the d difference of less than 1.0 mm classified the
syndesmoses as stable, while the d difference greater than
or equal to 1.0 mm was classified as unstable.

Another essential cutoff point of 2.0 mm [26], often
used as a guideline for treatment, was also adopted in this
study. The measurement of the d difference smaller than
2.0 mm classified the syndesmoses as minor instability,
generally indicating non-operative treatment. Differences
d greater than or equal to 2.0 mm were classified as a
relevant instability, generally indicating surgical treatment.

In addition, the percentage of the tibial articular surface
affected by the posterior malleolus fracture was analyzed in
the sagittal plane of the CT scan. First, the anteroposterior
diameter of the articular surface of the tibia affected by
the fracture was divided by the total anteroposterior
diameter of the articular surface. Next, the strength of
association between the percentage of tibial joint surface
involvement and the d difference measurement determined
the correlation between posterior malleolus fracture and
syndesmotic instability.

Again, radiologists performed all measurements blindly.

West Point grading system

The West Point grading system classifies syndesmotic
injuries into three instability categories [7]. An isolated
tear of the AITF ligament does not cause instability and
defines grade I. Combined tear of the AITF and IO ligaments
defines grade II, which can be divided into IIA (stable) and
IIB (unstable). Finally, the combined injury of the AITF,
IO and PITF ligaments causes frank instability and defines
grade III.

Investigators used the patterns of ligament tear found at
MRI and instability at CTSM to classify all participants into
West Point grades I, ITA, IIB or I1I.

Statistical analysis

Absolute frequencies and percentages described categorical
variables. In addition, means, standard deviation (SD),
medians, quartiles and minimum and maximum values
defined numerical variables depending on the parametric or
nonparametric distribution according to the Shapiro—Wilk
test. Mann—Whitney test was used to test the differences
in the numerical variables between injured and uninjured
ankles. The strength of the association between the tibial
joint surface involved in posterior malleolus fracture and
syndesmotic instability was assessed with the Spearman
correlation test.

The MedCalc Statistical Software (MedCalc Software
Ltd, Oostende, Belgium), version 19.4.0, analyzed the data,
considering a power of 80%, a 5% significance level and 95%
confidence intervals. All statistical tests were two-sided and
appropriate for parametric or nonparametric distributions.

Results

Between March 2018 and September 2022, 123 patients
were assessed for eligibility. In total, 33 patients met the
inclusion criteria.

Of these, approximately half (16/33) were male, with a
mean age of 41 years. Seventeen ankle sprains occurred on
the right side, mainly related to sports activity (25/33). Other
causes for ankle sprains were walking on uneven sidewalks
in five patients and falling on slippery stairs in three. The
main complaint was ankle pain in all patients. In addition,
approximately half of the patients had edema (17/33) and
ecchymosis (16/33) on the lateral side of the ankle.

CT scan reading parameters
During the stress phase, the injured and uninjured syn-

desmoses had distinct behavior, and the 2.3 mm median
difference for d measurement was statistically significant
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Table 1 CT scan measurements
(n=33)

Table 2 West Point grading system

Injured syndesmoses Uninjured syndesmoses d_dif P value*
Median (interquartile range) (95% CI)
CT scan in a neutral position
d (mm) 1.9 (1.7-2.4) 1.7 (1.5-2.1) 0.2 (0.0-0.5) 0.057
CT scan with ankle stress maneuvers and semiflexed knees
d (mm) 4.3 (3.9-5.1) 2.1(1.7-2.3) 2.3 (2.0-2.6) <0.0001

d_dif: the median difference between measurements of the injured and contralateral uninjured syndesmoses
of the same individual; d: the narrowest tibiofibular distance in the axial plane; *Mann—Whitney test

(P<0.0001) (Table 1). In the neutral phase, the median

difference of 0.2 mm in d measurements between injured

MRI CT scan (n=33)

and uninjured syndesmoses was not statistically significant

1IB (P=0.057) (Table 2).
1.0-19mm  >20mm  Total Applying the cutoff point of 1.0 mm, all patients had the
Completely torn AITFand 10 2 18 20 d differ.enc'e m'easurement inferior to 1.0 mm in Fh? neutral
Completely torn AITF and 10 3 13 phase, indicating that they had an acceptable tibiofibular
partially torn 1O relationship (Fig. 3). On the other hand, all patients had a d
Total 12 21 33 difference superior to or equal to 1.0 mm and were consid-

ered unstable in the stress phase. Figure 2 shows the typical

AITF: anterior inferior tibiofibular ligament; IO: interosseous finding of the current study.

ligament

Fig.2 A man, 64 years old, had
a right ankle sprain five days
ago. 3A: CT scan axial image in
neutral phase showing posterior
malleolus fracture Bartonicek
and Rammelt type II and an
usual tibiofibular relationship
with d difference measurement
less than 1.0 mm. 3B: CT scan
axial image with stress maneu-
vers showing instability of the
right tibiofibular syndesmosis
with d difference greater than
2.0 mm
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The anteroposterior diameter of the tibial joint surface
involved in the PM fracture varied between 1.1 and 9.3 mm,
with a median of 3.2 mm. Dividing the anteroposterior diam-
eter of the tibia surface involved in the fracture by the total
anteroposterior diameter of the tibia joint surface, we found
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Posterior malleolus fracture and syndesmotic instability
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Fig.3 Scatter diagram with a heat map for the percentage of tibia
joint involved and d difference measurements in CT scans. d_dif_
CTSM_FK: d difference measurement in CT scan with ankles stress
maneuvers and flexed knees

the median percentage of the joint involvement was 12%,
with a minimum value of 4% and a maximum of 31%. The
Spearman correlation coefficient was 0.24 (P=0.18, 95% CI
—0.11-0.53), confirming there was no association between
the percentage of involvement of the tibia joint surface in the
PM fracture and syndesmotic instability, considering the d
difference in the CTSM. A scatter diagram with a heat map
shows the distribution of the two variables (Fig. 3).

MRI reading parameters

Two patterns of syndesmotic ligament injury predominated
when reading the MRI. A completely torn AITFL and
IO ligament were found in two-thirds (22/33) of the
participants, while a completely torn AITFL was combined
with a partially torn IO in one-third (11/33). The PITF
ligament was classified as normal in 23, strained in nine and
partially torn in one patient. The superficial portion of the
deltoid ligament was classified as normal in 25, strained in
five and partially torn in one patient. The deep portion of the
deltoid ligament was classified as normal in 28, strained in
three, and partially torn in two. No patient had a completely
torn PITFL, superficial or deep deltoid ligament.

West Point grading system

In the CT scan, all 33 patients presented a West Point grade
IIB latent instability defined as a stable syndesmosis in the
neutral phase and unstable in the stress phase (Table 2).
About two-thirds (21/33) had an instability greater than or
equal to 2.0 mm, and one-third (12/33) between 1.0 and

1.9 mm (Table 2). No patient was classified as grade I, [TA
or III.

When analyzed along with the MRI findings, 18 out of
21 patients (83%) with instability greater than or equal to
2.0 mm were classified as having completely torn AITF and
10 ligaments (Table 2). Ten out of 12 patients (83%) with
instability between 1.0 and 1.9 mm were classified as having
a completely torn AITF ligament combined with a partially
torn IO (Table 2).

Discussion

Although highly specific and sensitive for syndesmotic
injury, MRI does not provide a dynamic assessment. Thus,
although a rupture of one or more ligaments can be identi-
fied, instability only suspected with an MRI [14]. In our
study, the use of conventional ankle CT with stress maneu-
vers (external rotation and dorsiflexion) (Fig. 4) could reli-
ably demonstrate the existence of instability of the syndes-
mosis after an isolated, non-displaced posterior malleolar
(PM) fracture of Bartoni¢ek and Rammelt type II. Using this
method, two-thirds of patients had instability greater than or
equal to 2.0 mm and one-third between 1.0 and 1.9 mm. This
was closely correlated to our MRI findings, where two-thirds
of patients had complete injury of the AITF and IO liga-
ments, and one-third had complete injury of the AITF liga-
ment and incomplete injury of the IO ligament. No patient
had a completely torn superficial or deep deltoid ligament,
or PITF ligament. Applying the West Point grading system,
all patients had latent instability, defined as a stable syndes-
mosis in the neutral phase and unstable in the stress phase
(grade IIB). These findings support the Lauge-Hansen con-
cept of equivalence of ligamentous and bony injuries around
the ankle, namely that there is either a rupture of the PITFL
or an osseous avulsion of the posterior tibial rim, that is,
a PM fracture [14] (Fig. 5). The finding that a sprain or
incomplete rupture of the PITFL was seen in MRI concur-
rent with a PM fracture in 10 cases may be explained by the
fact that the footprint of the PITFL is larger than the average
size of the PM fragment and therefore bony and ligamentous
injury may concur, particularly with smaller PM fragments
[14, 15].

In addition, there was no association between the
percentage of involvement of the articular surface of the
tibia due to the fracture of the posterior malleolus and
syndesmotic instability (P =0.18). The median percentage
of the joint involvement was 12%, with a minimum value
of 4% and a maximum of 31% which is consistent with a
Bartonicek and Rammelt type II posterior malleolar fracture
[3]. It may be concluded that these fragments only carry
a minor part of the ITFL and syndesmotic instability only
results in conjunction with further ligamentous injuries like
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Fig.4 Patient performing stress
maneuvers at CT station. A
Ankles in a neutral position and
extended knee, B ankles with
45° of external rotation, dorsi-
flexion and flexed knee

rupture of the AITFL and the ITFL. Our study is the first to
look at a combination of bony and ligamentous syndesmotic
injuries. Earlier studies have been showing similar findings
regarding purely ligamentous lesions. In a systematic
review and meta-analysis, Raheman et al. [16] showed that
the syndesmotic area is the most reliable parameter in the
evaluation of syndesmosis injuries because it increases
in the presence of instability during weight bearing. In a
prospective comparative study of 39 consecutive patients,
Del Rio et al. [17] suggested that both the dynamic change in
area and weight bearing in comparison with the contralateral
uninjured ankle are 2 parameters that may prove useful in the
future for predicting syndesmotic instability.

The utility of the uninjured side as a valid internal control
for confirming potential syndesmotic instability has been
emphasized by Hagemeijer et al. [18]. Using WBCT, these
authors evaluated the distal tibiofibular joints in patients
with known syndesmotic instability, comparing the findings
between the injured and uninjured sides. Values differed
between both sides in 4 of the 7 measurements performed
including direct anterior, middle and posterior differences,
and sagittal translation (P <0.001 in all measures). Indeed,
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in a more recent study, Bhimani et al. [15] suggested that
syndesmotic joint volume measurements, including the
medial and lateral clear space volume, and the syndesmotic
joint volume from the tibial plafond seem to be best suited to
diagnose syndesmotic instability among patients with Weber
B ankle fractures, compared with other two-dimensional
(2D) and three-dimensional (3D) WBCT measurements. In
another study, the same authors [34] demonstrated that 3D
volumetric measurement of the syndesmosis joint is the most
effective way to diagnose syndesmotic instability, compared
with more traditional 2D syndesmosis measurement. This
was also demonstrated by Ashkani Esfahani et al. [19], who
showed that the ability to compare the ankle joints bilaterally
in a 3D manner under physiologic weight provided by
weight-bearing CT has led to a more accurate diagnostic
method. In the current study using CTSM with simulated
weight bearing, we found a 2.3-mm median increase of the
tibiofibular distance of the injured syndesmosis compared to
the uninjured syndesmosis of the same patient (P <0.0001),
proving that CTSM is a potential diagnostic tool to reveal
latent syndesmotic instability.
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Fig.5 Case example: A standard weight-bearing X-ray AP view right
and left ankles, B standard weight-bearing X-ray AP view right and
left ankles, C MRI sagittal view showing acute isolated non-dis-
placed posterior malleolar fractures Bartonicek and Rammelt type
II, MRI axial view showing acute isolated non-displaced posterior

Some authors have suggested that both the tibiofibular
ligament laterally and the deep deltoid ligament medially
being the structures most commonly injured in the ankle
in association with malleolar fractures including proximal
fractures of the fibula [20, 21]. Our findings do not support
the concept that the deltoid ligament directly contributes to
the genesis of syndesmotic instability.

Based on our findings, we believe that injury to the
deltoid ligament is not a primary factor in the instability of
the distal tibiofibular syndesmosis but may act secondarily
by increasing the degree of instability in case of rupture. In a
cadaver study, complete disruption of the syndesmosis with
a disruption of the deltoid ligament caused a 40% decrease in

x\
3

malleolar fractures Bartoni¢ek and Rammelt type II, MRI axial view
showing acute anteroinferior tibiofibular ligament rupture, MRI coro-
nal view showing acute interosseous ligament rupture, D CT stress
phase 1, E CT stress phase 2, F standard weight-bearing X-ray AP
and lateral view post-operative control right ankle

the tibiotalar contact area and a 36% increase in the tibiotalar
contact pressures [22]. Nevertheless, in the clinical setting,
the relevance of deltoid incompetence remains unclear and
stress-positive isolated fibular fractures, i.e., with medial
clear space widening on gravity stress testing, have excellent
outcomes following non-operative treatment [23]. Future
studies comparing WBCT and MRI may correlate the
presence and size of posterior malleolus fractures with the
existence of deltoid ligament injuries, decreased tibiotalar
contact area and increased tibiotalar contact pressures.

It has been shown that anatomic reduction and stable
fixation of even small PM fragments also provides stability
to the syndesmosis, thus reducing the need for indirect
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syndesmotic fixation and leading to improved outcomes
[1, 21]. Moreover, Fitzpatrick et al. [24] showed that
medial-lateral syndesmotic reduction was affected by the
quality of the PM fixation, with malreduction of the PM
leading to syndesmotic malreduction. The present study
supports the concept of stable fixation of smaller PM
fragments to increase syndesmotic stability.

Our study has some limitations. First, we do not report
on outcomes. Thus, the clinical relevance of non-surgical
vs. surgical treatment of non-displaced syndesmotic
avulsions with latent instability remains to be elucidated
in further studies. Second, due to pain from the acute ankle
injury, patients may have partially unloaded the lower
extremity during image acquisition. Because we did not
employ pain intensity measures such as the visual analog
scale (VAS), our findings may be biased.

The strengths of our study include the homogeneous
study group through the selection of patients with isolated,
non-displaced Bartoni¢ek and Rammelt type II PM
fractures. To the best of our knowledge, this study is the
first to look at a combination of bony and ligamentous
syndesmotic injuries with prospective MRI and CTSM
evaluation for all patients. Furthermore, we were able
to show the importance of imaging stress tests in the
assessment of initially non-displaced Bartoni¢ek and
Rammelt type II PM fractures, reinforcing some authors
who showed that posterior malleolus fracture potentially
leads to ankle instability and post-traumatic osteoarthritis
of the ankle [1, 3, 5, 14, 21, 25].

Conclusion

In conclusion, conventional computed tomography with
external rotation and dorsiflexion represents a reproducible
and accurate diagnostic option for the detection of latent
instability of the syndesmosis in the presence of acute
isolated non-displaced posterior malleolar fractures
Bartoni¢ek and Rammelt type II.
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