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Abstract

Purpose Acute ankle sprains are frequently accompanied
by syndesmotic injuries. These injuries are often over-
looked in clinical examinations. The aim of this study was
(1) to evaluate the incidence of syndesmotic injuries in
acute ankle sprains using MRI, (2) to determine the accu-
racy of common clinical diagnostic tests, (3) to analyse
their inter-rater reliability, and (4) to evaluate the role of
clinical symptoms in the diagnosis of syndesmotic injuries.
Methods A total of 100 patients with acute ankle sprain
injury without associated fractures in plane radiographs
were enrolled. The clinical assessment was performed by
two independent examiners. Local findings, ankle ligament
palpation, squeeze test, external rotation test, Drawer test,
Cotton test, and the crossed-leg test (two examiners) were
compared with MRI results (read by two blinded radiolo-
gists) as a reference standard.

Results Ninety-six participants (57 % male) met the
inclusion criteria. MRI detected a ruptured anterior infe-
rior tibiofibular ligament (AITFL) in 14 patients (15 %); 9
partial tears and 5 complete tears were evident. Evidence
of pain at rest was found to predict syndesmotic injuries
most accurately (p = 0.039). The palpation test over the
proximal fibula produced the highest inter-rater correlation
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(k = 0.65), but the lowest sensitivity for syndesmotic inju-
ries of 8 %. All other clinical tests demonstrated moderate
to fair inter-rater reliabilities (¢« = 0.37-0.52). Low sensitiv-
ity values were found with all clinical tests (13.9-55.6 %).
Conclusion In this study, clinical examination was insuf-
ficient to detect syndesmotic injuries in acute ankle sprains.
MRI scanning revealed a syndesmotic lesion in 15 % of
patients. MRI scanning should be recommended in patients
with ongoing pain at rest following ankle sprains.

Level of evidence 1.

Keywords Ankle - Ankle ligaments - General sports
trauma - Magnetic resonance imaging

Introduction

Acute ankle sprains are the most frequent injury treated in
orthopaedic practice [23, 36]. The majority of injuries are
focused on the lateral ligaments [16]. Injuries to the distal
tibiofibular syndesmosis are encountered far less often. The
stability of the distal tibiofibular syndesmosis is mainly
based on the ligamentous apparatus between tibia and fib-
ula, which consists of three relevant ligaments: the anterior
inferior tibiofibular ligament (AITFL), the posterior infe-
rior tibiofibular ligament (PITFL), and the interosseous
tibiofibular ligament (ITFL).

A wide variation of incidences of syndesmotic injuries
in patients has been reported. This varies between 1 and
20 % for patients with ankle sprains. Athletes reportedly
have far higher incidences, of more than 70 % [12, 13, 25].

There are reports that the recovery times after syndes-
motic injuries may be as much as fourfold greater than
with lateral ankle sprains. Moreover, it has been shown
that failure to diagnose syndesmotic lesions may lead to


http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-015-3604-x&domain=pdf

Knee Surg Sports Traumatol Arthrosc (2016) 24:1180-1186

1181

poor clinical outcomes [9, 12, 13, 20]. Furthermore, syn-
desmotic injuries are frequently accompanied by osteo-
chondral lesions and other concomitant ankle injuries [4].
Despite these serious consequences, there is still an incom-
plete understanding of syndesmotic injuries.

High-quality evidence is still lacking on the appropri-
ate diagnosis and treatment of these high ankle sprains [33,
37]. Likewise, the sensitivity and specificity of the common
clinical tests remain to be determined [31]. In plane radio-
graphs, the tibiofibular clear space (TFCS), the tibiofibu-
lar overlap (TFO), and the medial clear space (MCS) are
parameters for the evaluation of the integrity of the distal
tibiofibular syndesmotic apparatus. However, the reliability
of plane radiographs for the detection of ankle syndesmosis
injury is known to be limited [24, 28, 35]. MRI on the other
hand is a reliable diagnostic tool to diagnose syndesmotic
lesions [26]. It has reportedly specificity and sensitivity
values that are comparable with those of ankle arthroscopy
[5, 10, 34]. Both clinicians and patients would benefit from
an accurate and reliable diagnostic management of ankle
syndesmosis injuries to avoid inappropriate treatment.

The aim of this study was (1) to evaluate the incidence
of syndesmotic injuries in acute ankle sprains using MRI
and to evaluate the hypothesis that MRI is useful in detect-
ing these injuries, (2) to determine the accuracy of common
clinical diagnostic tests, (3) to analyse their inter-rater reli-
ability, and (4) to evaluate the role of clinical symptoms in
the diagnosis of syndesmotic injuries.

Materials and methods

One hundred consecutive patients with an acute ankle
sprain were included. All patients were examined within
24 h after injury. Exclusion criteria were lower limb frac-
tures or bony avulsions in the plane radiographs and
patients with former surgical intervention of the affected
side. Inability to obtain an MRI within 24 h of injury was
also a reason for exclusion. For the latter reason, four
patients were excluded. Forty-one women (43 %) and 55
(57 %) men were included. The mean age of the patients
was 32.6 years + 10.2 (range 18-59). No bilateral ankle
sprains were encountered.

Clinical examination

All patients were asked to describe their mechanism of
injury and were examined independently by a senior con-
sultant and a resident doctor specialising in orthopaedic
trauma surgery. The ability to walk was documented, as
was the active range of motion of the ankle joint. Swelling
was objectified by circumference measurement and com-
pared to the uninjured contralateral side. Pain levels were

recorded using the visual analogue scale (VAS) [6]. The
two examiners independently verified the following tests
within the first 24 h post-injury: tenderness on palpation
over the anterior inferior tibiofibular ligament (AITFL), the
proximal fibula (PF), the deltoid ligament (DL), the ante-
rior talo-fibular (ATFL), as well as the calcaneo-fibular lig-
ament (CFL). A simple scale was used ranging from pain-
less (0) to painful (1). The syndesmosis squeeze test was
performed, as well as the external rotation test, the Drawer
test, the Cotton test, and the crossed-leg test [1, 2, 15]. At
the end of the clinical evaluation, the two examiners had to
give their frank assessment of syndesmotic integrity. Fre-
quencies of positive and negative agreements and disagree-
ments between the examiners are depicted in Table 3.

For the crossed-leg test, the patient sits and crosses the
affected leg over the opposite knee. Pressure is then applied
to the proximal fibula of the affected leg. A positive test is
pain in the distal ankle.

Information on the sensitivity and specificity of these
tests is summarised in Table 4.

Radiographic examination

All patients received standard anteroposterior and lateral
radiographs to exclude associated ankle fractures or bony
avulsions. Such signs can indicate syndesmotic injuries,
and this study was carried out to determine the frequency
of isolated syndesmotic injuries in ankle sprains without
fractures signs in plane radiographs. An MRI scan was per-
formed in all patients within 24 h of injury, read by two
blinded radiologists.

MRI of the ankle was performed using a 3 T scan-
ner (Intera, Philips Healthcare, Best, The Netherlands)
with a Flex-M coil (Philips Healthcare, Best, The Nether-
lands). All patients were placed in supine position, and the
examined lower extremity was fixed to avoid motion arte-
facts. Initially, a 2D short tau inversion recovery (STIR)
sequence was applied (TE = 55 ms, TR = 3496 ms,
T; = 180 ms, TSE factor = 13, FoV = 200 mm, slice
thickness = 3 mm). A 3D volumetric isotropic T)-
weighted acquisition (VISTA) sequence was performed
(TE = 38 ms, TR = 1300 ms, spectral attenuated inver-
sion recovery (SPAIR) TR = 1300 ms, flip angle = 90°,
voxel size 0.6 x 0.7 x 0.4 mm, oversample factor = 1.4,
FoV = 140 mm, slice count = 225) for the reconstruc-
tion of axial, sagittal, and coronal multiplanar-reformatted
(MPR) images with a slice thickness of 1 mm. The MR
images obtained were evaluated for the presence of SI and
osseous or chondral ankle injuries.

MRI was considered the gold standard to evaluate the
syndesmotic ligaments. According to Oae, syndesmotic
injury was defined as grade 2 or 3 injury reflecting partial
or complete tear of the anterior or posterior syndesmotic
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Fig. 1 MRI. Axial MRI image showing a complete tear of the ante-
rior tibiofibular ligament (red arrow). LM lateral malleolus, T tibia

ligament (Fig. 1) [26]. MR images were evaluated in con-
sensus by two radiologists with 5- and 10-years experience
in musculoskeletal MRI. No further information about the
clinical picture of the patients was provided to the two
radiologists.

This study was approved by the local review board
(Hamburg University Ethics Committee, reference number:
PV3703). All patients signed an informed consent prior to
inclusion.

Statistical analysis

A statistical analysis was performed using IBM SPSS
Statistics 19. The distribution of data was summarised by
descriptive statistics. Results are reported as mean =+ stand-
ard deviation (SD) for continuous variables and propor-
tions for categorical items. To quantify the accuracy of
clinical tests to detect a syndesmotic injury in acute ankle
sprains, the area under the curve (AUC) of the receiver
operating characteristic (ROC) curve was determined. A
power analysis was performed to determine the number
of patients to be included in this study. With an expected
accuracy of 85 % and a power of 80 % to detect a differ-
ence of 0.2215 between the area under the ROC curve
under the null hypothesis of 0.5000 and an AUC under
the alternative hypothesis of 0.7215 using a two-sided z
test at a significance level of 0.0500, a sample size of 96
patients was determined [11, 27]. A weighted kappa anal-
ysis was used to calculate the reliability of independent
inter-observer agreement (between senior consultant and
resident) for each individual test [17]. A stepwise backward
logistic regression analysis was retrospectively performed
to identify variables best predicting diagnostic accuracy

@ Springer

of syndesmosis rupture, adjusted for the above-mentioned
sample size. Tenderness on palpation over the anterior infe-
rior tibiofibular ligament (AITFL) and the calcaneo-fibular
ligament (CFL), the external rotation test, and pain score at
rest (VAS score) were included. A p value of 0.05 or less
was considered statistically significant. The reliability of
the kappa value was interpreted according to Landis and
Koch (Fig. 2) [17].

Results

The most often reported mechanism of injury was hyper-
dorsiflexion of the foot (81 %); further information on the
mechanism of injury was not available. The pain level at
rest was a mean of 3.0 + 2.0 (range 0-8), compared to a
mean pain level of 6.4 &+ 2.2 (range 1-10) during weight
bearing. The mean circumference of injured ankles was
27.5 £+ 2.5 cm. There was no significant increase com-
pared to the uninjured side (mean 26.0 + 2.6 cm) (n.s.)
(Table 1).

MRI findings

AITFL lesions (9 partial tears, 5 complete tears) accounted
for 15 % of injuries (14 patients). PITFL was partially rup-
tured in one case—with complete rupture of the AITFL at
the same time. PITFL oedema was observed in 27 cases.
No complete tear or isolated injury of the PITFL was found
(Table 2).

MRI revealed three osteochondral lesions and five frac-
tures (two of the medial malleolus, one of the posterior
aspect of the distal tibia, and two bony avulsions) that had
not been detected in the plane radiographs; the surround-
ing bone marrow oedema indicated that these lesions were
acute. Two of these occult fractures were associated with a
complete tear and one with a partial tear of the AITFL. An
increase in concomitant ankle injuries was documented in
patients with syndesmotic lesions (21.4 % in patients with
SIvs. 6.1 % in patients without SI, n.s.).

Clinical examination

A syndesmotic injury was diagnosed in seven patients by
both examiners. However, this clinical diagnosis was sup-
ported in only two cases by MRI. Another SI was correctly
predicted by only one examiner. Twelve partial or complete
tears of the AITFL were not detected by clinical exami-
nation alone. For the palpation tests, the best agreement
between the examiners was calculated for direct palpation
over the proximal fibula (PF), with a kappa of 0.652, the
worst with a kappa of 0.391 for palpation over the anterior
talo-fibular ligament (ATFL). All clinical tests claimed to
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Fig. 2 Kappa coefficients for Kappa
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Table 1 Patients data detect syndesmotic injuries showed poor inter-rater agree-
=96 ments (Table 3).
There were no significant differences between patients
Age 326 £102years  with and without SI in ability to walk, active range of
Gender motion, ankle dorsiflexion, ankle flexion (pronation and
Female 41 (43 %) supination), or circumference (injured minus uninjured
Male 55 (57 %) ankle). However, mean pain levels at rest were significantly
Circumference greater in patients with (3.9 £ 2.5 [VAS]) than without ST
Affected ankle 275+ 25cm (2.8 £ 1.8; p = 0.039).
Unconcerned ankle 26.0 = 2.6 cm
Pain Sensitivity, specificity, and predictive value
At rest (VAS 0-10) 3.0+20
Under weight-bearing (VAS 0-10) 64+22 The highest sensitivity to diagnose an injured AITFL was
Walking ability 79 % found for straight palpation over the anterior fibulotalar lig-
ROM ¢ motion. VAS visual anal ; ament (0.778), but the specificity was low (0.271), as this
range of moton, visual anafogue scate test examines a different ligament. Of the tests that had pre-
viously been described as being capable of detecting syn-
Table 2 MRI findings desmotic injuries, the external rotation test had the highest
AITFL PITFL sensitivity (0.556) (Table 4). Presence of pain at rest was
found to be the most accurate predictor of SI (p = 0.039).
Intact 35 68
Oedema 47 27
Partial tear Discussion
Complete tear 5 0

AITFL anterior inferior tibiofibular ligament, PITFL posterior inferior
tibiofibular ligament

The most important finding of the present study was that
MRI revealed not only many syndesmotic injuries but also
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Table 3 Physical examination

n Agree Disagree K
+/+ —/—= + F

Palpation

AITFL 96 37 40 7 12 0.605

PF 96 3 90 3 0.652

DL 96 24 57 7 0.646

ATFL 96 63 12 9 12 0.391

CFL 96 39 31 14 12 0.455
Squeeze test 96 29 41 14 12 0.450
External rotation test 96 33 33 19 11 0.399
Drawer test 96 24 43 13 16 0.366
Cotton test 96 21 55 10 10 0.524
Crossed-leg test 96 74 10 0.440
Rating 96 81 4 0.626

AITFL anterior inferior tibiofibular ligament, PF proximal fibula, DL deltoid ligament, ATFL anterior talo-
fibular ligament, CFL calcaneo-fibular ligament

Table 4 Sensitivity and specificity

Sensitivity ~ Specificity PPV NPV

Palpation
AITFL 0.417 0.525 0.341  0.596
PF 0.077 0.939 0.167  0.867
DL 0.333 0.695 0.387  0.631
ATFL 0.778 0.271 0.389  0.667
CFL 0.611 0.475 0415 0.674
Squeeze test 0.444 0.559 0.372  0.623
External rotation test ~ 0.556 0.475 0.385  0.636
Drawer test 0.444 0.678 0.444  0.667
Cotton test 0.306 0.678 0.355  0.615
Crossed-leg test 0.139 0.831 0.333  0.613

PPV positive predictive value, NPV negative predictive value, AITFL
anterior inferior tibiofibular ligament, PF proximal fibula, DL deltoid
ligament, ATFL anterior talo-fibular ligament, CFL calcaneo-fibular
ligament

concomitant lesions to the bony structures directly after a
simple ankle sprain.

Our findings suggest that common clinical tests exhibit
insufficient diagnostic accuracy. Neither a single test nor
(as suggested by Sman et al. [31]) a combination of two
different tests reached sufficient sensitivity or specificity to
diagnose a syndesmotic injury.

In the current study, 3 T MRI was by far more reliable
in the diagnosis of SI than clinical examination or plane
radiographs. A major advantage is its non-invasiveness,
particularly when compared with ankle arthroscopy.

The inter-rater reliability for all clinical tests was found
to be moderate and for the palpation tests even substan-
tial. According to Alonso and Beumer, good inter-rater
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reliability was only found with the external rotation stress
test, whereas the squeeze or the Cotton test was associated
with only fair-to-poor reliability [1, 2]. Interestingly, the
positive predictive values for all tests were low, whereas the
negative predictive values of all tests were high. Although
each single test appears to be inappropriate as a useful tool
in the diagnosis of syndesmotic lesions, using multiple tests
may be a reliable tool to exclude SI. In other words, if sev-
eral tests are negative, syndesmosis injury will be unlikely.
The best predicted diagnostic accuracy of syndesmotic rup-
ture was calculated for pain at rest; this reveals the impor-
tance of pain in the diagnosis of SI and is supported by
the observation of Sman et al. [31], who found the highest
diagnostic accuracy for pain, although they described it as
pain out of proportion to the injury.

The circumference of the affected ankle was only mod-
erately increased in our study; this is line with observations
that, in the acute stage of high ankle sprains, the typical
swelling in the region of the anterior inferior tibiofibular
ligament is often missing [21, 22]. Therefore, clinicians
should be aware that they might underdiagnose the ankle
trauma by missing a considerable swelling.

A total of fourteen patients (15 %) showed total or par-
tial rupture of the AITFL in the MRI. This is in line with
data from other studies [3, 8, 9, 14, 30]. There was a high
frequency of peri-, intraligamentous oedema in both the
anterior (49 %) and the posterior (28 %) tibiofibular liga-
ments. This indicates that, even in simple ankle sprains, the
syndesmotic ligaments are considerably stressed. This may
explain the heterogeneous duration of healing processes in
ankle sprains [16, 37].

The predominance of AITFL lesions in syndesmotic
injuries is in good agreement with recent studies. This
may be explained by the primary trauma mechanism of
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dorsiflexion combined with an external rotational com-
ponent [5, 26, 32]. In the present study, 81 % of the study
participants only remembered hyperdorsiflexion as trauma
mechanism. The detailed foot positioning during the injury
could not be described by the patients, and information
from witnesses was lacking. It may be a limitation of the
present study, but it may be also an indication that ques-
tioning the patient about the trauma mechanism is an insuf-
ficient diagnostic tool.

In 8.3 % of the cases, MRI additionally revealed body
lesions (three osteochondral lesions and five fractures) that
would have been missed in conventional radiography alone.
In 21.4 % of the cases with SI, an additional fracture was
diagnosed. These findings are consistent with previous
reports [4, 5, 37]. The increased frequency of associated
lesions in acute ankle sprains and their heterogeneity may
explain the different courses of recovery from such inju-
ries. MRI may therefore be helpful in detecting not only
syndesmotic injuries, but also associated osteochondral
lesions in acute ankle sprains with normal findings on plane
radiographs.

Precise diagnosis of acute ankle sprains is mandatory
for adequate treatment. Incorrect treatment in undiagnosed
syndesmotic injuries may lead to subsequent development
of joint instability, chronic pain, and degenerative changes
[29].

This study has several limitations. All patients were
independently examined by a senior consultant and a resi-
dent doctor; the clinical skills of these physicians should
theoretically be different, which might have introduced a
bias in the inter-observer reliability assessment. Additional
weight-bearing radiographs that might have increased sen-
sitivity were not carried out [7]. Interestingly, current data
suggest that this method may be of questionable useful-
ness [18, 19]. These measurements are often limited by
pain and extremity rotation, particularly immediately after
injury. Therefore, weight-bearing radiographs are recom-
mended to be made a couple of days after injury, as soon
as patients tolerate bearing weight. According to our study
protocol, patients received their MRI within 24 h after
injury. Apart from a possible scientific benefit, additional
radiographs taken a couple of days later likely would not
have revealed any new, clinically relevant information for
our study patients. On the other hand, they would have
been exposed to additional radiation and possibly pain,
which is why we decided against this examination.

Furthermore, a uniform classification system for SI
without associated fractures is still missing. It may help
to estimate the clinical significance of the different sever-
ity of ligament injuries detected using MRI. Future studies
should focus on the development of such a grading system.

The results of this study have influenced the diagnostic
and therapeutic regime in our clinic: In ankle sprains with

high pain levels at rest, we now routinely recommend per-
forming an additional MRI. In cases of partial AITFL tears,
we treat with partial weight bearing using a walker. In
patients with complete tears, we recommend surgical treat-
ment, particularly in young and active patients.

Conclusion

This is the first single-centre study that has investigated
reliability and accuracy of clinical tests for the diagno-
sis of syndesmotic injury in ankle sprains using MRI as a
reference standard. The diagnostic accuracy of the clinical
presentation and the common clinical diagnostic tests were
insufficient to reliably detect syndesmotic injuries within
24 h post-injury. MRI revealed not only many syndesmotic
injuries but also concomitant lesions to the bony structures
directly after a simple ankle sprain. MRI scanning should
be recommended in patients with ongoing pain at rest fol-
lowing ankle sprains.
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