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Background: Syndesmosis injuries are often more serious than an injury to the lateral ligament
complex of the ankle, with double the recovery time, chronic discomfort and joint instability.
Although magnetic resonance imaging (MRI) is considered as the best imaging modality to
assess the integrity of the syndesmotic ligamentous complex and clear space, a dynamic
ultrasound evaluation may provide an alternative imaging option worthy of exploring.

Aim: The aim of this article is to compare the sensitivity and specificity of musculoskeletal
ultrasound and MR, in the diagnosis of syndesmosis pathology, with surgical findings as the
reference point.

Method: MRI was performed on 114 participants presenting with pain over the lateral aspect
of the ankle after injury. This was followed by a dynamic ultrasound examination during
which the anterior tibiofibular ligament (ATiFL) was assessed for continuity, contour and
haematoma. The tibiofibular clear space was measured with the ankle in a neutral position,
followed by internal and external rotation.

Results: The Fisher’s exact test was used to determine non-random associations between
variables and compute statistical significance (p < 0.05). Ultrasound achieved a sensitivity of
86.3%, specificity of 97% with a false-positive rate of 3%. The sensitivity of MRI is similar to
that of ultrasound (86%) with a specificity of 100%.

Conclusion: Although both imaging tests performed very well, MRI was slightly better at
excluding pathology while both tests performed equally in demonstrating pathology. As a
simple, inexpensive and reproducible test, dynamic ultrasound can thus be considered as an
alternative to MRI in acute ankle pathology.

Background

Magnetic resonance imaging (MRI) is currently considered to be the best imaging modality for the
diagnosis of acute soft tissue and intra-articular ankle pathology. In contrast, musculoskeletal
(MSK) ultrasound is a rapidly evolving speciality which is playing a major role in the diagnosis
and management of soft tissue injuries, especially in sports medicine.! Continuous technological
advances in ultrasound imaging have enabled the detection of previously imperceptible soft
tissue pathology and ligamentous structures with great clarity.! Most importantly, ultrasound
facilitates dynamic real-time imaging of MSK structures, during which the patient is able to guide
the sonographer to the point of maximum tenderness, allowing for a thorough examination of the
area of concern.?

Once ligaments have been seriously or permanently damaged, they are unable to stabilise the
joint and protect it from excessive motion. The syndesmotic ligamentous complex plays a
significant role in the stabilisation of the ankle joint (Figure 1)°. The function of these ligaments is
to secure the tibia and fibula close together in order to prevent abnormal widening of the ankle
mortise. Although the anterior tibiofibular ligament (ATiFL) is the main structure in preventing
excessive movement of the fibula and external rotation of the talus, it is also the most vulnerable
to syndesmotic ankle sprains*3¢ Syndesmotic injuries involve disruption of the ligamentous
structures between the distal fibula and tibia. Rupture of the ATiFL will, thus, result in instability
of the ankle mortise, demonstrated as widening of the tibiofibular clear space (Figures 2 and 3)%"
which predisposes to chronic dysfunction.*”
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FIGURE 1: Anatomical dissection of the lateral ankle ligaments: (1) Lateral
malleolus; (2) Tibia; (3) Anterior tibiofibular ligament; (4) Interosseous membrane;
(5) Calcaneofibular ligament; (6) Anterior articular surface of the talus; (7) Medial
malleolus; (8) Medial collateral ligament; (9) Dorsal talonavicular ligament.

The tibiofibular clear space represents the distance between
the lateral border of the posterior tibial prominence and the
medial border of the distal fibula. Likewise, the tibiofibular
overlap indicates the maximum distance between the antero-
lateral border of the distal tibial prominence and the medial
border of the distal fibula. When measured 1 cm above the
tibial plafond, the normal tibiofibular clear space should be
< 6 mm while the normal tibiofibular overlap is > 1 mm for
the mortise view (Figures 2 and 3).891

Table 1 summarises the radiographic criteria for the diagnosis
of a syndesmosis injury."

The severity of syndesmosis injuries ranges from simple
isolated sprains to more complex ligamentous injuries with
associated fractures.® An injury to the syndesmosis is,
therefore, usually more serious than an injury to the lateral
ligament complex of the ankle with double the recovery time.
Syndesmotic injuries are also more prone to chronic
discomfort and instability; as such injuries result in diastasis
and abnormal joint motion.? It is, however, difficult to
recognise syndesmotic injuries in the absence of a fracture or
diastasis and, hence, high ankle sprains can easily go
undiagnosed. Despite controversy regarding the appropriate
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FIGURE 2: Diagram demonstrating the tibiofibular clear space and overlap: The
clear space is the distance between: (1) the medial border of the distal fibula
and (2) the lateral border of the posterior tibial prominence, measured 1 cm
above the tibial plafond.

treatment of syndesmotic injuries, options should be
considered with caution as treatment will determine the
functional outcome of the patient.”

Asimple, fast, yet reliable diagnostic imaging test is, therefore,
desirable to assess the integrity of the distal tibiofibular
syndesmosis. Although superficial soft tissue structures can
now be imaged with great clarity, ultrasound is still only
occasionally regarded as the imaging modality of choice
because of referring specialists’ personal preferences and
non-availability of qualified sonographers with expertise in
MSK ultrasound.™ Until recently, there was paucity in the
literature regarding the ability of high-frequency ultrasound
to determine acute syndesmosis pathology accurately.'’®
The evolution of MSK ultrasound, therefore, sparked the
evaluation of MSK ultrasound’s diagnostic ability to accurately
determine syndesmosis injury when compared with MRI and
surgical findings. Consequently, the aim of this article is to
compare the sensitivity and specificity of MSK ultrasound
and MRI to demonstrate acute pathology of the syndesmotic
ligamentous complex, with surgical findings as the reference
point, and correlate our findings with recent literature.

Methods

MRI examinations were performed using a 3-Tesla magnet
(Intera, Phillips Medical Systems) with a 20 cm wrap
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FIGURE 3: X-ray of a (a) normal ankle and (b) an injured ankle with a distal fibular fracture presenting with no tibiofibular overlap and an increased tibiofibular clear space.

TABLE 1: Syndesmotic injury imaging criteria.

Radiographic finding View Measured at Normal parameters

Tibiofibular clear space A/P 1 cm above the tibial plafond < 6 mm or < 44% of the fibular width

Tibiofibular overlap A/P 1 cm above the tibial plafond > 6 mm or > 24% of the fibular width
Mortise - >1mm

Medial clear space Mortise At the level of the talar dome >4 mm or >2 mm than uninvolved side

around ankle and/or foot coil. The injured foot was placed
in a fixed neutral position and steadied with Velcro straps.
T1- and T2-weighted images were obtained in the axial,
coronal and sagittal planes. A field of view of 10 cm was
used with a slice thickness of 4 mm on the axial image
plane and 3 mm for the sagittal and coronal planes. A
bandwidth of 20 kHz, and 224 x 224 matrix were used for
all sequences. The MRI sequences were as follows: sagittal,
T1-weighted, spin-echo [500 ms — 600 ms repetition time
(TR), 12 ms — 17 ms echo time (TE)], proton density (2000
ms TR/15 ms TE) and fat-suppressed T2-weighted, fast
spin-echo (3000 ms — 4000 ms TR/60 ms TE). The total
acquisition time was approximately 20 min — 30 min.
However, if sub-optimal images were obtained with the
standard protocol, an additional sequence was performed
to ensure optimal visualisation of the ATiFL in its entire
length. For this sequence, the ankle was positioned at 45°
inversion. MR images were reported with the aid of a
standardised template allowing comment on the ATiFL
and syndesmosis.

The wultrasound examination was performed at no
additional cost to the patient. Both ankles were examined for
comparative purposes, using a Toshiba Aplio 500 ultrasound
unit boasting a high resolution, multi-frequency (7 MHz -
15 MHz) linear transducer. Ultrasound examinations were,
likewise, performed according to a set protocol allowing
optimal visualisation of anatomical structures.’® The patient
was seated on the examination table with the knee in 90°
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FIGURE 4: Foot placed on the ultrasound bed in the neutral position.

flexion and the plantar aspect of the foot in full contact with
the table (Figure 4).

The transducer was placed transversely over the lateral
aspect of the foot approximately 1 cm proximal to the ankle
joint where the ligament is the thickest, while the posterior
aspect of the transducer was placed just distal to the lateral
malleolus. The squeeze test was performed during real-time
imaging by pressing the tibia and fibula towards each other
at the level of the mid-calf. With a syndesmosis injury, this
manoeuvre elicits pain distally at the level of the distal
tibiofibular syndesmosis."” In order to evaluate the ATiFL for
continuity, contour and haematoma formation, the anterior
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aspect of the transducer was rotated cranially and obliquely
until the distal fibula and ATiFL were visible (Figure 5).

Images of the anatomical landmarks of the syndesmosis were
obtained with the foot in neutral position (Figure 4) as well as
in internal rotation. The cine loop facility enabled scroll back
of the last frames to identify the image which demonstrated
the maximum clear space distance. The tibiofibular clear
space was measured at the deep border of the ligament, from
the distal aspect of the fibula to the bony surface of the tibia,
over the antero-lateral aspect of the ankle (Figure 6).

Subsequently, the patient was requested to press the heel
towards the bed and to dorsiflex the foot as much as possible
in order to best stabilise the ankle. Thereafter, the patient was
asked to place the foot in maximum external rotation with
the knees close together, while maintaining 90° knee flexion
(Figure 7).

Fibula

FIGURE 5: The distal aspect of the fibula is demonstrated as the bony element
on the left and the tibia is demonstrated as the bony element on the right. Note
the intact fibres of the anterior tibiofibular ligament as indicated by the thin
white arrows.

NEUTRAL POSITION

FIGURE 6: Distal tibiofibular clear space measurement (A) with the foot in a
neutral position (5.2 mm).
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Additional force was then applied to further externally rotate
the foot, thus achieving forced eversion. The clear space
measurement was repeated with the foot in dorsiflexion and
forced external rotation (Figures 8 and 9). '

Statistical analysis

Data analysis was conducted using SPSS version
22 software. Descriptive statistics employed frequency
tables to describe the sample while cross tabulations were
employed to present inferential statistics and effect sizes.
The Fisher’s exact test was used to determine non-random
associations between two categorical variables and analyse
statistical significance in a small sample size (p < 0.05),
while the Phi test was used as a post-test to determine
the effect size with a value between 0 and 1. The Kappa’'s
measure of agreement calculated the interrater reliability
between the different variables, and sensitivity and
specificity were subsequently determined and displayed as
a ROC curve.

FIGURE 7: Foot placed in dorsiflexion for the tibiofibular clear space
measurements with the transducer placed in a longitudinal oblique section at
the level of the anterior tibiofibular ligament.

EVERSION (FORCED)

FIGURE 8: Clear space measurement with the foot in forced external rotation
(6.2 mm). Widening of the tibiofibular clear space is demonstrated with forced
eversion.
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FIGURE 9: (a) Dynamic evaluation of an injured anterior tibiofibular ligament with a clear space measurement of 6 mm in neutral (N), (b) 4.2 mm in internal rotation (IR)
and (c) 9.3 mm in external rotation (ER). The haematoma accompanying the injury is easily seen in the ER position (yellow arrow).

Results

Biographical characteristics of the sample are summarised in
Tables 2 and 3.

From a total of 114 participants, 58% were female and 42%
were male, while 52% presented with a right ankle injury.
The age of the participants varied from 11 to 69 years with a
mean of 33.8 years. The mechanism of injury was eversion for
a single (1%) participant. Ecchymosis and subcutaneous soft
tissue oedema was noted in 97% of the cases while ultrasound
revealed a joint effusion in the anterior joint space in 82%
of the cases. Avulsion fractures were incidentally detected
in 12 (11%) participants and injury to the calcaneofibular
ligament (CFL) was noted in 32% of the participants.

Table 4 demonstrates the sonographic evaluation of the
tibiofibular clear space with the foot placed in different
positions.

The mean clear space measurement in injured ankles
(5.7 mm) increased in external rotation (ER) with a mean of
1 mm when stress was applied. In contrast, the mean clear
space measurement in non-injured ankles was 5.3 mm, with
a mean increase of 0.6 mm with stress.

In Table 5, a comparison is made between MSK ultrasound,
MRI and surgical findings.

Table 5 demonstrates that MRI classified 70 syndesmoses as
normal and 44 as abnormal while surgery confirmed that
63 patients had a normal syndesmosis with 51 being injured.
MRI, therefore, missed seven syndesmosis injuries. With
p = <0.00 (Fisher’s Exact) and a Kappa value of 0.874, there is
a statistically significant difference with a large association
between MRI and surgical findings, with the null hypothesis
being rejected.

Ultrasound classified 68 participants as normal and 46 as
abnormal. Ultrasound, therefore, missed five syndesmosis
injuries and classified two normal syndesmoses as
pathological. With p < 0.00, a Phi value of 0.842 and a Kappa
measure of agreement of 0.839, a statistically significant
result was obtained with a large association.

A good diagnostic test demonstrates small false-positive
and false-negative rates across a range of cut off values.

http://www.sajr.org.za . Open Access

TABLE 2: Characteristics of the study population presented as frequencies and
percentages.

Variable N Total (V) %
Gender
Female 66 114 57.9
Male 48 42.1
Injured side
Right 59 114 51.8
Left 55 48.2
Mechanism of injury
Inversion 113 114 99.1
Eversion 1 0.9

Soft tissue oedema

Yes 111 114 97.4

No 3 2.6
Joint effusion detected with ultrasound

Yes 93 114 81.6

No 21 18.4
Ecchymosis

Yes 111 114 97.4

No 3 2.6
Calcaneofibular ligament injury detected

Yes 36 114 31.6

No 78 68.4

It is ideal when the ROC curve displays a rapid climb
towards the upper left hand corner of the graph. The ROC
curve in Figure 10 illustrates the sensitivity and specificity of
MSK ultrasound and MRI findings when compared with
surgical results. Although both tests rendered good results,
the false-positive rate for ultrasound is minimally (3%)
higher than that obtained from MRI while the false-negative
rate for both tests was 13.7%.

Ethical considerations

A quota non-probability sampling method was employed
in this comparative descriptive study by recruiting
participants from a population of patients with acute
ankle injuries. This rigorous form of sampling ensured
representativeness of the population by inviting all
injured patients who presented with pain over the lateral
aspect of the ankle, and had been referred for an MRI,
to participate in the study. Participation was voluntary
and after an explanation of the study purpose, all
participants provided written consent. Approval for the
study was obtained from the Higher Degrees and
Research Ethics Committees of the Faculty of Health
Sciences, University of Johannesburg (HDC47-01-2012)
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TABLE 3: Characteristics of the study population presented as ranges and means.

Variables Range (minimum) Range (maximum) Median Mean Standard deviation
Age 11 69 35.50 33.81 14.811
Injury frequency 1 7 2.00 2.08 1.040
Number of hours from injury to ultrasound 6 168 24 31.01 21.930
Number of hours from injury to surgery 12 181 48 49.68 28.355
TABLE 4: Ultrasound measurements of the tibiofibular clear space in millimetres.
Ankle Position of the foot Mean Median Standard deviation Minimum Maximum
Injured Normal anatomical position 5.739 5.600 0.5656 5.0 8.5
Internal rotation 5.574 5.400 5.487 4.8 8.1
External rotation 6.732 6.050 1.2309 5.3 11.0
Normal Normal anatomical position 5.344 5.400 0.3617 4.8 8.0
Internal rotation 5.208 5.200 0.3232 4.6 7.5
External rotation 5.923 5.800 0.6499 5.0 8.8
TABLE 5: Magnetic resonance imaging and ultrasound compared to surgical findings (n = 114).
Finding Variable Normal true - Injured true + False - False + p
MRI classification versus 7 70 44 7 0 0.000
surgery % 100 86.3 13.7 0 -
Phi - - - - 0.881
Kappa measure of agreement - - - - 0.874
Positive predictive value - - - - 100%
Negative predictive value - - - - 90%
Ultrasound classification n 68 46 5 2 0.000
versus surgery % 97 86.3 13.7 3 _
Phi - - - - 0.842
Kappa measure of agreement - - - - 0.839
Positive predictive value - - - - 96%
Negative predictive value - - - - 90%
Surgical findings - 63 51 - - -
Source of the Curve and the Ethics Committee of the hospital group where the
——— MRI examination of the study was conducted (UNIV—2013-0001)
syndesmosis
——— Ultrasound examination of
P Discussion
researcher)
Reference Line The purpose of this study was to confirm the ability of MSK
ROC Curve ultrasound to accurately diagnose acute injury to the ankle
1.0 + syndesmosis when compared with MRI and ultimately
surgical results. MRI is currently regarded as the imaging
- modality of choice because of the comprehensive evaluation
0.8 4 of intra-articular structures, bony and osteochondral lesions,
ligament and tendon pathology and synovitis. Furthermore,
it facilitates grading of a ligamentous injury according to
06 severity.! Surgical findings are, however, considered as the
Z diagnostic gold standard, given the direct visualisation of the
;é anatomical structures.!
3
044 When ultrasound and MRI findings were compared, a
dissimilarity was found in 12 participants. The divergence
was cleared through comparison with the surgical findings,
0.2 4 with MRI achieving a marginally better score than ultrasound
in the identification of true negative findings. A negligible
difference of 3% was recorded between the sensitivity and
0.0 . . . . . specificity values of MRI and ultrasound, respectively, with
0.0 0.2 0.4 0.6 0.8 10 MRI being better at excluding pathology and ultrasound
1 - Specificity being equal to MRI at demonstrating pathology.
Diagonal segments are produced by ties.

FIGURE 10: Sensitivity and specificity of MRI and ultrasound findings for
syndesmosis injuries.
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In this study, the mean normal tibiofibular clear space
measured N = 5.3 mm, IR = 5.2, ER = 5.9 while a mean of
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5.7 mm was recorded in injured ankles. This is significantly
larger than the mean measurements recorded for normal
ankles in an Israeli population (N = 3.7 mm, IR = 3.6 mm and
ER =4.0 mm)" in spite of their study sample being comparable
to ours in age. The authors concluded that a measurement of
5.06 mm obtained in a neutral position would represent two
standard deviations above the mean, suggestive of an
abnormal finding. This implies that the normal values for the
Israeli population cannot be generalised to a South African
population.

Dynamic ultrasound evaluation of the syndesmosis resulted
in a mean clear space widening of up to 1.0 mm with external
rotation (mean 0.6 mm) with no correlation between gender,
age, activity or height. The mean increase in anterior clear
space with stress application (ER-N) was found to be 0.3 mm
in the Israeli study, with a significantly wider clear space
opening in forced external rotation in females. This agrees
with the literature as female subjects tend to be more flexible
than males.’

Our study further demonstrated widening of the tibiofibular
clear space when the foot was in external rotation and
dorsiflexion, with a narrowing of the tibiofibular clear space
when the foot was in internal rotation and plantar flexion.
The maximum clear space measurement recorded in an
injured ankle, with the foot in external rotation, was 11 mm,
with a maximum of 8.8 mm recorded in non-injured ankles.
The findings of our study are, therefore, consistent with that
of Barchilon et al.,'” who reported that a syndesmotic injury
can be diagnosed confidently if there is a widening of the
tibiofibular clear space, especially with forced eversion.
Because the interosseous ligament plays a significant role in
the stabilisation of the subtalar joint, dissection of this
ligament results in a significant range of motion at the level of
the subtalar joint. Anderson et al. similarly argued that ‘a
syndesmosis which widens under dynamic stress can be
defined as unstable’, based on the normal range of ankle joint
motion that was demonstrated on cadavers before and after
sectioning of the ligamentous structures. It can, thus, be
concluded that rupture or dissection of the ligamentous
structures of the ankle leads to instability in anterior
translation along with rotational instability.’ Although injury
to the syndesmosis is confirmed with clear space widening,
care should be taken not to base the diagnosis solely on this
feature without taking the imaging classifications of a normal
ATIFL into consideration. Barchilon et al.'? further warn that
in the absence of an ankle fracture, the clear space can easily
be interpreted as normal. Only a few imaging modalities are
consequently suitable to confirm the suspicion of a
syndesmosis injury.

While this study provides useful information regarding the
width of the tibiofibular clear space in our local population
and, by implication, syndesmotic laxity, the main limitation
of the study is the failure to grade the severity of the injury
by only classifying findings as normal or abnormal.
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Conclusion

Although MRI is still considered to be the best imaging
modality for the diagnosis of soft tissue and intra-articular
ankle pathology, our study confirms that technological
advances in ultrasound have considerably increased its
diagnostic value and enable qualified health care professionals
to detect acute soft tissue pathology with equal clarity as
MRI. Ultrasound could, therefore, be considered as one of the
primary imaging modalities in the evaluation of the lateral
ankle ligament complex and syndesmosis.
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