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Abstract

Purpose Historically, syndesmosis injuries have been
underdiagnosed. The purpose of this study was to charac-
terize the 3.0-T MRI presentations of the distal tibiofibular
syndesmosis and its individual structures in both asympto-
matic and injured cohorts.

Methods Ten age-matched asymptomatic volunteers were
imaged to characterize the asymptomatic syndesmotic anat-
omy. A series of 21 consecutive patients with a pre-oper-
ative 3.0-T ankle MRI and subsequent arthroscopic evalu-
ation for suspected syndesmotic injury were reviewed and
analysed. Prospectively collected pre-operative MRI find-
ings were correlated with arthroscopy to assess diagnostic
accuracy [sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV)].

Results Pathology diagnosed on pre-operative MRI cor-
related strongly with arthroscopic findings. Syndesmotic
ligament disruption was prospectively diagnosed on MRI
with excellent sensitivity, specificity, PPV, NPV, and accu-
racy: anterior inferior tibiofibular ligament (87.5, 100, 100,
71.4,90.5 %); posterior inferior tibiofibular ligament (N/A,
95.2, 0.0, 100, 95.2 %); and interosseous tibiofibular liga-
ment (66.7, 86.7, 66.7, 86.7, 81.0 %).

Conclusions Pre-operative 3.0-T MRI demonstrated
excellent accuracy in the diagnosis of syndesmotic
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ligament tears and allowed for the visualization of relevant
individual syndesmosis structures. Using a standard clini-
cal ankle MRI protocol at 3.0-T, associated ligament inju-
ries could be readily identified. Clinical implementation
of optimal high-field MRI sequences in a standard clinical
ankle MRI exam can aid in the diagnosis of syndesmotic
injuries, augment pre-operative planning, and facilitate
anatomic repair by providing additional details regarding
the integrity of individual syndesmotic structures not dis-
cernible through physical examination and radiographic
assessments.

Level of evidence 11.

Keywords Syndesmosis ligament tears - Anatomy -
Magnetic resonance imaging (MRI) - Arthroscopy -
Diagnostics (sensitivity, specificity, NPV, PPV)

Introduction

The stability of the distal tibiofibular syndesmosis is con-
ferred by the bony congruencies of the distal tibia and
fibula and the ligaments of the syndesmosis including the
anterior inferior tibiofibular ligament (AITFL), posterior
inferior tibiofibular ligament (PITFL), and interosseous tib-
iofibular ligament (ITFL). Injuries to the distal tibiofibular
ligaments are less common than lateral ankle sprains; how-
ever, the post-injury recovery time has been reported to be
up to four times longer [7, 11, 19-21, 36]. If not accurately
diagnosed and properly managed, these injuries may lead
to post-traumatic arthritic changes and chondral defects
over time [30, 31, 46].

In clinical practice, the diagnosis of a syndesmosis
injury has centered around the injury mechanism, thorough
physical examination, and standard radiographic findings
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[including weight bearing views in the anteroposterior
(AP), mortise, and lateral projections, when tolerated] [20].
Physical examination sensitivity rarely exceeds 50 %, often
falling below 30 % in the general population [8, 13, 35,
37]. Heightened awareness has improved detection in the
elite athlete; however, data still suggest insufficient sensi-
tivity [21, 34, 45]. Furthermore, physical examination can
be inconclusive, limited by pain, or entirely unfeasible in
the presence of a concurrent distal fibular fracture [8, 35,
37]. Radiographic evaluation can be equally inconclusive
as standard and stress radiographic measurements are vari-
able and are significantly influenced by extremity rotation
[4, 14, 23, 26, 29, 33, 38, 39, 41]. As a consequence of
insufficiently sensitive diagnostic techniques, syndesmotic
injuries have been frequently underdiagnosed by current
clinical modalities [4, 5, 8, 13, 16, 23, 24, 26, 29, 33-35,
37,42, 44].

More recently, high-field magnetic resonance imag-
ing (MRI), particularly at 3.0-T, has improved ankle and
syndesmosis imaging compared with imaging at 1.5-T [2,
12]. The majority of current literature has evaluated the
MRI appearance of the syndesmosis in patient popula-
tions and cadaveric models at lower field strengths [6, 8,
13, 15-18, 22, 25, 27, 34, 39, 43]. Therefore, the purpose
of this study was to comprehensively characterize the MRI
presentation of the structures of the distal tibiofibular syn-
desmosis in both asymptomatic volunteers and an injured
patient cohort with the goal of evaluating and improving
diagnostic sensitivity and reliability of 3.0-T MRI. Addi-
tionally, the authors sought to compare the diagnostic
accuracy of 3.0-T MRI in evaluating the syndesmotic liga-
ments (AITFL, PITFL, ITFL), synovial recess, and tibio-
talar articular surfaces, compared to the gold standard of
ankle arthroscopy. This was performed in order to assess
the ability of MRI to accurately and reproducibly visualize
individual syndesmotic structures and diagnose clinically
relevant injuries.

Materials and methods

Between January 2010 and November 2013, 21 consecu-
tive patients (5 female and 16 male) with a mean age of
35 years (range 16-60 years) who underwent arthroscopi-
cally assisted surgery for ankle pathology and suspected
syndesmotic injury by a single senior foot and ankle fel-
lowship trained orthopaedic surgeon (TOC) were included
in the study. Patients with a suspected syndesmosis injury
based on the findings of physical examination, patient his-
tory, and standard radiographs were identified for initial
inclusion. Of these patients, those with a pre-operative
standard MRI at 3.0-T read by a single senior musculoskel-
etal radiologist (CPH) and subsequent ankle arthroscopy
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performed by a single senior foot and ankle fellowship
trained orthopaedic surgeon (TOC) were included in the
final analysis. All patients had a pre-operative MRI within
2 months of arthroscopic surgery, except for one patient
who had an MRI 4 months pre-operatively. No patients
meeting the criteria for inclusion had previous ankle sur-
gery requiring hardware implantation; therefore, a stand-
ardized scanning protocol could be implemented and inter-
preted without significant metal-induced artifact for all
included patients. Detailed pre-operative patient parameters
including the mechanism of injury, findings of the physical
and radiologic examination, and surgical indications can be
found in Table 1.

For evaluation of the normal anatomy of the syndes-
mosis, ten asymptomatic volunteers were prospectively
enrolled in the study. In order to parallel the included
patient population, sampled volunteers were between the
ages of 18-62 and distributed equally among three cohorts
(18-32, 33-47, and 48-62). Volunteers were deemed
asymptomatic by a self-administered subjective scoring
form [the Foot and Ankle Ability Measure (FAAM), Foot
and Ankle Disability Index (FADI), and the Tegner activ-
ity scale in addition to pain/swelling/stiffness/visual ana-
logue score], an objective clinical examination performed
by a foot and ankle fellowship trained orthopaedic surgeon
(TOC), and an MRI examination which was evaluated by a
senior musculoskeletal radiologist (CPH).

Magnetic resonance imaging

Following a thorough pre-operative physical examina-
tion, all patients underwent pre-operative MR imaging at
3.0-T (Verio, Siemens Medical Solutions, Erlangen, Ger-
many) using an eight-channel dedicated foot and ankle coil
(Invivo, Gainesville, FL, USA). Asymptomatic volunteers
underwent an identical protocol. Both patients and vol-
unteers were positioned supine for the MR examination.
Details of the scanning protocol can be found in Table 2.
Magnetic resonance imaging examination findings
including ligament tearing/sprain/scarring, tendon status
and pathology, syndesmosis status including diastasis and
synovitis, effusion, and chondral injury were prospectively
recorded pre-operatively and blinded to the results of sub-
sequent arthroscopy. The criteria for diagnosing ligament
tears included ligament discontinuity and/or non-visu-
alization of the ligament at the level of the tibial plafond.
When either or both of these criteria were observed on one
or more of the MR sequences, the injury was diagnosed as
a ligament disruption (tear). Ligament sprains and scarring
presented with irregular margins, increased intermediate
to high signal, and/or elongated ligament contour on MRI.
All asymptomatic volunteer scans were evaluated using the
same criteria in order to detect any signs of sub-clinical
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Table 1 continued

&

Radiographs

P/T CT ER SQ AD TT

Physical exam

Acute/chronic Indication(s) for surgery

M/F Age Injury mechanism

Springer

Unremarkable

N/A N/A —

+

+

Syndesmosis instability; anterior syn-
desmosis tear (MRI findings)

Chronic

Ankle sprain; high heels

47

F

Unremarkable

N/A N/A
N/A N/A N/A

J’_

+
+

Syndesmosis tear (MRI findings)

Acute

18  Ankle sprain; skiing
34

M

F

Oblique distal fibular fracture; talar

Bi-malleolar fracture; distal fibular frac-

Acute

Ankle sprain; fall

impaction; medial widening

ture; deltoid and syndesmosis tear (MRI

findings)

N/A N/A N/A N/A N/A N/A Obtained while in Ski boot; no evidence

Syndesmosis injury (MRI)

Acute

Ski race crash

22

of fracture

P/T palpation/tenderness, CT Cotton test, ER external rotation test, SO squeeze test, AD anterior drawer test, 77 talar tilt test, 4+ positive, — negative, &= equivocal, N/A not reported/performed, X

exam limited by pain/fracture

pathology. The asymptomatic volunteer scans were used to
characterize the normal syndesmosis appearance.

Arthroscopic data

Due to the standard of care, the surgeon was not blinded to
the results of MRI. All patients underwent arthroscopic sur-
gery with standard anterolateral and anteromedial portals.
The AITFL was well visualized through the anteromedial
portal and could be evaluated along its entire intra-articular
course. The PITFL was well visualized through both por-
tals and could be reliably evaluated for mid-substance tear-
ing. The ITFL was not consistently visualized although its
integrity could be assessed secondarily by probing the dis-
tal tibiofibular articulation with a small elevator or a stand-
ard arthroscopic probe for diastasis or widening. The crite-
ria for determining incompetence of the syndesmosis were
frank diastasis or the ability to produce diastasis with surgi-
cal instruments as described above. Cartilage surfaces were
probed arthroscopically, and defects were documented
using a calibrated probe to assess cartilage integrity. The
International Cartilage Repair Society (ICRS) grade, size,
and anatomic location of the defects were recorded on a
standardized form immediately following the procedure.
When indicated, syndesmotic instability was treated with
two divergently placed suture-button fixation devices con-
sisting of ultra-high molecular weight polyethylene (UHM-
WPE) and polyester braided suture tensioned and fixated
between two metallic cortical surgical buttons (Tight-
Rope®, Arthrex Inc., Naples, FL). If concurrent fractures
were fixed (other than a Maisonneuve-type proximal fibu-
lar fracture), a single suture-button construct was utilized.
The AITFL was directly repaired when possible (12/21
cases) with #1 or #0 Vicryl suture. Concomitant injuries
and their surgical treatment were also recorded at the time
of the operation. The collection and use of all volunteer
and patient data were approved by the Vail Valley Medical
Center Institutional Review Board (VVMC IRB).

Imaging and statistical analysis

Ten asymptomatic volunteers were evaluated with 3.0-T
MRI. The MRI appearance of the normal syndesmosis was
described, and the optimal MRI sequencing images and
imaging planes for viewing each structure of the syndes-
mosis were identified.

All pre-operative MRI data and intraoperative data were
collected prospectively and retrospectively reviewed in the
21 symptomatic patients. Arthroscopy was considered the
diagnostic gold standard [23, 39, 40]. Structures not oth-
erwise described in reports were deemed normal or intact.
Sensitivity, specificity, positive predictive values (PPV),
negative predictive values (NPV), and accuracy of MRI
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Table 2 Parameters of the imaging sequences used in the study

Sequence PD TSE cor T2W TSE ax PD TSE sag PD TSE FS sag PD TSE FS ax PD TSE ES cor
Repetition time (ms) 4,340 3,970 2,620 2,570 3,730 4,660

Echo time (ms) 36 111 35 43 43 43

Field of view (mm) 120 120 120 120 120 120

Matrix 384 x 288 320 x 256 384 x 288 320 x 256 320 x 256 320 x 256
Voxel size (mm) 0.4 x 0.35 x 3.0 0.5 x 04 x 3.0 0.4 x 0.3 x 3.0 0.5 x 04 x 3.0 0.5 x 04 x 3.0 0.5 x 04 x 3.0
Slice thickness (%) 3 3 3 3 3 3

Distance factor (%) 10 % 20 % 10 % 10 % 20 % 10 %

Number of slices 40 32 23 23 32 30

Echo trains/slice 36 13 64 32 16 16

Turbo factor 8 21 9 8 8 8

Examination time 2:42 1:53 2:52 2:51 2:08 2:40

MR parameters for quantitative and morphological imaging

PD TSE Proton Density Turbo Spin Echo, Cor coronal, 72W TSE T2 Weighted Turbo Spin Echo, Ax axial, Sag sagittal, PD TSE FS Proton Density

Turbo Spin Echo Fat Suppressed

Table 3 Individual syndesmotic structures and optimal MRI
sequence(s)

Structure MRI sequence(s)*

AITFL Axial (PD TSE FS, T2W)
PITFL Axial (PD TSE FS, T2W)
ITFL Axial (PD TSE FS, T2W)

Synovial recess Coronal (PD TSE FS, PD TSE)
Sagittal (PD TSE FS, PD TSE)
Coronal (PD TSE FS, PD TSE)
Coronal (PD TSE FS, PD TSE)
Coronal (PD TSE FS, PD TSE)

Sagittal (PD TSE FS, PD TSE)

Tibial cartilage
Fibular cartilage

Talar cartilage

AITFL anterior inferior tibiofibular ligament, PITFL posterior inferior
tibiofibular ligament, /TFL interosseous tibiofibular ligament

% Sequence(s) with best visualization of individually specified struc-
tures; PD TSE FS, Proton Density Turbo Spin Echo Fat Suppressed;
T2W, T2 weighted; PD TSE, Proton Density Turbo Spin Echo

were calculated for the diagnoses of syndesmotic ligament
tears, synovial recess pathology, and articular cartilage
defects. Concurrent injuries to other ankle structures were
recorded during analysis and reported.

Results
Asymptomatic cohort

The optimal MRI sequence and imaging plane to evaluate
each syndesmotic structure are presented in Table 3. Mag-
netic resonance imaging demonstrated the asymptomatic
anatomy at 3.0-T for all syndesmotic structures of inter-
est in the asymptomatic cohort and can be appreciated in

Figs. 1, 2 and 3. Because the asymptomatic cohort did not
undergo arthroscopy, diagnostic accuracy data could not be
calculated.

Anterior inferior tibiofibular ligament (AITFL)

In the asymptomatic cohort, the AITFL was trapezoidal in
shape, coursing distally and laterally from its tibial origin
at the anterolateral (Tillaux-Chaput) tubercle to its inser-
tion on the anteromedial (Wagstaffe) tubercle of the fibula.
In the patient cohort, the AITFL was the most commonly
injured of the syndesmotic ligaments (Table 4; Fig. 4).
Tears of the AITFL were diagnosed with the greatest sen-
sitivity and PPV of any syndesmotic ligament disruption
with values of 87.5 and 100 %, respectively (Table 5).

Posterior inferior tibiofibular ligament (PITFL)

The trapezoidal PITFL was composed of both the super-
ficial and deep transverse constituents [1, 9]. The superfi-
cial portion originated from the posterolateral (Volkmann)
tubercle of the tibia, mirroring the AITFL, coursing distally
and laterally to its attachment on the posterior aspect of the
fibula. In the axial plane, the fibular insertion of the superfi-
cial PITFL was medial to the course of the peroneus longus
and brevis tendons along the posterior aspect of the fibula.
The deep portion of the PITFL, also referred to as the infe-
rior transverse tibiofibular ligament, originated further
medially along the tibial plafond and inserted on the fibula
anterior and distal to the superficial fibres [1, 9].

No complete tears of the PITFL were observed arthro-
scopically (Table 4; Fig. 4). Pre-operative MRI diagnosed
one false-positive PITFL tear. Incomplete and/or non-
displaced posterior malleolus/tibial avulsion of the PITFL

@ Springer
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Fig. 1 The MRI appearance of
the anterior inferior tibiofibular
ligament (AITFL, fop) and
posterior inferior tibiofibular
ligament (PITFL, bottom) on
Proton Density Turbo Spin
Echo Fat Suppressed (PD TSE
FS, left) and T2 weighted (T2W,
right) axial sequences of a left
ankle. Arrows indicate the loca-
tion of the structure of interest

was also noted. Quantitative descriptors demonstrated the
ability of MRI to distinguish between ligament ruptures
and inflammation with a specificity of 95.2 % and NPV of
100 % for PITFL tears (Table 5). Additionally, due to its
frequently observed intact state, it often served as a repro-
ducible reference for other syndesmotic structures.

Interosseous tibiofibular ligament (ITFL)

The ITFL presented as a pyramidal fibrous network with
its base beginning approximately 1-2 cm above the tibial
plafond at the superior border of the synovial recess. It then
narrowed in a pyramidal fashion as it filled the incisura
fibularis tibiae (fibular notch) proximally, terminating as it
transitioned into the distal interosseous membrane.

@ Springer

Interosseous ligament pathology was a relatively com-
mon finding on MRI and during arthroscopy (Table 4;
Fig. 4). Tears were recognized with relatively good diag-
nostic sensitivity (66.7 %), which was only exceeded by the
sensitivity of AITFL tears for ligament pathology (Table 5).

Synovial recess

The synovial recess originated at the tibial plafond and
extended proximally to the distal margin of the ITFL
(Fig. 2). Along the anterior border of the syndesmosis, the
cartilage-covered facets of both the tibia and fibula were
best visualized in the coronal sequences (Table 3; Fig. 3).
The tibial and fibular articulating surfaces (contact zones)
were confined to approximately the anterior quarter of the
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Fig. 2 The MRI appearance

of the asymptomatic synovial
recess in a right ankle (mild sig-
nal increase). Synovial fluid was
visible on Proton Density Turbo
Spin Echo Fat Suppressed

(PD TSE FS, left) and Proton
Density Turbo Spin Echo (PD
TSE, right) sequences in sagit-
tal, coronal, and axial (top to
bottom) planes. Arrows indicate
areas of interest

@ Springer
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Fig. 3 The MRI appearance
of articular cartilage surfaces
of a right ankle on Proton
Density Turbo Spin Echo Fat
Suppressed (PD TSE FS, left)
and Proton Density Turbo
Spin Echo (PD TSE, right)
sequences. Tibial (middle)
and fibular (bottom) cartilage
surfaces were visualized in
the coronal sequence, while
talar dome cartilage (fop) was
viewed in the sagittal plane.
Arrows indicate cartilage plates
of interest

Talar Dome Cartilage (Sagittal)

Tibial Cartilage (Coronal)

e
-

synovial recess which was consistent with previous ana-
tomic reports [1, 9].

Within the injured patient population, prominent syn-
ovial recess scarring and synovitis were readily appar-
ent on both MRI and arthroscopic examination (Fig. 4;
Table 4). Diffuse synovitis was frequently used as a gen-
eral descriptor of the joint both on MRI and arthroscopy
resulting in a high sensitivity (82.4 %) but a lack of diag-
nostic specificity (0.0 %) (Table 5).

@ Springer

Fat Suppressed (PD TSE FS)

Proton Density Turbo Spin Echo
(PD TSE)

Y ]

Articular cartilage

The articular cartilage surfaces of the tibia, fibula, and
talus were best observed on the PD TSE FS and PD TSE
sequences of the coronal and sagittal images (Fig. 3;
Table 3). The coronal and sagittal planes allowed for opti-
mal diagnosis of a wide range of osteochondral injuries in
patients with syndesmotic injuries (Figs. 5, 6, 7; Tables 5,
6). The majority of patients (61.9 %) had at least one tibial
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Table 4 Correlation of normal and injured MRI appearance versus surgical confirmation in 21 ankles with syndesmotic injuries

Structure® MRI appearance Surgical findings®

Normal Sprained/scarred Torn Intact Torn
AITFL 0 7 14 5 16
PITFL 1 19 1 21 0
ITFL 9 6 6 15 6

Normal Synovitis Normal Synovitis
Synovial recess 3 18 - 4 17

Normal Thinning/fissuring Focal lesion Normal Lesion
Tibial cartilage 11 9 1 13 8
Fibular cartilage - - - - -
Talar cartilage 13 7 1 10 11

AITFL anterior inferior tibiofibular ligament, PITFL posterior inferior tibiofibular ligament, /TFL interosseous tibiofibular ligament

# Structures not otherwise described as injured in arthroscopic operation reports were deemed intact/uninjured; sprains, scarring, and synovitis

were deemed “intact”; —, not reported/applicable

or talar osteochondral defect, while 28.6 % had arthro-
scopic confirmation of injuries to both tibial and talar artic-
ular cartilage surfaces (Table 4). False-negative diagnoses
of cartilage defects (3 Tibial, 5 Talar) on MRI were minor
(grade 1 and 2 chondromalacia graded arthroscopically).

Injuries to the syndesmosis and concomitant pathology

The AITFL was found to be torn in surgery in 16 (76.2 %)
patients, and it was the only torn syndesmotic ligament in
10 (47.6 %) cases. Six injuries involved both AITFL and
interosseous ligament/membrane tears, while no complete
syndesmosis injuries were observed. In the patient cohort,
syndesmotic injuries were frequently accompanied by
other ankle pathology. Isolated injuries to the syndesmo-
sis were rarely reported either pre-operatively on MRI
or intra-operatively at the time of arthroscopy (23.8 %).
Concurrent fractures, ligamentous injury, tendon tears,
osteochondral lesions, interosseous membrane tears, and
synovitis were frequently observed at the time of surgery
(Table 6).

Discussion

The most important finding of this study was the ability
of high-field MRI to visualize injuries to individual syn-
desmotic structures and identify frequently observed liga-
ment tears with excellent diagnostic accuracy. Furthermore,
PPV and NPV for the AITFL (100, 71.4 %), PITFL (0.0 %,
100 %), and ITFL (66.7, 86.7 %) demonstrated the superior
diagnostic power of high-field MRI compared with other
current clinical methods of injury detection.

In the asymptomatic population, the AITFL consist-
ently correlated with its anatomic position and descrip-
tions within the literature [1, 9]. Derangements including
sprains and tears were readily apparent on MRI. Tears
of the AITFL were diagnosed with the greatest sensitiv-
ity, specificity, and PPV in comparison with the other
syndesmotic structures. These findings are encouraging
based on incidence reports demonstrating that the AITFL
is the most often injured of the syndesmotic ligaments
[13, 27, 40]. The frequency of AITFL pathology is often
attributed to its strength relative to other syndesmotic
structures and the commonly hypothesized coupled dor-
siflexion and external rotation injury mechanism [10, 19,
28, 32]. Given the frequency of AITFL injury in com-
parison to other structures, improved characterization
of the AITFL via MR imaging is clinically relevant and
may help improve patient outcomes by guiding treat-
ment. Similarly, the MRI appearance of the PITFL corre-
sponded with previous anatomic characterizations includ-
ing the superficial and deep origins and insertions. In the
injured population, no complete ruptures were observed.
Although the absence of complete PITFL ruptures pre-
vented the calculation of sensitivity data, specificity
and NPV values demonstrated the ability of 3.0-T MRI
to repeatedly distinguish between sprains and complete
mid-substance tears.

The accurate diagnosis and subsequent treatment of syn-
desmotic injuries are important to prevent the development
of chronic ankle pain, instability, altered joint kinemat-
ics, and subsequent chondral injury that can result from an
undiagnosed injury and inadequate course of treatment
[30]. Ramsey et al. [31] demonstrated that tibiotalar con-
tact areas are reduced by as much 42 % with 1 mm lateral
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Fig. 4 The MRI and arthro-
scopic correlation of injuries

to individual syndesmotic
structures. Top to bottom
anterior inferior tibiofibular
ligament (AITFL) tear in a left
ankle (Proton Density Turbo
Spin Echo Fat Suppressed axial,
anteromedial portal); interos-
seous tibiofibular ligament
(ITFL) and membrane tear in a
right ankle (T2 weighted axial,
anteromedial portal); posterior
inferior tibiofibular liga-

ment (PITFL) sprain in a left
ankle (T2 weighted axial, ante-
rolateral portal); synovial recess
scarring and synovitis in a left
ankle (Proton Density Turbo
Spin Echo Fat Suppressed coro-
nal, anteromedial portal)

displacement that can result from syndesmosis tears and  chondral changes [30]. In this patient cohort, high-field MRI
instability. Over time, such alterations in joint kinematics can  also served in the detection of acute chondral and impac-
result in poor clinical outcomes and post-traumatic arthritic ~ tion injuries not readily seen on standard radiographs. In this
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Table 5 Diagnostic accuracy of MRI compared with arthroscopic
findings in 21 ankles with syndesmotic injuries

Structure Sensitivity Specificity PPV NPV Accuracy

AITFL 87.5 % 100.0 % 100.0% 71.4% 90.5 %

PITFL N/A 95.2 % 00% 100.0% 952 %

ITFL 66.7 % 86.7 % 66.7% 86.7% 81.0%

Synovial 82.4 % 0.0 % 778%  0.0% 66.7%
recess

Tibial Carti- 62.5 % 61.5 % 500% 72.7% 619 %
lage

Fibular Carti- — - - - -
lage

Talar Carti- 54.5 % 80.0 % 750% 61.5% 66.7%
lage

AITFL anterior inferior tibiofibular ligament, PITFL posterior inferior
tibiofibular ligament, ITFL interosseous tibiofibular ligament, PPV
positive predictive value, NPV negative predictive value, N/A could
not be calculated due to a lack of surgically confirmed PITFL inju-
ries, — not reported/applicable

diagnostic accuracy study, the MRI characterization of the
syndesmosis in both asymptomatic volunteers and injured
patients demonstrated the ability of MRI to visualize individ-
ual syndesmotic structures. Furthermore, the data presented
confirmed the ability of high-field MRI to diagnose the most
common syndesmotic injuries with a high degree of accu-
racy when comparing to the gold standard of arthroscopy.
Compared with other techniques including physical
examination, radiography (both standard and stress), and
fluoroscopy under anaesthesia, MRI provided a reproduc-
ible and non-invasive diagnostic technique that exceeded
the currently reported accuracies of other diagnostic tech-
niques [4, 8, 13, 23, 26, 29, 33-35, 37, 42]. Clinical exami-
nation alone lacks sufficient sensitivity and specificity as

documented by Beumer et al. [3]. Several specific clinical
examinations such as the anterior drawer, squeeze test, Cot-
ton test, fibular translation, external rotation, and dorsiflex-
ion have demonstrated diagnostic accuracies ranging from
33.3to 61.9 % [3, 35, 37]. Similar studies have since cor-
roborated these conclusions. In a cross-sectional diagnostic
accuracy study, Sman et al. [35, 37] demonstrated that no
single test is sufficiently accurate for the diagnosis of syn-
desmosis injury. Similar doubts have been cast regarding
accuracy of radiographic evaluation in both cadaveric mod-
els and clinical investigations [4, 23, 26, 29]. Pneumaticos
et al. [29] demonstrated that many radiographic parameters
used to assess syndesmosis injuries, including tibiofibular
overlap and medial clear space, vary significantly depend-
ing on the rotational orientation of the extremity. In a
cadaveric study, Beumer et al. [4] subsequently concluded
that external rotation stress radiography is unreliable for
the diagnosis of syndesmosis instability because significant
increases in external rotation were only observed after the
transection of multiple ligaments (e.g. ATIFL + PITFL).
Clinically, research has demonstrated that stress radiogra-
phy is able to detect less than half of the instability con-
firmed arthroscopically [23]. Moreover, stress radiography
often requires some level of patient anesthetization, thus
making it less feasible in routine clinical practice.

These trends of difficulty and inconclusive clini-
cal diagnosis were apparent in the current patient cohort.
Many patients presenting with negative or equivocal clini-
cal examination and radiographic results were later found
to have syndesmotic injuries requiring surgical fixation
at the time of arthroscopy. In such cases, surgical treat-
ment was often indicated by MRI findings. Therefore, the
authors contend that 3.0-T MRI offers a more desirable
and fruitful technique for diagnosing syndesmotic injuries,
in addition to related ligamentous, osseous, and chondral

Fig.5 The MRI and arthroscopic correlation of a Grade II-IV
chondral injury in a right ankle on the distal medial tibia as viewed
on the Proton Density Turbo Spin Echo Fat Suppressed (PD TSE FS,

left) and Proton Density Turbo Spin Echo (PD TSE, middle) coronal
sequences and through the standard anterolateral arthroscopic portal
(right)
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Proton Density Turbo Spin Echo Fat
Suppressed Sagittal (PD TSE FS)

Grade 11l Chondral Injury,
Anterior Medial Distal Tibial Plafond

Fig. 6 The MRI and arthroscopic correlation of a Grade III chondral
injury in a right ankle of the anterior medial distal tibial plafond as
viewed on the Proton Density Turbo Spin Echo Fat Suppressed (PD

Proton Density Turbo Spin
Echo Fat Suppressed
(PD TSE FS)

Osteochondral Fracture and
Fragment of the Medial Talar
Dome (Coronal)

E2E
35S
133
558°
it

Fig. 7 The MRI and arthroscopic correlation of a talar osteochondral
fracture and fragment in a right ankle as viewed on the Proton Den-
sity Turbo Spin Echo Fat Suppressed (PD TSE FS, left) and Proton

injuries. High-field ankle MRI is an exceedingly useful,
non-invasive technique that provides superior accuracy and
improved patient comfort in comparison with the other cur-
rently available assessment modalities while eliminating

@ Springer

Proton Density Turbo Spin Echo Sagittal

Arthroscopic Image

TSE FS, left) and Proton Density Turbo Spin Echo (PD TSE, mid-
dle) sagittal sequences and through the standard anteromedial arthro-
scopic portal (right)

Proton Density Turbo Spin Echo
(PDTSE)

Density Turbo Spin Echo (PD TSE, middle) coronal (fop) and sagit-
tal (bottom) sequences. Arthroscopic images (right) were taken from
standard anteromedial (fop) and anterolateral (bottom) portals

patient exposure to ionizing radiation from procedures
including stress radiography and fluoroscopy.

The authors acknowledge the limitations of the present
study. Foremost, the study involved a retrospective recall
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Table 6 Frequency of surgically diagnosed concomitant ankle
pathology

Concomitant injury Frequency
Fracture 12
Maisonneuve fracture 3
Proximal fibula 3
Distal fibula 2
Lateral malleolar 1
Medial malleolar 1
Bi-malleolar 1
Tri-malleolar 1
Additional ligamentous pathology
Deltoid injury 7
Tear
Sprain 3
Tendon pathology
Tear
Peroneus brevis 1
Tenosynovitis
Peroneus brevis 1
Peroneus longus
Interosseous membrane tear 3
Osteochondral pathology
Tibia
Fracture (distal tibia) 1
Grade 3/4
Grade 1/2 6
Talus
Fracture (talar dome) 1
Grade 3/4 0
Grade 1/2 10
Synovitis 17

of prospectively collected ankle MRI and arthroscopic data
which did not allow for surgeon blinding to MRI findings at
the time of arthroscopy. Such blinding would have changed
the standard of care in these patients and therefore blind-
ing could not be implemented. There is the potential that
this inherent limitation could have influenced the findings
of arthroscopy, and the results of the present study must be
interpreted accordingly. The authors also acknowledge the
potential limitations of the present patient sample. The age
range, although broad, is consistent with previous investi-
gations [23, 27, 40]. The sample size is relatively small due
to a limited number of eligible cases; however, the patient
sample is comparable to similar previous diagnostic stud-
ies [13, 17, 42, 43]. Finally, the authors recognize the pre-
dominance of male patients; however, previous studies with
varying gender proportions have not documented any dis-
crepancies in MRI or arthroscopic diagnostic parameters
between genders. Therefore, the authors do not believe that

this significantly influenced the results and interpretation of
the presented patient sample.

Conclusions

This high-field MRI analysis refined the visualization of
individual syndesmosis structures and identified the opti-
mal ankle MRI image plane/sequence(s) for characterizing
both the normal and injured structures of the ankle syndes-
mosis. The results demonstrated the accuracy and repro-
ducibility of MRI in diagnosing common syndesmotic inju-
ries with an excellent degree of sensitivity, specificity, PPV,
and NPV. High-field ankle MRI at 3.0-T can therefore be
utilized to augment equivocal physical examination find-
ings and inconclusive radiographic results in the clinical
diagnosis and evaluation of AITFL, PITFL, and ITFL tears,
and associated chondral injuries and synovial pathology.
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