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Improved visualization of collateral ligaments
of the ankle: multiplanar reconstructions
based on standard 2D turbo spin-echo MR

images

Abstract The purpose of the study
was to evaluate the visualization of the
collateral ankle ligaments on multi-
planar reconstructions (MPR) based
on standard 2D turbo spin-echo im-
ages. Coronal and axial T2-weighted
turbo spin-echo and MPR angled
parallel to the course of the ligaments
of 15 asymptomatic and 15 symp-
tomatic ankles were separately
analyzed by two musculoskeletal
radiologists. Image quality was
assessed in the asymptomatic ankles
qualitatively. In the symptomatic
ankles interobserver agreement and
reader confidence was determined
for each ligament. On MPR the
tibionavicular and calcaneofibular
ligaments were more commonly
demonstrated on a single image

than on standard MR images (reader
1: 13 versus 0, P=0.002; reader 2: 14
versus 1, P=0.001 and reader 1: 13

versus 2, P=0.001; reader 2: 14 versus
0, P<0.001). The tibionavicular
ligament was considered to be better
delineated on MPR by reader 1

(12 versus 3, P=0.031). In the symp-
tomatic ankles, reader confidence
was greater with MPR for all
ligaments except for the tibiocalcanear
ligament (both readers) and the
anterior and posterior talofibular liga-
ments (for reader 2). Interobserver
agreement was increased with MPR
for the tibionavicular ligament.
Multiplanar reconstructions of 2D
turbo spin-echo images improve the
visualization of the tibionavicular and
calcaneofibular ligaments and
strengthen diagnostic confidence for
these ligaments.

Keywords Ankle joint - Ligaments -
Articular - Magnetic resonance
imaging - Image reconstruction

Introduction

Multiplanar reconstruction (MPR) is routinely used to
evaluate multi-detector CT examinations. In MR imaging,
MPR has also been used mainly for vascular [1-3] and
abdominal [4] imaging, typically based on 3D gradient
echo sequences. With the exception of cartilage imaging,
MPR has less commonly been used for the musculoskeletal
system [5—11], although angled images may be useful for
structures with an oblique course such as the calcaneofib-
ular ligament [12]. 2D spin echo sequences are typically
employed in the assessment of ligaments and tendons

because signal changes are more characteristic for patho-
logic conditions on 2D spin echo sequences than on
gradient echo sequences [13]. Additional 2D spin echo
sequences in various imaging planes are acquired to
address the complex course of ligaments and tendons in
the foot and ankle. However, the number of such additional
sequences is limited for practical reasons [12]. MPR using
2D spin echo sequences could solve this problem. So far,
radiologists were reluctant to use 2D spin echo MPRs
because they tend to be relatively thick (2—4 mm) and have
an interslice gap. Rather unexpectedly, a number of 2D
spin echo MPRs obtained during clinical routine work
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proved to be of good quality when the reformation plane
was only slightly angled in relation to the source images.

Thus, the purpose of our study was to evaluate the
visualization of the collateral ankle ligaments on MPRs of
2D turbo spin-echo images.

Materials and methods
Volunteers

MR images of the ankle were obtained in 15 asymptomatic
volunteers (8 men and 7 women; mean age: 25.9 years;
range: 23-33 years). The study protocol was approved by
the hospital’s institutional review board. Written informed
consent was obtained from all volunteers.

MR imaging

The MR examination was performed on a 1.5-T scanner
(Symphony, Siemens Medical Solutions, Erlangen,
Germany) with a dedicated send-receive extremity coil.
Axial and coronal T2-weighted turbo spin-echo (TSE)
sequences were used. For the axial sequence the following
parameters were used: TR: 3,900 ms; TE: 85 ms; number of
averages: 2; turbo factor: 9; FOV: 124x180 mm; matrix:
512%176; number of images: 19; section thickness: 4 mm;
gap: 0.4 mm; scan time: 2:43 min. For the coronal sequence
the parameters were as follows: TR: 4,130 ms; TE: 86 ms;
number of averages: 2; turbo factor: 7; FOV: 104x170 mm;
matrix: 512x187; number of images: 25; section thickness:
3.5 mm; gap: 1.0 mm; scan time: 3:51 min.

Image analysis

The medial collateral ligament (tibionavicular, anterior
tibiotalar, tibiocalcaneal, tibiospring and posterior tibiotalar
ligament) and the lateral collateral ligament (anterior
talofibular, posterior talofibular and calcaneofibular liga-
ment) were evaluated. The ligaments were assessed
independently by two experienced musculoskeletal radi-
ologists [reader 1 (R1) and reader 2 (R2)] with 2 and
12 years of experience in musculoskeletal MR imaging.
Commercially available PACS software (Cedara [-Read 5.2
P11, Cerner Image Devices Idstein, Germany) was used for
the evaluations, including calculation of the MPRs.

The readers initially determined if the ligaments were
visible on at least one of the two original sequences. They
then determined if the ligaments were visualized through-
out their entire course on a single image, if their borders
were sharp or blurred, and if their signal intensity was
normal (hypointense).

One week later MPRs were obtained for each ligament
by the readers based on either the axial or the coronal 2D

TSE sequence, whichever was closer to the course of the
ligament (Fig. 1).

The reading time necessary for the evaluation of the
primary 2D TSE images and for the reconstruction and
evaluation of the MPRs was measured by the readers to the
nearest second.

Image quality

The image quality of the MPRs was evaluated in relation to
the source images by a single experienced musculoskeletal
radiologist not involved in the assessments described
above (18 years of experience with musculoskeletal MR
imaging). The reader was blinded with regard to the type of
image. A five-point grading system was employed for
comparison of the MPRs to the standard images: grade 0:
MPRs identical; grade 1: MPR minimally blurred, suitable
for making a diagnosis without limitations; grade 2: MPR
quality moderately blurred, no step off, diagnostic value
acceptable; grade 3: MPR substantially blurred, some step-
off artifacts, diagnostic value questionable; grade 4: MPR
inadequate. The reformation angle for the MPR was
measured by an independent fourth reader (2 years of
experience in musculoskeletal radiology).

Patients

In a patient group (ten men and five women; mean age:
32.6 years; range: 18-32 years), the visibility of ligament
lesions was analyzed. The patients were recruited con-
secutively from a MR data base when a collateral ligament
lesion either on the medial or lateral side was described in
the prospective MR report. The MR imaging protocol was
identical to the protocol used with the volunteers. For
retrospective data evaluation, no specific institutional
review board approval is necessary at our institution.
Patient rights are protected by a law requiring patient
information about the possibility of anonymous scientific
review of their data and about the opportunity to reject such
use of their data.

The medial collateral ligament (tibionavicular, anterior
tibiotalar, tibiocalcaneal, tibiospring and posterior tibiotalar
ligament) and the lateral collateral ligament (anterior
talofibular, posterior talofibular and calcaneofibular liga-
ment) were characterized independently by the same
readers who read the asymptomatic volunteers using the
same standard sequences as mentioned above. They
classified the ligaments as normal (homogenous; well-
delineated, hypointense; grade 0), structurally alterated
(inhomogenous; hyperintense; caliber changes; grade 1) or
absent (ligament discontinuity or non-visualization; grade 2).
Diagnostic confidence was graded for each ligament on a
scale between 0 (absolutely unconfident) and 10 (abso-
lutely confident). Subsequently, MPRs of the pathological
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Fig. 1 Screenshot of MPR tool. “"“"“""““‘"’““' e

ew Mode Jooh Qpiorn Help
Source image is shown on the =
upper left quadrant. The auto-
matically provided planning
planes are shown on the upper
right and lower left quadrants.
Note oblique reformation plane
(dashed white and black line) on
the upper right quadrant. The
resulting MPR appears in the
lower right quadrant
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ankles were evaluated using the same grading and
confidence score. Surgical correlation was not available.

Statistical evaluation

The McNemar test was used to evaluate differences in
qualitative results. Interobserver percentage agreement was
calculated for the qualitative data. A paired t-test was used
for comparison of reading times. Spearman’s rho test was

used to evaluate the relationship between the five-point
image quality rating and the reformation angle. Interobserv-
er agreement for ligament grading of the symptomatic
ankles was evaluated by kappa statistics. The Wilcoxon
signed rank test was used to test if confidence in the
diagnosis was significantly different between standard
images and MPRs. P values smaller than 0.05 were
considered to be significant.
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Results
Asymptomatic ankles

The results for the asymptomatic ankles are summarized in
Table 1. The statistically significant advantages using MPR
are the following: On MPRs, the tibionavicular (Fig. 2) and
calcaneofibular (Fig. 3) ligaments were more commonly
demonstrated on a single image than on standard MR
images (reader 1: 13 versus 0, P=0.002; reader 2: 14 versus
1, P=0.001 and reader 1: 13 versus 2, P=0.001, reader 2: 14
versus 0, P<0.001). The tibionavicular ligament was
considered to be significantly better delineated on multi-
planar reconstructions by reader 1 (12 versus 3, P=0.031).
For reader 2, delineation of the tibionavicular ligament was
also better for MPRs (14 versus 7), but not statistically
significant. For reader 1, the mean evaluation time was 237
(standard images) and 362 s (MPRs) (P<0.001). The
corresponding values for reader 2 were 168 and 249 s
(P<0.001). No significant differences were found for the
remaining ligaments and for the ligament signal intensity.

MPR image quality was rated as grade 0 in 84, as 1 in 34,
and as 2 on 2 MPRs. No grade 3 or 4 was found. The mean
MPR angles were 39° (range: 18°-52°) for the tibionavicu-
lar ligament, 10° (2°-24°) for the tibiospring ligament, 3°
(range: 0°-10°) for the tibiocalcanear ligament, 7° (0°-
22°) for the anterior tibiotalar ligament, 1° (0°—6°) for the
posterior tibiotalar ligament, 3° (0°—14°) for the anterior
talofibular ligament, 1° (0°-8°) for the posterior talofibular
ligament and 16° (0°-38°) for the calcaneofibular liga-
ment. The grading of the image quality was not
significantly correlated with the angulation of the MPR
(correlation coefficient: 0.82, P=0.37).

Table 1 Qualitative evaluation of standard TSE images and MPR

Symptomatic ankles

The interobserver agreement for the symptomatic ankles
using the standard sequences was 0.74 for the tibionavicu-
lar (Fig. 4), 0.17 for the anterior tibiotalar, 0.87 for the
tibiospring, 0.46 for the tibiocalcanear, 0.87 for the
posterior tibiotalar, 0.44 for the anterior talofibular and
1.00 for the calcaneofibular ligament (Fig. 5). For MPR,
interobserver agreement was 0.82 for the tibionavicular,
0.29 for the anterior tibiotalar, 0.70 for the tibiospring, 0.57
for the tibiocalcanear, 0.60 for the posterior tibiotalar, 0.42
for the anterior talofibular and 0.53 for the calcaneofibular
ligament.

The results for the reader confidence are shown in
Table 2. The confidence was significantly better with MPR
for the tibionavicular, anterior tibiotalar, tibiospring, ante-
rior talofibular, posterior talofibular and calcaneofibular for
reader 1 and for the tibionavicular, anterior tibiotalar and
calcaneofibular for reader 2.

Discussion

MPRs are typically based on thin continuous or over-
lapping sections originating from spiral CT or 3D MR
images. MPRs based on spin-echo sequences with their
slice thickness of several millimeters are not part of routine
protocols because reformations suffer from blurring and
step offs. Such problems depend on the reformation angle,
however, and may be negligible if angulations are
sufficiently small. This fact is successfully implemented
in advanced multi-detector row CT reconstruction algo-
rithms. In the AMPR (adaptive multiple plane reconstruc-

N=15% Ligament completely demonstrated

on a single image

Sharp delineation of ligament from
surrounding structures

Normal (hypointense)
ligament signal

TSE MPR TSE MPR TSE MPR

R1/R2 R1/R2 R1/R2 R1/R2 R1/R2 R1/R2
Tibionavicular 0/1 13/14 3/7 12/14 4/10 11/14
Tibiospring 13/14 15/15 13/14 13/14 14/15 13/15
Tibiocalcanear 11/14 15/15 12/12 12/13 13/12 11/14
Anterior tibiotalar 8/5 12/13 9/8 8/11 8/9 9/6
Posterior tibiotalar 15/15 15/15 12/15 11/15 13/15 12/15
Anterior talofibular 14/14 15/15 9/8 9/12 8/9 9/12
Posterior talofibular 14/15 15/15 10/15 12/15 12/15 9/15
Calcaneofibular 2/0 13/14 8/11 10/11 12/11 12/11

R1/R2: readers 1 and 2
TSE: turbo spin-echo images
MPR: multiplanar reconstruction

Bold numbers represent the statistically significant differences between TSE and MPR.

The readers excluded ligaments that they thought were not visible. Reader 1 excluded five (TSE) and two (MPR) tibionavicular ligaments
and three (TSE) and three (MPR) anterior tibiotalar ligaments. Reader 2 excluded two tibionavicular ligaments (TSE), five (TSE)

and two (MPR) anterior tibiotalar ligaments and one (TSE) calcaneofibular ligament.
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Fig. 2 Visualization of the tibio-
navicular ligament on coronal
and axial 2D TSE and on MPR.
Consecutive coronal (posterior to
anterior) (a) and axial (proximal
to distal) (b) TSE images
demonstrate the oblique course
of the tibionavicular ligament
(arrowheads). The vicinity of the
tibialis posterior (*), the flexor
digitorum longus (+) tendons and
the tibiospring ligament (white
double arrows) render the
evaluation of the tibionavicular
ligament difficult. Curved
arrows: bony insertion of the
tibionavicular ligament;

N: navicular bone, M: medial
malleolus; T: talar bone; black
double arrow: tibiocalcanear
ligament. MPR (c) shows the
entire course of the tibionavicu-
lar ligament (arrowheads) on
one single image without
interference by the neighboring
structures. Curved arrows: bony
insertion; M: medial malleolus,
N: navicular bone; T: talar bone

tion) [14, 15] approach, the imaging plane is not per-
pendicular to the axis of the patient, but rather is tilted in
order to match the spiral path of the focal spot of the CT
tube. The transverse images expected by the radiologists
are interpolated from the tilted original images [14, 15].
The techniques employed for this purpose are more
advanced than the standard MPRs employed in our study.

In addition, the angles are smaller than in many images
obtained in our investigation.

An already published paper about reformations based on
3D acquisitions [10] obtained a higher sensitivity in the
diagnosis of calcaneofibular and anterior talofibular liga-
ment tears in comparison to previously published standard
2D acquisitions [16], the specificity of 3D acquisitions
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Fig. 3 Visualization of the calcaneofibular ligament on coronal and tion of the proximal part of the ligament from the peroneal tendons (*).
axial 2D TSE and on MPR. Consecutive coronal (posterior to anterior) The MPR (c¢) shows the entire course of the calcaneofibular ligament
(a) and axial (proximal to distal) (b) TSE images demonstrate the and allows better delineation of its proximal portion. Curved arrows:
course of the calcaneofibular ligament (arrowheads). Difficult delinea-  bony insertion; F: tip of the fibula; T: talar bone; C: calcaneus
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Fig. 4 Abnormal tibionavicular
ligament. Consecutive coronal
(posterior to anterior) (a)

and axial (proximal to distal)
(b) TSE image. The course of
the tibionavicular ligament is
difficult to follow. White arrow-
heads: proximal ligament part;
gray arrowheads: distal ligament
part; curved arrows: bony inser-
tion of the tibionavicular
ligament; N: navicular bone;

M: medial malleolus; T: talar
bone. MPR (c) shows the entire
course of the tibionavicular
ligament (arrowheads) on one
single image. The tear of the
ligament is clearly visible (black
circle). White arrowheads:
proximal part of the ligament;
gray arrowheads: distal part of
the ligament; curved arrows:
bony insertion; M: medial
malleolus; N: navicular bone;

T: Talar bone

being slightly higher for calcaneofibular tears and clearly
lower for anterior talofibular ligament tears. According to
our results, the evaluation of thin obliquely running
ligaments is facilitated by MPR. Such ligaments can
more commonly be followed on a single image and are

better delineated from surrounding structures. Improved
visualization of the calcaneofibular and tibionavicular
ligaments is clinically relevant. The calcaneofibular liga-
ment contributes to the ankle and subtalar stability in all
foot positions [17, 18]. In inversion-adduction injuries of
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Fig. 5 Abnormal calcaneofibu-
lar ligament. Consecutive coro-
nal (posterior to anterior) (a) and
axial (proximal to distal) (b)
TSE images show a torn calca-
neofibular ligament. White
arrowheads: proximal ligament
part; gray arrowheads: distal
ligament part; curved arrows:
bony insertion; *: peroneal ten-
dons; F: tip of the fibula; T: talar
bone; C: calcaneus. The MPR
(c) shows the entire course of
the torn calcaneofibular
ligament (white arrowheads:
proximal ligament part; grey
arrowheads: distal ligament
part) including the proximal and
distal bony insertion (curved
arrows) and the localization of
the tear (white circle). F: tip

of the fibula; T: talar bone;

C: calcaneus
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Table 2 Symptomatic ankles: reader confidence

Reader 1 Reader 2

TSE MPR P TSE MPR P
Tibionavicular 4 (1-8) 9 (6-10) 0.001 7 (6-10) 10 (6-10) 0.002
Tibiospring 8 (6-10) 9 (6-10) 0.028 9 (7-10) 10 (6-10) 0.285
Tibiocalcanear 8 (5-9) 8 (6-10) 0.094 9 (6-10) 9 (7-10) 0.469
Anterior tibiotalar 6 (1-8) 8 (4-10) 0.004 7 (5-10) 10 (8-10) 0.001
Posterior tibiotalar 8 (7-10) 9 (6-10) 0.083 9 (6-10) 10 (7-10) 0.054
Anterior talofibular 9 (6-10) 10 (8-10) 0.044 9 (8-10) 9 (7-10) 0.558
Posterior talofibular 9 (7-10) 10 (8-10) 0.011 10 (7-10) 10 (6-10) 0.066
Calcaneofibular 6 (3-10) 9 (6-10) 0.003 7 (6-10) 9 (6-10) 0.015

TSE: turbo spin-echo images
MPR: multiplanar reconstruction

The numbers indicate the median grading in confidence of the diagnosis (0= unconfident; 10= absolutely confident)
The numbers in parentheses represent the range with minimal and the maximal confidence in the diagnosis.
Bold numbers represent a significantly (P<0.05, Wilcoxon signed rank test) better diagnostic confidence with MPR

the ankle, the calcaneofibular ligament is the second
structure of the lateral ligament complex to be torn after the
anterior talofibular ligament [19, 20]. When surgery is
considered, the functional results are better with surgical
repair of both the anterior talofibular and the calcaneofib-
ular ligament than with an isolated repair of the anterior
talofibular ligament [21]. Thus, the detection of calcaneo-
fibular ligament tears is important. The tibionavicular
ligament is the longest component of the medial collateral
band complex [22]. It is also the broadest component of the
superficial layer of this complex [23, 24]. On the other
hand, it is the weakest component of the medial collateral
band complex, together with the tibiocalcanear ligament
[11,22]. Its biomechanical function is not fully understood,
but it appears to be a secondary stabilizer against pronation
[25]. In a clinical study, Hintermann et al. reported [26] that
most of the injuries of the medial collateral ligament
complex occurred at the proximal insertion of the tibiona-
vicular and tibiospring ligaments, emphasizing the need of
an adequate visualization of the entire course of the
tibionavicular ligament.

MPRs based on standard 2D MR images obtained with a
section thickness of a few millimeters typically suffer from
artifacts such as blurring and step offs (insufficient
information). Such problems were rare in our study
population because the required angulations required
relatively little interpolation between image voxels that
are relatively close.

The additional time required for MPRs is relevant for
routine work [5, 6]. In our setting, the time required for

reformation and image evaluation was approximately
longer by half for MPR, but remained within an acceptable
range (approximately 2 and 1 min for readers 1 and 2,
respectively, for the evaluation of all eight ligaments
included in this study).

The use of MPR increased the reader’s diagnostic
confidence for the majority of the ligaments of the medial
and lateral collateral complex and especially for the
tibionavicular and calcaneofibular ligament with an
oblique course to orthogonal imaging planes. These results
point out that MPR may be useful for the evaluation of
ankle ligaments in some cases when the standard
orthogonal planes remain equivocal.

As limitations of the study, we acknowledge the low
number of patients and the absence of surgical correlation.
Surgical correlation of ankle ligament lesions is not easily
available because conservative treatment is much more
commonly performed than surgery. Moreover, an exact
surgical description of normal and abnormal ligaments of
the medial collateral band complex is difficult. Never-
theless, we believe that the present study has value by
demonstrating that the commonly used 2D spin-echo
images can be used for MPRs for better visualization of
some ligaments of the lateral and medial collateral ligament
complex in selected cases.

In conclusion, MPRs of 2D turbo spin-echo images
improve the visualization of the tibionavicular and calca-
neofibular ligaments and strengthen the diagnostic con-
fidence for these ligaments within a reasonable time.
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