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Abstract

Purpose To determine the accuracy of a three-dimensional
(3D) T2-weighted fast spin-echo (FSE) magnetic resonance
(MR) sequence compared with two-dimensional (2D) se-
quence for diagnosing anterior talofibular ligament (ATFL)
tears, chondral lesion of the talus (CLT) and os subfibulare/
avulsion fracture of the distal fibula (OSF).

Materials and Methods Thirty-five patients were included,
who had undergone ankle MRI with 3D T2-weighted FSE
and 2D T2-weighted FSE sequences, as well as subsequent
ankle arthroscopy, between November 2013 and July 2014.
Each MR imaging sequence was independently scored by two
readers retrospectively for the presence of ATFL tears, CLT
and OSF. The area under the receiver operating curve (AUC)
was compared to determine the discriminatory power of the
two image sequences. Interobserver agreement was expressed
as unweighted kappa value.

Results Arthroscopic findings confirmed 21 complete tears of
the ATFL, 14 partial tears of the ATFL, 17 CLTs and 7 OSFs.
There were no significant differences in the diagnoses of
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ATFL tears (p=0.074-0.501), CLT (p=0.090-0.450) and
OSF (p=0.317) obtained from the 2D and 3D sequences by
either reader. The interobserver agreement rates between two
readers using the 3D T2-weighted FSE sequence versus those
obtained with the 2D sequence were substantial (k= 0.659)
versus moderate (k= 0.553) for ATFL tears, moderate
(k=0.499) versus substantial (x=0.676) for CLT and sub-
stantial (v = 0.621) versus substantial (x = 0.689) for OSF.
Conclusion Three-dimensional isotropic T2-weighted FSE
MRI of the ankle resulted in no statistically significant differ-
ence in diagnostic performance compared to two-dimensional
T2-weighted FSE MRI in the evaluation of ATFL tears, CLTs
and OSFs.

Keywords Ankle - 3-Tesla - Isotropic magnetic resonance
imaging - ATFL - Chondral lesion of the talus - Os subfibulare

Introduction

The ankle is the second most commonly injured joint in ath-
letes (after the knee) [1]. The anterior talofibular ligament
(ATFL) is frequently injured during inversion stress of the
ankle joint, which can lead to lateral instability of the joint
[2]. Furthermore, chondral lesion of the talus (CLT) is a com-
mon articular lesion of the ankle and frequently occurs in
response to repetitive stress, hereditary ossification defects,
abnormal stress due to malalignment and microemboli with
peripheral necrosis of bone; it is usually traumatic in origin
[3]. Most patients with CLT have chronic pain of the ankle
joint, which seriously limits daily life as well as sporting ac-
tivities [4]. The os subfibulare is an accessory bone located
under the tip of the lateral malleolus, and radiographic studies
have found that os subfibulare occurs in 2.1 % of individuals
[5]. Considering the relative rarity of the os subfibulare, it has
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been suggested that most ossicles adjacent to the lateral
malleollus are non-united avulsion fractures that may or may
not be associated with ATFL injury or with another traumatic
event [6].

For ligamentous or cartilage lesions, magnetic resonance
imaging (MRI) is widely used in the diagnosis to plan appro-
priate treatment, which may prevent the development of oste-
oarthritis. Most institutions perform ankle MRI with a section
thickness of 34 mm [7—11]. This may lead to a partial volume
effect, however, which may hinder the detection of ankle pa-
thologies. Several recent studies reported low sensitivity for
the diagnosis of ligamentous injuries of the ankle joint
[10, 11].

Three-dimensional (3D) isotropic MRI has been used for
musculoskeletal imaging, including of the shoulder, knee and
ankle joints. Use of 3D isotropic sequences enables MR im-
ages to be obtained with thinner sections and also enables
multiplanar reformation in arbitrary planes that may be tai-
lored to the anatomical structures of interest, which allows
us to reduce partial volume averaging effects [12—14].
Several studies of the shoulder and knee joints have
used 3D fast spin-echo (FSE) sequences and showed
comparable diagnostic performances to two-dimensional
(2D) sequences; most revealed higher area under the
receiver operating characteristic curve (AUC) values
with 2D sequences [15-19].

To the best of our knowledge, there have been no compar-
isons of the diagnostic performance of 3D isotropic T2-
weighted FSE sequences and 2D T2-weighted FSE sequences
for the assessment of ATFL, CLT and os subfibulare/avulsion
fracture of the distal fibula (OSF), which commonly accom-
pany ankle injuries. The aim of this study was to investigate
the diagnostic performance of 3D T2-weighted FSE se-
quences for the assessment of ATFL tears, CLTs and OSF
compared with 2D T2-weighted FSE sequences.

Materials and Methods
Subjects

Between November 2013 and July 2014, a total of 43 consec-
utive patients with ankle inversion injury who underwent ar-
throscopy surgery were analyzed. Among them, two patients
did not undergo preoperative ankle MRI, and six underwent
preoperative ankle MRI without a 3D isotropic T2-weighted
FSE sequence. In total, 35 patients were enrolled in our study,
comprising 22 women (aged 17-54 years; mean age, 37 years)
and 13 men (aged 17-54 years; mean age, 34 years). The
mean interval between ankle discomfort and MR imaging
was 18 months (although the range was between 7 days and
10 years).
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The Institutional Review Board approved the research pro-
tocol and waived the requirement for patient informed consent
because the study was retrospective in nature.

Imaging study

All images were acquired using a 3.0-T MRI unit
(Signa HDx; GE Healthcare, Milwaukee, WI, USA)
with an eight-channel boot coil (GE Healthcare), which
looks like a ski boot and covers the foot from the ankle
to the toes.

Two-dimensional T2-weighted FSE images for compari-
son with reformats of the 3D sequence were acquired in the
axial, sagittal and coronal planes. Imaging with a 3D T2-
weighted FSE sequence (Cube, GE Healthcare) was used with
a slice thickness of 1 mm in the sagittal plane and without fat
suppression. The parameters used for these imaging protocols
are listed in Table 1.

Image interpretation

Two musculoskeletal radiologists (one with 14 years of expe-
rience and the other with 1 year of experience) who were
blinded to the surgical findings evaluated each of 2D and 3D
MR images retrospectively and independently. To minimize
possible memory of former images, each set of MR images
was reviewed with at least a 2-week interval between sessions
of interpretation.

Multiplanar reformation of the 3D T2-weighted FSE
images with 0.5-mm-thick slices and no interslice gap
was carried out using the Aquarius iNtuition software
package (ver. 4.4.11; TeraRecon, Inc., San Mateo, CA,
USA). According to the orientation of the anterior
talofibular ligament and OSF, the images were
reformatted using double oblique multiplanar reforma-
tion, beginning in the standard axial plane at the level
of the ATFL, moving first the plane in the direction
parallel to the axis of ATFL, then in the oblique sagittal
image, relocating the plane parallel to the axis of the
ATFL, the oblique axial (see Fig. 1a). The images were
reformatted into oblique sagittal and oblique coronal
planes according to the orientation of the dome of the
talus (see Fig. 1b).

Readers interpreted the ATFL as a complete tear when
there was complete discontinuity, i.e., detachment from the
tibial or talar attachment site, and interpreted the ATFL as a
partial tear when there were patterns including discontinuity,
detachment, thickening, thinning, wavy or irregular contours,
and an intermediate or high signal intensity of the ATFL on
the MR image with no evidence of a complete tear [20, 21].
Readers simply evaluated the presence or absence of the
CLT, increased signal intensity, irregularity of the
chondral surface, and detachment of cartilage from the
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Table 1 Magnetic resonance
imaging (MRI) parameters

901

Parameter 3D T2-weighted FSE 2D T2-weighted FSE
Axial Sagittal Coronal

Repetition time (ms) 2500 3707 4155 4966
Echo time (ms) 101 92 87 88
Matrix number 320 %320 384 x256 384 x256 384 x256
Field of view (cm) 14 14 14 14
Number of acquisition 1 2 0.5 0.5
Echo train length 100 16 12 12
Section thickness (mm) 1 2 3 3
Intersection gap (mm) 1 0.3 0.3
Bandwidth (kHz/pixel) 62.50 41.67 41.67 41.67
Fat suppression No No Yes Yes
Acquisition time 8 min 30 s 1 min43s 1 min44 s 2min5 s

Sum of time: 5 min 32 s

talus with or without subchondral bone marrow edema,
and described the location of the CLT to compare it
with the arthroscopic findings.

A separated ossicle below the lateral malleolus was evalu-
ated to detect OSF, regardless of the ATFL injury.

The same diagnostic criteria were applied to data sets ob-
tained using both the 2D T2-weighted FSE and 3D isotropic
T2-weighted FSE sequences.

False-positive and -negative cases for each set of 2D and
3D sequences were re-evaluated by the same two readers who

12312015 456 P [Server: 10.120.12.43 | 2% Aquas
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Fig. 1 Screen images from Aquarius iNtuition (version 4.4.11,
TeraRecon). a Oblique axial plane (left upper quadrant), oblique
coronal plane (left lower quadrant) and oblique sagittal plane (right

lower quadrant) of the ATFL are obtained to evaluate the degree of

initially evaluated the ankle lesions until a consensus was
reached.

Arthroscopic ankle surgery

Arthroscopic findings were considered as the reference stan-
dard. Surgeries were carried out by one orthopedic surgeon
(Y.K.L, with 9 years of experience, foot and ankle specialist)
who could assess the MRI findings before surgery. The sur-
geon recorded the abnormalities as ATFL, CLT and OSF. The

injury. b Oblique coronal plane (left lower quadrant) and oblique
sagittal plane (right lower quadrant) are obtained perpendicular to the
articular surface of talar dome
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diagnostic criteria for determining AFTL injury were as fol-
lows: abnormal course of the ligament, a decrease in the taut-
ness of the ligament, discontinuity of the ligament with or
without the defect being filled by fibrous tissue, and an avul-
sion at the attachment of the fibula or talus [7, 8, 22]. If ATFL
injury was noted, the surgeon determined whether the liga-
ment was disrupted completely or partially. A partial tear
was defined as thinned, elongated or both, and a complete tear
was defined as a definite discontinuity of the ligament and
adhesion of adjacent tissue [23]. CLT was noted when there
were abnormalities including a rough surface, fibrillation of
the articular cartilage and a flap or displaced fragment of the
articular cartilage. The surgeon also recorded the location of
CLT to compare with MRI findings. The presence or absence
of OSF was confirmed by palpation with the probe. The mean
time between MRI and arthroscopic surgery was 8.8 days
(range: 1 day to 4 months).

Statistical analysis

McNemar’s paired proportion test was used to measure the
concordance between 2D and 3D sequences and arthroscopic
diagnosis [24].

To assess diagnostic performance, the sensitivity, specific-
ity and accuracy of the 3D isotropic T2-weighted FSE and
conventional 2D T2-weighted FSE sequences were calculated
in relation to the surgical diagnosis. The AUC was compared
to determine the discriminatory power of the two image se-
quences using a nonparametric method [24].

Interobserver agreement was calculated using Cohen’s
kappa test, where x<0 indicates no agreement, 0<x<0.2
indicates slight agreement, 0.2 <x<0.4 indicates fair agree-
ment, 0.4 < <0.6 indicates moderate agreement, 0.6 <x <0.8
indicates substantial agreement, and 0.8 <x <1 indicates al-
most perfect agreement [25].

A significance level of 0.05 was assigned, and 95 % con-
fidence intervals were computed from binomial distributions
using Wilson’s method [26]. McNemar’s paired proportion
test, the sensitivity, specificity and accuracy of the 3D and
2D sequences were implemented using R software (ver.
3.1.3), which is freely available from http://cran.r-project.
org/, and the AUC was calculated using STATA (ver. 11.0;
STATA, College Station, TX, USA).

Results

The analyses of the 2D and 3D sequence images by two
readers were compared to the operative findings (see Table 2).

ATFL tear According to the arthroscopy findings, all patients

exhibited ATFL tears: 21 complete tears and 14 partial tears of
the ATFL were revealed from the arthroscopic surgery. In
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total, 7 of the 21 complete tears were accompanied by OSF,
and the others were not associated with OSF. Table 3 lists the
AUC values representing the diagnostic performance of the
3D T2-weighted FSE and 2D T2-weighted FSE sequences.
We found higher AUC values for the 3D sequence than the
2D sequence for both readers (Figure 2 provides an example
of a true-positive ATFL tear, which was discordant between
2D and 3D sequence images); however, the differences be-
tween the diagnoses from the 2D and 3D T2-weighted FSE
sequences from both of the two readers were not statistically
significant for the diagnosis of ATFL tears (reader A, p=0.50;
reader B, p=0.07). Table 4 lists the sensitivity, specificity and
accuracy of the diagnoses obtained using the two sequences.

There was one overestimated case of a partial tear of the
ATFL on the arthroscopy finding, which was interpreted as a
complete tear by both readers in the 3D sequence. However,
following a second viewing of the MR images, the residual
quarter-thickness of ATFL was found at the fibular attachment
site. There were two underestimated cases of complete tears of
the ATFL from the arthroscopy, which were interpreted as
partial tears by both readers in both sequences. Following a
second viewing of the MR images, one case was interpreted as
thinning of the ATFL at the mid portion, with increased signal
intensity but preserved continuity, and the other exhibited
thickened ATFL without increased signal intensity and com-
plete detachment at the fibular attachment site.

CLT From the arthroscopic findings, 17 (48.57 %) of the 35
patients had CLT. Table 3 lists the AUC values representing
the diagnostic performance of the 3D T2-weighted FSE se-
quences versus those of 2D T2-weighted FSE sequences
(Figure 3 provides an example of true-positive CLT on the
3D sequence image, which was not definite on the 2D se-
quence image). There were no significant differences in the
diagnoses of CLT obtained from the 2D and 3D sequences by
either reader (reader A, p=0.09; reader B, p=0.45). There
was a trend toward higher AUC values from the 3D sequences
than the 2D sequences for both readers. Table 4 lists the sen-
sitivity, specificity and accuracy of the two sequences. There
were six false-negative cases of no lesion from the 2D se-
quences, as diagnosed by both readers. However, there were
no false-negative cases from the 3D sequences that were
interpreted as no lesion by both readers. Two false-positive
cases were noted by both readers using the 3D sequences,
and there were no false-positive cases using the 2D sequences.
We retrospectively reviewed the false-positive/-negative cases
of both readers compared with the arthroscopic findings; the
results were as follows: (1) true false-positive lesions without
correlating lesions (n=2); (2) interpreted as CLT by both
readers A and B, but arthroscopy revealed only synovitis
(n=3); (3) minimal damage (fraying) observed during arthros-
copy, which was not considered significant, although one le-
sion appeared as subchondral bone marrow edema on the MR
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Table 2 Comparisons of MRI
and operative finding for both 2D T2-weighted FSE 3D T2-weighted FSE Operation
readers
Reader A Reader B Reader A Reader B
ATFL CT 19 (54 %) 12 (34 %) 22 (63 %) 17 (49 %) 21 (60 %)
PT 16 (46 %) 23 (66 %) 13 (37 %) 18 (51 %) 14 (40 %)
CLT Present 8 (23 %) 8 (23 %) 23 (66 %) 16 (46 %) 17 (49 %)
Absence 27 (77 %) 27 (77 %) 12 (34 %) 19 (54 %) 18 (51 %)
OSF Present 13 (37 %) 11 31 %) 12 (34 %) 13 (37 %) 7 (20 %)
Absence 22 (63 %) 24 (69 %) 23 (66 %) 22 (63 %) 28 (80 %)

Abbreviations: CT, complete tear; PT, partial tear; ATFL, anterior talofibular ligament; CLT, chondral lesion of the
talus; OSF, os subfibulare/avulsion fracture of the distal fibula

Data are listed as the number of subjects, with the percentage of the total sample of 35 in parentheses

Reader A: musculoskeletal radiologist with 1 year of experience

Reader B: musculoskeletal radiologist with 14 years of experience

images (n=4); (4) lesions located in the lateral aspect of the
talus below Basset’s ligament on arthroscopy, which were not
identified on the MR images (n=2).

OSF From the arthroscopy, 7 (20 %) of the 35 patients exhib-
ited OSF. Table 3 lists the AUC values representing the diag-
nostic performance of 3D T2-weighted FSE sequences versus
that of 2D T2-weighted FSE sequences. There was no statis-
tically significant difference (p =0.32) in the diagnosis of OSF
between the 2D FSE and 3D FSE sequences for either reader.
Table 4 lists the sensitivity, specificity and accuracy. Four
cases were considered as positive by both of two readers on
both 2D and 3D sequences, but negative from the arthroscopic
findings (Figure 4 provides an example of OSF detected by
both sequences but not found on the arthroscopic findings).
No false-negative cases were noted from either the 3D or 2D
sequences.

Interobserver agreement was substantial for chondral
lesions of the talus (k=0.676) and OSF (k=0.621) via
the 2D T2-weighted FSE sequence and for ATFL
(k=0.659) and OSF (x=0.689) via the 3D T2-
weighted FSE sequence. Interobserver agreement was
moderate for CLT (k=0.499) via the 3D T2-weighted
FSE sequence and for ATFL (k=0.553) via the 2D T2-
weighted FSE sequence.

Discussion

The ATFL is the most commonly injured ligament fol-
lowing lateral ankle injury [2, 27]. We used an ATFL
injury classification system that was modified from the
grade system of the American Medical Association and
Cass et al., whereby grade I corresponds to the ligament

Table 3 Comparison of the area

under the curve (AUC) values of 2D T2-weighted FSE 3D T2-weighted FSE Difference* p-value
2D T2-weighted fast spin-echo
(FSE) and 3D T2-weighted FSE ATFL
sequences for both readers Reader A 0.774 (0.628, 0.919) 0.821 (0.686, 0.957) 0.047 (—0.088, 0.184) 0.501
Reader B 0.690 (0.545, 0.835) 0.845 (0.729, 0.962) 0.155 (—0.026, 0.310) 0.074
CLT
Reader A 0.678 (0.546, 0.810) 0.833 (0.721, 0.945) 0.155 (-0.016, 0.334) 0.090
Reader B 0.735 (0.613, 0.858) 0.799 (0.662, 0.936) 0.064 (—0.105, 0.227) 0.450
OSF
Reader A 0.893 (0.815, 0.970) 0.911 (0.838, 0.983) 0.018 (-0.029, 0.036) 0.317
Reader B 0.929 (0.863, 0.995) 0.893 (0.815, 0.970) 0.036 (—0.107, 0.037) 0.317

Abbreviations: ATFL, anterior talofibular ligament; CLT, chondral lesion of the talus; OSF, os subfibulare/

avulsion fracture of the distal fibula

Data are presented as parameters with 95 % confidence intervals in parentheses
*Data are mean differences in AUC scores between the 2D T2-weighted FSE group and the 3D T2-weighted FSE

group

P-values for the comparison of AUC were calculated using Delong's method

@ Springer
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Fig. 2 Anterior talofibular ligament (ATLF) tear. True positive and
discordant between 2D and 3D sequence images. A 53-year-old female
with ankle discomfort. A thinning, wavy contour of the ATFL was noted
from the two-dimensional (2D) T2 fast spin-echo (FSE) sequence image
(a). Both readers considered this as a partial tear from the 2D T2 FSE

being stretched with no tearing, laxity and little pain;
grade II corresponds to a partial tear of the ligament,
with minimal laxity and moderate pain; and grade III
corresponds to complete rupture of the ligament, with
instability of the joint [20, 21]. In other words, grade
I and II lesions are partial tears, and grade III lesions
are complete tears. We focused on the diagnostic per-
formance for differentiating complete tears from partial
tears, which has clinical importance because treatment
plans for grade I and grade II ligament injuries are
conservative, whereas those for grade III injuries are
controversial between functional treatment (including
early mobilization, cast immobilization, pharmacologi-
cal, physical therapy and intrajoint injection) and prima-
ry surgical repair [21, 28]. Conventional ankle MRI
commonly includes several 2D-FSE sequences acquired
in orthogonal scan planes [14]. We hypothesized that
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image. From the three-dimensional (3D) T2 FSE sequence MR image,
disruption at the fibula attachment site of the ATFL was detected (b—d),
and both readers interpreted this as a complete tear. Arthroscopy
confirmed it as a complete tear (e)

the diagnostic performance for ATFL tears would be
higher for the 3D T2-weighted FSE sequence than the
2D T2-weighted FSE sequence, whereby the data were
acquired in thin sections. Although there was no statis-
tical significance, we found higher AUC values in the
diagnosis of ATFL tears using the 3D T2-weighted FSE
sequence than the 2D T2-weighted FSE sequence. This
is not consistent with previous study on the shoulder
joint, which reported higher AUC values for 2D se-
quences than 3D sequences [15]. There are a number
of possible reasons for this. First, the ankle joint is
smaller than the shoulder joint, so the scan time is
shorter for the ankle joint, which may reduce the pos-
sibility of motion artifacts during the scan [15, 29].
Second, the ankle joint is not affected by breathing mo-
tion artifacts, unlike the shoulder joint [30]. Decreased
effects of motion artifacts may explain the higher AUC
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Table 4  Sensitivity, specificity and accuracy of 2D FSE and 3D FSE sequences in the detection of ATFL lesions, CLT and OSF

Reader A

2D T2-weighted FSE

3D T2-weighted FSE

Reader B

2D T2-weighted FSE

3D T2-weighted FSE

ATFL
Sensitivity 0.76 (0.53-0.92) 0.86 (0.64-0.97)
Specificity 0.79 (0.49-0.95) 0.79 (0.49-0.95)
Accuracy 0.77 (0.60-0.90) 0.83 (0.66-0.93)

CLT
Sensitivity 0.41 (0.18-0.67) 1.00 (0.73-1.00)
Specificity 0.94 (0.73-1.00) 0.67 (0.41-0.87)
Accuracy 0.69 (0.51-0.83) 0.83 (0.66-0.93)

OSF
Sensitivity 1.00 (0.47-1.00) 1.00 (0.47-1.00)
Specificity 0.79 (0.59-0.92) 0.82 (0.63-0.94)
Accuracy 0.83 (0.66-0.93) 0.86 (0.70-0.95)

0.52 (0.30-0.74)
0.86 (0.57-0.98)
0.66 (0.48-0.81)

0.47 (0.23-0.72)
1.00 (0.74-1.00)
0.74 (0.57-0.88)

1.00 (0.47-1.00)
0.86 (0.67-0.96)
0.89 (0.73-0.97)

0.76 (0.53-0.92)
0.93 (0.66-1.00)
0.83 (0.66-0.93)

0.76 (0.50-0.93)
0.83 (0.59-0.96)
0.80 (0.63-0.92)

1.00 (0.47-1.00)
0.79 (0.59-0.92)
0.83 (0.66-0.93)

Abbreviations: ATFL, anterior talofibular ligament; CLT, chondral lesion of the talus; OSF, os subfibulare/avulsion fracture of the distal fibula
Data are presented as parameters with 95 % confidence intervals in parentheses

values for the 3D sequence than the 2D sequence.
Third, when 2D-FSE sequences are acquired using
thicker slices and/or slice gaps, this may lead to prob-
lems in detecting ankle pathologies such as ligament
tears or cartilage injuries [14].

Chondral lesions usually occur in the talar dome.
Frequent sites of CLT are the middle third of the lateral
border and the posterior third of the medial border [3].
High-resolution techniques with thin sections and differ-
ential contrast among hyaline cartilage, subchondral
bone and joint fluid are crucial for evaluating cartilage
lesions [31]. We found that the 3D T2-weighted FSE
sequence resulted in higher AUC values, sensitivity
and accuracy for detecting CLT than the 2D T2-
weighted FSE sequence. This result is consistent with
a previous study on chondromalacia of the knee joint
[32, 33]. However, the sensitivity of the 2D sequence
for detecting osteochondral lesions of the talus (41—
47 %) was lower than that previously reported (95 %),
in which grade-I lesions were considered normal be-
cause of the lack of clinical significance [31]. Given
that our study included superficial articular lesions
(which were excluded in the previous study [37]), this
may be the reason for the lower sensitivity observed in
our study. We found that the 3D sequence showed a
slightly higher trend of sensitivity than the 2D sequence
in the detection of CLT. Though the higher trend of
sensitivity for 3D sequence is offset by lower specific-
ity, we expect that 3D FSE may show similar diagnostic
performance to 2D FSE for detecting cartilage lesions,
allowing for thin sections and arbitrary planes according
to the anatomical structures of interest [33].

The accuracy of diagnosing OSF was 69—84 %. The
sensitivity, specificity and accuracy for detection of OSF
were similar between 2D and 3D sequences. It is not
surprising that OSF was not detected via arthroscopy,
because arthroscopic surgery is limited to a narrow
search over a small region of the ankle joint.
Furthermore, OSFs are likely to be hidden by synovitis
or inflammatory granulation tissue and so may not be
detected by arthroscopy, especially when OSFs are not
completely retracted from the mother bone. Examining
MR images prior to planning surgery may help in de-
tecting OSFs.

Limitations

This study had several limitations. First, we did not
include a control group without complaints of the ankle
joint, including instability, and only included patients
who underwent arthroscopic surgery, which may have
led to selection bias. However, it is neither practically
nor ethically feasible to perform invasive ankle arthros-
copy for healthy volunteers. Second, most patients
underwent ankle MRI after months or years of discom-
fort; in the chronic stage of an ATFL tear, the gap in
the torn ATFL ligament is replaced by scar tissue or
fibrosis, and remodeling to the normal thickness may
occur [34]. This might have contributed to lower sensi-
tivity for detection of ATFL tears. Third, we did not
apply parallel imaging to the 3D isotropic sequence,
and more time was required to acquire the 3D-
isotropic-sequence images (8 min and 30 s) than the
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Fig.3 Chondral lesion of the talus (CLT). False negative on 2D and true
positive on 3D, and discordant between 2D and 3D sequence images. A
35-year-old female with ankle discomfort. Focal cartilage defect was
suspected from the 2D coronal T2 FSE image (a), but was not definite
on the sagittal plane (b). One reader considered this a positive finding, but
the other considered it a negative finding. The 3D T2 FSE coronal and
sagittal reconstructed images (¢, d) clearly show the focal high signal
portion in the dome of the talus (see the arrow), and both readers
interpreted this as a positive finding. Arthroscopy confirmed CLT (e)

conventional 2D sequence images (5 min and 32 s).
Through the use of parallel imaging, 3D isotropic spin-echo
images can be obtained with shorter image scan times and a
more flexible protocol design [35, 36]. Fourth, though the
arthroscopy finding could not detect all OSFs, it was used as
a reference standard to confirm the presence or absence of
OSF. It might also potentially lower the specificity and accu-
racy for diagnosing OSF.

@ Springer

Fig. 4 Os subfibulare. True positive and concordant between 2D and 3D
sequence images. A 44-year-old female patient with ankle discomfort for
2 months. A small osseous lesion was noted below the distal fibula on
both the 2D and 3D sequence images (a—d). Arthroscopy revealed a
complete tear of the ATFL, together with adhesion and fibrosis, which
may have obscured the osseous lesion (e)

To the best of our knowledge, this work represents the first
study comparing the diagnostic performance of 3D T2-
weighted FSE and 2D conventional FSE sequences for
ATFL tears, CLTs and OSFs. Further study to support the
results of this work is required.
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Conclusion

Three-dimensional isotropic T2-weighted FSE MRI of the
ankle resulted in no statistically significant difference in diag-
nostic performance compared to two-dimensional T2-weight-
ed FSE MRI in the evaluation of ATFL tears, chondral lesions
of the talus and OSFs.
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