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Objective: To validate the use of contrast-enhanced (CE) fat-suppressed
three-dimensional (3D) fast gradient-recalled acquisition in the steady state with
radiofrequency spoiling (FSPGR) magnetic resonance imaging (MRI) for the
diagnosis of anterolateral soft tissue impingement of the ankle, as compared to
the use of routine ankle MRI.

Materials and Methods: Contrast-enhanced fat-suppressed 3D-FSPGR MRI
and routine MRI scans were retrospectively reviewed for 45 patients with arthro-
scopically proven anterolateral impingement. In addition, scans were reviewed in
45 control subjects with diagnoses other than impingement. Two radiologists
independently reviewed the two sets of images in random order. Using areas (Az)
under the receiver operating characteristic curve (ROC), we compared the depic-
tion of anterolateral soft tissue impingement in the two sets of images.

Results: The overall accuracy for lesion characterization was significantly high-
er (p < 0.05) using the CE fat-suppressed 3D-FSPGR MR images (Az = 0.892
and 0.881 for reader 1 and 2, respectively) than using the routine MR images (Az
=0.763 and 0.745). The use of CE fat-suppressed 3D-FSPGR MRI enhanced
impingement depiction in most cases. However, in cases with a thickened non-
enhancing scar or joint effusion, the routine images better depicted a soft tissue
mass that intruded into anterolateral gutter than the CE images.

Conclusion: The use of CE fat-suppressed 3D-FSPGR MRI of the ankle
allows a more accurate assessment of anterolateral soft tissue impingement of
the ankle, as compared to the use of routine MRI.

nkle inversion is the most common ankle injury and leads to an anterior

talofibular ligament sprain. If the injury is repetitive, granulation tissues

are often produced and the tissues eventually become hypertrophied in
the anterolateral recess of the ankle joint. As the hypertrophied tissues are entrapped
in the anterolateral recess, anterolateral soft tissue impingement syndrome develops.
The clinical features include anterolateral ankle tenderness, swelling and pain
aggravated by single-leg squatting, ankle dorsiflexion and eversion. Arthroscopic
synovectomy is a proven treatment for anterolateral soft tissue impingement
syndrome (1-8).

The accuracy of the use of routine MRI for ankle injuries, including soft tissue
impingement, is controversial (8-14). Though invasive, direct MR arthrography has
been the most accurate preoperative method of evaluation (9). Recently, the use of
contrast enhanced (CE) fat-suppressed three-dimensional (3D) fast spoiled gradient-
recalled acquisition in the steady state (FSPGR) sequence has been introduced as a less
invasive imaging alternative for the assessment of synovitis and soft tissue impinge-
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ment (15). However, in this previous study, further valida-
tion was needed, as the original sample size of the study
population was small, particularly for the use of the
method with soft tissue impingement. Additionally, there
was no comparison with the use of routine MRI.

This study was designed to determine retrospectively the
effectiveness of the use of CE fat-suppressed 3D-FSPGR
MRI in the diagnosis of anterolateral soft tissue impinge-
ment of the ankle as compared to the use of routine MRI in
a large patient population.

MATERIALS AND METHODS

Patient Population

Between December 2002 and May 2006, ankle CE MR
scans were performed on 1,170 patients at our institute.
Among the patients, 45 patients (32 men and 13 women)
who had arthroscopically proved anterolateral impinge-
ment were enrolled. The mean age of these patients was
34 years, ranging from 17 to 68 years. During this same
period, 45 consecutive control patients (32 men and 13
women) also underwent MRI examinations before surgery,
including arthroscopy, for surgically documented diagnoses
other than anterolateral soft tissue impingement. Twenty-
eight of these patients had an impingement syndrome at
the other ankle recesses, 23 patients had osteochondral
lesions, 13 patients had loose bodies within the ankle, eight
patients had syndesmotic injuries, and one patient had a
tear of the anterior talofibular ligament. The mean age of

B

the control patients was 30 years, ranging from 15 to 64
years. Patients with a history of prior surgery, known
fractures, or inflammatory or infectious arthritis were
excluded from the study. Written informed consent was
obtained from all patients prior to imaging, and our institu-
tional review board approved the study.

For all 90 cases, an expert arthroscopic orthopedic
surgeon conducted a clinical evaluation, including a
medical history and physical examination. The clinical
parameters included patient demographic data and the
interval from the preoperative MRI examination to
arthroscopy.

As described previously (15), anterolateral soft tissue
impingement was characterized as synovitis and abnormal
reactive tissues occupying space within the capsular reflec-
tion that corresponded to the injured and painful site of the
anterolateral gutter, regardless of the presence of other
traumatic ankle lesions. The other traumatic ankle lesions
included osteochondral lesions, soft tissue impingements
other than at the anterolateral gutter, syndesmotic injury
and intra-articular loose bodies.

MRI

MRI was performed on a 1.5-T imager (Horizon; General
Electric Medical Systems, Milwaukee, WI) with a dedicated
extremity coil. Supine patients were examined with the
ankle placed in the neutral position. For each patient, we
acquired routine MRI and fat suppressed 3D-FSPGR MRI
images with and without contrast enhancement. This was a

Fig. 1. Imaging findings of normal anterolateral recess of ankle and soft tissue impingement at anterolateral recess of ankle as depicted
by use of routine MR. Images are transverse T2-weighted (TR/TE of 2000/20/70, 256 x 256 matrix, 1 NEX [number of excitatid], FOV
[field of view] of 12 cm) spin echo MRI, taken approximately at level of malleolar fossa.

A. Normal anterolateral recesses were defined as clear anterolateral recesses of ankle without thickened anterior talofibular ligament

(arrow).

B, C. Anterolateral soft tissue impingement of ankle was defined as filling of anterolateral gutter with soft tissue (B), fuzzy and marked

thickening of anterior talofibular ligament (C).
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routine protocol for ankle MRI in our practice.

Routine MRI was comprised of a) axial T1-weighted SE
(spin echo) images (TR/TE, 700/11 msec; matrix, 256 X
256; number of acquisitions, one; field of view, 12 cm;
imaging time, 2 minutes 29 seconds), b) axial intermediate-
and T2-weighted SE images (TR/TE1/TE2 of 2000/20/70
msec; matrix, 256 X 256; number of acquisitions, one;
field of view, 12 cm; imaging time, 6 minutes 48 seconds)
and c) coronal intermediate- and T2-weighted SE images
(TR/TE1/TE2 of 2000/20/70 msec; matrix, 256 X 256;
number of acquisitions, one; field of view, 12 cm; imaging
time, 6 minutes 48 seconds). The thickness of routine MRI
slices was 4 mm with no gap.

Intravenous CE fat-suppressed 3D-FSPGR MRI (TR/TE
20.9/2.2 msec, flip angle 15°; matrix, 256 X 192; number
of acquisitions, one; field of view, 12 cm) was obtained on
the coronal plane. A 9 cm thick slab was partitioned into
60 sections, resulting in 1.5 mm sections. For gadolinium-
enhanced dynamic MR imaging, either gadopentetate
dimeglumine (Magnevist; Schering, Berlin, Germany) or
gadodiamide (Omniscan; Nycomed Amersham, Oslo,
Norway) was injected as a rapid bolus by hand injection at
a dose of 0.1 mmol/kg and was immediately followed by a
10-20 mL saline flush. This sequence was acquired in 4
minutes and 22 seconds.

Image Analysis

Retrospectively, two musculoskeletal radiologists, who
were blinded to the patient data, clinical history, and
arthroscopic results, independently reviewed the two sets
of MRI images in a random order. The interpretation of the
routine MR images and CE fat-suppressed 3D-FSPGR
images was performed separately. The interval between
the two reviewing sessions was at least two weeks for both
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readers. The CE fat-suppressed 3D-FSPGR images and its
multiplanar reformatted images, postprocessed with the
use of 3D reconstruction software (AW Workstation;
General Electric Medical Systems) were reviewed in a
workstation.

Each observer recorded the presence of anterolateral soft
tissue impingement using a five-point confidence rating
score for each lesion; 1 equals “no lesion,” 2 equals
“probably not a lesion,” 3 equals “an equivocal lesion,” 4
equals “a probable lesion” and 5 equals “a definite
lesion.” The features suggesting anterolateral soft tissue
impingement as depicted on routine MRI were soft tissue
fullness at the anterolateral gutter of the ankle or fuzzy
and marked-thickening of the anterior talofibular ligament
(Fig. 1). In contrast, the feature suggesting anterolateral
soft tissue impingement as depicted on CE fat-suppressed
3D-FSPGR MRI was focal nodular or irregular thick
enhancement in the anterolateral recess (Fig. 2).

Statistical Analysis

An alternative free response receiver operating charac-
teristic (ROC) curve was fitted to the confidence ratings of
each reader using a maximum-likelihood estimation
(ROCKIT 0.9B; Metz CE, University of Chicago, Chicago,
IL 1998). The performance of each observer in characteriz-
ing anterolateral soft tissue impingement of the ankle was
assessed using the area (Az) under the ROC curve. The
difference between the areas under the ROC curves was
determined by the use of a univariate z-score test.

In order to compare clinical characteristics and arthro-
scopic results between patients with anterolateral soft
tissue impingement and controls, continuous variables (e.g.
age) were analyzed using the Mann-Whitney U test, while
categorical variables (such as sex) were analyzed using

Fig. 2. Imaging findings of normal
anterolateral recess of ankle and soft
tissue impingement at anterolateral
recess of ankle by use of 3D-FSPGR
MR. Images are reformatted-axial
contrast-enhanced fat-suppressed 3D-
FSPGR images (TR/TE of 20.9/2.2
msec, flip angle of 15°, 256 x 192
matrix, 1 number of excitatid, field of
view of 12 cm) using coronal contrast
enhanced 3D-FSPGR imaging.

A. Normal image shows no enhancing
lesion at anterolateral recess of ankle.
B. Anterolateral soft tissue impingement
of ankle was defined as a nodular thick
enhancement with internal intrusion
(arrow).
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Fisher’s exact test. For all tests, a two-tailed p < 0.05 was
considered statistically significant.

Sensitivity, specificity, and accuracy of MRI for the
depiction of anterolateral soft tissue impingement of the
ankle were calculated by using arthroscopic results as
reference standards. We considered a score of 4 and 5 as
positive MRI results for both routine MRI and 3D-FSPGR
MRI. Each of the false positive and false negative results
for the routine MRI set was compared with the respective

results with the use of 3D-FSPGR MRI. On the contrary,
false positive and negative 3D-FSPGR MRI results were
evaluated.

The weighted Kappa () test was used to assess
agreement of the interobserver performance for the
characterization of anterolateral soft tissue impingement as
the data were categorized. The degree of agreement was
categorized as follows: « < 0, poor; « from 0 to 0.20, slight
agreement; ¥ from 0.21 to 0.40, fair agreement; « from

Fig. 3. 56-year old woman with chronic ankle pain. This was true positive case diagnosed by both routine MRI and contrast enhanced

fat-suppressed 3D-FSPGR MRI.

A, B. Axial intermediate (A) and T2 (B) weighted spin echo (2000/20/70) MRI showing soft tissue fullness in anterolateral recess (arrow).
C. Reformatted-axial contrast enhanced fat-suppressed 3D FSPGR images also show enhancing soft tissue fullness in anterolateral

recess (arrow).

Fig. 4. 30-year-old man with chronic ankle pain. This case was correctly diagnosed by CE fat-suppressed 3D-FSPGR MRI and was
missed by use of routine MRI.
A, B. Axial T2 (A) weighted spin echo (2000/70) MRI shows mild fuzzy anterior talofibular ligament (arrow). However, reformatted axial
CE fat-suppressed 3D-FSPGR (B) MRI shows irregular thick enhancement in anterolateral recess (arrow) of ankle.

C. Arthroscopic findings confirm presence of anterolateral impinged soft tissue (*).

412

Korean J Radiol 9(5), October 2008



Contrast-Enhanced Fat-Suppressed 3D-FSPGR Ankle MR Imaging for Anterolateral Soft Tissue Impingement

0.41 to 0.60, moderate agreement; # from 0.61 to 0.80,
substantial agreement; and « from 0.81 to 1, near perfect
agreement (16). Statistical analyses were performed with
SPSS 12.0 for Windows (SPSS, Chicago, IL), Microsoft
Excel 2000 (Microsoft, Redmond, WA) and MedCalc
(MedCalc Software, Mariakerke, Belgium).

Table 1. Comparison of Clinical Characteristics and
Arthroscopic Results between Patients with
Anterolateral Soft Tissue Impingement and Control

Subjects
Group
ALSI Control
(n=45) (n=45) p value

Sex 1t

M 32 32

F 13 13
Age (years) 0.08?

Mean 34 30

Range 17-68 15-64
Preoperative MRI to arthroscopy (days) 0.25?

Median 43 36

Mean 89 79

Range 4-241 12-265
OCL 16 23 0.20*
Syndesmotic injury 10 8 0.79*
Loose bodies 7 13 0.20*
ATFL tear 10 1 0.01*
Impingement (other sites) 0.02*

Anteromedial 16 20

Anterior 3 9

posterior 3 5

Note.— ALSI = anterolateral soft tissue impingement, OCL =
osteochondral lesion; ATFL = anterior talofibular ligament
!By Fisher's exact tes; 2By Mann-Whitney U test

RESULTS

There was no significant difference in the clinical charac-
teristics between patients with anterolateral soft tissue
impingement and the control group of patients, indicating a
homogenous distribution of clinical data between the two
groups. However, according to the findings of the arthro-
scopic examinations, anterior talofibular ligament tears
were more frequent (p < 0.05) in patients with anterolat-
eral soft tissue impingement than in the control group of
patients. Soft tissue impingements at other recesses of the
ankle were more frequent (p < 0.05) in the control group
of patients than in patients with anterolateral soft tissue
impingement (Table 1).

The areas under the alternative free response ROC curve
for the overall ability to characterize the lesions are
presented in Table 2. For the two viewing sessions, the
overall accuracy in lesion characterization was significantly
higher (p < 0.05) using CE fat-suppressed 3D FSPGR MRI
(Az = 0.892 for reader 1, 0.881 for reader 2) than using
routine MRI (Az = 0.763 for reader 1, 0.745 for reader 2)
(Table 2).

Sensitivity, specificity, and accuracy were higher for the
use of CE fat-suppressed 3D-FSPGR MRI than for the use
of routine MRI in diagnosing anterolateral soft tissue
impingement of the ankle (Table 3).

Readers 1 and 2 identified 17 and 20 false negatives,
respectively, for the detection of anterolateral soft tissue
impingement using routine MRI. There were fewer false
negative results with the use of CE fat-suppressed 3D-
FSPGR MR, as reader 1 identified 11 of the 17 routine
MRI false negatives and reader 2 identified 11 of the 20
routine MRI false negatives (Fig. 4). Readers 1 and 2

Table 2. Accuracy of Characterization for Each Reader and Each Method

Routine Set CE Set
Az 95% ClI Az 95% ClI P
Reader 1 0.763 (0.665, 0.862) 0.892 (0.816, 0.968) <0.05
Reader 2 0.745 (0.643, 0.847) 0.881 (0.843, 0.976) <0.05
Note.— Values are mean values of areas (Az) under the ROC curve. Cl = confidence interval, p = univariate z-score test under ROC curve
Table 3. Diagnostic Performances of Each Technique for Assessment of Anterolateral Soft Tissue Impingement of Ankle
Routine Set CE Set
Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
Reader 1 64.4 (29/45) 66.7 (34/45) 70.0 (63/90) 82.2 (37/45) 95.6(43/45) 88.9 (80/90)
Reader 2 55.6 (25/45) 66.7 (34/45) 65.6 (59/90) 77.8 (35/45) 93.3 (42/45) 85.6 (77/90)

Note.— Values in all columns are percentages; values in parentheses are the number of ankles. CE = contrast enhanced

Korean J Radiol 9(5), October 2008

413



Choo et al.

identified 10 and 11 false positives, respectively, using
routine MRI. Using CE fat-suppressed 3D-FSPGR MRI,
reader 1 correctly diagnosed 9 of 10 false positives that
were diagnosed by the use of routine MRI, and reader 2
correctly diagnosed 9 of 11 false positives that were
diagnosed by the use of routine MRI. For CE fat-
suppressed 3D-FSPGR MR, readers 1 and 2 both
diagnosed 6 false negative results (Fig. 5) and 2 false
positive results.

The degree of the interobserver agreement was 0.738
and 0.891 for the use of both routine MRI and CE fat-
suppressed 3D-FSPGR MR], indicating a substantial to
near perfect interobserver agreement for the overall
characterization of anterolateral soft tissue impingement
using both imaging techniques.

DISCUSSION

Conventional ankle MRI has been routinely used with
controversial results for the assessment of anterolateral
impingement of the ankle. Direct magnetic resonance
arthrography has also been used to improve the accuracy
of diagnosis, regardless of the invasiveness of the method
(8-14). Recently, Huh et al. (15) introduced the use of CE
fat-suppressed 3D-FSPGR as a less invasive alternative
modality for assessing synovitis and soft tissue impinge-
ment of the ankle. For the diagnosis of anterolateral
impingement, the results were comparable to the use of
direct magnetic resonance arthrography with respect to
accuracy, sensitivity and specificity. However, the study by

Huh and colleagues had limitations due to the inclusion of
a small number of patients (7 patients) and no comparison
with the use of routine MRL

In the present study, 90 patients were included, and CE
fat-suppressed 3D-FSPGR MRI performed in a superior
manner for assessing anterolateral soft tissue impingement
when compared to the use of routine ankle MRI. CE fat-
suppressed 3D-FSPGR MRI had a lower partial volume
effect than routine MRI and could more accurately identify
the anterolateral soft tissue impingement. A higher z-axis
resolution also enabled us to obtain good quality images of
the anterolateral gutter along any plane, with minimal
stepladder artifacts. The major drawbacks of the use of
routine MRI in assessing the anterolateral gutter were a
greater partial volume effect and a lower conspicuity as
compared to the use of CE fat-suppressed 3D-FSPGR. As
compared to the use of CE fat-suppressed 3D-FSPGR MRI,
the use of routine MRI with 3-mm slices was not satisfac-
tory for assessing anterolateral soft tissue impingement due
to its low resolution.

As routine T2-weighted images led to a high signal
contrast between joint fluid and adjacent tissue, the images
helped to depict conspicuously the lesions in cases with
joint effusion. Thus, routine MRI had a higher specificity
than sensitivity in assessing anterolateral soft tissue
impingement. Our results suggest that routine MRI use is
complimentary with CE fat-suppressed 3D-FSPGR MRI for
the diagnosis of anterolateral soft tissue impingement.

The injuries implicated in the development of anterolat-
eral impingement may result in cartilage and ligament

Cc

Fig. 5. 33-year-old man with chronic ankle pain. This was contrast enhanced 3D-FSPGR MRI false negative case but routine MRI true

positive case.

A. Axial T2-weighted spin echo (2000/70) MRI shows focal soft tissue mass.
B. Reformatted axial contrast enhanced fat-suppressed 3D-FSPGR MRI shows no enhancing lesion in anterolateral recess of ankle.
C. Arthroscopic findings confirm presence of anterolateral impinged soft tissue (*).
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damage as well as in the development of reactive synovitis
(1-7). An anterior talofibular ligament tear was seen more
frequently in patients with anterolateral impingement than
in control subjects. Other common accompanying lesions
were osteochondral lesions, syndesmotic injuries and loose
bodies, although the incidence of these lesions was not
significantly different between the two groups of patients.

There are limitations to this study. First, the study has
potential subject-selection bias because of the retrospective
design. Second, the criteria are different for comparing the
diagnostic accuracy of routine MRI with CE fat-suppressed
3D-FSPGR MRI. However, each criterion of both MR
sequences was based on the findings of previous reports (9,
13). The discrepancy of criteria may affect the statistical
results of this study. Third, discrimination between extra-
capsular enhancing structures and impinged synovial-
enhanced tissue is difficult in some cases. Fourth, non-
enhancement of impinged tissue could not be conspicu-
ously depicted. Fifth, intra-articular diffusion of the MRI
contrast agent could be mistaken for synovitis, even
though we minimized the imaging time to 4 minutes and
22 seconds to minimize the diffusion effect (15, 17).
Finally, we did not acquire a further delayed sequence for
the indirect magnetic resonance arthrographic effect in our
investigation protocol.

We did not conduct a comparative study for images
obtained with the use of routine MRI and images obtained
with the use of non-CE fat-suppressed 3D-FSPGR
sequences, because a fat-suppressed 3D-FSPGR sequence
without contrast-enhancement is not properly used to
reveal abnormalities where fat and ligaments are seen as a
low signal. The use of CE fat-suppressed T1-weighted SE
images, as with routinely used CE MR images, may be
helpful to detect anterolateral soft tissue impingement of
the ankle. Li et al. (18) suggested that small lesions were
better visualized in the thin CE 3D gradient MR images
than in the thick CE SE images, by reduction of partial
volume effects, minimization of signal losses caused by
field inhomogeneities, and better-reformatted images. As
the anterolateral recess of the ankle is a small space,
anterolateral soft tissue impingement may be better
detected with the use of CE 3D-FSPGR MRI than with CE
T1-weighted SE images. However, since a comparison
study of anterolateral soft tissue impingement of the ankle
on CE SE and CE 3D gradient-echo sequences has not yet
reported, a comparative investigation may be needed in
the future.

In summary, the use of CE fat-suppressed 3D-FSPGR
MRI is a helpful adjunct to the use of non-enhanced

Korean J Radiol 9(5), October 2008

routine SE MRI sequences to identify patients with antero-
lateral impingement syndrome.
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