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Abstract

Purpose To compare the detection rate and visibility of the
ligaments in the Lisfranc joint with a single 3D (—SPACE)
MR sequence and three orthogonal PD fat-saturated
sequences.

Materials and methods Thirty-one asymptomatic feet and
15 patients with posttraumatic pain in the Lisfranc joint
were evaluated with a 3D-SPACE-sequence (0.5 mm sec-
tion thickness, acquisition time 10:22 min, secondary refor-
mations) and three orthogonal PD fs sequences (2 mm
section thickness, 9:20 min). The Lisfranc-ligament, the
dorsal and plantar tarsometatarsal ligaments (TMT), the
dorsal, interosseous, and plantar intermetatarsal ligaments
(IMT) (24 ligaments for each foot) were assessed.

Results In asymptomatic feet, 692 ligaments were detected
with the SPACE sequence, thereof 90.6 % exhibited normal
signal, and most (96.9 %) were completely visible on one
single image. A total of 659 ligaments were detected with
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the PD fs sequence, thereof 86.6 % yielded normal signal,
and 28.5 % were completely visible on one single image.
In patients, 327 ligaments were detected with SPACE,
thereof 50.6 % appeared completely visible with high sig-
nal. On PD fs, 308 ligaments were detected, 42.2 % of the
ligaments had high signals.
Conclusions The ligaments of the Lisfranc joint are better
detected with a single 3D-SPACE sequence and secondary
reformations than with three orthogonal PD fs sequences.

Keywords Lisfranc joint - Ligaments - MRI - SPACE -
PD fs sequence - Pain in the Lisfranc joint

Introduction

Midfoot sprains with concomitant injury of the tarsometatarsal
(TMT) joints are typical sequela after sports injuries. There is
a wide spectrum of injuries ranging from partial sprains with
no displacement to complete tears with frank diastasis as well
as complex fracture-dislocations [1-5]. The Lisfranc joint
(also the tarsometatarsal joint) is a multifaceted polyarticular
system between the distal row of the tarsal bones and the five
metatarsal bones [6—9]. The joint complex is stabilized by the
articular capsules, ligaments, and tendons [6—8]. Due to the
complex anatomy, the identification of specific structures
becomes difficult. However, proper identification of the extent
of ligament and osseous injuries by means of imaging proce-
dures is of importance to get the correct diagnosis and the
appropriate treatment plan [10-14].

The Lisfranc joint ligament system consists of the cuneo-
metatarsal ligaments (these are usually called “Lisfranc
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ligaments”), the tarsometatarsal (TMT) ligaments (dorsal
and plantar), and the intermetatarsal (IMT) ligaments
(dorsal, interosseous, and plantar) [8].

Several studies have focused on morphology of some of
the ligaments pertaining to the Lisfranc joint [7, 15-21]. To
our knowledge, only one cadaver study addressed in detail
the complete intricate Lisfranc ligament anatomy [15]. New
3D sequences with secondary reformations have been suc-
cessfully applied in different anatomical regions [22-25],
and the MR acquisition times are feasible for clinical appli-
cation. Secondary reformations have the potential for better
visibility of oblique-running structures like the ligaments
about the Lisfranc joint. While earlier studies using 3D-
gradient echo sequences had the disadvantage of a more
hyperintense signal in normal ligaments compared to spin-
echo sequences, recently 3D releases of turbo-spin echo
sequences became available, called SPACE (Siemens
Healthcare, Forchheim, Germany) or CUBE (GE Medical
Systems, Solingen, Germany). These sequences employ
thin-sections for secondary reformations with similar signal
characteristics as conventional turbo-spin echo sequences,
which may be useful for the evaluation of obliquely oriented
ligaments. To our knowledge, the 3D-SPACE or CUBE
sequence has been evaluated only for the ankle [26] but
not for other areas in the foot.

The aim of this study was to compare the detection and
visibility of the ligaments in the Lisfranc joint with a 3D-
SPACE MR sequence and three orthogonal PD fs sequences
in patients and asymptomatic feet.

Materials and methods

This prospective study was approved by the ethics commit-
tee and all patients and healthy volunteers provided written
informed consent.

Subjects

Thirty-one volunteers (mean age 31.4 years, range 22—
64 years) with asymptomatic feet were enrolled for the
study. Subjects were excluded if any of the following
aspects was present: history of foot trauma (e.g., fracture
or ligament rupture at the midfoot), previous foot surgery,
systemic disease (rheumatic disorder, diabetes, neoplasia),
or contraindications to perform MRI (e.g., pacemaker, preg-
nancy, claustrophobia).

Fifteen consecutive patients (mean age 51.2 years, range
23-88 years) suffering from midfoot pain suspicious for
fracture or ligament rupture within the Lisfranc joint were
included into the study. A fellowship-trained orthopedic foot
and ankle surgeon with at least 5 years of experience in his
field examined all patients clinically. Twelve patients had an
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acute trauma and midfoot pain, four of them had a fracture
of the Lisfranc joint (confirmed by computed tomography).
Two of the patients with fracture were operated on. We
included three patients with chronic midfoot pain.

MR acquisition

MR images of the foot were obtained using a 3-T MR
scanner (MAGNETOM Verio, Siemens Medical Solution,
Erlangen, Germany). Parameters for the transversely ac-
quired 3D-SPACE (Sampling Perfection with Application
optimized Contrasts using different flip-angle Evolution)
T2-weighted sequence and for the three orthogonal standard
PD (proton-density) fat-saturated sequences are illustrated
in Table 1. All images were acquired with a dedicated 15-
channel knee coil with the patient in prone position. The
foot was padded out additionally with pillows to reduce
motion artefacts in the coil.

Image analysis

All MR images were evaluated independently by two
radiologists with 5 years of experience in musculoskel-
etal imaging (EJU, VZ) who were blinded to the clin-
ical data. Before the readout started, the first reader
evaluated five random asymptomatic feet (two males,
three females, mean age 36.2 years, range 27 to
50 years) to define the characteristic normal signal of
all the ligaments (Table 2). Three weeks later, the first
reader analyzed all subjects. The second reader analyzed
one-third of all subjects. The data of the second reader
were used for interobserver data. The images were an-
alyzed on the Philips Extended Brilliance 190P work-
station, using 3D-reformats for the 3D-SPACE sequence.
In accordance with the standard foot anatomy text book by
Sarrafian et al. [8], 24 ligaments in the Lisfranc joint were
analyzed (C = Cuneiform, Cub = Cuboid, M = Metatarsal,
p = plantar, d = dorsal):

The Lisfranc ligament (pC1-M2), seven dorsal tarsome-
tatarsal (TMT) ligaments (dC1-M1, dC1-M2 (= dorsal Lis-
franc ligament), dC2-M2, dC3-M2, dC3-M3, dCub-M4,
dCub-M5), six plantar tarsometatarsal ligaments (pC1-M1,
pC1-M2,3 (= plantar Lisfranc ligament), pC2-M2, pC3-
M3.,4, pCub-M4, pCub-M5), and ten intermetatarsal (IMT)
ligaments (containing of three dorsal intermetatarsal liga-
ments, four interosseous intermetatarsal ligaments and three
plantar intermetatarsal ligaments) (Figs. 1, 2, 3, and 4). All
ligaments were assessed concerning the overall detection
and the visibility of the entire course of the ligament on
one single image. If the ligament was detectable, the appear-
ance of the ligament was assessed using a five-point score:
1 = completely visible indicating that the entire course of the
ligament is visible on one single image with normal signal,
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Table 1 Parameters of the MR
protocol PD fs PD fs PD fs SPACE
Acquisition direction Trans Sag Cor Trans
TR (ms) 2,070 2,070 2,250 1,300
TE (ms) 38 38 40 36
FOV (mm) 180 x 180 180 x 180 120 x 120 180 x 180
Matrix size 448 x 336 448 x 336 384 x 288 320 x 288
Slice thickness (mm) 2 2 2 0,5
Voxel size (mm3) 0.5 %04 x2 0.5x0.4x2 04x03x2 0.6 x 0.6 x 0.5
Flip angle (°) 180 180 180 PDvar
Averages 1 1 2 1
Bandwidth (Hz/pixel) 151 151 151 434
Echo train time (ms) 41 41 21 229
Echo spacing (ms) 12.7 12.7 13.5 5.2
Echo train length 7 7 7 70
PAT mode 2 2 2 PAT2
Slices 29 29 29 176
Time (min:s) 3 3 3:20 10:22

Table 2 Summary of signal characteristics of Lisfranc ligaments

Ligament groups

Ligaments

Ligaments abbreviation

Signal characteristic*

Interosseous TMT

Dorsal TMT

Plantar TMT

Dorsal IMT

Interosseous IMT

Plantar IMT

Interosseous Lisfranc Lig
Dorsal tarsometatarsal Lig
Dorsal Lisfranc Lig
Dorsal tarsometatarsal Lig
Dorsal tarsometatarsal Lig
Dorsal tarsometatarsal Lig
Dorsal tarsometatarsal Lig
Dorsal tarsometatarsal Lig
Plantar tarsometatarsal Lig
Plantar Lisfranc Lig
Plantar tarsometatarsal Lig
Plantar tarsometatarsal Lig
Plantar tarsometatarsal Lig
Plantar tarsometatarsal Lig
Dorsal intermetatarsal Lig
Dorsal intermetatarsal Lig
Dorsal intermetatarsal Lig

Interosseous intermetatarsal Lig
Interosseous intermetatarsal Lig
Interosseous intermetatarsal Lig

Interosseous intermetatarsal Lig

Plantar intermetatarsal Lig
Plantar intermetatarsal Lig

Plantar intermetatarsal Lig

iTMT pC1-M2
dTMT dC1-Ml1
dTMT dC1-M2
dTMT dC2-M2
dTMT dC3-M2
dTMT dC3-M3
dTMT dCub-M4
dTMT dCub-M5
pTMT pC1-M1
pTMT pC1-M2,3
pTMT pC2-M2
pTMT pC3-M3.4
pTMT pCub-M4
pTMT pCub-M5
dIMT2-3
dIMT3-4
dIMT4-5
iIMT1-2
iIMT2-3
iIMT3-4
iIMT4-5
pIMT2-3
pIMT3-4
pIMT4-5

Low

Low

Muscle-isointense

Low

Muscle-isointense

Low

Low

Low

Low

Muscle-isointense, striated
Low

Low

Low

Low

Low

Low

Low

Muscle-isointense
Muscle-isointense
Muscle-isointense
Muscle-isointense

Low to Muscle-isointense
Low to Muscle-isointense

Low to Muscle-isointense

*On PD fs sequence and SPACE sequence d dorsal, 7 interosseous, p plantar, TMT tarsometatarsal, /M7 intermetatarsal, C/ first cuneiform, C2
second cuneiform, C3 third cuneiform, Cub cuboid, M1 first metatarsal, M2 second metatarsal, M3 third metatarsal, M4 fourth metatarsal, M5 fifth

metatarsal
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Fig. 1 Lisfranc ligaments. a
Diagram of the dorsal (white
arrowhead), interosseous
(white arrow), and plantar
(black arrowhead) Lisfranc
ligament connecting the first
cuneiform with the basis of the
second metatarsal, illustrated on
a three-dimensional view (leff),
on a transverse view (right top),
and on a coronal view (right
bottom). b Dorsal Lisfranc lig-
ament (dTMT dC1-M2), trans-
verse view, with muscle-
isointense appearance. ¢ Dorsal
Lisfranc ligament (dTMT dC1-
M2), coronal view, with
muscle-isointense appearance.
d Interosseous Lisfranc liga-
ment (iITMT pC1-M2), trans-
verse view, with low signal. e
Interosseous Lisfranc ligament
(ATMT pC1-M2), coronal view,
with low signal. f Plantar Lis-
franc ligament (pTMT dC1-
M2,3), transverse view, with
striated, muscle-isointense ap-
pearance. The ligament con-
nects the plantar side of the first
cuneiform with the bases of the
second and third metatarsals. g
Plantar Lisfranc ligament
(pTMT dC1-M2,3), coronal
view with striated, muscle-
isointense appearance. The lig-
ament connects the plantar side
of the first cuneiform with the
bases of the second and third
metatarsals. Note: SPACE se-
quence is /eft and PD fs se-
quence is right in Fig. 1b—g

2 = partially visible with normal signal, 3 = completely
visible with high signal, 4 = partially visible with high

signal, 5 = absent.

Lisfranc joint ligament assessment

The following ligaments were assessed:

1. Lisfranc ligaments: The Lisfranc ligament (pC1-M2) is

the first and thickest interosseous cuneometatarsal liga-
ment (medial) of three interosseous ligaments
corresponding to the first, second, and third cuneome-
tatarsal spaces. The Lisfranc ligament runs obliquely
outward and slightly downward from the lateral surface
of the first cuneiform (pCl) to the lower half of the
medial surface of the second metatarsal base (M2)
(Fig. 1). The oblique-running dorsal Lisfranc ligament
(dC1-M2) is the thinnest Lisfranc ligament and is part of
the dorsal TMT ligaments. The most plantar Lisfranc
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ligament (pC1-M2,3) has the worst visibility of all
cuneometatarsal ligaments, features a striated appear-
ance, and is part of the plantar TMT ligaments (Fig. 1).
Dorsal tarsometatarsal (TMT) ligaments: There are sev-
en dorsal TMT ligaments (dC1-M1, dC1-M2 (= dorsal
Lisfranc ligament), dC2-M2, dC3-M2, dC3-M3, dCub-
M4, dCub-M5) connecting the cuneiforms and the cu-
boid with the metatarsal bases (Fig. 2). Five of them
(dC1-M1, dC2-M2, dC3-M3, dCub-M4, dCub-M5)
have a straight course. Two dorsal TMT ligaments
(dC1-M2, dC3-M2) run obliquely from the base of the
second metatarsal to the dorsal side of the first (dC1-
M2 = dorsal Lisfranc ligament) and third cuneiforms
(dC3-M2). The ligaments that connect the bases of the
fourth and fifth metatarsals with the cuboid are often
missing (dCub-M4, dCub-M5).

Plantar TMT ligaments: The plantar ligaments are larger
than the dorsal ones and four of them (pC1-M1, pC2-M2,
pCub-M4, pCub-M5) connect the cuneiforms and the
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Fig. 2 Tarsometatarsal aQ  plantarview
ligaments. a Diagram. b
Example of a straight-running
dorsal (closed arrowhead) and
plantar (open arrowhead) TMT
ligament of the first TMT with
low signal appearance (ATMT
dC1-M1; pTMT pC1-M1), sag-
ittal view, between the first cu-
neiform and the basis of the first
metatarsal. ¢ dTMT dC3-M2,
transverse view, oblique-
running ligament between the
dorsal side of the third cunei-
form and the basis of the second
metatarsal with muscle-
isointense appearance. d dTMT
dC3-M2, sagittal view, oblique-
running ligament between the
dorsal side of the third cunei-
form and the basis of the second
metatarsal with muscle-
isointense appearance. In the
PD fs sequence, this ligament is
not visible because no 3D re-
construction can be performed.
e pTMT pC3-M3.4, transverse
view, oblique-running ligament
between the plantar side of the
third cuneiform and the bases of
the third and fourth metatarsal
with low signal appearance. f
pTMT pC3-M3 4, sagittal view,
oblique-running ligament be-
tween the plantar side of the
third cuneiform and the bases of
the third and fourth metatarsal
with low signal appearance.
Note: SPACE sequence is left
and PD fs sequence is right in
Fig. 2b-f

cuboid with the bases of the metatarsals (Fig. 2). The
plantar Lisfranc ligament (pC1-M2,3) arises from the
inferolateral surface of C1, below the Lisfranc ligament
(pC1-M2) insertion and takes an oblique course, oriented
laterally and distally. Proximally, it splits into a superficial
component that inserts on the base of the third metatarsal
and a deeper band that attaches at the base of the second
metatarsal on its medial aspect. The other oblique-running
plantar TMT ligament (pC3-M3,4) originates from the
inferolateral surface of the third cuneiform and inserts
on the bases of metatarsals 3 and 4 and is inconstant [8].

dorsal view

The thin straight-running dorsal and plantar tarsome-

tatarsal ligaments are defined as capsuloligamentous
structures as they cannot be separated from the joint
capsules.
IMT ligaments: The ten IMT ligaments run horizontally
between the bases of the metatarsals with three dorsal,
four interosseous, and three plantar IMT ligaments
(Fig. 3). The four interosseous IMT ligaments are very
short and represent the strongest IMT. No ligament is
present between metatarsal 1 and 2 on the dorsal and
plantar aspect [8].

@ Springer
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Fig. 3 Intermetatarsal
ligaments. a Diagram
illustrating the dorsal (thin blue
lines), interosseous (brown
lines) and plantar (thick blue
lines) intermetatarsal ligaments
in a coronal view and the
interosseous IMTs also in a
transverse view. b Dorsal,
interosseous, and plantar IMT,
coronal view (SPACE left/PD
right). The dorsal IMTs (open
arrowheads) have a low signal,
the interosseous IMTs (closed
arrowheads) a muscle-
isointense signal and the plantar
IMTs (arrows) a low to muscle-
isointense signal appearance

The normal signal characteristic of the 24 ligaments are
summarized in Table 2.

Statistical analysis

Statistical analysis was performed with statistical software
(SPSS for Windows, release 17.0; SPSS, Chicago, IL,
USA). The detection rate and the appearance score were
noted for all ligaments in patients and healthy volunteers. A
Chi-square test was used to evaluate differences in the
detection rate and the appearance scoring between the 3D-
SPACE sequence and the PD fs sequences. A difference
with p < 0.05 was considered statistically significant. We
compared the point scores of the ligaments in the SPACE
sequence with the point scores in the PD fs sequences for all
subjects as well as for patients and healthy volunteers sep-
arately with a descriptive cross table. The interobserver
agreement was determined by calculation of percentage
agreement and by a weighted kappa statistics.

Results

In the 31 asymptomatic feet, 692 ligaments were detected by
means of the SPACE sequence, thereof 90.6 % ligaments
appeared normal (scores 1 or 2), most ligaments (90.2 %)
were completely visible (score 1), only 0.4 % were partially
visible (score 2). A total of 659 ligaments were detected
with the PD fs sequence, 86.6 % ligaments appeared normal
(scores 1 or 2), thereof one-third (28.5 %) was completely
visible (score 1), but 58.1 % ligaments were seen only
partially (score 2); 2.4 % ligaments were abnormal in the
SPACE sequence, 2 % in the PD fs sequence (score 3 or 4);
11.4 % ligaments were absent in the SPACE sequence, 7 %
in the PD fs sequence (score 5) (Table 3).
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In the 15 symptomatic feet, 327 ligaments were detected
by means of the SPACE, 50.6 % ligaments appeared abnor-
mal (score 3). With the PD fs sequence, 308 ligaments were
detected, 43.3 % ligaments appeared abnormal (scores 3 or
4). Thereof 17.2 % ligaments were completely visible (score
3), and 26.1 % ligaments were only partially visible (score
4). 40.3 % ligaments were normal in the SPACE sequence,
42.2 % in the PD fs sequence (score 1 or 2). 14.4 %
ligaments were absent in the SPACE sequence, 9.2 % in
the PD fs sequence (score 5) (Table 4).

As expected, symptomatic feet had significantly more
often abnormal signal alterations of the ligaments than the
asymptomatic feet. Eleven out of the 15 patients (symptom-
atic feet) had ligament strains (= definitely abnormal liga-
ments; score 3).

In summary, significantly (p < 0.0001) more ligaments
were seen in the whole length on a single level (score 1 or 3)
with SPACE (1,011 ligaments) compared to PD fs sequen-
ces (323 ligaments) (Tables 3 and 4).

The three Lisfranc-ligaments (dC1-M2, pC1-M2, and
pC1-M2,M3), two other oblique-running TMTs (dC3-M2,
pC3-M3,4) and the ten IMT ligaments were better seen in
the SPACE sequences than in the PD fs sequences. All three
Lisfranc ligaments, the oblique-running dorsal TMT (dC3-
M2) and IMT ligaments were completely visible (score 1 or
3) in the SPACE, but only partially (score 2 or 4) in the PD
fs. The inconstant plantar TMT (pC3-M3,4) was more often
visible in the SPACE (n = 33) than in the PD fs sequences
(n =4) (Tables 3 and 4).

In symptomatic feet, a total of 50.6 % ligaments were
definitely abnormal (strain) (score 3) in the SPACE sequence,
compared to 17.2 % in the PD fs sequence, whereas 0 %
ligaments were probably abnormal (score 4) in the SPACE
sequence, and 26.1 % in the PD fs sequence, respectively. The
dorsal TMT ligaments were more often abnormal than the
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Fig. 4 Examples of patients with abnormal ligaments (ligaments with
high signal). a Interosseous Lisfranc ligament (iTMT pC1-M2) strain
with high signal, transverse view, with adjacent bone bruise. b Inter-
osseous Lisfranc ligament (iTMT pC1-M2) strain with high signal,
coronal view, with adjacent bone bruise. ¢ Plantar Lisfranc ligament
(pTMT pC1-M2,3) strain with high signal, transverse view. The liga-
ment connects the plantar side of the first cuneiform with the bases of
the second and third metatarsals. d Plantar Lisfranc ligament (pTMT
pC1-M2,3) strain with high signal, coronal view. The ligament con-
nects the plantar side of the first cuneiform with the bases of the second
and third metatarsals. Note: SPACE sequence is leff and PD fs se-
quence is right in Fig. 4a—d

plantar TMT ligaments (Tables 3 and 4). The most commonly
abnormal ligament (11 from 15, on both sequences) was the
dorsal TMT ligament between the base of the second meta-
tarsal and the second cuneiform (dC2-M2). The diagnosis of a
definitely abnormal ligament (score: 3) was easier to make in
the SPACE sequence than in the PD fs sequence in the
oblique-running ligaments (36 vs. 1).

The interobserver agreement of score 1 to 4 was 66 %
(239 of 360 possibilities) in the SPACE sequence, and 53 %
(192/360) in the PD fs sequence. Regarding the visibility of
the ligaments (summary of score 1 and 3 as well as 2 and 4),

the agreement was 75 % (270/360) in the SPACE sequence,
and 58 % (207/360) in the PD fs sequence. Regarding the
signal intensity of the ligaments (summary of score 1 and 2
as well as 3 and 4), the agreement was 78 % (280/360) in the
SPACE sequence and 76 % (272/360) in the PD fs se-
quence. In the SPACE sequence, both readers agreed that
eight ligaments were absent (score 5), whereas in 28 liga-
ments only one of the readers defined it as absent (score 5).
In the PD fs sequence, both readers agreed in 26 ligaments
to be absent (score 5), whereas in 34 ligaments only one of
the readers defined it as absent (score 5).

The weighted kappa statistics showed a fair overall inter-
observer agreement of 0.30 for both the PD fs sequence and
the SPACE sequence. The interobserver agreement for the
interosseous Lisfranc ligament was good for the SPACE
sequence (0.67), while there was only slight agreement for
the PD fs sequence (0.20). For the dorsal TMTs, agreement
was fair (0.36 for SPACE and 0.24 for PD fs), for the plantar
TMTs agreement was fair (0.34 for SPACE and 0.41 for PD
fs), and for the IMTs there was slight agreement for SPACE
(0.20) and fair agreement for PD fs (0.29).

Discussion

The diagnosis of subtle Lisfranc injury may be delayed or
missed altogether. Such injuries are predisposed to cause
chronic instability, deformity, and pain [12, 27, 28]. Lisfranc
joint injuries can be difficult to accurately diagnose because
gross lateral deviation or subluxation of the forefoot is less
common than subtle midfoot injury. Patients often present
with inability to bear weight and swelling in the midfoot
region. Examination of the foot reveals forefoot and midfoot
edema as well as plantar arch ecchymosis (i.e., plantar
ecchymosis sign), which is considered to be characteristic
for Lisfranc complex injury [29]. Clinically and radiograph-
ically, when noting a diastasis between the first and second
ray, the patient is said to have a positive gap sign [30]. In
those cases with a clinically and radiographically evident
diastasis, sufficient information is provided to make the
diagnosis. Subtle ligamentous injuries to the Lisfranc joint
are often difficult to detect and go mis- or underdiagnosed.
However, proper detection and assessment of those lesions
is mandatory in order to apply the correct therapy, which
includes nonoperative and operative measures [10—14].
Usually, ligamentous instability can be differentiated into
incomplete and complete. The incomplete ligamentous dis-
ruption was classified into three groups by Nunley and
Vertullo [4]: stage I - ligament sprain without diastasis, stage
II - ligament rupture with diastasis of 2—-5 mm between the
first and second metatarsals without arch height loss and
stage III ligament rupture with diastasis > 5 mm and loss of
midfoot arch height. The incomplete ligamentous disruption
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Table 3 Summary of results of healthy volunteers with asymptomatic feet (n=31)

Ligament groups Ligament Ligament Abbr. PD SPACE

n 1+2 3+4 5 n 1+2 3+4 5
Interosseous TMT Interosseous Lisfranc lig iTMT pC1-M2 31 31 0 0 31 31 0 0
Dorsal TMT Dorsal tarsometatarsal lig dTMT dC1-M1 31 30 1 0 31 30 1 0
Dorsal Lisfranc lig dTMT dC1-M2 31 31 0 0 31 31 0 0
Dorsal tarsometatarsal lig dTMT dC2-M2 31 30 1 0 31 30 1 0
Dorsal tarsometatarsal lig dTMT dC3-M2 31 31 0 0 31 30 1 0
Dorsal tarsometatarsal lig dTMT dC3-M3 28 27 1 3 28 27 1 3
Dorsal tarsometatarsal lig dTMT dCub-M4 26 26 0 5 28 28 0 3

Dorsal tarsometatarsal lig dTMT dCub-M5 15 14 1 16 20 19 1 11
Plantar TMT Plantar tarsometatarsal lig pTMT pC1-M1 31 31 0 0 31 31 0 0
Plantar Lisfranc lig pTMT pC1-M2,3 31 31 0 0 31 31 0 0

Plantar tarsometatarsal lig pTMT pC2-M2 12 12 0 19 18 18 0 13
Plantar tarsometatarsal lig pTMT pC3-M3.,4 2 2 0 29 23 21 2 8

Plantar tarsometatarsal lig pTMT pCub-M4 19 18 1 12 19 18 1 12
Plantar tarsometatarsal lig pTMT pCub-M5 30 30 0 1 29 29 0 2
Dorsal IMT Dorsal intermetatarsal lig dIMT2-3 31 30 1 0 31 30 1 0
Dorsal intermetatarsal lig dIMT3-4 31 30 1 0 31 30 1 0
Dorsal intermetatarsal lig dIMT4-5 31 30 1 0 31 30 1 0
Interosseous Interosseous intermetatarsal lig iIMT1-2 31 30 1 0 31 30 1 0
IMT Interosseous intermetatarsal lig iIMT2-3 31 30 1 0 31 30 1 0
Interosseous intermetatarsal lig iIMT3-4 31 30 1 0 31 30 1 0
Interosseous intermetatarsal lig iIMT4-5 31 30 1 0 31 30 1 0
Plantar IMT Plantar intermetatarsal lig pIMT2-3 31 30 1 0 31 30 1 0
Plantar intermetatarsal lig pIMT3-4 31 30 1 0 31 30 1 0
Plantar intermetatarsal lig pIMT4-5 31 30 1 0 31 30 1 0
Average % 86.6 2 11 91 2.4 7

1 = completely visible, normal signal
2 = partially visible with normal signal
3 = completely visible with high signal
4 = partially visible with high signal
5 = not applicable, absent/not visible

n = total number of visible ligaments

(For a better illustration of normal and abnormal signal of the ligaments score, 1&2 and 3&4 were summarized each in one column)

i = interosseous, d = dorsal, p = plantar; TMT = tarsometatarsal, IMT = intermetatarsal; C1 = first cuneiform, C2 = second cuneiform, C3 = third
cuneiform, Cub = cuboid; M1 = first metatarsal, M2 = second metatarsal, M3 = third metatarsal, M4 = fourth metatarsal M5 = fifth metatarsal; lig =

ligament; Abbr = abbreviation

group (stage I to III) varies from subtle, nondisplaced inju-
ries that need activity modification only, to partially unstable
injuries that need an ORIF (open reduction internal fixa-
tion). The therapy of complete ligamentous disruption is
controversial as to whether arthrodeses is better than ORIF
in any case because of prevalent development of degenera-
tive joint disease after ORIF in the long term [10].
Evaluation of an injured tarsometatarsal joint includes the
assessment of dorsal and/or plantar instability. A complete
rupture may already be diagnosed clinically by means of a
manual stress test (hypermobility of the Lisfranc joint when
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compared with the healthy side) and easily seen on weight-
bearing radiographs [28]. Concerning subtle ligamentous
injuries, MR imaging can be useful to get information about
the extent of injury and the quality of the ligaments. For the
surgeon, it is important to know whether the ligament is still
attached to the bone, or elongated, massively degenerated,
or even absent. In a recent study evaluating the predictive
value of MRI for midfoot instability, Raikin et al. [20] found
that MRI demonstrating a rupture or grade 2 sprain of the
plantar ligament between the first cuneiform and the bases
of the second and third MTs is highly predictive of midfoot
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Table 4 Summary of Results of Patients with midfoot pain after trauma (n=15)
Ligament groups Ligament Ligament Abbr. PD SPACE
n 1+2 3+4 5 n 1+2 3+4 5
Interosseous TMT Interosseous Lisfranc lig iTMT pC1-M2 15 7 8 0 15 7 8 0
Dorsal TMT Dorsal tarsometatarsal lig dTMT dC1-M1 15 6 0 0 15 6 9 0
Dorsal Lisfranc lig dTMT dC1-M2 15 4 11 0 15 7 8 0
Dorsal tarsometatarsal lig dTMT dC2-M2 15 4 0 0 15 4 11 0
Dorsal tarsometatarsal lig dTMT dC3-M2 12 6 9 3 15 6 9 0
Dorsal tarsometatarsal lig dTMT dC3-M3 13 2 2 2 13 3 10 2
Dorsal tarsometatarsal lig dTMT dCub-M4 14 5 1 1 14 5 9 1
Dorsal tarsometatarsal lig dTMT dCub-M5 8 3 7 7 10 4 6 5
Plantar TMT Plantar tarsometatarsal lig pTMT pC1-Ml1 15 6 0 0 15 6 9 0
Plantar Lisfranc lig pTMT pC1-M2,3 15 7 8 0 15 7 8 0
Plantar tarsometatarsal lig pTMT pC2-M2 7 5 8 8 10 5 5 5
Plantar tarsometatarsal lig pTMT pC3-M3,4 2 1 13 13 10 7 3 5
Plantar tarsometatarsal lig pTMT pCub-M4 4 2 11 11 4 3 8
Plantar tarsometatarsal lig pTMT pCub-M5 8 4 7 7 4 4 7
Dorsal IMT Dorsal intermetatarsal lig dIMT2-3 15 9 6 0 15 7 8 0
Dorsal intermetatarsal lig dIMT3-4 15 9 6 0 15 7 8 0
Dorsal intermetatarsal lig dIMT4-5 15 9 6 0 15 7 8 0
Interosseous Interosseous intermetatarsal lig iIMT1-2 15 9 6 0 15 7 8 0
IMT Interosseous intermetatarsal lig iIMT2-3 15 9 6 0 15 7 8 0
Interosseous intermetatarsal lig iIMT3-4 15 9 6 0 15 7 8 0
Interosseous intermetatarsal lig iIMT4-5 15 9 6 0 15 7 8 0
Plantar IMT Plantar intermetatarsal lig pIMT2-3 15 9 6 0 15 7 8 0
Plantar intermetatarsal lig pIMT3-4 15 9 6 0 15 7 8 0
Plantar intermetatarsal lig pIMT4-5 15 9 6 0 15 7 8 0
Average % 422 433 14.4 40.3 50.6 9.2

1 = completely visible, normal signal
2 = partially visible with normal signal
3 = completely visible with high signal
4 = partially visible with high signal
5 = not applicable, absent/not visible

n = total number of visible ligaments

(For a better illustration of normal and abnormal signal of the ligaments score, 1&2 and 3&4 were summarized each in one column)

i = interosseous, d = dorsal, p = plantar; TMT = tarsometatarsal, IMT = intermetatarsal; C1 = first cuneiform, C2 = second cuneiform, C3 = third
cuneiform, Cub = cuboid; M1 = first metatarsal, M2 = second metatarsal, M3 = third metatarsal, M4 = fourth metatarsal M5 = fifth metatarsal; lig =

ligament; Abbr = abbreviation

instability, and these patients should be treated with surgical
stabilization.

The current study with a three-dimensional MR sequence
(SPACE) and isotropic secondary reformations shows the
potential clinical value of a three-dimensional MR se-
quence. These sequences may help the orthopedic surgeon
deciding on the therapy for subtle Lisfranc injuries. Al-
though we were not able to provide surgically confirmed
accuracy results, our data indicate that the Lisfranc ligament
injuries may be better diagnosed with a three-dimensional
MR sequence (SPACE) than with conventional MR

sequences based on the higher detection rate, better demar-
cation, and high interobserver agreement.

The 3D-SPACE sequence features a refocusing pulse train
consisting of variable flip-angle pulses of less than 180°. The
SPACE sequence acquired on a 3-T scanner combines high
spatial resolution (0.5-mm isotropic resolution) and good T2
contrast within an acceptable examination time (10 min, 22 s)
by using long echo trains with short echo spacing and high
echo train length. The introduction of higher field strengths
such as 3T has further improved the diagnostic capability of
such sequences in musculoskeletal MRI [31-33].

@ Springer
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The acquisition time of 3D T2w SPACE in our study was
1 min longer than that of three orthogonal PD fs sequences
with acceleration of the image acquisition by parallel imag-
ing. However, the longer acquisition time of the 3D T2w
SPACE MR sequence resulted in a higher ligament detec-
tion rate.

The SPACE sequence has been applied in several studies
assessing other regions of the body where high anatomic
resolution is required such as the central nervous system
[24], the body trunk [23], the craniocervical junction [22]
and the knee [25, 34, 35]. The voxel size of the 3D-SPACE
sequence or 3D-FSE-Cube sequence, respectively, for as-
sessment of the craniocervical ligaments was 0.9 mm [22],
for the knee 0.5 mm [25], and for the ankle 0.6 mm [26],
with comparable detection and visualization of anatomic
details to routine 2D-TSE sequences, with the advantage
of free 3D reformation.

In summary, the ligaments of the Lisfranc joint are more
commonly detectable and better visible with a single 3D-
SPACE sequence compared to three orthogonal PD fs MR
sequences. The intricate anatomy of the ligaments of the
Lisfranc joint can be precisely illustrated with the 3D-
SPACE MR sequence. Thus, we believe that the 3D-
SPACE MR sequence is a promising MR sequence in the
evaluation of normal and pathologic ligaments of the Lis-
franc joint.
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