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Comparison of diagnostic performance of X-ray, CT and MRI
in patients with surgically confirmed subtle Lisfranc injuries
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Abstract. The present study aimed to compare the diagnostic
performance of three imaging tests: X-ray, computed tomog-
raphy (CT) and magnetic resonance imaging (MRI), for
subtle Lisfranc injuries and three anatomical subtype injuries.
The non-weight-bearing X-ray, CT and MRI imaging results
of patients with subtle Lisfranc injuries from September
2013 to March 2022 were retrospectively reviewed. Subtle
Lisfranc injuries and three anatomical subtypes (first, second
and cuneiform rays) were diagnosed based on the surgical
reports. The diagnostic performance of X-ray, CT and MRI
was compared. The sensitivity (Sn), specificity (Sp), positive
predictive value, negative predictive value, area under the
receiver operating characteristic curve (AUC) and « coef-
ficient were reported. A total of 31 patients were included in
the study. The correct diagnosis was made in 48.4% (15/31),
87.1% (27/31) and 96.8% (30/31) of patients by X-ray, CT and
MRI, respectively. A total of 54 different anatomical injuries
were found intraoperatively in all patients, with MRI and
CT having high agreement (Sn, 72.2 and 87.0%; «, 0.69 and
0.78, respectively) and X-ray having a low agreement (Sn,
29.6%; «, 0.26) with the surgical findings. Regarding the
first-ray injuries, CT had the highest Sn (76.9%), Sp (100%)
and AUC (0.885) in diagnosing subtle Lisfranc injuries. MRI
showed the best Sn (88.5 and 93.3%, respectively) and AUC
(0.942 and 0.904, respectively) in both second and cuneiform
rays. In conclusion, non-weight-bearing X-rays had poor
diagnostic accuracy for subtle Lisfranc injuries and their
subtypes. CT was superior to X-rays and MRI in diagnosing
first-ray injuries. Although not significantly different from
CT in terms of overall diagnosis, MRI was superior to X-ray
and CT in diagnosing second and cuneiform-ray injuries.
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Introduction

The Lisfranc joint includes the tarsometatarsal, intermetatarsal
and anterior intertarsal joints, which have an essential role in
maintaining the longitudinal and transverse stability of the
midfoot. Lisfranc injuries were reported to account for ~0.2%
of all fractures (1). Based on the etiology, Lisfranc injuries may
be categorized into high-energy or low-energy injuries (2).
Low-energy injuries are common in midfoot sprains and sports
activities and are difficult to diagnose due to atypical imaging
features (3.4). Certain studies have defined the Lisfranc liga-
ment injury, ligament avulsion fracture and joint instability
caused by low-energy injury as subtle Lisfranc injury (5-9). Its
delayed diagnosis and treatment may lead to chronic pain, arch
collapse and dysfunction in the midfoot (3,10,11). Therefore,
it is essential to diagnose these injuries early and accurately.

The common diagnostic tests for midfoot injuries are
X-ray, computed tomography (CT) and magnetic resonance
imaging (MRI) examinations. Each of these examinations
has advantages and limitations (3). X-ray has the advantages
of convenience, affordability and low radiation exposure.
Weight-bearing X-ray may also detect dynamic joint instability.
However, the complex midfoot anatomy often leads to overlap-
ping bony structures, contributing to a high missed diagnosis
rate of X-rays in subtle Lisfranc injuries. A CT scan may cause
more radiation exposure but has the advantage of better visu-
alization of the bony structures, fracture situations and joint
spaces. MRI has a high sensitivity (Sn) in diagnosing Lisfranc
injuries with ligament injuries, at the expense of high medical
cost. In addition, certain patients have contraindications for
the MRI examination. Compared with the weight-bearing
X-ray, commonly used CT and MRI only provide static views
to estimate joint stability. In addition, most of these previous
studies compared the diagnostic efficacy of different imaging
examinations with each other but not with the intraoperative
findings as the ‘gold standard’. The diagnostic efficacy of these
imaging examinations in different subtypes of subtle Lisfranc
injuries was also rarely reported (12,13).

In the present study, the operative findings were used as
the ‘gold standard’ to diagnose subtle Lisfranc injuries and
anatomical subtypes and the diagnostic performance of X-ray,
CT and MRI examinations in these injuries was investigated.
Furthermore, the clinical applications of these examinations in
patients with suspected subtle Lisfranc injuries were discussed.



2 TANG et al: PERFORMANCE OF DIFFERENT IMAGING EXAMINATIONS IN SUBTLE LISFRANC INJURIES

Materials and methods

Study design and participant selection. A retrospective study
was performed and the hospital's medical records of patients
with surgically confirmed Lisfranc injuries at Shenzhen
Hospital of Peking University (Shenzhen, China) from
September 2013 to March 2022 were reviewed. The study
protocol was approved by the ethics committee at Shenzhen
Hospital of Peking University (approval no. 201400233).

The inclusion criteria were as follows: i) A history of
unilateral foot low-energy injury with midfoot pain and
discomfort during walking and exercise, midfoot joint
tenderness and plantar pain on weight-bearing or stress tests;
ii) available bilateral foot non-weight-bearing X-rays, CT
and MRI of the involved side; and iii) surgery by foot open
reduction and internal fixation, and confirmed subtle Lisfranc
injury and its subtype. Patients with previous foot surgery or
incomplete medical records were excluded from the study. In
addition, those patients who opted for conservative treatments
(lower limb cast immobilization for four weeks with no weight
bearing) were excluded from the study, since they had no
intraoperative results for comparison.

Imaging methods and diagnostic criteria. Non-weight-bearing
X-rays, CT and MRI were performed prior to the operation.
Pre-operative non-weight-bearing X-rays were obtained using
the Philips Digital TH DR machine for anteroposterior (AP)
and oblique foot views. CT examination was performed using a
Philips Brilliance 6-layer spiral CT machine with the following
scanning parameters: Voltage, 120 kV; current, 35 mA; pitch,
1.0 mm; and slice thickness, 0.6 mm. MRI examination was
completed in a Philips Ingenia 3.0T MRI machine (with MR
Systems Ingenia Release 6.0 software installed). Two experi-
enced orthopedic doctors (with >3 years of experience) who
did not participate in the operation read the images diagnosed
the subtle Lisfranc injuries and classified them into different
anatomical subtypes according to the published diagnostic
criteria described below. Images were interpreted separately,
with inconsistent results discussed and a consistent conclusion
reached.

Imaging diagnostic criteria.In the foot X-ray, compared with
the other side, the presence of diastasis >2 mm between the
first metatarsal (M1) and second metatarsal (M2) joint in the
AP view, diastasis over 2 mm between the medial cuneiform
(C1) and second metatarsal (M2) joint in the AP view, dias-
tasis over 2 mm between C1 and the intermediate cuneiform
(C2) in the AP or oblique view, discontinuity of the lateral
cortical line of C1 and M1 in the AP view, discontinuity of
the medial cortical border between the C2 and M2 bone in
the AP view, and/or avulsion fracture between C1 and M2
(spot sign) were diagnosed as subtle Lisfranc injuries (13-16).
In the CT scan, in addition to the above-mentioned diag-
nostic criteria, a distance of C1-M2 >2 mm compared with
the healthy side measured in the coronal view, and subtle
fractures between each metatarsophalangeal joint were also
diagnosed as subtle Lisfranc injury (17,18). During the MRI
examination, in addition to the above criteria, the presence
of Lisfranc ligament and dorsal, interosseous and plantar
ligament tears, laxity, edema and/or subtle fractures were the

diagnostic criteria for subtle Lisfranc injury. MRI assesses the
ligament injuries (Lisfranc's ligament, interosseous ligament,
dorsal collateral ligament and plantar ligament) by the liga-
ment visibility, appearance, configuration, signal intensity,
length, width and thickness. The MRI images are primarily
based on hydrogen atom protons (particularly in water in the
human body). A high water content usually results in high
signal intensity. Acute bone injuries and peripheral inflam-
matory reactions may cause bone marrow edema with local
interstitial fluid accumulation. This may lead to high signal
intensity in the local areas, including the bone marrow, in the
T2 image. MRI diagnoses fractures and bone contusions by
the high signal intensity due to bone marrow edema after the
injury (19) (Figs. 1 and 2).

According to the classification proposed by
Haraguchi et al (20), which is based on the Kaar typology,
the injuries were categorized into three different anatomical
subtypes, namely first-ray injuries (injuries between M1 and
Cl1), second-ray injuries (injuries between M2 and C1 and
C2) and cuneiform-ray injuries (injuries between the three
cuneiform bones) in the present study.

The first-ray injuries were diagnosed when there was a
discontinued lateral cortical line of C1 and M1 in the X-ray
AP view, subtle fracture of the first metatarsophalangeal joint
in the CT images, or plantar and dorsal ligament tears on MRI.
According to the above criteria, M1-M2, C1-M2 separation
displacement, C2-M?2 medial cortical border discontinuity,
C1-M2 avulsion fracture, subtle fracture at the second meta-
tarsophalangeal joint on CT, and Lisfranc ligament and dorsal,
interosseous and plantar ligament tears on MRI were diag-
nosed as second-ray injuries. Dislocation and microfracture
between cuneiform bones on X-ray or CT images or injuries
of interosseous, plantar and dorsalis pedis ligaments in each
cuneiform bone area on MRI images were diagnosed as
cuneiform-ray injuries.

Surgical diagnostic criteria. The stress test was performed
during the operation and each joint was inspected under
direct observation. Tarsometatarsal joint dislocation or
instability, avulsion fracture, ligament relaxation and rupture,
and joint capsule damage were considered subtle Lisfranc
injuries (Fig. 3). These abnormalities were classified into
different subtypes according to the anatomical location of the
injury (13,20).

Statistical analysis. Statistical analysis was performed in
SPSS 25.0 (IBM Corp.). First, the overall subtle Lisfranc
injury detection rate (%) was calculated for X-ray, CT
and MRI compared with the final surgery report. Patients
without a certain subtype injury were used as the nega-
tive controls in this subtype analysis when evaluating
the subtype injuries. For example, a patient with first-ray
injury was a positive case in the first-ray injury analysis
but a negative case in the second-ray and cuneiform-ray
injury analysis. In this way, the Sn, specificity (Sp), posi-
tive predictive value (PPV) and negative predictive value
(NPV) of the X-ray, CT and MRI examinations in each
anatomical subtype were calculated. The receiver operating
characteristic curve (ROC) was plotted and the area under
the ROC curve (AUC) values were reported. During the
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Figure 1. (A) X-ray anterior-posterior view showing that the alignment of the second metatarsal bone and the middle cuneiform bone was lost. The basal
space of the first and second metatarsals was significantly widened. (B) Small fracture of the medial cuneiform bone can be seen on the axial CT (red circle).
(C) Small avulsion fracture of the middle cuneiform bone can be seen on the axial CT (yellow circle).

Figure 2. (A) The Lisfranc ligament injury (red circle) can be seen on the MRI transverse section T2 image. (B) MRI coronal T2 image shows prominent bone
marrow edema in the middle cuneiform bone (green circle). (C) The second metatarsal basal bone marrow edema can be seen on the MRI transverse section
T2 image. The Lisfranc ligament is not visible (blue circle).
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Figure 3. Intraoperative findings of the subtle Lisfranc injury. (A) Rupture of the dorsal ligament and instability of the first tarsometatarsal joint was classified
as a first-ray injury. (B) Rupture of the Lisfranc ligament and the dorsal ligament of the second tarsometatarsal joint was classified as a second-ray injury.
(C) The first and (D) second tarsometatarsal joint gaps further widened during the intraoperative stress test.

calculations, the intraoperative findings were used as the
gold standard to compare with the X-ray findings in each
ray. True-positive was defined as positive radiographic and
intraoperative findings, while true-negative was defined
as negative radiographic and intraoperative findings.
False-positive was defined as positive radiographic findings
but negative intraoperative findings, and false-negative was
defined as negative radiographic findings but positive intra-
operative findings. Sn (true-positive rate) was calculated by
dividing the number of true-positive cases by the number
of cases with positive intraoperative findings. Sp (true
negative rate) was calculated by dividing the true-negative
cases by the number of cases with negative intraoperative
findings. The PPV was calculated by dividing the number
of true-positive cases by the number of radiograph-positive
cases. The NPV was calculated by dividing the number
of true-negative cases by the number of radiograph-negative
cases. The Cohen « statistic was used to assess the agree-
ment between the surgical diagnosis and each imaging
examination. The results are presented according to the
Landis and Koch criteria: 0.00-0.20, slight agreement;
0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial;
and 0.81-1.00, almost perfect (21). The categorical data
were compared by the % test among different examinations.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patients. A total of 31 patients with subtle Lisfranc injuries
confirmed during the surgical operations were included in
the present study. There were 21 males and 10 females, aged
from 21 to 46 years, and the mean age was 32.26+5.76 years.
The baseline demographics of these participants are shown in
Table I.

Diagnostic efficacy of different imaging examinations in
subtle Lisfranc injuries. Subtle Lisfranc injuries were correctly
diagnosed in 48.4% (15/31), 87.1% (27/31) and 96.8% (30/31)
of patients by X-ray, CT and MRI, respectively. The detection
rate was statistically significantly lower for X-rays than for CT
and MRI (both P<0.05). There was no significant difference in
the detection rate between MRI and CT (P>0.05). A total of
54 different anatomical injuries were found intraoperatively in
all patients, with X-ray being in slight agreement (Sn, 29.6%;
K, 0.26) and MRI and CT being in moderate agreement with
the surgical diagnosis. The Sn of CT was 72.2%, with an AUC
of 0.861 and «=0.69. The Sn of MRI was 87.0%, with an AUC
0.897 and k=0.78 (Table II; Fig. 4).

Diagnostic efficacy in different subtypes of injuries. There were
13, 26 and 15 patients with first-, second- and cuneiform-ray
injuries, respectively. X-rays, CT and MRI imaging detected 4,
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Table I. Clinicopathological characteristics of study participants.

Demographics First-ray injury (n=13) Second-ray injury (n=26) Cuneiform-ray injury (n=15)
Sex

Male 9 (16.67) 19 (35.19) 11 (20.37)

Female 4(741) 7 (12.96) 4(741)
Age, years 33.92+6.49 31.54+5.32 34.53+6.08

Values are expressed as n (%) or the mean + standard deviation.

Table II. Diagnostic efficacy of each imaging examination in each subtype injury and its consistency with surgical diagnosis.

Examination Sensitivity, % Specificity, % PPV, % NPV, % AUC 95% CI K
Total
X-ray 29.6 100.0 100.0 50.6 0.648 0.538-0.758 0.26
CT 722 100.0 100.0 722 0.861 0.784-0.938 0.69
MRI 87.0 92.3 94.0 83.7 0.897 0.825-0.968 0.78
First ray
X-ray 30.8 100.0 100.0 66.7 0.654 0.448-0.860 0.34
CT 76.9 100.0 100.0 85.7 0.885 0.742-1.000 0.80
MRI 76.9 944 90.9 85.0 0.857 0.705-1.000 0.73
Second ray
X-ray 26.9 100.0 100.0 20.8 0.635 0.405-0.864 0.11
CT 80.8 100.0 100.0 50.0 0.904 0.797-1.000 0.58
MRI 88.5 100.0 100.0 62.5 0.942 0.861-1.000 0.71
Cuneiform ray
X-ray 333 100.0 100.0 61.5 0.667 0.470-0.863 0.34
CT 533 100.0 100.0 69.6 0.767 0.590-0.943 0.54
MRI 933 87.5 87.5 93.3 0.904 0.783-1.000 0.81

PPV, positive predictive value; NPV, negative predictive value; AUC,

area under the curve; CI, confidence interval.

10 and 11 injuries in the first ray, 7, 21 and 23 injuries in the
second ray, and 5, 8 and 16 injuries in the cuneiform ray. In
these different anatomical subtypes, the X-rays showed poor
consistency and low Sn compared with the surgical diagnosis
in the first-, second- and cuneiform-ray injuries, with k=0.34,
0.11 and 0.34, respectively, and an Sn of 26.9-33.3%. In the
first ray, CT had the best agreement with the surgical diag-
nosis (Sn, 76.9%; AUC, 0.885; k=0.80). MRI showed the best
agreement with the surgical diagnosis in the second and cunei-
form rays (Sn, 88.5 and 93.3%, respectively; AUC, 0.942 and
0.904, respectively; k=0.71 and 0.81, respectively) (Table II;
Figs. 4 and 5).

Discussion

Subtle Lisfranc injuries are usually caused by low-energy
trauma, such as sprains and sports injuries. They typically
occur when an axial load is sustained by the foot in the plantar
flexed and slightly rotated position (16,22). Most imaging
examinations of the injuries are atypical and may have
certain subtle features. The incidence of low-energy Lisfranc

injuries has increased in recent years. Renninger et al (2)
found that in 60% of their surgically treated patients with
Lisfranc injuries, they were caused by low-energy injuries.
Ponkilainen et al (23) found that low-energy injuries caused
most Lisfranc injuries and only 36.5% of injuries were
caused by high-energy injuries. It was reported that the
missed diagnosis rate of subtle Lisfranc injuries during the
first clinic visit was as high as 58.8% (24), which may cause
irreversible outcomes. Therefore, the early, accurate diag-
nosis of subtle Lisfranc injuries is crucial. X-rays have a high
rate of missed diagnoses in subtle Lisfranc injuries, with
Nunley and Vertullo (5) reporting a 50% missed diagnosis
rate on X-rays. CT is useful in diagnosing subtle Lisfranc
injuries, providing better visualization. When combined with
3D reconstruction, CT can identify subtle fractures and joint
displacements (25). Preidler et al (26) found that CT showed
60% more metatarsal fractures and twice as many tarsal frac-
tures and malalignments than X-rays. Haapamaki et al (25)
found that 24% of subtle injuries not identified on the X-ray
could be detected on CT. MRI is considered the best way
to detect ligament injuries and has advantages in detecting
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Figure 4. ROC curves for X-ray, CT and MRI examinations. ROC, receiver operating characteristic.

subtle ones (3,10,18,27). MRI is often required to confirm
the diagnosis of midfoot injuries that are difficult to diag-
nose with X-rays and CT. MRI diagnosis of subtle Lisfranc
injuries benefits from its ability to directly visualize subtle
ligament and soft tissue injuries, making it a susceptible test.
In the present study, the detection rates of X-ray, CT and
MRI were 48.4% (15/31), 87.1% (27/31) and 96.8% (30/31),
respectively, with a high rate of missed diagnoses for X-ray
and no statistically significant difference between CT
and MRI (P>0.05). The study on subtle Lisfranc injuries
reported that 50% of patients had no abnormalities on initial
non-weight-bearing X-rays (5,10), which was similar to the
findings of the present study. In a study by Raikin er al (19),
the MRI detection rate for subtle Lisfranc injury was 90.5%,
similar to the result of the present study. Since X-ray has a
high missed diagnosis rate, it was suggested that patients
with negative X-ray but clinical suspicion of Lisfranc inju-
ries should receive weight-bearing X-ray examination (28),
which could improve the diagnostic efficacy when evaluating

25 23
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10 Tl

: I I | | |

LANRAND
X-ray CT MRl X-ray CT MRI X-wray CT MRI

First Ray Second Ray Cuneiform bone Ray

Number of patients
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o

Figure 5. Number of cases correctly detected by X-ray, CT and MRI
examinations in each subtype of subtle Lisfranc injury.

midfoot instability. Without the weight-bearing X-ray, 10-40%
of Lisfranc injuries may be missed (29-31). Weight-bearing
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X-ray was able to better visualize the instability of the
Lisfranc-injured joint dynamically (32).

Most previous studies on diagnosing Lisfranc injury
compared the diagnostic efficacy of imaging examina-
tions. One of the novelties of the present study was the
use of the surgical findings as the gold standard diagnosis
for different subtle Lisfranc injuries. In addition, another
novelty of the present study was that different diagnostic
performances of different imaging examinations in different
anatomical subtypes of subtle Lisfranc injuries were found.
Compared with CT and MRI, X-ray had the lowest Sn and
was consistent in all subtypes of subtle Lisfranc injuries.
Both CT and MRI had comparable Sn to diagnose subtle
Lisfranc injuries in the first ray (both sensitivities were
76.9%), which was similar to the Sn of 76.1% reported by
Ponkilainen er al (33). However, in all 13 first-ray injuries,
CT detected 10 injuries with no false-positive results (Sn,
76.9%; Sp, 100%) and MRI detected 11 injuries with one
false-positive result (Sn, 76.9%; Sp, 94.4%), resulting
in a lower Sp of MRI compared with CT in the first-ray
injuries, which may lead to a specific misdiagnosis rate in
clinical practice. The accuracy of CT diagnosis in this ray
was better than that of MRI. Therefore, it may be recom-
mended that CT is used as the first examination method
for suspected subtle Lisfranc injuries in the first ray. The
advantage of CT is in the diagnosis of microfractures and
translocations. In the study by Wong et al (34), the most
common types of injury in first-ray injuries were joint
dislocations and microfractures, which further supported
the diagnostic utility of CT in first-ray injuries. However, in
the second and cuneiform rays, the CT diagnosis of subtle
Lisfranc injuries was inferior to MRI. Particularly in the
cuneiform ray, the Sn of CT was only 53.3%. A study by
Kennelly er al (35) showed that 54% of patients with subtle
Lisfranc injuries who had positive weight-bearing X-rays
had undiagnostic or negative CT reports.

MRI images are primarily based on the hydrogen atom
protons (particularly in water in the human body). Soft tissue
injuries can cause local edema, which may be more easily
detected by the MRI technique, whereas CT images are based
on the radiologic density of body tissues, which cannot iden-
tify the soft tissue adequately, including ligament and tendon
injuries. It has the same limitations as non-weight-bearing
X-rays in identifying minor joint instability and ligament
injuries. MRI has more advantages in the second and cunei-
form rays than X-ray and CT, particularly in the cuneiform
ray. It had almost perfect performance compared with the
surgical diagnosis, with an Sn of 93.3%, which is superior
to the other imaging examinations. MRI can directly image
Lisfranc joint ligaments and capsule structures and is highly
sensitive to minor ligament injuries (36). Low-energy subtle
Lisfranc injuries commonly had minor joint displacements
or ligament injuries (37). Therefore, MRI is advantageous in
diagnosing subtle Lisfranc injuries in the second and cunei-
form rays. However, MRI may have a false-positive rate in
patients with significant soft tissue swelling in acute injuries
due to its high Sn for soft tissue injuries. There is no previous
literature report on the false-positive rate of MRI in Lisfranc
injuries. In addition, MRI is not suitable for emergency
and first-choice examinations due to its high cost and long

appointment and examination times. The MRI can also not
provide non-weight-bearing images.

The present study had certain limitations. First, it was a
retrospective study with a small cohort of patients. Only those
patients who had a surgical operation to confirm Lisfranc
injuries were analyzed, while those patients who chose
conservative treatments were not included in the present
study. Negative controls of patients without subtle Lisfranc
injuries were not included in the present study, either. All of
the analyses, including the calculations of Sn, Sp, PPV and
NPV, were performed in these patients with foot injuries.
This may undoubtedly introduce bias in the results of the
present study. The ideal negative control group for the study
would be patients with clinically suspected subtle Lisfranc
injuries who were found to have no injury during the surgical
operation. However, these patients commonly received
conservative non-surgical management without intraoperative
reports. Second, the comparison did not include the results of
weight-bearing X-ray, as this examination was not performed
in every patient. Weight-bearing X-rays may improve X-ray
performance in diagnosing subtle Lisfranc injuries.

In conclusion, non-weight-bearing X-rays had poor diag-
nostic accuracy for subtle Lisfranc injuries and their subtypes.
The diagnostic performance of CT and MRI in subtle Lisfranc
injuries did not differ significantly. Regarding different
anatomical subtypes, CT was better than MRI at diagnosing
first-ray subtle Lisfranc injuries, whereas MRI was better than
CT at diagnosing second- and cuneiform-ray subtle Lisfranc
injuries.
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