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Abstract

Early detection of Lisfranc instability is critical for improving clinical outcomes, but diagnosing subtle injury can be challenging.
Magnetic Resonance imaging associated with weight-bearing computed tomography (WBCT) allows evaluation of such injuries in 3
dimensions (3D) under physiologic load. This WBCT technical tip aimed to assess the utility of the 3D measurements between medial
cuneiform and the base of the second metatarsal (C1-M2), between the medial and intermediate cuneiforms (C1-C2), and between the
first and second metatarsals (M1-M2) to diagnose subtle injury in isolated ligamentous Lisfranc injuries.

Level of evidence V, Therapeutic studies, Expert opinion.
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Introduction

The Lisfranc ligament stabilizes the foot’s medial arch. The
rupture of this structure can lead to the instability of the
forefoot and midfoot®. Low-energy traumas usually cause
ligament injuries and can be called subtle Lisfranc injuries®@,

While the weight-bearing radiograph is the traditional exam
for diagnosing fractures and joint displacement, they have
a higher chance of misdiagnosing ligament injuries. Among
professional athletes, the rate of misdiagnosis is up to 41%,
directly affecting the return to practice and the athlete’s
performance &9,

For this reason, computed tomographgy (CT) and magnetic
resonance imaging (MRI) became standard care to evaluate
the subtle Lisfranc injuries®. However, these exams are
performed with the foot in a non-weight-bearing position
when the joint is not in its most stressful position®. The cone

Study performed at the Hospital das Clinicas, Faculdade de Medicina, Universi-

dade de S&o Paulo, S&o Paulo, SP, Brazil.

beam CT allows it to do weight-bearing CT (WBCT) and to
stress the foot joint in different positions?'®,

This is a technical image tip for the decision-making of a
professional ballerina for whom using the WBCT allowed us
to define tarsometatarsal joint stability and decide between
surgical and non-surgical treatment.

Case presentation

A 17-year-old female with 14 years of ballet experience was
rehearsing. While in a jump, she felt and twisted her right foot
in eversion. After this, she started to feel pain and difficulty
walking. She went for an evaluation in the emergency room
(ER).

In the first evaluation, the patient had swollen feet, midfoot
pain, and pain in the foot mobilization. The initial radiograph
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was performed without weight-bearing and didn’t reveal
alteration. To complete the ER analysis, a CT scan indicated
a possible Lisfranc ligament injury but without fracture or
dislocation (Figure 1.

The patient was immobilized with a cam boot. She was
released from the ER with a request for an MRI and to
follow up with a foot and ankle specialist. The MRI showed
a Lisfranc ligament injury without bone fracture, but it could
not demonstrate if there were instabilities in the Lisfranc area
(Figure 2).

The patient arrived for our evaluation with decreased
pain and swelling. In our assessment, the patient presented
without weight-bearing in the right lower limb and had a

subtle positive piano key test. For these reasons, we used
weight-bearing dynamic digital radiography and WBCT images
to define the final treatment.

The weight-bearing radiograph, compared to the contrala-
teral, did not show an increase in the Lisfranc space (Figure 3).

Technical image tip
The patient underwent a unique protocol with the WBCT.

Pre-treatment protocol

The first was a sitting-position bilateral WBCT scan, the
second was a normal weight-bearing bilateral WBCT scan

Figure 1. Initial non-weight bearing radiograph and computer tomography did not show fracture and did not show significant increase

of the Lisfranc area.

Figure 2. Initial magnetic resonance imaging of the edema and the Lisfranc ligament injury.
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(Figure 4), the third was a demi-pointe weight-bearing
bilateral WBCT scan to understand how the Lisfranc injury
would affect the Lisfranc area since this is a position that the
patient typically does in her ballet practice.

Figure 3. Weight-bearing dynamic digital radiography -without
significant increase of Lisfranc the area comparing the right side
to the left side.

Post-treatment protocol

The first was a sitting-position bilateral WBCT scan, the
second was a normal weight-bearing bilateral WBCT scan
(Figure 4), the third was a demi-pointe weight-bearing
bilateral WBCT scan to understand how the Lisfranc injury
would affect the Lisfranc area since this is a position that the
patient typically does in her ballet practice, the forth was a
pointe weight-bearing bilateral WBCT scan to understand
how the Lisfranc healed injury affected midfoot bone relation
and joint areas, since this is a final position that the ballerina
typically does in her ballet performance.

The Lisfranc interosseous distance measurements were
performed in the axial plane at the junction of the upper
and middle third of the medial cuneiform, defined as 10 mm
below its dorsal surface, as described by Bhimani et al@,
These distances were between the medial cuneiform and the
base of the second metatarsal (C1-M2), between the medial
and intermediate cuneiforms (C1-C2), and between the first
and second metatarsals (M1-M2) (Figures 5 and 6).

All measurements were performed using CubeVue software
(Curvebeam, Pennsylvania, USA). Bhimani et al.’® describes
that C1-C2 and M1-M2 injury had normally a difference of 1.3
mm between foot, and 3.2 mm in the C1-M2. The differences
C1-C2, C1-M2, and M1-M2 are described in Table 1.

Since the injury did not significantly increase the affected
area, a non-surgical treatment was opted for the patient.

A protected weight-bearing with foam walker boot was
allowed associated with insole midfoot arch support for eight
weeks when the patient had no more symptoms, and after
that, a full weight-bearing was allowed.

Figure 4. Normal weight-bearing computed tomography. A) 3- dimensional image of the bones; B) Axial image; C) Sagittal image; D)

Coronal image.
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Figure 5. Weight-bearing computed tomography of a female patient with Lisfranc injury on the right foot. Axial plane of the feet. A)
Distance between the first and second metatarsals (M1-M2). B) Distance between the medial cuneiform and the base of the second
metatarsal (C1-M2). C) Distance between the medial and intermediate cuneiforms (C1-C2).

Figure 6. Weight-bearing computed tomography of a female patient with Lisfranc injury on the right foot. Axial plane of the feet. A)
Sitting; B) Regular weight-bearing; C) Demi-pointe weight-bearing; and D) Pointe weight-bearing.
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Table 1. Pre- and post-treatment weight-bearing computed tomography measurements C1-C2, C1-M2, M1-M2 in all protocol positions:

sitting, regular weight-bearing, demi-pointe weight-bearing, pointe weight-bearing.

Regular weight-bearing

Demi-pointe weight-bearing

Regular weight-bearing

Left Right

3 26 21
3.6 37 3.4
33 2.8 2.4

Demi-pointe weight-bearing Pointe weight-bearing

Sitting

Pre-treatment
Lef;t

C1-C2 (mm) 37 31 3.3
C1-M2 (mm) 5.4 34 5.6
M1-M2 (mm) 3.4 31 42

]
Post-treatment
C1-C2 (mm) 3.4 3 36
C1-M2 (mm) 53 33 53
M1-M2 (mm) 3.2 31 38

Left Right

3 26 21 2.8 21
35 37 3.4 4.2 31
34 2.8 2.4 1.9 1.4

The total return to sports was within 12 weeks; when the
MRI was repeated, it showed ligament tissue healing at the
Lisfranc topography (Figure 7).

At this mark, the WBCT using the same protocol adding
pointe weight-bearing (Figure 8) was repeated, showing the
return of the standard measurements.

Discussion

Diagnosing the pure ligamentous injury Lisfranc injury
remains a complex challenge for orthopedic surgeons.
While fracture-dislocations resulting from trauma are more
straightforward, Lisfranc injury has a high rate of misdiagnosis
and can define the return career of athletes®®,

The use of weight-bearing radiographs helps minimize
misdiagnosis compared to the uninjured side; it can increase
the measurable distance, making the diagnosis more evi-
dent(ﬂJZ).

However, the linear measurement can change depending
on the foot’s position, as it is based on a two-dimensional
image™®™™®. Consequently, the patient’s ability to bear weight
on the injured side-limited by pain-can influence the mea-
surement by changing how the patient steps and distributes
weight on the foot.

The CT scan helps diagnose smaller fractures in the Lisfranc
area®™®1” |t also helps determine whether a fracture involves
articulation and how much displacement the fragment has?.
Nonetheless, the exam is performed without weight-bearing
and is effectiveineffective for diagnosing ligament injuries?,

The MRIis an exam that can help diagnose the pure ligament
injury and define the specific ligament involved?'”. However,
it is also a non-weight-bearing exam, and the influence of this
cannot be evaluated if it generates instability.

The WBCT can help evaluate the subtle Lisfranc injury@®,
It is faster than a normal CT scan and uses less radiation®3'®,
The scan can be performed with both feet simultaneously
and in a weight-bearing position™. This allows for comparing

Figure 7. Magnetic resonance imaging after the treatment

showing the ligament healing.
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Figure 8. Pointe position weight-bearing computed tomography. A) 3- dimensional image of the foot sagittal view with pointe shoes;

B) without pointe shoes; C) coronal view with pointe shoes; D) without pointe shoes.

the injured foot with the uninjured, and the weight-bearing
generates a stressful position on the foot. Since the mea-
surements are conducted in three-dimensional images, they
have less influence on the feet’s position on the flooro®,
Spirachi et al.?® demonstrated that even in a partial weight-
bearing (40 kg) WBCT can effectively diagnose the injury.

Bhimani et al.¢® describe different methods for assessing
instability in the Lisfranc. They compare traditional unidi-
mensional measurements with bi-dimensional and three-
dimensional measurements. They found that the uni, bi-, and
three-dimensional measurements accurately diagnose. For
this reason, in our case, we chose the linear measurements
similar to those used in weight-bearing radiographs.

The patient’s measurements under full weight-bearing were
similar in both feet, demonstrating the absence of instability
in the region. To ensure that the injury would not affect her
ballet practice, we performed a second scan in the full-pointe
position. Even in the second position, the difference in area
was similar in both feet. Since our patient did not demonstrate

instability during this exam, a non-surgical approach was
preferred.

To confirm the effectiveness of the non-surgical treatment,
the patient underwent a new set of WBCT scans after 12
weeks of treatment. The latest measurements were similar
to the previous ones, showing that the patient did not have
instability, and in this case, a non-surgical treatment was
appropriate. The importance of this comparison increases
when the literature describes that a misdiagnosis of instability
can lead to the end of an athlete’s career.

Conclusion

Weight-bearing computed tomography may be a useful
investigation to diagnose instability vs. stability of a pure
tarsometatarsal ligament injury. When the patient does not
have significant instability, non-surgical treatment with a
foam walker boot combined with a midfoot support insole
may be successful.

Authors’ contributions: Each author contributed individually and significantly to the development of this article: ALGS *(https://orcid.org/0000-0002-
6672-1869) Conceived and planned the activity that led to the study, interpreted the results of the study, wrote the article, participated in the review
process; CFTL *(https://orcid.org/0000-0001-9834-6998) Conceived and planned the activity that led to the study, interpreted the results of the study;
DLR *(https://orcid.org/0000-0003-0183-8641) Conceived and planned the activity that led to the study, interpreted the results of the study, wrote the
article, participated in the review process; RBS *(https://orcid.org/0000-0003-1085-0917) Conceived and planned the activity that led to the study,
interpreted the results of the study; FL *(https://orcid.org/0000-0002-0163-6516) Conceived and planned the activity that led to the study, interpreted
the results of the study; CCN *(https://orcid.org/0000-0001-6037-0685) Conceived and planned the activity that led to the study, interpreted the results
of the study. All authors read and approved the final manuscript. *ORCID (Open Researcher and Contributor ID)

6 J Foot Ankle. 2025;19(1):e1868



Godoy-Santos et al. Subtle tarsometatarsal ligament injury in a professional ballerina: weight-bearing computed tomography technical tip

Reference

Rosemberg DL, Sposeto RB, Macedo RS, Fernandes TD, Godoy-
Santos AL. Staged management of Lisfranc complex injury - Case
report and literature review. FuB & Sprunggelenk. 2021;19(4):218-28.
Godoy-Santos AL, de Cesar Netto C. Primary Arthrodesis for
High-Energy Lisfranc Injuries. Foot Ankle Clin. 2020;25(4):727-36.
Briceno J, Leucht AK, Younger A, Veljkovic A. Subtle Lisfranc Injuries:
Fix It, Fuse It, or Bridge It? Foot Ankle Clin. 2020;25(4):711-26.

da Silva AP, Shimba LG, Ribas LH, de Almeida AS, Naves V, Duarte
Junior A. Turco’s injury: diagnosis and treatment. Rev Bras Ortop.
2014;49(4):321-7.

Attia AK, Mahmoud K, Alhammoud A, d'Hooghe P, Farber
D. Return to Play After Low-Energy Lisfranc Injuries in High-
Demand Individuals: A Systematic Review and Meta-Analysis
of Athletes and Active Military Personnel. Orthop J Sports Med.
2021;9(3):2325967120988158.

Joannas G, Filippi J. How to Identify Unstable Lisfranc Injuries?
Review of Diagnostic Strategies and Algorithm Proposal. Foot
Ankle Clin. 2020;25(4):697-710.

Falcon S, McCormack T, Mackay M, Wolf M, Baker J, Tarakemeh A,
et al. Retrospective chart review: Weightbearing CT scans and the
measurement of the Lisfranc ligamentous complex. Foot Ankle
Surg. 2023;29(1):39-43.

Kim J, Ellis S, Carrino JA. Weight-Bearing Computed Tomography
of the Foot and Ankle-What to Measure? Foot Ankle Clin.
2023;28(3):619-40.

Wijetunga CG, Roebert J, Hiscock RJ, Bedi HS, Roshan-Zamir S,
Wang O, et al. Defining Reference Values for the Normal Adult
Lisfranc Joint Using Weightbearing Computed Tomography. J
Foot Ankle Surg. 2023;62(2):382-7.

Bhimani R, Sornsakrin P, Ashkani-Esfahani S, Lubberts B, Guss
D, De Cesar Netto C, et al. Using area and volume measurement
via weightbearing CT to detect Lisfranc instability. J Orthop Res.
2021;39(11):2497-505.

De Bruijn J, Hagemeijer NC, Rikken QGH, Husseini JS, Saengsin
J, Kerkhoffs GMMJ, et al. Lisfranc injury: Refined diagnostic

20.

methodology using weightbearing and
radiographs. Injury. 2022;53(6):2318-25.
Sripanich Y, Weinberg MW, KrahenbUhl N, Rungprai C, Mills
MK, Saltzman CL, et al. Imaging in Lisfranc injury: a systematic
literature review. Skeletal Radiol. 2020;49(1):31-53.

Holbrook HS, Bowers AF, Mahmoud K, Kelly DM. Weight-Bearing
Computed Tomography of the Foot and Ankle in the Pediatric
Population. J Pediatr Orthop. 2022;42(6):321-6.

Barg A, Amendola RL, Henninger HB, Kapron AL, Saltzman CL,
Anderson AE. Influence of Ankle Position and Radiographic
Projection Angle on Measurement of Supramalleolar Alignment
on the Anteroposterior and Hindfoot Alignment Views. Foot
Ankle Int. 2015;36(11):1352-61.

Rankine JJ, Nicholas CM, Wells G, Barron DA. The diagnostic
accuracy of radiographs in Lisfranc injury and the potential
value of a craniocaudal projection. AJR Am J Roentgenol.
2012;198(4):W365-9.

Essa A, Levi A, Ron TG, Ner EB, Finestone AS, Tamir E. The role
of three dimension computed tomography in Lisfranc injury
diagnosis. Injury. 2022;53(10):3530-4.

Expert Panel on Musculoskeletal Imaging; Gorbachova T,
Chang EY, Ha AS, Amini B, Dorfman SR, Fox MG, et al. ACR
Appropriateness Criteria® Acute Trauma to the Foot. J Am Coll
Radiol. 2020;17(5S):S2-S11.

Carrino JA, Al Muhit A, Zbijewski W, Thawait GK, Stayman JW,
Packard N, et al. Dedicated cone-beam CT system for extremity
imaging. Radiology. 2014;270(3):816-24.

Bhimani R, Thompson JD, Suh N, Kadakia RJ, Bariteau JT,
Kerkhoffs GMMJ, et al. Weightbearing Computed Tomography
Can Accurately Detect Subtle Lisfranc Injury. Foot Ankle Int.
2024;45(10):1145-55.

Sripanich Y, Weinberg M, Krahenbthl N, Rungprai C, Saltzman
CL, Barg A. Change in the First Cuneiform-Second Metatarsal
Distance After Simulated Ligamentous Lisfranc Injury Evaluated
by Weightbearing CT Scans. Foot Ankle Int. 2020;41(11):1432-41.

non-weightbearing

J Foot Ankle. 2025;19(1):e1868 1



