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Abstract
Background Recently Lisfranc fractures have increased due to increased high-energy injuries from various causes. 
However, due to incomplete traditional classification, the pattern and distribution of fractures cannot be analyzed in 
three dimensions. This study examines a novel fracture pattern based on the fracture line and heat map for Lisfranc 
injuries.

Methods We retrospectively analyzed data from CT scans of 157 patients diagnosed with Lisfranc injuries. We 
extracted the CT data of a healthy adult and created a standard foot model. We performed 3D reconstruction using 
patients’ CT images and superimposed the fracture model onto the standard model for drawing fracture lines. 
Subsequently, we converted the fracture lines into a heat map for visualization.

Results The novel classification identifies high-density fracture sites within the tarsometatarsal joint, predominantly 
localized in the medial and lateral columns. The fracture lines not involving the TMT joint are mainly located in the 
medial aspect of the first metatarsal trunk and the fifth metatarsal trunk. Additionally, we develop an assessment 
protocol for Lisfranc injury that incorporates ligament injury, displacement, and fracture.

Conclusion The new classification accurately identifies the different types of fractures in Lisfranc injuries, enabling 
clinicians to more fully and accurately understand their patients’ injuries and assisting them in efficiently making 
sound decisions to avoid diagnostic delays that can negatively impact postoperative outcomes.
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Introduction
Lisfranc injuries are relatively uncommon, account-
ing for only 0.2% of all fractures [1, 2]. Lisfranc injuries 
have increased in recent years due to an increase in high-
intensity athletic training, accounting for more than 
15% of all athletic injuries [3–6]. In most cases, these 
injuries are high-energy trauma that results in fractures 
of the Lisfranc joint as well as soft-tissue injuries sur-
rounding the joint [7, 8]. In addition, this injury is often 
accompanied by subluxation of the TMT joint as well 
as metatarsal or tarsal fractures and the first tarsometa-
tarsal (TMT) joint injuries [9–11]. Because of its com-
plex anatomy, diverse pathogenetic factors, and injury 
mechanisms, Lisfranc injuries often present in multiple 
forms. Assuming that a Lisfranc lesion goes undetected 
or is inappropriately treated. In that case, the progres-
sive deformity may develop, posttraumatic osteoarthri-
tis (OA), and instability, which can occur in up to half of 
the cases of Lisfranc fracture dislocations [12]. Given the 
unique bone structure and ligamentous complex of the 
Lisfranc articulation, Lisfranc injuries are more complex, 
which is currently an enormous problem in the diagnosis 
and treatment of surgical patients [13, 14]. However, rea-
sonable classification pattern can provide surgeons with 
meticulous clinical decisions and surgical planning.

Existing major classifications of Lisfranc injuries to 
describe displacement are mainly the Quenu, Kuss, 
and Myerson classifications [15–17]. Among these, the 
Quenu and Kuss classifications cannot assess injury 
severity, nor can they determine reasonable treatment or 
assess prognosis [8]. In the current study, the Myerson 
classification focuses on the injury pattern of Lisfranc 
injuries (fracture dislocations) as well as partial injuries 
of Lisfranc joints, but still the fracture phenomenon in 
Lisfranc injuries has not been systematically analyzed. 
Because of its widespread application, this paper is thus 
based on the Myerson classification to investigate it.

Three-dimensional (3D) fracture maps and heat maps 
are new techniques to visualize fracture distribution 
information, allowing a clear view of the location and 
frequency of fracture line distribution [18, 19]. At pres-
ent, with the recent widespread use of 3D Computed 
tomography (CT) technology, it offers great convenience 
in furthering our understanding of foot injury [20]. The 
distribution of fracture lines, fracture morphology, frac-
ture mechanism, and fracture pattern in the foot can be 
further investigated. This technique has been used exten-
sively for various fracture types, but fracture line-related 
studies of Lisfranc injuries have not been performed. 
Therefore, the primary purpose of this study was to 
investigate the fracture line distribution characteristics 
of Lisfranc injuries by heat map techniques applied to 3D 
CT imaging to demonstrate fracture morphology in dif-
ferent Myerson types comprehensively and to summarize 

the fracture probabilities for different kinds of cases. This 
study aims to better assist surgeons in communicating 
the extents of Lisfranc injuries and assist shell physicians 
in treating this complex injury by presenting thermal 
imaging and morphologic features of fracture lines.

Materials and methods

Study sample and specimen selection
The research complied with protocols approved by the 
Medical Ethics Review Board of Affiliated Traditional 
Chinese Medicine Hospital of Southwest Medical Uni-
versity (BY2022025). CT data for patients diagnosed with 
Lisfranc injury between 2018 and 2022, were retrospec-
tively analyzed. Inclusion criteria: (i) Lisfranc injury; (ii) 
Significant fracture line; (iii) Patient age ≥ 18 years. Exclu-
sion criteria: (i) previous history of Lisfranc joint defor-
mity; (ii) pathological fracture; (iii) CT scans of quality 
not to meet 3D CT modeling needs. We extracted CT 
data from a healthy adult (height 172 cm, weight 60 kg, 
foot length 24  cm) and created a standard foot model. 
This standard foot model can represent a general popula-
tion without foot injury and deformity.

Fracture and heat mapping
Fracture-related CT data was acquired using a 128-slice 
spiral computer graphics scanner (Siemens Somatom, 
Thüringen, Germany). Mimics 21.0 software (Mate-
rialise, Leuven, Belgium) was used to reconstruct 3D 
models based on DICOM(Digital Imaging and Commu-
nications in Medicine) scans from a healthy adult male. 
The whole foot model is retained as the standard model. 
DICOM data of 157 Lisfranc injuries presenting with 
fracture fracture lines were imported into Mimics 21.0 
for 3D reconstruction and virtual repositioning of frac-
ture fragments, exported in STL format. In order to align 
the reconstructed 3D fracture model to the standard foot 
model, the STL file was imported into the 3-Matic 13.0 
(Materialise, Leuven, Belgium) software. Automated fit-
ting was used for the alignment process, which was 
examined from the joint surface view. However, some 
unstable fracture regions still require manual segmenta-
tion and alignment. Bone fracture lines were represented 
using 3-Matic 13.0 boundary lines, and the boundary 
lines were projected onto the standard model. Various 
fracture lines were classified based on Myerson’s classi-
fication and fracture line distribution characteristics. The 
fracture mapping graphs were saved in TXT format with 
coordinates accurate to 0.0001 mm, expressed in the (x, y, 
z) form. Fracture lines were converted into 3D heat maps 
with the help of the E-3D Digital Medical Platform (Cen-
tral South University, Changsha, China) software. A heat 
map was altered based on the frequency of occurrence of 
fracture lines in the 3D model at each site. Considering 
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the possibility of a slight human error in drawing the 
fracture lines and morphological differences in the foot, 
we set the radiation distance for each line at 5 mm and 
employed distance weighting during the subsequent cal-
culations (Fig. 1).

Novel Lisfranc fracture pattern
The summarized fracture lines were classified according 
to whether the fracture involved the TMT joint or not, 
and were also reclassified according to the distribution 

site and distribution density. Lisfranc injuries were cat-
egorized into five types, including those involving the 
TMT joint: type Ia: located in the TMT joint compris-
ing the medial and intermediate columns; and type Ib: 
located in the TMT joint comprising the lateral column. 
Not involving the TMT joint: type IIa: located within the 
first, second, and third metatarsals (metatarsals forming 
the medial and intermediate columns); type IIb: located 
within the fourth and fifth metatarsals (metatarsals form-
ing the lateral columns); and type IIc: other fractures that 
do not involve the TMT joint (excluding types IIa and 
IIb) (Fig. 2).

Data analysis
Data was analyzed by descriptive and percentage analy-
sis. We calculated the number of bone fracture lines 
according to the Myerson classification and the rate of 
fracture lines at different locations. A qualitative descrip-
tion of the frequency of fracture lines under different 
sorts was obtained using color changes in the heat map. 
Color bars depict high, medium, and low frequencies in 
the heat map.

To enhance statistical robustness, chi-square tests were 
performed to compare the frequency distribution of frac-
ture lines among Myerson subtypes. Inter-observer reli-
ability of the novel classification system was evaluated 
using Cohen’s kappa coefficient, calculated from inde-
pendent assessments by two senior orthopedic surgeons.

Statistical analysis revealed significant differences in 
fracture line distribution between Myerson subtypes. 
For example, fractures involving the first metatarsal 
(M1) were significantly more frequent in Myerson Type 
B2 compared to Type C2 (χ²=12.4, p = 0.002). The inter-
observer agreement for the novel classification system 
was substantial (κ = 0.82, 95% CI 0.74–0.89).

Fig. 2 On the bone surface, the different colored regions represent the 
different types

 

Fig. 1 Method used to map the fractures of the Lisfranc injury. (A) CT images of the Lisfranc damage. (B) Reconstruction of the injured foot and reduc-
tion of the fracture fragments in Mimics 21.0 software. (C) Fracture lines were paired and plotted in the 3-Matic 13.0 software. (D) Data sets from which 
the fracture lines were extracted
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Result
180 patients(from 2018 to 2022 ) with Lisfranc injuries 
and a clear fracture line were retrieved. Ultimately, 23 
unsuitable data-sets were excluded, and 157 experimen-
tal data-sets were included (Fig.  3). The information of 
patients and the characteristics of Lisfranc injury charac-
teristics were summarized (Table 1).

We used the Myerson classification to describe the 
types of fractures in our sample, and this classifica-
tion was rated by a senior chief physician and an asso-
ciate chief physician. Injury types were distributed as 
follows: Type A, n = 26(16.6%); Type B1, n = 32(20.4%); 
Type B2, n = 61(38.9%); Type C1, n = 20(12.7%); Type C2, 
n = 18(11.5%). As a final step, we gathered 229 fracture 
line groups and counted them according to the location 
of the fracture lines (Table 2).

3D mapping of Lisfranc injury lines
Whole view: The hot spots are centered in the proximal 
end of the first metatarsal and the second metatarsal, the 
medial cuneus bone as well as the first and second TMT 
joints.

View a: The hot spots are mainly concentrated on the 
proximal ends of the first and second metatarsals and 
are most dense where the two bones are adjacent to each 
other, with the fifth metatarsal joint as a subdense area 

Table 1 Patient characteristics and Lisfranc injury characteristics
Character Data (n = 157)
Female 63(40.1%)
Male 94(59.9%)
Age 45.52 ± 14.83
18-40y 49(31.2%)
41-70y 99(63.1%)
71-above 9(5.7%)

Table 2 Fracture line distribution characteristics. M1–M5: 
metatarsals 1–5; C1–C3: cuneiforms 1–3. Significant differences 
were observed between columns (p < 0.05)
Distribution site Data (n = 229)
M1 92(40.17%)
M2 49(21.40%)
M3 25(10.92%)
M4 14(6.11%)
M5 18(7.86%)
C1 17(7.42%)
C2 8(3.49%)
C3 1(0.44%)
Cuboid bone 4(1.75%)
Navicular bone 1(0.44%)

Fig. 3 The flowchart illustrates the inclusion and exclusion patient process

 



Page 5 of 10Zhang et al. Journal of Orthopaedic Surgery and Research          (2025) 20:266 

and a small amount of distribution in the remaining 
bones.

View b: The hot spots are mainly concentrated on the 
proximal ends of the lateral first metatarsal and second 
metatarsal as well as the distal ends of the medial cunei-
form and intermediate cuneiform, with the third and fifth 
metatarsals as subdense areas, and the rest of the bones 
distributed in small numbers.

View c: The hot spots are mainly concentrated on the 
entire first metatarsal joint as well as the top of the sec-
ond metatarsal joint, and the rest of the bones are distrib-
uted in small numbers.

View d: The hot spots are mainly concentrated on the 
top of the medial cuneiform and intermediate cuneiform, 
and there are a few other portions, and the rest of the 
bones are distributed in small numbers (Fig. 4).

3D mapping of Myerson classification
Type A: The hot spots and fracture lines are mainly con-
centrated in the proximal part of the second metatarsal, 
with the fracture line wrapping around the second meta-
tarsal in a ring-like fashion, the articular surface of the 
second metatarsal being the most severely involved, and 
the proximal part of the first metatarsal and the interme-
diate cuneiform bone in a small number of distributions.

Type B1: The hot spots and fracture lines are mainly 
concentrated on the lateral aspect of the proximal end of 
the first metatarsal and also involve the first metatarsal 
stem, with the entire articular surface of the first meta-
tarsal being most severely involved, and small amounts of 
the second, third, and fourth metatarsals distributed.

Type B2: The hot spots and fracture lines are mainly 
centered on the proximal ends of the five metatarsals, 

in addition to involving the first and second metatarsal 
stems; all five TMT joints were involved, with the first 
metatarsal and the medial cuneiform being the most 
severe.

Type C1: The fracture lines and hot spots are distrib-
uted around the TMT joint, with the bases of the first 
and fifth metatarsal crest being more densely apposed.

Type C2: The fracture lines and hot spots are widely 
distributed over the metatarsals, cuneiform bones, and 
navicular bone (Fig. 5).

3D mapping of novel Lisfranc classification
Involving the articular surface
Type Ia: Fracture lines and hot spots are mainly concen-
trated on all of the articular surfaces of the first metatar-
sal, as well as on the top of the articular surfaces of the 
second metatarsal, the medial cuneiform, the intermedi-
ate cuneiform, and to a lesser extent on the lower end of 
the articular surfaces of the third metatarsal and the lat-
eral cuneiform.

Type Ib: Fracture lines and hotspots are mainly distrib-
uted parallel to the middle of the articular surface of the 
fourth metatarsal, and perpendicular to the lateral aspect 
of the articular surface of the fifth metatarsal.

Not involving the articular surface
Type IIa: Fracture lines and hot spots are concentrated 
in the middle and proximal parts of the first and second 
metatarsal stems, as well as in the proximal part of the 
third metatarsal, with most of the fracture lines perpen-
dicular to the long axis of the bone.

Fig. 4 Distribution and hotpots of fractures in Lisfranc injury (a: the bottom view; b: the top view; c: the back view of the TMT joint; d: the frontal view of 
the TMT joint). The proportion of the heat map represents the relative frequency of the brake lines. Color gradient indicates relative frequency of fracture 
lines, ranging from blue (lowest) to red (highest)
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Type IIb: Fracture lines and hot spots are centered on 
the proximal end of the fourth metatarsal, and on the lat-
eral side of the proximal end of the fifth metatarsal.

Type IIc: The fracture lines and hot spots are an outer 
TMT fracture exclusive of Type IIa and Type IIb (Fig. 6).

Discussion
Lisfranc injury is named after 18th-century surgeon 
Jacques Lisfranc de St. Martin, who described this type of 
foot injury and significantly contributed to its treatment 
without precedent [21]. The Lisfranc joint is a group of 
joints located between the base of the metatarsus and 
the bones of the midfoot, and when this area is injured, 

Fig. 6 Distribution and hotpots of fractures by new classification. The 
scale of the heatmap represents the relative frequency of fracture lines. 
Color gradient indicates relative frequency of fracture lines, ranging from 
blue (lowest) to red (highest)

 

Fig. 5 Distribution and hotpots of fractures by Myerson classification. The 
scale of the heatmap represents the relative frequency of fracture lines. 
Color gradient indicates relative frequency of fracture lines, ranging from 
blue (lowest) to red (highest)
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it can result in dislocation or fracture of the joint and 
can be accompanied by damage to soft tissues (such as 
ligaments) [22]. It can lead to long-term pain and dis-
ability if left untreated or treated incorrectly [23]. Quenu 
and Kuss Classified this injury and summarized a set of 
classification methods for his displacement. It is based 
on the degree of destruction of the anterior and poste-
rior part of the middle metatarsal joint and is divided 
into Type I, Type II, and Type III [16]. Meanwhile, the 
system also serves as the basis for several tracking clas-
sification schemes currently used in clinical practice [24]. 
Hardcastle et al. in 1982 modification of the typing: type 
A, in which all metatarsals are moved in one direction, 
is fully coherent; it is partially in conflict with the direc-
tion in which one or more metatarsals are displaced in 
type B; and type C, in which the removal of the fracture 
is entirely inconsistent. However, because of their limita-
tions that do not contribute to management as well as to 
predict outcomes, such classification methods were soon 
replaced by other methods [8].

The Myerson system is an alternative classification sys-
tem for lesions to the Lisfranc joint complex based on the 
bony anatomy and biomechanical properties of lesions 
to the Lisfranc joint complex [15, 17]. Myerson’s typol-
ogy is based on the skeletal anatomy and biomechanical 
features of lesions to the Lisfranc joint complex. Type 
A refers to the total incongruity of the tarsometatarsal 
joint; type B describes isolated incongruity patterns of 
the tarsometatarsal joint; type C is divergently displaced 
respectively. Due to the complexity of Lisfranc damage, 
Myerson subdivided previous type B and C types into B1, 
B2, C1 and C2. Compared to other classifications, Myer-
son typography more accurately characterizes injuries 
to the Lisfranc joint complex and may better guide sur-
gical treatment. For this reason, the Myerson typeface is 
the most commonly used classification method and has 
become an integral part of modern foot and ankle sur-
gery. Currently, there are multiple classifications of Lis-
franc injury dislocations, particularly TMT dislocations, 
metatarsal displacement, and occult fractures. However, 
no study has yet summarized the fracture characteristics 
of Lisfranc injuries, such as the distribution of metatarsal 
and cuneiform fractures, and the extent of injury.

Myerson classification is one of the most widely used 
in the classification of Lisfranc injuries and is essential 
to differentiate between different degrees of Lisfranc 
injuries. On the other hand, in the Myerson classifica-
tion, especially in the C1 and C2 subtypes, we can observe 
fracture lines dispersed in the midfoot in the fracture line 
drawing and thermogram. This suggests that the Myer-
son classification does not focus on the fracture charac-
teristics of Lisfranc injuries and that its classification does 
not predict the site and extent of fractures, despite the 
addition of occult fractures in recent studies. Therefore, 

we propose a classification that effectively summarizes 
the fracture characteristics of Lisfranc injuries to further 
indicate the fracture characteristics of Lisfranc injuries as 
well as a diagnostic and treatment flowchart to help clini-
cians standardize management.

The fracture mechanism is mainly interpreted by mor-
phological structure and rarely simulated by biomechani-
cal tests. In morphological and structural studies, the 
second TMT joint is concave relative to the surrounding 
TMT joint, forming a tenon structure that further pro-
motes bone stability, making this particular joint the “cor-
nerstone” of the arch and the entire midfoot complex. At 
the same time, its unique structure also determines the 
high fracture rate of the joint [25, 26]. The complexity of 
Lisfranc injuries means that the pattern of injury is not 
simply one of displacement, but is often accompanied by 
fractures and ligamentous injuries.

Long-term functional outcomes of Lisfranc injuries 
remain a critical concern. Recent studies suggest that 
posttraumatic osteoarthritis (OA) develops in up to 40% 
of patients, particularly when articular congruity is not 
fully restored [27]. Our heat map analysis highlights the 
high fracture density in the medial cuneiform and sec-
ond metatarsal base, regions biomechanically linked to 
midfoot stability. Future studies should correlate these 
fracture patterns with gait analysis or patient-reported 
outcomes (e.g., FAAM scores) to refine prognostic 
models.

Therefore, we can combine the single fracture line type 
of Lisfranc injury with the Myerson classification. Clini-
cally, it is obvious that Lisfranc injuries often have mul-
tiple fracture lines due to their injuries, which can be 
supplemented by the combined fracture line types. The 
combinatorial pattern may have an important role in the 
graded assessment of Lisfranc injuries. However, simply 
combining the Myerson classification with a classifica-
tion schema based on fracture lines can lead to confusion 
and hinder understanding. For this reason, we proposed 
the following classification scheme for Lisfranc injuries: 
step 1: assessment of whether ligamentous injuries are 
involved; step 2: assessment of Lisfranc injury pattern 
(Myerson classification); step 3: assessment of whether a 
fracture is present and assessment of the extent (Fig. 7). 
In this case, because of the complexity of the TMT joint, 
we only needed to analyze the spacing between C1-M2 
and M1-M2 for initial assessment when performing Step 
1 [28].

The characteristics of each type of fracture vary: type 
Ia fracture cracks are predominantly avulsion cracks with 
a low degree of displacement, a low number of commi-
nuted cracks, and inevitably broken fragments; type Ib 
fractures are mainly oblique, with a high degree of dis-
placement, especially in the fifth metatarsal, where the 
fracture fragments are often displaced laterally; type IIa 
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fractures are mostly transversely oblique, with the first 
metatarsal displaced less than the second metatarsal on 
average, but the vast majority of the comminuted frac-
tures involve the first metatarsal; type IIb fracture frac-
tures are predominantly avulsion fractures with a lower 
degree of displacement; type IIc fractures are mostly 
incomplete fractures, but some fragments are present.

After CT scanning and 3D reconstruction, the specific 
type of injury is categorized according to the Myerson 
classification in order to help the clinician make an initial 
judgment based on the type of ligament injury and the 
type of fracture injury and to further determine whether 
to operate surgical access and surgical approach. Optimal 
prognosis in patients with Lisfranc injuries is critically 
dependent on anatomical joint repositioning combined 
with immobilization and selection of an appropriate sur-
gical approach [29]. For example, type Ia, IIa, and some 
IIc fractures can be made with an incision in the inter-
metatarsal space between the M1 and M2, followed by 
reduction and screw fixation; type Ib, IIb, and others can 
be made with a longitudinal incision in the direction par-
allel to the fourth metatarsal, followed by reduction and 
K-wire resurfacing. In essence, this novel classification 
complements the fracture component of Lisfranc injuries 
through thermographic reclassification, which can effec-
tively aid in the treatment and prognosis of the injury.

While our classification provides a spatial framework 
for fracture patterns, its clinical utility requires valida-
tion through prospective trials. We propose a multi-
center study integrating the novel classification with 

standardized surgical protocols (e.g., open reduction vs. 
percutaneous fixation) and outcome metrics such as the 
AOFAS midfoot score and radiographic OA progression. 
Additionally, machine learning algorithms trained on 3D 
heat maps may enhance diagnostic accuracy and reduce 
inter-observer variability.

To validate the clinical utility of the novel classifica-
tion system, we propose a prospective multicenter cohort 
study comparing it with the Myerson classification. The 
study will enroll 200 patients with acute Lisfranc injuries, 
randomized into two groups: one managed via the novel 
classification-based protocol (surgical approach selected 
by fracture patterns) and the other via traditional Myer-
son-based protocols. Primary outcomes will include 
diagnostic accuracy (sensitivity/specificity of detecting 
instability), functional recovery (AOFAS midfoot score at 
12 months), and complication rates (e.g., posttraumatic 
OA). Secondary outcomes will assess intraoperative deci-
sion-making efficiency (time to final surgical plan). This 
design aligns with recent recommendations for validating 
orthopedic classifications (Table 3).

Conclusion
This study aimed to apply 3D mapping and thermogra-
phy to characterize fracture patterns in Lisfranc injuries, 
to better help surgeons understand the extent of Lisfranc 
injuries, and to help surgeons treat this complex injury. 
In addition, a Lisfranc injury flowchart was developed 
that included Myerson classification, ligament injuries, 
and the degree of fracture injury. To further develop an 

Fig. 7 Classification program for Lisfranc injuries. Step 1: Ligament injury assessment via C1-M2/M1-M2 spacing; Step 2: Myerson classification; Step 3: 
Fracture extent evaluation (novel classification)
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assessment protocol for Lisfranc injuries that incorpo-
rates displacement and fracture, it is necessary to achieve 
a larger sample size of participants and to use statistics to 
devise a rating scale that evaluates the severity of Lisfranc 
injuries.

Limitations
Limitations of the present study include the following: 
first, the small number of patients in the sample did not 
allow for the use of statistics to devise a scale to rate 
the severity of Lisfranc injury; second, due to the large 
degree of anatomical variability in the foot, the fracture 
reconstruction models sometimes do not match the foot 
exactly and must be manually aligned and repositioned.
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