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Background: This study aimed to evaluate tongue-type calcaneal fractures using three-dimensional (3D)
computed tomography (CT) mapping method.

Methods: A consecutive series of 136 tongue-type calcaneal fractures was used. CT data were used to
reconstruct and reposition the 3D calcaneus body. E-3D Medical 18.01 software was used to superimpose
the fractured calcaneal entity on the template, and the fracture line was drawn on the template. Finally, the
heatmap was obtained using the fracture statistical analysis function. At the same time, the distribution of
fracture lines in the anterior part of the calcaneus (APC) was recorded. Cases were divided into the following
3 subtypes according to the distribution of the tongue-type fracture lines of the calcaneal body: medial-
lateral (Group A), upper-lateral (Group B), and upper-lateral-medial (Group C).

Results: There were 68 cases in Group A, 48 cases in Group B, and 20 cases in Group C. Based on
subtype, the characteristic fracture map of Groups A, B and C was constructed. The APC was evenly divided
into zones A, B, and C from lateral to medial. In Group A, the most common types involve APC were Type
AC (24, 35.3%) and Type A (11, 16.2%). In Group B, the most common types were Type AC (20, 41.7%),
Type AB (8, 16.7%) and Type C (8, 16.7%). In Group C, the most common types were Type AC (8, 40.0%)
and Type A (5, 25.0%).

Conclusions: This study investigates the distribution characteristics of fracture lines in subgroups of
tongue-type calcaneal fractures for the first time. The results can help doctors improve their understanding
of tongue-type calcaneal fractures, optimize internal fixation design, and provide a standard model for

biomechanical experiments.
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Introduction energy injuries. Falling from heights and traffic injuries

. nt for the majori f fr r ith m ien
Calcaneus fracture is the most common fracture of the account tor the majority of fractures, wit Ost patients

tarsal fractures. Epidemiological results show that calcaneal being young and middle-aged. The main symptoms are
fractures account for 2% of all fractures and 60% of tarsal soft tissue swelling, pain, deformity of the foot, and long-

fractures (1). Calcaneal fractures are mostly caused by high- term foot discomfort and symptoms last for 3 to 5 years (2).
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Most calcaneal fractures are intra-articular fractures, which
increase the width of the calcaneus, involve the subtalar
joint surface, and reduce the Bohler angle. Improper
treatment may lead to poor outcomes and disability (3,4).
In the treatment of calcaneal fractures, there is a high
qualifying requirement for the reduction of the fracture
fragments, and therefore, the treatment of calcaneal
fractures is a challenge for orthopaedic surgeons.

There are multiple classifications of calcaneal fractures.
Currently, the commonly used are Essex-Lopresti and
Sanders classifications. According to the Essex-Lopresti
classification, fractures are divided into tongue-type fracture
and joint compression fracture (5). However, the Essex-
Lopresti classification has limitations. It cannot assess
damage to the subtalar joint and is of little significance
for treatment and prognosis (6). With the development
of imaging diagnosis technology, especially computed
tomography (CT) technology, clinicians can analyze
calcaneal fractures from a new perspective. The Sanders
classification of calcaneal fractures has been proposed (7),
which is very useful in predicting prognosis and
intraoperative reduction; however, the distribution of
fracture lines from the overall calcaneus is not described.

The fracture mapping was first proposed in 2009 by
Armitage et al. (8). This technology uses medical three-
dimensional (3D) software to reconstruct 3D fracture
entities. Then, multiple 3D entities of fracture cases are
superimposed on the template through the registration
function. The fracture lines are drawn out on the template
one by one. Use the fracture statistical analysis function to
generate a fracture line heatmap. The fracture heatmap can
display the start and end, direction, and distribution of the
fracture line in the form of big data, so as to help the doctor
understand the distribution characteristics of fracture, guide
the intraoperative reduction, and the design of the internal
fixation device. Recently, fracture mapping has been used in
clinical treatment of patella and distal humerus fractures (9,10).

Our research group had previously conducted a fracture
map study of Essex-Lopresti classification intra-articular
compression calcaneal fractures (11). This study intends
to use CT data of calcaneal fractures to reconstruct Essex-
Lopresti classification tongue-type calcaneal fractures,
draw the fracture line on the template, and generate a 3D
heatmap of calcaneal fractures. We hypothesized that this
study would demonstrate precise about the tongue-type
fracture line distribution. This study may help doctors
improve their understanding of tongue-type calcaneal
fractures, optimize internal fixation design, and provide
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a standard model for biomechanical experiments. We
present the following article in accordance with the MDAR
reporting checklist (available at https://dx.doi.org/10.21037/
atm-21-6168).

Methods
Patient cohort

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
institutional ethics board of Jincheng General Hospital
(No. 20200901) and informed consent was taken from
all the patients. A total of 136 tongue-type calcaneal
fractures in Jincheng General Hospital from 2017 to 2021
were collected. The inclusion criteria were as follows: (I)
age: 18-70 years; (II) CT data of the calcaneus obtained
preoperatively; (III) tongue-type calcaneus fracture; and
(IV) closed calcaneal fractures. The exclusion criteria
were as follows: (I) pathological fractures; (II) calcaneus
deformity; (III) comminuted fracture with unidentifiable
fracture line; (IV) past ankle fractures and ankle arthritis; (V)
osteoporosis; and (VI) open fractures.

Obtaining the calcaneal template

To obtain the calcaneal template, a 30-year-old man (who
signed the informed consent) with no previous systemic
disease or foot and ankle trauma, arthritis, or deformity
had both ankles and feet scanned using a 64-slice spiral
CT (Siemens, Germany) with a thickness of 0.75 mm.
The CT data were obtained in the Digital Imaging and
Communications in Medicine (DICOM) format. Next, the
3D entity of the right calcaneus was extracted using Mimics
Research 20.0 software (Materialise, Leuven, Belgium).
Using the Geomagic Studio 2014 (Geomagic, USA)
software, the following operations were performed: re-
meshing of the 3D solid, removal of the spike, appropriate
smoothing to generate a 3D solid model of the calcaneus,
and importing it into the E-3D Medical 18.01 (Central
South University, Changsha, China) as a template.

Obtaining CT data and 3D reconstruction of calcaneal
fractures

All cases were scanned using 64-slice spiral CT (Siemens,
Germany). The scanning parameters were as follows:
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E-3D Medical 18.01 software
(Central South University, Changsha, China)

Figure 1 Flow charts of the calcaneal fracture map processing. (A) Using Mimics Research 20.0 software, the segment and split functions

were applied to create each segment of calcaneal fracture 3D entity; (B) using 3-Matic Research 12.0 software to reposition each calcaneal

fracture fragment; (C) after superimposing the fractured calcaneus entity with calcaneus template, the fracture line was drawn on the

template using E-3D Medical 18.01 software. 3D, three-dimensional.

120 kV, 350 mA, and layer thickness <1.5 mm. The
scan range was from the ankle to the sole. CT data was
saved in the DICOM format. The obtained CT data of
calcaneal fractures were imported into Mimics Research
20.0 software (Materialise, Leuven, Belgium). The
segmentation command was then used to extract the bone
of the ankle, and the split command was used to segment
the calcaneus and the other ankle bones. If the fracture
fragments were significantly displaced, the split command
was used again to segment each fragment such that each
fragment had independent attributes. The fracture cases
was imported into the 3-Matic Research 13.0 software
(Materialise, Leuven, Belgium) as 3D entity. The 3D entity
was reset by rotation and translation if necessary. Then,
import the 3D entity into the E-3D Medical 18.01 (Central
South University, Changsha, China) software and make it
coincide with the template through registration, rotation,
and translation functions. All cases performed the same
operation. In the fracture line heatmap analysis, the area
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within 2 mm of the fracture line was defined as the fracture
line area. The closer the fracture line is, the higher its
weighting. By overlapping the fracture lines of all patients,
the heatmap of fracture lines in different regions on the 3D
model was calculated (Figure I).

Fracture subtype analysis and data collection

The body of the calcaneus is divided into upper, medial, and
lateral surfaces. The position of the tongue-type fragments
fracture lines of the body were recorded and divided into
the following subtypes: medial-lateral (Group A), upper-
lateral (Group B), and upper-lateral-medial (Group C).
The number in each subtype was recorded, and the fracture
heatmap was drawn to display its characteristics. According
to our previous research, the anterior part of the calcaneus
(APC) was evenly divided into zones A, B, and C from
lateral to medial, and the zone affected by the main fracture
line of each subtype was recorded (11) (Figure 2).
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Table 1 Patient demographics and subtypes of tongue-type
calcaneal fracture (n=136)

Characteristics Value
Age, mean + SD 45.83+11.72
Sex, n (%)

Male 132 (97.06)

Female 4 (2.94)
Side of injury, n (%)

Left 77 (56.62)

Right 59 (43.38)
Subtypes, n (%)

Group A 68 (50.00)

Group B 48 (35.29)

Group C 20 (14.71)
Injury patterns, n (%)

Falling from height 1083 (75.74)

Falling from stairs 29 (21.32)

Car accident 4 (2.94)

SD, standard deviation.

Statistical analysis

This study used Statistical Product and Service Solutions
(SPSS) software v.26.0 (IBM Inc., Armonk, NY, USA) for data
processing. Continuous data were expressed as the means =
standard deviation (SD), and quantitative data were expressed
as frequencies and percentages. All cases were divided into
subtypes Group A, Group B, and Group C. The chi-square or
Fisher’s exact test was used to analyze the differences between
the subtypes, and P<0.05 was considered statistically significant.

Results
Demographic data

From January 2017 to December 2021, we collected the
CT data of 136 cases of tongue-type calcaneal fracture,
including 132 (97.06%) males and 4 (2.94%) females [aged
18-70 (45.83£11.72) years]. The causes of injury were
as follows: falling from a height (103, 75.74%), falling
downstairs (29, 21.32%), and car accident (4, 2.94%). A
total of 77 cases (56.62%) involved the left calcaneus, and
59 (43.38%) cases involved the right calcaneus (7able 1).
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Features of the medial-lateral fracture line of the calcaneal
body (Group A)

There were 68 (50.00%) patients in Group A. The
concentrated area of the transverse fracture line was located
in the lower part of the posterior subtalar articular surface.
The fracture line ran medially, partly through the middle
and posterior part of the subtalar articular surface, and
partly through the middle and posterior subtalar articular
surface gap. At the root of the sustentaculum tali, the two
parts of the fracture line were fused and ran backward and
downward, and then divided into two branches: a branch
that ran on the plantar surface anterior to the calcaneal
tuberosity, and another that ran horizontally in the middle
of the calcaneal tuberosity. The transverse fracture line on
the subtalar articular surface ran laterally at the angle of
Gissane and was divided into two branches: a branch that
ran obliquely backward and downward, and merged with
the fracture line anterior to the calcaneal tuberosity, and
another that ran posteriorly and merged with the fracture
line of the middle part of the calcaneal tuberosity. The
fracture line concentrated area of APC was the lateral wall
and the transition area between the anterior calcaneus and
the sustentaculum tali (Figures 3,4).

Features of the upper-lateral fracture line of the calcaneal
body (Group B)

There were 48 (35.29%) patients in Group B. The
concentrated area of the longitudinal fracture line was
located in the middle part of the posterior subtalar articular
surface and ran longitudinally on the upper side of the
calcaneal body to the back, and then divided into two
branches posteriorly and medially. The medial fracture line
ran anterior to the calcaneal tuberosity, with a part that ran
on the plantar surface and a part that ran longitudinally and
anteriorly. The posterior fracture line was arc-shaped on
the upper part of the calcaneal tuberosity. The longitudinal
fracture line of the subtalar articular joint was divided into
three branches anteriorly, which ran on the lateral wall of
the calcaneus as well as the medial and lateral sides of the
anterior calcaneus. On the lateral side, the fracture line was
divided into two branches at the Gissane angle. One branch
ran posteriorly and confluenced with the fracture line of
the calcaneal tubercle to form a tongue fracture fragment,
while the other branch ran obliquely in a posterior direction
at the sole of the foot and confluenced with the anterior

Ann Transl Med 2021;9(24):1787 | https://dx.doi.org/10.21037/atm-21-6168



Annals of Translational Medicine, Vol 9, No 24 December 2021

Page 5 of 15

Figure 2 The division of the calcaneal body and the APC. (A) The calcaneal body was divided into upper, lateral and medial surface; (B) the

APC was evenly divided into zones A, B, and C from lateral to medial, created by Guo ez al. (11). APC, anterior part of the calcaneus.

line of the calcaneal tuberosity. The fracture lines of APC
were concentrated in the lateral wall and the transitional
area between the anterior calcaneus and sustentaculum tali

(Figures 5,6).

Features of the upper lateral-medial fracture line of the
calcaneal body (Group C)

There were 20 (14.71%) patients in Group C. The fracture
line of the posterior subtalar joint had both vertical and
horizontal features. The vertical fracture line extended
to the dorsal side of the calcaneal body and merged with
the longitudinal fracture line of the lateral surface of the
calcaneus. The horizontal fracture line extended to the
medial side of the calcaneus through the sustentaculum tali.

© Annals of Translational Medicine. All rights reserved.

This fracture line continued to pass through the anterior
aspect of the calcaneal tuberosity and merged with the
oblique fracture line on the lateral side of the calcaneus.
The fracture lines of APC were concentrated in the lateral
wall and the transitional area of anterior calcaneus and
sustentaculum tali (Figures 7,8).

Fracture distribution in the APC area.

The Group A fracture line involved the APC and is
represented as zone A (53, 77.9%), zone B (18, 26.5%),
zone C (34, 50.0%), and no involvement (14, 20.6%). The
Group B fracture line involved the anterior calcaneus and
is represented as zone A (32, 66.7%), zone B (16, 33.3%),
zone C (32, 66.7%), and no involvement (1, 2.1%). The
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Figure 3 The fracture line distribution of Group A tongue-type calcaneal fractures was created using E-3D Medical 18.01 software. (A) Top

and bottom perspectives; (B) lateral and medial perspectives; (C) front and rear perspectives.

Group C fracture line involved the anterior calcaneus and
is represented as zone A (17, 85.0%), zone B (5, 25.0%),
zone C (13, 65.00%), and no involvement (0, 0.0%). There
were no significant differences in the distribution of the A,
B, and C zones of the APC among the Group A, Group B,
and Group C subtypes. The number of uninvolved APCs
in Group A was significantly higher than those in Group B
and Group C (Table 2).

In Group A, the most prevalent types were Type AC
(24, 35.3%) and Type A (11, 16.2%). In Group B, the
most common types were Iype AC (20, 41.7%), Iype AB
(8,16.7%), and Type C (8, 16.7%). In Group C, the most
prevalent types were Type AC (8, 40.0%) and Type A
(5,25.0%) (Tuble 2).

© Annals of Translational Medicine. All rights reserved.

Discussion

In recent years, 3D CT reconstruction technology has been
widely used in fracture diagnosis and classification, and is
more intuitive and accurate than X-ray diagnosis. However,
whether the traditional fracture classification method can be
improved by 3D CT reconstruction technology is worthy
of further study. The emergence of fracture mapping
technology visually demonstrated the morphological
characteristics of the fracture line, and proposed new ideas
for fracture diagnosis, classification, surgical plan and
internal fixation instrument design. Fracture maps can be
divided into two-dimensional (2D) and 3D maps; 2D maps
can only analyze the orientation and distribution of fracture
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Figure 4 The fracture line heatmap distribution of Group A tongue-type calcaneal fractures was created using E-3D Medical 18.01

software. (A) Top and bottom perspectives; (B) lateral and medial perspectives; (C) front and rear perspectives.

lines on a certain section, while 3D maps can intuitively
analyze the morphological characteristics of fractures in a
3D manner.

In 2009, Armitage et al. (8) superimposed the fracture
lines of 90 cases of scapular fractures to form a fracture
map, which was used to study the distribution of fracture
lines. In 2013, Cole er al. (12) increased the superimposition
of the defect area when studying the articular surface of
pilon fractures. In 2015, Molenaars ez 4/. (13) modified Cole
et al.’s method to perform a virtual reduction of fracture
fragments on CT axial images, and applied it to study the
characteristics of tibial plateau fractures. In 2016, Mellema
et al. (14-16) conducted research on the articular surface
of the radial head, coronoid process, and olecranon, and
further drew a heatmap that quantified the frequency of

© Annals of Translational Medicine. All rights reserved.

fractures.

In this process, research has also evolved from simply
showing the distribution of fracture lines to heatmapping,
which shows the frequency of fractures from a 2D drawing
of the fracture line to CT tomographic reduction and then
3D reconstruction reduction. In this study, a 3D entity of
calcaneal fracture was used for reduction and registration,
and a 3D fracture line was subsequently drawn on the
template to more intuitively and quantitatively generate a
heatmap that displays the morphological characteristics of
tongue-type calcaneal fractures and the internal fixation
safety zone. This study provides a reference for the
diagnosis and treatment of calcaneal fractures.

According to the description of Essex-Lopresti (5), when
a person falls from a height, his ankle is perpendicular to

Ann Transl Med 2021;9(24):1787 | https://dx.doi.org/10.21037/atm-21-6168
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C

Figure 5 The fracture line distribution of Group B tongue-type calcaneal fractures was created using E-3D Medical 18.01 software. (A) Top

and bottom perspectives; (B) lateral and medial perspectives; (C) front and rear perspectives.

the ground, and the axial load splits the posterior subtalar
articular and the sustentaculum tali. When the force passes
through the lateral approach, the posterior subtalar flips, the
talus splits the lateral wall of the calcaneus, and the lateral
surface produces an oblique fracture line starting from the
angle of Gissane. When the force passes through medially,
the sustentaculum tali is split, and the force continues,
resulting in a secondary fracture line. The direction of
the posterior branch of this line is variable, and horizontal
extension to the calcaneal tuberosity produces the described
“tongue-type fracture”. In Group B, the primary and
secondary fracture lines of the typical tongue-type calcaneal
fracture are shown; the fracture line of the posterior
subtalar articular surface was distributed longitudinally,
and the concentrated area was the middle of the articular
surface. This result is consistent with Essex-Lopresti. In

© Annals of Translational Medicine. All rights reserved.

Group A, the fracture line of the posterior subtalar articular
surface was distributed horizontally, and the concentrated
area was the middle and lower subtalar articular surface,
which suggests that Group A may be caused by axial
pressure in the oblique posterior direction. Group C has the
characteristics of both Group A and Group B; the posterior
subtalar articular surface fracture lines were simultaneously
distributed horizontally and vertically. The calcaneal body
fracture line distribution was at the upper medial and lateral
surfaces. We believe that axial pressure may first cause
Group A fractures, which continue to progress posteriorly
to cause Group C fractures. In this study, the subtypes of
tongue-type calcaneal fractures were classified from a 3D
perspective.

The sustentaculum tali is a special structure of the
calcaneus that plays an important role in supporting
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Figure 6 The fracture line heatmap distribution of Group B tongue-type calcaneal fractures was created using E-3D Medical 18.01

software. (A) Top and bottom perspectives; (B) lateral and medial perspectives; (C) front and rear perspectives.

body weight and transferring stress (17). Zwipp ez al. (18)
believed that reduction of the sustentaculum tali fragment
is crucial for most patients with intra-articular calcaneal
fractures. The present study showed that Group B fractures
are caused by vertical violent splitting, and the longitudinal
fracture line was located at the base of the sustentaculum
tali. The Group A fracture contained the sustentaculum tali
as a transverse fracture along the middle subtalar joint, and
the fracture line continued the transverse fracture line of the
posterior subtalar joint. Therefore, for Group B fractures,
multiple screws need to be inserted from the lateral side of
the calcaneus to the medial side to fix the sustentaculum tali
fracture. For Group A fractures, it is sufficient to firmly fix
the tongue fragment.

Calcanocuboid joint injuries are more common clinically,

© Annals of Translational Medicine. All rights reserved.

and the incidence of calcaneal fractures is 33-76% (17,19-20).
However, most scholars only emphasize the importance
of anatomical reduction of the posterior subtalar articular
surface of the calcaneus and the hindfoot, while ignoring the
impact of fracture and dislocation of the calcaneocubic joint
on foot function. In Groups A, B, and C, the concentrated
area of the fracture line in the APC was the lateral wall (zone
A) and the transition area between the anterior calcaneus
and the middle subtalar joint (zone C). The head of the
calcaneal longitudinal screw was stable in the middle of the
calcaneocuboid joint (zone B).

At present, conventional 3D CT reconstruction of
the calcaneus cannot display the subtalar joint and the
calcaneocuboid joint because the calcaneus is covered by
the talus and cuboid. The calcaneus entity can be separated

Ann Transl Med 2021;9(24):1787 | https://dx.doi.org/10.21037/atm-21-6168
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Figure 7 The fracture line distribution of Group C tongue-type calcaneal fractures was created using E-3D Medical 18.01 software. (A) Top

and bottom perspectives; (B) lateral and medial perspectives; (C) front and rear perspectives.

from the other ankle bones to draw a fracture map through
the split function of Mimics Research 20.0 software.
Through this research, doctor can indirectly assess the
distribution of the subtalar joint fracture line of tongue-
type calcaneal fracture via the fracture line involved the
calcaneal body. This study can guide the reduction strategy
of calcaneal fractures and the direction of screw placement.
The map of tongue-type calcaneal fracture can reflect the
most concentrated and sparse area of the fracture line. The
internal fixation design of the calcaneus can refer to the
fracture map, place its tip and tail in the sparse area, and the
body passes through the dense area of fracture lines. In this
way, the stability of fracture fixation is improved, and the
possibility of internal fixation failure is reduced. Numerous
biomechanical and finite element analyses have discussed
the internal fixation methods of calcaneal fractures; however,

© Annals of Translational Medicine. All rights reserved.

there is no standard calcaneal fracture model (21-26).
In this study, the area with the highest fracture line weight
was clarified, and thus, the results of this research can
be used as a standard for laboratory modeling in future
biomechanics and finite element analysis research.

With the development of intraoperative X-ray
fluoroscopic equipment and internal fixation devices,
the use of percutaneous screws for fixation of calcaneal
fractures has achieved better results (27-29). This study
found that the sparse areas of Group A fracture lines are
the upper-posterior side of the calcaneal body, the anterior
part of the middle subtalar joint, and the B area of the
APC. The tails of the two longitudinal screws should then
be distributed parallel to the upper part of the calcaneal
tuberosity, and their heads should be distributed vertically
in area B of the APC. The tip of screw should be placed

Ann Transl Med 2021;9(24):1787 | https://dx.doi.org/10.21037/atm-21-6168
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Figure 8 The fracture line heatmap distribution of Group C tongue-type calcaneal fractures was created using E-3D Medical 18.01

software. (A) Top and bottom perspectives; (B) lateral and medial perspectives; (C) front and rear perspectives.

in the front part of the sustentaculum tail, and only one
screw available (Figure 9). For Group B fractures, the sparse
areas of the fracture line are the upper-lateral sides of the
calcaneal body, the lower part of the calcaneal tuberosity,
the middle subtalar joint, and area B of the APC. The tails
of the two longitudinal screws should be located on the
upper-lateral and lower sides of the calcaneal tuberosity,
and the heads should be located in zone B of the APC.
Since the sustentaculum tail is intact, two screws can be
placed in parallel from calcaneal lateral surface to fix the
sustentaculum tail (Figure 10). For Group C fractures, the
only areas where the fracture line is sparse are the upper
part of the calcaneus and area B of the APC. Therefore, it
is necessary to use a steel plate to fix the fracture fragments,
and at the same time, a longitudinal screw whose tail is
located on the upper-lateral side of the calcaneal tuberosity

© Annals of Translational Medicine. All rights reserved.

and head is located in area B of the APC should be added
(Figure 11).

In the era of big data, the fracture map uses visualization
methods to clearly depict the fracture site and shape of
the fracture line, which is helpful for the design of surgical
approaches and the selection of internal fixation devices.
However, fracture maps have shortcomings. Firstly, due
to anatomical variation, some of the 3D reconstruction
images cannot perfectly match the standard template, and
the depicted fracture line deviates from the actual fracture
line. Secondly, this study only supplements the previous
classification methods of calcaneal fractures and does not
create a new classification method. Thirdly, the current
grouping method is not related to the long-term clinical
effect, and further improvements are needed in future
research.
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Table 2 Tongue-type calcaneal fracture line distribution in the APC (n=136)

Characteristics Group A (n=68), n Group B (n=48), n  Group C (n=20), n Group Avs.  Group A vs. Group Group B vs. Group

(%) (%) (%) Group B, P C,P C,P

Zone
A 53 (77.9) 32 (66.7) 17 (85.0) 0.177 0.753 0.125
B 18 (26.5) 16 (33.3) 5 (25.0) 0.424 0.895 0.498
C 34 (50.0) 32 (66.7) 13 (65.0) 0.174 0.237 0.895
N 14 (20.6) 1@2.1) 0(0.0) 0.003 0.033 0.516

Type
A 11 (16.2) 3(6.3) 5 (25.0) 0.106 0.509 0.043
AB 9(13.2) 8 (16.7) 2 (10.0) 0.607 1.000 0.711
ABC 9 (13.2) 1@2.1) 2 (10.0) 0.045 1.000 0.205
AC 24 (35.3) 20 (41.7) 8 (40.0) 0.486 0.701 0.899
B 0(0.0) 4(8.3) 0(0.0) 0.027 1.000 0.562
BC 0(0.0) 3(6.3) 1 (5.0) 0.037 0.227 1.000
C 1(1.5) 8 (16.7) 2 (10.0) 0.004 0.128 0.711

APC, anterior part of the calcaneus.

Figure 9 Optimal screw distribution in Group A tongue-type calcaneal fractures was created using E-3D Medical 18.01 software. (A) Top

perspective; (B) lateral perspective; (C) front perspective; and (D) rear perspective.

Conclusions fractures for the first time. The results can help doctors

improve their understanding of tongue-type calcaneal
This study investigates the distribution characteristics fractures, optimize internal fixation design, and provide a
of fracture lines in subgroups of tongue-type calcaneal standard model for biomechanical experiments.
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A B C D

Figure 10 Optimal screw location in Group B tongue-type calcaneal fractures was created using E-3D Medical 18.01 software. (A) Top
perspective; (B) lateral perspective; (C) front perspective; and (D) rear perspective.

A B C D

Figure 11 Optimal plate and screw location in Group C tongue-type calcaneal fractures was created using E-3D Medical 18.01 software. (A)
Top perspective; (B) lateral perspective; (C) front perspective; and (D) medial perspective.
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