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Comparative 3D finite element analysis
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fixation in calcaneal fractures using micro-CT
image technology
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Abstract

Objective Calcaneal fracture fixation remains a challenging procedure in orthopedics, with computational

tools increasingly aiding in the optimization of preoperative planning. To compare the biomechanical stability of
intramedullary fixation and locking plate fixation for Sanders Il and Il calcaneal fractures by three-dimensional (3D)
finite element analysis and to provide a theoretical basis for clinical application.

Methods The Computed Tomography (CT) images were segmented using Mimics software (Materialise NV, Belgium)
to identify the region of interest based on threshold segmentation. The 3D morphology was reconstructed using
Mimics 10.01 software. Subsequently, Geomagic2012 software (3D Systems, USA) was employed to remove noise
points, sharp corners, and scattered points, achieving a smooth surface map. This map was saved in Initial Graphics
Exchange Specification (IGES) format and imported into Solidworks (Dassault Systemes, France) for model assembly
and volume model construction. A three-dimensional finite element model of Sanders lI/1ll, calcaneal fractures with
intramedullary fixation and locking plate fixation, was established and analyzed by linear finite element analysis. The
forced displacement, stiffness, and stress distribution of the two fixation methods were calculated. In addition, the
three-dimensional model was tested using a compression mechanical experiment.

Results Comparing fixation methods for Sander Il and lll fractures, the force-displacement curve of the
intramedullary nail group aligned more closely with standards. Under axial compression, bone stress was highest
with the Sanders Il locking plate and lowest with the intramedullary nail. Across models, the intramedullary nail
consistently exhibited slightly higher stress than the locking plate. The intramedullary nailing group model of
the overall stiffness was slightly greater than the locking plate. By comparing the compressive mechanical test
performance of the two fixation methods, it was found that the plate fixation group had an abnormal load until
7092.895 N, which was 1.5 times more than the load of the intramedullary nail.
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Conclusion Both intramedullary fixation and locking plate fixation for Sanders Il and Ill calcaneal fractures have
certain biomechanical stability, and locking plate fixation has potential application value in clinical practice.

Keywords Calcaneus, Fractures, Finite element analysis, Intramedullary fixation, Locking plate fixation

Introduction

Calcaneal fractures mainly occur in young people
between 20 and 40 years old, accounting for 60% of all
tarsal fractures. Most of the fractures are caused by ver-
tical and vertical violence [1]. Open reduction and fixa-
tion are often used for calcaneal fractures involving the
articular surface with obvious displacement. The tradi-
tional lateral “L” shaped expanded incision approach is
the “gold standard” for surgical treatment of calcaneal
fractures [2], which can cope with almost all complex
types of calcaneal fractures. During the operation, the
calcaneal tuberosity, lateral wall, subtalar joint, and calca-
neocuboid joint can be fully exposed so as to obtain sat-
isfactory reduction and strong internal fixation. However,
with a large number of studies and follow-up reports [3],
it has been found that this traditional surgical approach
has relatively high postoperative complications, includ-
ing incision flap necrosis, infection, sural nerve injury,
etc. In order to reduce wound complications and achieve
effective reduction, especially the reduction of posterior
articular surface, the transtarsal sinus incision approach
has been recommended as a new surgical strategy [4]. In
particular, minimally invasive limited open internal fixa-
tion for Sanders II and III calcaneal fractures has become
a consensus among trauma orthopedic surgeons [5].
Although minimally invasive incision causes less damage
to the surrounding soft tissue and greatly reduces the risk
of flap necrosis and infection after operation, its fixation
technique is not stable, which often leads to the instabil-
ity of the medial column of the calcaneus. It is difficult
to maintain the reduction of the fracture with calcaneal
plate internal fixation. Therefore, patients with calcaneal
fractures often suffer from fracture reduction loss and
calcaneal varus after the operation.

Addressing the challenge of effective postoperative
fixation, significant achievements have been made in the
research of minimally invasive fixation of calcaneal frac-
tures. Reinhardt et al. reported that the biomechanical
study comparing minimally invasive intramedullary cal-
caneal nail and calcaneal locking plate in the treatment of
intra-articular calcaneal fractures showed that the intra-
medullary calcaneal nail had a high degree of stability,
with effectiveness comparable to the calcaneal locking
nail plate. According to the research results, the intra-
medullary calcaneal nail could be selected for the treat-
ment of intra-articular calcaneal fractures [6]. Fabrizio et
al. showed that for SandersIl and III calcaneal fractures,
the minimally invasive intramedullary nail system of
calcaneus has excellent effects on the maintenance and

reduction of the subtalar articular surface and the cal-
caneal force line [7]. Anica et al. compared the efficacy
of intramedullary nail and standard locking plates in the
treatment of calcaneal fractures and found that intra-
medullary nail showed better postoperative efficacy and
greatly reduced postoperative incision complications [8].
Recently, there have been corresponding reports on the
application of calcaneal bone marrow nail in the treat-
ment of displaced intra-articular calcaneal fractures
abroad, which can obtain high stability and reduce soft
tissue complications [9]. There is no report of the calca-
neal intramedullary fixation system in China. Generally,
it is considered in a narrow sense that the application of
calcaneal intramedullary nail is limited in the scope of
operation, cannot deal with severe comminuted calca-
neal fractures, and lacks sufficient support for the impor-
tant posterior articular surface.

Three-dimensional (3D) imaging technologies have
transformed traumatology by enabling precise surgi-
cal planning and the optimization of fixation strate-
gies. These advancements, notably in micro-Computed
Tomography (CT) [10] and 3D [11] printing, facilitate
accurate reconstructions and implant placements, sig-
nificantly reducing surgical invasiveness and enhancing
outcomes. Recent studies have demonstrated that intra-
operative 3D imaging enhances spinal trauma surgery by
adapting to vertebrae positioning changes and enabling
precise implant placement with minimal radiation expo-
sure [12, 13]. Additionally, 3D imaging has been crucial
in restoring the subthalamic congruence in calcaneal
fractures, offering precise guidance for realignment and
ensuring optimal surgical outcomes. Surgeons utilize
fractured 3D models to simulate reduction techniques
and uninjured models to optimize plate selection, a prac-
tice that has yielded excellent results in treating clavicle,
calcaneal, pilon, and ankle fractures [14—16]. However,
despite these advancements, there remains a critical need
for a more anatomically adapted and minimally invasive
intramedullary calcaneal system.

Therefore, this study aims to design a minimally inva-
sive calcaneal intramedullary system based on three-
dimensional Computed Tomography (CT) image
technology that is consistent with the anatomical mor-
phology of Chinese people and to observe its effect on
restoring and maintaining the anatomical structure of the
calcaneus through biomechanical tests.
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Materials and methods

Source of sample

A 36-year-old healthy volunteer weighting 70 kg was
selected from Shanghai Pudong New Area Zhoupu Hos-
pital. Foot and ankle injuries or diseases of volunteers
were excluded by X-ray examination. CT scan was used
to obtain the calcaneal data (in line with the statistics of
Chinese calcaneal average parameters).

CT image processing

Volunteers underwent bilateral ankle spiral CT scan
(PQ6000 Picker companies in the United States, 64-row
dual-source spiral CT), set the parameters as follows: 120
kv voltage/current / 220 mA, 1 mm thick, pitch of 1.5,
the data resolution was 944 * 944. A single threshold was
used to segment bone images from CT plain scan data.
Each slice was preprocessed to extract calcaneal-related
information, and then the 3D model of the calcaneus was
reconstructed from these slice images. The data obtained
were saved in Dicom format. In the Mimics software,
mask extraction of interest groups were mainly used, fol-
lowed by the calculation and 3D reconstruction of three-
dimensional shapes of various organizations. This model
can be used as the STL format output.

Surface construction

Geomagic software was used to construct the surface of
CT scanning images. First, the STL format file obtained
in the Mimics software was imported to improve the
accuracy of the model, and the noise was used to remove
the scattered surface and broken surface of the model.
The model surface was preliminarily smoothed by remov-
ing sharp corners and rapid smoothing. After the soft-
ware analysis of the curvature, the surface of the model is
smooth enough to enter the shape stage to construct the
surface. The NURBS surface is fitted by fine adjustments
to the function surface, such as contour recognition, sur-
face construction, and modification. Finally, we enter the
Fashion stage by defining the surface feature types and
fitting the quasi-CAD surface. The resulting models were
surface models and saved in the universal IGES (.igs)
format.

CAD model construction

The geometric solid model obtained from the above steps
was imported into Hypermesh12 for mesh partitioning,
boundary conditions imposition, material properties
assignment, and contact definition. Finally, it was sub-
mitted to ABAQUS 6.12 for finite element analysis. The
diagram was saved in IGES format and imported into
Solidworks/UGS for model assembly and volume model
construction. At the beginning of modeling, considering
the attachment relationship between muscle and bone,
all tissues were modeled using the edge partial extension.
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The Solidworks/UGS software was used for the Boolean
operation to calculate the common binding surface of
each tissue, and the volume model was constructed by
automatically forming the volume model of the closed
continuous surface.

Finite element model construction

C3D6 was used to simulate calcaneal cortical bone, and
C3D4 was used to simulate cancellous bone and subse-
quent implants. According to the similarity degree of the
elements for the geometric shape fitting, the final basic
dimension of the bone part was 2 mm, and the spe-
cific dimension was adaptively changed with the size of
the geometric features (0.5 mm~2 mm). The basic size
of the intramedullary nail and plate was 1 mm, and the
basic size of the screw was 0.5 mm. The size of the thread
details was changed with the size of the geometric fea-
tures. The Sanders type II and Sanders type III calcaneal
fracture fixation models were imported into the finite ele-
ment analysis software UGS for pre-processing (Figs. 1, 2
and 3).

Establishment of a three-dimensional finite element model
with two fixing methods

A 6-hole “I” shaped plate was used for intramedullary fix-
ation (Figs. 4 and 5), and an 8-hole “M” shaped plate was
used for locking fixation (Figs. 6 and 7).

Set the parameters

When performing the finite element analysis, the interac-
tion relationship was set as follows: The screw was tied
with the corresponding intramedullary nail and plate.
The implant and bone were embedded to simulate the
interaction. The interaction between talus and calcaneus
was simulated using a nonlinear face-to-face univer-
sal contact relationship with a friction coefficient of 0.1.
Material properties are shown in Table 1.

Load & boundary

The body mass was 70 kg, and the compressive load act-
ing on the calcaneus was about 700 N. All nodes on the
articular surface of the talus were selected, and the cou-
pling equation was established with the central node of
the articular surface. The joint surface was established
as a rigid surface, and a vertical z-axis negative concen-
trated load of 700 N was applied to the central node to
simulate the single-leg standing condition of the human
body. The specific direction is shown in Fig. 8.

Finite element calculation

Abaqus 6.12.-1 was used as the solver and postproces-
sor for the finite element operation, and the Nlgeon large
deformation calculation switch was turned on. The New-
ton-Raphson technique was used to solve the nonlinear
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Fig. 1 Calcaneus model
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Fig. 2 (A-B) Frontal and lateral views of the Sanders Type Il calcaneal fracture model
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Fig. 3 (A-B) Frontal and lateral views of the Sanders type Ill calcaneal fracture model

equilibrium equations. The contact attribute and compu-
tation iteration control were set, and the global iteration
number, computation time, and the maximum and mini-
mum computation time steps were adjusted to improve
the convergence.

Validation

The stress distribution is shown in Fig. 9, the Force dis-
placement curve is shown in Fig. 10, and the Degree of
stiffness is shown in Fig. 11.

Test of compressive mechanical properties

According to the Sanders classification of calcaneal frac-
tures, 10 models of calcaneal fractures were made and
fixed with a self-designed minimally invasive intramed-
ullary stabilization system and ordinary titanium lock-
ing plate, respectively. The compressive force properties
of the model under intramedullary fixation and plate
fixation were tested by the Instron 5569 material testing
machine. At room temperature, a 50KN sensor, fusion
fixture, and Bluehill 3 control software were used. Set the
load accuracy: +/-0.5% of the indicator reading load to
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Fig. 4 (A) Anterior view of the Intramedullary fixation of Sanders type Il calcaneal fractures fixed with a 6-hole “T" shaped plate. (B) Posterior view of the
Intramedullary fixation of Sanders type Il calcaneal fractures fixed with a 6-hole “I" shaped plate

Fig. 5 (A) Anterior view of the Sanders Type Il calcaneal fracture fixed with 6-hole “I" shaped plate. (B) Posterior view of the Sanders Type Ill calcaneal
fracture fixed with 6-hole “I" shaped plate

A

Fig. 6 (A) Anterior view of the Sanders Type Il calcaneal fracture fixed with 8-hole “M” shaped plate. (B) Posterior view of the Sanders Type Il calcaneal
fracture fixed with 8-hole “M"shaped plate

1/250 of the full-scale capacity of the sensor. Set the dis-  Biomechanical evaluation index of the intramedullary

placement accuracy to +/- 0.05% of the indicator reading.  stabilization system

The maximum loading speed is 500 mm/min. Include 3D A biomechanical test system tested the bending resis-

model and physical drawing of upper and lower fixture tance and torsion resistance of the designed intramed-

(Fig. 12). ullary stabilization system. The ratio of mechanical
strength to the volume of the intramedullary stabiliza-
tion system with different specifications was obtained
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Fig. 7 (A) Anterior view of the Sanders Type Ill calcaneal fracture fixed with 8-hole “M" shaped plate. (B) Posterior view of the Sanders Type Il calcaneal

fracture fixed with 8-hole “M" shaped plate

Table 1 Material properties used in finite element analysis

Material Young’s modulus (MPa) Poisson’s ratio
Implants 7300 0.3
Cancellous bone 620 03
Cortical bone 114,000 03

Note: All components were made of elastic, uniform, and isotropic materials,
according to the literature

Fig. 8 Schematic diagram of load application

by calculating the strength-to-volume ratio. The forced
displacement, stiffness, and stress distribution of the
two fixation methods were calculated respectively. To
evaluate the compressive tolerance of minimally invasive
and intramedullary stabilization systems based on the

biomechanical analysis of calcaneal fracture fixation in
vitro.

Results

Stress distribution of calcaneus

To compare the stress distribution of bone and implant
between intramedullary fixation and locking plate fixa-
tion in calcaneal fractures; The maximum stress of the
implant in the intramedullary fixation of Sanders type
I calcaneal fractures was 873.5Mpa, and the maxi-
mum stress of the implant was located in the middle of
the screw (Fig. 13A-B). The maximum bone stress was
209.5 MPa (Fig. 13C-D). In Sanders type II calcaneal frac-
tures, the maximum stress of the implant was 863.3 MPa,
the maximum stress of the implant was located in the
middle of the plate and the middle of the screw (Fig. 13E-
F), and the maximum stress of the bone was 370.9 MPa
(Fig. 13G-H). The maximum implant stress of the
Sanders III calcaneal fracture intramedullary nail was
884.8 MPa, the maximum implant stress was located in
the middle of the screw (Fig. 14A-B), and the maximum
bone stress was 230.8 MPa (Fig. 14C-D). In Sanders type
III calcaneal fractures, the maximum stress of the implant
was 863.3 MPa, the maximum stress of the implant was
located in the middle of the plate and the middle of the
screw (Fig. 14E-F), and the maximum stress of the bone
was 266 MPa (Fig. 14G-H). Regardless of Sanders type
II or Sanders type III calcaneal fractures, the maximum
bone stress of intramedullary fixation and locking plate
fixation was at the fixed position of the inferior border of
the calcaneus.

Force displacement and stiffness

In Sanders type II fracture, two biomechanical tests were
performed in the intramedullary fixation group and the
plate fixation group, respectively. The finite element
simulation results were within the 95% prediction inter-
val of the mean results of the two experiments (Fig. 15A-
B). In Sanders type III fracture, the single biomechanical
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S, Mises

i

Fig. 12 The compression fixture was connected to the testing machine

test was performed in the intramedullary fixation group
and the plate fixation group, and the force-displacement
curves obtained by the intramedullary fixation group
and the finite element fixation group had the same trend
(Fig. 15C-D). There was a deviation in the force-dis-
placement curves between the two groups, which may
be caused by the differences in model establishment and
contact between the finite element simulation and bio-
mechanical testing. Stiffness reflects the ability of the
calcaneal body to resist deformation and is defined as
the ratio of the maximum vertical displacement of the
calcaneus to the applied load. By comparing the differ-
ent fixation methods of the two fracture types, the overall
stiffness of the intramedullary fixation group was slightly
higher than that of the locking plate fixation group.

Effect of fixation methods on calcaneal pressure bearing

To test the compressive mechanical properties of dif-
ferent fixation types of calcaneal fractures. In Sanders
type II calcaneal fractures, the maximum force value of
the 4500 N compression plate fixation group and intra-
medullary fixation group showed no significant changes
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Fig. 13 Stress distribution of calcaneus in Sanders type Il calcaneal fractures. (A-B) Implant stress in intramedullary fixation of Sanders type Il calcaneal
fractures. (C-D) Bone stress in intramedullary fixation of Sanders type Il calcaneal fractures. (E-F) Stress of implants in plate fixation of Sanders type |l
calcaneal fractures. (G-H) Bone stress in plate fixation of Sanders type Il calcaneal fractures

in the two groups of model samples (Fig. 16A-B). In the
second experiment, the two groups were given a maxi-
mum compression force of 5500 N. The intramedullary
fixation group loosened and broke at about 3302 N, while
the plate fixation group showed no obvious abnormality

when compressed to 5500 N (Fig. 16C-D). The Sanders
type III calcaneal fractures model showed that the intra-
medullary fixation group had a small fracture sound at
a pressure of about 1700 N and showed a stepwise fluc-
tuation in the load-displacement curve (Fig. 17A-B),
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Fig. 14 Stress distribution of calcaneus Sanders type IIl calcaneal fractures. (A-B) Implant stress in intramedullary fixation of Sanders type Il calcaneal
fractures. (C-D) Bone stress in intramedullary fixation of Sanders type Ill calcaneal fractures. (E-F) Stress of implants in plate fixation of Sanders type Il
calcaneal fractures. (G-H) Bone stress in plate fixation of Sanders type Il calcaneal fractures

but the total force value showed an upward trend. The
experiment continued, and then the fracture sound and
the fluctuation of the curve were still shown, but the
range was limited, and no obvious drop in force value
was observed. When the pressure reached 4683.048 N,

the fracture sound increased significantly, and the curve
appeared to have an obvious inflection point, so the
experiment was stopped manually. The screws at the
lateral process and anterior tubercle of the sample were
displaced, and no obvious dislocation of the bone block
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Fig. 16 Effect of fixation methods on calcaneal pressure bearing in Sanders type Il calcaneal fractures model. The load-displacement curve of the in-
tramedullary fixation group (A) and the load-displacement curve of the locking plate fixation group (B) were tested for the first time in Sanders type Il
calcaneal fractures model. The load-displacement curve of the intramedullary fixation group (C) and the load-displacement curve of the locking plate
fixation group (D) were tested for the second time in Sanders type Il calcaneal fractures model
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Fig. 17 Effect of fixation methods on calcaneal pressure bearing in Sanders type lll calcaneal fractures model. The load-displacement curve of the in-
tramedullary fixation group (A) and the load-displacement curve of the locking plate fixation group (B) were tested for the first time in Sanders type Il
calcaneal fractures model. The load-displacement curve of the intramedullary fixation group (C) and the load-displacement curve of the locking plate
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Fig. 18 Damage of the samples in the intramedullary fixation group

Fig. 19 Failure of the samples in the locking plate fixation group

was observed. The model destruction is shown in Fig. 18.
In the locking plate group, there was no abnormality in
the sound and displacement curves during the whole
experiment (Fig. 17C-D). Until the pressure reached
7092.895 N, which exceeded the intramedullary nail load
by about 1.5 times, the experiment was manually termi-
nated. The sample screw was cut out at the subtalar joint

surface, and the bone block was obviously misplaced, and
the damage is shown in Fig. 19.

Discussion

Finite element method (FEM) is a new numerical method
for solving problems in continuum mechanics and phys-
ics [17, 18]. Due to the unique ability of the finite ele-
ment method to calculate complex shapes, loads and



Wu et al. BMC Musculoskeletal Disorders (2024) 25:1044

material properties, the finite element method has been
widely used in orthopedic research, such as the analy-
sis of biomechanical properties of bones [19], ligaments
[20], joints [21], and other tissues [22] and organs [23].
In order to investigate the effects of intramedullary fixa-
tion and locking plate fixation on calcaneal fractures, we
first extracted the features of the study area using the
clinically obtained CT data and subsequently used the
three-dimensional reconstruction method for finite ele-
ment analysis. The main steps were as follows: Mimics 17
was used to reconstruct the cortical and cancellous bone
3D point cloud model of the calcaneus from CT images
acquired in the previous clinical period, and Geomagic
Studio 2012 was used to fit the point cloud model estab-
lished by Mimics to an editable NURBS surface model.
Then, the geometric solid model obtained from the
above steps was imported into Hypermesh12 for mesh
division, boundary conditions, material properties, and
contact definition. Finally, it was submitted to ABAQUS
6.12 for finite element analysis. In this study, the biome-
chanical test and finite element simulation analysis were
performed on the Sanders type II and III intramedul-
lary fixation and locking plate fixation, respectively. In
Sanders type II and Sanders type III fractures, the force-
displacement curves and finite element results of intra-
medullary fixation and locking plate fixation had the
same trend, but there were some deviations. By compar-
ing the stiffness of the two fracture types with different
fixation methods, it was known that the overall stiffness
of the model in the intramedullary nail group was slightly
greater than that of the plate. Hence, the effect of an
intramedullary nail in fixing the fracture block was simi-
lar to that of the locking plate.

The main observation factors affecting fracture heal-
ing and the stability of the fracture end include the maxi-
mum displacement of the fracture free and the maximum
displacement of the fracture fault [24—26]. Therefore, the
fixation plate must ensure the anatomical reduction and
stability of the fracture, allowing broken bone to bear
the appropriate stress to promote bone healing. If a plate
with excessive stiffness is used for internal fixation of a
fracture, the stress diversion phenomenon may cause
the plate to share the stress that should be borne by the
broken bone, resulting in a significant decrease in the
strength of the formed bone [27].

The load on bone is the sum of external and internal
forces, and the combined force of these forces can lead
to stress deformation of bone tissue [28]. The amount of
deformation depends on the load and the ability of the
bone tissue to resist deformation, that is, the Degree of
strain occurs in accordance with the rigid structure of
the bone tissue [29]. Therefore, it is necessary to inves-
tigate the relationship between stress distributions in the
internal fixation system of fractures during bone healing.
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The finite element method can be used to establish the
geometric model and boundary conditions of bone and
bone plate that are basically consistent with the actual
situation, and the accurate stress distribution can be
obtained under the correct boundary conditions [30].
The shortcomings of experimental methods, such as eth-
ics, difficulty in obtaining experimental subjects, poor
repeatability, and difficulty in controlling experimen-
tal variables, can be effectively avoided [31]. The results
of stress analysis of intramedullary fixation and locking
plate fixation of Sanders type II and III fractures showed
that under axial compression loading, the bone stress
of Sanders type II fractures was the highest when fixed
with locking plate, and the bone stress of Sanders type II
fractures was the lowest when fixed with intramedullary.
Under the Sanders type III fracture model, the stress of
the intramedullary nail implant was slightly higher than
that of the locking plate, and the screws under all condi-
tions bore a large stress, with the risk of screw fracture.

On the basis of three-dimensional finite element
analysis, a three-dimensional model was constructed
to test the compressive mechanical properties of Sand-
ers type III calcaneal fractures. In the intramedullary
fixation group, a small fracture sound appeared at about
1700 N pressure, and the fracture sound increased sig-
nificantly until 4683.048 N, and the curve showed obvi-
ous inflection points. The locking plate group did not
show any abnormality throughout the experiment until
7092.895 N, which exceeded the intramedullary nail load
by about 1.5 times. The compressive strength of intra-
medullary fixation was 59.62642 MPa, the fracture energy
was 20469.87 mJ, and the stiffness was 481288.9 N/m.
The fixed compressive strength of the locking plate was
90.30954 MPa, the fracture energy was 49628.11 mJ, and
the stiffness was 489000.1 N/m. Thus, the compressive
strength of the locking plate fixation group was higher
than that of the intramedullary fixation group.

The study’s limitations include its reliance on data from
a single healthy volunteer, potentially affecting the gen-
eralizability of the findings across diverse populations.
Additionally, the material properties used in the finite
element models, derived from literature, may not accu-
rately represent the true mechanical behaviors under
various physiological conditions. Furthermore, the sim-
plified boundary conditions and load applications in
the finite element analysis may not capture the complex
biomechanical interactions in real-life calcaneal fracture
scenarios, potentially limiting the predictive accuracy
of fracture behavior. Future research should expand the
sample size to enhance demographic representability and
incorporate patient-specific material properties for more
accurate biomechanical modeling. Additionally, devel-
oping models that simulate dynamic loading conditions
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will improve the clinical relevance of findings and deepen
understanding of calcaneal fracture fixation methods.

Conclusion

Both intramedullary fixation and locking plate fixa-
tion for Sanders II and III calcaneal fractures have cer-
tain biomechanical stability, and locking plate fixation
has potential application value in clinical practice. In the
compression tests of three-dimensional solid models of
Sanders type III and Sanders type II calcaneal fractures,
the results of the two tests were too different to analyze
statistical significance due to the small number of sam-
ples. Therefore, we will increase the samples and repeat
the tests several times in the follow-up study to provide
more data for reliable evidence.
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