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Comparison of Treatment Positions for Tibia Fractures Using
the External Narrow Locking Compression Plate: 3D Finite
Element Analysis
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Abstract

Using an external fixation plate for the treatment of tibia fractures is a method of managing bone injuries that allows the
patient to experience minimal trauma and a faster recovery time. When using the finite element to help analyze the stiffness,
stress, strain, and deformation of movement that occurs. It will help determine the direction of treatment better. The study
aims to evaluate the effect of treatment positions for tibia fractures using the External Narrow Locking Compression Plate
(NLCP): 3D Finite Element Analysis. Tibia and fibula bone models were created for photorealism, and the materials employed
in the simulation were linearly elastic, homogeneous, and isotropic. The model cuts 3 mm of space in the tibia. An average
human body weight of 800 N is applied as a distributed load on the proximal tibia and fixed support at the distal tibia. The
NLCP is installed in 3 areas: anterior, medial, and lateral. It can be concluded that treating tibia fractures with an external
fixation installation on the anterior side will result in the highest stiffness of 164.90 N/mm and the least von-Miss stress of
2498.0 MPa. The strain is minimal at 0.6078, and the deformation of the osteotomy site is minimal at 4.8514 mm. This study
demonstrates that installing the NLCP in the anterior region provides the most suitable results.
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1. Introduction the intricate anatomy nearby, makes fractures demanding to

Recent advancements in external fixation for tibia fractures,

particularly with the introduction of narrow locking
compression plates (NLCP), mark a significant innovation.

The tibia's crucial function in weight-bearing, combined with
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manage, resulting in the development of a refined locking
compression plate (LCP). This sophisticated device is
designed to provide stable fixation, promoting faster recovery.
Compared to traditional techniques, the innovation offers
benefits such as reduced soft tissue damage, increased
biomechanical stability, and enhanced fracture healing.
Researchers recommend a simulation-based optimization
algorithm for refining the selection of implants and screw
The
collaboration between LCP and external fixation, combining
applications, equips
orthopedic surgeons with an efficient toolset for handling

configurations in treating long bone fractures.

academic research with practical
fractures. Bone cement augmentation does increase construct
stiffness; however, the dual-locking plate configuration,
especially the lateral-medial setup, delivers the highest level
of femur fixation stability under axial compression and lateral
bending forces. Another study highlights the importance of
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bone cement augmentation in preventing implant failure in
femoral allograft reconstruction."!

In clinical application, a study examines the efficacy of
external LCPs in treating open ulnar and radial shaft fractures,
highlighting benefits like low trauma, ease of use, dependable
fixation, and improved forearm joint stability and function.?
Findings reveal a significantly reduced time to union in the
NLCP cohort, indicating potential for quicker recovery. In a
distinct biomechanical analysis, tibia-LCPs have been found
to provide unmatched stability against axial and torsional
stresses, critical for the successful healing of tibia fractures.!
The study also explores the potential for surgical site infection
(SSI) and the necessity of reoperation within a year after
implementing LCP, distal anatomical LCP, or a one-third
tubular plate.*! To improve surgical outcomes, the study
proposes a simulation-based optimization algorithm to select
the most optimal LCP and screw sets for treating long bone
fractures.

Studies investigating the biomechanics of syndesmotic
fixation techniques for ankle injuries evaluate the stiffness of
endo button versus screw fixation post-syndesmotic injury
with an ankle fracture, employing cadaveric validation and
finite element analysis (FEA).[¢ The research advises against
forceful translation and compression during endobutton
fixation, recommending a uniform rehabilitation regimen for
both fixation techniques. LCPs used as low-profile external
fixators (LPEF) show promise in addressing tibia fractures
with compromised soft tissues, offering an improvement over
conventional, uncomfortable external fixators.[? This case
series evaluates the effectiveness of LPEF, highlighting its
potential for streamlined design, patient comfort, and positive
outcomes, especially in soft tissue healing and resolving
infections.®!"l The crucial component of effective fracture
healing, interfragmentary flexibility, is compared with
predictions for maximum healing performance for implants,
confirming the effectiveness of the proposed approach.l'>-%]
fractures due to

Treating tibial poses

complexity and potential complications. External fixation, a

challenges

commonly used method, provides stability and support during
healing. Recent advancements in orthopedics embrace FEA as
a valuable tool for optimizing external fixation in tibia
of
biomechanical factors. Beyond biomechanical advantages,!'®!7]

fractures, allowing a comprehensive assessment
a detailed analysis highlights the lower risks of infection and
misalignment associated with NLCPs.['*21] This is attributed to
the procedure's minimal intrusion and improved fixation,
emphasizing the need to incorporate innovative methods,
including narrow LCPs, to optimize patient outcomes in

managing tibia fractures.?>?¥ In conclusion, integrating NLCP
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guidelines with FEA presents a robust framework for
determining the suitability of external fixation devices for
tibial surgery. By accurately predicting the stiffness of these
devices, FEA enables a personalized and scientifically
grounded approach to treatment. This methodology not only
aligns with the NLCP's emphasis on individualized care but
also enhances the overall success rates of external fixation
surgeries. Ongoing research should aim to improve these
predictive models and extend their application to additional
types of orthopedic surgeries.

This study employs finite element methods to analyze
damage in medical surgery, specifically concentrating on the
10-hole NLCP. The stiffness value is compared to the accepted
criterion of the unilateral method for medical treatment. The
unilateral method for treating a tibia fracture typically
involves using a unilateral external fixation device. This
method is often employed in cases of open fractures, complex
fractures, or when internal fixation is not feasible due to soft
tissue damage or infection risk. The unilateral external fixator
is a device placed outside the body that stabilizes the fracture
by using pins. The pins are attached to a rigid external frame,
which keeps the bone fragments in the correct alignment. If
the researched stiffness value surpasses that of the unilateral
method,?* it will be applied in the treatment of midshaft tibia
fractures. The application of finite elements to help analyze
models and evaluate treatment results is becoming popular and
widely used today.”

2. Methods

2.1 Three-dimensional modeling

The tibia and fibula bone model was created from 2D
computerized tomography (CT) scan images. The CT scan
images were 0.5 mm thick in a 512x512 matrix. A three-
dimensional tibia and fibula bone prototype was created using
the software Mimics. A computer-aided design (CAD)
software was employed to construct 3D models of the narrow
locking compression with plate and screws (SolidWorks 2021).
The tibia external fixation model includes a 10-hole NLCP
plate with specific dimensions: a length of 192 mm, a hole
distance of 20.0 mm, a thickness of 5 mm, and a width of 14
mm, and it is positioned 47 mm from the bone. The 10-hole
NLCP size is suitable for basic treatment and is widely used.
The screws, as illustrated in Fig. 1, have a diameter of 5 mm
and a length of 73 mm. Additionally, the tibia length measures
449 mm, the median radius is 24 mm, and there is a 3.0 mm
gap on the mid-shaft for the implant model. A distance of 3
mm is the maximum distance of the tibial bone gap that can be
fused together, so it was determined in this simulation, as
illustrated in Fig. 2.
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Fig. 1 3D model of narrow locking compression plate and screw.

The simulation process was diligently executed after the
employing the ANSYS Workbench
software, an advanced computational tool developed by
ANSYS Company Inc., headquartered in Canonsburg,

model generation,

Pennsylvania, USA. This methodological approach aligns
with contemporary practices in the field, ensuring precision
and reliability in the analytical procedures applied to the study.

2.2 Finite element analysis

Once the tibia was properly aligned and a central cut was made,
a 3 mm gap formed, and the NLCP was affixed to the tibia
using a total of 10 screws. The NLCP covered the entire tibia
and featured three sides: lateral, medial, and anterior. To
evaluate the stiffness and tension, an 800 N force was applied,
determined by the patient's weight, with the tibia's base
secured in place. It was assumed that materials employed in
the simulation were linearly elastic, homogeneous, and
isotropic, with the tibia Young's modulus set at 805 MPa and
a Poisson's ratio of 0.3. For the NLCP and screws, made from
Stainless Steel 304 LVM, Young’s modulus was specified as
195 GPa and the Poisson's ratio as 0.31. The Posteroinferior
tibiofibular ligament had a Young’s modulus of 88.82 MPa and
a Poisson's ratio of 0.495.120271 [n this study, the meshed system
utilized belonged to a quadratic family of ten-node tetrahedral
elements, which is suitable for biomechanical analysis.

Tibia

2.3 Mechanical equations
The finite element method (FEM) is a numerical approach
frequently employed to resolve intricate engineering problems,
with a particular focus on structural analysis.*®! In the context
of modeling tibia external fixation using FEM, a relevant
mathematical model is designed, with the necessary equations
determined by aspects like material properties, geometry, and
loading conditions. A simplified finite element formulation for
tibia external fixation involves a general structural equation
based on force equilibrium, commonly expressed in linear
elastic analysis.
KU=F (1)

In this context, K (N/mm) represents the stiffness matrix in
Equations (1), U (m) denotes the displacement vector, and F
(N) signifies the force vector. The cross-sectional bending
stiffness EI is calculated by integrating Young's modulus, E
(Pa), with the cross-sectional moment of inertia, 1.12>3% This
relationship is expressed in Equations (2,3). Importantly, EI is
derived from lateral bending stiffness, which is experimentally
measured using four-point bending tests.
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Fig. 2 3D assembly external fixation method for midshaft tibia fractures.
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In this context, L (m) represents the distance between the
supports, E (Pa) stands for the material's elastic modulus, and
I (m*) is the moment of inertia for the cross-section. The
stiffness matrix integrates the properties of the material,
including Poisson's Ratio (v) and Young's Modulus (E). The
constitutive matrix (D) for isotropic linear elastic solid
materials is given by the following Equations (4). Ten-node
quadratic tetrahedral elements are commonly used for
meshing in bone simulations because they offer several
advantages in capturing the complex geometry and behavior
of biological tissues like bones. Quadratic elements have mid-
side nodes, allowing for a more accurate approximation of
curved surfaces and gradients compared to higher-order
interpolation, enabling better representation of the stress and
strain distribution in the complex geometry of bones.' Most
finite element analysis (FEA) software, which is used for
simulating the biomechanical behavior of bones, supports 10-
node quadratic tetrahedral elements and can efficiently solve
the governing differential equations involved in bone
mechanics. The ten-node quadratic tetrahedral elements mesh,
more accurate stress and strain fields, and efficient
computational performance in capturing the intricate structure
and behavior of bones under various loading conditions were
utilized to establish 3D finite components using mesh
conditions and the convergence test for meshing system
proceeded at the node location shown in Fig. 3.(32331

E
b= 1+v)(1-2v)
1 —v v v 0 0 0 7
v 1-v v 0 0 0
1)) 1)) 1—-v 0 0 0
1-2v
0 0 0 > 0 0 4)
0 0 0 0 1‘22“ 0
0 0 0 0o o ==

Fig. 3 Ten-node quadratic tetrahedral elements.[*?!
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To calculate the internal fixation implant's equivalent
volume V (m?), the following equation is applied in Equations
5).

V=LxXS (5)

The soft tissue effect can be modeled as a stretch scenario,
with S (m?) as the cross-sectional area of the internal fixation
and L (m) as its unit thickness. The direction of strain € is
illustrated below in Equations (6).+3]

av

E = —
LXS

(6)
The volume change AV (m?), which can occur with or
without internal fixation, is demonstrated here. The equation
above describes the tissue's tensile balance force in Equations
).
F=0X%XA 7
F is the compression force (N), o demonstrates the stress
(Pa) within the segment, and A (m?) corresponds to the soft
tissue's cross-sectional area; the equation is given in Equations

®).

F=EXAXe ®)
combining (8) and (6) gives in Equations (9).
F=ExAx“L 9)
LXS

Equivalent von Mises stress of the tibial epiphyseal narrow
locking compression plate was calculated with the following
Equation (10).53637
Von Misses Stress =

Lo =02+ (@ = 002+ (03— 0] (10)

The equivalent strain of the tibial epiphyseal narrow

locking compression plate was calculated with the following
Equation (11).5%

2 (3 3

where deviatoric strains e are defined as Equations (12-14).53%

2 1 1
€xx = 3 Exx — 3 Eyy 3 Ezz (12)
1 2 1
eyy =7 3 &xx + 3 &y T3 €z (13)
1 1 2
€zz = — 3 Exx -3 Eyy T 3 Ezz (14)

2.4. Boundary conditions

The force applied to the proximal tibia was determined from
the weight of the patients in the case study. The proximal tibia
and proximal tibiofibular were fully bonded using a
cylindrical model to provide distributed force. The model
applied a compressive load of 800 N to the upper surface of
tibiofibular, which was distributed across the proximal tibia

© Engineered Science Publisher LLC 2024
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Time: 1. s

. Fixed Support
[BJ Force: 800. N

Displacement

Mesh model 10-node quadratic
tetrahedral elements

(b)

Fixed support

Fig. 4 Boundary conditions (a) distributed load (b) Fixed support (¢) 10-node quadratic tetrahedral.

and proximal tibiofibular joints, as shown in Fig. 4a. Fixed
support was placed at the distal tibia and distal tibiofibular
joints, were fully bonded using a cylindrical model to provide
fixed supported, as depicted in Fig. 4b. In the future, we will
perform simulation tests using a Universal Testing Machine
(UTM) using a bone clamp made of 304 stainless steel
attached to an adapter. This material was chosen because it is
resistant to oxidation when exposed to blood. The 10-hole
NLCP model was bonded with a screw to be installed into the
tibia. The 3-dimensional models in finite form, shown in Fig.
4c, were divided into meshes of 10-node quadratic tetrahedral
elements.’ Table 1 shows the material properties of the
components in this model, which consist of the tibia bone,
NLCP (stainless 304 LVM), Screw (stainless 304 LVM),
Posteroinferior tibiofibular ligament, Interosseous ligament,
and Anteroinferior tibiofibular ligament.

Table 1. The material properties selected for the implant

mode].[2637]

Young's Poisson's
Component )
Modulus (MPa) Ratio
Tibia Bone 805 0.30
NLCP (ST 304 LVM) 193000 0.31
Screw (ST 304 LVM) 110,000 0.33
Posteroinferior tibiofibular
. 88.82 0.495
ligament
Interosseous ligament 120.58 0.495
Anteroinferior tibiofibular
. 51.63 0.495
ligament
2.5. Mesh test analysis

Convergence analyses were carried out to identify appropriate
mesh revisions. The mesh convergence analysis was

conducted using a model of an intact tibia. By using the

© Engineered Science Publisher LLC 2024

optimization method and convergence analysis, the finite

element model was improved.[**#l To investigate the
relationship between stress and element size, a mesh test was
run. With an element size of 5 mm, the ten-node tetrahedral
elements mesh technique produced 222,566 elements and
328,238 nodes. In comparison to the other dimensions, the
conventional stress tolerance is more in the middle, as Fig. 5
illustrates. As a result, 5 mm was selected as the element size
for the calculations used in the development of the
replacement model. In Fig. 6, the flow chart outlines the finite
element analysis procedure employed to calculate the
appropriate stiffness for tibial external fixation with a narrow

locking compression plate.

3. Results and Discussion

The use of NLCP in external fixation has emerged as a
promising strategy for treating tibial fractures, according to
recent research findings. These studies offer valuable insights
into the clinical outcomes associated with NLCP application.
In a prospective cohort study, NLCP demonstrated notable
stiffness, leading to a substantial reduction in the time required
for union compared to traditional fixation methods. The study
advantages of NLCP,
emphasizing its capacity for providing secure fixation.

underscored the biomechanical

In Fig. 7, the boundary condition involves the application
of an 800 N axial compressive load. The displacement along
the y-axis is treated as independent, while the displacements
along the x- and z-axes are constrained to zero, consistent with
the test conditions. Additionally, the distal tibia is rigidly fixed
to prevent any movement. Fig. 7a shows the specified
boundary condition of normal tibia bone. Fig. 7b shows the
specified boundary condition, which involves applying axial
compression for external fixation on the lateral side. In Fig. 7c,
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Fig. 5 An analysis of the mesh testing for the tibia bone.

the specified boundary condition involves applying axial
compression for external fixation on the medial side. Fig. 7d
shows the specified boundary condition, which involves
applying axial compression for external fixation on the
anterior side.

Structural properties are characterized by the stiffness
value, which is determined by the slope of the force-
displacement relationship. Fig. 8a illustrates this correlation
between applied force and resulting displacement. Specifically,
the stiffness of a normal tibia bone is quantified as 1096.94
N/mm. It has the highest stiffness value because it is a
complete bone without any fractures or damage. Fig. 8b shows
how this metric highlights the connection between force and
displacement. The lateral side stiffness of the external fixation
is specifically quantified at 123.00 N/mm. In Fig. 8c elucidates
the connection between force and displacement. The medial
side stiffness of the external fixation is determined to be
153.80 N/mm. As depicted in Fig. 8d, this metric clarifies the
relationship between force and displacement. The stiffness on
the anterior side of the external fixation is measured at 164.90
N/mm. From the installation model, this aspect gives the
highest stiffness value.

The maximum von Mises stress resulting from
compression load, shown in Fig. 9, highlights the possible
damage to the model. For a normal tibia bone, the maximum
stress is 100.51 MPa, as shown in Fig. 9a. In Fig. 9b, lateral

6 | Eng. Sci., 2024, 32, 1300

fixation side, the maximum von Mises stress on the screw is
3737.9 MPa It shows that the screw area tends to break first,
which has not affected the NLCP plate yet, and the screw can
be repaired. In Fig. 9c, medial fixation side, the maximum von
Mises stress on the screw is 2920.1 MPa. The von Mises stress
that occurs will be less than the lateral fixation side. In Fig. 9d,
anterior fixation side, the maximum von Mises stress on the
screw is 2498.0 MPa. On this anterior fixation side, there will
be the least amount of von Mises stress, which is important for
the doctor to consider treatment to cause minimal damage to
the NLCP and shin bones.

Figure 10 shows the maximum strain on the ligament. In
Fig. 10a, the maximum strain on the ligament is 0.0893. Fig.
10b, lateral fixation side, illustrates the maximum strain on the
ligament as 1.0472. Fig. 10c, medial fixation side, the
ligament exhibits a maximum strain of 1.2319. Fig.10d,
anterior fixation side, the ligament portrays a maximum strain
0f 0.6078. It can be seen that the stress generated will occur in
the ligament. This is a point that is not related to the point
where the NLCP is installed, and this area is a group of
ligaments that can support elastic forces well.

11
compression load. Fig. 11a, in normal tibia bone, reveals the

Figure shows the total deformation from the
maximum deformation on the fibula as 0.7293 mm. Fig. 11b,
lateral fixation side, reveals the maximum deformation on the

fracture area of the tibia bone as 6.5038 mm. Fig. 11c, medial

© Engineered Science Publisher LLC 2024
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Fig. 6 Flow diagram of calculating for external fixation of the tibia using NLCP.

fixation side, the maximum deformation on the fracture area bone is 4.8514 mm. Installing NLCP on the anterior fixation
of the tibia bone is 5.2016 mm. Fig. 11d, anterior fixation side, side appears to reduce overall deformation.

the maximum deformation on the fracture area of the tibia
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This research aimed to evaluate the influence of treatment
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Fig. 7 Boundary condition applying an axial compression load; (a) normal tibia bone with cross-section view. (b) external fixation

on the lateral side with a cross-section view. (c) external fixation on the medial side with a cross-section view. (d) external fixation

on the anterior side with a cross-section view.

positions for tibia fractures using the External Narrow
Locking Compression Plate (NLCP): 3D Finite Element
Analysis. The results and discussion surrounding external
fixation using NLCP for tibial fractures highlight promising
clinical outcomes and biomechanical advantages. Academic
studies provide a foundation for understanding the efficacy
and potential complications associated with this technique.
The ongoing exploration of external fixation methods
contributes valuable insights to the orthopedic community,
encouraging a nuanced approach to fracture management
based on patient-specific factors and the evolving landscape
of surgical techniques.

The stiffness is shown in Fig. 12. When the plate was
installed on the anterior external fixation side, the stiffness
value was 164.9 N/mm. On the medial external fixation side,
it was 153.8 N/mm. And on the lateral external fixation side,
it was the lowest at 123 N/mm. In comparison to the previous
experiment, the stiffness value achieved in this experiment was

8| Eng. Sci., 2024, 32, 1300

121.1 N/mm.?" The stiffness value obtained in this study was
highest when the NLCP was installed on the anterior side and
was higher than in previous experiments. Due to the
conditions of the 3D finite element analysis, we added a
fibular model to make it as close to reality as possible./*?
Taking into account the Maximum von Mises stress, as
seen in Fig. 13, which will impact NLCP and tibia damage.
The maximum von Mises stress value, 3737.9 MPa, was
obtained when the NLCP was installed on the lateral external
fixation side. The anterior external fixation side measured
2498 MPa, while the medial external fixation side measured a
lower 2920.1 MPa. It can be seen that installation on the
anterior external fixation side will cause the least amount of
damage. And the point of damage will be around the screw
used to hold it. If damage occurs to the screw, it can be quickly
and easily fixed. However, when compared with past studies,
it was found that the values obtained were different. Because
previous studies have used different models, the von Mises

© Engineered Science Publisher LLC 2024
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Fig. 8 Stiffness relationship between load and deformation; (a) stiffness normal tibia bone. (b) stiffness on the lateral side. (c) stiffness
on the medial side. (d) stiffness on the anterior side.
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Fig. 9 Von-Mises stress; (a) Von-Mises stress on normal tibia bone. (b) Von-Mises stress on the lateral side. (c) Von-Mises stress on
the medial side. (d) Von-Mises stress on the anterior side.

© Engineered Science Publisher LLC 2024 Eng. Sci., 2024, 32, 1300 | 9



Research article

Engineered Science

normal
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

lateral
Equanalent Elistic Rnin
Type: Equrvalent Elastic Srain
Unit: mm/memn

0.089324 Max I 1.0472 Max
I 0.079393 057

1 006475 - 081451

L1 005955 — 065

| 0.045%25 = 058173

| oo = 046543

] 0.029775 (a) 034303 (b)
0.01%%5 unn

d 00095249 011636
1.908¢-9 Min 49103-9 Min

anterior
Equrvalent Elastic Strain
Type: Equavalent Elastic Strain
Unit: mm/mm

I 0.60775 Max
054003

medial
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

l 12319 Max
1095

I~ 0.95616 — 04727

—{ 082128 — 040517
- 0634 b 0.33764
E 054752 b 0.27011

(c) (d)
— 041064 I~ 020088
- 027376 013506
I:' 013663 Q.0673528
3.9573¢-9 Min 4.4269¢-9 Min

Fig. 10 Strain from compression load; (a) Strain on normal tibia bone. (b) Strain on the lateral side. (c¢) Strain on the medial side. (d)

Strain on the anterior side.

stress value is lower than that of this study. This study created
a model that is as close to reality as possible. A model of the
fibula was added to provide the most realistic analysis of the
model.

The strain values obtained from the analysis are shown in
Fig. 14, when installed on the anterior external fixation side,
the strain value was 0.6078, which is the lowest value. On the
medial external fixation side, the strain value was 1.2319.
Finally, when installed on the lateral external fixation side, the
strain value was 1.0472, which is the maximum. When
compared with the results of past studies, it was found that the
strain values were similar when the NLCP was installed on the
anterior side.

normal
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Total Deformation
Type: Total Deformation

Type: Total Deforrmation
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Strain is also related to the deformation of the material. In
this study, the deformation occurred at the tibia cut site. This
is in accordance with the predicted hypothesis because the area
of the bone cut can cause the greatest internal deformation. It
has been proved that in this study, the model can predict the
outcome with high accuracy. The fibula model used in this
analysis resulted in a deformation value that was as close to
the real deformation as possible because, in the actual
treatment, the fibula is still included in the patient's body as
usual. When installed on the anterior external fixation side, the
deformation value was 4.8514 mm, which is the lowest value
shown in Fig. 15. When compared with previous studies,

similar values were found.

medial
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anterior
Total Deformation
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Fig. 11 Total deformation; (a) deformation of the normal tibia bone. (b) deformation on the lateral side. (c) deformation on the medial
side. (d) deformation on the anterior side.
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Fig. 12 Stiffness on NLCP for external fixation.
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Fig. 13 Stress on NLCP for external fixation.
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Fig. 14 Maximum strain on NLCP for external fixation.
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Fig. 15 Total deformation on NLCP for external fixation.

4. Conclusion

This study used 3D finite element analysis to investigate
stiffness, stress, strain, and deformation for the treatment of
tibia fractures. Simulating the biomechanics of tibia treatment
is very important. It will help make the treatment more
effective and accurate. A recent study indicates that
implementing NLCP in external fixation presents a promising
strategy for the treatment of tibial fractures. Choosing the
position for installing the NLCP is extremely important
because it can help increase stiffness, reduce stress and strain,
and reduce the deformation that will occur. This study
demonstrates how the selection of the NLCP installation
position on each side can affect treatment. The critical focus
on reevaluating NLCP for anterior external fixation forces is
supported by academic studies utilizing finite element analysis
to gain valuable insights into its performance. Furthermore,
our findings highlight the need for further investigation of the
various components of treatment to learn more about the
complex aspects that influence the success of tibial fracture
treatment.
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