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Abstract
Objective  Design a new type of external fixation device that is small in size, high in strength, and capable of 
achieving the mechanical requirements for fracture healing. Verify the rationality and effectiveness of the device in 
treating tibial fractures through finite element analysis and biomechanical comparative tests.

Methods  Finite element simulation was performed on the new external fixation device to treat fractures, to verify 
whether the mechanical properties of the device meet the requirements of fracture healing. A fracture gap model 
was created using Sawbones to simulate midshaft tibial comminuted fractures. The experiment was divided into four 
groups, testing the mechanical characteristics of the new external fixation (NEF), locking compression plate (LCP), 
the unilateral external fixation (UEF), and the externalized locking compression plate (E-LCP). The axial compression, 
torsion, fatigue and ultimate load tests were performed separately. Data were collected and statistical analysis was 
performed to verify whether there were statistical differences between the four groups.

Results  The finite element analysis of NEF demonstrated that the fracture end was displaced by 0.512 mm under 
700 N loading, and the maximum stress value of the device was 189 MPa, which met the mechanical requirements. 
Axial compression tests showed that LCP (2108.596 N/mm) had the highest stiffness, and NEF (519.489 N/mm) had 
higher stiffness than both UEF (327.153 N/mm) and E-LCP (316.763 N/mm) (p < 0.05), but no significant difference 
between UEF and E-LCP (p = 0.313). There was a significant difference in mean torsional stiffness among UEF (1.412 
N·m/deg), NEF (1.398 N·m/deg), LCP (1.128 N·m/deg), and E-LCP (0.838 N·m/deg). No structural failures occurred 
during fatigue testing spanning 108,000 cycles. In ultimate load tests, NEF withstood the highest load, followed 
sequentially by LCP, UEF, and E-LCP. Significant differences were found between the groups (p < 0.05), with frame 
bending and secondary bone fractures noted in post-test evaluations.

Conclusions  The NEF for tibial fractures is well-designed to meet the fracture healing requirements. It has certain 
advantages in comparison with other fixation methods and can be used as a new method for the treatment of tibial 
fractures.
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Introduction
Although the optimal management of open fractures and 
severely damaged fractures of the tibia remains contro-
versial, external fixation devices are widely employed for 
both temporary and definitive treatments owing to their 
ability to stabilize fractures while preserving soft tissue 
integrity [1]. Nevertheless, traditional external fixators 
have significant limitations, including their bulkiness, 
inadequate stability, and high risk of pin tract infections 
or delayed union, which restrict their widespread use [2]. 
Using internal fixation plates as external fixators offers 
advantages such as compact size, lightweight design, and 
ease of application, and has been applied in clinical prac-
tice [3–6]. However, it has not been further promoted 
because of its decreased overall mechanical stability by 
increasing the distance between the plate and the bone 
[7]. And the design of the locking hole also cannot guar-
antee its stability.

The role of controlled interfragmentary motion at the 
fracture site in fracture healing has been a long-standing 
research focus. Kenwright et al. [8] demonstrated that 
the mechanical environment significantly influences 
the healing process. Specifically, controlled stress can 
enhance the metabolism of bone cells and osteoblasts, 
thereby promoting bone regeneration. Current evidence 
suggests that micromotion induced by low-frequency 

axial stress positively impacts fracture healing. An axial 
relative micromotion within 0.2–1  mm promotes cal-
lus formation, while displacements exceeding 2  mm 
may disrupt callus formation, leading to nonunion or 
delayed union [9, 10]. Additionally, shear forces should 
be avoided as they can generate lateral friction, impeding 
development and callus formation at the fracture site [11, 
12].

In this study, we developed a novel type of external 
fixation device (NEF) and systematically evaluated the 
rationality and effectiveness of the device through finite 
element analysis and a series of mechanical tests in the 
treatment of tibial fractures.

Materials and methods
Design and fabrication of NEF
The structure of NEF (Fig.  1) consists of a rectangular 
frame and screws made of titanium alloy material (modu-
lus of elasticity of 105 GPa). The length and width of the 
rectangular frame are similar to that of the locking com-
pression plate, but the thickness, screw diameter and 
thread depth are significantly increased, thus increasing 
the overall strength and stability of the device.

Fully threaded nail holes are present inside the frame, 
which are locked when the screws are inserted. The raised 
portion at the bottom of each nail hole increases the 

Fig. 1  Planar design and physical diagram of NEF
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plate-screw interface, distributes the stress, and enhances 
angular stability after the screws are tightened. Addition-
ally, this raised portion serves a guiding function.

Furthermore, the raised portion separates the skin 
from the frame, preventing skin necrosis under pro-
longed pressure, and facilitating wound observation and 
postoperative care.

Finite element static analysis
To verify the design rationality of NEF, finite element 
software (ANSYS Workbench 12.0, ANSYS Inc., Can-
onsburg, PA, USA) was used for simulation. The model 
shown in Fig.  2A was established in ANSYS, and the 
size was strictly in accordance with the actual param-
eters. The size of the new external fixator body is 
12  mm×12  mm×250  mm, the diameter of the screw is 
5  mm, and the actual number of screw holes is 6. The 
mechanical parameters of NEF and screws are input 
according to the titanium alloy material, with an elas-
tic modulus of 105 GPa and a Poisson’s ratio of 0.32. 
The bone model is a simplified hollow annular cylinder 
with an outer diameter of 35 mm, an inner diameter of 
15  mm, an elastic modulus of 20 GPa, and a Poisson’s 
ratio of 0.25. The distance between the bone and the 
frame is 20 mm.

All components of the model use Solid95 unit type 
and are bonded together as a single unit. To improve the 
accuracy of the calculations, the meshing process divides 
the key lines at equal intervals: the long side of the fixed 

frame model is divided into 50 equal parts, and the axis 
of the bone model is divided into 20 equal parts (Fig. 2B).

The finite element analysis type was set to static. The 
left end face of the bone model was constrained with 0 
degrees of freedom, and a uniform force of 700  N was 
applied to the right end face. This value was selected to 
simulate the approximate body weight load during sin-
gle-leg stance for an average adult (70  kg) [9, 13]. The 
maximum displacement of the two tibial fracture ends 
was measured, and the stress distribution of each part 
of the new external fixator under axial pressure was 
determined.

Mechanical experiment
Specimen preparation
Fourth generation, large-sized left composite tibia (Saw-
bones #3401, Pacific Research Laboratories, Inc., Vashon, 
WA, USA) was used for the biomechanical testing. A 
fracture gap model was created to simulate comminuted 
mid-shaft tibial fractures using synthetic composite 
bones. The bone model was cut in half with a saw to cre-
ate a 20 mm osteotomy gap.

To examine the mechanical properties of different frac-
ture fixation techniques, twenty tibiae were divided into 
four groups, with fixation using either NEF, E-LCP, LCP 
or UEF (Fig. 3). Based on preliminary studies, five speci-
mens from each group were selected.

The detailed procedures for each group were as follows: 
The fixation devices of four groups were placed on the 

Fig. 2  Finite element analysis. A: 3D structural model of NEF in ANSYS. B: Meshing result of the finite element model. C: Displacement distribution 
diagram under external force load of 700 N. D: The outer diameter axis displacement distribution curve of the right bone model. E: Stress distribution 
diagram of model. F: Stress distribution diagram of screw
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anterior medial surface of the tibia to stabilize the frac-
tures. In the NEF, E-LCP and UEF groups, the plates/
external fixator rods were positioned with 20 mm plate-
to-bone clearance. Considering the presence of soft tis-
sues in the clinical reality, this is a more appropriate 
distance to ensure that the soft tissues of the lower limbs 
are not compressed by the external fixation device and 
complications such as skin necrosis occur [5, 14, 15]. In 
the LCP and E-LCP groups, each tibia was plated on the 
medial aspect with a 252 mm length, 14-hole titanium 
broad 4.5/5 mm LCP (Zhengtian, China). Titanium lock-
ing screws (5 mm diameter) were inserted into the sec-
ond, fourth, and seventh locking holes from the middle of 
the LCP, on both sides of the fracture.

Each screw was tightened to a torque of 10 Nm, as 
measured with a digital torque meter. In the other 
groups, screws were inserted sequentially into the same 
positions with identical torque values. In accordance 
with tibial fracture surgery principles, all screws or pins 
were inserted to penetrate both cortices of the Sawbone. 

All procedures were performed by an orthopedic surgeon 
and an assistant, following standard protocols.

The proximal and distal ends of tibia were mounted 
in a custom-made jig, ensuring that the tibia’s position 
aligned with its mechanical axis when the human body 
moves under load (Fig. 4).

Axial compression testing
The fixed specimens were placed on an Instron E1000 
universal material testing machine (Instron, Norwood, 
Massachusetts) (Fig.  4C and D), and the displacement 
zero point was calibrated before loading commenced. 
The tibial axis was subjected to compression from 0 to 
700  N at a loading rate of 20  N/s. All operations were 
performed on the same testing machine at standard 
room temperature.

Torsion testing
For torsion testing, the maximum torsional load was set 
to 5 N·m, and the twist angle was initially calibrated to 

Fig. 4  Sample preparation process for mechanical experiments. A: Evenly mix the self-curing dental tray powder and dental water in a mixing ratio of 3:1 
(volume ratio), then slowly pour it into the fixture. B: After it is completely solidified, embed the other end in the same way. C and D: The sample is placed 
on an electronic universal material testing machine and fixed to perform parameter calibration

 

Fig. 3  Four groups of sample pictures (A: NEF; B: E-LCP; C: LCP; D: UEF)
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0°. The torsional moment was based on peak rotational 
forces during gait cycles, derived from in vivo kinematic 
studies [11, 15]. Loading was applied at a torsional rate of 
0.5 N·m/s. The torsional angle data for each group were 
then collected through computer instructions.

Fatigue and ultimate load testing
According to the method of axial compression test, a cer-
tain number of fatigue tests were conducted on all speci-
mens. The load range was set from 0 to 700 N. Based on 
the estimated activity of patients with tibial fractures 6 
months post-operation (lifting the affected limb for sin-
gle-leg weight bearing, 1 time, 3 s per repetition, 30 min 
per day), a total of 108,000 cycles were applied, with 
cyclic vertical compression at a rate of 70 N/s [13]. The 
experiment was terminated if the fixture failed, or when 
the number of compressions was completed. If the fixture 
did not fail, each specimen in the four groups underwent 
a single compression test with a load starting at 0 N, at 
a rate of 20  N/s, until the tibial fracture fixation model 
failed. The maximum compressive strength and the max-
imum compressive displacement at failure were then 
recorded.

Preliminary fatigue tests were conducted on two 
specimens (one NEF and one UEF) to validate the 
108,000-cycle protocol. No early failures were observed, 
confirming the suitability of the loading parameters.

Statistical analysis
A total of six data points were collected for each speci-
men in axial compression testing and torsion testing. To 
account for the creep effect of the sample, the first two 
data points were discarded, and the remaining four data 
points were used for final analysis. Each mechanical test 
was performed three times, and the average value was 
calculated for data analysis. Statistical analysis was con-
ducted using a one-way ANOVA with Tukey’s post-hoc 
test, with a significance level set at p < 0.05. Data are 
presented as mean ± standard deviation (SD), with SDs 
calculated individually for each experimental group to 
reflect within-group variability.

Results
(1) Fig. 2C is a distribution diagram of the total displace-
ment after finite element static analysis. The different 
colors represent the displacement gradient. Under the 
applied external force, the displacement of the left half 
of the bone is minimal (0.003  mm) and falls within the 
lowest gradient range. In contrast, the displacement 
distribution on the right half gradually increases from 
left to right, with the largest displacement observed at 
the right end face (0.512  mm). Path mapping along the 
outer surface axis of the right bone model allows the dis-
placement distribution trend of the right bone along the 

axial direction (X direction) to be visualized in the curve 
shown in Fig. 2D.

The stress distribution from the finite element simu-
lation analysis is presented in Fig. 2E. The colors repre-
sent the stress distribution gradient, with blue indicating 
lower stresses and red indicating higher stresses. Due 
to the low elastic modulus of the bone model material, 
which is much smaller than that of titanium alloy, the fix-
ator and screw structures experience larger stresses. As 
shown in the figure, the fixator undergoes bending to a 
certain extent, with the middle portion acting as the pri-
mary load-bearing region. The maximum stress occurs at 
the upper edge of the unused screw hole. Upon analyzing 
the screws individually, it is evident that screws closer to 
the inner side bear greater stress (Fig. 2F). The maximum 
stress value is 189  MPa, which is below the allowable 
stress for the device material (344 MPa).

(2) The relationship between the load and displace-
ment for each sample is shown in four sets of load-dis-
placement curves (Fig. 5A). The figure demonstrates that 
the magnitude of the load is linearly related to the dis-
placement, with the slope representing the stiffness value 
(K = F /△l, F: axial force, △l: deformation). Under a load 
of 700  N, the UEF exhibited the greatest displacement, 
followed by the E-LCP, while the LCP showed the least 
displacement. The NEF exhibited displacement values 
between those of the E-LCP and LCP. The compressive 
stiffness values for the four sets of data from each group 
were calculated, and the results are shown in Fig.  5B: 
LCP (2108.596, SD 31.177  N/mm) > NEF (519.489, SD 
1.032  N/mm) > UEF (327.153, SD 3.690  N/mm) > E-LCP 
(316.763, SD 2.556  N/mm). One-way ANOVA was per-
formed on the compression data for the four groups, and 
the results indicated that p < 0.05, suggesting a significant 
difference between the groups. A Tukey post-hoc test 
revealed that the compressive stiffness of the NEF was 
significantly higher than that of both UEF and E-LCP 
(p < 0.05). However, no statistically significant differences 
were found between EF and E-LCP (p = 0.313).

(3) The relationship between torque and angle for each 
sample is shown in the torque-angle curves of the four 
groups (Fig.  5C). The figure illustrates that the torque 
magnitude is linearly correlated with the angle, with the 
slope representing the torsional stiffness value (K´=M/θ, 
M: torque, θ: angle). Under the same applied torque of 5 
Nm, the torsion angle generated by the E-LCP was the 
largest, followed by the LCP. The NEF and EF exhib-
ited relatively similar results, with the NEF producing a 
larger angle than the EF. The torsional stiffness values ​​of 
the four times data of each group were calculated, and 
the results are shown in Fig.  5D: UEF (1.412, SD 0.059 
N·m/deg) > NEF (1.398, SD 0.001N·m/deg) > LCP (1.128, 
SD 0.044 N·m/deg) > E-LCP (0.838, SD 0.002N·m/deg). 
Pairwise comparison results showed that there were 
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significant differences among the four groups by a Tukey 
post hoc test (p < 0.05).

(4) The four groups of experimental samples under-
went 108,000 cycles of compression fatigue testing, 
during which no failure phenomena—such as model 
fracture, screw loosening, or frame deformation—were 
observed. In the ultimate load tests, NEF supported the 
highest load (5307.374 N), followed by LCP (4030.158 N), 
UEF (1815.783  N), and E-LCP (1564.900  N). One-way 
ANOVA revealed a significant main effect among the 
groups (p < 0.001). Post-hoc Tukey HSD tests dem-
onstrated statistically significant differences between 
NEF and all other groups (NEF vs. LCP: p = 0.012; NEF 
vs. UEF: p < 0.001; NEF vs. E-LCP: p < 0.001), as well 
as between LCP and both UEF (p = 0.003) and E-LCP 
(p = 0.002). No significant difference was observed 
between UEF and E-LCP (p = 0.456).

Following the ultimate load test, all groups exhib-
ited varying degrees of failure (Fig. 6B), including frame 
bending, bone model fracture, and screw bending. Frame 
bending typically occurred at the midpoint of the frame, 
often accompanied by bending of some screws, which 
was consistent with the results from the finite element 

analysis. Bone model fractures occurred at the screw 
perforation at the lowest end of the tibia (Fig. 6C), pre-
senting as transverse or oblique fracture lines along the 
direction of the screw hole.

Discussion
Tibial fractures are among the most common long bone 
injuries. Due to the unique anatomical position of the 
tibia, it is frequently exposed to high-energy trauma, 
leading not only to severe fractures but also to signifi-
cant soft tissue and vascular damage [16]. Traditional 
treatments, including the use of locking compression 
plates (LCP) and external fixators (EF), remain standard. 
In recent years, externalized locking compression plates 
(E-LCP) have emerged as a promising alternative, garner-
ing significant research interest. Marti and Besselaar [3] 
first introduced AO plates as external fixators in 1984, 
demonstrating their efficacy in the treatment of fore-
arm and tibial fractures. Subsequently, Zhou et al. [17] 
reported a 95.65% fracture union rate in 23 patients with 
closed distal tibial fractures treated with LCP as an exter-
nal fixator. Similarly, Luthfi Hidayat et al. [18] observed 
satisfactory fracture and wound healing outcomes in five 

Fig. 5  Biomechanical experimental results of four groups. A: Load-displacement curves. B: Histogram of compression stiffness. C: Torque-angle curves. 
D: Histogram of torsional stiffness
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patients with Gustilo grade III tibial fractures treated 
with E-LCP. Additional studies [4, 19] have highlighted 
the advantages of E-LCP in a two-stage protocol for man-
aging open or high-energy tibial fractures. These applica-
tions demonstrate that E-LCP offers benefits including 
minimized tissue trauma, ease of application, minimal 
impact on the local blood supply to the fracture, and 
reliable clinical outcomes [20–23]. Furthermore, cost 
analyses suggest that the E-LCP technique is economi-
cally feasible and cost-effective, optimizing healthcare 
resources for the treatment of open tibial fractures [24]. 
Despite these advantages, the mechanical stability of 
E-LCP has been a subject of criticism, as it often fails to 
meet the necessary requirements for effective fracture 
fixation, which has limited its widespread clinical adop-
tion. Ahmad et al. [7] explored the relationship between 
the distance of the LCP from the bone and its stability, 
revealing that distances under 2  mm maintained struc-
tural stability, while distances exceeding 5  mm led to a 
63% reduction in axial compressive strength, significantly 
compromising mechanical integrity. A finite element 
analysis also indicated that an increased distance from 

the plate to the bone can result in excessive flexibility, 
hindering optimal bone healing [25]. To address these 
concerns, the use of femoral LCPs as a more robust alter-
native for tibial fracture fixation has been suggested [5, 
26].

The novel external fixation (NEF) device builds on 
the advantages of LCP while addressing its limitations. 
By increasing the thickness of the frame and deepen-
ing the thread locking mechanism, the NEF significantly 
enhances strength and stability, making it particularly 
suitable for the management of tibial fractures. Com-
pared to traditional universal external fixators (UEF), 
the NEF is lighter, more compact, and allows patients to 
wear normal clothing post-surgery. This design feature 
facilitates daily activities and rehabilitation exercises after 
fracture fixation, promoting improved patient mobility 
and quality of life.

In both finite element analysis and mechanical experi-
ments, simulating comminuted midshaft tibial fractures 
and choosing appropriate plate-bone distance were 
essential [27]. Based on previous studies [7, 13, 28], a 
tibia model with a 1 mm midshaft osteotomy was used to 

Fig. 6  Ultimate load test results of four groups. A: Load-displacement curve of ultimate load test. B: The frames of all groups were bent. C: Sawbones in 
all four groups of models were fractured
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represent a stable fracture, while a model with more than 
a 5-mm osteotomy was considered an unstable fracture. 
Ang et al. [15] utilized a 20 mm gap to simulate a commi-
nuted fracture in their study. Following these references 
and considering practical clinical scenarios, we adopted 
a 20-mm distance between the two fracture ends in our 
model. Furthermore, the plate-bone distance for three 
experimental groups was set to 20  mm to ensure suffi-
cient fixation stability while preventing complications, 
such as soft tissue compression or skin necrosis, which 
may occur due to the external fixator [5, 29].

After completing the production of NEF, finite element 
software was utilized to model its application in the treat-
ment of tibial fractures. Under an axial load of 700  N, 
which approximates the weight of an average adult, the 
maximum displacement of the NEF was 0.512 mm. This 
value aligns with the optimal mechanical environment 
for fracture healing, which is typically between 0.2 and 
1 mm of axial displacement [8, 9]. Additionally, the NEF 
exhibited a maximum stress value of 189 MPa, well below 
the material’s yield strength limit of 344  MPa. These 
results indicate that the titanium alloy NEF provides a 
stable and safe mechanical environment for fracture heal-
ing under full weight-bearing conditions, thus supporting 
the theoretical feasibility and rationality of its design.

When subjected to the same axial load of 700  N, the 
displacement values ​​of UEF (2.327  mm) and E-LCP 
(2.138 mm) exceeded 2 mm. This indicates that the fixa-
tion methods in these two groups were unable to pro-
vide the optimal mechanical environment required for 
fracture healing under full weight-bearing conditions 
in adults. In contrast, the displacement value of LCP 
was 0.256  mm, which aligns with the AO principle of 
“rigid internal fixation.” The NEF, with a displacement 
of 1.206  mm, fell between the LCP and the two exter-
nal fixations (UEF and E-LCP), meeting the mechanical 
requirements for fracture healing. Furthermore, under 
partial weight-bearing conditions or with the addition of 
extra screws, it is reasonable to expect the NEF to exhibit 
even more favorable displacement values for promoting 
fracture healing.

Shear and rotational loads are known to generate shear 
forces, which can induce dynamic friction at the frac-
ture ends, leading to lateral dislocation of the fracture 
and negatively impacting capillary and callus formation 
at the fracture site [9, 10, 12]. In the torsion experiment, 
the UEF exhibited the highest torsional stiffness and the 
smallest displacement under a torque of 5 N·m, indicat-
ing its effectiveness in preventing rotational displace-
ment at the fracture site following fixation. Although 
the torsional stiffness of the NEF was slightly lower than 
that of UEF, it remained at a high level, effectively reduc-
ing shear forces and promoting fracture healing. In con-
trast, the externalized locking compression plate (E-LCP) 

displayed the lowest torsional stiffness, resulting in sig-
nificant rotational displacement under the same applied 
torque, which is detrimental to callus formation and 
overall fracture healing.

Following the methodology of Kanchanomai et al. 
[13], we conducted 108,000 cycles of axial compression 
fatigue testing, simulating six months of postopera-
tive activity in adults (assuming 600 daily steps). None 
of the four groups experienced device failure during the 
fatigue tests, suggesting that the NEF and other methods 
can withstand prolonged physiological loading without 
mechanical compromise. This endurance ensures struc-
tural integrity during early healing phases, where repeti-
tive loading from partial weight-bearing or rehabilitation 
exercises is common. The ultimate compressive load of 
E-LCP was the smallest (1564.900 N), suggesting that all 
four fixation methods can all withstand the weight load 
of an average adult. Notably, the NEF’s ultimate load 
capacity (5307 N) far exceeds the average axial load dur-
ing single-leg stance (700  N), providing a safety margin 
for patients with higher body weights or dynamic activi-
ties. Previous studies have reported that the failure rate 
of internal fixation plates in fracture treatment is approx-
imately 7% [30]. In the context of osteoporotic fractures, 
refracture at the lower end of the plate is a common com-
plication of traditional plate fixation, with an incidence 
of 1–3% [31]. In this experiment, all fractures occurred 
at the lowest screw of the fixation device under extreme 
axial compression loads, which may be attributed to the 
weaker anatomical structure of the transition between 
the middle and lower tibia or the stress shielding effect of 
the fixation device.

While the NEF demonstrates superior biomechanical 
performance, potential clinical risks warrant discussion. 
Similar to traditional external fixation systems, pin tract 
infections remain a concern due to percutaneous screw 
placement; however, the NEF’s full threaded screws may 
increase tightness with soft tissue, potentially lowering 
infection risks compared to conventional external fix-
ators (UEF). Additionally, the bicortical locking screws, 
while enhancing stability, carry a theoretical risk of neu-
rovascular injury during insertion, necessitating precise 
surgical technique. Compared to traditional external fix-
ators (UEF) and externalized locking compression plates 
(E-LCP), the NEF’s deepened thread-locking mecha-
nism mitigates screw-frame loosening during prolonged 
lower-limb rehabilitation, thereby reducing the risk of 
fixation failure. This enhanced angular stability ensures 
sustained construct integrity under cyclic loading, a 
critical advantage for patients requiring extended immo-
bilization or early weight-bearing protocols. Future itera-
tions may incorporate antimicrobial coatings or modular 
dynamization to further optimize safety.
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The NEF exhibited superior biomechanical perfor-
mance over conventional methods, with a compact 
design enabling minimally invasive application while 
maintaining structural integrity. This reduces soft tissue 
trauma and postoperative morbidity. In a preliminary 
clinical trial, a 62-year-old male with an open tibiofibular 
fracture (Gustilo type IIIA) secondary to chainsaw injury 
underwent NEF fixation. The frame was positioned over 
the anteromedial tibia, secured by four bicortical lock-
ing screws on both fracture sides under fluoroscopic 
guidance. Negative-pressure wound therapy (VSD) was 
applied postoperatively for 3–5 days. Radiographic fol-
low-ups at 4-week intervals confirmed progressive frac-
ture consolidation without evidence of pin tract infection, 
screw loosening, or hardware failure. Complete union 
was achieved at 12 weeks, permitting device removal. 
Full knee and ankle range of motion was restored post-
rehabilitation. The study received ethics approval from 
Chinese PLA General Hospital (No. S2021-345-01) with 
informed consent obtained. These outcomes position 
NEF as a promising alternative for tibial fracture manage-
ment, warranting further multicenter validation.

The novel external fixator (NEF) offers distinct clini-
cal advantages over traditional methods. Its controlled 
micromotion (0.512  mm displacement under 700  N) 
aligns with the mechanobiological principles of fracture 
healing, promoting callus formation by stimulating osteo-
blast activity and angiogenesis at the fracture site [9, 32]. 
Compared to rigid internal fixation (LCP), which sup-
presses callus development due to excessive stiffness, the 
NEF’s intermediate stiffness balances mechanical stability 
and biological stimulation, potentially accelerating union 
in comminuted fractures. Clinically, the compact design 
minimizes soft tissue irritation, enabling earlier mobili-
zation and reducing postoperative pain, as evidenced by 
our preliminary trial where a patient regained full knee/
ankle mobility within 12 weeks. Additionally, the raised 
screw holes and 20 mm plate-skin distance mitigate skin 
necrosis risks, addressing a common complication of 
conventional external fixators. While direct clinical data 
on osteogenesis rates are pending, biomechanical paral-
lels to dynamized plating systems [10] suggest compa-
rable or superior healing outcomes, warranting further 
prospective studies.

This study has several limitations. First, in the finite ele-
ment analysis (FEA) the bone geometry was simplified 
to a hollow cylindrical structure, omitting anatomical 
features such as cortical-cancellous bone differentiation, 
medullary cavity variations, and surface irregularities. 
This simplification may have altered stress distribution 
patterns compared to real-world scenarios. Second, the 
experimental design does not fully simulate the post-
operative activities of patients, particularly the rota-
tional loads and angular stresses that occur during 

weight-bearing exercises. Additionally, the effects of 
osteoporosis, fracture type, muscle, and other soft tis-
sues on the mechanical behavior were not considered. 
To address these limitations, future studies could employ 
patient-specific bone geometries derived from CT/MRI 
scans [33], integrate viscoelastic soft tissue models, and 
incorporate dynamic loading protocols to better simu-
late in vivo conditions. Additionally, validation through 
cadaveric experiments or in silico multibody simulations 
could enhance the clinical relevance of FEA and biome-
chanical test predictions.

Conclusion
Both finite element analysis and mechanical testing dem-
onstrated that the novel external fixation device exhibited 
excellent compressive stiffness and torsional strength. 
Furthermore, the device successfully withstood over 
100,000 cycles of fatigue testing, validating the rationality 
of its design and confirming its feasibility for use in the 
treatment of tibial fractures.
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