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Benign bone tumors occur mainly in the epi-metaphyseal region of long bones, and surgery is the most effective
treatment. Tumor recurrence and fractures are complications of following surgery. To reduce the risk of these
complications, preoperative surgical simulation is recommended. This study uses ~ FEA to investigate the mechanical
effect of reconstructed models with different fillers. The simulations are considered for two defects of different sizes
in the medial femoral condyle. The small defect simulates tumor curettage and the large defect simulates tumor
curettage with some border texture. The fillers include several polymers, ceramics, and bioglasses. The mechanical
performance of each filler in the reconstruction of defects under single-leg standing loading is evaluated by examining
the maximum principal and von Mises stresses compared to the healthy model. In the epi-metaphyseal region of the
healthy model, the maximum principal stress was 5.15 MPa and the maximum von Mises stress was 7.63 MPa. Among
the materials tested, polyether ether ketone (PEEK) exhibits stress values very close to healthy bone. (with the values
of the principal and von Mises stresses was 5.14 MPa and 7.66 MPa in the small defect and 5.16 MPa and 7.7 MPa in
the large defect, respectively). However, Hydroxyapatite (HA), Beta-tricalcium phosphate and bioglasses showed the
least mechanical compliance, which increased with increasing defect size. Comparison of the results obtained shows
that the choice of filler depends on the size of the defect. These findings highlight the role of FEA in predicting surgical
outcomes and postoperative bone strength.
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1- Introduction

Benign bone tumors (BBTs), which are composed of various
neoplasms, account for 40-50% of all bone tumors. Types of these
tumors include giant cell tumor and aneurysmal bone cyst[1,2]. BBTs
can occur in any skeletal region[3]; however, they most commonly
appear around the knee joint[4]. The most effective treatment for
BBTs is surgery, especially for large and aggressive tumors that
weaken the bone and cause pathological fractures[5]. This surgery is
performed in two stages. In the first stage, the tumor is cured, and in
the second stage, the defect created by the curettage is reconstructed.
Reconstruction is often performed using synthetic fillers such as
polymethyl methacrylate polymers or hydroxyapatite ceramics[6].
Although surgery is the most effective treatment for BBTs, it also has
complications. For example, tumor recurrence, which affects about
half of the patients who undergo surgery, is one of the most common
complications of surgery for this type of tumor[7]. Postoperative
fractures, especially at the junction between the filler and the adjacent
bone, are another challenge with this treatment method[8]. To reduce
the risk of these complications, special attention should be paid to the
amount of bone removal and methods of bone defect reconstruction.
The optimal degree of curettage is very important. If only the tumor
is cured, the risk of tumor recurrence is high; however, excessive
curettage of the surrounding tissue can compromise bone strength.
Fractures are often caused by inadequate fixation of the filler in the
defect and premature loading of the operated bone. Successful
reconstruction should take into account the characteristics of the
defect, the level of bone quality, and the patient's activity[6]. Many
studies emphasize the reconstruction of bone defects using synthetic
bone substitutes. According to these studies, although autografts are
biologically suitable for defect reconstruction, their use is rarely
performed due to limited access and donor site complications[9,10].
A study was conducted in 2023 reviewed dual-purpose bone
substitutes for the treatment of bone defects after bone tumor
resection. The study examined composites that, in addition to defect
repair, also exert local anticancer effects via drug release or
hyperthermia. The results of this review highlight the dual
functionality of these composites but emphasize the need for further
validation in clinical settings[11]. A 2024 study of calcium sulfate-
calcium phosphate grafts as defect fillers following curettage of
benign tumors of the lower extremities was conducted. The results of
this study showed that the use of calcium sulfate-calcium phosphate
grafts resulted in a faster return to full weight-bearing capacity (mean
6 weeks) and was therefore recommended as a suitable filler
compared to autograft grafts. However, this study provided limited
data on mechanical compliance in larger defects[12]. Another study
was conducted in 2025 on the management of bone tumors, advances
in bone grafting techniques, and bone substitutes. This study discussed
fillers such as bioactive glasses and calcium sulfate-phosphate
composites for post-curettage defects. It also highlighted the lack of
comparative biomechanical evaluations, particularly in specific areas
such as the femur[13].

Analytical methods such as finite element analysis (FEA), as a
biomechanical approach, are an important tool for conducting
efficient studies and simulations in this field[8]. For example,
Aroonjarattham et al., in a study based on finite element simulation,
compared two widely used materials in bone defect reconstruction
(PMMA and HA) and found HA to be suitable based on the
distribution of von Mises stress and total strain[14]. In a 2019 study
using FEA, Dou et al. emphasized the need for reconstruction of large
bone defects. Their results from finite element analysis of the
proximal femur showed that failure to reconstruct the defect caused
by curettage of a bone tumor can increase stress concentration by up
to 33%. This increased stress concentration increases the risk of
fracture in the bone[15].
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Wu et al. (2022) also used the finite element method to find that in
order to use bone grafts such as autografts or synthetic fillers to
reconstruct large bone defects, these materials must be placed inside
a scaffold that conforms to the defect geometry to provide sufficient
strength to support the filler[16]. However, there is a gap in the
comparison between fillers, including polymers, ceramics, and
bioglasses in the same patient condition.

To address this gap, the present study aims to compare the
biomechanical performance of several common synthetic fillers,
including polymers, bioglasses, and ceramics, in reconstructing
femoral bone defects following tumor curettage, using finite element
analysis based on CT images. The mechanical behavior of each
reconstructed model is evaluated against the intact healthy femur, with
maximum principal stress and von Mises stress in the epi-metaphyseal
region serving as reference criteria. Additionally, the effect of defect
size on the mechanical performance of each filler is systematically
investigated. By providing a comparative biomechanical assessment
across different filler types and defect sizes, this study offers a
preliminary, preoperative method to guide the selection of the most
appropriate filler, ultimately contributing to optimized surgical
outcomes and reduced postoperative complications.

2- Materials and Methods

2-1- Geometry of the model

2D data obtained from a CT scan of a healthy femur of a 30-year-
old woman weighing 65 kg were imported into Mimics software
(Materialise, Belgium, version 21.1) to generate a 3D model. To allow
distinct material properties to be assigned to each tissue type, the
cortical and cancellous bones were segmented into separate masks
based on Hounsfield unit (HU) thresholding. Following the default CT
data set calibration in Mimics software, voxels with values ranging
from 226 to 750 HU were assigned to the cancellous bone mask, while
voxels in the range of 750 to 3071 HU were assigned to the cortical
bone mask, followed by manual slice-by-slice correction to preserve
anatomical continuity at the cortical-cancellous boundary and to
remove segmentation artifacts. The two masks were then exported
separately to 3-Matic (Materialise, Belgium, version 13), where
necessary corrections were made and the point cloud models were
converted into surface and volume models (Fig. 1A). Finally, the
models were imported into Abaqus software (Dassault Systémes,
version 2021) for finite element analysis

Defects in the medial of femoral’s condyle were simulated using the
Partition tool in the Part module. The smaller defect with a volume of
40.75mm? resulted from tumor curettage. A larger defect with a
volume of 86.41mm® resulted from tumor curettage plus 5-10% of
surrounding tissue. The size of these defects was selected based on the
study of Ghouchani et al. on simulated GCT on the medial side of the
femoral condyle[17]. The location and size of the tumors are shown
in Fig. 1B.
2-2- Mechanical Properties of Bone and Materials

Bone tissues are considered linearly elastic and transversely
anisotropic in modeling, and their properties are listed in Table 1.

Table 1 Mechanical properties of bone tissues [18].

Young's Moduli ~ Shear Moduli

Bone Type Poisson’s Ratio

(MPa) (MPa)
E1= 16000 G12=3300 V12=0.30
Cortical

E2= 6300 G23=3600 V23= 045

E3= 6300 G13=3300 V13=0.30

El=1352 G12=399 V12=0.30

Cancslion E2- 822 623=370 v23=0.30
E3- 822 G13=399 V13=0.30
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The defects were then reconstructed with 11 fillers including
polymers such as Polymethyl methacrylate (PMMA), Polyether ether
ketone (PEEK), Poly-L-lactic acid (PLLA), Poly(lactic-co-glycolic
acid) (PLGA) and Calcium phosphate cements such as
Hydroxyapatite (HA), Dicalcium phosphate dihydrate (also known as

Table 2 Mechanical properties of filler materials
Young's modulus Poisson's

Materials (MPa) ratio Reference
PMMA 1800 0.35 [14]
PEEK 3600 0.38 [19]
PLLA 2800 0.38 [20]
PLGA 1400 0.38 [21]
HA 40000 0.27 [14]
Brushite 24300 0.26 [22]
Apatite 13500 0.21 [22]
Monetite 7100 0.20 [22]
Beta-TCP 33100 0.30 [23]
csc 800 0.30 [24]
Bioglasses 35000 0.27 [25]

2-3- Meshing

The model was meshed using second-order C3DI10 tetrahedral
elements. A mesh sensitivity analysis was performed to determine the
optimal element size, evaluating four progressively refined mesh
densities consisting of approximately 17,500, 35,000, 70,000, and
140,000 elements. For each density, the maximum principal stress
within the epi-metaphyseal region (the primary region of interest) was
recorded as the convergence criterion. The variation between
successive refinement levels is presented in Figure 2. Critically, the
difference between the 70,000- and 140,000-element meshes was less
than 1%, indicating that the solution had effectively converged at the
70,348-clement level. Accordingly, this mesh density (100676 nodes)
was selected for all subsequent simulations, as further refinement
yielded negligible improvements in accuracy.

992

brushite), Apatite, Anhydrous monocalcium phosphate (also known
as monetite), Beta-tricalcium phosphate (Beta-TCP), Calcium sulfate
(CSC) and Bioactive glasses. The mechanical properties of the fillers
were assumed to be homogeneous and isotropic (Table 2).

2-4- Boundary conditions and loading

All femoral models were fixed in all directions. Loading was
simulated in standing position on one leg. In this type of loading, a
vertical force equal to the person’s weight (650 N) is applied to the
femoral head (Fig. 1C) [26]. To assess the sensitivity of our results to
the applied load magnitude, we performed an additional analysis on
the intact model under four load levels: 520 N (80% of reference), 650
N (reference), 780 N (120% of reference), and 850 N (~130% of
reference). This range was selected to encompass physiological
variations in body weight distribution during single-leg stance, as well
as mild dynamic overloads that may occur during daily activities. For
each load level, the maximum principal stress in the epi-metaphyseal
region was recorded to evaluate the model's response across the tested
range. Additionally, the maximum force residual was extracted from
Abaqus Job Diagnostics for each load level to verify numerical
convergence.

The outputs of the simulation are the maximum principal stress
(failure criterion) and the von Mises stress (yield criterion) [27]. The
stress distribution analysis was focused on the epi-metaphyseal
region of the bone (Figure 1D).

2-5- Computational Specifications

All simulations were performed as static, linear elastic analyses using
the Abaqus/Standard implicit solver. A single static load step was
applied for each model, consistent with the linear elastic assumption
for the materials. The simulations were executed using Abaqus 2021
on a laptop with an Intel Core i7-7500U CPU @ 2.70GHz and 8.00
GB RAM, running a 64-bit operating system. The average solution
time was approximately 2 minutes per simulation.

650 N /
¥

Add
C D

Fig.1 (A) Masks of cortical and cancellous tissues. (B) Tumor locations and sizes.
(C) Boundary conditions and loading.(D) Region of investigation highlighted in red.
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Fig.2 Mesh convergence analysis. (A) Maximum principal stress in the epi-metaphyseal region as a function of element number.
(B) Final meshed model with the selected 70348-element density.

2-6- Model Validation

Model validation was performed by comparing our predicted
maximum von Mises stress with the results reported by Yang et al.
(2010) [28], who employed a full femur geometry under similar
loading conditions (500 N, neutral alignment). The maximum von
Mises stress in their orthotropic inhomogeneous model (M1, 7,934
elements) was reported to be 35.9 MPa, while in our model, this
parameter was predicted to be 30.75 MPa, indicating a 14.3%

difference.This discrepancy arises from several factors, including

assignment of differnet material properties (inhomogeneous versus
homogeneous properties, although both studies use orthotropic
properties), and also differences in mesh refinement (7,934 vs. 70,000
elements), location of stress measurement (distal diaphysis vs. epi-
metaphyseal region), and patient-specific geometric features in their
work and the present study. Nevertheless, this difference falls within
acceptable validation ranges reported in the literature, with deviations
of 10-20%  considered acceptable for femoral FEA
validation[29][30]. Therefore, our model demonstrates sufficient
agreement with the reference study, which validates its predictive
capability.”
3- Results

To evaluate sensitivity to load magnitude, the maximum principal
stress in the epi-metaphyseal region was recorded at 520 N, 650 N,
780 N, and 850 N, yielding 4.16, 5.17, 6.18, and 6.7 MPa,
respectively. As shown in Figure 3A, the maximum principal stress
increased linearly with the applied load (R? > 0.999), confirming that
the model response remains proportional within the tested range. The

Modares Mechanical Engineering

maximum force residuals for the same load levels are also presented
in Figure 3B, ranging from approximately 0.75 x 10N to 1.55 x 10~°
N (roughly eleven orders of magnitude smaller than the applied loads)
confirming that global force equilibrium was achieved with very high
numerical accuracy across all load levels tested. This linear
relationship indicates that the reference load of 650 N is appropriate
for the single-leg standing scenario examined in this study and that
proportional variations in load magnitude would not affect the relative
differences or rank order of stress distributions across the compared
models.

18
70
15
65
02
ca
o 5

S max (MPs)

s o

o 50
Appiied Losd (H) Agplied Load (N)

(A) (B)
Fig. 3 (A) Loading sensitivity analysis. Maximum principal stress versus
applied load, showing a linear relationship (R? > 0.999). (B) Maximum
force residual versus applied load

All models containing reconstructed defects were compared with the
intact model under the same loading. The focus of this study was on
the distributed stresses in the epi-metaphyseal region. The results of
the distribution of the maximum principal stresses on the bone models
are shown in Figure 4.

Volume 26, Issue 12, December 2026
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# Bone
Polymers
7 Ceramics
6 Binactive glasses
E 5
=
§ 4
“ 3
2
1
o

Defect of 40.75 mm"2

Maximum principal stress in the intact model is 5.15 MPa (Fig 5A).
Most of the reconstructed models with polymeric fillers - especially
PEEK and PLLA- showed maximum principal stress values very close
to the intact model (4.8-5.5 MPa)(Fig 5B). Increasing the defect size
also did not significantly affect the stress distribution on these models.
In contrast, models filled with stiffer ceramics such as HA, B-TCP and
bioactive glass developed much higher stresses.

S, Max. Principal 5, Max. Principal

(Avg: 75%) (Avg: 75%)
+5.154e+00 +5.145e+00
+4.6982+00 +4,587e+00
+4.2d]1e+00 +4,030e+00
+3.785e+400 +3.472e+00
+3.329e+00 +2,915e+00
+2.873e+00 +2.357e+00
+2.417e+00 +1.800e+00
+1.961e+00 +1.242e+00
+1.503e+00 +6.846e-01
+1.049e400 +1.271e-01
+5.926e-01 -4.304e-01
+1.365e-01 -0.87%e-01
-3.196e-01 -1.545e+00

994

Defect of 36.41 mm"2
Fig.4 Maximum principal stress (MPa) across intact and reconstructed models.

They reached 6.57-6.95 MPa in smaller defects and up to 15%
higher in larger defects than the stress on the intact model (Fig 5C).
This increase indicates a mechanical mismatch and greater load
transfer to the host bone. Figure 6 shows the results of the maximum
von Mises stress values in the epi-metaphyseal region of the models.

S, Max. Principal
(Ava: 75%)

+7.580e+00
+6.879+00
+6.178e+00
+5.476e+00
+4.7752+00
+4.073e+00
+3.372e+00
+2.671e+00
+1,969+00
+1.2682+00
+5,665e-01
-1,348e-01
-8.362e-01

[

Fig. 5 Maximum principal stress contours: (A) Intact. (B) PEEK-reconstructed. (C) HA-reconstructed.

Bone

Polymers
Ceramics
Binactive glasses

-
= =]

=]

von Mises [MPa)

Defect of 40.75 mm*3

4 7
. i
o ]

Defect of 36.41 mm"3

Fig.6 von Mises stress (MPa) across models.

The maximum von Mises stress in intact model is 7.63 MPa.
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The models filled with polymer fillers developed a similar stress range
to the intact model. The maximum von Mises stress values in these

Volume 26, Issue 12, December 2026
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models were in the range of 7.6-8.0 MPa. Increasing the defect size
also had no effect on the stress distribution in these models. The
models reconstructed with Monetite also had maximum von Mises
stress values close to the intact model. And this stress value remained
unchanged with increasing defect volume.

The models containing ceramic fillers resulted in much higher stress
concentrations, with the HA-repaired model reaching more than 13

5, Mises

Cawg: 75%)
+7.6532+00
+7.016e+00
+6.379e+00
+5.7d1e+00 ]‘

34
+ Je+00
+2.5560e+00
Q18s+00

9.452e-03

MPa, an increase of about 70% compared to intact bone. Larger
defects increased the interfacial stresses by 20-30%. The following
are images of the distribution of von Mises stress in the intact model
(Figure 7A), the model containing a large defect and reconstructed
with PEEK (Figure 7B), and the model containing a large defect and
reconstructed with HA (Figure 7C).

Fig. 7 von Mises stress contours: (A) Intact. (B) PEEK-reconstructed. (C) HA-reconstructed.

4- Discussion

The present study aimed to investigate the biomechanical
performance of various synthetic fillers used for the reconstruction of
bone defects following curettage of benign bone tumors by means of
finite element analysis. By simulating clinically relevant defect sizes
under physiological single-leg standing conditions, the mechanical
response of reconstructed femoral models was systematically
compared with that of an intact femur.

Postoperative complications associated with benign bone tumor
surgery—most notably tumor recurrence and secondary fracture—
remain a considerable clinical concern. Reported recurrence rates
approach 50%][7]), while fractures frequently occur at the bone—filler
interface due to mechanical mismatch or premature loading. These
complications underscore the importance of optimizing both the
extent of curettage and the mechanical compatibility of reconstruction
materials, particularly in load-bearing regions such as the epi-
metaphyseal of the femur[8].

In the present analysis, stress distributions within the epi-
metaphyseal region of the intact femur revealed maximum principal
and von Mises stresses of 5.15 MPa and 7.63 MPa, respectively. These
values served as a biomechanical benchmark for evaluating
reconstructed models. From a mechanical standpoint, an optimal filler
should reproduce stress levels comparable to those of healthy bone in
order to minimize stress shielding, excessive interfacial loading, and
the risk of secondary fracture.

4-1- Biomechanical Evaluation of Polymers

Among the investigated materials, polymer-based fillers
demonstrated the most favorable biomechanical performance across
both defect sizes. In particular, models reconstructed with PEEK and
PLLA exhibited stress distributions that closely approximated those
of the intact femur, with minimal sensitivity to increases in defect
volume. This behavior can be attributed to the elastic moduli of these
polymers, which more closely match that of cortical bone compared
to stiffer ceramic materials.

PEEK, with an elastic modulus of approximately 3.6 GPa, has the
closest mechanical match to healthy bone. Findings suggest that the
resulting uniform stress transfer reduces stress concentration in the
host tissue and the risk of bone fracture under loading even within 2—
4 weeks after surgery [21,31,32]. These findings are consistent with
the results of Zhang’s study in 2025. According to his study, PEEK-
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based implants and scaffolds allow for early weight-bearing while
maintaining structural stability [33]; However, the limited bioactivity
and biodegradability of PEEK may limit long-term bone ingrowth,
suggesting that surface modification or bioactive coatings may be
necessary to enhance osseointegration[31].

Poly-L-lactic acid (PLLA) is a biodegradable and biocompatible
material that is widely used in bone repair. It is degraded in the body
over a relatively short period of time (6—12 months) and replaced by
new tissue. PLLA supports cell growth and reduces pressure on the
new bone, helping to promote healing[34,35]. Clinical trials report
>80% union in non-load-bearing defects[36], and PLLA/CaP
composite scaffolds promote new bone formation after 6 months[37],
but brittleness in high-load areas increases the risk of fracture under
cyclic loading[38].

PMMA provided immediate mechanical stability and remains
widely used due to its ease of application and tumoricidal thermal
effects[39]. Despite these advantages, slightly elevated stresses were
observed in larger defects, which may contribute to cartilage
degeneration and long-term joint complications[40]. Consequently,
while PMMA remains effective for short-term stabilization, its
mechanical and thermal limitations warrant cautious use near articular

surfaces[41].

4-2- Biomechanical Evaluation of Ceramics

Ceramic-based fillers exhibited a markedly different mechanical
response compared to polymeric materials. Monetite was the only
ceramic filler that generated stress levels comparable to those of intact
bone[22,39]. Its rapid absorption into the body and high
biocompatibility facilitate bone regeneration. However, its brittle
nature, high cost, and time-consuming synthesis limit its use,
especially in high-load applications[37,42].

In contrast, ceramics such as hydroxyapatite and B-tricalcium
phosphate, due to their greater stiffness compared to bone, resulted in
the concentration of principal and von Mises stresses at the bone-filler
interface. These stress values increased with increasing defect size,
indicating a greater likelihood of stress shielding and interface failure.
While these materials offer excellent bone conduction, their
mechanical mismatch with the host bone represents a significant
limitation in their use in load-bearing areas[14,31]

4-3- Biomechanical Evaluation of Bioactive glasses
Bioactive glass fillers generated higher stress levels relative to

polymer-based reconstructions, reflecting their high stiffness. Despite
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this mechanical drawback, bioactive glasses possess superior
biological properties, including angiogenesis promotion and enhanced
osteogenic response[25,43], Consequently, their application may be
advantageous in small or non-load-bearing defects, where biological
performance outweighs mechanical demands. In load-bearing
scenarios, however, their brittleness and elevated stress concentrations
may increase fracture risk[32].

4-4- Clinical Implications

The present findings emphasize that no single filler material is
universally optimal for all clinical scenarios. Instead, filler selection
should be tailored to patient-specific factors, including defect size,
bone quality, activity level, and postoperative loading
expectations[6,7]. Younger and more active patients may benefit from
polymer-based fillers such as PEEK or PLLA, which provide
favorable mechanical compatibility and reduced fracture
risk[21,44,45], Conversely, in older patients or in cases involving
smaller defects with controlled loading, bioactive ceramics may be
clinically acceptable despite their higher stiffness[14,46].

This patient-specific approach supports a departure from a “one-
size-fits-all” reconstruction strategy and highlights the role of finite
element analysis as a preoperative planning tool. By predicting
mechanical outcomes under physiological loading, FEA can assist
surgeons in optimizing reconstruction strategies and potentially
reducing postoperative complications.

4-5- Limitations and Future Directions

Several limitations of the present study should be acknowledged.
All materials were modeled as linearly elastic, and the time-dependent
degradation of biodegradable fillers as well as bone remodeling were
not considered. Furthermore, loading conditions were limited to static
single-leg standing, whereas daily activities such as walking, stair
climbing, and rotational movements impose complex dynamic loads.
Additionally, the analysis was performed on a single femoral
geometry, which limits the generalizability of the findings; however,
this approach was intentionally chosen to isolate and compare the
effect of filler material on biomechanical performance while
controlling for inter-subject geometric variability. This methodology
is consistent with established FEA practice in orthopedic
biomechanics, where a representative anatomical model is commonly
used for controlled parametric comparisons of implants, fixation
methods, and scaffolds[17,47,48].

Future studies should incorporate additional patient-specific
geometries differing in age, sex, and bone quality, cyclic and multi-
directional loading scenarios, and experimental or in vivo validation
to assess long-term mechanical performance and fatigue behavior.
Furthermore, if finite element analysis is performed based on
Quantitative Computer Tomography (QCT) images, it is possible to
assign heterogeneous mechanical properties of bone. The
determination of heterogeneous properties is based on Hounsfield
numbers and their numerical relationship with bone density at each
point[49,50]. The investigation of composite fillers combining
polymeric and ceramic phases may also provide an effective strategy
to balance mechanical compatibility and biological functionality.

5- Conclusion

This study presents a systematic biomechanical comparison of a
wide range of synthetic fillers (including polymers, ceramics, and
bioactive glass) using a single, uniform finite element approach, with
all materials evaluated under identical patient-specific conditions and
compared against the same healthy bone model. Using a CT-based
finite element model with two clinically relevant defect sizes, the
mechanical behavior of each filler was assessed relative to intact bone
to guide evidence-based surgical decision-making.
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The results showed that the finite element model reconstructed with

polymers particularly, polyether ether ketone (PEEK) mimicked the
mechanical behavior of healthy bone more accurately than any other
filler material. In this model, the maximum principal and von Mises
stresses were 5.14 MPa and 7.66 MPa, respectively, which are nearly
identical to the healthy bone reference values of 5.15 MPa and 7.65
MPa, with a deviation of less than 1% observed at both defect sizes.
This close agreement indicates that PEEK provides excellent
mechanical compatibility with the host bone. In contrast, the model
reconstructed with hydroxyapatite (HA) showed a substantial increase
in stress; as von Mises stress increased by approximately 70% and the
maximum principal stress by approximately 47% compared to healthy
bone, particularly in larger defects. Similarly, Beta-TCP and bioactive
glass exhibited elevated stresses, indicating a mechanical mismatch
with the host bone and a potential risk of stress shielding.
These findings provide a quantitative basis for preoperative filler
selection, demonstrating that PEEK offers superior mechanical
compatibility under static loading, particularly for larger defects
where stress shielding and fracture risk are primary concerns.
However, clinical use requires further studies under dynamic loading
and experimental validation, and the final choice should depend on
the patient's defect size, bone quality, and functional needs.
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