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Bone plates are essential for bone fracture healing because they modify the 

biomechanical microenvironment at the fracture site to provide the necessary mechanical 

fixation for fracture fragments. This paper focuses on reducing the stress shielding effect 

that occurs due to a mismatch between cortical bone and metal plate. fabricating bio 

composites plates fixation by modeling of femur bone with ANSYS software program. 

However, Bio-composites that involve Ultra-high molecular weight polyethylene 

polymer (UHMW-PE) reinforced with nano  Titanium dioxide particles n-TiO2 at 

different fractions (0, 1.5, 2.5, 3.5 and 4.5%) and 5% from carbon and Kevlar fibers were 

fabricated by hot pressing technique. We tested tensile, elastic modulus, and elongation 

percentages. The results of this study showed a value of tensile strength and elastic 

modulus improved with increasing weight fraction of nanoparticles and 

UHMWPE+4.5% n-TiO2 biocomposite were the best mechanical properties, were tensile 

strength and elastic modulus was (38.57 ± 1.9285 MPa, 1.15 ± 0.0575 GPa) 

respectively and elongation percentages reduced to 114.05 ±5.7025% compared with 

pure UHMWPE 176.68 ± 5.7025%. According to the current study's findings, it is 

possible to create bio-composites as fixation devices with improved performance by 

placing different fiber reinforcements. 
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1. INTRODUCTION

When a human bone fracture occurs, various types of 

internal fixation devices, such as bone plates, are placed at the 

fracture site to help stabilize the bone structure [1]. Metal 

materials such as stainless steel and titanium and their alloys 

are not the ideal bone plate considering the adverse effects on 

callus formation and fracture healing caused by the high 

modulus of elasticity and biomechanical mismatch to the bone 

[2]. To resolve these problems, polymer-based composite, 

which has less stiffness for bone plate fixations is an 

alternative to metal materials. Ultra-high molecular weight 

polyethylene (UHMWPE) is a widely used polymer in medical 

applications because of its high chemical resistance, 

biocompatibility, and mechanical and tribological properties. 

To further improve its mechanical properties and tribological 

response, fillers/reinforcements are incorporated into the 

polymer. Studies have been done to develop polymer-based 

composite materials such as bone implants using natural fiber, 

Hashim et al. [3] used natural fibers biopolymer composite 

fixation plates. Tensile, compression, compact tension and von 

misses stress using ANSYS were studied or synthetic fibers 

with unidirectional lamina [4], discontinuous short fiber [5], 

and braided fiber as reinforcement [6]. Balakrishnan et al. [7] 

studied the use of HDPE/HA composites for bone replacement 

applications, including mechanical, morphological, 

biocompatibility, and crystallization properties. Yunus and 

Alsoufi [8] synthesized bio-ceramic components including 

(Al2O3) and (TiO2) into HDPE matrix composites for 

orthopedic applications (bone fracture plate, bone cement, 

bone graft, and hip replacement). Bagheri et al. [9] and 

Manteghi et al. [10] prepared CF/Flax/Epoxy and 

GF/Flax/Epoxy specimens. compared them to metal 

specimens. Mechanical properties include (tension, three-

point bending, and Rockwell hardness tests). Kabiri et al. [11] 

manufactured GF/PP composites reinforced with three 

different fiber types for fixation plate application and 

investigated the influence of glass fiber type, orientation and 

volume fraction, and manufacturing process on the tensile, 

flexural, compression, shear, and impact properties of the 

composite fixation plates. Chandramohan and Marimuthu [12] 

calculated the stress induced on the bone with a plate and 

without a plate. the stress analysis is carried out on steel, cobalt 

chrome, titanium, zirconium, Roselle and sisal (hybrid), Sisal, 

and banana (hybrid), and Roselle and banana (hybrid). Das and 

Sarangi [13] studied the stress distribution at the fractured site 

of the femur when it is subjected to torsional as well as 

compressive loadings along with various healing stages. 

Hidayati et al. [14] aimed to use Hybrid locking plate 

modeling as a fixation on femur fracture by using a real bone 

model on ANSYS. hybrid plating. Fouda et al. [15] 

investigated a studying of FEA to the fractured bone using the 

bone-plate fixation method for a fractured tibia with metallic 

(stainless steel and titanium alloy) and composite (carbon 

hydroxyapatite and carbon epoxy) with a gap and without a 

gap. Kim et al. [16] investigated the healing efficiency of 

flexible composite bone plates(carbon/epoxy), and 

(glass/polypropylene) applied to a tibia with diaphyseal 

oblique fractures. Dhason et al. [17] submitted to FEA analysis 

for composite bone plates with varied fiber directions in the 
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stacked laminate and varied fiber types. Maharaj et al. [18] 

fabricated five different materials to join a broken femur bone, 

(Stainless steel, Titanium, Alumina, Nylon, and PMMA). the 

best material based on a comparison of stiffness between bone 

and plates, corrosion, and wear resistance of the materials. 

Kharazi et al. [19] modeled and analyzed using the ANSYS 

software to composite bone plate consisting of a poly L-Lactic 

acid matrix and textile bioglass fibers used as reinforcement. 

Zhou et al. [20] prepared Plates of stainless steel, (Ti6Al4V), 

or CF-PEEK with different carbon fiber reinforcement ratios. 

This research is aimed to fabricate a bone plate fixation made 

up of a new material that can combine the advantages of both 

metal and biomaterials plates. Reinforcement with fibers is 

one of the most successful approaches to toughening brittle 

biomaterials. For this reason, I made a new bio composite of 

UHMWPE/n-TiO2 by adding Kevlar and carbon fibers to 

reinforce particulate biocomposites that have adequate overall 

stiffness for a repaired and healed femur, while also allowing 

for greater bone stresses (i.e. less “stress shielding”) than a 

traditional clinical metal plate, moreover, create modeling for 

internal fixation on femur fracture by using a 3D bone model 

was performed by using ANSYS 2020  based on finite element 

analysis. 

 

 

2. EXPERIMENTAL WORK  

 

UHMWPE polymer powder with molecular weight 600-

700 (104 g/mol.), density 0.93-0.94 (g/cm3). was supplied 

from LUOYANG MAX PIPE INDUSTRY as the matrix.The 

reinforcement material, titanium oxide (anatase phase) 

nanopowder with an average particle size of 38.43 nm, from 

(Xian Real and Hangzhou Union in Biotechnology 

Company/China). The materials were weighed by weight 

fraction (0, 1.5, 2.5, 3.5, and 4.5%). Firstly, the n-TiO2 powder 

particles are dispersed in ethanol with an ultrasonic device for 

30 min. Secondly, then the UHMWPE is added to the 

nanoparticles simultaneously, followed by mechanical mixing 

15 min to n-TiO2 at 1500 rpm. To violate the ethanol, then 

simply place the mixture in an oven at 60°C for 2 hours and 

allowed it to stand for 48 hours, tightly dry. Thereafter, the 

mixture was placed in a mold and pressed in a hydraulic press 

at a temperature of 180°C and a pressure of 12 MPa for one 

hour. Then the mold was allowed to air cool to room 

temperature to obtain the composite sheet, and then select the 

best composite properties are reinforced with two types of 

fibers (Kevlar and carbon) as one layer that lead to obtaining 

hybrid nanocomposites as shown in Figure 1. 

 

 
 

Figure 1. Biocomposites spacemen for tensile test 

 

 

3. MECHANICAL PROPERTIES OF BIO-

COMPOSITES 

 

A tensile test was carried out to determine the modulus of 

elasticity (E), the ultimate tensile strength, and the elongation.  

In this study, the test was carried out according to ASTM D 

638-03 [21] at a strain rate of 5mm/min, and the load was 

gradually applied until the sample was fractured. The data of 

stress-strain are obtained and each tensile properties are the 

average of the data of five samples. The test was done at room 

temperature(25 ± 2°C) [22, 23]. 

 

 

4. FINITE ELEMENT MODELING  

 

Femurs and bone plates were designed using Solid Works 

software, as shown in Figure 2(a). Dimensions for modeling 

bones were referenced in the journal [3]. Human bone analysis 

was done with ANSYS WORKBENCH R 2020. In this study, 

316 L Stainless steel as metallic plat and 13 bio composite 

bone plates are modeled as in Table 1, where the young 

modulus of composite materials was calculated from the 

tensile test and the value of Poisson ratio was calculated 

theoretically from the rule of mixture. the density is Calculated 

from the mass of a specimen in air.  It is then immersion in 

water, and its apparent mass is measured, as well as its specific 

gravity (relative density) as represented in Eqns. (1) and (2) 

[24, 25]. 

 

 

 

 
(a)  (b) 

 

Figure 2. (a) Modeling of fractured femur bone with plate fixation, and (b) boundary condition applied on fractured femur bone 

with plate fixation 
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Its apparent mass is measured, as well as its specific gravity 

(relative density) as represented in Eqns. (1) and (2) [24, 25]. 

 

SP(gr) =
𝑎

𝑎−𝑏
  (1) 

 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 ⦋ρC⦌ = SP(gr) × 997.5 (2) 

 

where, a = apparent mass of the specimen, without wire or 

sinker, in air, b = apparent mass of specimen (and of sinker, if 

used) completely immersed and the wire partially immersed in 

liquid. 

The SS bone-plate materials, cortical bone, and screws are 

classified as isotropic materials. The model used represents the 

ideal femur of a 53-year-old healthy individual weighing 75 

kg. the fracture takes place in the middle of the femur so that 

the fracture would be cut and form a gap of 1(mm), a plate 

width of 4 mm was used to reduce the contact area with bone. 

The selected material for screws is SS. Axial compression load 

of 750 N has been applied to the head region of the femur and 

a fixed boundary condition has been applied on the end of the 

femur [26] as shown in Figure 2(b). 

When the geometry models have been imported from solid 

works software, the mesh is an important step that needs for 

the femur model's finite element analysis. Which is generated 

for the assembly. The total number of nodes used in the model 

is 1516969 and the number of elements is 750429. As shown 

in Figure 3. 

 

 
 

Figure 3. Meshed femur bone with plate fixation 

 

Table 1. Material properties of bone plates and bones 
 

Groups Materials Density (g/cm3) Young modulus (GPa) Poisons ratio 

 Cortical bone 2.0208 17 0.4 

 316 L Stainless steel 7.8  193 0.31 

A UHMWPE 0.9314 0.6 0.3 

 UHMWPE + 1.5 TiO2 0.9356 0.73 0.3995 

 UHMWPE + 2.5 TiO2 0.9411 0.77 0.3992 

 UHMWPE + 3.5 TiO2 0.9439 0.79 0.3989 

 UHMWPE + 4.5 TiO2 0.9529 0.85 0.3985 

B UHMWPE + 4.5 TiO2 + KF 1.024 0.99 0.396 

 UHMWPE + 4.5 TiO2 +CF 1.09 1.15 0.3868 

 

  
(a) (b) 

 

Figure 4. The stress-strain curve of fabricated particulate bio composite and hybrid biocomposite fixation plates 

 

5. EXPERIMENTAL RESULTS 

 

Figures 4(a) and (b) show the stress-strain relationship for 

all prepared biocomposite materials at different weight 

fractions of n-TiO2 particles (1.5%, 2.5%, 3.5%, and 4.5%). 

This curve is used to get several mechanical properties are 

Young’s modulus, Tensile strength, and Elongation 

percentage at break [27]. The behavior of biocomposite 

depends on the nature and properties of reinforced additives 

and also on the mechanism and strength of the bond between 

the matrix and nanoparticles. As can be seen from the figures, 

the curves are linear in the beginning, indicating that the 

biocomposite material will behave elastically at this point in 

the curve, where the elastic modulus can be determined. After 
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that, the behavior of the biocomposite becomes nonlinear due 

to the plastic deformation, which increases consistently until 

the biocomposite fractures; at this point, the tensile strength 

can be determined. Generally, the stress was increased with an 

increased weight fraction of nanoparticles due to the uniform 

distribution of the nanoparticles and good bonding between 

the matrix (UHMWPE) and nanoparticles [28, 29]. 

Figure 5 represents the ultimate tensile strength for the 

particulate biocomposites, this figure indicates tensile strength 

increases as the weight fraction of additives increases in the 

UHMWPE matrix. The maximum tensile strength for (4.5%n-

TiO2/UHMWPE). Thus, the tensile strength of pure 

UHMWPE was 26 MPa and reaches the highest value of (4.5% 

n-TiO2/UHMWPE) was 30.317 ± 1.5158 Mpa [30, 31]. 

Figure 6 represents the elastic modulus for the particulates 

biocomposite, this figure indicates elastic modulus increases 

as the weight fraction of additives increase (n-TiO2) in the 

UHMWPE matrix. The elasticity of n-TiO2/UHMWPE 

biocomposites was higher than the pure UHMWPE, and the 

maximum elastic modulus was obtained at 4.5% 

nanoparticles. Thus, the elastic modulus of pure UHMWPE 

was 0.6 GPa and reaches the highest value of 0.85 ± 0.0425 

Gpa for the 4.5% n-TiO2/UHMWPE.biocomposites. This 

behavior is due to an increase in the crystallinity and 

intermolecular forces become higher which had been 

enhanced by nanoparticles. Moreover, the increment of tensile 

strength and elastic modulus can be assigned to the good 

interface bonding between the UHMWPE matrix and 

nanoparticles which lead to the transfer effectively the load 

from the matrix to the nanoparticles [32, 33]. 

 

 

 

 
   

Figure 5. Ultimate tensile strength of fabricated particulate 

biocomposite fixation plates 

 Figure 6. Elastic modulus of fabricated particulate 

biocomposite fixation plates as a function 

 

 

 

 
   

Figure 7. Elongation percentage of fabricated particulate bio 

composite fixation plates 

 Figure 8. Elastic modulus of fabricated hybrid biocomposite 

to 4.5% particulates biocomposites fixation plate 
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From  Figure 7, it is clear that the elongation at the break of 

biocomposites was reduced by increasing the weight fraction 

of both nanoparticles (n-TiO2) and exhibited a 17.29% 

reduction for (4.5% n-TiO2/UHMWPE), in comparison with 

pure UHMWPE sample. This is probably  associated with the 

effect of nanoparticles in the sample. In other words, 

reinforcement of nanoparticles can act as an agitation, because 

of their shape, size, and interfacial strength that lead to 

decreases in elongation [28]. 

Figures 8 and 9 show the  ultimate tensile strength and 

modules of elasticity of hybrid biocomposites. From these 

figures, it is evident that hybrid biocomposite shows a better 

result than particulate biocomposite. there is an increase in the 

value of ultimate tensile strength and elastic modulus of CF 

hybrid biocomposite than KF hybrid biocomposite this is due 

to the strong competitor of Kevlar fiber and the crystallinity of 

specimens was increased [34]. 

The organic nature of carbon fiber facilitates the composite 

fabrication with organic polymers, thus leading to the 

production of high strength, high stiffness corrosion resistance, 

and lightweight hybrid biocomposites [35]. Thus, ultimate 

tensile strength is 38.57 MPa at (4.5% n-TiO2/UHMWPE), 

Elastic modulus 1.15 GPa at (4.5% n-TiO2/UHMWPE),. 

according to this result elastic modulus of  (UHMWPE/4.5% 

n- TiO2/CF). 

 

 

 

 
   

Figure 9. Ultimate tensile strength of fabricated hybrid 

biocomposite to 4.5% particulates biocomposites fixation 

plate 

 Figure 10. Elongation percentage of fabricated hybrid 

biocomposite to 4.5% particulates biocomposites fixation 

plate 

 

 

 

 
   

Figure 11. Equivalent von-mises stress based on 

biocomposite types 
 Figure 12. Total deformation based on biocomposite types 
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Hybrid biocomposite fixation plate has much lower than 

that metal materials 316L stainless steel alloy This provided 

reduced stress figures, it is evident that hybrid biocomposite 

shows a better shielding effect and facilitated callus formation 

and can stay in the body after union [2]. 

Figure 10 shows the  elongation percentages of hybrid 

biocomposites. the elongation at the break of biocomposites 

was reduced by adding fiber reinforcement to 

(UHMWPE/4.5% n-TiO2) biocomposites. Elongation of 

(UHMWPE/ n-TiO2 /CF) hybrid biocomposite reduced to 21% 

in comparison with (UHMWPE/4.5%n-TiO2) biocomposite, 

This result is explained by the good adhesion between the stiff 

CF and matrix in presence of nanoparticles resulting in stiffer 

hybrid biocomposites [36]. 

 

 

6. NUMERICAL RESULTS  

 

The von misses and total deformation has been calculated 

for (UHMWPE/n-HA) and (UHMWPE/n-TiO2) particulate 

bio composite and hybrid bio-composite plates fixation as 

shown in Figures 11 and 12. This figure shows the effect of 

bio composite plate types on max. Von-mises stress and total 

deformation. It has been observed max. Von-mises stress and 

total deformation decrease with increasing weight fraction of 

nanoparticles and this is observed when the stiffness of 

biocomposite materials increases.  

 

 

 

 
 

Figure 13. Contour plot of equivalent von misses stress bone 

plate fixation spaceman’s 
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Figure 14. Contour plot of total deformation bone plate 

fixation spaceman’s 

 

 
 

Figure 15. Safety factor for the UHMWPE+n-TiO2+ CF bio 

composite fixation plate 

 

Moreover, hybrid biocomposite plates give minimum 

values especially when the addition of carbon fiber can be 

explained by the high bonding between the matrix and fiber. 

This result can be explained by the smaller the stress shielding 

rate is, the smaller the influence on the original bone tissue. 

Moreover, the problems of reduction of bone mass, bone 

absorption, plate loosening, and re-fracture after the plate is 

removed will all be smaller [20]. 

Figures 13 and 14 show a contour plot of equivalent von 

mises stress and total deformation of the femur with a bone 

plate. Safety factor also calculated as shown in Figure 15. 

 

 

7. CONCLUSIONS 

 

The tensile properties of UHMWPE/n-TiO2 biocomposite 

are affected by the addition of fiber reinforcement so that 

tensile strength and Young’s modulus increased and 

elongation at break decreased. were tensile strength and 

elastic modulus being (38.57 ± 1.9285 MPa, 1.15 ± 0.0575 

GPa) respectively and elongation percentages reduced to 

114.05 ±5.7025% compared with pure UHMWPE 176.68 ± 

5.7025%. Hybrid biocomposite plates had the lower 

equivalent von misses stress and lower value of total 

deformation. (UHMWPE/n- TiO2 + CF) biocomposite gave 

optimum experimental and numerical results which make 

them the best candidate to lower the mismatch between bone 

and plate fixation. That can promote callus formation and 

fracture healing. 
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