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A B S T R A C T 

Interference screws are widely used for soft tissue-to-bone or bone-to-bone graft fixation, with the choice of material being crucial for successful outcomes. 

This study compares the performance of interference screws made of titanium, polyetheretherketone (PEEK), and poly-L-lactic acid (PLLA) under torsional 

and tensile loads using a finite element model. The mechanical results showed that the mean value of the moment to failure was 15.06 Nm for titanium, 1.54 

Nm for PEEK, and 0.797 Nm for PLLA. The mean load to failure of the interference screw was 6493.13 for titanium, 640.71 for PEEK, and 31.76 Nm for 
PLLA. The titanium exhibits the highest moment and load to failure under torsional and tensile loads. PLLA exhibits the lowest and PEEK exhibits the 

intermediate results. PLLA exhibits less deformation under tensile and torsional load, which makes it suitable for load-bearing applications. 
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1. Introduction 

The successful reconstruction of the anterior cruciate 

ligament (ACL) requires a secure fixation of the graft in both 

the femoral and tibial tunnels, and interference screws play a 

crucial role in this process [1]. The choice of material for 

these screws is pivotal, with commonly used options being 

titanium, polyetheretherketone (PEEK), and poly-L-lactic 

acid (PLLA) [2-4].  

Titanium screws are widely employed for ACL 

reconstruction due to their strength and stiffness, ensuring a 

secure graft fixation—a prerequisite for success. However, 

challenges during insertion can arise due to their higher 

hardness [5]. PEEK interference screws, an alternative to 

titanium, offer radiolucency for artifact-free imaging and an 

elastic modulus similar to bone, potentially reducing stress 

shielding. Moreover, they do not cause tunnel widening, a 

concern with titanium screws after hamstring ACL 

reconstruction [6]. PLLA interference screws, being 

bioresorbable, can mitigate cyst formation and bone 

destruction over time, although they may present 

complications such as pain at the screw site [7]. 

Advancements in interference screw materials aim to 

enhance functionality, with current biodegradable options 

including degradable metal-based materials like Mg-based, 

Zn-based, and Fe-based alloys, as well as polyester-based 

degradable polymers or their composites [8-15]. Metallic 

biodegradable materials, especially Mg-based ones, are 

gaining attention due to their high bioactivity, precise 

degradation, and excellent mechanical properties [16, 17]. 

Mg-based materials offer biocompatibility, biodegradability, 

and mechanical strength, making them attractive for medical 

applications. Crucially, unlike permanent implants requiring 

secondary removal surgery, magnesium-based biodegradable 

materials gradually dissolve and get metabolized by the 

body, reducing long-term complications and eliminating the 

need for additional surgery [18, 19]. 

Screws made of biodegradable materials are easily 

degradable in the body, with PLA breaking down into lactic 

acid and glycolic acid, and PGA [20, 21]. However, the 

downside of bioresorbable interference screws is that they 

can lead to bone destruction and cyst formation during the 

hydrolytic process and may cause complications such as 

pretibial pseudocyst and pain at the tibial screw site [22, 23]. 

Combining these PLA isomers alone can affect the 

degradation time and mechanical strength. Hydroxyapatite 

(HA) and Beta-tricalcium phosphate (ß-TCP) are widely 

used as bone void fillers due to their excellent 

biocompatibility with bone and mineral content that closely 

resembles natural bone [24-26]. However, like polymers, 

these materials also have issues with resorbability. HA has a 

slow resorption rate and can take years, while ß-TCP resorbs 

quickly and exhibits improved bone formation ability [27-

29]. ß-TCP is also combined with HA to improve the bone 

formation ability [30, 31].  

The commercial sector is investing large amounts in the 

research and development of innovative materials. A variety 

of materials are in the research and development phase for 

interference screws. Testing interference screws made of 

different materials has certain limitations that researchers 

must be aware of, including variability in material 

properties, complexity of mechanical testing, and difficulty 

in establishing clinical relevance. Numerical simulation 

using commercially available packages can become an 

important tool for testing interference screws under 

mechanical testing because they can provide researchers 

with a fast, cost-effective, and detailed way to evaluate the 

screws' performance under different conditions and to 

optimize the properties of materials and their design for 

improved performance. This research focuses on the testing 

of interference screws made of different available materials. 

The objective of this research is to present the method for 

identifying other suitable innovative materials. 
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2. Material and Methods 

2.1 Geometry 

Round head and fully threaded interference screws with 

different sizes have been introduced by many companies 

such as Stryker, Zimmer Biomet, Arthrex, etc. All these 

companies provide approximate similar designs and 

dimensions of interference screws. The round head design of 

the Arthrex interference screw (10 × 35) was selected for 

this research. The screw was modelled using PTC Creo 

Parametric. The length and major diameter of the screw were 

35 mm and 10 mm respectively. The threaded profile was 

created by sweeping a cut profile on a helical path in such a 

way that the minor diameter gets smaller at the tip of the 

screw. A hole of the diameter was created in the screw. The 

hexagonal socket head of the diameter was made. 

2.2 Meshing 

ANSYS static structural module was used to create the 

meshed geometry of the interference screw. Tetrahedral 

mesh-type geometry is shown in Fig. 1. 150,000 elements 

were used for the computational analysis. 

 

Fig. 1. Meshed geometry of interference screw 

2.3 Boundary conditions 

The interference screw was tested under insertion 

torsional and tensile load. For tensile testing, one end of the 

screw was fixed and on the other end, a tensile load was 

applied as shown in Figure 2a. A torque load was used on 

the same end for producing torque as shown in Figure 2b. 

First, the interference screw was tested on an 877 N tensile 

load and 15603 N-mm moment, and the factor of safety was 

noted in these loading conditions. Then, the load to failure at 

yielding was predicted by using the values of applied load 

and factor of safety. Maximum equivalent stress and 

deformation were predicted against the same values of the 

factor of safety. 

This research focuses on the testing of interference 

screws made of titanium, PLLA, and PEEK. The properties 

of materials as input parameters are given in Table 1. 

The loads were applied and the finite element model was 

solved using ANSYS static structural. The maximum stress 

and displacement were compared to the yield strength and 

deformation limit of the screw material to determine if the 

screw is safe under the applied load. Table 2 demonstrates 

that as mesh density increases, the quality of elements 

(measured by skewness) improves, and simulation results for 

maximum equivalent stress and deformation converge. At 

100,000 elements, there is reasonable accuracy, but grid 

independence is achieved at around 150,000 elements, with 

stable results for deformation (~0.318 mm). Using 508,000 

elements further improves skewness quality but provides 

negligible changes in results. Therefore, 150,000 elements 

were used for the computational analysis. 

 

Fig. 2. Interference screw under load (a) tensile load (b) torsional load 

Table 1: Material properties as input parameters for numerical simulation in 

    ANSYS. 

Property PLLA PEEK Titanium  

Ti-6Al-4V 

Density g/cm3 1.25  1.31 4.43 

Yield strength MPa 60  115 1170 

Melting Temperature oC 160 - 170 350 1660 

Modulus of Elasticity MPa 3500  4100 113800 

Ultimate strain 6 % 15% 10 % 

Elongation at break  <5% 15 % 10 % 

Poison ratio  0.3 0.4 0.342 

Table 2: Grid independence test and skewness distribution for numerical 
     simulation in ANSYS. 

Mesh Quality 

(elements) 

Skewness distribution 

(Quality) 

Maximum 
deformation (mm)  

100,000 68% (0.0 – 0.25),  

25% (0.25 – 0.5),  

7% (0.5 – 0.75)  

0.2356 

125,000 70% (0.0 – 0.25),  

26% (0.25 – 0.5),  

4% (0.5 – 0.75)  

0.3058 

150,000 72% (0.0 – 0.25),  

27% (0.25 – 0.5),  

1% (0.5 – 0.75)  

0.3177 

500,000 75% (0.0 – 0.25),  

24% (0.25 – 0.5),  

1% (0.5 – 0.75)  

0.3178 

2.4 Estimation of equivalent stresses and deformation 

Assuming the interference screw has a cylindrical 

geometry with radius R, length L, and shear modulus G: 
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Maximum equivalent stresses (      can be calculated using 

Equation 1. 

     
  

 
             (1) 

Where T is applied torque and J is polar moment of 

inertia which can be calculated by using equation 2. 

  
   

 
        (2) 

Equivalent von-mises stresses (     were calculated 

using Equation 3. 

     √
 

 
             (3) 

The shear strain was calculated using equation 4. 

               (4) 

The deformation   was calculated using equation 5. 

   
   

  
         (5) 

Assuming the interference screw has a cylindrical 

geometry with radius R, length L, and Young's modulus E 

for finding the equivalent stresses and deformation under 

tensile load. The maximum tensile stress was calculated 

using Equation 6. 

     
 

 
              (6) 

Where F is the applied axial load and A is the cross-

sectional area (      . Equivalent von-mises stress (     

was calculated using equation 7. 

    √    
             (7) 

Where   is the shear stress due to axial load, which was 

calculated by equation 8. 

   
 

  
     (8) 

The tensile strain was calculated by    
    

 
 and axial 

deformation was calculated by equation 9. 

  
  

  
          (9) 

Result and Discussion 

3.1 Titanium 

Stress distribution in the case of titanium interference 

screw is in the range of 1.7951 to 1170 MPa. The stress 

distribution in an interference screw under torsional load is 

primarily caused by the uneven distribution of torque 

throughout the screw. The torque is applied at one end of the 

screw, and as it travels along the length of the screw, it 

encounters varying levels of resistance from the bone and 

surrounding tissue. This results in areas of high stress where 

the torque encounters the greatest resistance and areas of 

lower stress where the resistance is lower. The results are 

presented in Figure 3a. 

The failure of an interference screw to torsional load is 

typically concentrated at the point where the screw threads 

meet the bone, making it prone to failure. High stress is also 

observed near the head during initial torque application. On 

the other hand, the mid-shaft region of the screw, 

characterized by its larger diameter, serves as the strongest 

point, effectively resisting bending and torsional forces. The 

thread profile, particularly deeper threads, enhances 

resistance against pull-out forces. This information, visually 

represented in the figure, highlights the critical importance 

of comprehending both the weakest and strongest points of 

an interference screw under torsional load. Such insights are 

pivotal in designing more reliable and durable screws 

capable of withstanding the stresses encountered during 

orthopedic procedures. 

 

Fig. 1. Stress distribution (a) under torsion load (b) under tensile load 

When a tensile load is applied to an interference screw, it 

is directed to the screw's head while the tail end remains 

fixed. This setup generates a tension force transmitted along 

the screw's length, leading to a stress distribution that varies 

from the head to the tail end. The maximum stress occurs 

near the head due to force concentration in this region and 

the reduced cross-sectional area of the screw. As the load 

progresses along the screw, stress gradually decreases, 

reaching a minimum near the tail end where the screw is 

anchored to the bone. The stress distribution under tensile 

load is presented in Figure 3b. The stress distribution under 

tensile load mirrors that under torsional load, as varying 

levels of resistance along the screw's length lead to areas of 

high stress and lower stress.  

Maximum deformation under torsion load acts at 

the head end due to the application of torsion load at this end.  
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Under tensile load, the screw undergoes an elongation 

deformation, with the head end being pulled away from the 

tail end. This elongation creates tensile stresses within the 

screw, resulting in a strain that is highest near the head and 

lowest near the tail end. The deformation under tensile load 

can also lead to failure modes such as screw pull-out or 

screw breakage. The deformation under torsion load and 

tensile load is shown in Figure 4a and Figure 4b. 

 

Fig. 4. Deformation under (a) torsion load (b) tensile load 

3.2 PEEK 

Interference screws made of PLA exhibit 60 MPa 

maximum equivalent stress. The stress distribution in an 

interference screw due to the uneven distribution of torque 

throughout the screw is shown in Figure. The minimum 

equivalent stress at the interference screw under torsional 

load occurs near the head and tail at the shortest diameter of 

the screw as shown in Figure 5a. The maximum stress 

occurs at the largest diameter of the interference screw. The 

weakest and strongest points of interference screw under 

torsional load can be better visualized from the factor of 

safety distribution under torsional load. The stress 

distribution of the interference screw under tensile load 

varies from the head to the tail end as shown in Figure 5b. 

The maximum stress under tensile load occurs near the head, 

where the load is initially applied. The minimum stress 

occurs near the tail end, where the screw is fixed. The 

maximum stress in the interference screw under tensile load 

occurs on the fewer portions of a screw as compared to stress 

distribution under torsional load. The results showed that 

interference screws under tensile load performed better as 

compared to torsional load. 

 

Fig. 5. Equivalent stress distribution under (a) torsional load (b) Tensile 
load 

The maximum deformation under torsional occurs near 

the head and minimum strain occurs near the tail end due to 

the shear stresses as a result of twisting motion. The 

deformation distribution is shown in Figure 6a. The 

maximum deformation under tensile load occurs near the 

head and minimum near the tail end due to the uneven 

distribution of tensile stress within the screw. The 

deformation under tensile load is significantly less as 

compared to the deformation under torsional load. The factor 

of safety distribution clearly showed that the interference 

screw under tensile load exhibits less failure as compared to 

the interference screw under tensile load. The results are 

shown in Figure 6b. 

 

Fig. 6. Deformation under (a) torsional load (b) Tensile load 
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3.3 PLA 

Interference screws made of PLA exhibit 60 MPa 

maximum equivalent stress. The stress distribution in an 

interference screw due to the uneven distribution of torque 

throughout the screw is shown in Figure. The minimum 

equivalent stress at the interference screw under torsional 

load occurs near the head and tail at the shortest diameter of 

the screw Figure 7a. While the maximum stress occurs at the 

largest diameter of the interference screw. The stress 

distribution of the interference screw under tensile load 

varies from the head to the tail end as shown in Figure 7b. 

The maximum stress under tensile load occurs near the head, 

where the load is initially applied. The minimum stress 

occurs near the tail end, where the screw is fixed. The 

maximum stress in the interference screw under tensile load 

occurs on the fewer portions of a screw as compared to the 

stress distribution under the torsional load. The results 

showed that interference screws under tensile load 

performed better as compared to torsional load. 

 

Fig. 7. Equivalent stress distribution under torsional load 

The maximum deformation under torsional occurs near 

the head and the minimum strain occurs near the tail end due 

to the shear stresses as a result of twisting motion. The 

deformation distribution is shown in Figure 8a. The 

maximum deformation under tensile load as shown in Figure 

8b occurs near the head and minimum near the tail end due 

to the uneven distribution of tensile stress within the screw. 

The deformation under tensile load is significantly less as 

compared to the deformation under torsional load. The factor 

of safety distribution clearly showed that the interference 

screw under tensile load exhibit less failure as compared to 

the interference screw under tensile load. 

 

Fig. 8. Deformation under (a) torsional load (b) tensile load 

4. Comparison 

Table 3 presents the equivalent stresses and deformation 

results for titanium, PEEK, and PLLA. The results show that 

titanium exhibits the highest moment to failure and load to 

failure under torsional and tensile loads. PLLA exhibits the 

lowest results, and PEEK exhibits the intermediate results.

Table 3: Summary of results for titanium, PEEK, and PLA 

 

Moment Load Tensile Load 

Material Moment to Failure 
Maximum 
Deformation 

Maximum 
Equivalent Stress Load to Failure 

Maximum 
Deformation 

Maximum 
Equivalent Stress 

 

Nm mm MPa N mm MPa 

Ti-6Al-4V 15.6027 0.318 1170 6493.1326 7.67E-02 1170 

PEEK 1.542014841 0.90919 115 640.70989 0.20683 115 

PLLA 0.797237093 0.51286 60 31.75958104 0.12861 60 
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Interference screws made of PEEK can withstand higher 

loads than PLLA, they may be less resistant to deformation 

than titanium. Results indicate that titanium screws have the 

maximum equivalent stress, implying greater load-bearing 

capacity, while PEEK and PLLA screws show lower 

equivalent stress values, suggesting they may not be as 

strong under heavy loads. 

Notably, PLA interference screws demonstrate 

significantly less deformation under tensile loads compared 

to titanium and PEEK, indicating better resistance to 

bending or twisting. The choice of interference screw 

material depends on specific application requirements, 

including strength, durability, and deformation resistance. 

For applications prioritizing high strength and load-bearing 

capacity, titanium may be the preferred choice. Conversely, 

if resistance to deformation and bending is crucial, PLLA 

may offer a more suitable option. 

5 Conclusion 

Interference screws are widely used for the fixation of 

soft tissue-to-bone or bone-to-bone grafts. The selection of 

the appropriate material for interference screws is crucial. 

Different materials are used for these screws, including 

titanium, polyetheretherketone (PEEK), and poly-L-lactic 

acid (PLLA). This study compares the failure behavior and 

strength of various screws made of titanium, PLLA, and 

PEEK under tensile and torsion loads. Titanium alloy 

exhibits the highest strength, with a moment to failure of 

15.60 Nm and a load to failure of 6493.13 N. Maximum 

equivalent stress is 1170 MPa for both load types. 

Deformation is minimal, at 0.318 mm under moment and 

0.077 mm under tensile load, indicating high stiffness and 

durability. PEEK shows moderate strength with a moment to 

failure of 1.54 Nm and a load to failure of 640.71 N. 

Maximum equivalent stress is 115 MPa. Deformation is 

higher than titanium's, at 0.909 mm under moment and 0.207 

mm under tensile load, reflecting its flexibility compared to 

metal's. 

PLA has the lowest strength, with a moment to failure of 

0.80 Nm and a load to failure of 31.76 N. Maximum 

equivalent stress is 60 MPa. Deformation is 0.513 mm under 

moment and 0.129 mm under tensile load, indicating that 

PLA is less suitable for high-load applications due to its 

lower strength and higher deformation. The minimum 

equivalent stress at the interference screw under torsional 

load occurs near the head and tail at the shortest diameter of 

the screw. While the maximum stress occurs at the largest 

diameter of the interference screw. 
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