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ABSTRACT: A numerical simulation can reflect reality closely. This leads to optimized 

designs, reduces the number of physical prototypes before manufacturing and can describe the 

interactions as they happen. The mechanical properties of the materials are known, but they are 

influenced by the shape of the products. The paper proposes a comparative analysis between six 

different designs of implants used to replace the intervertebral disc from the cervical area. For 

this research the ANSYS 16.0 Software was used. The analyses were performed for traction and 

compression tests, the two major demands of the affected area (in case of extensions / flexion of 

the head). The used materials in the simulation were pure Ti and PEEK. The results are helpful 

in the pretesting stage of the product, before manufacturing.  
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1 INTRODUCTION  

The engineering technologies developed until 

now find applicability more and more in the 

medicine field. Because the costs of the existents 

cervical disc implants are high, and the surgical 

insertion of these devices it is very difficult, it is 

necessary the development of new devices that can 

minimized the disadvantages of the surgical 

intervention because of implant’s characteristics [1]. 

Through cervical disc replacement is reduced the 

affected adjacent area degradation and the long-

term clinical results are improved [2,3]. 

Cervical total disc replacement is recommended 

to be applied in cases of cervical spondylosis or 

degenerative disc disease [4]. Currently there are 

several devices that vary in terms of material, 

design, and outcomes [5]. 

The new technologies development for 

neurosurgical intervention represents possible 

applications extremely useful and advantageous of 

Additive Manufacturing (AM) technologies [1]. 

Used increasingly in medical applications, direct 

metal three‑dimensional (3D) printers create fully 

dense and highly accurate metal parts using laser 

melting technology [6]. The 3D printing technology 

enables the manufacture of customized cervical 

cage for anterior cervical discectomy and cervical 

spinal fusion. 3D Printing has evolved to create 

devices, implants, scaffolds for tissue engineering, 

diagnostic platforms, and drug delivery systems [7]. 

Provaggi E. et al [8] made an overview 

regarding the actual 3D printing applications in 

spine care. Some researchers, [9] describe a three-

dimensional printed (3DP) posterior fixation 

implant used for C1/C2 fusion. A customized 

cervical implant was obtained and the depth and the 

angulation of the screw holes were pre-calculated 

based on the preoperative CT based 3D modeling. 

The cages can be manufactured through AM 

Technologies (Selective Laser Melting – SLM and 

Selective Laser Sintering - SLS) and can be made of 

various biocompatible materials, such as 

polyetheretherketone (PEEK) and Titanium (Ti), 

[10]. 

Regarding the cages’ physical properties, 

Titanium has higher modulus of elasticity when 

compared with PEEK ones, being demonstrated 

through clinical cases, [11]. Wilke HJ et al. [12] 

analyzed the stiffness and relative motion of bone–

implant, that permit 7°–21° of lordosis.  

Lin CY et al. [13] prepared different models of 

implants for total disc replacement in order to avoid 

the migration. They studied the motion grade of 

cages and prepared a 3D model of (C3-7) cervical 

spine implant on the base of CT for a healthy 

patient that was analyzed and validated through 

finite element method. 

Dogru SC et al. in [14] build up finite element 

model of the functional spinal unit without 

ligaments from cervical region, and compare the 

effects of mildly, moderately and severely level 

degenerated intervertebral disc on the stress during 

flexion, lateral bending, and rotation. In order to 

study the influence of disc degeneration on motion 

segment mechanics a three-dimensional, nonlinear 

finite element model was used by Rohlmann A et al. 

[15]. 

Kurutz M in [16], presented the finite element 

modeling aspects of the most frequented spinal part 
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in the lumbar spine. The impact of one-level 

stabilization of the cervical spine for both anterior 

static and dynamic plates using finite element 

analysis was assess by [17]. Kumaresan S et al. [18] 

validated a 3D model through finite element method 

for cervical spine that was tested for extension, 

flexion and compression. 

One of the advantage of finite element method is 

that internal strains and stresses from different parts 

of the body (hard and soft tissues) can be 

realistically analyzed being helpful in biomechanics 

research, diagnosis and treatment of cervical spine 

injuries [19]. 

Taking into consideration the previous 

researches in the field, the purpose of this study was 

to analyze six different designs of implants used to 

replace the intervertebral disc from the cervical area 

using finite element method. The analyses were 

performed for traction and compression tests, in 

order to evaluate behavior of the cages during 

extension or flexion of the head. A comparative 

study was made between both used materials for the 

distribution of the von Mises stress, the 

compression and the total deformation.  

2 MATERIALS AND METHOD 

In this study six cervical cages have been 

designed as an alternative to cervical discs. The 

design was done in Solid Works software. These 

new proposed implants have two or four "ears" 

for fixing the cage on neighboring vertebrae, with 

the role of preventing migration after implantation. 

The implant can be fixed with the help of self-

tapping screws, from Ti alloys.  

We considered the theoretical case, when the 

flexing and extension forces are equal. In order to 

analyze the forces and the stresses in the fixing area 

of the implant, a Finite Element Analysis was made 

in the ANSYS 16.0 Software. The finite element 

model was exercised in compression and flexion 

cases for all six cervical disc models analyzed, for 

both used implant materials. The proposed objective 

was to analyze and to determine the stress state, the 

compression and the deformation of the implants. 

Finite elements were used in order to meshing the 

implants (mesh size of 0.5 mm). 

The maximum load was taken from the scientific 

literature [20], where different forces were analyzed 

in accordance with different angles for flexing and 

extension of the head. The analysis was done in the 

case of the maximum load (271 N), for pure Ti and 

PEEK, materials that can be used in the cage 

manufacturing. The mechanical properties for 

PEEK parts manufactured through SLS are: Density 

1310 kg/m
3
, Tensile Modulus 4250MPa, Tensile 

Strength 90MPa, Strain at break 2.8% [21] and for 

pure Ti, manufactured at 120 W on SLM, the 

mechanical properties are: Density 4510 kg/m
3
, 

Tensile Strength 440MPa, Young Modulus 100GPa, 

Poisson's Ratio 0.35 [22,10]. 

3 RESULTS AND DISCUSSION 

The proposed implants with two "ears" for fixing 

the cage on neighboring vertebrae (figure 1(a)-(b) 

and (figure 2(a)-(b)) have the following kinematic 

restrictions imposed on the models, namely: 

applying forces on the right and left sides of the 

implant (where will be the contact area with the 

screws). The left side and the right side of the part 

take up a force of 135.5 N (traction), considering 

that the value strength of 271 N was equal taken by 

the both sides. 

 

 

   
(a) (b) (c) 
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(d) (e) (f) 

Fig. 1 Distribution of the von Mises stress for pure Ti material: a- implant model no 1; b- implant model no 

2; c- implant model no 3; d- implant model no 4; e- implant model no 5; f- implant model no 6. 

 

 

   
(a) (b) (c) 

   

   
(d) (e) (f) 

Fig. 2 Distribution of the von Mises stress for PEEK material: a- implant model no 1; b- implant model no 

2; c- implant model no 3; d- implant model no 4; e- implant model no 5; f- implant model no 6. 

 

In figures 1 and 2, are shown the distribution of 

the von Mises stress in the implants for pure Ti and 

PEEK materials. It can be seen the maximum values 

for used materials in case of extensions. 

For the proposed implants with four "ears" for 

fixing the cage on neighboring vertebrae (figure 

1(c)-(f) and (figure 2(c)-(f)) the forces are applying 

where will be the contact area with the screws. 

Every screw hole from the left side and the right 

side of the piece takes up a force of 67.75 N 

(traction), considering that the value strength of 271 

N is equal taken by the all 4 screw holes. 

A comparative study was made between both 

used materials, PEEK and Ti, for the distribution of 

the von Mises stress, figure 3. 

It can be observed that the difference between 

these two materials of the maximum von Mises 

stresses values is very small.  
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Fig. 3 Comparison between the maximum von Mises 

stresses for PEEK and pure Ti material. 

The lowest difference was observed in the case of 

model no 3 of the implant (0.051 MPa) and the 

highest was for model no 6 (1.625 MPa). Thus from 

the point of view of stress tests, this two used 

materials have a good behavior. 

In the case of compression tests, the proposed 

implants with two and four "ears" for fixing the 

cage on neighboring vertebrae have the same 

kinematic restrictions imposed on the models like in 

the case of traction. In figure 4 is shown the 

compression distribution for pure Ti material. 

In figure 5 is shown the compression distribution 

for PEEK material. 

 

 

 

 

 

 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

Fig. 4 The compression distribution for pure Ti material: a- implant model no 1; b- implant model no 2; c- 

implant model no 3; d- implant model no 4; e- implant model no 5; f- implant model no 6. 
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(a) (b) (c) 

   

   
(d) (e) (f) 

Fig. 5 The compression distribution for PEEK material: a- implant model no 1; b- implant model no 2; c- 

implant model no 3; d- implant model no 4; e- implant model no 5; f- implant model no 6. 
 

For compression, the maximum von Mises 

stresses values for both used materials are presented 

in figure 6. It is observed that the difference 

between these two materials of the maximum 

compression strength values is very small (lower 

than 1 MPa), only in case of model no 3 was 4.372 

MPa, and the highest difference (103.9 MPa) was 

found for the implant model no 2. From the point of 

view of compression tests, this two used materials 

have a good behavior, excepting the implant model 

no 2. 
 

The compression distribution
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Fig. 6 Comparison between compression distribution 

for PEEK and pure Ti material. 

The total deformation values, at traction and 

compression, obtained for both analyzed materials 

for those six cervical implants models are presented 

in Table 1. In this case the deformation for the 

PEEK material is higher than in the case of pure Ti 

material. An explanation for these results is that the 

pure Ti is more rigid than the PEEK material which 

has a higher elasticity. But taking into consideration 

the applications of these implants, the PEEK 

material is more suitable for the use in any of the 

proposed implant models. 

 

 
Table 1. Total deformation values [mm] 

 Displacement at traction for the six cervical implants 

(a.-f.) 

 a. b. c. d. e. f. 

Pure 

Ti 

0.001

9084 

0.002

7506 

0.002

1608 

0.001

2637 

0.001

5669 

0.00

6253 

PEEK 0.048

979 

0.070

514 

0.054

247 

0.031

49 

0.039

257 

0.15

664 

 Displacement at compression for the six cervical 

implants (a.-f.) 

 a. b. c. d. e. f. 

Pure 

Ti 

0.006

666 

0.026

674 

0.006

6068 

0.002

5195 

0.004

4929 

0.01

4882 

PEEK 0.165

64 

0.316

16 

0.161

53 

0.061

454 

0.111

26 

0.36

764 
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For the proposed designs of implants, PEEK 

cages seem to be more close to the required 

anatomical structure in cervical area. Also, pure Ti 

cages have a good resistance and behavior from the 

point of view of stress and compression. The 

proposed models can be implemented in the 

structure of finite element analysis programs, where 

we have the possibility to optimize the shape of the 

implant, if necessary. 

4 CONCLUSIONS 

Six different designs of cervical disc 

replacement were developed to replace the 

intervertebral disc from the cervical area. 

This paper analyzed implants from pure Ti and 

PEEK using the ANSYS 16.0 Software. The 

analysis proposed to determine the stress state and 

the compression during extension/flexion of the 

head and the deformation of the implant.  

We considered that the value strength of 271 N 

is equal took by the screw holes of the implant. The 

part with two holes toke up a force of 135.5 N (at 

traction or compression case) and the part with four 

holes toke up 67.75 N force (at traction or 

compression case).  

For traction tests, it could be observed that the 

difference between these two materials of the 

maximum von Mises stresses values was very 

small, lower than 1 MPa for the first four implant 

models and for implants no 5 and 6 was under 1.7 

MPa. The highest difference was found for model 

no 6 (1.625 MPa). Thus from the point of view of 

stress for traction tests, these two used materials 

have a good behavior, for all six implant models. 

It is observed that the difference between these 

two materials of the maximum compression 

strength values is very small (lower than 1 MPa), 

only in case of model no 3 was 4.372 MPa, and the 

highest difference (103.9 MPa) was found for the 

implant model no 2. From the point of view of 

compression tests, this two used materials have a 

good behavior, excepting the implant model no 2. 

The deformation in case of traction or 

compression, for the PEEK material is higher than 

in the case of pure Ti material. The PEEK material 

has a higher elasticity than the Ti material that is 

more rigid, suggesting that the PEEK material is 

more suitable for these applications in any of the 

proposed implant models. 
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