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ABSTRACT:  

Cervical disc disease occurs due to the degeneration of the intervertebral discs present 

between cervical vertebrae. The present paper aims to give a comprehensive review of 

recent developments in the design and optimization of the artificial cervical disc and it is 

mechanical properties as well as provides a critical comparison of key studies. Recently 

many researchers have applied the FE method for the design and optimization of artificial 

CD. The common design objectives are to develop a biomechanical model of CD and 

understand complex mechanisms of the disc, the effect of loading, based on the material, 

geometry, load, mechanical properties, and types of elements as parameters, many of these 

parameters are optimized to achieve the most suitable CD design. This paper reviews the 

research methods and their corresponding applications in natural and artificial CD and 

intention to let more experts know the current research status and also provide some 

guidance for relevant researches. 
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Nomenclature 

SI = Superior–inferior directions 

AP = Anterior–posterior 

ICR = Instant center of rotation  

V&V = Verification and validation  

BC = Boundary condition 

FE = Finite element 

CD = Cervical disc 

PSSM = Parametric and subject-specific finite element modeling 

HVN = Hardness Vickers Number 

ROM = Range of motion 

CFD = Computational fluid dynamics 

SA = Static analysis 

DA = Dynamic analysis 

CG       = Central gravity 

 

 

I. Introduction 

Developments in total joint replacement have  an enormous impact on the surgeries of the disc and 

joint clinical disorders. Spinal arthroplasty has lagged behind other anatomic regions, both 

temporally and technologically. The disparity between the disc and other joint replacements is not 

rooted in a lack of ideas, ingenuity, or effort. More likely it is a reflection of several other factors, 

including biomaterial design, the introduction of amenable surgical approaches, and patient 

selection. As disc replacement becomes a reality, an understanding of its origins, history, and 

evolution can help one gain a perspective on its role in the treatment of spinal disorders (Lee C. et 

al, 2004). Critical analysis of trends in fusion for degenerative disc disease (is designed to eliminate 

motion in that fused segment of the spine, thereby decreasing or eliminating the back pain created 

by the motion) .Over the last decades, influence of technique on fusion rate and clinical outcome. 

After the replacement of the disc with the artificial disk, ( Mobi-C, 2017), patients still have pain 

and abnormal range of motion for the neck. Fig 1(shows the healthy disc VS artificial disc). 

Therefore, some additional studies must be considered finding out if geometry or material, or both 

may change; can improve the life of the artificial CD. Through the past decade, many studies had 

been on the cervical disc, but unfortunately, a GAP was finding in most of the studies, which was 

the same argument that will try to cover during this study. Cervical arthroplasty may be introduced 

as a multidisciplinary research domain that involves a state of the art development for patients who 

need an operation for degenerative disc disease. The objectives of this study can be listed as: 1- 

Design, and analysis of a cervical disk. 

2- Considering the dimension of the disk, geometry, material behavior, modeling of the material 

and material selection, and its properties where the optimum artificial material should be similar to 

the Natural Material in Human Body.3- Mechanical properties as well as behavior. 4- Make the 

best design that can withstand the applied loads such as, Dynamic load and Impact. 
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Figure 1:  a) Healthy Disc ( Mobi-C,2017)  

 

There are many different artificial cervical disc designs currently used. Two mostly recognized 

designs have been developed by PCM made by Nuvasive 2012, and Bryan Cervical Disc Prosthesis 

made by Medtronic Sofamor Danek 2000, shown in figure 2, and table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Two of the mostly recognized designs for artificial (CD) 

 PCM Bryan Cervical Disc 

Prosthesis 

Manufactured  Nuvasive Medtronic Sofamor Danek 

(Memphis, Tennessee,2000) 

Consists of in plate (CrCoMo) nucleus made of polyurethane 

between two titanium 

The endplates have titanium/calcium phosphate titanium 

Advantages  1- Allows for minimal 

limitations of range of 

motion and minimal 

constraint. 

2- designed to match the 

natural contour of the 

uncovertebral joint 

1- It is unconstrained 

2- This sheath contains 

any wear debris and 

prevents soft tissue in-

growth. 

 

b) Artificial Disc 

Figure 2: a) PCM Nuvasive (2012)                                                       b) Bryan CD Prosthesis Medtronic Sofamor Danek (2000) 
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II. Classification of Cervical Disc 

In the production of a number of joint replacements, the mechanical properties of different metals 

and alloys have been extensively studied. As incomplete joint arthroplasty, the material takes into 

account in vivo corrosion, resilience, rigidity, brittleness, ductility, and ease of machinability. For 

materials that vary greatly from the bone, stress shielding around the implant can be more 

extensive. It is of particular concern that compatibility with computerized tomography and 

magnetic resonance imaging is in cervical disc arthroplasty, compliance with computerized 

tomography and magnetic resonance imaging is of particular concern for the long-term assessment 

of the implant and underlying structures as it relates to wearing properties and functional 

degeneration. In contemporary disc arthroplasty, three metals are used: titanium and titanium-based 

alloys, stainless steel alloys, and thorough reform of cobalt alloys are given in Table 2, (Hallab, N. 

et al, 2001.) Biomaterial optimization in total disc arthroplasty) 

 

Table 2: Properties of material used in prosthetic cervical discs,( Hallab, N. et al, 2001. Table 

1) 

Material Young 

Modulus 

(GPa) 

Elastic 

Limit 

(MPa) 

Ultimate 

Strength 

(MPa) 

Fatigue 

Strength 

(MPa) 

HVN 

(kg/mm) 

Elongation 

at Fracture 

(%) 

Stainless 

steel 

190 792 930 241 – 820 130 - 180 43 – 45 

CoCrMo 210 – 253 448 – 841 655 – 1277 207 – 950 300 - 400 4 – 14 

TiCaP 110 485 760 300 120 – 200 14 – 18 

Ti-6A1-4V 116 897 - 1034 965 - 1103 620 - 689 310 8 

 

A tabular comparison has done on a random sample of studies, to be able to understand the 

improvement of CD. Studies Evolution over the past years where it is worth mentioning that the 

first study of the development of cervical disc was by Hjamlar Reit. Where Fassio’s silastic disc 

was the first and for some time the only, elastic disc replacement that had been implanted into 

patients, a number of patents were obtained for designs during the 1980s. The most complex of 

designs was patented by Buttermann (Buttermann, G. et al, 1998.) 

 

A classification of CD according to system parameters based on previous studies which are 

(Geometry, Range Of Motion, Durability, Stiffness, Noise, Stress & Strain, Material, Frequency 

range, Load range due to elastic range for cervical spine, Moment loading, Budget) given in Table 

3. 
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Table 3: Classification according to System Parameters 

Parameters References   Remarks  

Geometry Cheng-Cheng Yu et al - 2016 

A. Laville et al,2009 - A. Pe´rez 

del Palomar et al 2007 - Kai 

Yang et al, 2007  

 The lengths and cross-sectional areas of 

the anterior longitudinal ligament, 

posterior longitudinal ligament 

 The geometry defined based on spinal 

anatomy and its potential use in complex 

mathematical models 

Range Of 

Motion 

Cheng-Cheng Yu et al,2016 - 

Emma Baillargeon et al,2012 - 

CT. makola et al 2011 - Y.Y. 

Fan et al 2007  - Qing Hang 

Zhang et al,2004 - F. Liu et al, 

2006 - Elmaazi, A., et al, 2019 - 

Brotzki, C., et al, 2020 - Kim, 

B. J., et al, 2019 

 Flexion 80-90 degrees 

 Extension 70 degrees 

 Lateral flexion 20-45 degrees on both sides 

 Rotation 90°of rotation to both sides. 

 Decreasing overall  

 The TDR shows better significant than 

ACDF 

( p = 0.007) 

Stiffness Ali A. Baa j et al, 2009   Stiffness is the rigidity of an object the 

extent to which resists deformation in 

response to an applied force. 

 A stiff neck characterized by soreness and 

difficulty moving the neck, especially when 

trying to turn the head to the side. 

Noise Kai Yang et al, 2007    A solid vibrating surface, driven or in 

contact with a prime mover or linkage 

 Try to avoid noise and it is source  

Stress & 

Strain 

P.Halldin et al, 2009 - A. Pe´rez 

del Palomar et al, 2007  

 The amount of deformation (strain) 

 Distinct interval of 

tensile or compressive loading (stress). 

Material D. Link et al, 2004 - Song, J., et 

al, 2018 

 Polyethylene, stainless steel, titanium (Ti), 

and cobalt-chrome (CoCr). 

 Allow for particular motion at the disc 

space.  

 UHMWPE 

 CFRPEEK on UHMWPE indicates 

superior wear characteristics 

Frequency 

range 

S. Kitazaki et al,1997 - Guantai 

Zheng et al, 2011 

 A group of frequencies that occur naturally 

 From 2 – 25 Hz 

Moment 

loading 

Qing Hang Zhang et al,2004  A perpendicular distance between the force 

vector and a reference point 

 

A classification of CD according to system variables based on previous studies which are (load, 

material selection and it is properties, mechanical properties, type of element, number of elements, 

axial torsion, bending, geometry& design, mesh, range of disc, boundary condition, range of 
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motion, inter-vertebral angle, movement direction, artificial devices, structure, sample size, mass, 

state of the muscle, central gravity location). Given in Table 4-a 

 

Table 4-a: Classification according to System Variables 

Variables  References  Remarks  

Load Cheng-Cheng Yu et al, 2016 - CT. makola et 

al, 2011 - Smith, S D et al, 2011 -A. Pe´rez 

del Palomar et al, 2007 - Y.Y. Fan et al, 2007 

- Kai Yang et al, 2007 - F. Galbusera et al, 

2006 - F. Liu et al, 2006 - S. Basa et al, 2006 - 

David J. Nuckley et al, 2005 - D. Link et al, 

2004 - P.Halldin et al, 2009 - John A. 

Wheeldon et al, 2004 - Qing Hang Zhang et 

al, 2004 - J. Nuckley et al, 2006  

 Static Load from the head 

and brain 

 Dynamic Load 

 Impact Load 

 Circular Load 

 Find the peak Load in each 

case of study 

 Spinal loading effects on 

the cervical posterior 

nucleus pulposus  

Material 

selection and 

it is 

properties 

Cheng-Cheng Yu et al, 2016 - CT. makola et 

al, 2011 - A. Laville et al, 2009 - Matthew B. 

Panzer et al, 2009 - A. Pe´rez del Palomar et 

al, 2007 - Kai Yang et al, 2007 - F. Galbusera 

et al, 2006 - S. Basa et al, 2006 - David J. 

Nuckley et al, 2005 - Qing Hang Zhang et al, 

2004 - S. Kitazaki et al, 1997 - Iwamoto et al, 

2002 - Song, J., et al, 2018 

 Young’s modulus  

  Density 

 Poisson ratio  

 Modulus of rigidity 

Mechanical 

Properties  

Cheng-Cheng Yu et al, 2016 - A. Laville et al, 

2009 - A. Pe´rez del Palomar et al, 2007 - F. 

Galbusera et al, 2006 -D. Link et al, 2004 -

Guantai Zheng et al, 2011- Song, J., et al, 

2018 

 Hardness 

 Resilience 

 Stress and Strain 

 Elastic deformation 

 Inelasticity 

 Wear & fatigue wear 

Axial 

Torsion 

Cheng-Cheng Yu et al, 2016 - F. Galbusera et 

al, 2006 

 To study 

tensile/compressive 

changes disc height during 

torsion 

Bending Cheng-Cheng Yu et al, 2016 - F. Galbusera et 

al, 2006 - J. Nuckley et al, John A. et al, 2006 

 Lateral Bending 

Geometry& 

Design 

Emma Baillargeon et al, 2012 - CT. makola et 

al, 2011 -Smith, S D et al, 2011 - Matthew B. 

Panzer et al, 2009 - A. Pe´rez del Palomar et 

al, 2007  - Kai Yang et al, 2007 - F. Galbusera 

et al, 2006 - F. Liu et al, 2006 - S. Basa et al, 

2006 - David J. Nuckley et al, 2005 - D. Link 

et al, 2004 - Qing Hang Zhang et al, 2004 - S. 

Kitazaki et al, 1997 - Guantai Zheng et al - 

 Optimum geometry and 

design must be as much as 

the natural disc 

 Check table 4-b, and figure 

3 for Cervical Dimension 

 Comparison between 

ACDF,  TDR & DCI 

 



European International Journal of Science and Technology     ISSN: 2304-9693     www.eijst.org.uk 

 

 

70 

Iwamoto et al 2002, - Ali A. Baa j et al, 2009 

- P.Halldin et al, 2009 - Brotzki, C., et al, 

2020 - Song, J., et al, 2018 

 CFRPEEK-on-UHMWPE 

possible for the application 

of artificial CD 

 ROM index level for CDA  

decrease, where for ACDF 

it increase 

Mesh  Smith, S D et al, 2011 - A. Laville et al, 2009     It is the practice of 

generating 

a polygonal or polyhedral 

mesh that approximates a 

geometric domain 

Range of 

disc 

Emma Baillargeon et al, 2012 - CT. makola et 

al, 2011 -Smith, S D et al, 2011 -A. Pe´rez del 

Palomar et al, 2007 -F. Liu et al, 2006 -John 

A. Wheeldon et al, 2004 - Qing Hang Zhang 

et al, 2004 - J. Nuckley et al, - Elmaazi, A., et 

al, 2019 - Brotzki, C., et al, 2020 - Kim, B. J., 

et al, 2019 

 C0 – C7 

 C3 – C7 

 C4 - C5 

 C5 – C6 

 C6 – C7 

 Multi-level 

 Single level between C3 – 

C7 

Boundary 

Condition 

Smith, S D et al, 2011 - Y.Y. Fan et al, 2007 - 

Kai Yang et al, 2007 -S. Basa et al, 2006 - 

Guantai Zheng et al, 2011 

 A condition that is required 

to be satisfied at all or part 

of the boundary of a region 

in which a set of 

differential conditions is to 

be solved. 

 It can be at rest, injury, 

driving, seating with back 

rest  

Range Of 

Motion 

Emma Baillargeon et al, 2012 - CT. makola et 

al, 2011 -Ali A. Baa j et al, 2009 - David J. 

Nuckley et al, 2005 - Guantai Zheng et al - 

Elmaazi, A., et al, 2019 - Chen, T. Y., et al, 

2020 -  

 Right and left axial rotation 

 Natural Vs Flexion 

 Natural Vs Extension  

 Bone regression with 

Bryan Disc exposure. 

Inter-

vertebral  

angle 

Emma Baillargeon et al, 2012   Angle between upper 

vertebra's lower edge and 

lower vertebra's upper edge 

on disc spaces 

Movement 

direction 

Emma Baillargeon et al, 2012- Zhuang, L. et 

al, 2020  
 Muscle activity during 

cervical rotation 

Artificial 

Devices 

Emma Baillargeon et al, 2012 -Ali A. Baa j et 

al, 2009 - A. Laville et al, 2009 - David J. 

Nuckley et al, 2005 - D. Link et al, 2004 - 

Chen, T. Y., et al, 2020 - Brotzki, C., et al, 

2020 - Kim, B. J., et al, 2019 - Zeng, J., et al, 

2018 

 Author’s used different 

artificial design with 

different material, check 

table 1 

https://en.wikipedia.org/wiki/Polygon
https://en.wikipedia.org/wiki/Polyhedron
https://en.wikipedia.org/wiki/Polygon_mesh
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Structure CT. makola et al, 2011 -F. Galbusera et al, 

2006 - David J. Nuckley et al, 2005 - D. Link 

et al, 2004  

 Check figure 4 for 

optimum structure  

Sample Size CT. makola et al, 2011 -F. Liu et al, 2006 - 

David J. Nuckley et al, 2005 - John A. 

Wheeldon et al, 2004 - J. Nuckley et al, - 

Iwamoto et al 2002,- Zhuang, L. et al, 2020 - 

Elmaazi, A., et al, 2019 - Chen, T. Y., et al, 

2020 

Brotzki, C., et al, 2020 - Kim, B. J., et al, 

2019 

 Different gender patients, 

and different ages  

Mass David J. Nuckley et al, 2005 - P.Halldin et al 

2009 - Guantai Zheng et al 2011 

 Mass of the Scull 

 Mass of the helmet  

State of the 

muscle 

Y.Y. Fan et al, 2007 -P.Halldin et al 2009  - 

Zhuang, L. et al, 2020 - Elmaazi, A., et al, 

2019 

 Tension 

 Relaxation 

 wrong posture for long 

time 

 The dynamic disc model 

principle  

Central 

Gravity 

location 

P.Halldin et al,2009  The point in any solid 

where a single applied 

force could support it; the 

point where the mass of the 

object is equally balanced 

 

To provide a clear understanding of the geometry of the cervical spines such as inferior width, 

anterior height, superior width, and posterior height, a detailed figure and table has been provided 

by Gilad I. et al, 1985 and shown in figure 3 and table 4-b, also to provide detailed about the 

structure of the CD, where the replacement part is the vertebral body and the area inside it, shown 

in figure 4 (File: Cervical 2017). 

 
 

Figure 3: A section of Cervical Spine (Gilad I. et al, 1985) Figure 4: Optimum (Natural) Structur 

for Cervical Disc ( File: Cervical 2017) 
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Table 4-b: Diminssion of  Normal Cervical Spine (Gilad I. et al, 1985, table 2) 

 
 

Where a inferior width of a vertebral body; b, the anterior height of the vertebral body; c, superior 

width of a vertebral body; d, the posterior height of the vertebral body; e and f define the location 

of the most posterior point of spinous. 

 

III. Classification of Cervical Disc according to methodology and approach 

Methodology and Approach: 

After drawing a basic geometry of a cervical disc insert the model or assembly into one of the FEA 

software such as ANSYS or ABAQUS, Define the material, its behavior, and external loading. The 

next step will be analyzing the stress and strain, modal shapes, failure, to find the most damaged 

part of the disc to be improved and redesigned. Using ANOVA will be helpful for test the 

distribution and statistic data of the sample size. Some authors didn’t mention which method was 

used, moreover, very few optimization algorithms had done. Increasingly, FEA software is being 

combined with an optimization package and used in iterative calculations to optimize a critical 

dimension or shape. 

By using the FEA method author’s conceder type of element 3D element, solid and shell element, 

furthermore conceder number of elements must be taken under consideration which bean used to 

create the mesh; where an increasing number of elements will lead to an increase the accuracy of 

the FE model. A classification according methods is shown in table 5 

 

Table 5: Classification according to Methods 

Method  References 

Finite Element S. Kitazaki et al,1997 - Guantai Zheng et al, - Iwamoto et al, 

2002, - P.Halldin et al,2009 - John A. Wheeldon et al,2004 - 

Qing Hang Zhang et al,2004 - F. Liu et al,2006 David J. 

Nuckley et al,2005 - A. Pe´rez del Palomar et al,2007 - Y.Y. 

Fan et al,2007 - Cheng-Cheng Yu et al,2016 - CT. makola et al 

2011 

Microcomputed tomographic 

imaging 

D. Link et al,2004 

Radiographs Emma Baillargeon et al,2012- Zhuang, L. et al, 2020 - Elmaazi, 
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A., et al, 2019 - Kim, B. J., et al, 2019- Zeng, J., et al, 2018 

Clinical study Chen, T. Y., et al, 2020 - Brotzki, C., et al, 2020 - Kim, B. J., et 

al, 2019 - Zeng, J., et al, 2018 

In-vitro Song, J., et al, 2018  

 

Table 6: Classification according to optimization and validation 

 References Remarks  

Validation John A. Wheeldon et al,2004 - 

Matthew B. Panzer et al,2009 

The results were compared 

and validated with previous 

works  

Optimization  Guantai Zheng et al - P.Halldin 

et al,2009  - D. Link et al,2004 - 

Y.Y. Fan et al,2007 - Kai Yang 

et al,2007 - F. Galbusera et 

al,2006 - Smith, S D et al,2011  

 Optimal design  

 Highly accuracy  

 

A classification of Cervical Disc according to system Software: 

Computer software has been developed during the last decades, by increasing demand for using 

software to solve engineering problems it can reduce the required time for calculation. Based on 

previous papers some software like ABAQUS which is used in a vast area of studies, are able to 

compute linear and nonlinear problems, it also can be used in a wide range of mechanical problems 

such as CFD and SA, DA for a different type of materials and 

problems.In order to research the dynamic behavior and injury mechanisms of the cervical spine un

der high Gloadi 

or effects, several finite element models have also been developed (Camacho et al., 1997; Dauvillie

rs et al., 1994; Fre'che 'de et al., 2005; Halldin et al., 2000; Van der Horst et al., 1997; Kay 

Yang et al.2007, 1998; Zhang et al., 2005) 

 

Table 7: Classification according to Software which been used for analysis in previous studies  

Soft ware References 

ABAQUS A. Pe´rez del Palomar et al,2007 - Smith, S D et al,2011 - Cheng-

Cheng Yu et al,2016 

ANSYS A. Pe´rez del Palomar et al,2007 

ANOVA David J. Nuckley et al,2005 - Kai Yang et al,2007 

Simple ware Smith, S D et al,2011 

CAD package CT. makola et al,2011 

Hypermesh Smith, S D et al,2011 

Pro/ENGINEER Cheng-Cheng Yu et al,2016 

ImageWARE Cheng-Cheng Yu et al,2016 

TestStarTM II David J. Nuckley et al,2005   

MathWorks F. Liu et al,2006 
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To develop an artificial CD design steps must be followed as is mention in figure 5. When the 

geometry and model is done it is important to define the model and the material before applying the 

external load which may be static, dynamic, or impact load, and mode shape. By analyzing the 

model it is obvious to find stress and strain, a failure point which is the key to find the most 

damaged part of the disc to be improved and redesign. 

 
Figure 5: Block Diagram for Designing Artificial (CD) 

 

IV. Design Objectives of Cervical Disc 

Classification according to objectives, each author work on different objective than other 

author’s 

 

Table 8: Classification according to objectives in previous studies 

Objectives  References  Remarks  

Determine the prevalence and 

the related biomechanical 

impact of anterior bone loss 

upon CDA 

Chen, T. Y., 

et al, 2020 

 Disappearance or slight alteration 

 Bone regression 

Comparison of Different 

surgical Hybrid Techniques for 

Multilevel CD Degenerative 

Brotzki, C., 

et al, 2020 

 DCI & TDC finds to be more efficient 

than regular ACDF 

Explore the association between  

excessive smartphone use and 

degeneration of the CD in 

young patients with chronic 

neck 

Zhuang, L. et 

al, 2020 

 The posture of using a smartphone 

increase degeneration 

 Lead to cervical spondylosis. 

Test if the cervical disc 

responds to flexed and extended 

postures in a similar way to the 

lumbar disc, despite its 

structural differences. 

Elmaazi, A., 

et al, 2019 

 Changing on the position of cervical 

associated major changes in disc 

nucleus pulposus. (p < 0.01 for C5 – C6, 

C6 – C7) 

Compared TDR using ActiveC 

with ACDF using a stand-alone 

cage. 

Kim, B. J., et 

al, 2019 

 Follow up for 2 years results for both 

shows an excellent prospective for 

ROM 

Examines the wear efficiency of 

PEEK and CFRPEEK against 

UHMWPE for artificial CD  

Song, J., et 

al, 2018 

 Wear rates 3.82 mg/MC PEEK-on-

UHMWPE and 2.34 mg/MC 

CFRPEEK-on-UHMWPE  
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Comparison retrospectively of 

long-term clinical and 

radiographic findings Prestige-

LP Disc, Arthroplasty (CDA) 

and (ACDF). 

Zeng, J., et 

al, 2018 

  Good clinical performance  

Design cervical artificial disc 

C3–C7 segment prosthesis  

Cheng-

Cheng Yu et 

al, 2016 

 Spine degeneration was not considered 

 Long-term follow-up is lacking 

 Perform a biomechanical comparison 

between the new prosthesis and the 

Prestige LP prosthesis 

Properties of dynamic in vivo 

movement 

Emma 

Baillargeon 

et al, 2012 

 Only reported variability within a single 

test session 

 

Develop a validated FE Model 

of the cervical spine 

CT. makola 

et al, 2011 

 The model was developed to study 

injury risk in a dynamic load scenario 

and to better understand injury risk. 

Create dynamic and deformable 

cervical FE model  

Smith, S D et 

al, 2011 

 Model is able to represent structures as 

rigid depending on internal stresses or 

strains 

 Dynamic nature of the model can 

predict loading of various structures 

during a motion 

 Can be used to quantify spine mechanics 

under complex loading conditions 

Understanding effects of 

vibration on health, 

performance  

Guantai 

Zheng et al, 

2011 

 Sensitivity analysis indicated the 

primary resonance the vertical apparent 

mass and the fore-and-aft apparent  

History of joint arthroplasty 

technology  

Ali A. Baa j 

et al, 2009 

 Construct a device that stabilizes the 

involved segment, preserves motion, 

and mimics the kinematics of a healthy 

inter vertebral disc 

Investigate the functional and 

failure biomechanics of the 

cervical spine  

J. Nuckley et 

al, 2009 

 Data were fit with a second order 

polynomial because of its relevance in 

other growth related patterns. 

 Across multiple axes of loading 

Durability A. Laville et 

al, 2009 

 Advantage it ensures an efficient control 

of the mesh quality 

 As a result, the amount of parameters is 

more important for the most functional 

zones to ensure accuracy 

Determine the relationship 

between helmet mass and CG 

location 

P.Halldin et 

al, 2009 
 The optimum position of the CG was 

dependent on the impact direction 

 HDM increases the risk for neck injuries 

in all tissues 
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Develop a model of the C4–C5 Matthew B. 

Panzer et al, 

2009 

 The C4–C5model was validated against 

a number of in vitro studies of the 

human cervical 

The behavior of the cervical 

spine under different types of 

loading situations 

A. Pe´rez del 

Palomar et 

al, 2007 

 All the flexion–extension curves were 

asymmetric about zero. 

Minimizing the fatigue and 

maximizing the endurance 

Y.Y. Fan et 

al, 2007 
 The validation of the constructed head-

neck-torso model is still proceeding 

Illustrate procedures and 

strengths of the Taguchi method 

in biomechanical analysis 

Kai Yang et 

al, 2007 
 Taguchi method strengths: (1) 

consistency in experimental design & 

analysis (2) reduction of time and cost 

of experiments (3) robustness of 

performance  

Prediction of the influence of 

prosthesis placement on C5-C6 

F. Galbusera 

et al, 2006 
 Moment – rotation curves appear linear. 

 Nonlinear load expected for higher 

loads Motion analysis in flexion 

extension 

Determinate in vivo dynamic 

characteristics of normal fused 

and disc replacement  

F. Liu et al, 

2006 
 Disc replacement surgery can rebuild 

the normal motions and may be a better 

alternative of the current fuse surgery. 

Understanding complex 

mechanisms in neck trauma  

S. Basa et al, 

2006 
 This model can effectively reflect the 

behavior of human cervical spine 

 Interest in mitigating effects of injury 

and preventing them 

The relationship between spinal 

development and stiffness and 

failure 

David J. 

Nuckley et 

al, 2005 

 Spinal morphology and mechanics is 

altered in a complex optimization of 

function and maturation 

 Results demonstrate a significant 

relationship between spinal mechanics 

and development. 

Characterize the best foot print 

profile and biomaterial to 

construct Cervical Disc 

D. Link et al, 

2004 
 The metal/polyethylene material 

combination is the best and the most 

suitable for an artificial cervical disc. 

Find the structural response to 

external loading,  

John A. 

Wheeldon et 

al, 2004 

 The flexion/extension curves are 

asymmetric about zero. As well as an 

asymmetric vertebral body shape 

 Determining the role of material 

properties, parametric analyses, and the 

response of normal spines to 

physiologic loading 

 

Simulate the movements of the 

head and cervical spine  

Qing Hang 

Zhang et al, 

2004 

 Largest rotation in extension, followed 

by flexion and axial rotation, and least 

ROM in lateral bending. 

 Under flexion, tension, axial rotation 

and lateral bending 

 The upper cervical spines are more 

flexible than the lower cervical levels 
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Develop a FE model of the 

entire human body  

Iwamoto et 

al, 2002 
 THUMS response showed good 

agreement with cadaver test data under 

some limited condition. 

 To estimate total behaviors and overall 

injuries in traffic accident 

Develop a biomechanical model  S. Kitazaki et 

al, 1997 
 The natural frequency was decreased as 

a result of the much lower shear 

stiffness of tissue compared to the axial 

stiffness. 

 Comparing the vibration mode shapes of 

the model with experimental 

 

V. Discussion and Summary 

Artificial disc replacement is a surgical procedure that replaces a damaged part in spinal with an 

artificial motion device. It has been used in the United State since the beginning of the 20 century, 

but it originated in Europe almost 30 years ago. Moreover benefits of replacement of cervical disc 

with artificial can be summaries as 1-normal movement 2-quick recovery. Early studies suggest 

that in the short term, the complication rate and efficacy are no worse. Long-term results have not 

yet been reported, based on previous studies, some safety equipment may cause risk in the human 

body. When the human body supported by a backrest the body may make contact with the back 

support at the lower, the middle, or the upper part of the back. Optimization had been done on a 

few studies to identified different variables and design, for example, to define the model parameter 

that minimized the mean square errors between the computed and measured median vertical 

apparent mass and the computed and measured median fore-and-aft cross-axis apparent mass at the 

seat over a range of frequency in Hz. The last several decades have witnessed notable milestones in 

the development of cervical disc arthroplasty. The ultimate goal is to construct a device that 

stabilizes the involved segment, preserves motion. The drive for further development of the 

cervical arthroplasty field is likely to continue. It should be noted that previous cervical spine 

segment models have not been validated in shear loading, despite the fact that shear is often 

coupled with motions such as flexion and extension. The previous studies were considered in most 

of the Geometry, Material and it is properties, ROM, Element type and size, Sample size, Load, and 

Mechanical properties as basic variables, with some others difference, which means that this is the 

most important dependent Variables on this area of studies. The GAP was the same in all previous 

studies which are (After the replacement with the artificial disc patients still have pain and 

abnormal range of motion for the neck); more long-term follow-up for patients and sample size 

must be considered, check table 9. 
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Table 9: A tabular summary of literature review to highlight the research gap on studying the case of designing CD 
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VI. Conclusion 

The cervical Disc is one of the more vitally important and mechanically astounding skeletal 

structures, which allows a vast range of motion between the vertebrae in the neck, all the while 

absorbing large amounts of compression from regular movement. This paper presents a 

comprehensive review and critical comparison of the most recent design and optimization methods 

of the cervical disc. In order to solve an optimization problem of an artificial disc, various 

assessment parameters such as load, material and it is properties and geometry are explained and 

summarized. The selection of some of these parameters is essential to obtain an optimal 

combination for the artificial disc. Based on the review, it is observed that the use of experimental 

results and validate data in the optimization problem improve the results compared to the use of 

analytical solution only, but unfortunately a few authors used optimization algorithms, as it is 

mention in tables (6 and 9). Most of the papers for the CD system are carried out based on finite 

element analysis including a selection of the type of element, number of elements, and mechanical 

properties. However, as a natural geometry, ROM and natural material are considering as the most 

important constrains, there is a need for even much accurate and highly advanced optimization for 

selecting artificial disc replacement. Therefore, to solve the complexity of this mechanism, hybrid 

algorithms and more optimization algorithms with robust controllers need to apply for CD 

problems. Moreover, software computer tools are also used widely for designing artificial CD. 

However, using modern techniques, material and methods will provide more accurate optimization 

results than the regular software and the old tools as they have the ability to solve multi-objective 

optimization problems. This paper reviews the main basic research methods and their 

corresponding applications in CD, aiming to let more experts know the current research status and 

also provide some guidance for relevant researches. Based on previous studies FE method is the 

most appropriate to follow. Moreover, in the proposed study the objective will be, to design and 

analysis a CD.    
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