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Abstract: In totality of 100% nearly about 85% of adult’s falls back pain, which directly related to their daily 

assignments and activities, 25% of people identified lower back pain which is related with the vertebral compression. 

Spinal de-generation is also an illness which directly affecting women and men of various age groups. Spine injury is 

generally seen in vertebrae L1– L5 and respective intervertebral disk. The intervertebral discs serves as the spine's 

shock absorbing system, which protect the brain, vertebrae and other parts. The proposal of the present research is to 

design an artificial intervertebral disc using hexagonal honey comb structures to enrich the energy absorption rate. 

These cellular structures can provide high strength-to-weight ratio and significant weight reduction. Further to this the 

honeycomb structured artificial intervertebral disc and solid structured artificial intervertebral disc will be assessed by 

modelling in CAD and Finite element analysis (FEA) with boundary conditions. The comparison of the solid structured 

IVD and honeycomb structure IVD will be done. 
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I. INTRODUCTION 

Back pain is a common illness as the ages of the person’s 

increases. Mostly it happens in between 40–50 years. 

Worsening conditions of the lumbar spine are the foremost 

causes of back pain. When the cost of treatment is united 

with the cost of vanished productivity, the financial effect 

of back pain is huge.  For progressive stages of 

symptomatic disc erosion, discectomy followed by fusion 

will be utmost treatment followed. Later fusion, the 

functional spinal unit (FSU) lost its motion and turn into 

dysfunctional such that the motion earlier afforded to the 

spine lost. There is evidence that this leads to accelerated 

degeneration of the adjacent non-fused discs, initiating a 

cascade of degeneration, fusion, and next level 

degeneration. The aims of inserting an artificial disc are to 

re-establish the normal biomechanics of the section, to 

reduce pain, and to avoid additional deterioration at 

neighbouring sections.  The theme of this study, develop 

an honeycomb structured artificial intervertebral disc and 

is proposed to supplant a degenerated disc, and to function 

in conjunction with the lateral and posterolateral anulus, 

posterior elements, and surrounding muscular ligamentous 

elements, thus restoring the kinematics of a healthy FSU.   

II. LITERATURE 

Nowadays many people suffer from spinal disorders which 

may be a cause of the low back pain syndrome. One of the 

treatment procedure is substituting the deteriorated 

patient’s disc with a non-natural device such as a 

prosthesis which reduces the pain and re-establishes 

functional motion of the working spinal section, 

comprising of 2 vertebras and an IVD [1]. The implant 

should work without harm to human about 50 years and 

shouldn’t create allergic reaction to the human body. The 

components of the prosthesis have to satisfy many criteria. 

One of them is to guarantee low strain and stress levels 

within the ranges of motion when subjected to loads that 

take place in the spine. Stain and stress assessment in the 

spinal section with the artificial IVD is a multifaceted 

problem and thus includes mathematical simulation. This 

paper presents the application of the FEA in an artificial 

IVD modelling. 2 types of artificial IVD are well-known: 

the flexible and ball-joint prostheses. The ball joint type 

comprises of 2 rigid metal plates with a curved inset [2] or 

2 rigid metal components (concave-convex) [3]. Presently, 

the ball joint implants are most frequently implanted. In 

recent times, some results were printed specifying that 

imprecise imitation of kinematics i.e. motion and 

inadequate confrontation to the shearing forces in the 

spinal sections with the ball joint prostheses and causing of 

damages to the facet joints [4]. As fairly separate from this 

design, the flexible implants has an elastomeric part 

imitating the human IVD. The key problem is how to join 

the inlay to the vertebrae, so some devices were implanted. 

They furthermore had 2 porous metal plates next to the 
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inlay which allowed the prosthesis to develop into the 

vertebral body [4], [5]. The query is how to evade the 

fatigue of the inlay which causes crack promulgation 

inside the elastomeric inlay or at the boundary among the 

plates and inlay [5]. This is mainly significant if the 

interface is attached. So, the shape of an outer region of 

the elastomeric inlay must be particularly intended to 

avoid moderately high strains happening during rotational 

and translational movements. The material properties of 

the inlay must be fitted to the load scales and the ROM 

(range of motion) occurring in the spine. Moreover the 

joint among the plates and the inlay must be resilient to 

wear. 

These necessities might be happened due to a choice of a 

composite material whose properties might be accustomed 

and even altered through the inlay. For example, Nano-

composite poly-urethane unveils features like fatigue 

resistance, bio-compatibility and strength subject on its 

chemical configuration, and exposes good cohesion at the 

interface among metallic alloys. The new manufacturing 

tools of this material was recently established at WUT [6]. 

Hence, the Nano-composite poly-urethane is considered as 

the material which can be functional in an elastomeric 

inlay [4]. Alternative design of the flexible artificial IVD is 

the prosthesis with a frictional joint, where the separate 

elastomeric inlay might slip among the plates. The key 

disadvantage of this implant is obviously wear debris, but 

the use of a more resistant and rigid material of the inlay 

might result in alike flexibility as that attained for the 

prosthesis with an integral inlay. This type of joint can also 

be categorised by the noticeably lower strain and stress 

values in comparison with those of an integral inlay, 

particularly during rotational motion. Also, the mutual 

problem with the flexible and ball joint implants lay in a 

fusion of the implanted spinal section, produced probably 

by the implant design or the way of implantation (to what 

extent the degenerative disc was removed). This fusion 

was formed by tissue in growth among the implant plates. 

Therefore, for instance, it seems that short term effective 

results of implantation of the contemporary flexible 

prosthesis Physio-L [4] must be verified in a longer time 

period since the probability of spinal segment fusion. In 

the case of the prosthesis with a different inlay, the 

external regions of the elastomeric inlay need not to be 

detached since high strain will produce, so it appears to be 

less vulnerable to undesirable fusion. Thus, this type of the 

elastomeric prosthesis was mainly taken into account in 

this paper. The FEM of the functional spinal segment 

comprised the remains of lumbar vertebral bodies alike to 

L4 & L5 of the prosthesis. Both types of the flexible 

artificial IVD were examined. The prostheses comprised of 

2 metal plates and the elastomeric inlay. The size of inter-

vertebral space was the same for the prosthesis with an 

integral inlay and that with a distinct inlay. The isotropic 

linear model of material was anticipated for the cortical 

bone, trabecular bone and the metal plate made of Cr– Co–

Mo alloy [7]. 

Sagittal bending frequently arises throughout day-to-day 

actions. On the basis of literature the ROM was expected 

to be +13° for lateral flexion and –7° for lateral extension. 

The simulation of sagittal bending was run for a full ROM 

below constant compressive load of 400-600 N. Half 

model of the prosthesis with a distinct inlay was analysed 

in respect of the symmetry plane. Load was applied as the 

forced displacements which created circumferential 

movements of the upper plate round the centre of rotation 

located near the lower vertebral body surface among 1/3 

and 1/4 of the IVD length measured from the side of the 

vertebral canal [8]. The greatest difference between the 

natural and artificial discs occurred in axial rotation. The 

stiffness of implant was not sufficient but this small 

stiffness might have exerted positive influence on the facet 

loads. The ball-joint prosthesis which did not have 

rotational stiffness was analysed by SCHMIDT et al. [9] 

III. INTERVERTEBRAL DISC 

The linkages of the vertebral elements are inferior 

cartilaginous joints (symphyses) intended for strength and 

weight-bearing. The joining surfaces of neighbouring 

vertebrae are attached by discs and ligaments. 

The intervertebral discs offer robust bonding among the 

vertebral bodies, bonding them into a continuous semi-

rigid support and creating the inferior half of the anterior 

border of the intervertebral foramen. In collective, the IVD 

account for 20% to 25% of the height of the vertebral 

column. As well as allowing motion among neighbouring 

vertebrae, their strong deformability lets them to aid as 

shock absorbers. Each intervertebral disc comprises of an 

annulus fibroses fibrous part, comprises of concentric 

lamellae of fibrocartilage, and a nucleus pulposus 

composed of gelatinous central mass. 

 

Figure 3.1 Intervertebral disc 

IV. FUNCTIONAL SPINE UNIT 

A functional spinal unit (FSU) consists of two vertebrae, a 

disc, two facet joints and any other structures that span 

between these two vertebrae. This is considered the basic 
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functional unit of the spine, and is studied to evaluate the 

effects disease, degeneration, implants or other procedures 

have on spinal biomechanics. The disc allows motion in 

six degrees of freedom, yet motion is limited by the fibers 

in the disc in addition to the ligaments, facet joints and 

other structures of the spine. 

 

Figure 4.1 Functional spine unit 

V. CURRENT METHODS OF 

TREATMENT OF LOW BACK PAIN 

Pain may arise at any stage of the degenerative continuum: 

from a simple annular wear, to whole IVD degeneration, 

instability, deformity and compromise of the neural 

elements. Most of ailments, conventional measures are in 

order. With time, studies on successive radiological 

imaging such as MRI have shown a decrease in the size of 

herniated deformity IVD fragments. This is supplemented 

by a reduction of symptoms. Effective intervention is 

indicated when: (1) conservative measures fail; (2) when 

radiographic imaging indicating nerve compression is 

dependable with the neurological, physical and historical 

findings; and (3) when hyper-mobility converts to frank 

instability and physiological stress of usual motion directly 

injure the neural essentials, or impend to do so. Operating 

procedures for degenerative lumbar IVD circumstances 

comprise de-compression (releasing compression on nerve 

components by excision of ligament, IVD, hypertrophied 

bone), fusion or a mixture of both. The major tenacity of 

discectomy is to excise any IVD material which 

compresses the spinal nerve causing discomfort, sensory 

changes or paleness in the dissemination of the effected 

nerve. The conventional open discectomy surgery, 

posterior approach needs elimination of a small portion of 

ligament and lamina (ligamentum flavum) with an incision 

into the posterior annulus. Approaches finding increasing 

medical utility comprise percutaneous practises which let 

elimination of the IVD material over small (4.5 to 6 mm or 

less) cannulae, therefore possibly decreasing damage to the 

ligament, annulus and bone during the operating method. 

Discectomy is effective in releasing the radicular pain 

produced by a herniated IVD. Yet, such surgery alone is 

unable to reinstate the nucleus to its original load sharing 

capacity and makes long term results more uncertain”. 

IVD degeneration and its sequelae are allowable to remain, 

and maybe are enhanced by the surgical interference. This 

can lead to modifications in spine firmness. Finally, 

progressive disc thinning, improved compressive stress on 

the annulus, progressive degeneration and spinal stenosis 

may change over the years after the surgery. 

Fusion means removing a motion section among 2 

vertebrae by usage of bone graft and occasionally by the 

usage of internal fixation. This process is done for gross 

uncertainty of a motion section subsequent from traumatic 

degeneration or injury. It is also achieved by some doctors 

to eliminate motion at a painful, but steady, degenerative 

IVD. Ablation of the joint removes the basis of chemical 

irritants, removes uncertainty and hopefully the pain which 

these aspects yield. The success rate of spinal fusion, still, 

is poorly clear in the literature and differs in a very wide 

variety 32% to 98%. Bio-mechanical study also shows that 

fusion changes the bio-mechanics of the spine and causes 

bigger stresses it has to be experienced at the intersection 

among unfused and fused sections”. This indorses 

degeneration and initiates the cycle anew. 

VI. PROSTHESES: THE PERFECT KEY 

TO LOW BACK PAIN 

If disability and pain initiate from a degenerative or 

disrupted IVD, is it likely to remove the pain while 

conserving physiological motion. If a herniated disc is 

removed, is there any way to substitute the biomechanical 

and physiological role of the nucleus and thus continuance 

of the degenerative cascade? An assenting solution to the 

above queries implicates the use of an ‘artificial IVD’. 2 

types of intervention are probable: (1) total disc 

replacement (annulus and nucleus) and (2) a nucleus 

pulposus implant. Both approaches need replication of the 

natural structure, substantial strength which ha to last 

greater than 45 years, safety and ease while implant 

removal or placement. Total IVD substitutes would be 

used when elimination of all potential bases of pain, 

comprising annulus and nucleus, is essential and when the 

annulus has unsuccessful and is unable to restore. Designs 

to date comprise: (1) low-friction sliding surface like the 

ball-socket joint; (2) hinge & spring systems; (3) contained 

fluid filled compartments; and (4) IVD of rubber and other 

elastomers. Nucleus alternates must re-establish disc 

height and return annular fibres to their usual length. Re-

establishing the usual load sharing among the facet joints, 

nucleus, and annulus might permit curative of the annulus 

and avoid degeneration of the facet joints. The implant 

must be proficient to pressure variation with position 

variation and reconstructing the IVD cushioning effect. 

Developments in design and material are moving slowly 

toward the perfect solution. Material properties to be 

considered are resistance to long-term compressive creep, 

bio-compatibility and endurance. The design should 

duplicate natural IVD dynamics, plan for material 
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compatibility within the implant to minimize wear if 

several mechanisms are used, use a harmless insertion 

procedure, and have a consistent attachment or interface 

between implant and host. 

VII. MODELLING OF ARTIFICAIAL 

HONEYCOMB AND SOLID 

STRUCTURE IVD 

The three dimensional modelling of honeycomb and solid 

structured artificial intervertebral disc are done in NX 

software which is a leading provider of CAD/CAM/CAE 

software. The dimensions of the IVD are given in the 

following table.  

Table 7.1 Height of IVD 

 
Height in mm 

L1-L2 L2-L3 L3-L4 L4-L5 

Anterior 10.5 12.2 13.2 14.2 

Middle 10.8 13.2 14.2 13.5 

Posterior 7.5 9.2 10.0 9.0 

The height of the honeycomb structure was taken as 6 mm. 

 

Figure 7.1 Honeycomb artificial IVD 

 

Figure 7.2 Solid artificial IVD 

VIII. FINITE ELEMENT ANALYSIS 

The finite element analysis of honeycomb and solid 

structured artificial intervertebral disc are done in ANSYS 

software which is a leading provider of CAE software. The 

loading conditions we have considered are from normal 

human daily assessments. The loading conditions we 

consider are  

1. Compression in –Z direction of 400N 

2. Compression in –Z direction of 500N 

3. Compression in –Z direction of 600N 

4. Flexion (Moment) in Y direction of 8 N-m 

5. Extension (Moment) in –Y direction of 6 N-m. 

 
Figure 8.1 Fixed boundary condition 

 

Figure 8.2 Load applied on the structure 

The results are showed below 

 
Figure 8.3 Deformation occurred for polyethylene 

honeycomb IVD when compression load acting 600N 

 
Figure 8.4 Deformation occurred for polyethylene solid 

IVD when compression load acting 600N 
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Figure 8.5 Stress occurred for polyethylene honeycomb 

IVD when compression load acting 600N 

 
Figure 8.6 Stress occurred for polyethylene solid IVD 

when compression load acting 600N 

 
Figure 8.7 Strain occurred while polyethylene 

honeycomb IVD when compression load acting 600N 

 
Figure 8.8 Strain occurred for polyethylene solid IVD 

when compression load acting 600N 

 
Figure 8.9 Deformation occurred for polyethylene 

honeycomb IVD when compression load acting 500N 

 
Figure 8.10 Deformation occurred for polyethylene 

solid IVD when compression load acting 500N 

 
Figure 8.11 Stress occurred for polyethylene 

honeycomb IVD when compression load acting 500N 

 
Figure 8.12 Stress occurred for polyethylene solid IVD 

when compression load acting 500N 
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Figure 8.13 Strain occurred for polyethylene 

honeycomb IVD when compression load acting 600N 

 
Figure 8.14 Strain occurred for polyethylene solid IVD 

when compression load acting 500N 

 
Figure 8.15 Deformation occurred for polyethylene 

honeycomb IVD when compression load acting 400N 

 
Figure 8.16 Deformation occurred for polyethylene 

solid IVD when compression load acting 400N 

 
Figure 8.17 Stress occurred for polyethylene 

honeycomb IVD when compression load acting 400N 

 
Figure 8.18 Stress occurred for polyethylene solid IVD 

when compression load acting 400N 

 
Figure 8.19 Strain occurred for polyethylene 

honeycomb IVD when compression load acting 400N 

 
Figure 8.20 Strain occurred for polyethylene solid IVD 

when compression load acting 400N 
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Figure 8.21 Deformation occurred for polyethylene 

honeycomb IVD when flexion load acting 8Nm 

 
Figure 8.22 Deformation occurred for polyethylene 

solid IVD when flexion load acting 8Nm 

 
Figure 8.23 Stress occurred for polyethylene 

honeycomb IVD when flexion load acting 8Nm 

 
Figure 8.24 Stress occurred for polyethylene solid IVD 

when flexion load acting 8Nm 

 
Figure 8.25 Strain occurred for polyethylene 

honeycomb IVD when flexion load acting 8Nm 

 
Figure 8.26 Strain occurred for polyethylene solid IVD 

when flexion load acting 8Nm 

 
Figure 8.27 Deformation occurred for polyethylene 

honeycomb IVD when extension load acting 6Nm 

 
Figure 8.28 Deformation occurred for polyethylene 

solid IVD when extension load acting 6Nm 
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Figure 8.29 Stress occurred for polyethylene 

honeycomb IVD when extension load acting 6Nm 

 
Figure 8.30 Stress occurred for polyethylene solid IVD 

when extension load acting 6Nm 

 
Figure 8.31 Strain occurred for polyethylene 

honeycomb IVD when extension load acting 6Nm 

 
Figure 8.32 Strain occurred for polyethylene solid IVD 

when extension load acting 6Nm 

IX. RESULTS 

The developed model will be successful when the induced 

stress are lower than yield stress of the material 

considered. In order to analyse the results the following 

plots are drawn. 

 
Figure 9.1 Comparison of force vs. deformation of solid 

and honeycomb IVD 

 
Figure 9.2 Comparison of force vs. stress of solid and 

honeycomb IVD 

 
Figure 9.3 Comparison of force vs. strain of solid and 

honeycomb IVD 

 
Figure 9.4 Stress strain curve of solid IVD 
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Figure 9.5 Stress strain curve of honeycomb IVD 

From the analysis results it is clear that the stress induced 

in both the solid and honeycomb structured IVD are under 

yield point of the material. Thus the both models are 

feasible. But our main goal is to increase the energy 

absorption rate of the structure. From the figure 9.1 the 

energy absorption rate is high for honeycomb IVD 

compared to solid IVD at all loading conditions. Similarly 

the deformation and strain rate are also high for the 

honeycomb IVD compared to solid IVD from figure 9.2 

and 9.3. 

The applied stress is considered to be the most 

important factor for the long-term success of the 

prosthesis. 

X. CONCLUSION 

A three dimensional non-linear finite element analysis was 

preformed to compare and investigate the feasibility of the 

artificial intervertebral disc. Compressive loads of 400N, 

500N, 600N, moment of 8 Nm and 6Nm was applied to 

the solid and honeycomb structured artificial IVD.  

The obtained results showed that the maximum stress 

induced in the solid and honeycomb structured IVD are in 

permissible range i.e. lower than the yield point of the 

polyethylene. The range of motion and disc pressure of the 

solid and honeycomb structured IVD are normal which can 

be analysed when moment was applied. The maximum 

stress induced when moments are applied are within limits. 

But when we compare both the solid and honeycomb 

structured IVD the energy absorption rate is more for the 

honeycomb structured IVD.  The weight of the honeycomb 

IVD is less when compared to the solid one. Results 

indicate that the use of honeycomb structured IVD implant 

will provide similar functionality as that of intact spine. 

The presented biomechanical model can be improved in 

future by considering the adjacent vertebrae, ligaments etc. 

The structure have to be provided supporting structures for 

fixing in between the IVD and corresponding vertebrae 

and feasibility have to be analysed. 
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