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SUMMARY 

To date the majority of research on biomechanical testing 

has been conducted using adult cadaver spines or animal 

spines. It was difficult to find any previous research on the 

mechanical behaviour of the adolescent spine or child spine. 

This paper considers the construction and behaviour of an 

artificial adolescent spine model for the study of forces 

acting in the spine. An artificial spine was constructed using 

polyurethanes and silicones materials. Two models of 

artificial spine were considered for this research. The first 

consisted of discs and vertebrae while the second consisted 

of discs, vertebrae and ligaments with the latter were an 

improvement of the former. Biomechanical tests were 

conducted using the six degree freedom spine simulator from 

the Bionix Servo Hydraulic Test System machine from 

MTS. The results indicate that the preliminary test still in its 

infancy which requires further study with axial rotation 

showed the closest value when compared with human and 

animal spine. 

 

INTRODUCTION 

The original research aimed at assisting spinal surgical 

procedures by identifying the significant correction forces 

required in scoliosis spinal fusion surgery. This paper forms 

part of this research and the most important element which 

was to develop the artificial spine. This research started with 

a three dimensional diagnostic method developed for a 

number of different scoliosis conditions using design 

software Pro-Engineer. Based on the analyses, the most 

affected region was the middle thoracic region (T4-T8) and 

hence the testing was carried out only on this region.  

 

The mechanical behaviour of all regions in the human spine; 

cervical, thoracic and lumbar are continually being 

investigated. It was perceived that the best way to describe 

the mechanical behaviour of the human spine when 

subjected to loading or forces was by initiating three 

dimensional load displacements. Most research that has been 

reviewed observed displacements when certain moments or 

forces were applied. In this study, instead of applying forces 

or moments to the spine, displacements (degrees) were used 

as the control mode and the moments acting on the spine 

were observed as it can be easier to determine the 

displacement in scoliosis cases. The objectives were to 

investigate the significant forces acting on adolescent spine 

and to observe the comparison with an adult spine. 

METHODS 

Fabrication of an artificial spine 
This research did not use a biological spine (cadaveric or 

animal) for obvious ethical reasons. An artificial model of an 

adolescent’s spine was fabricated. A human spine typically 

consists of vertebrae, intervertebral disc and ligaments. 

However, the first experiment started with a simple model 

consisted of vertebrae and discs. The methods used to 

construct the model listed below: 

i. A paediatric spine (8-9 yrs old) was purchased from 

Sawbones.  

ii. A prototype was fabricated using Selective Laser 

Sintering (SLS) the model was enlarged to twice the 

normal size to suit the MTS machine.  

iii. A mould was made out of the prototype and an 

artificial model was produced consisting of discs 

and vertebrae from T4-T8. 

For the initial part of this study, the spinal model consisted 

of vertebrae and discs. Nevertheless, the materials selected 

for the artificial spinal model were stronger than the real 

human spine it was however quite difficult to find more 

compatible materials. Comparison of mechanical properties 

of the human spine from existing research was compared 

with the materials used in this spinal model and are shown in 

Table 1. 

Part Human Spine Artificial spine 

Vertebra 
[Compressive  

Strength] 

Messerer [1] :  
CS from T4 –T8 range 

from 13.79 – 20.68 MPa 

SmoothCast 300 [4]: 

CS given is 27.58 MPa  

Intervertebral 

Disc 

[Tensile Stress ] 

Brown et al [2]: 

TS varied all over disc 
but the strongest range 

from 2.07-4.83 MPa 

SortaClear 40 [4]: 
TS given 5.52 MPa 

Ligaments 

[Failure 
Strength] 

Average value for all 

type of ligaments was 
2.12 MPa [3] 

MoldMax 40[4]: 

FS given is 3.98 MPa 

 

Table 1: Comparison of mechanical properties of human 

spine and materials selected. 

 

A more complex model was developed which consisted of 

vertebra, disc and ligaments following the results from first 

model which showed small significant comparison. The 

improved artificial spine model was fabricated with each test 



model consisting of two vertebrae. Figure 1 show

fabricated artificial spine. 

 

Experimental Setup 

A 500 N pre-load was applied then displacements were 

applied at flexion/extension and lateral bending both righ

and left to the maximum of 16°. As for axial rotation left and 

right, the maximum displacements were 20°. The 

were cycled at a frequency of 0.2Hz for a total of 

each motion. The data from the six degree of freedom load 

cell were collected at each cycle at each increment. 

used was from the last 2 cycles as the first 3 cycles

considered as pre-test. 

 

 
 

Figure 1: Artificial spine (a) vertebra and disc (b) 

disc and ligaments. 

 

RESULTS 

The data was presented in a moment-displacements curve for 

all six motions; flexion, extension, lateral bending (left and 

right) and torsion (left and right). Composite graphs of 

flexion-extension, lateral bending and axial ro

shown in figure 2 for T4-T5, T5-T6, T6-T7 and T7

 

  

 

 

Figure 2: Composite graph for T4-T5, T5-T6

T7-T8. 
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Figure 1 shows the 

displacements were 

applied at flexion/extension and lateral bending both right 

. As for axial rotation left and 

0°. The specimens 

Hz for a total of 5 cycles at 

each motion. The data from the six degree of freedom load 

increment. The data 

used was from the last 2 cycles as the first 3 cycles were 

a) vertebra and disc (b) vertebra, 

displacements curve for 

lateral bending (left and 

Composite graphs of 

extension, lateral bending and axial rotation were 

T7 and T7-T8. 

 

 

 

T6, T6-T7, and 

DISCUSSIONS 

To the best of the author’s knowledge, there wa

existing research data to compare with

displacements as a control mode.

compared to “Range of motion” 

in a human spine and calf spine when 

applied. This study was conducted by Wilke et al [5] and 

White and Panjabi [6].  

 

Table 2: Range of motion (ROM) between human spine, 

calf spine and artificial spine

 

The current model did not achieve a moment/torque of 

7.5Nm although the specimen had been put under 20° 

displacements. Therefore the data 

moments that it takes to reach the stated displaceme

the data, it showed + 75% difference between calf spine and 

human spine at 7.5Nm moments. Despite this fact, calf 

spines have been used widely for research purpose 

cadaveric spines. 

 

CONCLUSIONS 

In conclusion, this spinal model although still in its

enables the following observation

i. The current model can reach a displac

at 7.5 Nm moments.  

ii. However, axial rotation showed a promising result as 

it took almost 5 Nm to reach 12° to 15° ROM where 

as in human spine it took 7.5 Nm. 

Future work will consider conducting experiment

spines using the similar experimental condition with the 

artificial spine. Clearer observation

ACKNOWLEDGEMENT 

This work has been supported under 

Research Strand 1, Ireland. N.A

support from Ministry of Higher 

University Malaysia Perlis (UniMAP)

 

REFERENCES: 

1. Messerer O (1880) Uber Elastic tat and Festigkeit der 

Meuschlichen Knochen, J G Cottaschen 

2. Brown T, Hanson R, Yorra A (1957)

3. Meijer GJM, Homminga J, Hekman EEg, Veldhuizen 

AG, Verkerke GJ (2010) Journal of Biomechanics

1597. 

4. Smooth-on material at www.smooth

5. Wilke H.J, Claes L, Schmitt H, Wolf S (1994) 

Spine Journal 3; 91-97. 

6. Panjabi M.M, Brand R.A, White A.A III, (1976)

and Joint Surg Am 58; 642-652

 

ROM 
Calf spine (°) 

ROM  
Spine (°)

Flexion 

 
2.3 + 0.24 ± 5

Extension 

 
1.5 + 0.45 ± 5

Axial 

Rotation 
4.5 + 0.32 12 to 15

Lateral 

Bending 
4.8 + 0.58 10 to 12

b 

knowledge, there was no apparent 

compare with, that applied 

mode. Therefore, the data was 

 (ROM) produced by T6-T7 

alf spine when + 7.5 Nm moment was 

was conducted by Wilke et al [5] and 

Range of motion (ROM) between human spine, 

calf spine and artificial spine [5, 6]. 

he current model did not achieve a moment/torque of 

7.5Nm although the specimen had been put under 20° 

displacements. Therefore the data was compared with the 

o reach the stated displacement. From 

difference between calf spine and 

human spine at 7.5Nm moments. Despite this fact, calf 

for research purpose to replace 

In conclusion, this spinal model although still in its infancy, 

observations to be made: 

reach a displacement over 50° 

However, axial rotation showed a promising result as 

it took almost 5 Nm to reach 12° to 15° ROM where 

as in human spine it took 7.5 Nm.  

work will consider conducting experiments on animal 

using the similar experimental condition with the 

observations can then be made. 
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Human 
Spine (°) 

Current Model 

± 5 
2°- 3° = 0.0721 Nm 

5° = 0.1447 Nm 

± 5 
1° - 2° = 0.0440 Nm 

5° = 0.1480 Nm 

12 to 15 
4° - 5° = 2 Nm 

12° - 15° = 4.7680 Nm 

10 to 12 
4° - 5° = 0.1328 Nm 

10° - 12° = 0.3293 Nm 


