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Introduction 
The cervical spine is one of the most complex 
structures of the human body. This region has 
a high incidence of trauma and degenerative 
disease. The aim of this work is to develop a 
finite element model of the cervical spine and 
to study the influence of the ligaments on the 
movements of its structural units. 
 
Materials and Methods 
A C2-T1 finite element model was developed 
in order to simulate the biomechanical 
behavior of the cervical spine. The interactions 
and material properties of the model are 
similar to Fernandes et al. [Fernandes, 2012]. 
Five major cervical spine ligaments were 
incorporated into the model: the anterior 
(ALL) and posterior longitudinal (PLL), 
ligamentum flavum (LF), interspinous (ISL) 
and capsular ligaments (CL). These structures 
were defined as tension only truss elements. 
To perform the finite element analysis, all 
materials were considered linear elastic, and 
the applied loads were based on the work 
performed by Panjabi et al. [Panjabi, 2001] in 
order to simulate the basic movements of the 
spine. It was studied the influence of material 
properties and cross sectional area (csa) of the 
ligaments on the range of motion results 
(ROM) and its validation with others in vitro 
and computational models. 
 
Results and Discussion 
The finite element analysis was performed to 
study the influence of the ligaments on the 

ROM. The incorporation of the major cervical 
spine ligaments increased the stiffness of the 
model as expected. The model's stiffness 
decreased with the changes of material 
properties of all ligaments and of the cross 
section area of CL. The ROM for the extension 
movement was less influenced by these 
changes as expected. Finally, all ROM results 
from our model were compared and are in 
good agreement with others in vitro and 
computational models (Fig. 1).  
 
Conclusion 
The development of a model which accurately 
reproduces the behaviour of the cervical spine 
is important to the study the influence of 
trauma and diseases in the biomechanics of the 
spine. The ROM results were validated with 
other models confirming its feasibility.  
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Figure 1.  Comparison of ROM values obtained with the present computational model  

with others computational and experimental studies.  

 
For our model: 1 - without ligaments; 2- 4 with ligaments: (2, 4 - mat prop Zhang et al, (2005, 2006): ALL E=30 MPa, PLL 
E=20 MPa, LF, ISL, CL E=10 MPa; 2,3 - csa 5mm2; 3 - mat prop Teo et al, 2001: ALL E=54,5 MPa, PLL, CL E=20 MPa, 

LF, ISL E=1,5 MPa; 4 csa 1,25 mm2). A - Panjabi et al, 2001; B- Kallemeyn et al, 2009; C - Zhang et al, 2006 
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