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Some aspects of applying the external stabilization method to the treatment of selected cases of tibia 
fractures make the subject of this paper. ZESPOL, used as an external stabilizer , was selected from among 
many other methods. In order to define the state of deformations and stresses existing in a fractured tibia 
stabilized with ZESPOL, an unconventional quantitative model was prepared. Finite element analysis was 
applied to the strength analysis of the whole system. Some final results and computations are presented . 

1. INTRODUCTION 

The use of finite element analysis (FEA) in the orthopedic biomechanics was started after the FEA 
method had been well established in traditional engineering applications. Rybicki et al. [15J and 
Brekelmans et al. [IJ were probably among the first to use FEA for stress calculation in the femur. 
Since their two-dimensional analysis was made, in the last decade an enormous progress has been 
achieved in applying the finite element method to the bone and joint mechanics, obtaining a high 
degree of sophistication. 

The structural elements that are subjected to analysis include the bone, articular cartilage, and 
the intervertebral disk. These diphase biological materials are heterogeneous and anisotropic, with 
time-dependent non-linear behaviours. Metals, ceramics, graphite, and polymers are commonly used 
in the fixation of a bone fracture and a prosthetic joint replacement. To fix joint implants to the 
bone, polymethylmethacrylate is used as a grouting agent (bone cement). Because of the structural 
and material complexities, simplified assumptions must be made to obtain practical solutions. 

The most common stress analysis in the orthopedic biomechanics includes the traditional 
limit-value problem where body and surface forces or displacements are well defined. With elas
to dynamic problems, the ill-defined energy function associated with non-linear material properties 
has created new challenges in applying the finite-element analysis to the orthopedic biomechan
ics . Interface loosening has been a significant problem in the field of joint prosthetics . Unknown 
limit ing condit ions and the associated failure criteria require innovative modelling and computa
tional methods. Simple two-dimensional models, using either the technique of an effective modulus 
or the approach of a reinforcing side plate (spanning element) approach, were tried to solve the 
three-dimensional problem. Axial-symmetry models using ring elements have proved to be useful 
for selected geometric shapes. The virtually three-dimensional model appears to be most attractive , 
but its benefit must be carefully weighed in relation to the increased costs involved. 

It is important to determine the amount of stress distribution in the bone; its biological remod
elling appears to be related to the stress location [8, 16J. The femur has been studied extensively 
because of its common involvement in the joint disease and a full-hip replacement. Both two and 
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screws onto the bone tissue is presented in Fig. IV. In this case the bone tissue on the other side 
of the stabilizer plate at the junction place with the bolts is very strained. 

U sing this computational model (Fig. 7) one may perform a numerical simulation of the state 
of effort of a fractured bone not only at the first stage of treatment but also for the next treatment 
stages when the bone knits and at the place of a fracture the calls has been formed which, during 
different treatment periods, has got from 0% up to 100% of the sound bone rigidity. The aim of 
t he numerical simulation of the effort of a bone treated using the ZESPOL stabilizer is to select 
its rigidity for individual treatment stages so as to allow the orthopedist to adjust (to select) the 
stabilizer rigidity in a continuous way. To sum up, we may state that the FEM is well suited 
for simulating the biomechanical systems such as the ZESPOL stabilizer. The whole information 
related to the connection allows to assess not only the rigidity of the plate but also to optimize its 
mechanical properties. An appropriate selection of the plate variables depends on the evaluation of 
t he bone system of the patient. To do that it is necessary to study as many patients as possible in 
order to further optimize the performances of the stabilizer . 
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