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SUMMARY 
There is currently no standard format for reporting clinical 
studies using finite element modelling in the relevant journals. 
In this paper, the authors examine clinical studies employing 
finite element analysis (FEA) to determine their 
reproducibility against developed criteria. It is hoped that a 
discussion on the adoption of a standardized protocol for FEA 
reporting in the clinical and biomechanical fields will be 
provoked. 
 
 
INTRODUCTION 
Three-dimensional FEA is a powerful mathematical modelling 
technique. It is commonly used in structural, thermal, impact 
and electromagnetic analysis. The same principles that govern 
the behaviour of physical systems also govern some of the 
behaviour of biological systems and therefore FEA is 
increasingly being employed to study the more sophisticated 
structures found in biology and clinical medicine. However, 
there are many limitations embedded within the technique 
meaning that a poor implementation will produce results, 
which are at best misleading and at worst dangerous [1]. It is 
imperative that researchers report all methods of quality 
assurance employed e.g. structural idealization; mesh quality 
metrics, material models, convergence criteria, and model 
validation. Without such data it cannot be assumed that these 
modelling safeguards have taken place and reproducibility 
cannot be guaranteed. Apart from being good research 
practice, if authors of clinical papers are to employ 
sophisticated mathematical techniques in their research then it 
imperative that their methodology is available for others to 
scrutinize and reproduce. 
 
 
METHODS 
All clinical papers employing three-dimensional FEA reported 
in the highest impact journals (in terms of the 5-Year Journal 
Impact Factor listed in the Journal Citation Reports®  [2]) in 
the fields of orthopaedic surgery, maxillofacial surgery and 
biomechanics for 2010 were identified using a MEDLINE® 
[3] search. The papers were reviewed and assessed for 
reproducibility of analyses based on the information reported 
by the authors. Our predetermined criteria for reported 

reproducibility included details of loading conditions, material 
properties, relevant boundary conditions, analysis linearity, 
element type and shape function, mesh quality, time or load 
step where relevant, convergence criteria and the form of 
model validation.  
 
RESULTS AND DISCUSSION 
The majority of papers published in the clinical journals 
retrieved provided insufficient information for the analysis to 
be reproduced, or for the accuracy of the modelling technique 
to be assessed by another researcher. The reporting in the 
biomechanical journal was frequently more informative. Mesh 
convergence or stress discontinuity and quality mesh metrics 
were the least frequently reported. Few models had undergone 
any form of validation. In spite of this, in many cases, authors 
went on to quote absolute values for their outcome variable 
e.g. von Mises stress, without qualification. 
 
CONCLUSIONS 
The movement of FEA from the preserve of structural 
engineers to the field of biomechanics and now into clinical 
medicine presents exciting possibilities. However, poor 
modelling techniques and reporting can lead to results and 
conclusions that cannot be supported. In this paper we 
demonstrated the current sub-optimal level of reporting and 
correspondingly poor reproducibility of FEA papers published 
in the clinical and biomechanical fields. We advance a 
baseline protocol with minimum criteria for reporting FEA 
studies in the literature. This should improve the overall 
academic validity of FEA studies while encouraging best 
practice and greater communication between research groups. 
 
REFERENCES 
1. Adams. A Designer’s Guide to Simulation with Finite 

Element Analysis. NAFEMS, 2008 
2. 2009 Journal Citation Reports® Science Edition 

(Thomson Reuters, 2010). 
3. MEDLINE is the U.S. National Library Medicine's® 

premier bibliographic database that contains references to 
journal articles in the life sciences with a concentration on 
biomedicine. 

 

 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


