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Over the last 10 years, medical device design has vastly
benefited from the integration of finite element analyses in
the product development process. The finite element method
(FEM) is a numerical method used to solve boundary value
problems. This method adopts an approach of computing
reactions over a discrete number of points across the domain
of interest. For medical design, this typically translates
towards verifying device performance in a virtual domain
that is representative of its planned real-life application. A
user may leverage results from such an analysis to interpret
device performance and make educated recommendations
for improvement and optimization [1-3]. Moreover, predic-
tions of initial and long-term device performance in vivo
may also be derived from FEM results often through a
multi scaled and iterative analyses [4, 5] which may sub-
sequently lead to better prepared in vivo studies [6, 7]. A
key acknowledgement that enables such post-processing
realizations is having an experienced user working with an
interdisciplinary team. Such a team may then confidently
navigate through the many advantages and disadvantages
put forth by this virtual test platform which continues to
grow in popularity.

The advantages of FEM in the medical device arena are
many. The most attractive being the speed at which the FEM
can enable early device performance testing prior to costly
prototyping and bench testing. Correspondingly, integration
of the FEM process into product development may reduce
costs over the product development cycle. Such savings
come to fruition by way of tentatively speeding up the pro-
cess and reducing bench testing iterations. That is, bench
testing may be performed via the FEM or in silico instead
of on the bench side or ex vivo. The disadvantages of the
FEM for medical device design reside mainly with the high
expertise required to properly navigate the computational
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platform while avoiding making costly mistakes from ambi-
tious misinterpretations. Further, established product devel-
opment strategies must be revised to integrate the FEM into
the early design phase which will take considerable effort
for companies. Thus, the FEM has not completely shaken
the perception of being a research tool rather than a develop-
ment asset just yet.

One may become a skilled and experience FEM user
through extensive knowledge of the mechanics behind the
solver and awareness and implementation of verification and
validation efforts. A specific and recommended guide now
exist for verification and validation of numerical models in
solid mechanics [8] and other fields. Verification is con-
cerned with if the relations or equations are being solved
correctly. Most commercial programs undergo stringent
verification procedure prior to release. However, the func-
tionality and proper convergence of the newly programed
constitutive formulations used to represent the intricacies
of a physiological environment of the medical device must
be performed and reported. Furthermore, in addition to
individual verification of such formulas, mechanical algo-
rithms may give rise to new potential errors or instabili-
ties when combined. Such compounded relations must also
be verified and accounted for. Once the FEM appears to
be verified, additional sensitivity or probabilistic analyses
should be conducted to further weight the impact of your
assumptions on the results [9]. If too much fluctuation in the
results is initiated from the sensitivity study, the variable’s
magnitude must be selected carefully and results viewed and
interpreted cautiously. If little fluctuations ensue then the
formulation under consideration is robust. In contrast to veri-
fication, validation is concerned with if the correct relations
or equations are being used. Thus, in other words, is one
using the right mathematics that agree with the mechanics
of the FEM solver. The most convincing form of valida-
tion is done experimentally by way of an experiment that is
representative of the FEM simulated boundary value prob-
lem. This form of direct validation will either support or
discredit what was reported utilizing the FEM platform. The
user must however be aware of the statistical variances that
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occur with experimental practises and contrast the experi-
mental and FEM platforms results accordingly. An indirect
form of validation is achieved using literature data. Ideally,
the literature data will be representative of the boundaries of
the FEM platform which is often difficult to achieve. Most
often, an array of literature data is adopted to gauge the
validation of the FEM results. In this scenario, the term cor-
roboration of results is more fitting than validation provided
exact coherence is not possible. The above phases are merely
a brief outline of what steps are required to extract clinically
relevant information of FEM simulations [10]. One must
also keep in mind the content of use for which the valida-
tion efforts were conducted. That is, the model is validated
for that particular application or content of use and, should
alternate simulations be desired, subsequent validation steps
should ensue. Now, if an experienced user is able to verify
and validate the FEM simulation and then leverage the FEM
model to streamline or orient product development, how is
this viewed by the regulatory bodies who are charged with
the task of deciding upon the marketability or safety and
effectiveness of medical devices?

The status of the FEM in the eyes of the regulatory bod-
ies such as the Food and Drug Administration (FDA) in the
United States of America or more specifically the branch of
the Center for Devices and Radiological Health has taken
some large steps towards FEM integration in product design
dossiers. In particular, for many years industry has sought to
leverage computational modeling such as FEM simulations
towards support design safety and effectiveness in areas
of fluid dynamics (ventricular devices) and solid mechan-
ics (spine, knee, hip implants, etc.). In reaction, the FDA
has drafted, in 2014, and later issued, in 2016, a guidance
document entitled “Reporting of Computational Modeling
Studies in Medical Device Submissions” [11]. Briefly, this
public document provides informal guidelines on how to
fully describe the modelling technique adopted and how it
adheres to software quality assurance and numerical code
verification expectations generically and then specifically
to certain fields of application such as solid mechanics, for
example. It would appear the justification for the worst-case
scenario choices leading to subsequent bench testing may
be acceptable but, to the author’s experience in the solid
mechanics field, FEM replacement of bench tests is not
standard practice. An alternate hurdle exists in the internal
regulatory team of the medical device companies who pose
a reluctance, at least currently, to file regulatory dossiers that
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rely on FEM data which introduce uncertainty in a review
process where delays are quite costly.

It is nevertheless apparent, with the growing adoption of
FEM methods in medical device design and development,
that regulatory bodies will adapt to these new trends. To this
point, the FDA has been collaborating with many leading
groups in this field on a V& V40 ASME standard (Verifi-
cation and validation in computational modeling of medi-
cal devices) document expected to released in 2018. This
will elevate computational testing to equal consideration as
bench, animal, and human testing currently receives—each
testing method providing their specific advantages, disad-
vantages, requirements and expectations.
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