Medical Applications for Distributed Memory Platforms

by Kevin Harper and David Smith, Ethicon Endo-Surgery

Background

The medical device industry includes a vast array of technologies
and applications. The need to interact with the human body, its
systems, and organs introduces unique complexities. Along with
these complexities, the highly regulated nature of medical products
introduces standards and requirements that dictate companies
spend a lot of time running tests to ensure product integrity,

safety, and effectiveness.

Testing is time consuming and expensive; and while it can never
be eliminated, it can be significantly reduced via the proper use

of analytical techniques, software tools, and computer systems.
Any reduction in early testing provides a sizable return later in the
product development cycle. The goal is to move closer to the ideal
product development cycle curve, where the early knowledge pays
off in reduction of the costs of stabilization.

Product Development Cycle Curve.

Beyond the reduction of testing, virtual prototyping provides
unique opportunities for innovation and knowledge creation.
There is a depth of understanding, “X-ray” vision if you will,

that simulations can provide that is not possible with testing alone.
Not all things can be seen or measured via testing, and important
information needed to get critical knowledge might be missed.
Virtual prototypes can provide that information where we can look
at any point in the model, observe the phenomena from any angle,
and combine information in unique ways to provide knowledge
about a system and its behavior. That knowledge can be leveraged
many times over in the product development cycle to further
reduce time to market and/or lead to breakthrough innovations.

To deal with the constraints involved in medical device product
development, it is imperative that companies have an effective
strategy for the use of simulation software, and computing
resources.

At Ethicon Endo-Surgery we seek to understand the behavior of
the physics of any event related to our products function and its
interaction with biological systems. We seek to control the physics
within the constraints of the most realistic conditions possible.

We call this “Physics is—as Physics Does” modeling, to paraphrase
one great thinker!

These modeling conditions often involve free body dynamics
where contact is the only constraint. Examples include a surgeon’s
hand grasping an instrument and squeezing the handle to actuate
the device or large assemblies where the fully assembled device

is held together and performs like the real thing without
simplifications and assumptions that can lead to errors. Many
applications also include complex manufacturing steps that must
be modeled in order to assemble a device and then actuate it to
investigate its function. These factors are critical to understanding
the function of these devices.

The requirements involved in medical device modeling dictate
that the tools used provide this capability. We apply ABAQUS

on distributed memory, high-performance compute clusters to
achieve the goal of minimization of assumptions and maximization
of knowledge creation when using simulation. We also employ
techniques such as quasi-static simulation using variable mass
scaling along with real mass modeling where required to support
our analytical needs.

Simulating Part Interaction
The following are quick overviews of some of the applications that
we model and design challenges that each application presents.

One of our primary products is the Trocar, a device used to
provide an access point into the abdominal cavity during surgery.
All other laparoscopic instruments are passed through the Trocar
during surgery.

Trocar placement begins with penetration of the abdominal wall.
Some Trocars make use of a blade to aid in penetration. It is
critical that this blade be shielded immediately following
penetration to prevent damage to internal organs. The successful
operation of the mechanism that controls blade availability and
shielding depends on the precise timing of the interactions
between several floating parts. As such, there is little opportunity
for simplifying boundary conditions.

In this type of application mass scaling must be kept to a minimum,
as artificially increased inertial effects
can drastically skew the timing of
how the parts interact in the
simulation. Both these

criteria, compounded with

the relatively long event

time associated with the

arming and firing of the

device as compared

to an impact event,

make for large

run times.

Complex internal structure of
the Trocar shield mechanism.
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Realistic Loading Conditions

Another Ethicon product that is widely used in surgical procedures
is the Endocutter. An Endocutter is a device that has a jaw at the
distal end that allows the Surgeon to grasp, cut, and staple tissues
such as stomach, bowel, or others to transect the tissue while
leaving the cut ends hemostatic (not bleeding). The jaw contains

a cartridge with several rows of staples that provide compression
to achieve hemostasis.

To use an Endocutter, the surgeon grasps the pistol grip handle
and trigger, inserts the device through a Trocar, orients the

jaw around the tissue to be transected, and then squeezes the
closure trigger to close the jaw and clamp the tissue. After tissue
compression is complete, the Surgeon will close the firing trigger
to perform the transection and stapling of the tissue.

There are two separate mechanisms inside the handle—the closure
mechanism to clamp the tissue and the staple-cut mechanism that
forms the staples and cuts the tissue in one motion. Both mechanisms
involve complex assemblies of parts, where tolerances and clearances
are critical to the proper

function of the device.

Several key factors

need to be addressed to

provide the assessment of

the Endocutter design under

“real world” operating conditions.
First, the effects of the loading due
to the tissue in the jaw were
accounted for via the

use of a nonlinear

spring that

captured

the nonlinear

forcing function

of the jaw on tissue. The
nonlinear spring coupled the
internal mechanism of the
closure system to the closure tube that actuates the jaw. Also
considered in the model is the simulation of the surgeon’s hand
grasping the handle of the device, which is treated as rigid surfaces
and provide only contact as a means of securing the device. This
provided the proper boundary conditions for the model so that
the entire system would behave properly and not have any
artificially induced constraints that could affect the results.
Outside of three rigid surfaces the rest of the model including
the handle shrouds and all internal mechanism components
were modeled as deformable bodies that were assembled and
constrained only through contact between the parts. In essence,
the model was simply a digital replication of the actual device
without any use of artificial constraints.

External view of complete
Endocutter Closure System.

This closure system model provided a large amount of information
in just one analysis run. Every component is being studied
simultaneously under as close to actual use conditions

Model of the Endocutter jaw clamping on a rigid tube

as possible. This modeling technique allows us to see how the
device functions, highlight areas of concern, and easily determine
whether the system will work well under the necessary performance
requirements. This reduces the number of single component models
required and provides system assembly tolerance insights as the
deforming bodies can show not only static clearances between

parts but also clearances throughout the actuation cycle under

load. This in turn reduces the requirement for system stack-up
analyses that are done either by hand or on rigid bodies via CAD.

Scaling of Fine Elements

Another type of modeling issue we frequently face is very

fine detail in components while running component and/or
assembly models. Fine details require very large scale meshing
to capture the behavior properly and accurately. These typically
show up in components that are thin or have complex features
that are integral to the function of the component and cannot be
simplified for the analysis or, both issues simultaneously, as is
the case with the Endocutter jaw model.

The jaw portion of an Endocutter device model was used as part
of the closure mechanism modeling described earlier. It provided
a worst-case condition for jaw load where the surgeon clamps
the jaw on a hard tube that represents another device the surgeon
might be using.

In models such as the Endocutter jaw we must make use of the
quasi-static modeling process to be able to run the model in a
reasonable time. Every component in this model is made of steel,
and there are very small elements requiring a very small time step
in ABAQUS/Explicit. In this case, however, the deformation is
quite small (i.e., quasi-static); as the plate pushes the tube forward,
it loads the jaw against the rigid tube. Very little motion is required
as primarily only the deflection of the components under load is
occurring after small amounts of clearance are taken up. Though
this model had only contact as the primary constraint outside the
prescribed motion of the rigid plate, we can make use of variable
mass scaling and increase the mass of the model significantly to
reduce the run time of the simulation.

continued on next page
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