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ABSTRACT

Accurate biomechanical characteristics of tissues are essential for developing
realistic virtual reality surgical simulators utilizing haptic devices. Surgical
simulation technology has progressed rapidly but without a large database of soft
tissue mechanical properties with which to incorporate. The device described here is
a computer-controlled, motorized endoscopic grasper capable of applying surgically
relevant levels of force to tissue in vivo and measuring the tissue's force-deformation
properties.

1. Introduction

Accurate biomechanical characteristics of tissues are essential for developing realistic virtual reality
surgical simulators utilizing haptic devices. Surgical simulation technology has progressed rapidly
but without a large database of soft tissue mechanical properties with which to incorporate. In
addition, the majority of the research done on measuring mechanical properties of abdominal soft
tissues has been performed in vitro on animals and cadavers. As simulation technologies continue
to be capable of modelling more complex behavior, an (in vivo) tissue property database needs to be
developed to fill this gap.

2. Background

The biomechanics of soft tissues that are load-bearing during physiological activities have been
well studied (muscles, tendons, intervertebral discs, cartilage, blood vessels). Most of that work,
however, has been done in vitro and/or on animal specimens. Much less testing has been done on
the abdominal organs relevant to laparoscopic surgery.

A seminal work presenting tests of a wide variety of organs and tissues was done by
Yamada.[1] Mechanical properties of a large humber of tissues were compiled by Yamada. Some
of the surgically relevant soft tissues were lung, esophagus, stomach, small and large intestines,
liver, and gallbladder. Much of the work was done on animals in vitro, and a few were done on
human cadavers. Viscoelastic behavior was not described. Other work has been done in testing and
modelling the kidney.[2,3] Melvin et al. conducted in vivo experiments on rhesus monkey kidney
and liver by placing the whole live organ onto a load cell and performing uniaxial unconfined
compressions.[2] Farshad et al. tested pig kidney in vitro under various (multi-axial) loading
conditions.[3] Both of those studies were done with the application of high impact injury modelling
in mind, not the dow loads and displacements typically performed in surgery. Perhaps more
directly relevant to surgery, some recent work was done by Carter et al., in which they measured in



vitro the force required to puncture pig liver and spleen with a scalpel and the displacement of the
tissue at puncture.[4]

It has only recently become a major thrust of researchers to obtain in vivo measurements of
tissue mechanical properties. Brouwer et al. developed severa instruments for measuring porcine
tissue response to extension and indentation in vivo.[5] Ottensmeyer et al. have been developing a
set of instruments for obtaining in vivo multi-axial tissue response to quasi-static and dynamic
loading.[6] Their group has designed a 1-D indenter for applying small, time-varying
displacements, and a 3-D indenter for applying larger but slower displacements. Our previous
instrument was capabl e of applying compressive force viavoice-coil actuators.[7,8] Thisinstrument
was used to test several porcine abdominal tissues in vivo to measure their force-deformation
response, similar to the work done by Brouwer et al.[5]

3. Methods & Tools

To study and characterize the abdominal tissues relevant to laparoscopic surgery, a few objectives
must be met in the design of the testing device. First, most soft tissue structures within the body
demonstrate aspects of nonlinear, viscoelastic behavior, so the ability to induce time-varying loads
is critical in characterizing the tissue's true mechanical behavior. Second, the device should be
capable of applying levels of force and deformation consistent with those seen in laparoscopic
procedures. The device should also be hand-held, lightweight, have interchangeable tool tips, and
be capable of entering the body through an endoscopic port.

To achieve these goas, we have adapted our previous design for the force-reflecting
endoscopic grasper (FREG) [7,8] to amotorized endoscopic grasper (MEG) that uses a brushed DC
motor instead of a voice-coil actuator. The motor is attached to a capstan that drives a cable and
partia pulley. The pulley is attached to a ball joint that converts the rotational motion of the motor
and pulley to alinear trandation. (The linear movement occurs in a standard |aparoscopic grasper
shaft, which then drives the opening and closing of the jaws.) The motor is capable of producing 29
mNm of continuous torque, but it is coupled with a 19:1 planetary gearhead and partia pulley that
increase the torque to 3.98 Nm. This torque is equivalent to 52 N of grasping force applied by a
surgeon on an endoscopic grasper's finger loops, close to the maximum value applied by surgeons
in our previous work.[9] Standard laparoscopic instruments can be attached to the base plate mount
and inserted into the ball joint, allowing tool type to be changed with relative ease. Two strain gage
force sensors are embedded in the partial pulley to provide accurate grasping force measurement for
robust and precise control. A digital encoder, attached to the motor, measures position. Computer
control is provided real-time viaa PC using a PD (position) controller implemented in Simulink and
dSPACE user interface and hardware. The MEG is a hand-held device that weighs about 0.7 kg
(including grasper and protective covers) and can be inserted into the body through regular
endoscopic ports to perform computer-controlled dynamic and static uniaxial compressive
displacements of soft tissues in vivo. Compressive loadings can be static or dynamic, alowing for
ramp-and-hold, creep, and stress rel axation tests.
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Figure 1. Motorized Endopscopic Grasper (MEG) (top cover not shown).
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Figure 2. Close-up of the MEG drive system components.

4. Conclusion

The device reported here is a newly developed tool for taking measurements of soft tissues in vivo
using aminimally invasive or open setup. The new device can control and measure grasping force
and deformation of tissues, accept a wide variety of tool types, and can apply physiological and
surgically redlistic levels of force and deformation to the tissues. The MEG will help provide
realistic datafor surgical simulation and corroborate the results of other researchers.

The MEG is currently being used on latex rubber samples (tissue physical models) and
porcine soft tissues. These tissues will have their stress-strain properties characterized under various
loading types, including static and dynamic. Time-dependent properties such as creep and stress
relaxation will also be studied. Other work will compare in vivo MEG data with in vitro MEG and
universal testing machine data to observe changes in tissue mechanical properties postmortem.
Determination of tissue response (damage) to various loadings and tool tips will aso likely be
performed.
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