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Surgical Scissors Extension adds the 7™
axis of Force Feedback to the Freedom 6S
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' MPB Communications Inc., Montreal, OC, Canada
? Industrial Materials Institute, National Research Council, Boucherville, QC, Canada

Abstract. A virtual reality surgical simulator ideally allows seamless transition
between the real and virtual world. In that respect, all of a surgeon’s motions and
tools must be simulated. Until now researchers have been limited to using a pen-
like tool in six degrees-of-freedom. This paper presents the addition of haptically
enabled scissors to the end effector of a 6-DOF haptic device, the Freedom 68,
The scissors are capable of pinching a maximum torque of 460 mN'm with low
inertia and low back-drive friction. The device is a balanced design so that the user
feels like they are holding no more than actual scissers, although with some added
inertia on the load end. The system is interchangeable between the 6-DOF and 7-
DOF configurations to allow switching tools quickly.
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Introduction

Haptic interface devices deliver a sense of ‘being there’ to the operator of a virtual
reality surgical simulator or to the operator of a master device in a teleoperated system.
These devices come int a variety of degrees-of-freedom (DOF), 3-DOF, 5-DOF and 6-
DOF, etc. Six-DOF devices enable the simulation of three translations and three
rotations. In surgical simulation this gives the user the ability to feel torque (multiple
point contact) on the end of the surgical instruments as he/she pokes and prods tissues.
Enabling a grasping, pinching and cutting function provides more complete simulation
of basic surgical maneuvers. Haptically enabled scissors are not new, however previous
developments provide only two DOF [1]. This paper presents the specifications and
performance of a detachable scissors handle to an existing 6-DOF haptic device, the
Freedom 68 [2]. The resulting device provides the user with 7 degrees of force
feedback and 7 degrees of positioning capability.

1. Requirements

The goal of a haptic device is to deliver forces from the virtual world to the user with
maximum transparency. This requires lightweight, rigid links that permit the user to
move freely in free space but also provide significant stiffness when hitting a rigid
virtual object. deally the user should not be able to distinguish between the real world,
holding their surgical instruments in this case, and the virtual world [3]. This sets up a



long list of strict criteria for design. The following sections will explain those
requirements.

1.1. Defining Scissor Parameters

The first criteria to define are the performance parameters. Scissors should be capable
of reproducing forces typically found in a surgical procedure. Ideally these farces
would be measured in-vivo on the tissues of interest. This is difficult both ethically and
practically because of the hostile environment of the autoclave for sensors. Studies
have been done to measure these forces in-vitro [4]. In [4], several tissues were tested
giving large variability in torque requirements depending on tissue. The initial end use
of our scissors is neurosurgery simulation. Therefore, much lower forces are
anticipated.

To establish the bailpark range of torque needed to hold and cut a small artery,
basic experiments were performed at the Industrial Materials Institute (NRC,
Boucherville, QC). Teflon tubing was used to simulate the properties of an artery.
Torques were applied by attaching calibrated weights at known distances from the
hinge. Two types of scissors were used to measure closing torque: 14.5cm
Metzembaum scissors and 10cm Lexer baby scissors. Using either scissor, 3-4N of
[orce was required to cut the tubc. The maximum peak torque is listed in Table 1.

To establish a maximum continuous torque a secure grasping test was performed
using a 12.5cm mosquito hemostat and a Teflon tube. A 1N force with a lever distance
of 80mm was required in order to secure the tube within the jaws of the hemostat. At
this closing torque the tube would not slip even when applying an intuitively large
force. The continuous torque required is listed in Table 1.

Tahle.l. Results of Scissor Tests

Test Result
peak torque (4N at 9cm lever arm) 360 mN-m
continuous torque (IN at 8cm lever arm) 80 mN-m

1.2. Ergonomic Considerations

Since the scissors are the primary point of contact with the operator, ergonomics must
play a key role in the design. Ergonomic considerations include the tength and weight
of the hand controller scissors, and the ability to achieve the same motions and grasps
that a surgeon would perform using real surgical scissors.

In order to define range-of-motion parameters, we consulted with Dr. R. Del
Maestro, Director of the Brain Tumor Research Centre, Montreal Neurological Institute,
McGill University, Montreal, Canada. The most important factors were: how the
scissors are held and the stance of the surgeon during surgery. For full range-of-motion,
surgeons grasp around the scissor handles with their thumb and middle finger with the
index finger resting on the hinge (Figure 1). This allows approximately 280° of rotation
versus 180° if the index finger rests on the lower handle and/or the fingers are inserted
in the handte loops.

With this grasp the design must allow for the operator to place his/her index finger
on the hinge or center of rotation of the scissor. The handles must be the appropriate



length to allow this as well. Additionally the weight and feel of the scissors must mimic
that of real scissors.

The opening angle of scissors need not be larger than the maximum separation
distance between the human thumb and middle finger. However. a surgeon would not
use the extremes of his/her motion abilities for reasons which could include a
mechanical disadvantage of the muscles at the limits or a loss of fine motor control. In
examining literature on surgical cutting, it is observed that the maximum opening angle
of scissors is less than 40° [5.6].

Figure 1. Réecommended grip of surgical scissors for maximum rotation,
1.3. Interchangeable Tools

The seventh degree-of-freedom (DOF) need not be limited to scissors. There are many
other tools used in surgery that have a similar grasping motion, such as hemostats and
forceps of different kinds. As well it should be possible to convert the scissor handles
back to a single handle instrument (e.g. scalpel). Therefore, one design consideration
was to enable the scissor handles to be quickly changed to another type of handle.

2. Final design of the scissors

The final design is shown in Figure 2. It is shown attached to the Freedom 6S
hand controller, and is appended as a seventh stage serially connected to six supporting
stages. The lowest three stages are directly coupled to motors at the shoulder of the
device. while the upper four stages are driven by tendons attached to a cluster of motors
that are grounded to the frame of the device. The design rational has been set out in
[2,7].

The scissors comprise two handles, one fixed to the roll axis and one rotating about
a hinge with its axis normal to the handle roll. The handles are actually stubs with
mechanical connectors, allowing for different types of handles to be attached to the
device. If the movable handle is left off. a handle representing a scalpel or other single-
axis instrument may be attached.



Polymeric tendons provide one of the lightest mechanisms for transferring torque
from a stationary motor to a mechanism on an extended arm. The tendons are guided
along the arm and the distal stage by means of pulleys mounted on low friction
bearings. The scissors design required a unique set-up of idler pulleys (patent pending)
to guide the tendons whilst maintaining the full range-of-motion in yaw, pitch and roll.
A rotary sensor is placed on the axis of the hinge for direct angle measurement.

The design allows the index finger to rest on a flat surface, which is the top surface
of the scissors pinch pulley. The final length of scissor handles was determined to be
8cm, typical of some surgical instruments but also an average ‘comfort’ length. The
shape and size of the handle loops is similar to surgical scissors. There is one main
difference between the Freedom 6S’°s scissors and actual surgical scissors. Surgical
scissors are made of stainless steel and therefore can be made thin with a round cross
section. Because of the weight considerations in a haptic device, aluminum is the
material of choice. The cross section must then be larger, especially in the axis of
greatest torque.

Figure 2. Scissor éxtension

3. Kinematics

Adding the seventh degree of freedom complicates the kinematics. Although
kinematics are specific to the Freedom 68, there are some points which are general to
all machines that incorporate tendons. The pull of the tendon on joints closer to the
distal stage has an effect on the torque of the lower stages. This “crosstalk™ between
stages is countered by a reverse torque calculated from static force and torque
considerations. The effect is especially strong in the scissors, where squeezing the
scissors handles against an uncompensated torque load would cause them to rotate in
roll. We therefore add a counter-torque to oppose this induced roll torque.



4. Testing the Haptic Seissors

The resultant end effector including the scissor handles has an apparent mass of 40g,
comparable to stainless steel surgical scissors, which are also about 40g. This light
weight is possible because of the counterbalancing of the assembly. The inertia that the
scissors carry when held at the hinge is estimated to be 170 g, compared to the narmal
125 g inertia of the Freedom 6s.

The maximum peak force that the scissors can deliver was measured using a weigh
scale (Ohaus Scout I1, 400 g x 0.1 g scale). One handle of the scissors was placed on
the scale, while the other was under the scale. Torque requests up to 500 mN-m were
applied by instruction from a computer program; actual torque to over 460 mN-m was
measured by the scale (since the software takes into account current limits in the
circuits). (The displayed scale reading, say 100 g, is multiplied by gravity, 9.8 N/kg, to
give 1 N; this is multiplied by the lever arm, 22 cm, to give 220 mN'm torque.)

Linearity of torque over the range of motion is zlso important. This can be shown
by repeating the force measurements for various requested torque values. The left plot
in Figure 3 shows torque linearity over a wide range of measured versus requested
torque.

Position resolution is of great importance in a hand controller, since this
determines in large part the ability of the device to control a robot arm in contact with a
hard surface, or, equally, a virtual probe in touch with a rigid virtual surface. We placed
a micrometer in a vise in such a way as to push on the end of the movable handle,
while the fixed handle was held immobile in another vise. Thus we were able to
compare angle measurements sensed in the hand controller to externally measured
angles (Figure 3 — right). The deviation (computed from the root mean square error
between the two) was 9.7 urad.

Backdrivability of the scissors is very low, as the scissors open and close with a
minimum of torque. The stiffness of the scissors, the ability 1o press against a virtual
wall of a given stiffness without vibration, is some 11.4 mN-m/rad, exceeding the
design target of 5 mN-m/rad

The addition of the scissors did not degrade the torque or workspace of the other
six degrees of freedom. In fact, the newly redesigned distal center housing increased
the stiffness of the roll from 0.2 to 4.4 mN-m/rad, and that of the yaw from 2.5 to 21
mN-m/rad. There is, on the other hand, some increase in roll friction on our test unit,
as we have increased tension in the roll tendon. The final specifications of the Scissors
attachment are listed in Table 2.
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Figure 3. Sensor Angle Resolution and Torque Linearity of Scissors




Table 2. Specifications of the Haptic Scissors

Specification Required Achieved
Maximum torque 360 mN-m 460 mN-m
Continuous torque 80 mN'm 100 mN-m
Maximum angle 40° 40°
Position Resolution 9 urad
Stiffness 5 N-m/rad 11.4 N-m/rad

8. Conclusions

The scissors attachment is capable of simulating a wide range of forces seen in soft
tissue manipulation. The addition of scissors to a 6 DOF device provides a highly
mancuverable haptic interface ideal for surgical simulation. The ability to detach the
scissors and replace them with hemostats, forceps and other grasping tools responds to
the surgeon requirements for adaptability and flexibility, better mirroring surgical
practices.
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