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Foreword

RESNA is an interdisciplinary association for the advancement of rehabilitation and
assistive technology. Its members includes consumers, engineers, scientists,
physicians, orthotists, prosthetists, therapists, technicians, special education,
vocational rehabilitation councilors, manufacturers, suppliers, administrators and
others concerned with the development and provision of assistive technology. The
RESNA International ‘92 Conference and these proceedings are a reflection of our
continuing commitment to provide a variety of forums through which individuals
meet and exchange current information in the field.

This year’s theme, "Technology for Consumers,” is promoting the application of
technology in employment, education, and independent living of people with
disabilities. After twelve years, the conference has returned to Toronto, the place of
origin of the Passing of The Hat ceremony and the first international conference.
Once again our meeting in Canada has brought together a large number of
professionals, products and service ideas from around the world.

Towering Achievements are consistently needed for the consumers that all
professionals in the field strive to serve. These proceedings are comprised of 228
papers submitted by authors representing over a dozen countries. They reflect the

progress in the past year of numerous facets of rehabilitation and assistive
technology. As with previous proceedings they provide a rich source of valuable and
current information about developments in the field. This year's proceedings have
been further enriched by increased international participation.

As in the past, our conference creates an opportunity to revitalize our commitment,
share ideas, renew friendships, and add faces to familiar names. On behalf of the
organizers of this year’s conference and the RESNA Board of Directors we extend a
warm welcome to Toronto. Work, enjoy, return home safely, and plan on being with
us next June 25-30 in Las Vegas!

Douglas A. Hobson, Ph.D.
President

Stephen Naumann, Ph.D.
Morris (Mickey) Milner, Ph.D.
RESNA International ‘92 Conference Co-Chairs




Preface

Welcome to RESNA International *92 "Technology for Consumers.” We have come
together from around the world to share information concerning assistive technology
for empowering people with disabilities. The focus of consumer involvement wiil
be apparent throughout this conference.

The Meetings Committee, chaired by Don McNeal, developed some new ideas based
on’ suggestions from the membership and Board of Directors, while keeping with
traditions that have become a valued part of the RESNA Conference. Don, aware of
the needs to change the conference program brochure for easier reading, designed

a larger layout and user-friendly day-at-a-glance insert.

The SIGs and other groups were provided with time and space to creatively come
up with their own format for meeting their members’ needs. Along with time
allotted for platform and poster presentations, a record number of special sessions
were requested. These special session vary from lecture, round-table discussions,
show-and-tell, lunches, issue-based dialogues, and debates, to other forums for
allowing members to meet for information exchange, see old friends, and make new
ones. Co-sponsored SIG activities have also been added to this year’s agenda. Many
thanks to all of you who were involved in the efforts to bring these ideas to fruition.

The Quality Assurance Committee is beginning to take steps for defining and
credentialling professionals in assistive technology. Conference participants will have
the opportunity to partake in this endeavor and are encouraged to come to the
meeting.

The Local Committee, co-chaired by Steve Naumann and Mickey Milner, have added
an international flavor to the conference while providing us with a taste of the
beautiful city of Toronto. Credit must be given to this industrious committee for
their efforts in bringing in professionals from around the world to speak during four
exciting international symposia. The committee also added consumer involvement
to the platform presentations, asking individuals to act as co-chairs of the sessions.

I would especially like to thank Susan Leonie and the RESNA staff for their year-long
diligence in integrating the tasks of the Meetings Committee and making this once
again the distinguished conference it is known for.

Jessica ] Presperin, OTR/L, MBA
Chair, Scientific Program
and Special Interest Groups Program
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Clinical Evaluation of a Multifunctional Hand Prosthesis

Yves Lozach, Sheroo Madon

Institut de Réadaptation de Montréal
Québec, Canada

Abstract

A multifunctional hand prosthesis designed
around a new prehension geometry has
been developed. With the objective to
validate the prehension geometry six
prototypes have been produced and tested
by four amputees. To determine the
outcome of the clinical evaiuation a protocal
comprising a selection questionnalre, and a
functional evaluation procedure has been
designed and used.

Introduction

A multifunctional hand prosthesis provered from a
single motor contained within the palm and
designed around a new prehenslon geometry has
been produced. The geomety and the hand
functional characteristics are described In
previously published papers (1) (2) and will not be
discussed here.  They may, however, be
summarized as follows : Based on the results of
ergonomic analysis of prehension (3) and on
previous works with prehension orthoses, the
geometry and the architecture of the hand
prosthesis has been chosen to reproduce the most
essential opposition movements of the thumb and
some spacifics prehension pattems. Designed
with the aid of a 3D computer program (4) this
anthropomorphic hand prosthesis consists of fours
fingers and a thumb, each mobilized at the level of
two joints. These fingers are adaptive l,e each
one, conforms to the shape of the object and
undergoes passive flexion when pushed by an
extemal force. Two planes of mobllization at level
of the carpo-metacarpal joint enable the thumb to
perform tridigital prehension with an oblique piane
of flexion and when extemally rotated lateral
prehension (see figure 1 and 2). Moreover,
because the thumb’s plane of fiexion Is oblique,
the hand Is also ergonomicaily well adapted for the
cylindrical, spherical and hook grasping pattems.

Ciintcal evaiuation - Methodology

With the objective of validating the pattemn of
prehension of the new hand prosthesis, four users
of a forearm myoslectric prothesis have been
equipped with our new hand and have wom it for
a perlod ranging from 4 months to 18 months.
Three were tested at the Institut de Réadaptation

RESNA International ‘92 ¢ June 6-11, 1992

de Montréal and one at Hugh MacMillan medical
centre of Toronto. The methodology used has
been based on a comparative analysis of the
climwal performance between a traditional hand
prosthesis, namely the Otto bock myoelectric hand
prosthesis, and our hand prosthesls. This kind of
approach implies that each potential candidate is
an experienced and extensive user of the
myoelectric prothesis. It also demands from each
one an active participation In the project and ability
to readjust rapidly to different pattems of
prehension. With these implications in mind, an
evaiuation protocol was desy.ed which comprises:
a solection questionnalre that alms of at
determining the profile of each user. And, a
functional evaluation procedure which foliows the
fitting and the use of the new prosthesis for a
period of a least three months. This evaluation
calis upon the particlpation of both the
occupational therapist and the user to analyse the
function and performance related to two domains
of activities; these are:

Fig. 1 and 2 Views of the two complementary
pattems of prehension
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Evaluation of a Hand Prosthesis

1. The administration of two functional tests with
both prosthetic hand. These tests are : "The
upper extremity function test" by Carroll and the
two first tests of "The Minnesota rate of
Manipulation Test". These funclional tests
which have been created to measure manual
dexterity have not been designed to evaluate a
prosthetic hand; however, we have included
them In our evaluation protocol in an attempt to
further estimate the overall function of the upper
amm and the relative amount of compensatory
movements required for each test.

2. The activities of daily living as experienced by

each user. The evaiuation will here call upon a
post-wearing questionnaire which includes
subjective as well as objective data on the use
of the prosthesis. The questionnaire is divided
in three parts aiming to identify and analyze the
functional gains and the problems experienced
during these activites. The first part of
questionnaire is a guiding list of activities that
the unilateral upper limb amputee performs and
which generally require the use of a hand
prosthesis. From this list, each candidate
selects the activities that concern him and gives
them a performance score related to the amount
of difficulty encountered. The second and third
part of the questionnaie refers to the
experience acquired with the new hand
prosthesis and to the comparative analysis of
the overall performances with each prosthesis.

Results

Together, with the clinical evaluation, we have also
proceeded with a laboratory technical evaluation
which relates to the measurement of technical
characteristics and the verification of the
prehension geometry and functional behaviour of
the prosthesis. Measured without the glove, they
can be summarized as follows :

- Waelght of the and prosthesis and
passive wrist 540 g
- Maximum opening between the thumb

and the middle finger tips "9com
- Closing time for the tridigital pinch 0.8 sec
- Closing time for the fist pattem 1.2 sec

- Maximum prehension force at the finger
tips in the tridigital mode 45N

Taken without the glove, these measurements
meet the specified values. However taken with a
commercially available glove insufficiently adapted
to the morphology and the dimensions of the new
hand prosthesis, some of these specifications,
such as the maximum opening range and the
closing and opening time of the fingers have not
been met.
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These weaknesses and the need to further
improve the deslgn and the long term reliability
have also been confirmed by the clinical
evaluation. In spite of the limited number of
candidates tested, the following functional
advantages were idenfified:

" - For several activities, it reduces the use of arm

and body compensatory movements during both
the approach and utilisation phases of
prehension.

- In many situations, it allows a better orientation
of the object held for use.

- It greatly improves the object visibility, the
prehension cosmesis and the grip stability,
particularly for large objects.

The evaluation has also stressed the great
usefulness of the lateral grip and its high level of
complementarity with the tridigital prehension
pattem. Furthermore, besldes the possibility of
achieving different grasping functions in both the
tridigital and the lateral modes, the outcome of the
evaluation has shown that these grasping functions
can also be locked by passively fiexing the fingers
around the object while the thumb Is mobilized by
the motor. This locking feature Is particularly
useful for activities such as : holding a handle and
carrying a suit-case.

We have noted the foilowing modifications which
have been identified or suggested by the
evaluators.

- To reduce the size and the width of the hand as
this will improve the hand function and
cosmesis.

- To shorten the length of thumb in order tc refine
and increase the efficiency of the lateral grip.

- To decrease the protuberance at the base of
the thumb.

- Toincrease the number of indexed positions of
the thumb in its plane of rotation as this will
increase the diversity and the number of the
prehension pattems available

- To provide a wrist unit with at least two indexed
flexion postures as this will further decrease the
need of arm and body compensalory
movements.

Conclusion

A multifuntional and adaptive hand prosthesis has
been produced and used to test our prehension
hypothesis. In spite of the limited member of
candidates the resuils have shown the potentlal
and some functional adsantages of the new
prehension geometry.  Hcwever, geometrcal
refinements and deslign Improvements are still
needed In order to fully meet the specifications and
the long term reliability.
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USING THE EXOS8 HANDMASTER TO MEASURE DIGITAL RANGE OF MOTION

PL Weiss PhD OT(C), S August* MSc OT(C), G Peters** BSc ON(C) and J Sampalis** Ph.D
School of Physical and Occupational Therapy, McGill University, * Jewish
Rehabilitation Hospital and ** Royal Victoria Hospital, Montreal, Canada

Clinicians involved with the assessment of injured
workers are regularly called upon to evaluate the
progress of the client’s rehabilitation program and to
determine his or her readiness to return to work.
When necessary, they are also required to evaluate
their permanent or partial incapacity in order to
help determine eventual financial compensation and
need for vocational retraining. This evaluation
includes measures of range of motion and sensation
as well as observations related to the loss of limbs,
hypersensitivity and cosmesis. The clinician’s goal
is to discharge clients from therapy when the clinical
evaluation demonstrates that they are capable of
returning to their previous employment or that they
are in need of vocational ret -aining.

Unfortunately, determination of the time of optimal
discharge appears to e confounded by the
questionable reliability and validity of some of the
clinical measures. Goniometry, one of the primary
measures of hand function, involves the
measurement of joint range of motion with a metal
or plastic protractor-like instrument. Goniometry ia
most suited to the measurement of passive and
active joint range of motion under conditions that
entail etatic, non-functional movements. This is
clearly a significant limitation since the hands
engage primarily in complex, dynamic tasks. There
appear to be two major issues are of concern. First,
standard gonjometric records are obtained on
individual joints which may he placed in
mechanically advantageous positions that do not
reflect their true capacity to perform functional
tasks. This may result in an unduly large range of
motion and a premature recommendation for return
to work. Second, clients, aware nf the significance of
the hand assessment, may generate lesa than their
actual active range of motion thereby increasing the
time epent in therapy, the days away from work and
the cost to Worker's Compensation. Clinicians try to
avoid these problems by carrying out total active
movement hand assessments but these produce only
estimates of range of motion.

It is suggested that the use of the Exos Handmaster,
an instrumented exoskeleton designed to measure
angular joint rotation of the metacarpo-phalangeal
and interphalangeal joints, will resolve these
problems since (1) it permits the simultaneous
measurement of all joints under dynamic, functional
conditions and (2) its use can be integrated into the
clients’ therapy routine so that repetitive and
realistic performance evaluations can be achieved.

The objective of this research was to investigate the
clinical feasibility of using the EXOS Handmaster to
measure angular joint rotation of the digits. The
work reported in this paper includes a brief
description of modifications to the fixation technique
used to apply the Handmaster and the results of an
investigation of the unit's reliability and validity.

METHODS

Attachment Technique

The Exos Handmaster is a low mass (< 260 gm),
Hall-effect instrumented exoskeleton designed to
measure angular joint rotation of the distal (DIP)
and proximal (PIP) interphalangeal joints and both
sagittal and coronal plane motion at the metacarpo-
phalangeal joints (MCP) (Marcus and Churchill,
1988, The 2nd Annual Space Automation and
Robotics Workshop held at Wright State University).
The unit is capable of recordng these data
simultaneously for the thumb and any other two
digits. The original unit consisted of a wrist
connection assembly, stainless steel backplate and
finger linkages.

Experience with the original Handmaster fixation in
our own laboratory revealed a number of problems
with the standard attachment technigue. Subjects
were uncomfortable when the velcro straps were
secured to the digits. Complaints ranged from
diminished blood circulation to blocking of sensation
in the finger pands. Moreover, the unit did not
appear to remain well placed on the dorsal surface.
These concerns motivated us to make a major
change to the attachment procedure which included
replacement of the stainless steel backplate with
customized thermoplastic molde, modification of the
shape of the black hvods and the use of skin
adhesives instead of velcro straps.

Reliability and Validity Study

Eight adult subjects (five females and three males
aged 21 to 38 years) with no known history of
orthopedic hand dysfunction participated in this
study. Subjects were selected to represent a range
of anthropometric values.
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Subjects participated in one 30 minute preparatory
and two 90 minute experiemtnal sessions. Each
subject underwent evaluations at six different
positions for the MCP, DIP, and PIP joints and a
maximum of four positions for MCP ulnar-radial
deviation. A total of 169 observations were collected.
For every joint and position combination, the
measurements of range of motion were performed
twice using the goniometer and then twice again
using the handmaster.

All goniometric and Handmaster range of motion
assessments were made by the same examiner, an
occupational therapist with 14 years experience,
with the last 6 years specializing in hand therapy.
The Handmaster data were sampled at 100 Hz via
a 16 channel A/D converter installed in a PC-AT
compatible computer.

Descriptive statistics were calculated separately for
the ROM measures obtained using the goniometer
and the Handmaster by joint and visit. Means and
95% confidence intervals for the difference between
goniometer and Handmaster measures at each tst
session were also tabulated. Test-retest reliability
was assessed by two methods. First, by using
correlation analysis and comparison of means for the
measures obtained at the two visits. The second
method involved the calculation of intra-class
correiation coefficients. This statistic provided a
comparative evalution between the variation in
outcome due to the subjects with that due to the
intervention. Concurrent construct validity of the
Handmaster was assessed by comparing the
measures obtained using the Handmaster with those
obtained using the goniometer. The same statistical
methods as those used for the assessment of test-
retest reliability were used for this validity
evaluation.

RESULTS
Test-Retest Reliability

The data in Table I show the correlation coefficients
for the test-retest measurenents obtained separately
for the goniometer and the Handmaster. These data
show that the correlation coefficients were high and
statistically significant (px0.001) for bhoth the
goniometer and the Handmaster. Therefore there is
a strong linear association between the
measurements obtained at different times with both
of these instruments.

The data in Table II describe the measurements
obtained by the goniometer and the Handmaster
during the test and pre-test assessments. These data
show that the mean difference for the goniometer
test-retest measures was significant using a paired
t-test analysis but is not clinically important. The
test-retest difference for the Handmaater was
clinically and atatistically non-significant.

Table 1: Correlational Analysis for
Test-Reteat Reliability

Goniometer Handmaster

N 169 166
Pearson
Correlation 0.98 0.93
Coefficient
P 0.001 0.0601

Table 2: Description of Measurements (in degrees)

Joniometer Handmaster G- H

[(¢)] (H)
Test
N 169 166 166
Mean 35.1 431 7.2%*
SD 224 249 116
Range 2-97 1-116
Retest
N 159 146 146
Mean 35.1 44.3 -6.9%*
SD 2256 25.6 11.7
Range 2-94 i-110
Test-Retest
N 169 142
Mean -0.8* 0.45
SD 4.0 9.1
* p<0.001
** p<0.0001

Finally, intra-class correlation coefficients for the
test-retest measures obtained by the goniometer and
the Handmaster were 0.98 and 0.99 respectively.
Both of these values were stasitically significant
(p<0.0001).

Concurrent Construct Validity of the Handmaster

The data in Table III show the corvelation analysis
for the measurements obtained using the goniometer
and the Handmaster. These results show that the
measurements obtained by these two methods had a
high and statistically significant (p<0.001) linear
association.
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Table 3: Correlational Analysis for Construct
Validity of EXOS Handmaster

N Pearson P
Correlation
Coefficient
Test 166 0.89 0.0001
Retest 146  0.94 0.0001

The results in Table II. show that the mean
difference between the measurements obtained with
the goniometer and the handmaster was staistically
significant for both the test and re-test assessment,
with the mean Handmaster measurement heing
higher than the mean goniometer measurement.

Intraclass correlation coefficients for the outcomes
produced by the goniometer and the handmaster for
the test and re-test assessment were 0.96 and 0.96
respectively. The intraclass correlation coefficient for
both the test and re-test assessments was 0.95. All
were statistically significant (p<0.0001)

Conclusions

These results have shown that both the goniometer
and the Handmaster have strong test-reteat
reliablity. Moreover, the data, in particular the fact
| that the measurements obtained with the
— Handmaster had a large mean and a wider range,
— suggest that the Handmaster is a more gensitive
- instrument as compared to the goniometer. Studies
using the Handmaster to identify digit kinematics
during dynamic functional tasks are currently in

progress,
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The Accuracy of the sensor array used in the FSCAN System

Hilarie H. Cranmer and Robert P. Patterson
University of Minnesota
Minneapolis, MN 55455

Abstract

The outputs from a FSCAN sen or array were recorded during
four vertical cyclic loads of 5. 50, 75, and 300 pounds
applied over an area of 0.5 iquare inches. There was &
hysteresis of approximately 104+ below 50 pounds of force.
and a maximal difference of aproximately £20% at 100
pounds. Above 150 pounds, the o 1tput tends to flatten out.

Introduction

The FSCAN (Tekscan Inc.. MA) is a computer based system
currently used to evaluate the force and pressure distribution
in the feet. The sensor has an artay of 960 transducers spaced
0.1 inches apart and is fabricated on a tlexible thin printed
circuit with a mylar substrate. The purpose of this study was to
assess the force and pressure responses of the system under
different loading conditions. Two questtons were addressed
Is there a hysteresis associated with the measurements and is
the response of the system linear?

Maaiej. et al (1] used Interlink sensors (o evaluate Pressures.
but there was evidence of significant hysteresis and non-
linearity. Tekscan reports that their system exibits d
hysteresis ot 10%, a linearity of 5%, for "up” values, and a
creep of 10%. They report a need for sensor “conditioning”,
which requires at least 12 cycles of gt wn order o prevent
changes in the calibration due o use This tnvestigation
addresses the questions on linearity and hysterests. as well as
related  issues on  creep. repeatability,  varability. and
conditioning, by companng cequential Toad measurements
taken with the } SCAN foot sensor system.

Methods and Materiuls

Force and pressure readings were recorded using the F SCAN
System. A conditioned foot sensor was used for testng and
each loading occurred in the same region on the sensor
Conditioning was executed by repeatedly loading the sensor
for at feast 20 times with vertical pressures of at least 25 psi
lo ensure only vertical loading. a rectangular box o was
constructed to house the semsor during loading and to support
an upright pole with a loading platform for weights. At the
sensor end, a cireular square prece of metal was used as an
actuator, to transmit the torce trom the wegiits to the sensor.
The total area of the actuator was 0.5 square mehes and s at
wrface was covered with Johnson & Johnwon s mole skin tape.
typreally used (o cover casts

In order o assess the question of Bysteresis, two ests were
performed  Ta the first. the sensor was loaded 0 WX pounds.
then unloaded  This werght was chosen to represent S0% ot
maumum  loadng capactty. specified at 1500 pat Two
recordings were taken: one immedately after loading and the
other, one mmute later  This test was performed agam to
establish repeatability  In the second test. the seasor was
sequentiadly loaded to 25 pounds then unloaded back o zero

This cycle was repeated for weights of 50. 75 and 1) pounds.

‘The remainder of the’ tests evaluated sensor-to-sensor
variability and conditioning effect. Tc determine conditioning.
4 new sensur was loaded 20 times with a 25 pound weight.
Measurements were recorded after the load was applied tor
one minute. The outputs from two conditioned sensors were
recorded and compared.

Results

The results are reported in terms of force. The pressure varied
1 direct proportion to the force because the same loading area
was used throughout the study.

Figure 1| shows the sensor response to the cyclic loadings.
‘There is a moderate non-linearity evident, as well as a slight
hysteresis. In figure 2, which shows loads up to 300 pounds.
the non-linearity is far more significant. It is also shown that
there is no significant difference in sensor repeatability.

The average value for the new sensor after 20 repetitive
loadings with a 25 pound weight was 22.0 pounds. The
average value for another conditioned sensor was 13.0
pound.i. which reflects a4 constant difference in calibration
hetween sensors.  There was no significant change with
repeated loadings. The average force of the first five loadings
of the new sensor was 23.0 pounds and the average force of
the last five repetitions was 22.0 pounds

I

ysteresis Curves for FSCAN

40
1]
92
28
24,

20 ]

18 o 26 lbs
a 50 Ibs
+ 75 Ibe
o 100 Ibs

Resultant Force (ibs.)

16 20 30 N KV e T‘N

40 a 0
True Force (ibs.)

Flgure 1. Foree values for eyclie loadimgs ot 25, 50, 75, and
100 pouids, using an actuator with an area of 05 square
inches
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Hysteresis Curves f
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Figure 2. Force values for a cyclic loading of 300 pounds,
conducted twice.

Discussion

Although Tekscan reports a linearity of 5% for "up” values,
this study shows a greater difference in linearity through
calibration with individual sensors. A different calibration
system has been recently instailed by Tekscan (January 920,
but has not yet been tested by this research group.

The hysteresis reported in this study falls within range (10%)
for loading below S0 pounds. but has a maximal value of
approximately £20% at 100 pounds. This evidence of non-
linearity and hysteresis is conststent with the results reported
by Maalej{1], for the Interlink sensors. Although these results
show moderiate hysteresis. they probably do not contnbute o
serious error in nommal clinical use
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A Video System for Real-Time Synchronization of

1.4

Muscle Activity and Joint Moments During Gait

James J. Carollo, M.S.
Mobility Research and Assessment Laboratory / Department of Orthopaedic Surgery
University of Texas Southwestern Medical Center at Dallas
Dallas, Texas 75220 USA

ABSTRACT

This paper will describe the design of a new
measurement system which synchronizes electro-
myographic (EMG) waveforms and/or ground reaction
force vectors with video of a walking subject in real-
time. The overall system utilizes conventional video
and computer equipment, a commerdially available EMG
recording system, a three component force platform, and
specially designed hardware and software to provide a
unique composite display combining gait data with
video of the subject. All data is simuitaneously recorded
to disk, so that suinmary reports of EMG and force
platform data can be generated to accompany the video
record. The system is especially useful for teaching since
it presents estimates of EMG envelopes and joint moments
in an extremely visual manner. This has been found to be
more readily understood by the clinician and by all
students of gait analysis.

BACKGROUND

The clinician can choose from a wide variety of measures
when evaluating the gait performance of a subject.
Often, the measurements selected are related to the
understandirg and interest of the investigator and the
1. gistical support available [Winter, 1987], with the
greatest attention placed on the so called "outcome”
measures" (e.g. kinematics, stride length, cadence,
ground reaction forces). These measures are useful for
quantifying overall gait performance, but unfortunately
reflect the result of many integrated output effects.
Qutcome measures alone will not permit identification of
the primary cause of a gait deviation.

In order to address the fundamental cause of a particular
gait abnormality, attention must also be given to those
measures which describe the action of the muscles and
their ability to produce appropriate levels of torque
about each joint of the support limb. It has been shown,
however, that both EMG patterns [Arsenault et. al.,
1986] and joint moments during, stance [Winter, 1984] are
highly variable, especially in subjects whose gait
pathology is the result of a CNS disturbance such as
stroke or head injury, or musculoskeletal alterations
associated with amputation or joint surgery [Winter,
1990]. This inherent variability is evidence of the
remarkable adaptability of the neuromuscular system,
and only by scrutinizing the subtle interaction between
mation, muscle activity, and joint torques can insight be
gained into a complex gait problem.

Since variations often occur on a step by step basis,
conventional analytical techniques such as ensemble
averaging may obscure important adaptations of the
CNS to a momentary disturbance in balance, cadence. or

base of support. One method for circumventing this
analytical difficulty is to record on a common time base
measurements of motion, muscle activity, and joint torque
in a manner which maintains the inherent synchrony of
each measurement.

The system described in this paper attempts to
accomplish this in a highly graphical fashion. The
approach uses video to provide a common time base
along with a view of the subject's motion, while
overlayed computer graphics provide real-time
estimates of EMG envelopes and joint moments. To
accommodate the rapid screen refresh requirements of
real-time video, the joint moment descriptions rely on a
graphical technique known as "force line visualization"
{Cook et. al., 1979], where the ground reaction forces are
represented as a resultant vector emerging froma point in
the video field corresponding to the instantaneous center
of pressure. The current design expands on a video/EMG
system developed over ten years ago [Carollo, 1982]
utilizing several updated measurement techniques and
more novel technology.

RATIONALE

A more graphical appreach to the problem of data
synchronization was selected over a si~ ple multiplexed
data collection system after considerir, the needs of the
principle end users of the system; clinicians whose
primary training in gait analysis focuses on the visual
assessment of gait. The system developed can present
complex data in a manner readily understandable to
individuals confused by conventional biomechanical
descriptions, and is accessible to anyone who can operate
a home VCR.

DESIGN

The basic design consists of four fundamental subsystems,
each of which can be used individually or in combination
with the others (see figure). They are the video
subsystem, the EMG measurement subsystem, the ground
reaction force (GRF) measurement subsystem, and the
graphic overlay subsystem. In the descriptions which
follow, most of the component devices will be described
generically without reference to a specific manufacturer,
since in most cases there is no inherent superiority of one
brand over another. In those cases where only one
manufacturer's product can be used, it will be so noted.

Video subsystem

The video subsystem is used to record and playback the
movements of the subject from the front, the side, and
underneath; the latter by way of a glass floor section. It
also provides a common time base for all other
measurements, corresponding to the 60 Hz (16.67 ms)
video field rate. Three clectronically shuttered, CCD,
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color video cameras with approximately 700 lines of
horizontal resolution are used to obtain high quality
images of the subject while walking. Camera control
units for each camera permit synchronization of the
three video signals in addition to video setup and remote
selection of electronic shutter speed. Video outputs from
each camera control unit are routed to a special effects
generator which permits selection of any camera or a
split screen between any two. The resulting composite
video is then routed to a S-VHS video cassette recorder
for initial data recording. Additional equipment
includes an editing VCR to facilitate the reduction of
raw video to a finished product, a character generator
for screen annotation, an assessment VCR with digital
frame storage for clear slow-motion review, and several
color monitors for plavbac’: purposes.

EMG measurement subsy: ‘ern

Electrochemical potentials associated with a skeletal
muscle's contraction are detected using either infant size
disposable ECG electrodes or 50 micron platinum fine
wire electrodes arranged in a bipolar configuration along
the long axis of the muscle to be studied. Each electrode
pair is connected to a miniature amplifier/transmitter
which provides wireless transmission of EMG activity to
recording equipment a short distance away from the
subject. Individual footswitches, made from InterLink
Force Sensitive Resistors ™, are attached to the heel,
fifth metatarsal, first mctatarsal and great toe of both
feet. Switch closure events are encoded to resemble an
EMG signal, so that an available EMG channel can be
used to transmit foot/flocr contact data to the recording
equipment. Once transmitted, bandpass filtered EMG (30
- 1500 Hz) and decoded footswitch data are recorded at
3KHz/channel using a data acquisition system based on a
Dataq Instruments CODAS™ board in a 386 class
personal computer. Special software written in the C
programming language controls data acquisition, real-
time display of scrolling EMG waveforms and footswitch
events, and storage of data to disk at a total throughput

< —/N\ — K‘fx
b

Video Inputs

of 3J0KHz Although not essential to the system
described in this paper, the data files produced can be
converted into an appropriate file format so that they
can be used with commercially available EMG analysis
software.

GRF u nt subsystem

Ground reaction forces are obtained in the conventional
manner using a glass top, three component force platform
mounted on parallel steel girders across a five foot
camera pit. After signal conditioning and amplification,
eight analog channels are recorded using a similar but
independent data acquisition system from the one
described in the previous section. Special software was
developed to (1) read the eight analog force platform
channels, (2) calculate the i istantaneous forces Fx, Fy,
and Fz, and coordinates of the center of pressure, ax and
ay, (3) calculate the appropriate vector projection and
(4) draw the vector originating from the center of
pressure in the sagittal view of the computer display.
This procedure was then repeated for the coronal view.
In order to maintain a continuous graphic display which
could be updated in accordance with changes in the force
platform output, all procedures were completed during
each vertical retrace period.

In addition to these real-time software modules,
separate procedures were developed to accommodate
different camera positions, scaling of the force vector for
different ficlds of view, and standard data acquisition of
ground reaction force data. As in the EMG measurement
subsystem, data files produced in this module could be
casily converted to be compatible with third party
analysis software.

Graphic overlay subsystem

This final subsystem is responsible for integrating the
three previous subsystems into a cohesive unit, and
therefore must overcome the inherent incompatibilities
of cach data format. Specifically, this subsystemn must

EMG Measurement
Subsystem

Y

Graphic
Overlay

Y

GRF Measurement Graphic

Subsystem Overlay ’

Video Subsystem  f=—{

Figure #1: Svstem Block Diagram

10 RESNA International ‘92 ¢ June 6-11, 1992

ERIC 25

A ulToxt Provided by ERIC




Q

ERIC

PAFullToxt Provided by ERIC

A Video System for Real-Time Synchiunization

convert VGA computer graphics into NTSC composite
video so that synchronization pulses from the video
subsystem can be used to trigger the displays ot the two
independent data acquisition systems. Once this is
accomplished, creation of the final videc display is
simply a matter of generating an appropriate key signal
from the data acquisition displays, and inserting this
key into the video subsystem’s data stream.

In the present system, this was accomplished using tools
from the emerging fields of multimedia and desktop
video production. Genlockable VGA display boards
compatible with each data acquisition system were
installed in their respective computers, and configured
for a high contrast overlay. Synchrenization pulses in
the form of a standard black burst signal were used to
trigger each board, with the video oatput daisy-chained
to produce a composite key signal in sync with the
original video. By selectively turning on the key signal
in each board, one can produce a video/EMG display, a
video/ force-line display, both overlays, or none at all.
This level of flexibility permits the operator to
configure a display system which matches the specific
needs of each clinician using the system, and allows
different displays for different clinical protocols.

EVALUATION & DISCUSSION

The present system has been in place since August of 1991,
and in general has been accepted by the clinical
community. The principle advantages are related to the
intuitive nature of the display, which promotes casy
correlation between a subject's motion and their EMG
activity, and /or joint moment requirements.

However, there are certain inherent limitations to the
system which cannot be overlooked. First, the video
subsystem does not provide quantitative measurements of
joint position, and serves primarily as a means for
facilitating frame-by-frame visual analysis of the
walking pattern. Second, EMG signals must be presented
in their raw, unprocessed form since timing requirements
for real-time display limit the amount of signal
pracessing which can be performed. Envelopes of EMG
activity must be estimated from amplitude changes in
the waveform, and thus are only useful for determining
periods of muscle activity from periods of reduced
activity. Finally, force-line vistalization as a predictor
of joint moments is useful as a clinical estimate, but care
must be taken when using the method in normals or faster
speed walkers [Wells, 1981]. This is because joint torque
is determined by visually comparing, the line of action of
the ground reaction force and the apparent joint center of
the joint of interest, to subjectively determine a moment
arm /vector ainplitude product. This estimate becomes
less accurate as one progresses up the kinematic chain
from ankle to hip, since gravitational an inertial forces
of each limb segment are neglected, and the contribution
of these forces to the overall ground reaction force
increases as one gets further from the ground. To further
complicate the analysis, predicted moments are opposite
in sign from he actual joint moments, and therefore must
be considered as a "demand moment,” which necessitates
an equal and opposite joint moment to counteract it

Although the system in no subslitute for traditional
quantitative measures of EMG and joint moments, we feel
there is still a place for this type of system in the clinic.
It is quite useful as a first step in the gait assessment
procedure, and is sensitive to subtle changes in the
patient's gait which may be obscured by traditional
analysis. Perhaps its best application is in teaching
allied health students and those new to gait analysis a
systematic approach to the problem. And like any
clinical assessment tool, it is only as good as the clinician
who uses it.
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ABSTRACT

Determination of abnormal autonomic cardiovascular
function (ACF) in persons with multiple sclerosis {MS)
has traditionally used quiescent, perturbations. This
study examined the use of dynamic leg cycling
exercise as an index of exercise capacity and ACF in
this population. For this, heart rate {HR) and blood
pressure {BP) responses to 3 standard, quiescent
tests and during an incremental leg exercise protocol
were determined. Eighteen MS subjects {minimal-
moderate impairment) were matched to 18 non-MS
persons. Results of the quiescent ACF tests showed
no abnormal responses in the MS group. During
cycling exercise, HR and sSystolic BP (SBP)
adjustments to oxygen uptake {VO2) increments
during absolute exercise power outputs (PQ) were not
significantly different between groups. Examination
of HR and SBP at relative VO showed this
minimally- impaired MS group to have a slightly
attenuated HR response but a near identical SBP
response vs the non-MS group. More severely
impaired MS individuals would might respond
differently This dynamic exercise protocol may offer
more insight into the affects of MS upon ACF and
provide guidance for determining rehabilitation
potential of this population.

{INTRODUCTION

Dysfunction of the autonomic nervous system in
multiple sclerosis (MS) has been well- documented
with manifestations occurring in bladder,! sexual,!

and sudomotor’  function. Traditionally,
documentation of autonomic cardiovascular function
(ACF) of both sympathetic {SYMP) and
parasympathetic (PARA) reflexes in persons ‘with MS
have been via standard tests with the patiunt in a
quiescent state. Standard tests such as the Valsalva
maneuver, rhythmic deep breathing, and sustained
isometric handgrip are only 3 among several acute,
perturbations performed under quiescent conditions in
an effort to isolate and measure autonomic
cardiovascular responses of heart rate (HR} and blood
pressure (BP). While several investigators have found
a relatively high incidence of abnormalities in PARA
and/or SYMP ACF tests with this population,8:9.10
others have not.2 What these tests reveal is
important; however, they do not exhibit information
on dynamic exercise capacity and whether
cardiovascular responses in a particular individual are
sufficient to sustain greater cardiovascular organ
system demands. For example, any daily activity,
whether it be for work or pleasure, requires a
constant metabolic demand which must be supported
by adequate central (HR) and peripheral (BP)
cardiovascular adjustments. Such adjustments are
predominantly controlled by the sympathetic a-d
parasympathetic nervous systems. As such, knowing
whether these responses are sufficiently intact to
support dynamic activity in the MS patient is of equal
importance. Such information may provide even
greater insight into a patient's rehabilitation potential.
Therefore, the purpose of this study was to develop

an easily administered protocol of dynamic exercise -

(i.e. leg cycling) that could be used in suppliment to

existing standard, quiescent ACF perturbations, to
examine MS individuals under conditions that are
more similar to the demands required during normal
daily activity.

PROCEDURES

Sublects. Eighteen persons who had been positively
diagnosed with MS were examined by a neurologist
and rated on the Expanded Kurtzke Disability Scale.®
Distribution of ratings is presented in Table 1.
Individuals having a minimal to moderate level of
impairment were selected for participation to assure
their ability to physically perform the dynamic leg
cycling protocol. The length of time from the date of
diagnosis ranged between 1 and 23 yr (X - 6.2 yr
+8.3). A group of 18 healthy, non-MS participants
(AB) were matched to the MS group on the
characteristics of age, gender, height, and weight.
Further description of group characteristics s
presented in Table 2. The presence of any
cardiovascular, pulmonary, renal, metabolic or non-
MS orthopedic disorder excluded participation.
Informaed Consent was obtained from all participants
according to University policy.

Table 1. Distribution of EDSS Ratings Among MS
Subjects.

EDSS Rating 1.0 2.0 3.0 4.0
No. of Subjects 7 4 5 2

Table 2. Subject Characteristics.

Group MS non-MS
(n=18) (n=18)

Age lyr) 39.6(+5.11 37.7(+5.0

Height {cm) 171.2(+11.0 171.8(+10.2)

Weight {kg) 73.3(+15.5) 75.6(+1F 8)

Tests of Autonomic Cardiovascular Function (ACF).
Three non-invasive tests of ACF, which monitored HR
and diastolic blood pressure (DBP) responses at rest,
were administered. These tests have been described
previously and widely used.3 The test perturbations
and monitored responses were: the Valsalva
maneuver - HR; deep rhythmic breathing - HR (E:l
Diffarence); and sustained isometric handgrip
contraction - DBP. The first two, which use HR, are
considered PARA tests, whereas, the third which
uses DBP, is considered a SYMP test. Subjects were
connected via chest electrodes to a Hewlett Packard
78324A ECG monitor which recorded HR during all
tests. This was interfaced with a computer via an
A/D converter. R-R intervals were calculated via the
computer program and converted into numerical
values and compared to published standards for
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normal-borderline-abnormal responses. This
computer system has been full described previously.4
BP was dstermined using an  automated
sphygmomanometer connected to aiiother channsi of
the aforementioned ECG monitor. BP recordings
were manually entered into the computer following
the test session.

Leg Cvcling Protocol: Following a 5-min rest period,
subjects performed a discontinuous, progressive
intensity protocol of recumbent leg cycling. Power
outputs (PO} began with no flywheel resistance at a
padal frequency of approximately 50 rpm. Absolute
increments of approximately 25 W were added during
each subsequent stage. Each exercise stage lasted 4-
5 min, with a 3-5 min rest betwecn stages.
Cardiorespiratory and metabolic data were acquired
via open circuit spirometry. HR was monitored
constantly using a CMs electrode placement, with
recordings each min. DBP and systolic BP {SBP} was
obtained manually during the final min of PO using a
standard sphygmomanometer. Following the 4
submaximal stages, a final continuous maximal effort
stage of approximately 4 min was performed, with
increments in PO each min. Subjects were asked to
maintain a pedal frequency between 50-60 rpm. The
test was terminated due to volitional exhaustion or
predetermined me. “olic and pulmonary indices
concomitant to an inc.ease in PO.

STATISTICAL ANALYSIS

A Student's ¢-test was used to determine differences
between groups on physical characteristics. Absolute
values of cardiovascular and metabolic data, as well
as absolute and relative increments in PO during
cycling, expressed as a percentage of each individual
maximal PO (POmax) were compared usi