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Ambulatory Physiological Monitoring Device 	

A. Bennett Wilson, Jr., B.S,M.E.; and Oscar Aizcorbe, M.D.
Department of Orthopaedics and Rehabilitation, University of Virginia Medical Center, Charlottesville, VA 22908 and
Veterans Administration Medical Center, Salem, VA 24153
Sponsor : VA Rehabilitation Research and Development Service

Purpose—The collection of objective data on
the effect of various lower limb prosthesis de-
signs on performance of amputees in the past
has been limited essentially to oxygen-uptake
measurements and locomotion data taken in
laboratory settings. Data taken under such arti-
ficial conditions are expensive, and can be mis-
leading because of the limitations inherent in
the present systems . As a result, evaluation
groups have relied heavily on subjective data
reported by subjects using experimental de-
vices . The results are not usually as reliable as
investigators consider desirable.

One of the most useful indicators of im-
proved function, comfort, or both, is any change
in activity level, or the number of steps taken
by the subject over given periods of time . Step
counters have been used in the past but have
not proven to be useful because the steps taken
were not recorded against time in a significant
manner.

J. MacGregor, as a Ph .D. candidate, pro-
posed the use of an ambulatory monitoring
system that would provide three channels of in-
formation recorded against time for a 24-hour
period (MacGregor, J. "Rehabilitation Ambula-
tory "Monitoring," Ch. 18 in Disability—Pro-
ceedings of a Seminar on Rehabilitation of the
Disabled, Kenedi RM, Paul JP, Hughes J, eds.
MacMillan, 1979). He used only two channels,
one for electrocardiographic signals and one for
signals from an accelerometer placed on the
chest, to record heartbeats and steps against
time .

Progress—Modifications of the MacGregor
system permit recordings of heartbeats and
steps against time in both analog and digital
displays with excellent reliability and extreme
accuracy. In addition, whether the patient is
standing or sitting is recorded . Counts of steps
and heartbeats can be made over periods as
short as 20 seconds and as long as 24 hours.
The equipment is light enough and sufficiently
compact so that ordinary activities of the sub-
ject are not impeded.

The system is now being used routinely in
the evaluation of the below-knee sockets with
flexible brims by the Arthritis Rehabilitation
Research Program at the University of Virgin-
ia. Other departments and research programs
have shown a strong interest in this system.

Preliminary Results—It is believed that the
ambulatory physiological system now makes
possible scientific evaluation not only of pros-
thesis components, but of almost any treatment
program involving locomotion.

A paper has been written for submission to
the Journal of Rehabilitation Research and De-
velopment. Presentations on the system were
prepared for the Annual Conference of the
American Physical Therapy Association, June
1986; the Annual Conference of Region VI of
the American Orthotic and Prosthetic Associa-
tion, June 1986 ; the 39th Annual Conference of
the Association on Engineering in Medicine
and Biology, September 1986 ; and the IEEE/
EMBS Annual Conference in November 1986.
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Long-Term Ambulatory Physiological Surveillance Equipment (LAPSE)

James MacGregor, M.Sc., Ph.D., F.I .Biol.
Bioengineering Unit, University of Strathclyde, Glasgow G4 ONW Scotland
Sponsor : University of Strathclyde

Purpose—Characterization of the specific
extent of a physical handicap and its response
to treatment is difficult . The majority of tech-
niques employed are subjective or, at best, are
performed on a relatively short time scale in
the artificial environment of the hospital or
clinic.

LAPSE is intended to study patients over a
two-to-three-day span without interfering at all
in the intellectual, physical, or social life of the
subject. It is based on the acquisition of a very
large statistical sample of data relating to pa-
tient activity, including changes in posture, mo-
bility, and the associated physiological effort,

i .e ., heart rate concurrently observed.

Progress—An earlier system based on a minia-
ture analog tape recorder has been superseded
by solid-state microprocessor-controlled datalog-
ging elements that can be used to measure or
define the lifestyle of the individual patient.
Changes brought about by the different man-
agements introduced can be clearly seen from
these measurements . Our work is still proceed-
ing on the development of suitable transducers
complementary to those already developed . A
wide range of clinical applications are under
consideration for early implementation.

Predictive Assessment in Prescription of Functional Aids for the Motor Disabled

Michael J . Rosen, Ph .D.
Massachusetts Institute of Technology, Cambridge, MA 02139
Sponsor : National Institute of Handicapped Research

Purpose—The goal of this project is to develop
data, methods, and theory on which to base pre-
diction of functional gain from therapies and
technological intervention. It was proposed that
this concept be applied to three handicapping
conditions : 1) disabling tremor of the upper ex-
tremities; 2) "equinus" and other spastic gait
abnormalities; and 3) loss of vocal communica-
tion due to impaired articulatory motor control.
During the past year, considerable progress has
been made in the first two areas . (Work in the
last of these areas has for the past two years
been supported by other funding.) The motiva-
tion for this REC project derives from the im-
practicality of exhaustive try-it-and-see evalua-
tion of modes of intervention in the clinic.

Progress—During the past year, extensive data
have been analyzed from a study of alcoholics
with essential tremor conducted collaboratively
with Dr. Mindy Aisen, former visiting scientist
in the Mechanical Engineering Department at

MIT, and Dr . Jorge Romero at the Veterans
Administration Medical Center at Brockton.
Subjects in that study performed wrist exten-
sion/flexion pursuit tracking and postural
maintenance tasks presented visually . In some
trials, angular displacement was required and
various masses were added to the hand . In
other trials, isometric torque was required and
the display gain was varied.

Preliminary Results—The results show that
most of this group of eight subjects had tremor
characterized by two frequency peaks, one at 8
to 10 Hz and another at 4 to 7 Hz . The two
spectral bands behaved very differently with re-
spect to their variation with the experimental
parameters. The lower frequency component
was influenced by biomechanical factors,
whereas the higher frequency component was
not. This is significant in part because it is dis-
tinctly different from the response to load fac-
tors observed in intention tremor measured in



188

Functional Assessment

earlier studies by this group. This outcome sup-
ports our expectation that the sequence of me-
chanical load application and spectral process-
ing may serve as a clinical "probe" into a pa-
tient's tremor, one which generates a descrip-
tion of tremor at a level closely related to its
physiological mechanism . The working assump-
tion is that such a description stands a greater
chance of being predictive of the success of a
therapeutic approach than standard methods of
clinical evaluation and classification.

In the area of spastic gait, work has contin-
ued on the development of the wearable, com-
puter-controlled ankle orthosis simulator . This
system, developed here by Brian Maki, applies
energy-dissipating torques about the ankle
under the control of software running at the
time of the experiment on a laboratory mini-
computer. By applying different control algo-
rithms, various damping-like load profiles can
be tried with changes only in software . The
goal is to find the load that minimizes

"equinus" and back-kneeing without unaccept-
able other effects on gait . In order to make the
process of identification of optimal values for
load parameters more rapid, Tom Hedman had
developed an on-line search algorithm that
computes the value of an optimization function
after each walking trial and adjusts the value
of damping constant for the next trial. This
methodology has been tried on four cerebral-
palsied subjects during the past year . The pro-
gram was technically successful in all cases,
and in one subject a significant optimum with
respect to damping constant was found . This
outcome supports two tentative conclusions : the
technique of human-interactive stimulation can
be a practical clinical method for customizing a
complaint ankle orthosis for a particular client
(or for establishing its ineffectiveness) ; and, it
appears that such an assessment will be essen-
tial since the clinical observation of "equinus"
does not necessarily predict the effectiveness of
such a brace.

Improved Methods of Quantification of Function/Performance

George V. Kondraske, Ph.D . ; Vert Mooney, M .D. ; George Wharton, M.D.; Susan S . Smith, M.S ., P .T . ; Raymond L.
Dabney, B.S .O .T.
Electrical and Biomedical Engineering, University of Texas at Arlington, Arlington, TX 76019 ; Orthopaedic Surgery
Division, University of Texas, Health Science Center at Dallas 76235 ; The Dallas Rehabilitation Institute 75235 ; Physical
Therapy, University of Texas, Health Science Center at Dallas 76235
Sponsor: University of Texas at Arlington; University of Texas Health Science Center at Dallas ; Dallas Rehabilitation
Institute; Dallas Rehabilitation Foundation

Purpose—The University of Texas at Arlington
(UTA), the Dallas Rehabilitation Institute
(DRI), the University of Texas Health Science
Center at Dallas (UTHSCD), and the Dallas Re-
habilitation Foundation (DRF) have formed a
research consortium that established the
Center for Advanced Rehabilitation Engineer-
ing (CARE). The primary research goal is to de-
velop improved methods for quantification of
human performance/function in handicapped
individuals. Central to this effort is the comput-
er-automated measurement system developed
in the joint UTA/UTHSCD iomedical Engi-
neering Program.

Progress—The system includes measurements
of mental alertness, vision, hearing, speech,

steadiness, reactions, tactile sensations, manual
dexterity, range of motion, speed and coordina-
tion, postural stability and control, selected ac-
tivities of daily living, strength, resistance to
passive motion, and fatigue. Research to evalu-
ate the system's reliability and utility for as-
sessing performance and the function of handi-
capped individuals has progressed . The system
is also used to help answer clinical and scientif-
ic research questions.

Future Plans—The laboratory is being expand-
ed to include assessments of gait and proprio-
ception as well as some of the above functions
at new body sites . New instruments, a data-
base, and test result report software continue to
develop .
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Development of a Computer-Automated System
for Functional Assessment

George V. Kondraske, Ph.D . ; Wolf W. von Maltzahn, Ph .D., P.E . ; Khosrow Behbehani, Ph .D . ; Michal Chwialkowski,
Ph.D . ; J. Robin Richmond, Ph.D.
Electrical and Biomedical Engineering, Center for Advanced Rehabilitation Engineering, University of Texas at
Arlington, Arlington, TX 76019
Sponsor : National Institute of Handicapped Research; Dallas Rehabilitation Foundation; University of Texas at Arlington
Organized Research Fund

Purpose—We have developed a computer-auto-
mated system to quantitatively measure a
broad selection of sensory and motor functions.
The objectives of this project are to further de-
velop and expand the basic system and to pre-
pare and evaluate two complete prototype sys-
tems for evaluation and application studies at
our clinical settings, the University of Texas
Health Science Center at Dallas (UTHSCD),
and the Dallas Rehabilitation Institute (DRI).
In this battery of tests, each function is meas-
ured during very specific, simple, and short-du-
ration tasks that usually involve responses to
computer-generated stimuli . Special-purpose
transducer modules have been designed to con-
vert responses into voltages for digitization by
computer. Signal processing algorithms com-
pute single number results for most tests that
quantitatively indicate the level of a specific
function.

Progress—A database management system,
with interactive test result inspection capabili-
ties, has been implemented. At present, the da-
tabase contains more than 2000 subject records
of sensory and motor function, divided approxi-
mately equally between patients with various
handicaps and normal data that are essential
to interpret patient findings properly . It is pos-
sible, through a computerized process, to collect
any or all of more than 200 measures of senso-
ry and motor function, deposit results in the
database, and examine an individual's results
by comparison to a selected subset of the
normal population . Results are expressed in
terms of standard deviations from the selected
comparison population . During the past year,
new cooperative research (which allows replica-
tions of the system to be used and evaluated at
external sites) has begun between the San An-

tonio Sports Medicine and Rehabilitation
Clinic, St. Paul Hospital Human Performance
Center (Dallas), National Rehabilitation Hospi-
tal (Washington, DC), Wadsworth VAMC (Los
Angeles), and Dallas VAMC. This added to
other external sites, all linked together via the
common database, at Chicago Shriners Hospital
and Cordis Corporation (Miami).

Preliminary Results—The Biocurve Tracer, a
large-volume three-dimensional digitizer, has
been evaluated for obtaining range-of-motion
measures in simple joints as well as the spine.
In addition, a method has been developed to use
it to measure spinal curvature . Evaluations in-
dicate results comparable to other techniques
that do not offer the ease of administration and
computer-based logging of results.

While, many system measures have been
well established and are in regular use, recent
work focused on extracting new meaningful
measures during established protocols, at no ex-
pense of test administration time . Specifically,
additional measures of coordination, tremor, fa-
tigue, and posture (via the Biocurve Tracer)
have been identified . In addition, quantification
of speech motor function has received emphasis
during this period . A systematic function-ori-
ented approach, based on our previous meas-
urement philosophy for extralaryngeal sites,
has been established and is being evaluated ex-
perimentally in this study.

Software for personal computers has been
developed to allow interface to the database
and display of individual results as well as test-
retest comparisons in various easy-to-interpret
forms, such as graphical mappings of function
to anatomy. Color-coded schemes are used to
represent levels of relevant sensory and motor
functions at each site. Work in expert systems
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to provide more refined information to neurolo-

	

rules (for function to body sites and actions,
gists, orthopaedists, physical therapists, occupa-

	

muscles, and innervation) ; and dysfunction pat-
tional therapists, and vocational experts has tern rules in an attempt to localize and quanti-
also progressed. One such system employs func- fy the extent of lesions in the neuromuscular
tion measurements ; the database; mapping system.

Clinical Evaluation and Application of a Computer-Automated System for Functional
Assessment—Part 1 	

Vert Mooney, M.D . ; Susan S. Smith, M.S., P .T. ; George V. Kondraske, Ph.D . ; Ron Tintner, M .D.
Orthopedic Surgery Division, Physical Therapy, Electrical and Biomedical Engineering and Neurology, University of
Texas Health Science Center at Dallas, Dallas, TX 75235
Sponsor: National Institute of Handicapped Research; Dallas Rehabilitation Foundation

Purpose—A prototype of the Center's comput-
er-automated human performance measure-
ment system is being evaluated for test-retest
repeatability and effects of age, gender, and
handedness while gathering normal sensory
and motor function data, as well as short-and-
long-term stability of patient data. Other re-
search studies involving rehabilitation and in-
vestigative applications of the system are being
carried out at this center in cooperation with
local investigators.

Progress—Significant progress has been made
in measurement of screened normal individuals
to establish a sensory and motor function data-
base. To date, norms for approximately 150
measures have been obtained with the follow-
ing age breakdowns for data records : 2 (<10
yrs), 32 (10-19 yrs), 494 (20-29 yrs), 201 (30-39
yrs), 60 (40-49 yrs), 87 (50-59 yrs), 123 (60-69 yrs),
59 (70-79 yrs), 9 (>80 yrs). Many subjects were
tested and retested no less than 1 week and no
more than 2 weeks later . Test-retest data are
being used in large-scale studies of reliability
and learning effects. In one study, results indi-
cate that 87 of 102 measurement variables in-
cluded show very good reliability (reliability co-
efficient >0.75), and only nine variables indicat-
ed significant learning effects . Timed activities
of daily living measures were shown to be the
least reliable .

Preliminary Results—Data collection for short-
term learning (same subjects evaluated repeat-
edly on 5 consecutive days) and effects of tech-
nician and test site (same subjects evaluated at
different sites by same technician as well as
same site by different technicians) have been
completed and analyses are under way. Results
are important to document potential sources of
measurement variability with the system in
typical clinical use . Long-term changes in
normal and handicapped function, where sub-
jects are recalled annually for retests, are being
studied. Thus far, more than 60 subjects have
responded and have been retested.

Patients with progressive neurologic dis-
eases such as Parkinson's disease, multiple scle-
rosis, myasthenia gravis, Huntington's disease,
and chronic low back pain are also being char-
acterized and studied . In 45 post-surgical low
back pain patients, preliminary results show
some loss of function compared to age-matched
norms in every function category measured (in-
cluding mental status and upper extremity
function), although, in general, the loss is great-
er for lower extremities and whole body bal-
ance and reaction functions.

To begin to integrate the system into rou-
tine clinical use, local clinicians have been in-
vited to refer individual patients for function
measurement workups. Clinicians are provided
with printed standard report forms and, if re-
quested, interpretation assistance .
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Clinical Evaluation and Application of a Computer-Automated System for Functional
Assessment—Part 2	

George Wharton, M .D . ; George V. Kondraske, Ph.D . ; James J. Carollo, M.S. ; Margaret Wise, M.S ., O.T.R.
Dallas Rehabilitation Institute, Dallas, TX 75235 and Electrical and Biomedical Engineering, University of Texas at
Arlington 76019
Sponsor: National Institute of Handicapped Research; Dallas Rehabilitation Foundation

Purpose—A second prototype of the Center's
computer-automated human performance meas-
urement system is being evaluated clinically
and used to conduct studies of rehabilitation
significance at the Dallas Rehabilitation Insti-
tute (DRI) . Work at this site has been under
way to characterize the function of patients
with head injuries, spinal cord injuries and pe-
ripheral neuromuscular damage, cerebral palsy,
amputated limbs, spinal pain, and arthritis.
Data are being used to develop functional pro-
files and databases of these conditions, as well
as to document effects of therapy and recovery
trends. Over the past three years, over 650
evaluations have been made on 274 subjects.

Progress—As experience with these patient
groups increased, several modifications to test
devices were found necessary and adaptations
were implemented. Progress in studies of
system evaluation and database establishment
parallels that detailed for our UTHSCD clinical
site, as these studies were jointly undertaken.

Progress continues in the study of head
injury patients . The effects of a cognitive reme-
diation program on functional performance are
being studied in a subset of head-injured pa-
tients, with measurements before entry and at
2-month follow-up intervals . In addition, re-
search to predict level of independence in tasks
such as grooming and feeding for basic quanti-
tative measures of function has been initiated .

An expert system approach was utilized . Initial
results indicated high potential for successful
objective classification . A similar approach was
utilized to screen head-injured subjects for
driver training.

Work continued to progress in quantitative
characterization of spinal-cord-injury patients
and their rehabilitation progress . A total of 166
evaluations were made, many of which repre-
sent retests at regular intervals . This subset da-
tabase will serve as the basis for evaluating the
efficacy of therapeutic regimens as well as for
increasing the knowledge regarding spinal cord
injury recovery. In addition, handicapped vol-
unteers began to establish a database of stable
wheelchair-bound individuals who will partici-
pate in studies of long-term exercise value.

Preliminary Results—A questionnaire research
survey of quantification requirements to evalu-
ate functional electrical stimulation (FES) effec-
tiveness was also carried out as a first step
toward meeting needs in this area . Among find-
ings, it was documented that of the 116 meas-
urements listed in the survey, only 8 were
clearly determined to be unacceptable, while 82
were considered to be at least "effective ." Re-
sults will be used to assess the system's current
measurement capabilities in this domain, to
promote the use of quantitative measures in
documenting FES effectiveness, and to map out
research priorities for the future.

Quantification o Mobility Performance for Functional Assessment, Diagnosis, and
Therapy of Neuromuscular, Skeletal, and Synovial Joint Dysfunctions

Robert W . Mann, Sc .D., and Derek Rowell, Ph.D.
Harvard University—Massachusetts Institute of Technology, Cambridge, MA 02139
Sponsor: National Institute of Handicapped Research ; National Science Foundation

Purpose—Functional assessment of disabling quantitatively documenting the kinematic and
mobility disorders requires reliable methods for

	

dynamic state of the movement-impaired indi-
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vidual. Such methods can enhance confidence
in determining the effectiveness of surgical
and/or rehabilitative procedures. This project
involves an assessment process that goes
beyond documenting the status of the patient
by providing simulations of the consequences of
different muscular skeletal surgical procedures,
thereby affording the medical practitioner the
opportunity to experiment with different ap-
proaches, to optimize the parameters of a par-
ticular intercession, or decide that the simulat-
ed outcome does not warrant the hazards and
liabilities of intervention.

Progress—Computer-Aided Surgical Simulation
(CASS) is a computer-based system whose ante-
cedent was Computer-Aided Design (CAD), now
widely applied in engineering. A similar ap-
proach provides the surgeon with a computer
graphics display of the patient's anatomy, on
which a tentative orthopaedic procedure can be
implemented. Representations of the patient's
movement patterns in the computer database
are altered by the simulated intervention, and
the computer displays the effect on the pa-
tient's posture, mobility, joint range-of-motion,
etc. The surgeon is then free to alter and opti-
mize the procedure until satisfied or perhaps
abandon it, all before actual surgical interven-
tion takes place.

Preliminary Results—The project is subdivided
into four tasks: mobility analysis, patient-specif-
ic anatomical representation, individual muscle
activity determination, and surgeon/computer
interfacing.

Mobility Analysis . The Selspot TRACK sys-
tems at the Massachusetts Institute of Technol-
ogy and Massachusetts General Hospital have
been enhanced and applied in several relevant
studies. Accurate and detailed knowledge of the
instantaneous axes of rotation of conjugate
body segments are essential to confident calcu-
lation of movement dynamics . A definitive
study of alternate kinematic methods for calcu-
lating the instantaneous axes of the segmental
joints was conducted using TRACK data from
the human ankle, knee, and hip and, for eval-
uation of experimental accuracy, from a me-

chanical pendulum . The finite displacement
method was shown to be superior . A novel com-
puter display of human movement kinematics,
employing solid body segments rather than the
typical stick figures and implementing the ori-
entation data from the TRACK system, was
demonstrated.

An automatic calibration scheme to com-
pensate for the inherent optical and transducer
nonlinearities of Selspot cameras was devel-
oped. Improvements were achieved in noise-re-
duction of kinematic data. A definitive study on
the frequency content of gait with implications
for the required bandwidth of gait analysis sys-
tems was published.

The pressure-sensing instrumented hip
prosthesis has been in place now for more than
two years and is performing superbly both for
the subject's benefit and as a data source . The
new information is challenging the traditional
understanding of synovial joint mechanics and
of muscular action during normal movements.
It will profoundly affect orthopaedic surgical
practice and rehabilitation following all kinds
of major hip surgery.

Patient-Specific Anatomical Representation.
The use of computer tomographic (CT) and
magnetic resonance imaging (MRI) scan data to
generate patient-specific computer-driven color
graphic displays of anatomy were advanced
both by the development of new software and
by the acquisition and networking of new com-
puter hardware. The emphasis is on the auto-
matic extraction via pattern recognition of ana-
tomical contours from the cross-sectional slices
produced by computer tomography, the assem-
bly of such two-dimensional information into
three-dimensional solid objects for computer
display and animation, and on the develop-
ments of compact, effective means for the stor-
age and retrieval of great masses of such data.

Surgeon/Computer Interfacing. To be em-
ployed effectively by, and accepted by, the med-
ical profession, computer-aided surgical simula-
tion must employ and exploit, in a natural
fashion, the inherent knowledge and skills of
the orthopaedic surgeon without imposing new
additional training burdens . To assess the effec-
tiveness of the anatomical displays, to explore
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how best to control simulated surgical interven-
tion, and to evaluate the surgeon's interpreta-
tion of the mobility changes brought about by
the simulated surgery, a case study of inter-tro-
chanteric osteotomy is under way.

In osteotomy, the surgeon's goal is to delib-
erately sever the femur, remove a slice or
wedge of bone, and reorient the femoral compo-

Upper Extremity Control Utilizing Functiona

P. Hunter Peckham, Ph.D., and Michael W . Keith, M.D.
Case Western-Reserve University, Cleveland, OH 44109
Sponsor : National Institute of Handicapped Research

Purpose—The purpose of this project is to
evaluate the performance of a functional neuro-
muscular stimulation neural prosthesis in para-
lyzed human subjects for restoration of hand
function.

Progress—Since 1978, we have evaluated 26
subjects who have sustained complete traumat-
ic spinal cord injury at the C5 or C6 level . Para-
lyzed muscles are implanted with chronically
indwelling percutaneous electrodes for control
of lateral prehension-release and palmar pre-
hension-release . Control is proportional and is
provided by a volitional command of the sub-
ject, usually via the contralateral shoulder.

Functional assessment of clinical function
is accomplished through a four-part testing pro-
tocol consisting of sensory evaluation, range of
motion, manual muscle testing and muscle ex-
citability, and functional evaluation. The last
component of functional evaluation incorpo-
rates the Jebsen Hand Test (JHT), performance
of isolated basic tasks, performance of coordi-
nated tasks, and performance of integrated
tasks.

The majority of testing is with nine sub-
jects who are presently most active in our pro-
gram and who are provided both grasp pat-
terns. Examples of the various tasks demon-
strated by the subjects are : 1) passive grasp (be-
cause the system does not necessarily have to
be active and the user may wish to accomplish
certain tasks without active grasp); 2) active
grasp of utensils, books, writing instruments,

nents three-dimensionally so as to put an area
of normal cartilage in the load-bearing region,
moving the damaged cartilage to an unloaded
area. In so realigning the joint, however, the
surgeon must continue to satisfy the physiologi-
cal range of motion of the joint and must not
interfere with normal gait patterns.

Neuromuscular Stimulation (FNS)

telephone, cups, etc . ; 3) integrated tasks such as
pouring, washing, diskette handling, brushing
teeth; and 4) advanced tasks such as threading
a needle, self-catheterization.

Preliminary Results—Most functional activities
required the use of either a passive orthosis
(PO) or the neuroprosthesis (NP) . For example,
feeding with utensils or writing could be accom-
plished with either the PO or NP . Feeding
finger foods and drinking required NP usage.
The most dramatic difference was in perform-
ance of transition tasks involving grasp, pickup
and position, and release. A fork, pen, diskette,
napkin, small book, and phone receiver were
tested. All tasks required the NP in all subjects
with the exception of the napkin, which 9 of 9
could accomplish passively, and the phone re-
ceiver, which 1 of 9 could accomplish passively.
Because most hand tasks are of a transition
nature, we interpret this aspect of performance
as significant.

The results of these tests highlighted cer-
tain deficiencies in our present program that
form the focus of future clinical effort . Goals in-
clude improving our training program to pro-
vide the subject with better planning strategy
and providing smoother means for making
transitions between grasping patterns.

We also have begun to apply the hand con-
trol technique to stroke/head-injury subjects.
To date, one subject has been entered into the
project. We have demonstrated qualitatively
that flexor spasticity is reduced with short peri-



194

Functional Assessment

ods of stimulation, enabling us to provide full

	

are focusing activity on reducing flexor spastici-
hand opening with FNS . Voluntary control of ty to enable release functions through function-
grasp, albeit abnormal mass patterns, is possi-

	

al neuromuscular stimulation.
ble in the subject . Thus, at this early stage we

Nerve-Bundle Conduction Velocity Distributions:
Clinical and Research Applications	

Leslie Dorfman, M .D., and Kenneth Cummins, Ph .D.
Rehabilitation Research and Development Center, Veterans Administration Medical Center, Palo Alto, CA 94304
Sponsor: VA Rehabilitation Research and Development Service

Purpose—Measurement of nerve conduction ve-
locity (CV) is an important element in the elec-
trophysiological evaluation of patients with sus-
pected neuromuscular disorders . Conventional
methods of determining nerve CV focus pre-
dominantly or exclusively on the velocity of the
fastest-conducting (largest diameter) fibers in
the nerve bundle . The properties of slower-con-
ducting fibers, which constitute the majority of
elements in the nerve bundle, are traditionally
assessed only indirectly, or not at all.

The capability to estimate the conduction
velocities of the various classes of nerve fibers
composing the nerve bundle may be expected to
enhance the sensitivity and specificity of neuro-
muscular electrodiagnosis, to improve the func-
tional assessment of injured nerves, and to fa-
cilitate the quantitative evaluation of therapies
for nerve diseases and injuries.

Progress—We developed a computer-based
method for estimating the distribution of con-
duction velocities (DCV) in the subpopulation of
large myelinated fibers composing human pe-
ripheral nerves . The method operates on sur-
face-recorded compound nerve action potentials
and is distinguished by its generality and its
suitability for clinical implementation in the
electroneuromyography laboratory.

Preliminary Results—Seven journal articles
and one book have been published. Clinical

trials were set in motion, and the transition
into regular clinical use was set under way at
Stanford and at several other laboratories . DCV
analysis was applied to the study of experimen-
tal nerve repair and regeneration . Discussions
were conducted regarding commercial distribu-
tion of this technology.

Future Plans—Our hypotheses are: 1) that on-
going clinical trials of DCV analysis will con-
firm its diagnostic superiority to conventional
measures of nerve CV; 2) that DCV analysis
will yield insights into the pathophysiology of
neuromuscular disorders and nerve injuries;
and 3) that DCV analysis may be implemented
on existing electroneuromyographic equipment,
so as to be more widely available for evaluating
patients with neuromuscular disabilities.

Toward this end, DCV analysis has been
and continues to be applied in normal individ-
uals, and in patients with diabetic neuropathy,
nerve injury, amyotrophic lateral sclerosis,
multiple sclerosis, and other conditions . The
DCV findings in these individuals are compared
and contrasted with those from conventional
nerve CV measurements . Different methods of
DCV analysis have been compared in normal
individuals and in patients . DCV analysis has
been implemented on one commercial electron-
euromyograph, and a second implementation is
under consideration .
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Psychiatric Symptoms and the Functional Capacity to Work

Robert P. Liberman, M .D.; H . Keith Massel, Ph.D . ; Jim Mintz, Ph .D.
Brentwood Division of West Los Angeles, Veterans Administration Medical Center, Los Angeles, CA 90073
Sponsor : Social Security Administration

Purpose—The purpose of the present study is
to develop and empirically validate an opera-
tionalized psychiatric and behavioral assess-
ment protocol to determine vocational capacity
in psychiatrically impaired individuals . This is
a 3-year project to establish criteria for deter-
mining qualifications for Social Security dis-
ability payments.

There are two major components of the
project: psychiatric symptomatology and a func-
tional assessment of vocational ability . All pa-
tients are given a psychiatric evaluation, con-
sisting of structured interviews for determining
diagnoses and current levels of symptomatolo-
gy, before beginning the functional assessment
phase of the protocol . Levels of symptomatology
are also assessed throughout the functional as-
sessment phase . Following this evaluation, psy-
chiatric patients are randomly assigned to
either a 3-day or 3-week assessment of their vo-
cational abilities.

Progress—The functional assessments were
conducted in a sheltered workshop setting on
the grounds of the West Los Angeles Veterans
Administration Medical Center . Subjects were
assigned to work on four different tasks during
the assessment period . These tasks (i .e., folding
and packaging hand-towels; filing index cards;
assembling electronic circuits; and assembling
the flush mechanism for toilet tanks) assessed a
variety of job-related skills. A wide range of
measures were collected in this setting, includ-
ing productivity rate, quality of work, attend-
ance, punctuality, acceptability of appearance,
ability to work independently, ability to follow
instructions, ability to solve problems in coop-
eration with others, and interactions with
peers. Most of these measures were taken

under conditions of both high and low demand.

Preliminary Results—Subjects were divided
into four groups for analytic purposes: 1) psy-
chotic—on disability ; 2) psychotic—not on dis-
ability; 3) nonpsychotic—on disability; and 4)
nonpsychotic—not on disability . At this point,
130 subjects have begun the functional assess-
ment phase of the project . Of the 77 subjects as-
signed to the 3-day assessment, 62 (80 .5 percent)
completed at least 80 percent of their assigned
task assessments . Of the 53 subjects assigned to
the 3-week assessment, 32 (60 .4 percent) com-
pleted at least 80 percent of their assigned task
assessments.

These data are important with this popula-
tion, as absentee rates frequently rise dramati-
cally with symptom exacerbation. Subjects in
the psychotic-disabled group have shown the
least tolerance for the work setting, dropping
out of the study at much higher rates than sub-
jects in the other groups . Subjects in this group
also perform more poorly on measures of work
performance than those in the other groups.

Future Plans—The protocol of the study calls
for 300 subjects, 170 of whom have yet to par-
ticipate in the project . After all the data have
been collected, multivariate analyses will be
conducted to determine differences between the
groups on psychiatric symptomatology, work
performance, the ability to tolerate stress in
the work setting, and/or historical variables . A
work performance index will be developed as a
standard for determining vocational ability.
The relationship between psychiatric symptom-
atology and the functional ability to work will
be clarified to a large extent by the results of
this study .
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Development and Evaluation of Dynamic Pedobarograph
(DPBG) System for Clinical Use	

D. W. Harrison, M.Sc ., and E. G. Anderson, F .R .C .S.
Bioengineering Unit, University of Strathclyde, Glasgow G4 ONW Scotland and Orthopaedic Department, Western
Infirmary, Glasgow, Scotland
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Progress—The Department of Medical Physics
at the Royal Hallamshire Hospital in Sheffield
has developed a system for measuring and dis-
playing dynamic pressures acting between the
foot and the floor . The equipment is based on
the pedobarograph developed by Chodera of
Roehampton and consists of a piece of thick
glass illuminated at two opposite edges by fluo-
rescent strip lights . A thin sheet of opaque re-
flective plastic covers the top surface of the
glass. As the subject stands on the plastic, the
pressure generated between it and the glass
breaks down the total internal reflection of
light within the glass. When viewed from
below, a variable light image of the foot is ob-
served, the intensity of which is proportional to
the magnitude of pressure. The image is record-
ed by a monochrome television camera and can
subsequently be presented as images of pres-
sure distribution.

Future Plans—To justify the provision of a
fairly expensive piece of equipment in the orth-
opaedic clinic, a number of questions must be
answered. The project aim, therefore, is first to
determine whether the information that is ob-
tained is reliable. It is well known that the re-
sponse characteristics of the plastic will affect
data produced from dynamic measurements . To

compensate, the total vertical load applied is
correlated with the pressure readings and the
areas associated with these pressures . It is in-
tended to perform a series of closely controlled
physical tests in order to validate the compen-
sation procedures. Pressure measurements ob-
tained from a walking subject will vary signifi-
cantly depending on body movements rather
than foot deformities . A record of the pattern of
body movements will be obtained using two
video camera recording systems viewing from
the front and the side.

Secondly, we intend to determine if the in-
formation is of clinical use to the orthopaedic
surgeon. Initially, a variety of data presenta-
tion techniques will be used to determine which
provides the most useful information . A com-
parison of the diagnosis from DPBG results will
be made with those obtained from other forms
of data presentation currently used in the clinic
(X-rays, patient examination) in order to assess
usefulness of the pedobarograph in providing a
more accurate diagnosis.

Finally, the DPBG will be used as a preop-
erative and postoperative monitor of patients
undergoing foot surgery . Initially, we intend to
concentrate on Hallux Valgus, Hallux Rigidus
and Claw Toes patients .
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