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INTRODUCTION

This FY 1978 Research Directory of the Rehabilitation Research and Training Centers
(RT Centers) has been prepared for distiibution to local, national and internafional
rehabilitation sevice agencies, institutions, and consumer groups. If 1s anotherof many efforts
made by the Special Centers’ Information Exchange Program to organize and extensively
disseminate new knowledge that results from research, thereby promoting its
universal application.

Included in this elghth edition are the coordinated efforts of the nineteen Rehabilitation
Research and Training Centers (11 medical, 3 vocational, 3 mental retardation. and
2 deafness) which serve as unique RSA programs focusing on priority areas of severely
handicapped and independent living rehabilitation. The 259 abstracts contained in these
pages reflect the continuous sequence of activities involved in the RT Centers’
uniquely synergistic mission: to undertake research and produce new knowledge which will
improve rehabilitation methodology and service delivery systems, dlieviate or
stabllize handicapping conditions, and promote maximal social and economic
Independence; and secondly. fo establish teaching and training programs to disseminate
and promote the utilization of the research findings, thereby reducing the usual time lag
between the discovery of new knowledge and its wide apptication In practice.

The RT Centers have additional training responsibilities which include increcsing the numbers
of rehabilitation personnel in fields where acute manpower shorfages exist; training
rehabilitation research and service personnel; incorporating rehabllitation education into
all rehabilitation related university undergraduate and graduate cunicula; and improving
skills of rehabilitation students.. professionals, paraprofessionals, volunteers, consumers,
parents, and others cumently particlpating in the rehabliitation process. These
objectives are achleved through short and long-term Insenvice and confinuing education
programs including seminars, workshops, courses of study, conferences, and
demonstrations — all for the ultimate purpose of improving those rehabilitation services

that are helping citizens with handicaps achieve the miost productive lives possible. -
In presenting the individual abstracts in this publication, researchers have supplied project
objectives, methodology. findings, and appiicability. The name of the principal
investigator, status of the research activity, and relevant fiscal data are aiso included
in bolder lype. To expediite the location of Individual reseqrch abstracts, both a subject index
and a principal investigator index are provided. Each abstact is ossigned an accession
number to permit easy location.

The Project Directors name and the address of the Center are provided at the beginning of
each Center's research listing and again at the end of the directory where itisaccompanied
by the name of the Director of Research. Requests for further information
conceming individua! research activities should be addressed ditecily fothe Project Director
of the appropriate Cenfer.

Other Special Centers Office publications include the INFORMER, a quarterly journaf, and
the annual Publications and Audicovisual Aids Directory of the Rehabiliftction
Research and Training Centers. For further information conceming these publications writa to
Rehabilitation Services Adminisiration, Mary Switzer Building, Room 3058, Washington, D.C, 20201.

Jaseph Fenton, E4.D.
oxecut.ve Editor
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New York University (RT-1)
Medical Rehabliitation Research and Training Center

CORE AREAS .

Ortholics-Prosthelics

Activities designed to yield immediate and practical impravements in the design
and fitting of devices to aid amputees, as well as patients suffering from
neurornuscular and / or skeletal disorders.

Neuromuscular Diseases
Activities designed to develop and apply new findings o aidinthe rehabilitation of
individuals with neurormuscular malfunction. These activifies include evaluation
techniques, research in neurophysiology and elecirodiagnastics, with continuing
application to the patient's functional abillties.

Behdvioral Sclence

There are three foci to this program: a) Psycho-social behavior, b) Accountability.

andc) Parceptua-~cognitive disturbances inbrain damaged persons. The program

curtently focuses on assessment infervention techniques and onthe development of
“rehabiiitation indications™,

Cardiopulmonary
Activities designed to aid in the remediation of deficits originating from raspiratory
and cardiac disorders. This includes both diagnostic and freatment aspects.

Bicenginearing

Activities designed to meld engineering and medicine in the solution of disability
related problerns.

Regilonal Spinai Cord Injury Ceanter

All of the above core areas interact and inferface with the Regional Spinal Cord
Injury Canter (at the institute of Rehabilitation Medicine and the Department of
Neurosurgery, New York University Medical Center).



NEW YORK UNIVERSITY MEDICAL CENTER
Howard A. Rusk, M.D., Director
New York University Medical
Rehabllitation Research and Training Center

400 East 34th Street
New York, New York 10016
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001 Regulation of Regional Infracerebral Circulation
During Injury and Aging

principal Investigator: J.N. Barker, Ph.D.

Status: Completed

Dates: September 1966-December 1974

Cost: Annual $11,442 Projected Total $233,000
RT Annual $11,412 RT % of Annual Tolal 100%

Annual Report Relerence: #46, Page 7,R-2

OBJECTIVES: Our objectives are to leam how to diagnose and corect slow brain blcod flows inlocalized
regions of the human brain.

METHODOLOGY: Xe-133 is utilized for In vivo measurements of regional and local cerebral blood flows: C-14
and H-3 antipyrine method, if rats or monkeys are sacrlficed for truly local flow measuements, The
stimulated fluorescence technique Involvas Injection of non-diffusible contrast media, radiation of
a minute volume of brain with an x ray source, and analysls of the fluorescence relecsed thereby
with a solid state detector system. The only volume seen is that included in the Infersection of the
beams from the radiation source and detector viewing areaq, the precise volume being set by
collimation of the beams. It can be very smaill. of the order of a cubic millimeter. The ultrasonic
procedures require only that a probe be placed on the skin over the carotid or other artery. The
time for the sound refum measures the arterial diameter while the shiftin sound frequancy measures
velocity of flow. From these, flow in the vessel can be calculated. When it s desirable to know the
size of the head as in early infancy to caleulate brain volume, the biostereometiic technique
devised by Herron at the Texas Institute for Rehabilitation and Research willbe used untilamore
simplified procedure is devised.

Subjects are aged rats, genetically hypertensive and hypotensive rat strains, and rthesus monkeys.
with uitimate application to man in a concurrent project. Human brains are alsobeing studied.

FINDINGS TO DATE: Local brain bloed flow in more than 200 aged rats with human-type spontaneous
diseases providad information neaded for design specifications for new nuclear diagnostic
instrumentation capable of making similar measurements for human brain. The studies also
provided infarmation concearning the nature of the difficulty at the local level and insights con-
cerning approaches to their comection. Developmental aberrations of microvasculogenesis
were shown to predispose to stroke in genetically hypertensive and hypotensive rat strains. Earty
modules of the instrumentation were used to detect flow Impairments in half of a series of 21
thesus monkeys who displayed permanent neurologic sequelae affer elective premature deliv-
ery. The course of events and even magnitude of flows were very similar to those of parinatalrats
whose rate and extent of formation of new capiliaries could be demonstrated to bé proportional
to flow x plasma solufes = delivery of supplies to the brain. Quantitative analysis of existing data
on microvasculogenic rates in man suggest that ultrasonic blood flows could detect impalred
microvascL'ogenesls as a diminished slope of increase over several days. Complete reversal of
impaiments might then be anficipated if corections were promptly achiaved, or would be
limited to those regions already affected asin monkeys. The critical intensive microvasculogenic
period is coincident with the human prermature peried, placing these infants at high risk inthe
50% who do not make rapid birth transitions. Since misdirection of the microvasculogenic feed-
back loop accounts precisely for the typesand locations of the most common neuropathologic
findings in perinatal brain impalments. early ultrasonic screening and infervention to restore
optimal conditions for microvasculogenesis is recommended as the approach which should
successtully eliminate many potential cases of cerebral palsy, mental retardation, and epllepsy.
Nutritional needs for capillary formation are 13 tires greater than at other stages. and are likely
to be more than 26 times greater if delayed growth is synchronized with scheduled growth dur-
ing recovery phases. Both rapid blood flows and adequate nutrition are essential for normal
microvasculogenesls and brain growth. These needs are at levels much greater than anyone
has previously suspected.



New York University Medical Center

APPLICABILITY: The product of this research Is a new Instrument and method for general purpose use In
screening and diagnosls of cerebrovascular disorders, and a firm foundation of knowledge upon
which to base Impioved theraples. It Is antlcipated that neuroradiologists will use this product to
aid neurologists and neurosurgeons In planning thelrtheraples, and that psychlotrsts and geriat-
fists wiil use it for more precise selection of thase with organic and corectable functional disorders,
that preventive medicine parsonnel will utllize it for screening early changes ot a time when thay
might shil be reversible In high risk cases, that pediatricians will check to see If o large percentage
of premature infants can be saved from braln impairment by resteration of blood flow In the early
period affer birth, that spinal cord centers will use it to atternpt o limit residuals of cord injuries, and
that rehabliitation centers will be provided with a populdation in which lesser severity of disabllities
will permit more adequate performance by patlents. some years wlill obviously be required fo
achieve these potential benefits for the several million patients Involved. Many of these diseases
are more pravalent In minority groups,

002 Application of Ozone to Infected Wounds and Pressure
Sores and in the Management of Chronic and Acute
Urinary Tract Infections

Frincipal Investigator: Boguslav Fischer, MD.

Status: Completed

Dates: June 1970-December 1974

Cost: Annual $2,097 Projected Total $21,000
RT Annual $894 RT % of Annual Total 43%

Annual Report Reference: #16, Puge 22, R-23

OBJECTIVES:

1. Design and construction of a fool-proof ozone clrcuit permitting direct application of ozone to the
infacted area with total elimination of any danger to the patient and opearating personnel,

2. Establishment of optimal ozone concentration necessary to activaly arest or annihilate any bacte-
rlal growth as well as the duration of action, .

3. Efficient reduction of ozone concentration level at the exhaust circuit,

METHODOLOGY:
1. The instrumentation necessary for direct ozone application to infected wounds consists of:
' a.  An ozone generator delivering necessary quantities of ozone in pre-selected concentrations,

b. cdlibration Instrument to actually measure the concentration of generated ozone,
. ozone applicator — elther In form of ahemetic cup or as a chamber with hermetic enclosure,
d. de-ozonizing unit reducing ozone to zero-level at the exhaust circuit,

2. Pdtients will be selected from the New York University Medical Centfer

3. The results will be monitored by phatographic documentation, actual measurements of treated
lesions and serial bacterial cultures during the course of freatment.

4. Additional studies will be performed on bacteria in vitro.

FINDINGS TO DATE: Ozone in concentration from 50 to 500 pPpmwas applied directly to infected pressure
sores and certain skin ulcerations. Speclally constructed ozone chambers and circuits were used
with de-ozoning units at the exhaust circult. Rapid clearing of the infected lesions was observed,

It was impossible to keep the ozone circults completely hermetic. Despife extensive modifica-
tions and refinements of the equipment there was always a minute leak of ozone tothe ambient
atmosphere. Since ozone Is extremely toxic to the pulmonary system it isfelt that the hazards are
too great and do not justify whatever beneficial effect ozone has on infected pressure soresand
skin uicerations. :

APPLICABILITY: The objectives of the project iterally deal with the base of any vocational and rehabilitation
effort since the prospective patient must first be cleared from any skin break-down and pressure
sores before any rehabliitation process can start.




New York University Medical Center

003 Hyperbaric Oxygen Treatment of Pressure Sores
and Certain Skin Ulcerations

Frincipal Invasligator: Bogusiav H. Fischer, M.D.

Status: = Completed

Dates: July 1971-December 1976

Cosl: Annual $15254 Projecled Total $54,000
RT Annual $6,830 RT % of Annual Total 45%

Annucy Report Reference: #15, Page 27, R-28

OBJECTIVES:

1. Development of a low pressure hyperbaric oxygen chamber permitting the treatment of
upper and lower extremities.

2. Development of a pressure controlled sealing cuff which would eliminate the danger of
loumiquet effect. ‘

3. Development of control mechanism permitting the application of pulsating hyperbaric
oxygen within a range from 0 to 50 mm Hg.

METHODOLOGY:

1. The problems involved in the construction of the pressure cuff and a pulsed hyperbaric oxygen
chamber requires the cooperation of techrnologists in the engineering and material sciences and
those who have clinical care of the patient.

2. Major help was recelved from companies like the Topox Comp., Emmerson Corp., Intemational
Paper Com., Simmons Co,, Dieiectics Co.

3. 'Patients were selected from the New York University Hospital as well as other hospitals which
are equipped with proper Instrumentation. v

4. The progress of the therapy was monitored by means of photographic documentation, actual
measurements of the size of the treated lesions and serial bacterial cultures, In suitable cases the
capillary pressure was determined. 7

5. Patients who pressnt intraciable leslons of at least three months duration are the most favored ones
for this fype of freatment since they offer the best opportunity for proper documentation of the
efficacy of this freatment modality.

FINDINGS TO DATE: Hyperbarie Oxygen was applied topically to presssure sores and certain skin ulcera-
tions using either constant or puised pressure In the range from 5 to 50 mm Hg. In many cases
hyperbaric oxygen proved to be the only moddllty capable of reversing a pre-gangrenous
process utfimately leading to total hedling. The healing time was substantially reduced in the
majority of cases.

sufficlent basic vascular supply of the lesion seems to ba of paramount Importance for this
type of treatment. Deep ulcerations with total destruction of the dermal layer and co-existing
undermining were cleared by hyperbaric oxygen flom infectionwith comesponding stimuiation
of granulation. Nevertheless they failed to heal entirely necessitating plastic surgery repair.

Ischial tuberosity leslons are not regarded as an Indication for oxygen treatment. Healed
lesions quickly broke once the patient assumed sitting position. tisfelt that these lesions necessl-
tate plastic surgery repairwith stream-lining of the ischial tuberocsity and creation of a protective
flap of sufficient thickness to assure proper padding effect while in siftting position.

The method of pulsed hyperbaric oxygen appears fo be superior to constant pressure since in
addition to delivery of pressurized pure oxygen it actively assists in arferio-venous circulation.
Without exception, hyperbaric oxygen proved fo be successful in rapid confrol and enhance-
ment of healing of infected post-surgical wounds. The method is very inexpansive, simple and
can be applied directly on wards without any modifications or additional installations in the
rooms. The method is excaptionally safe, easy fo operate and very well tolerated by patients.

APPLICABILITY: Topical Hyperbare Oxygen treatment presents a new tool to successfully shorfen the
hospital stay and treatment pefiod of a patient.

Any rehabilitation program is effectively stalled by the occumence of even one pressure sore ora
skin break-down. Infected post-surgical wounds are a dreaded complication which prolongs
hospital stay increasing the aver-all hospital costs.
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New York University Medical Center

004 Electrophysiological Studies in Neuromuscular Diseases

Frincipal Investigator: Joseph Goodgold, M.D.

Status: ' Completed

Dates: February 19467-November 1974

Cost: Annual $51,507 Projected Tofal $632,000
RT Annual $40.611 RT % of Annual Total 79%

Annual Report Reference: #16, Page 441, R-48

OBJECTIVES: The specific objectives of this project were as follows:

. To induce myotonia in Wistar rats with 20, 25 diozacholesterol,

. To compare symptoms and signs of experimental myotonia with the huran form of the disease.

. To determine if increased plasma desmosterol levels leads to the induction of myotonia.

. To measure the conduction characteristics cf paripheral nerves of myotonic animals and com-
pare with nofmal contols,

5. Determine whather myotonia can be mduc::eid in denarvated muscle.

METHODOLOGY: This study was undertaken to determine whether the nerve supply to the skeletal mus-
culature, though notinvolved in maintaining the abnormaiity, isessentialin its onsat. Twenty-four
male white Wistar rats (125 gms body weight) were surgically denervated by excision of a seg-
ment of the sciatic nerve from one hind limb. The animals were dividad into three groups: one
group was given daily subcutaneous injections of 20, 25 diazacholesterol (13 mg/kg)for3to 4
weeks, beginning Immediately after denervation. A second group was given similar injections
starting 5 days affer surgery for 4 fo & weeks. A third group was not injected,

P 3 MY -

FINDINGS TO DATE: The frequency of spontaneous electrical activity was much greater in the densvated
muscias of infected rats than in the noninjected group. In the injected denervated muscles,
insertion activity was prolonged over many seconds; percussiongave rise toa burst of potentials
which was not observed in the control group with denervated muscles. The contractile response
rasponse of denervated muscles of injected rats more clearly demonstrated the effect of diaz-
acholesterol. The denevated muscles had a prolonged relaxation time which extended well
over five seconds.

The results of this study show that diazacholesterol can alter the electrical and mechanical
properties of denevated muscles, and that the changes are characteristic of myotonia,

APPLICABILITY: The result of this Investigation is significant 1o the clinician as well as the sclentist. For the
clinician our findings will ald in diagnosis of neuromuscular disease:; for the sclentist it represents o
better understanding of the diseasa process. The results déméﬁsrrcjfé that the nervous system is not
Involved In producing this disorder.

005 Longitudinal Study of the Effect of Rehabilitation on
Factors such as Job Placement, Maintenance of Employment
of Patients with Obsiructive Pulmonary Disease

Principal Investigator: Albert Haas, M.D.

Siatus: Completed

Dates: January 1970-December 1977

Cost: Annual $35482 . Projected Total $177,600
RT Annuat 49,340 RT % of Annual Tolal 54%

Annual Report Referance:; #16, Fage 201, R-49

OBRJECTIVES: This longitudinal study was designed to demonstrate the practicality and effectivenessof o
r:mﬁeﬁy plaﬁnad ar'\d lmpleménfad réhabilifc:hon prggrc:m Far tf:CDF’D r;x:hems The area of




New York Universlty Medical Center

METHODOLOGY: Our basic purpose was to exarnine the population served by alarge municipal hospital

for chronic abstructive pulmonary disease to defermine what percentage. ifany, does notreally
need welfare support because they are capable of being rehabilitated for remunerativa work,
Of the more than 900 patients we have screened over the past seven years, a tofal of 191(14%
male and 42 female) demonstrate the potential for long-term employability.

FINDINGS TO DATE: Since the study of the patients themselves has now finished, the collected data willbe

analyzed and, in conjunction with ourstudy of the predictability of work classification for patients
with obstructive pulmonary disease, will constitute the final report.

APPLICABILITY: Itis expected that once the study is terminated the result will be constituting a final report

and a clarification of who should undertake the application of ehabilitation medicine. the
chest physician or the rehabllitation medicine specialist, will be defermined. It isalso anticipated
that step-by-step comprehensive, all-inclusive care will be worked out and dccepted by the
different departments of rehabllitation medicine in this country. The findings of this study will
result in g bi-monthily bulletin which will be sent to different agencies, as well as medical joumals,
and will be kept up on a twice yearly basis.

006 Work Classification of Patients with Obstructive Pulmonary
Diseases Following Rehabilitation
Principal Investigator: Albert Haos, M.D.
Status: Completed
Dates: January 1970-December 1977
Cost: Annual $34,694 Projected Tolal $200,000
RT Annual $30419 RT % of Annual Total 83%
Annual Report Reference: #46, Page 207, R-53

OBJECTIVES: This project will demonstrate that @ comprehensive. well-planned rehabllifation program

based on realistic and individualized patient goals can achieve significant and enduring effects.
it will also demonstrate that o multi-disciplinary approach coordinated under one roof is indis-
pensable to a successful rehabilitation effort. A dynamic rehabllitation plan will be constructed,
indicating the step-by-step application of sucha well-organized program. The study will also resutt
in the development of work classification categories based on the following energy-cost fields:
low, mediurn, high, heavy.

METHODOLOGY: Two groups of patlents. experimental and control, have been selected for this study. Each

group contains 125 patients with a ratie of 4 males to every female. The patients in both groups
undergo aroutine x-ray, clinical and laboratory evaluation, including pulmonary function testing
by spirometry. plethysmography fo measure airvay rasistance and compliance, and a determi-
nation of pulmonary diffusion capacity and blood gas determination both of rest and exercise,
These tests constifute the baseline study necessary before starting the work classification study. The
patients are then presciibed relaxation exercises, postural drainage. breathing exercises, and
oxygen exercises. Once these therapeitic exercises have been leamed, the patient Is given
varying work loads starting with a minimum of 300kgm/min. A three minute wamup period
allowing the patlent to reach or approximate a steady-state is followed by five minutes of exarcise
at & chosen work load. Laboratory procedures, based on energy-coststudies, areusedto develop
a reliable work classification for each patient. Before exercise as reference paint, an analysis Is
made of oxygen consumption while sitting. During the exercises, as well as during the wam up
period, minute-by-minute oxygen consumption heart rate and oxygen debt are meaqsured to
determine if and when the patient reaches his breaking point, Upon cessation of the exercise, heart
rate and blood pressure are measured while sitting. A breath-by-breath analysis is made of the
expired gas fo determine the contracted oxygen debt and the time fo recover from it, Blood gas
analyses, such as oxygen tension saturation and COz tension, PH and acid-base balance are
monifored as well. The tolerated work load is translated into actual work activities in one of the
different energy-cost fields, and these activities are then caried out in Q workshop setting.

FINDINGS TO DATE: To date 610 patients have been screened for this study. 117 males and 21 females

(138 in total) have been chosen with the following results:

~
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1. Basalmetabolic rate before the reconditioning exercises ranged from + 14, and from + 5 after
the racondiffoning exercises.

2. Therange of respiratory exchange ratio was 0.5 to 1.0 before reconditioning exercises, tending
to stabilize ot 0.7 to 0.8 after these exercises.

3. Patients reached asteady state while at rest but only approached it during exercises. Afterthe
reconditioning exercises the patient falled to reach o complete steady state, although the
contracted oxygen debt became somewhat smaller and the rate of recovery was shorer,
Duration and folerance to the minimum workload exercises (of 400 kg meters/ minute in-
creased by a rafio of 1:3. Similar results were observed when the patient did small assembly
work in a sitting position. The heart rate in B.P. remained within normal limits during the
appropriate exercises,

Prefiminary analysiscf the collected data indicates that inrelation to card iopulmonary function,
the maximum tcleiable work load is 600 kg meters/minute for this patient group. This allows
them to complete a 7-hour wotk day. the work load classifications are defined according fo the
following: 1) up to 200kg meters/minute pertains fo self-care: 2) 200-600 kg meters/ minute per-
tains to sedentary (such asclerical and assembly work ) and light standing jobs (like bench work
involving lifting of no more that 2 to 4 Ibs, only for short distances). The 54 patients placed in jobs
rmaintained them for from 8-32 months, Seven patients, however, had to discontinue because of
acute respiratory infection and undergo another re-evaluation.

APPLICABILITY: Patients with COPD are generally unable 1o return to and maintain steady employment
because most of the present rehabllitation programs are not properly planned and vocational
godls are inappropriately chosen, Successful vocational rehabilitation is contingent upon a
reliable work classification to determine the occupational fleld in which the patient can success-
fully maintain a favorable status. These work classifications also provide a teol for determining the
extent of an individual patient's capacity for successful retaining. One can then discriminate
between those patients in whom the investment of retraining funds would be reasonably worth-
while ang] those in whom such an investment would not be productive.

007 Zinc Sulphate in the Treatment of Various Skin Disorders

Frincipal Investigator: Boguslav H. Fischer, M.D,

Status: Continuing

Dates: June 1970-December 1980

Cost; Annual $13 544 Frojected Total $158,000
RT Annual $8,194 RT % of Annual Total 60%

Arinugl Reportt Relerence: #16, Page 34, R-30

OBJECTIVES: There is evidence that a maijor zinc loss oceurs in any form of prolonged immobilization of the
human body accompanied by muscular wastings. 60% of body zine is stered in the muscular
system,

Problerns:

1. Rate of zinc loss in patients immabllized for prolonged periods of time.

2. Relation of plasma zinc levels to ulcerations of the skin.

3. Doses of zinc sulphate to be adminlstered daily in order to maintain adequate zinc level in
body tissue,

4. Acfion of zinc in acceleration of healing of existing skin break-cowns.

METHODOLOGY:

1. Patients will be drawn flom the New York University Medical Center including Manhattan's
Veteran’s Administration Hospital. Blood samples will be drawn using stainless steel needles and
all-glass syringes. immediately spun down and stored in frozen state in rubber-less containers.

2. Zinc concentration will be determined on a bi-weekly basis starting from the day of disability or
injury, and conducted for at least six months.

3. Oral supplementation will be performed using Zinc Sulphate in capsules, 220 mgm each, three
times per day equaling 150 mgm of elementary zinc. This amount proved too sufficient to replenish
zinc stores without untoward reactions. chiefly in form of gastro-intestinal imitation,
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New York University Medical Center

FINDINGS TO DATE: Serum and urinary zinc concentrafions were measured in 31 patients presenting
central nervous systems disorder in the form of paraplegia or quadriplegia, diabetes with chronic
uleerations, heumatoid orthritis and Parkinson disease.

Low serum zine lavals were found In patients presenting chronic ulcerations of the skin which
resisted standard methods of treatment.

Low sexrum zinc levels were found in patients treated chronically with corticosteroids and with
Parkinson disedse.

Patients with a skin ulceration of recent onset had a normal zing level. Therapeutic trials were
performed in four patients presenting chronic ulcerations.

Two patients had a normal serum zinc level, The administration of zinc sulphate - 200 mgmTid
--did not affect the status of the ulcerations. There was no response in one patient with low serum
zine and a pressure sore. In two patientswith low serumn zinc levels there was a visibly accelerated
granulation and epithelium formation once they were startedon zine sulphate supplermentation.

The administration of zinc sulphate appears to be safe and well folerated. There were no
hematological. hepatic andrenal changesin all patients receiving zinc supplernentationforat
least four months in a dosage of 660 magm/day.

The accurnulated data are too scant to diaw any valid conclusions. The results, however, give
the ericouragement for further proceeding with the study.

Stingent sampling technique must be applied in order to prevent or minimize the danger of
contamination of samples with external zinc.

APPLICABILITY: Proper maintenance of the skin integrity is of fundamental importance for a full course of
rehabilitation and vocational therapy.

008 Orthotics and Prosthetics Design Improvements

Principal Invesiigator: H.R. Lehnels, Ph.D.

Status: Conlinuing

Dates: Oclaber 4966-October 9978

Cost: Arinual 847,046 Projected Total $520,000
RT Annual 546,746 RT % of Annuai Tolal 99%

Annual Report Reference: #44, Page 137, R-59

OBJECTIVES:

1. Pressure Mapping: to establish and fest a clinically opplicable methcd of graphically quantify-

ing static pressure over large complex surfaces af all points simultaneously.

2. Universal Terminal Device: A prosthetic ferminal device is being developed that provides
functionsimilar to that of a hook but looks like & hand, This isto eliminate that stigma associated with
the appearance of a hook, yet to provide the superior prehansile function of a hook,

3. Eleciric Arm Orthosis: A powered orthosis Is being developed that provides prehensile function
as well as essential degrees of freedom for am functions fo allow for needs of Activiies of Daily
Living and to reach certain vocational goals.

METHODOLOGY: Pressure Mapping, Universal Terminal Device and Electic Arm Orfhosis. Pressure
mapplng was completed and the final report submitted in last year's report. Thisyear's report is
concemed with the remaining two projects, universal terminal device, and electic arm orthiosis.

Univeisal Terminal Device. Subject population in this project consists of below-elbow and
above-elbow amputees, rather than higher levels of amputation since the B/E and A/Earmputee
is o generally more active user of his prosthesis than higher level amputees. In addition, their
vocational potential Is greater in general. Testing procedures are standard procedures used in
occupational therapy In training amputees which record performance in standard tasks ex-
pected of the amputee. in addition, a questionnaire has been developed which aims ot acom-
parative evaluation between standard terminal devices and the universal ferminal with regard
to pardormance from the patient’s point of view. as well as acceptance and convenience.

Eleciric Arm Orthosls. The subject population in this project are quadriplegics awtve the C-5
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i.e,, who are unable to place their hand or arr in space and do not have prehension. The age
range is betwean 18 ond 45, ie.. patients who have either college training or vocational
potential. Anobjective evaluation of both designs by anindependent institutionis also planned.

FINDINGS TO DATE:

1. Pressure Mapping: The constraints of the specific clinical applications describad in the previous
and present report and other experience have led fo a refinement of the pressure mapping
technique to the extent that the project can be considared complete as of thisreport. In summation,
the methodology evolved through three distinct phases:

1. Quaniification of a microcapsule system

2. Modification and Jlilization of above microcapsule contents.

3. Use of reactants In 2 above, again modified, fo be compatable with an dtered physical
configuration of the transclucer.

2. Universal Terminal Deviee: During the past year afforts were directed, In par, to a more fornal
interdepartmental aopproach to the preblem. This not only faciliicded the “take-home” evaluation
but should assist dissemination,

During this period, two of our profotypes developad were fitted fo patients who were allowed to
use these davices outside the laboratory. They were, nevertheless, used only Inthelr homes since
good cosmesis has not yat been achieved. Also, the problem of durabillty has not yet been solved
so that long tern use was not possible, Nevertheless, patient reaction was favorable and en-
couraging.

3. Electric Arm Orthosls: As o result of patient tests the control system wess refined from three
Independent switches mounted In the head plece through a “joy stick™ — like lever amn suchthat
contact with the contfrol system is continuously maintalined. This Insures the “refeming” that is
necessary to “find” the proper awitch at the proper time and also reduces head motions needed.
The cogmesis of the control syslem was also gréatty improved,

A four degrea of freedom powared arm orthosis Is being developed to compliment the en-
virenmental control approach, dllowing the patient to funchion in locations otherthan the prox-
irmity of those systerns.

APPUCABILITY: Since this systern enables the clinician to predict future pressure-induced skinulceration and
alied difficulties without the use of complex, expensive equipment and additional technical
assistance, the efficiency of the rehabllitation praceass is expecied to increase andrasultant costs
are. expected o decrease. Consumers will be the general uppier limb amputes populdtion who
currefitly use one or more fypes of terminal devices.

009 Bone Mineralization in Spinal Cord Injured Man: A
Biochemical and Radiologic Investigation

Principal Investigator: N. Eric Natichi, Ph.D.
Status: Continuing
Dates: Soptamber 1969-September 1979
Cost: Annual $63,825 Projected Total 5575,000
RT Annual $19,390 R1 % of Annual Tolai 30%
Annual Repoit Reference: #16, Page 52, R-60
OBJECTIVES:
1. To determine the causes of excessive bone demiReralization in patients with paralysis due o sinal
cord lesions.

2. To prevent demineralization.

3 To amest and treal complications of Qsteaparasls by controMing calclum and phosphate
metabolism.

4. Toelucidate the cause of myositls ossificans and thereby prevent fhe restrictive, debiliiating effects,
elther by inhibiting its formation, or once fomed, cause its resoption or maluralion by phar-
macologic means,
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METHODOLOGY! .
1. The objective of ihis study is to arest bone absorption and favor bone deposition by means of

administering several therapeutic agents separately and in combination. The pharmacologic
agents will be Inorganic phosphates (Hyper-phos. K), diphosphonates, and thyrocalcitonin, The
following techniques will be employed to determine successful therapy: (a) chromium comected
phosphate, calcium, magnesium, nitrogen balances will be studied for ftwo consecutive four-day
perlods after appropriate equllibriation; (b) radiographic measurement-of metacarpal and
metatarsal cortical thickness; () quantitative, seral measurement of forearm and legbone density
by means of gammaphoion denistometer.

The results of quantitative serial measurements of bone density by simultaneous radiographic and
gamma-photon densitometry and 18F uptake will be correlated with mineral balance and coila-
gen turnover in acute and chronic quadiiplegia and paraplegla. These resulls, in fum, will be
compared in patients with a different level of spinal cord fransection in acute, recovery. and
chronic phases in order to detemine the effecls of various levels of franseciion of spinal cord on
skelatal demineralization.

FINDINGS TO DATE:

1.

Bone mineral content was measured by single photon absomptiometery using @ modified Packard
bone densitormeter with 125 1 as the source, In 45 hemiplegic subjects, matched for sexand age, the
bone density was compared bilaterally on the radius and ulna tweand four centimeters above the
wrist, The non-paralyzed side served as a control for the paralyzed side. There was an equivalent
number of right-dominant, right-paralyzed and left-dominant, lefi-paralyzed subjects. The rasults
indicate a consistent, general loss of bone mineral on the paralyzed side compared with the
non-paralyzed side. Right-dominant. left-paralyzed patients showed a greater lossof bone density
than left-dominant, sight-paralyzed subjects. The absarption ratio of the paralyzed versus the
non-paralyzed sides revealed that there was a 6.6% and 7.3% decrease in the average bone
density at four centimeters and two centimeters above the wrist, respectively. There was a progres-
slve loss of bone mineral content relative o time affer the onset of paralysls, amounting to an
averageof 5% from both sites measured approximately three months after onset of injury. The effect
of physical and drug therapy on the rate of demineralization following: paralysis rernains fo ke
elucidated, )

This study was underaken fo assess the feasibility of the osteodensitometry for determiration of
bone mineral content. Hemiplegic subjects were chosen as simplermaodelsin orderta compare the
paralyzed with non-paralyzed am and o set-up the technique forspinal cord imjured subjects who
are mofe challenging to studly. The progressive 1oss of bone mineral contentrelativetothe fime after
the onset of paralysls will be measured as above in spinal cord injured subjects in order o
determine the extent of bone demineralization and the effect of drug treatment.

Urinairy excrefion of magnesiurn and calclum was measured in 11 quadriplegic and 7 paraplegic
subjects from the date of the onset &f injury and was followed longltudinally once a waek fora
period of 15 to 24 weeks, Both groups of subjects excreted caicium and magnesium significantly
higher than nomal during the first eight weeks after the injury. The mean levels gradually de-
creased towards but did not reach normail levels 24 weeks iater. The excrelion of calcium in both
quadiplegic and parapleglc subjects was of the same magnitude bui the excretfion of mag-
nesium In paraplegic subjects was about 75% of that in quadriplegic subjects,

APPLICABILITY: Calcium and phosphate metabolis Is deranged in spinal cord injured humans. The

associated complications. kidney stone, myositis ossificans, bone paln and fractures limit the
independence, smployability and rehabllitation of spinal cord injured man. In the present study,
under dietary control, calcium and phosphate metabolism will be determined before and after
speclfic freatment and comslated with bone density measurements and other biechemical
findings. These fraatments have giroven successful in amesting bone resonption and favaring bone
deposition in animals and some humans with bone fractures. The development of methods for the
control of calcium and phosphate metabolism in spinal cord injury is essential in order to reduce
debility. profracted and recunent hospitalization of these patients.

010 Sympathetic Activily and the Metabolism of Biogenic
Amines in Spinal Cord Injured Patients
Frincipal Investigator: N. Eric Naftchi, PhD.
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Status:
Dales:
Cost:

New York University Medical Center

Continuing
September 1968-Seplember 1979 '

Annual 5142613 Projected Total $900,000
RT Annual $24 909 RT % of Annual Tolal 15%

Annual Report Reference: #16, Page 58, R-61
OBJECTIVES:

1.

3.
4,

To determine the relatlonship between cutaneous circulation and catecholamine metaboiism In

paraplegic and quadriplegic subjects with the purmpose of elucidating the cause of rophic skin
ulcers and spacticity.

To measure the effect of varlous levels of Injury on the metabolism of catecholamines and corelate
tha degree of derangement in regulatory, integrative and stress functions with concentration of
these neurotransmitters and their metabaolites. '

To measure the degree of sympathetic aclivity in different levels of spinal cord injury.

To devalop measures for reducing the incldence of decubiltis uicers In the spinal cord Injured
human,

METHODOLOGY:

L

2,

Catecholamines and their metabalites will be measured in plasma and urine and spinal fluid of
cord transacted individuals. Varlous levals of cord fransection and their effect on these hormones
and neurchormones will be investigated. Methods used include column and bidimensional paper
and thin layer chromatography. iiffra-violet fluorescent and atomic absorplion spectroscopy: and
the use of uliracentrifuge scintillation spactometry and stip scanning for radlcisotoplc analysis of
the homones and ions involved. Sympathstic activity will be evaluated by reactivity of the patients
to exogenously infused noreplnephiine, tyramine or anglotensin, Digital calorimeiry will be used for
the studies on reactivity fo norepinephrine or other pressor substances. Gas-liquid chromatography,
mass spectromelry andinfrared spechrometry will also be employed for separation and identifica-
tion of unknown compounds.

Digital blood flow willbe measured calorimetrically and by means of mercury-In-rubber Whitnay
strain gauge.

FINDINGS TO DATE:

T.

In seven C5-C7 quadriplegic subjects blood volume was measured by means of double Isofope
technique, using 125 1 and 51 Cr. In five other C5-C7 quadriplegic subjects aufonomic hypereflexia
was induced by expansion of the urinary bladder by means of water Intake. Cardiac output was
measured by indicator-diiution method and arterial biood pressure by auscultatory technique,
During hyperension there was no appreciable change In either cardiac output or cardiac index.
By confrast, there was a significant rse in mean orterial blood pressure and fotal peripheral
resisiance and a sham fall in pulse rate. Preliminary studies on biood volume reveal that during
hypertension there Is o 10% rise In hematocrit but relatively litile chonge In total blocd volume. These
rasulfs Indicate that during hypertension there is: (1) an increase in hemeconcentration, probably
due to an increase in capilliary permeabillity; (2) hypertension is caused mainly by a pronounced
decraase in blood flow of the upper and lower exfremities and by a sharp increase in the total
perpherdl resistance, This marked vasoconstriction comelates with Increased activity of serum.
dopamine-B-hydroxylase. the enzyme responsible for the synthesis of the neuro-fransmitier,
norepinephrine. This enzyme Is released together with norepinephrine during hypertensive stress
(Naftchl, NE., et al, Frontiers in Catecholamine Research 1973 pp. 1143-47, Pergamon Press) and is
thus an index of sympathetic activity (Naftchi, N.E., et al., Circ. Res. 35:850-6, 1974),

. Reactivilty of the digital vascular bed to infused 1-norepinephrine (NE) was measured in 15 subjects

with complete physiologic fransection of the spinal cord at various levels and was compared with
that of 16 nomal subjects. At least one hour before the test a continual bladder drainage was
Insured by means of an Indweliing Foley catheter Imbedded in Lidocalne gel. Sympathetic nerve
discharge was inhiblied by indirect heating of the subjects and continuous infusion of fimethiaphas
camphorsulfonate (TMCS), a ganglion blocking agent. Following the measurement of digiial
blood pressure ond flow In this phase of vasodilation, vasoconstriction was brought about by
infusion of NE while the infusion of TMCS continued. Flow-pressure ratios were converted to radius
equivalents of digital cizculation and the work of vasoconstriction was quantitated in ergs per
microgram of NE infused per minute. The reactivity of NE In paraplegic subjects with lesions below
the T6 dermatome was within the range found fornormotensive subjects. insubjects with spinal cord
fransection above the 16 dermatome. reactivity to NE was more than two-folds greater than that of
nomotensive and paraplegic subjects with lesion below Té dermatome. The significance of these
findings with respect to denervation supersensiiivity and the level of spinal cord lesion are being
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investigated further.

APPLICABILITY: Too frequently, after substantial investments are made in the physical and vocational
training of paraplegic and quadriplegic patients, numerous complicationsarise which necessi-
tate re-hospitalization, frequently for a prolonged period, and thus jeopardize further employment
of the patients in their prehospitalization job or a new job following discharge from the hospital.
If through the proposed investigation the basic underlying physiclogical factors which contribute
to decubiti, urinary infection, and other similar complications could be identified and possibly
brought under control, the vocational rehabilitation of these severely disabled persons would be
grectly enhanced.

011 Dysfunctions of Endocrine Glands in Spinal Cord Injury

Principal Investigator: N. Eric Naftehi, Ph.D.

Status: Contfinuing

Dates: september 1974-September 1979

Cost: ~ Annual $436,992 _ Projected Total $410,000
RT Annual §34,883 - RT % of Annual Total 25%

Annual Report Relterence: #46, Page 66, R-81

OBJECTIVES: The objective of this research is to examine critically endocrine function in paraplegic and
quadriplegic subjectsby means of exact and sensitive tools of radioimmunoassay and gas-liquid
chromatography, to assay in blood the major hormones, and to analyze in urine 17-
hydroxycoricosteroids, 17-ketosteroids, aldosterone, and reninangio-tensin as described in the
Methodology.

METHODOLOGY: The abllity of 131 | or 125 I-labelled hormones to compete with unilabelled hommones for
antibody has been utilized in the radiolmmuroassays for human growth hoimone (1), rat (2.3}
human (4), bovine (7), LH, F$H (5). and rat prolactin (6). Purified hormones are iodinated by
modifications of the method of Greenwood et dl., 1963 (8) using chloramine-T as the oxidizing
agent. :

FINDINGS TO DATE: .

1. The conceniration of testosterone in serum and the level of 17-Ketosterolds in urine of seven
paraplegic and nine quadriplegic subjects were measured from the date of onsel of the injury and
were followed longltudinally once a week for a period of 15 fo 30 weeks.

2. From the date of onsetuntil three fo eight weeks later, serum testosterone levels were about one-half
that of nomaal controls but reached and remained at about nomnal levels thereafter. The concent-
rations of urinary 17-Ketosteroids followed approximately the same trend as that described for
serurn testosterene. Urinary 17-Ketosteroid levels, however, exhibited sharmp weekly fluctudtions from
one-half below o low nomail values. The latter resulls may suggest aderangement in regulation of
synthesis or metabolism of androgens in spinal cord injured subjects.

3, Urinary 17-Ketosteroid levels were lower than normal valuesin paraplegle subjects. In quadriplegic
subjects, howevet, 17 -Kelosteroid excretion remained approximately normal. The results suggest a
derangement in the regulation of synthesis and/or metabolism of neurctransmitter and androgens
due to a distutbance in hypothalamic pitultary-gonadal axis.

APPLICABILITY: Since the integration of the most impoitant biolegical functions in the body is caried out
by the autonomic and central nervous systerns as well as the endocrine glands, it is urgently
necessary that we study dysfunctions of the feedback mechanism between various endocrine
glands, to be capable of reversing or preventing some of the sarious complications, incured by
paraplegic or quadiplegic subjects. For instance, there is no explanation as to why some pa-
tients with spinal cord injury develop stressinfolerance, gynecomastia, testicularatiophy, amen-
ortheq, etc.. all manifestations of distutbed functioning of the endocrine sysfem.

012 Evaluation of Various Etectronic Devices to Increase
‘Mobility and Independence of Very High Level
Quadriplegic Patients (Above C-5)

Principal Investigator: Heiner Sall, KD.
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Status: Continuing

Dates: October 1974-Seplember 1977

Cost: Annual $126 408 Projected Total $286,000
7 RT Annual $118,717 RT % of Annual Total 94%

Annual Report Reference: #16, Page 226, R-82

OBJECTIVES: The general objective of this praject is to determine which electronic equipment can bestbe
utilized in the rehabilitation of the severely disabled quadriplagic by the evalugtion of various
types of such equipment,

METHODOLOGY:
1. During the past year on-going investigation of existing electronic devices has been continued, as
well as testing of newly introduced commercial iterms. In addition, prototype davices dé\fél::\;:ed
in-house or by outside manufacturers have been tested.

2. Atotal of 14 high level quadriplegics who were seen at IRM during the period June 1, 1974 to May
30, 1977 were given an opportunity to try any or all of the various electronic devices in-house at
that time. Primary evaluation occurred in the electronics lab with bedside testing done when
feasible. Data was collected in the areas of mechanical/electionic performance and character-
Istics patient operation, and patient/personnel attitudes.

FINDINGS TO DATE: Patients with high leve! spinal cord injuries had the oppartunity to test various pleces
of electronic equipment. These include breath operated powered wheelchdirs and breath
operated environmental controls and communication aids. In-hospital testing of all devices
followed by post-discharge testing of the same and/or additional devices at home or schools
permits comprehensive assesment of actual functional value of the device as well as suggest-
ing modifications for device Improvement. An open communication with manufacturers
encourages incorporation of current findings. Developrment of in-house equipment is pursued
when indicated,

APPLICABILITY: A leading intemational manufacturer of wheelchalrs has accepted the 1-tube IRM Breath
Control for production. Three prototypes from them are projected 1o be ready for in-house testing
as a preliminary to national marketing.

The manufacturer of one environmental control device [Rebot) has reported that our evaluation
findings are being considered in the redesign of their device.

013 Demonstration of Benefits of Early identification of
Psychosocial Problems and Early Intervention Toward
Rehabilitation of Cancer Patients

Princlpal Investigator: Leonard Diller, Ph.D,

Status: ' Continuing

Dates: June 1975-December 1978

Cost: Annual $207.997 Projected Total 723,000
_ RT Annual $44 967 RT % of Annual Tofal 20%

Annual Report Reference: #16, Page 146, R-84

OBJECTIVES: To determine 1) the relationship between classification of rehabilitation goal and classifica-
tion of saverity of disease; 2) the immpact of cancer on patient’s ADL functioning; 3) the relation-
ship between ADL change and patient’s seif repart of psychosocial problems.

METHODOLOGY: 136 (46 Breast, 45 Lung, 45 Sarcoma) cancer patients at least six months post initial
cancer diagnosis were administered a three hour structured clinical inferview. The inferviewwas
consthucted so that a potential of 109 psychosocial problems could be reported by the patient,
In the course of the'interview, patient’s ADL status was assessed using an adaptation of the Katz
(1963) and Samo (1973) scales. The surgeons were asked 1o evaluate their patients prognosis
and medical staging of disease. Independent medical chart evaluations were perfformed by a

physiatrist 16 determine level of mhabilitation goal,
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FINDINGS TO DATE: Data indicate that 1) classification of rehabiiitation goaland classification of severity
of disease are significantly comelated; 2) ADL status declines with level of rehabilitation goail:
3) lung and sarcoma patients are more ADL impaired than breast patients; 4) the amount of
ADL change was the best predictor of the total number of psychosocial problemseported by
patients. These data will be discussed in terms of the impact ADL change and rehabilitation
goal have on the psychosocial problems in cancer patients.

APPLICABILITY: A 1974 study sponsored by Cancer Care indicated that 75% of all the patients studied had
psychosoclal problems. It Is @ known phenomenain rehabilitation that psychosocial difficulties
mediate the succass of rehabilitation efforts. Therefore, knowiedge relating tothe interface be-
tween ADL status, rehabilitation goal, and the presence of psychosocial problems will enable
rehabilitation warkers to more effectively focus their efforts.

014 Motor Conduction Velocity Measurement in Myotonic Dystrophy

Frincipal Investigator: Arthur Eberstein, Ph.D.

Status: Continuing

Dates: Septemnber 1975-5aplember 1978

Cost: Annual $65,804 Prajected Total $188,000
RT Annual $52,202 RT % of Annual Total 79%

Annudl Reporl Refarence: _ #46, Page 78, R85

OBJECTIVES: The objectives of this study are to determine whether nerve conduction in patients afflicted
with myotonic dystrophy or myotenic congenita is Impaired, and whether there Is any nerve
involvernent of parents and siblings of thase patients.

METHODOLOGY:

1. Pafients with clinical and electromyographic findings characteristic of myotonic dysirophy or
myotenic congenita will be accepted as subjects for this study. Both fernale and male patients of all
ages will be tested. The population sample will consist of at least 50 subjects. Control values willbe
those already established in this laboratory.

2. Conduction velocifies will be determined In the median, ulnar and peroneal nerves and sensory
Iatency times in the median and ulnar nerves of each subject. The procedure to be followed has
been described in the book by Goodgold and Eberstein (Electrodiagnosis of Neuromuscular
Diseases. Williams and Wilkins, 1972, Ch. 6). Essenfiaily, nerve conduction velocifies of motornerve
fibers are determined from measuremenis of the latencies of potenticls evoked in the muscle after
nefve stimulation at two different peoints along ifs length. '

3. The mean conduction velocity and mean latency time as well as standard deviations will be
calculated for each nerve, and the T-test will be applied to the means of coresponding nerves
(normal vs. myotonic patients) to determine the significance of the difference.

FINDINGS TO DATE: Twenty-sixafflicted with myotonia were included in this study. The average conduction
velocities and latencies were calculated from the measured values obtained flom each patient.
For the motor fibers of the median nerve, the average conduction velocity was55.8 + 28 m/sec,
and the latency was 3.3 £ 0.6 m/sec. The latency for sensory conduction of the median nerve
was 28 + 0.6 m/sec. Using the t-test, the differences of these values frorm normal were found to
be not significant.

The average motor conduction velocity and latency for the ulnarnerve was 548 t 6.3m/sec,
and 2.7 + 0.5 m/sec. These values are within the normal range for conduction velocity and
latency.

For the peroneal nerve of the myotonic patients, the average motor conduction velocity was
47.0 + 88 m/sec and motor latency was 454 + 1.8 m/sec. These are also within normal firnits.

Four of the 26 patients had conduction veiocities along the median nerve which werein the
lower range of the normal limits (less than 50 m/sec) as well asabnarmalslowing in the peroneal
neve, Thase patients are apparently free of any other involverment so that the slow nerve con-
duction may be attributed to the myotonia. ‘

The normal values of conduction velocity and latency used in this study were as follows:
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median narve, 56.3 + 4.8 m/sec and 3.2 + 0.6 m/sec for motorfibers, 3.2 + 0.2 m/sec for sensory
fiers. Uinar nerve, 58.4 + 6.0 m/sec and 26 t 0.4 m/sec for motor fibers, 3.2 + 0.2 m/sec for
sensory fibars. Peroneal nerve, 500 + 4.0 m/sec and 50 & 0.5 m/sec for motor fibers.

clinician as well as the scientist. The clinician may use this information to iImprove the differential
diagnosis of muscle disease, prepare a program of rehabilitation and, possibly, as an early indi-
cator of gbnormality. Early and accurate diagnosis may be essential to successful fregtment
ond, at least, partial reversal of the disease process,

Furthermore, results of this project may be utilized in the growing controversy regarding the
pathogenesis of the myopathies. Any evidence that can be presented to resolve this problem s
significant for the antire medical community.

015 Rehabilitation Indicators: A Method for Enhancing
Accountability and the Provision of Rehabilitation Services

Principal investigotor: Leonard Diller, Ph.D.

Status: Continuing

Dates: October 1974-Qctober 1979

Cost:  Annual $75,894 Projected Tolal $425,000
: © RT Annual $53,250 RT % of Annual Tolal 70%

Annual Report Reference: #16, Page 152, R-88

OBJECTIVES:  The RI methodology, when used in rehabilitation seftings, will serve several purposes
(leng-term goais): ) :

1. Rehabilitation settings will become more accountable through a broader and more abjective
information flow and improved decision making. in line with the resource provider's expectations;
these expectations are stated in terms of access (who is to recelve services), process (whatisto
occur) and outcomes (the types of goals that are viewed as valid).

2. Rehabilitation settings will provide better services in that individual client planning. tracking and
follow-up can be tied to RI's; also program planning can be more clearly tied to the typas of pri-
mary goals and instrumental sub-goals addressed within the population.

3. Rehabilitation systems will be able to define “disability” in functional terms and define “needs” of
the disabled in terms of skills and environmental supports needed to reach goals,

METHODOLOGY: The project wili be implemented in three phases: Phase I Initial development of Ri's
(October 1974 - May 1977); Phase lI: Final development of Rl's and field testing (May 1977 -
October 1979): and Phase lll: Demonstration and Utilization/Dissemination (October 1979 - b}

FINDINGS TO DATE: A lexicon has besen developed which consists of three sets of indicators which constitute
an objective and hopefully clarified language for rehabilitation. This modified language can be
implemented in many ways within varying rehabilitation systems, including the use of the lexicon
within a structured interview, an unstuctured inferview, and/or within an observation paradigm.
The particular method selected would depend on factors such as the fype of client, the type of
rehabllitation services ond the fype of rehabilitation setfting.

#

The focus of the lexicon is behavioral and observable, but not behavioristic, in that no paricular
theory of behavior is adopted nor any behavior change methods.
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APPLICABILITY: Status Indicators. activity indicators and extemal factor indicators can be used within the
process of rehabilitation, utilizing a basic systematic approach. In this approach the rehabllitation
indlicators would b used to fulfill several purposes, including defining stafus goals, necessary skills,
and extemnal strengihs and problems, for the purpose-of individual rehabilitation planning. and
deflning changes in status activities and extemal factors for evaluation puroses.

016 Modular Hyperbaric Oxygen Treatment of Pressure Sores and
Traumatic Skin Lesions of the Torso

Principal Investigator: Boguslav H. Fischer, M.D.

Status: Confinuing

Dates: Oclober 1975-October 1980

Cost: : Annual $11,290 Projected Total $60000
RT Annual $5272 RT % of Annual Total 47%

Annual Report Reference: #14, Page 79, R-89

OBJECTIVES:

1. Construction of physiologically proper cups and miniature chambers pemitting the enclosure of an
ulceration existing on a flat surface of the human torso (Sacrum, vartebral spina).

identification of proper gasketing material, either silicon or natural rubber.

identification of proper durometer of the gasketing material.

Devalopment of oxygen delivery system permifting sither constant or pulsed pressure application
of oxygen.

5. Development of proper shape of the sealing material placed between the cup and skin.

METHODOLOGY:

1. Patients will be selected from the New York University Medical Center. The progress of healing will
be monitored by photographic documentation, actual measurernents of skin ulcerafions. and
sarial bacterial cultures.

2. The response of the leslons to oxygen applied under various pressures will be observed.

3. Special consideration will be given to infected post-surgical wounds on the torso since their pres-
ence not only substantially delays any rehabilitation tfreatment but also consititutesa grave thraat
to the patient's well being.

4. Several branches of the industry (plastic and material sciences) will be involved in search for pro-
per material and construction of devices.

5, The following companies expressed their willingness to cooperate and help in the project:

hww

International Paper Company Sterling Forest, New York
Davol Company Providence, Rhode Island
Dielectric, Inc. Chicopee Falls, Massachusetts

EINDINGS TO DATE: Hyperbaric oxygen was applied topically to pressure sores of the sacrum, buttocks
and to infected post-surgical wounds on the torso. In all cases(6) a prompt anest of necrosis was
obsanved. This was followed by rapid clearing of the lesion, enhanced granulation and epithetia-
zation. It resulted in major shortening of the healing time of lesions which resisted all previous
therapeutic modalities.

specially designed cups were used contouredalong the profile of the actual skin ulceration or
deficit, Oxygen was applied under pressure frorn 20mm Hg using either constant pressure or
pulsed pressure technique.

It proved to be a most aggressive and effective means of control of post-surgical infections
resulting in prompt control of the infected area with rapid healing. No side effects or untoward
reactions were observed,
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APPLICABILITY: Since topical hyperbaric oxygen doas not require any special lnstc::llaﬂéns ormodifications

and can be appiied direclly on patient's wards the method may be used widely in hosplitals and
nursing homes with extended facilities.

It will substantially shorten the healing fime permitting an earlier rehabilitation and eatlier retum to
productive life., .

017 Electronic Anc:l Sphineier Stimulation for Fecal Incontinence
Control and Barium Enema Examination of Disabled Persons
Principal investigator: Boguslav H. Fischer, M.D.
Slatus: Continuing
Dates: October 1975-October 1980
Cost: Annual $1Q§ES Projected Total 554,000
RT Annual $4 467 RT % of Annual Tolal 43%
Annual Report Reference: #16, Page 100, R-95
OBJECTIVES: '

1. Construction of properly shaped anal plug.
2. Construction of stimulating generators,
3. Modification of existing safety overflow system by elimination fzf kinking problems of the tubing
and construction of an over-flow resenvoir.
4. Construction of open-end manometric system permitting direct measurement of existing pressures
within the colonic lumen during barium enema examination.
METHODOLOGY: Patients will be selected for New York University Medical Center both an in- and out-

patient basis. They are divided into three groups.

First Group: Patients who present fecal incontinence as a major debilitating and socially
handicapping factor in their rehabllitation and retum te productive life. Stimulation of the anail
sphincter muscle will be administered after appropriate EMG study In order to obtrain objective
information. The response and degree of restoration of fecal continence will be monitored by
close follow up of the patlent either on ward of on an out-patient baosis.

Second Group: Pafients with essentially intact nervous system, undergoing rehabilitation
treatment, and who for various reasons could not retain the contrast material during X-rays
examination using standard methods including injections of Valium and Glucagon. Both in-as
well as out-patients will be accepted in this study. The study will be performed in close coopera-
tion with the Department of Radiology, New York University Madical Canter.

Third Group: Patients with a central nervous systern disorder. undergoing rehablitation
treafment, who were unable to retain the barlum enema during x-ray examination forabnomal
pathology.

FINDINGS TO DATE: In this project the externally placed electrodes were usad exclusively. Tha stimulating

curreant characteristics are as follows:

Fracuency: 500 Hertz
Voltage: 0-20 Volts
Impulse: square, bipoiar
Impulse duration: 0.5 miliseconds

Easy fatigability of the anal sphincter muscle was noticed when the impulse duration was:
shorter than 0.5 miliseconds. Discomfort of the patients during actud! stimulation was eliminated
by increasing the frequency to 500 Hertz.

The mathod proved to be safe, relatively easy to apply and control. There were no failures in
barium enemd examinations in 22 patients, eleven of whom presented a severe central nervous
systemn disorder. All these patlents were unable to retain the barium enema durng previous
examinations using standard methods rendering this extremely important and simple diagnostic
procedure useless. Two cancers of the colon were detected. They escaped diagnosis during
prior examinafions including biopsy.
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APPLICABILITY: It is expected that the development of proper anal sphincter stimulation technic can be of
enomous help o the debilifated patient as well as instrumental In barium enema exarminations in
those patients who cannot retain the contrast materiai.

018 Feedback Control Systems for the Paralyzed

Principatl investigator: Warren Frising, BE.

Status: Continuing

Dates: Octlober 1975-September 1980

Cost: Annual $34,883 Projected Total $190,000
/T Annual $30,315 RT % of Annual Tolal 87%

Annuai Report Relerence: #45, Page 107, R96

OBJECTIVES: Asregardsphysicalinteraction with the environment, the human bodycan beconsidereda
feedback control system. Forexample, the body subconsciously adapts fo walkingonanincline.
Paralysis blocks necessary information transfer for adaptation. This project intends to supply
some of that Information especially for cases of severe paralysis by substituting one or more
artificial elerments for the non-functioning biological counterparts.

METHODOLOGY:
1. Particular controlled elements will be selected.*

2. Feedforward control elements, 1.e., myoelectric with attendant fraining rathods and instumenta-
tion, will be Interfaced with the above.

3. Feedback confrol elements, Le., to produce pressure and proprioceptive sensation, will be Inter-
faced with the above.

4. The population sample will include quadriplegics and others suffering from paralysis (sensory
and/or motor).

5. Evaluation criferia will include formal interdepartmental participation as well as consumer groups.

6. Sequence for each confrolled device:
1. Set contralled device priority.

Map likely control sites on body.

Establish tentative training methods,

intertace patient with feedforward elements.

Cornbine "1* and "4 above.

Develop feadback elements.

Combine "3" and "6",

Revise whare necessary.

- . Combine “1”, “4” and "6".
= * See RT-1 projects R-82 and R-59.

V®NO VAW

FINDINGS TO DATE: Results inciude for myoelectric applications to high level quadriplegla. Acceptable
control sites (six patients) over areas of the frontalls, upper and middle trapezius and temporalis
muscles. Other sites found acceptable for subjects individually, were located In areas over the
platysma, lower trapezius and masseter muscles. ‘

For EEG applications to high level quadreplegia (one normal subject, three trials), real time
conelation was noted between an EMG of the arm (finger extensors)and the corresponding site
on the motor strip of the Brain.

APPLICABILITY: Findings will aid the high level quadriplegic and ather paralyzed individuals by enabling
thamn to become more independent. Functional use of feedback control systems and attendant
devices will help free them from constant human attendant care, facilitate finding employmentin
a sultable vocation, and improve quality of lifestyle by providing additional means of interacting
with the envircnment.
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019 Development of Transfer Devices for High Quadriplegic Patients

Principal Investigator: Robert G. Wilson, M5,

Status: Continuing

Dates: October 1975-5aptember 1978

Cost: Annual $29,186 Projected Total 88,000
RT Annual 525,854 RT % of Annual Total 89%

Annual Report Reference: #16, Page 244, R-97

OBJECTIVES: The aim of this project Is to develop a transfer device for a high quadriplegic patient. The
development consists of the following phases:
1. Careful investigation of present equipment, Pl

2. Designing. developing and testing small-scaled mock-up models of a transfer device.
3. After careful selection of one of the mock-up models, the full size working model will be

fabricated.
4. Testing of different patients on the modael.
METHODOLOGY:

1. Physical examination of a high quadriplegic patient including range of motion, remaining muscle
power and thorough skin check-up.
2. Thepdtient willuse a fullsize warking model which initially Is manually and Iater power operated. At
first, the patlent will uss it In varlous areas of the Instifute, and Iater, In his house.
3. Deslgn and development of the transfer device 1o meet the patient’s need.
a. Fabricdtion of the final full size mode|
b. The model slectronically self-controlled by the patient
c. [fthe patient is unable to use the electronically controlled model, @ mechanically controlled
mode! could be operated with minimum physical effort by a helper regardless of his strength
and size.
4. An evalugtion questionnaire will be filled out by each patient. Based on the patient's answers,
further modlfications of the mode! will be determined.

FINDINGS TO DATE:
1.* On October 10, 1975 the first samples of the transfer device, l.e. small models and drawings were
shown ta the Regionol Advlsary Committee. They c:graed that research and construction of these
2. On Mon:h 10, 1??6 the same and some addifional models r:»f a fransfer device as above were
prasented to the Patient Advisory Board at New York University Institule of Rehabilitation Medicine.
There was a discussion whether a highly sophisticated electronic self-controlled (by the patient)
transfer device for a high quadriplegic patient should be continued — or whether to concentrate
our efforts on the development of a simple mechanical device which could be controlled by one
helper with minimal physical effort, regardless of the size of helpar or patlent.
3. itwas agreed upon that It would be more practical to work on the simpler device first, A portable,
mechanically controlled (by one helper) transfer device Is being constructed now and will soon be
patient tested.

4 Wc:rklng on the c:bove prajéc::i‘ it was fcund 1hcrr the fc;uowmg devices for transfer would be alogical

Q. A salf a"diﬂg fransfer device bglﬁ info a whéelchalrwoula aid ahigh quadriplegic formovetoa
toilet from the wheelchair and back.

b. Lightweight cart handled by an attendant would cany a quadriplegic up and down stairs
eqsily.
c. Special bult-in device would ald a wheelchair to ¢limb over a curb or several steps.
d  Modifications of o conventional wheelchair would aid a quadriplegic In transfer to enter an
) automoblle easlly.

AFFLIC:ABYIL!TY: The proposed device Is also urgently needed by patients with severe and/or mulfiple
disabilifies other than spinal cord injuries, e.g. patients with involvement of all four extremitles and
trunk resulting from pollomyelifis, arthritis, multiple sclerosis, muscular dystrophy, efc. Since many of
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these patients can perform many daily activities much easier in the wheelchair than in bed, this
device would provide at least some independent functioning.

020 The Diagnosis and Remediation of Deficits in Visual Information
Processing and Verbal Abstraction in Brain Damaged Aduilts

Principal Investigator: Leonard Diller, Ph.D.

Status: Conlinuing

Dales: October 1975-December 1980

Cost: Annual $159,01¢ Projected Total $807,000
RT Annual $49,097 RT % of Annual Total 31%

Annual Report Referance: #46, Page 175, R-92

OBJECTIVES: To develop and validate a normative scale and calibrated neuropsyciologic module for ihe
differential diagnosis of remediation and prognosis of dysfunctions of visual information processing
Invarious types of brain damaged adults. This will further result in the development of a toxonormy of
deficits of visual Information processing found in brain damaged adults. These objectives may be
broken down intermms ofthe objectives for @ach of four sub-studies fo be caried out inthree years.

METHODOLOGY: This study aims to improve abstract thinking and higher order visual information pro-

cessing (simultaneity and successiveness) in unilateral brain damaged aduits. Ecch of these
airms is pursued through a series of studies involving: (1) the development of criteria forabstract
thinking and visual information processing in normals; (2) gathering nomative data on hemi-
plegics: (3) piloting remediation techniques on a smalisample of patients; (4) astudyinwhich
experimental groups receive training in abstract thinking or visual information processing and
controls do not, to ses if reatment can impact the criteria, Subjects for abstract thinking will in-
clude 48 normals, 48 hemiplegic patientsfor normative purposes and 60 patlents to form experi-
mental and control groups. For the VIP study, 60 normals will be used, 45 hemiplegics will be used
for normative purposes and 34 patients will participate as experimentals or contrals.

FINDINGS TO DATE: During the past year 52 normals (age 45-75) were administered the test battery
enumerated below. This was done in order to standardize the battery and derive a set of age
appropriate nomns, The battery has also been administered to 23 (13 left and 10 right) hemiplegics.
22-37 Additional hemiplegics will be seen during the next several months in order fo complete the
standardization process. Following this approximotely 4 months will be devoted to pilot studies in
training. commencing next spring with the start of the full blown training experiment.

Tost Battery

Full WAIS

Conditional Canceliation (developed by Staff)
Embedded Figures (Ayers)

Cube Analysis (Stanford - Binet)

Parceptual Analysis and Synthesis (Birch & Lefford, 1965)
Autobiographical Statement (developed by Staff)
Parts of the Ravens (selected by Staff)

Parts of the Letfter (selected by Staff)

Goldstein Object Sorting Task

Visual Simultaniety (developed by Staff)

50 visual and Pictorial Similarities (developed by Staff)
Trail Making (Part of Reitan Battery)

Knox Cube

Porteus Mazes .

Syrmibo! - Symbol (Jastak)

Visual Diglt Span

Bender-Bestalt

Metropolitan Achieverment Test (Comprehension and Arithmetic)
Simultaneous Recognition (Developed by Staff)
Paragraph Titles
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Mpeyps;

o PLIC_Q\EIL’T\/;bamiD,ggi; constitytes fhé'lﬂfgést physical disability group with an estimated prevalence
ot 20y 000 per 100.000. Qur previous studies have indicated that perceptuai disorders common
o rig% fc;?fgin damaog® Crg critical bottlenecks in sucCessful rehabilitation (Diller, atal.) (Lorenz &
Can

D 77 R I T - T, —c s _ . om g =

P21 pqd'is ynderlying Improvement in Respiratory Function

Fﬁ]l‘)"iing Cemvicql Cord Injury

fr i"‘zl%l !Wg"igagg;i Francols Haas, ph.D.

flatug; New

pelay; Augus! 1976-uly 1979

pou: Annual $60,05¢ Projected Total §190,000
N “RT Annual $59 gs9 RT % of Annuol Tolal 98%

Lanal poofl Noterenco: #16, Page 216, R.98 ’

P EJEC}N’ S 177% Object of fhi§ Srfrl-lcjy is to quantify the pattemns of improvementin several different areas of
regpff% ‘on gndto :;558?3 the role ployed by each of several factors which may promote improve-
e "1{'5 t;n-, the gnséf ol a frgumatic Cervical c;ord injury until stabillization occurs. These include
studiZy on (1) the effects of loss of sensation from the rib cage on the refiex ability to regulate
vénfi' in!aﬁ (sensory 5fufjlés). ( g) the factors which Igaa to improvament in respiration throughout
ihe J tjct:" course (MOtor studies), and (3) the effects of sensory and motor dysfunction on the

- abi # Y0 mgintain effective blood gases and acid-base balance (blood gas studies).

r/1 - HDQ@L@@E Iy grd&r to A€COmplish these goals the following tests have to be camed out. These fests
are 1 invasive and '€ designed fo produce a minimum of discomfort tothe patient and start

as ¢l o the time Of INlury (the best time to be af the inception of the rehabilitation program)

as ;3555‘ ble gnd continue for o period of 3years. First at monthly rmonitoring, and then every three

mon i A base line PUMonary function test using either the Goddard Twin Bell Spirometer or the

cIp A ?‘1@! ab will b@ Carmied out at the admission of the patient to the study. and then twice

yagﬁ’/;_j"i‘ addition, the following phvysiclogical measurements for each of the other areas of in-

vexid g on aro plannect

| ¢f “orysdles

g ';f\afhéds usé‘%’r I the sensory studies involve strictly non-invasive techniques. Patients
inspl ',59; the Sqﬁiﬂgpﬁ;m@n thraugh Q J-valve and expire into the atmosphere. The inspiratory
imb /= htaing @ pnéumafgchagra'ph to record air flow and a pressure transducer to monitor
moulressure. Tidal VOlume is obtained by electronic integration of the flowsignal. Samples of
expir h Qir gre fj'eliv?_"eﬁ to a capnograph to monitor end-fidal CO 2 :

Et:zéu batient's resr?"‘?}‘éry resisfONCe and elastance are imeasured. The anticipatad tidal vol-
urma? gﬁar load conditions are computed from afirst order linear differential equation assuming
a sinV | iday) inspiratory Pressure waveform, ngiafions between obsernved and calculated values
of 1 dg \’?’lumé are used to deduce reflex or mechanical alterations in inspiratory pressure during
the | égeﬁbff???'f}- o e . o ,

™. Parimental 9OUbs studies thus far have been chosen 10 include arange of lesion levels
(fror?? ’r? o C"‘d,) and 9ges (13 to 40) to determine the effect of lesion level and age on respira-
tory ;95 ' Orrngnee.

n MO Sudles

" é?ééﬁh odology gf fh.s part of fhg project rgquires noninvasive measurements obtained at
bads” - These Fnar:.iifu"?}'peﬂts include: (1)vital capacity and its subdivisions from a spirometer,
@) ﬁp ;;?Qgé 5{35“,;::;#!@!-\ from C’ihgﬂ. Pneumograms during different breathing maneuvers,
(3) F':’qtgr—y ;@mpifﬂcerfrqm a weighted spirometer bell to produce a change in lung vol-
Ume pré RC, (4) ped Iﬂ;Dirthry prassure against a closed shuhar to determine the isormetric
Efess‘)gi gengrt:te‘_d F’V the digphrogm, and (5) neurological improvement obtained from
Ehysifj ' exgmination:

Eq g;f; New Egﬂgﬁf l:’\és thesa ﬁjegsurarnénfs made once monthly and an atternpt will be
madd [ conglate 1hese rqeyits with OQe, sax, and level of lesion.
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ill. Blood Gas Studies

(1) For the blood gas and acid base balance, the Astrup Micro method will be used as described
by Segal and Anderson, The capillary blood was chosen to avoid the use of arterial puncture,
and possible complications (this test isas accurate as arterial). This test should be given monthly
in the aarly stages and every three months in the lafter stages.

(2) Chest stability, sighing and respiratory complionce data will be obtained from measure-
ments in Motor Studies. (See above Motor Study Methods 2 and 3).

FINDINGS TO DATE:
I. Sensory Studies

Data, coupled with an additional ssparate line of evidence. have eliminated rib cageinstab-
llity as the cause of the impaired tidai volume stabilization. Thus, RT-1 hasbeen the first laboratory
to quantify the respiratery dysfunction resulting from the inferruption of thoracic sensory path-
ways. This study has now been accepted for publication by the Joumnal of Applied Physiclogy.

Loaded breathing experiments have been performed in a large group (n=140) of naive nor-
mal subjects to define a sat of standards applicable to patient population. Data indicate the
consclously mediated change in inspiratory motoneuron output play an important role in the
immediote response to added loads in untrained subjects. As aresult, the “normal” response to
added loads has a much greater degree of variability than is cunrently believed and previously
published “normal” responsas represent only one point on a continum of possible responsas.
These results are being compiled so that a realistic standard can be employed to interpret data
obfained in quadilplegic patients,

In a series of single breath resistive loads in 8 additional cervicdl cord subjects, interpretation of
of results still rermains uncertain - dependent upon results obtained in a control group of 140 nor-
mal subjects. It does appear. howaver, that two different receptor fypescombine collectively to
determine raspiratory rate in cord-injured subjects. Additional experiments are planned.

Il. Motor Studies :

Motor studies were temporarily curtailed to design and construct a special set of rib cage
calipers which enable accurate recordingsof changesin the rib cage antero-posterior diameter
and also to develop a new measurement technique which enables accurate detarmination of
isormetric pressures genarated by the diaphragm while simultanecusly altenuating any possible
artifacts resulting from mouth suction. In view of these setbacks, researchers have been unable
to study the effects of resistive diaphragmatic exercises in quadriplegic subjects.

However, g study of the effects of a 6-week program of diaphragmatic breathing against
abdominal weights ranging frorm 15-50 Ibs. In 20 healthy nomal subjects measured 3 different
aspacts of inspiratory muscle function: (1)maximal shortening. (2) maximai isometric pressure,
and (3) maximal velocity of shortening. No measureable improvement was found in any of
these parameters resulting from the use of abdominal weight exercises in healthy subjects. How-
ever, all subjects studied improved their endurance during these exercises and discomfort
associated with exercises waned prograssively.

lil. Blood Gas Studies

Baseline pulmonary function tests ware performed on thiteen patients with cervical spine
injuries, ranging in level fram C3 to C7. In eight cases pulmonary function tests were donein both
sitting and supine, in the remalning only supine tests were performed.

Of the eight, seven showed significantly improved spirometric values of lung function in the
supine position. This was probabily due to reduction in functional residual capacity and conse-
guently increased in insplratory capacity. Six of the eight also showed marked improvement in
both peak expiratory flow and mid-expiratory flow. The two in whom flows were better in the
sitting position were those who had injuries older than three years.

in seven of the above group blood gas analysis ware done in both the sitting and supine
position. In four of thesa, PaO2 was higher in the supine position, one showed no difference and
the two with the oldest injuries had PaO: that were significantty higher sifting compared to supine.

APPLICABILITY: Results from this study should facilitate:

(1) Onesabliity to plan a more appropriate and reglistic vocational rehabilitation program.,
because of increased accuracy of knowledge of nature and extent of deficit, particularly with
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respect to potential enargy resources;

(2) Lessinterruption from respiratory problems of an ongoing vocational rehabilltation fraining
program resulting in more efficient use of the program’s resources; and

(3) Reduced hypoxemia providing greater energy resourcesand mental acuily for the patient.

022 Quantification of Electromyography with Computer Analysis

Principal Investigator; Arthur Eberstein, Ph.D.

Status: New

Dates: December 1977-December 1980

Cost: Annual $44,907 Projected Total $440,000
RT Annual 538 459 RT % of Annual Total 88%

Annual Report Reference: #16, Page 124, R-24

OBJECTIVES: The objective of this proposal is to advance the state-of-the-art of clinical procedures com-
mor .y employed in the diagnosis of neurormuscular diseasas: elactromyography and conduc-
tion studies in motor and sensory nerve fibers. Specifically we are proposing a program which will
accomplish the following aims within the framework of the electrophysiological examination:

. more accurate avaluation of recorded data so as toenhance and validate diagnostic information.

. application of more sophisticated data analysis techniques.

. statistical manipulation of blocks of patient data for comparison and tongitudinal studies.

. sharing, comparing and correlating our patient data bank and data analysis routines with

other institutions.

Pa G b =

METHODOLOGY: Quantitative analysis of EMG signals.
1. Based on work done by Lindstrom using the Fourier transform.
2. Via spectral analyses using surface electrodes.
3. Study of polyphasic potentials.

FINDINGS TO DATE: None to date.

APPLICABILITY: It is the Objective of the proposed preject to establish a systermn of computerized analysis
of the electrical activity associated with muscle and nerve pathophysiology in neuromuscular
diseases. An on-line system will be conceived not only for analysis of the characteristics of motor
unit potentials but also for the other electrophysiclogical events,
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CORE AREAS

Nouremuscular
Studies of causes, effects, responses and adaptations related to injury orimpair-
ment of function of prolonged duration in the neuromuscular system.

i Psychosoclal-Vocational 7
Programs on problems inthe psychological, social orvocational areas which relate
1o ability to adapt or respond to the requirements of normal living.

Cardiac Rehabliitation
Activities which communicate research findings of cardiac, pulmonary and
vascular requirements for activities throughout the range of normal performance
and especially related fo adapfation to therequirements of normal living following
pathologleal changes.

7 ~ Heaith Care Delivery
Haalth needs and the efficacy and efficiency of various modes of health services in
relation 1o rehabilitation.

Education In Rehabliitation
Needs, applications. adaptation and modifications of education related fo
rehabilitation.

Bionomic Adaptations
Methods for responding to or compensating for [osses or impairments ofinteraction
wihh the environment which increase the capacity for performance of the quality of
life of the chronically il or handicapped patlent.

- 7 ) Ergonomics 7
The quantitative evaluation of muscular force, work, power and energy of man.

spinal Cord Injury 7
Problems arising In rehablifation and adaptation to living including community
integration in patients who have suffered spinal cord Injury.
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023 The Evaluation of an Automated Training System for
Wheelchair Push-ups

Principal Investigalor: Alan H. Roberts, PhD.

Status: Completed

Dates: July 1974-June 1977

Cost: Annual $30520 Projected Tolal $60,000
RT Annual 521395 RT % of Annual Total 70%

Annual Report Referance: #46, Page 2441, R-34

OBJECTIVE: To develop a small, light, inexpensive, and reliable battery operated device which will fitin
the wheelchair, and signal patients to rernind them to perform a wheelchair push-up; ideally
the apparatus will also include a numerical counter to count the number of push-ups performed
duiing a specified pericd of time.

METHODOLOGY:

1. The apparatus is comprised of a pressure switch, fimer, counter, and sound-emitting device. The
timer is set fo sound a buzzer unless the patlent raises himself from the wheeichair at least once
during the set period of time. If he does so before the device is activated, the timer will reset. The
counter autornatically tabulates the number of pushups done by the patient.

2. Paraplegic patients will be assigned randomly to one of two groups: the experimental group wilt
use the apparatus while the conirol group will be equipped with a counter and timer without
waming device. The number of pushups done by the two groups over a given period of fime wilibe
compared.

3. Followup data will be obtained to determine whether the fraining that occurred by use of the
device will continue afferthe device is removed. Technigues will be developed fo allow changing
from regular to imegular reinforcement schedules fo promote generalization of leamed habits
beyond the hospital.

FINDINGS TO DATE: The cunent testing status of the prototype device suggests that it performs satisfactor-
ity and appears to be working well in pre-tests with patients. A device fo count the number of
wheelchalr push-ups is still being developed since it presents engineering problems that have
not yet been fully solved. The apparatus necessary for the project to camy out its methodology
has been developed. The device is belng tested on suitable patients asthey become available
on the Rehabilitation Service. Efforts at improving the sensing system of the wheelchair push-up
counter are still going on. Dynacon is the material being tested. A slight modification has been
made to the Control Subject data recorder. A channel indicating elapsed time of 60 to 90
minutes between push-ups was sacrificed for a channel indicating the total time that the
subject was out of the chair.

APPLICABILITY: Skin breakdowns are quite common in patients who have not established pattems, before
they leave hospital. of doing pushups independently of reminders. A method to help patients
establish the habit of deing pushups would reduce a major cause of morbidity in spinal cord
injured patients.

024 Evaluation of Efficacy of Rehabilitation Programs

Principal Investigator: Frederic Koftke, M.D.

Status: : Complated

Dates: March 1972-Septermnber 1977

Cost: _ Annual $74 505 Projected Total $440,000
RT Annual 550955 RT % of Annual Total 68%

Annual Report Reference: #46, Page 248, R44

OBJECTIVES:

1. To collect data on patlents in the major problem categories of rehabilitation medicine for the
period since 1949 from the records of the University of Minnesota Rehabilitation Center;
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METHODOLOGY: A computer program has been developed for entry of critical inforrmation. The data
entered include pertinent demographic data, diagnosis, problem lists, methods of treatment

University of Minnesota

to analyze status on admission and discharge, and quantitative change in the function of various
parameters;

. to analyza the adjustments to the community after discharge:
. to obtain data on survival, financial status, vocational, and secial adjustment;

to analyze effects of kind, amount, and duration of rehabilitation services: and

. to test recommended management programs on patients.

including physical therapy, occcupational therapy, speech therapy. vocational evaluation,

ortheses and prosthases, and special treatments. The major entries have now been made. The

program is being tested and missing information is being supplied so thatcomputerruns can be
made for selected factor analysis of the various categories of patients of problems.

FINDINGS TO DATE: The remaining demaographic, diagnostic, therapeutic, and outcome data was

APPLICABILITY: Evaluation of the efficacy of rehabilitation procedures and programs of management is
essential to placerehabilitation medicine on a sound scientific base and to establish the cument

pfepcréﬂ for ccmz:uter pr@c%&siﬁg c‘;‘omputer problerﬁs hc:ve cc:used delx::y in prc;x:eé.siﬂg dctc:

state of rahabilitation against which newly proposed methods may be compared.

025 An Aflas of Vocational Histories of Persons with Spinal

Cord Injuries

Principal Investigator: Naney Crewe, Ph.D.
Status: Completed
Dates: July 1973-September 1977
Cost: Annual $16490 Projected Total $38,570
RT Annual 14,894 RT % of Annual Total 0%

Annual Report Reference: #16, Page 256, R-48
OBJECTIVES:

1. To provide a refarence tool, a collection of histories of successfully employed quadiiplegics and

2

paraplegics, to aid in the vocational rehabilitation of persons with spinal cord injuries:
to provide a publication for vocational counselors on the adjustment process for spinal cord injur-
ed clients, counsaling techniques, and extensive lists of sedentary jobs; and

. to provide a publication on vacational rehabilitation of spinal cord injured persons to researchers

and aeademicians.

METHODOLOGY:

1. The lilerature relating to employment with spinal cord injury will be reviewed.

2. Alarge number of persons with spinal cord Injury who might be able to contriibute fo the project will

be identified.
3. Potential subjects will be surveyed by maill to determine which persons are employed.

4. Aninterview schedule which explores many aspects of working including prepardtion, job seeking
experiences, employment duties, satisfactions and frustrations, problems and solutions will be

developed and pratested.

5 Allsubjects who live within a reasonable distance, approximately 200 miles, of Unlversify Hospitals

will be personally Interviewed at home.

6. The original sample will be augmented with the assistance of other research and tralning and

spinal cord injury centers.
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7. Out-of-state subjects who are working in jobs not representad in the Minnesota sample will be
inferviewed by telephoné using the same interview schedule.

B. Case histories which combine biographical, psychalogical. and medical data with a detailed
description of the employment achieved by the subjects will ba written.

2. All sedentary. indoorjobs listed in the "Selected Characteristics of Occupations” supplement to the
“Dictionary of Occupdtional Tifles” will be identified.

10. Several chapters integrating information available in the literature and data gatherad through this
project will be written,

1. A book for spinal cord injured persons entified Possibliies: Employment After Spinal Cord
Injury will be written and published.

FINDINGS TO DATE: During this year the manuscript for the Atias of Vocational Histories was submifted to
the University of Minnesota Prass. The editor suggested that the manuscript be divided, and thus
a new manuscript for spinal cord injured people, Possibilities: Employment After Spinal Cord
Injury, has been prepared and submitted to a commercial publisher, Work is beginning on the
fwo remaining publications.

APPLICABILITY: Persons with spinal cord injuries. parficularly quadriplegics, share severe functional limita-
tions. So many activities are unavailable that a basis for bringing about a more positive focusin
vocational counsaling is needead. Since so many quadriplegics and paraplegics are youthful
accident victims, the importance of finding sorme productive outietfortheir time and talentisan
impaortant, if not essential, aspect of rehabilitation.

026 An Evaluation of the Relationship of Self-Care Outcomes to
Care in the Acute Hospital, the Rehabilitation Center, and
to Post-Discharge Level of Function in Stroke Patients

Principal Investigator: K. Sperling, MD.

Siatus: Completed

Dates: Oclober 1973-5eptember 1977

Cost: Annual $56,274 Projected Total $221,000
RT Annual 545864 RT % of Annual Tolal 82%

Annual Report Reference: #16, Page 260, R-52

OBJECTIVES:

1. To assess the changes in self-care improvemnent pattems for stroke patients with respect to the
patient’s contact with the rehabllitation center and the health care institution, and with respectto his
post-discharge level of functioning:

2. to evaluate nursing staffing pattems and cost factors of different rehabilitation programs fo see
whether these factors have a significant influence upon self-care improvernent pattems for dif-
ferentioble subgroups of siroke patients;

3. to investigate post-discharge placement as it relates to self-care improvement levels.

METHODOLOGY:  The tasks to be caried out under this project have been segmented as follows:
1. Basaline data will be collectad on stioke patients treated in three hedlth care facilities with
contrasting rehabillitation.
2. Followup data will be collected on a subsample of these patients at points 6 and 18 months
following discharge frormn primary hospitalizetion.
3. Dota analysis will be performed.
FINDINGS TO DATE:  The preliminary findings are as follows:
1. Impact of length of stay on Improverment in self-care ability is little at St. Francis, mild at North-
weastem and high at Sister Kenny Institute.
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2. Comparison of reatment at acute facilifies and Sister Kenny Institute is baing done through review
of treatment histories.
3. Ananalysis of the nursing staffing data revealed that the two acute hospifals averaged 5.2 hours,
while Sister Kenny Institute averaged 7.3 hours,
4. Patlents living at home remain at higher self-care levals than those in nursing homes.
5. A comparison was made between the acute hospitals and the tertiary center. matching patients
on the variables of Time Since Onsat and Admission Self-Care Score.
APPLICABILITY: The resutts of this study may initiate changes in pre-and post-rehabilitation care. if certain
stroke management practices in current use are of grecter benefit than others, then changes
should evoive in the management of stroke rehabilitation at various levels of patient care.

027 Validity and Reliability of the Health Accounting Method
of Quality Assurance in a Rehabilitation Setting

Principal Investigator: Iﬁamas P. Anderson, M.D.
Status: Completed
Dales: October 1975-5eplember 1977
Cost: Annual $32,955 Projected Total $50,000
RT Annual $20,368 RT % of Annual Total 65%
Annual Report Reference: #46, Page 268, R-59
OBJECTIVES:
1. To consolidate and analyze pravious heaith accounting experience;
2. to evaluate procedural reliability and vaiidity:
3. to examine the impact of health accounting strategy on improving the quality of care:
4. totestthe generalizability of the protocol to arehabiiitation outcomes study other than completed

siroke;

to improve the efficlency of the protocol by Incorporating recommendations of the first study team;

to institutionalize the protocol by orienting and involving a greater number of department person-

nal.

METHODOLOGY : The first three objectives will be studied in the following manner. A medical sociologist will
onalyze the documents, manuals, and forms, and taped discussions of project participants. He will
then make recommendations for improving project procedures and instruments. Three new pro-
ject resources are being developed. The ten care settings will evaluate the validity and reliability of
specific health accounting procedures. They will examine priority sefting of health topics, out-
comes standard sefting, and reliability of the outcomes measurements made by the health
accountant. The Johns Hopkins staff will analyze and draw conclusions from data from all fen care
settings. Participating clinics will be matched with nonparticipating clinics to test the development
of a measurs of innovativeness. _

The last three objectivas, cared out only by the University of Minnesota, fulfill the requirement that
threa topics be studied during the project. An exclusive study team will be selected for each topic,
thus Involving new department personnel.

FINDINGS TO DATE:
1. Threa heaith problems were chosen for study: -
a) Education for Urinary Tract Infections in Spinal Cord Injured Patients;
b) Therapeutic Program to Retain Function in Employment Aged Patients with Chronic Low Back
Pain; and
¢) Intermuscular Neurolysis and Motor Point Blocks by Physicians on inpatients and Outpatients
with Spasticity. Several new personnel ware oriented and study was begun.
2 Thae coordingter attendad a medical coordinators serminar on the future design and procedural
devalopment for completing the outcomes assessment projects.
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. The initial outcormes assessment on Urinary Tract Infections in Spinal Cord Injured Patients was

completed. The actual outcomes were far below those expected. Problems contributing to these
are: patient-related, environment-related, and staff-related.

. The actual outcomes of the low back pain patients inferviewed came close to the estimated

standards except for the fwo lowest lavels on the Williamson’s Funetion Impairment Scale.

. The initial outcomes assesment on infermuscular neurolysis for inpatients and outpatients with

spaslicity wos begun.
Saveral recommendations were made by the study team.

APPLICABILITY: An improved and refined system for assessing rehabilitation will 1) focus on outcomes, 2)

028

develop a standard definition of outcomes, and 3) apply fo all areas of rehabilitation. Both health
professionals and patients will benefit by improved treatment and lower costs of rehabilitation.

A Study of the Golgi Tendon Grgan in Human
Muscles and Tendons

Principal Investigator: Rita Bistevins, M.D.

Status;
Dates:
Cost:

Completed

September 1975-June 1977

Annual $52,.234 Projected Total $60,000
RT Annual 544477 RT % of Annual Total 85%

Annual Report Refarence:; #16, Page 281, R-61

OBJECTIVES:

1.

W boLo h

To study the microscopic structure of the GTO in man;

to sfudy the ultrastructure of the GTO in the hurman by electron microscopy;

1o study the innervation of the GTO in man;

to study the localization of the GTO in man:

to study the electrophysiological response of the GTO in man to motion and stretch.

METHODOLOGY: Preliminary work on tissue specimens from aufopsy material will establish the technique of

localization of the GTO, as well as ls gross appearance and structure, Biopsy specimens will be
taken from nomal muscles from patients undergoing surgical procedures, Locdlization of the GTO
will be attempted by teasing the biopsy specimen under a dissecting microscope and searching
for this structure, The fissue will be fixed in formalin, embedded in paraffin and sectioned. The slides
will be stained: for hematoxylin and ecsin to study the general structure and appearance: silver
impregnation to demonstiate the nerve endings and the nerve fibers; and other possible stains as
the need may arise. An attempt will be made fo study the electrical response of the GTO to mofion
ond/or streich of the muscle or its tendon, thus stimulating activity in the muscle. A high gain
slectromyograph will be used for this pumpose. This will be canied out on patients with poor
muscular confrol.

111 were paciniform compuscles and 13 were Golgi tencion argans. Two structures could not be
classified in either group. Five sensory receptors were studied with electron microscopy. Of these
two paciniform corpuscles were serially sectioned. One Golgi tendon organ and one Meissner
corpuscle from a human fingertip were also examined.

APPLICABILITY: Disorders of motor function such as paresis and paralysis with or without spasticity are

frequently seen in rehabilitation patients. Better understanding of factors contributing fo reflex
regulation of motor function is needed. The data resulting from this project will lead fo better
understanding of the motor behavior and control of muscular motion. This will, in fum, lead fo

development of better techniques for therapy.
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029 The Value of LDH Isoenzyme Studies.in Collagen Disease

Principal investigator: A. Turkyilmaz Ozel, M.D.

Status: Complefed

Dates: Saptember 1976-5epiember 1977

Cost: Annual 53@.52? Projected Total 524,200
RT Annual 524,198 RT % of Annual Total 79%

Annual Report Reference: #14, Page 287, R65

OBJECTIVES: To determine the relationship between the activity of theumatoid arthritls and other collagen
diseases and the change in the LDH isoenzymes.

METHODOLOGY: Bioad will be drawn from patients during the very acute stage of a collagen disease. LDH
isocenzymes will be deternined by electrophoresis. When a neadle biopsy is necessary for diagnos-
tic punposas the tissue will ba studied. It will be processed for: electromicroscoplc examination of
ultrastructure; hematoxylin and eosin staining fo demonstrate the structure of the muscle fibers and
thelr nuclel; trichrome staining to evaluale the connective fissue elements in muscle; and chemical
microanalysis o determine the change in LDH iscanzymes in the tissue. When aspirational joint
effusion Is necessary for diagnostic purposes or treatment, LDH electrophorasis will also be done in
joint effusion. The resuilts will be compared to Investigate the relationship between the activity of
collagen diseases and the change in LDH isoenzymes.

FINDINGS TO DATE: During the past year, LDH isoenzymes have been detarmined by electrophorosis on
more than 100 blood samplas from 73 patients with theurnatoid arthiitis, scleroderma, systemic
lupus erythematosis. and dermatomyaositis, LD-3 iscenzyme was found elevated in 68 patients
who have been in the active stage of their diseases. In patients who have been followed, LD-3
isoenzyme has fluctuated according to the activity level of the disease. In 5 patients who were in
the inactive stage of their disaases. LD-3 iscanzyme was found to be within normal iimits.

LDH Isoenzyme studies on loose connective tissue have shown that these tissues give exclusively
LD-3 isoenzyme. In all 4 loose connective tissue samples studied by electrophorosls, 100 percent
of the LDH Iscenzymaes was purely LD-3. LDH iscenzyme studias were done with human fibroblast
and human lymphocytes. Nelther one showed & big LD-3 value. On the other hand, synovial
tissue obtained from 2 monkeys and 2 humans gave high LD-3 vaiuses.

These findings have supported the orginal hypothesis that a definite LD-3 isoenzyme occurs
during the course of theumatoid arthritis and other collagen diseases and that this change in
LD-3 iscenzyme probably reflects the degree of activity of the disease. The source of LD-3 Iso-
enzyme was obscure until recently. This study has cleary shown that the main source of LD-3
isoenzyme Is the connective tissue.

APPLICABILITY: Since arthritis may be disabiing, its effects on the economy are significant, not only interms
of employment, but also support. Prevention of deformities and disabillities in collagen disease
depends on early diagnosis and appropriate freatment. LDH lsoenzyme studies seem fo have a
potential value both In the early diagnosis and the followup of the treatments. Prevention or even
delay of disabilities in theumatold arthiitis and other collagen diseases wili certainly make it
possible for some of the patients to continue, or retum to. their previous jobs.

030 The Effect of Cervical Orthoses on Cervical Spine Motion:
A Standardized Radiographic Method of Study

‘Principal Investigator: ’ Steve Fisher, M.D.
Status: ' Completed A
Dates: - Seplember 1975-March 1977
Cost: Annual 6,300 Projected Total $2,100
RT Annual $938 RT % of Annual Tolal 15%
Annual Report Reference: #16, Page 292, R-66
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OBJECTIVES:
1, Tostudy the effects of cervical arthoses on the range of motion of the cervical spine in flexion and
extension; .

2. to study the range of motion at each given intervertebral level from T1 to the skull in different
types of cenvical orthoses to obtain data on which orthosis best stabilizes at each individual cervi-
cal spine level; and '

3. tocompare the radlographic and bubble goniometer method of measuring cervical range of

motion.

METHODOLOGY: Young adults, ages 20 to 30, served as subjects. Each was fitted and studied in several
types of cervical orthoses: 1. SOMI orthosis
2. Peterson orthosis
3. Jeweft J-21 orthosis
4, SOMI orthosis with ¢hin strap

Each Individual was fitted by o certified orthotist. Pressure fransducers were placed under the
chin plece and occipital plece. Each subject was Instructed to flex and extend the neck to
given pressure recording, Carvical sagittal spine films were obtained in the neutral flexion and
extension position without a cervical erthosis and in each of the orthotic devices. Bubble gonio-
metric data was also cbiained. The data was evaluated by using previously described methods
of radiographic measurament.

FINDINGS TO DATE: This project has been completed. The four-poster and SOMIR orthoses best immabil-
ized the cenvical spine. The average sagittal motion of ©O-Cl was 112 and total CI-C2 motion 140,
The statistical comelation betwaen the bubble goniometar method and each of the x-ray
measurement methods on unresticted cenvical spine motion was fair to good. When the SOMIR
orthosis was fitted at a "lower” resting pressure, there was no statistically significant difference in
the restricted sagittal plane cervical spine motion.

APPLICABILITY: The data of this study con directly be used in the proper pras:npﬁc:n as well as fitting of
cenvical orthotie devices in various pathological conditions. It is suggested that perhaps orthotists

should use pressure sensors when fitting braces to obtain the best fit possible within tolerable
pressure limits.

031 Studies of Urologic Function in Patients Following
Spinal Cord Injuries

Principal investigator: Mary Price, MD.

Status: Confinuing

Dates: October 1963-October 1978

Cost: Annual $160,55° Projected Total $890,000
RT Annual $440,035 RT % of Annual Tolal 69%

Annual Report Reference: #16, Page 5, R-2

PART |

OBRJECTIVES:

1. To study renal function and micturition and their relationship to recurent bladder infection in

patients with spinal cord Injury: 7
2 {o test methods for improvement of urinary bladder function and management in patients with

spinal cord injury: ‘ 7 B
3. to record the changes of urinary tract function of paraplegic and quadriplegic patlents over a
pariod of fime,
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"METHODOLOGY:

1. Renal function is tested by blood and urine analyses after infravenous injection of insulin and
para-amino hippurate.

2. The mechanism of urination Is studied by gas cystometry, clinical analysis, and radiographic
techniques. In catheter-free patients, the amount of urine remaining in the bladder after volding is
measured,

3, Urne culture results and the patient’s history of bladder infections are conelated with the findings of
the preceding studies.
4, Prediction of the confrol of bladder contractility is attempted through the use of the wrecholine

- denervation super-sensitivity tests.

5. Data from testing Is available for patient information and major statistical analyses.

FINDINGS TO DATE:
1. Sister Kenny Instifute patients have withdrawn from this project because of staffing and 1rc:nsp§ﬁr:—
tion difficutties.

2. Withthe approval of the Federal Drug Administration the Renal Function Laboratory was chosen by
Amar-Stone Laboratories to compare the efficiency of the modified form of inulin with the clder
form of inulin in testing glomerulor filtration rate. The two substances compared closely with each
other. Tha FDA has approved the inulin and inulin clearance testing has resumed throughout the

. United 5States.

3. Four hundrad and ninety patlents have been tested fo date.

APPLICABILITY: Preliminary reviews of systermaltlc, ongoing evaluations of spinal cord injury, indicate that
urinary tract deterloration is not inevitable and that funds spent in training patients’ physicians,
pdaramedical personnel, and the families of pdilents in their proper care will resultin a great saving
of funds formerly spent as a result of the treatmant of physical c:nd psychologleal deterioration,

PART Il

requwad |Iac:n: divarsxaﬁ and cornpc;re These t:hcnges wnh spinal cf:crd mjure.ﬂ pc:t!ems whc:: have
not required ileac diversion.

METHODOLOGY: Studies of renal funclion as outlined in Part | are camed out immediately before diversion
and annually thereafter.

FINDINGS TO DATE: A doctoral thesis is being prepared that will demons’rrgta that while the maan value of
annual rafe of change of the tolal population of our study shows slight improvement of function
annually, the mean value for annual rate of change of patients with lleac diversions is somewhat
better than the mean value of the entire group. Regression lines showing change of function priorto
diversion in comparison with change of function after ileal diversion are being prepared. The
doctoral candidate preparing the results was forced to postpone the completion of his work,

APPLICABILITY: The surgical procedure, lleac diversion, is being more frequently perfommed to avoid kidney
deterioration resulting from poor kidney drainage. There is need for gbjec;hve evidence regarding
- the efficacy of this procedure,

PART It

Discontinued

PART IV

OBJECTIVE: To eomnplle a comprehensive bibliography of the world literature conceming the urinary tract
function of patients with spinal cord injury, emphasizing especially the pathophysiology of the
urinary tract, laboratory methods for diagnosis, therapeutic approachesand stcﬂsﬂ:almefhc:)ds
of documentation,

METHODOLOGY: Medline is baing used to search major medical indices. Primary reference cards are
made for 71 subtropics with cross referencing. These have been catalogued,

FINDINGS TO DATE: Asof June, 1977, 13,500 references are filed, with an additional 9,275 crossteferences
and 13,875 authors listed. Members of the laboratory have read 7,000 of the references.

APPLICABILITY: Through the bibliography it has been 'pc:ass;ible to improva research techniques and fo apply
therapeutic findings fo patient treatment,

38




University of Minnesota

QEJEQTWE: o cift}lm“@é data for fuure study of the relationship of immunological processes to urinary
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Mgfﬁ Q:'OLGQ# E,l%fr@,f,hﬂréﬂ‘: POtarns of serum proteins are obtrained for each patient receiving a
Z U'ir{c:ry }/?’in evgluation- Antibody coating determinations have been requested with selected
Ul’i, . lLli'ag
n =1

. I ecv : — —
F'N':7 INE}S To Dﬂ% Prefiminary @R indicate some abnomality of electrophoretic pattem in more than

Ng foul O the patient ests. Twelve percent showed decreased total serum protein. In the
glﬁbuuﬁ ﬁggﬁﬁﬁ the gfgjtést number of abinomalities was found in Alpha 2, foliowed by Gamma,
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inj\."'v wrfﬁ %he chahges of Pattern contractility,
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My POy
3 Qng‘al‘ib swo from the stoma.

Ny b

FingNGS vy r;;, o
"oA NP E’;’E doyp'e lumen Catheter has been ysed to obtain urine speciments from 116 patients
lesc ‘,lmi\ lege diversions. Urine culture from the ileal loops of 47 patients showed no growth:
gﬁ' Qltyres showed growth with from 1 to 5 different species of microorganisms: 36% of
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7Pamination 08 the catheter s inserted through the stoma.
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observation of patient care, both in and out of the hospital, indicating the need for a more

" explicit educational program for both patients and attendants.

APPLICABILITY: The use of the double lumen catheterization procedure may provide a method of obtaining
urine specimens free from contamination as the catheter is inserted thiough the stoma.

PART X

OBJECTIVES:

1. To study the sources of urinary tract infections in patients with ileac diversions;

2. to determine the extent of bacterial flora present in the lleal loop at the time of diversion and to
establish if this bacteral flora plays a part In subsaguent infections;

3. to determine if post diversion infections are related to pradiversion urinary tract infections;

4. to determine possible sources of postdiversion reinfections.

METHODOLOGY:

1. Aefobic and anacerobic cultures are made from a section of the ileal wall and both ureters at the
time of ileac diversion, Unne culfures are made before the operation and serially following the
operation.

2. Anliblotic sensitivity tests are made on all organisms present and organisms are saved for future
studly.

FINDINGS TO DATE: Between June, 1976 and May, 1977, 24 patients with cument urinary tract infections
exhiblting no fewer than two organisms isolated by urine culture have been followed since
bafore their diversions. At the time of diversion cultures were made from sections of the ileumn
(12 had bacteral growth, 12 did not), the right urater (11 had bacterial growth, 10did netand 3
waere not cultured), and the left ureter (8 had growth. 13 had nogrowth and 3 were not cultured. )

APPLICABILITY: The incidence of bacteriuria in spinal cord injured patlents with lleac diversion has re-

mained high. It Is important to evaluate the possible reasons for this high incidence of bacteriuria

and fo establish procedures of care and medical management that will help eliminate urinand™ ~

fract inféc:ﬂc::n
PART XI

plasmc: flow, and MBular excretion of individual patients.

METHODOLOGY: A leastsquares regression line Is plotted using successive test values following the third
evaluation of each patiert.

ANDINGS TO DATE: Following the publication of a doctoral thesis. results of the analysis will be available.
The mean annual varigtion for Glomerular Filtration Rate is 9 mi/M?/min, for Renal Plasma Flow
20 mi/M2/min, and TmPAH 5 mil/M2/min.

APPLICABILITY: This study will provide the first documented data regarding the yearly fluctuations of

function. This knowledge will provide physicians with guidelines for assessing the clinical impor-
tance of changing rates of glomerular filtration rate, renal plasma flow, and fubular excretion ina
given patient.

PART XN -

OBJECTIVES:

1. To implement a program of patient instruction anrd fraining in the care of the urinary fract and
urinary collecting devices. emphasizing the importance of maintaining optimal kidney function
from the beginning of acute care of the patlent following spinal cord injury:

2. to assess the understanding of the patient regarding urinary tract care prior to his leaving the
hospital;

3. to assess the value of this program in preventing urinary fract infections and in maintaining renal
function by comparing information obtained at periodic followup of these patients with data from
patients not exposed o this progrom.

METHODOLOGY:
1. Educational material has been prepared and will be givento each spinal cord injured person after
adrmission 1o the hospital,
2. The staff will check off, date. and sign each subject after it has been discussed.
The patient will be tested before discharge. Any remedial education necessary will be done at that
time.

‘.m
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An effort will be made to include families and attendants in the educational program.

FINDINGS TO DATE: The matterials for this patient education program have been developed.
APPLICABILITY: A patient who has adequate understanding of his urinary tract and the methods of caring for

032

it will have less medical-hospital expense and morbidity. The patient will benefit financially.
socially, and vocationdlly.

Study of Cardiac Work Evaluation and Reconditioning

After Myocardial Intfarction

Principal Investigator: William G. Kubicek, Ph.D.

Siatus:
Dates:
Cost:

Continuing
Seplember 1972-Oclober 1984

Annual $236,705 Projected Total $750,000
RT Annual $179,375 RT % of Annual Total 76%

Annual Report Relerence: #14 Page 36,R-5
OBJECTIVE:

1
2.

3.

To study the hemodynamic parameters involved after acute myocardial infarction;

to study the response of the damaged heart o exercise and stress testing at mild and moderate
snargy expenditure in early post-myocardial infarction patients;

to investigate cormelation of the electrocardiograph changes and the cardiac function as re-
corded from the impedance cardiograph during exercise stress testing in the early subacute
stage, at 21 days, and after 3 months or more; and

to determine whether the Impedance Cardiograph and electrocardiograph monitoring of
graded exercise tests can be used to establish the safe level of patient performance and progres-
sively test the patient until he or she has demonstrated adequate physical capacity to leave the
hospital.

METHODOLOGY:

1.

4,

The Minnesota Impedance Cardiograph and a multilead electro-graph are used to monitor

patients exercising at various levels of exertion. ranging fromn mild exerclse in the eary convalescent

phase to mederataly stranuous bicycle ergometer or treadmill exercise in the post-discharge

period,

Calculations from the wave forms are made for stroke volume, caridac output, and parameters

related to cardiac contractility.

A laboratory for cardiac and metabalic function has been installed ot the University of Minnesota

Hospitals. This laboratory provides research capability for complete cardiac and metfabolic

evaluation. The labgoratory has the following list of equipment:

a. an automated Medical Systems PFA-5 mass spectiometer system for metabolic function
analysis,

b, a model 304A impedance cardiograph,

c. a Quinton-Monark model QI-870 electically controlled bicycle ergomaeter,

d. a Quinton model 18-49-Cl electrically confrolled treadmill,

e. aCouldmodel 2400 three-channel analogrecorder for use with the impedance cardiograph,

f.  Gould model 481 eight-channel analog recorder for use with mass spectrometer system,

g. Physio-Control series 70DC defibriliator,

h. Marquette automatic electrocardiograph model 3300, and

i. Decwiiter connected via telephone with UCC for the input of data into computer storage and
cdlculdtions.

The impedance cardiograph continues to be compared to other methods of measuring cardiac

function. The mass spectrometer has been cdiibrated to a degree that exceeds the accuracy
needed to measure physiological functions.

APPLICABILITY: Problems directly involving the heart can be studied and the status of the patients more

accurately assessed, using the Minnesota Impedance Cardiograph. Another field of use is
ronitoring the amount of fluid in the chest or lungs. such as in cangestive heart failure. The third
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major use of this system is in peripheral vascular disease. Therefore, any doctor freating these
patients would have use for the impadance Cardiograph. The mass specirometer system is useful
for thase patients, especially those with cardiopulmonary diseqses.

PART i .

OBJECTIVE: To determine that cardiac output measured by impedance cardiography and ECG during
exercise testing in the rehabllitation phase after myocardial infarction can predict current
status and future function better than the prediction from ECG alone.

METHODOLOGY: The Minnesota Impedance Cardiograph was used as a separate test for the function
of the heart during exercise, Simultaneously, a program of analyzing ECG, target pulse rate. and
clinical symptoms was used separately. The patients were categorized into one of four classes

(Amercan Heart Assoclation).

FINDINGS TO DATE: Sixty-five coronary care patients were tested. The 34 patients who passed both tests
ware in g better clinical condition than thaose who failed one or both tests. Patients who failed
both tests should have exercise programs prescribed for them with care. The patients whofailed
one cf the tests do not have as good a future outlook as the patients who passed both tests. This
portion of the project is completed,

APPLICABILITY: These data provide a very valuable basis for the prediction of the social and employment
status of patients following a coronary infarction. A test of this type will be of great help to the
physizian attemnpting to evaluate the remadining heart function following the damage of the
infarct.

PART Il
OBJECTIVES:
1. To determine ZCG standards for normal males of average size for cardiac output and contractility

index in response to a steady state of exercise from 2 METs through é METs:

to determine a practical, reproducible method of measureing bdsal oxygen consumption;
. to determine the time required to reach steady exercise state from resting state;

. to determine the time required to retumn to the pre-exercise resting state: and

. to observe any training effect on repeat testing.

(< W N

METHODQOLOGY: Ten normal male subjects between 19 and 24 years of age and of average height and
weight underwent measurement by mass spectrometry of basal oxygen consumption (1 MET)
under standardized conditions. Over several days they exercised on a treadmill at 2 METs
through 6 METs with monitoring of heart rate. EKG, minute oxygen consumption and ZCG. They
also performed a submaximal exercise test up to 80 percent of maximal hear rate for age
according to the schedule of Bruce,

FINDINGS TQ DATE: Part Il or the research project has been completed. The results yield the following
inforrmation 1o date;

1. Values closely approximating presently accepted basal oxygen consumption were achieved
under our standardized, but practical conditions at 265 cc/min/1.93M2 body surface area.

2, Cardiac output during sitting, fully supported rest was slightly higher than that at 2 METs through 6
METs the cunvilinear mean heart rate and stroke volume were almost mirorimages, producing a
linear mean cardiac outputincrease which at 6 METs was 145 percent of basal and 160 percent of
the 2 MET value, Comparison of the two trials revealed no significant training effect.

3. Stroke volume was highest in the semireclining sitting position which augmented venous return.
Stroke volume leveled off at 5 METs.

4. Heart rate and stroke volume are mutually reciprocally inter-reactive so that neither alona shows a
linear relation to cardiac output,
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5. The myocardial contractility index of Heather shows a linear increase at activities greater than
2 METs,
6. The standard deviation of these values is approximately + 15 percent.

Standards were determnined for. 1) comparison of caridac output and contractility indices
during steady state exercise, 2) the time required to reach the steady state from resting state at
the various levels of exercise and the time required to reach the pre-exercise resting state from
steady state exercise, and 3) a sefting in which oxygen consumption can bae measured that
favorably compares o well-known and accepted basal metabolic rates.

APPLICABILITY: Normal standards of comparison obtained under conditions simulating the exercise
testing conditions of the nonmyocardial infarction patients will enhance the interpretation of
ICG data.

PART Il
OBJECTIVES;
1, To establish an individualized cardiac rehabilitation program:
2. to determine the usefulness of ZCG and ECG monitoring of graded exercise tests in establishing
safe levels of patient performance;
3. to determine whether tested progression results in a shorter stay than the standard program; and
4. to determine whether short termn rehabilitation restores the patient fo vocational activity asfast as
the standard program.

FINDINGS TO DATE: Twenty-four acute myocardial infarction patients were referred for a Cardiac Rehab-
litation Programn. Some patients were discharged on the tenth to the fourteenth day after their
myocardial infarctions. The program was individualized.

PART vV
OBJECTIVES:

1. To introduce, establish normal imits for, and show the usefulness of a cardiac rehabilitaiton pro-
gram basad on cardiac oxygen consumption as indicated by the heart rate blood prassure
product; and

2. to test convalescing cardiac patients to determine relative cardiac stress of activity using heart
rate blood prassure method,

METHODOLOGY: Healthy subjects and cardiac patients were tested while doing homamaking, occupo-
tionally related, recreational, and calisthenic activities. Instantuneous measurements of blood
pressure, pulse, electrocardiogram, total oxygen consumption, and other ventilatory parameters
were taken.

FINDINGS TO DATE: We are as yet only in the planning stage for the experimental research described
previously. The laboratory is now organized and we are atternpting to evaluate various method-
ologies to imprave on the present setup.

APPLICABILITY: The objective measurements of stress of various activities in cardiac patients may allow
patients to return to work earlier, and will give vocational counselors and cardiologists a more
definitive means of deciding when a patient may safely resume vocational activities.

PART V

OBJECTVE: To determine the efficacy of medsuring by a noninvasive method, the mechanical pumping
action of the heart in patients undergoing surgery for a coronary bypass, to attach an electrical
pacernaker fo the heart, or undergoing heart valve surgery for either commissurotorny or
prosthesis,

METHODOLOGY: Impedance cardiograph studies will be made on patients with electrically paced
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hearts, undergoing aorta-coronary artery bypass surgery, and heart valve surgery for either
commissurotomy or prosthesis. Each patient will be studied pre- and postsurgery and followup
observations will be made.

FINDINGS TO DATE: A pilot study of a patient who had a surgical attachment of a pacemaker has been
done.
PART VI
OBJECTIVES:
1. To datermine the accuracy of using treadmill grade and speead as a measure of the work level
parformance of cardiac patients undergoing a progressive exercise stress test;
2. to determine whether the addition of metabolic parameters will improve the sensitivity of the
progressive stress test to detect coronary artery disease;
3. to objectively evaluate the work level change of coronary artery bypass surgery patients; and
4. to determine whether metabolic parameters will be useful In dstermining which patients will
benefit most from an exéréis? rehabillitation program.

METHODOLOGY:

1. The actual work leve! Gs determinad by the oxygen uptake will be rmeasured and then compared
with the value predicted by various tables.

2. The data obtained by the ECG and metabolic parameters will be compared with the results
obtained by angiography or other avents such as myocardial infarction or death due to heart
diseassa. '

3. The work performance of patients pre- and postcoronary artery bypass surgery will be evaluated
using the metabolic parameters.

4, The metaballc parametears will be comelated with improvement in work performance that occurs
on an outpatient exercise program.

FINDINGS TO DATE: Preliminary results in our laboratory show that a patient's predicted work level, based
on treadmill speed and gradie, may be in emror in some cases, by a facior of 2 compared to the

APPLICARILITY: i the prograssive stress test can more effectively evaluate patients, physicians can advise
patients regarding employment more confidently and can evaluate coronary artery bypass
surgery more effectively.

PART VIl

OBJECTIVE: To develop a low-cost, small, portable device to monitorthe exercise level of patients in the
cardiac rehabilitation program.

METHODOLOGY: A device will be developed to monitorthe heart rate and emit a signal that will indicate
deviations of the heart rate from sorme presat level. A second phasa of the developmeant will
detect arrythmias.

FANDINGS TO DATE: A device has been designed that can monitor the heart rate and give a signaiindica-
ting deviations of the hear rate for some praset limits. The preliminary prototypes have baen
used by actual patients. The study on the impedance and offset potential of disposable ECG
electodeas was studied. With the sanding of the skin, the low cost electrode would give as good
a performance as the more costly electrodes. Stainless steal electrodes should not be used
because thay tend to polarize with small DC currents. The electrodes were also diving out before
use, as they were packaged in large numbers. The patient trigger level contral is also causing
problems. Efforts will be made to develop an automatic contol,

APPLICABILITY: A small, portable, low-cost davice that can give audio feedback about the physiological
ievel of exercise seems to be ideal to cany out an exerclse program for a cardiac patient.
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033 Quantilative and Qualitative Evaluation of Muscular
Hypertonia in Patients with Central Nervous System

Disease

Principal investigalor: Danlel Halpem, M.D.

Status: Continuing

Dates: August 1964-July 1979

Cost: Annual $50,268 Projected Total $265,000

RT Annual $38 549 RT % of Annual Total 77%

Annual Report Reterence: #16, Page 72, R4
OBJECTIVES:

1. To develop an apparatus and systern to objectively evaluate the character of abnomal muscle
tone and the alterations of tone accomplished by various proceduras; and
2. o analyze abnomnal muscle tone and evaiuate therapeutic procedures.

METHODOLOGY: The analytic systern is based on the current neurological concept thatthe muscle spindle,
a sensory organ within skeletal muscle, responds 1o two parameters of elongation, the amount of
strefch. and the veloclty of the movement, Recordings are made of the force applied and
electromyographic activity during a standardized series of passive movements imposed at
velocities varylng from 3° fo 150° per second. Analysis of the data yields quantitative information in
the form of a nurnerical value of the related physical parameter, This systemn also allows quantita-
tive study of central nervous system activity giving rise to dystonic states that are not mediated by
the fusimotor system. By canying out an analytic procedure that specifically identifies the respon-
siveness of the skeletal muscle to lengthening and to the velocity of length. not only can these two
elements be identified and measured, butthe influence of other sources of tone may be measured
as wall.

FINDINGS TO DATE: During the year 1975-1976, the construction, assembly, and testing of an electro-

hydraulic automated drive apparatus continued. The capability of rigid velocity control will
enable better comelation with other workers in the fields of rehabilitation and neurophysiclogy.
will make examination procedure less arduous, and will enable the examination of the large
muscle groups of the upper and lower limbs of a greater number of adults. Since the forces
neceassary fo provide the velocity range required are quite high, considerableenginaering time
has been racuiired to provide safety devices and precautions against patient or staff injury.
Interdepartmental cooperation on this project has been provided by the Hydraulics Laboratory
of the University of Minnesota Institute of Technology and the Biomedical Computer Sciences
Center. The revisions of the program Instituted in 1974 have been utilized for the continued
evaluation of patients who have been subjects of various therapeutic procedures.
A total of 197 examinations wera canied out in 1976-1977. Since June 1976, 43 patients were
examined mulfiple times. Nine patients were exarmined in connaction with sterectactic brain
surgery or cerebsllar stimulation for the treatment of dystonia. Twenty-three patients were
examined to evaluate the effectiveness of medication on hypertonia, seven of which were
treated with L-dopa, and two patients were examined to evaluate the effect of inframuscular’
neurolysis. Twenty-nine patients were examined and used as controls; three patients were
tested for reflexes. BT

APPLICABILITY: At the present fime many procedures for the treatment of patients with muscular hypertonia
are being carried out, with litthe more thon subjective judgments as to their validity and continued
usefulness. Evaluation of each of these treaiment techniques would provide a solid scientific basis
for their use, and the cbjective measures would be worthwhile. Treatment of patients with central
nervous systemn disease would be rendered more effectively. less wastefully, and more econorni-
cally.
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034 Study of the Changes in the Structure, Ultrastructure,
Innervation and Enzymes of Skeletal Muscle in
Neuromuscular Diseases N

Principal Investigator: Essam Awad, PFhD.""

Status: Caontinuing
Dates: Seplember 1969-October 1979
Cost: Annual 562421 Projected Total $300,000
RT Annual $52,152 RT % of Annual Tolal 84%

Annual Report Reference: #46, Page 91, R-8 '
OBJECTIVES:

1. To study the histopathologic changes occuring in disabling neuromuscular diseases;

2. fo study the electrophysiological changes in the neuromuscular system;

3. to study the changes in enzyme activity in these muscles;

4. to identify the specific cause of muscular weakness in Individual patients:

5. to improve diagnostic crdfaria for the neuromuscular diseases that are seen In rehabilitation;

6. fo studythe abillity of human muscle to regenerate as seen in samples taken from patients since the

beginning of the project; and
7. toreview all the biopsies dnd enzyme leve!s of blood samples collected since the beginning of the
project.

METHODOLOGY: Pdtients are evaluated by history, physical examinations, clinical laboratory tests as
indicated, and electromyographic and nerve conduction shudies. Histopathology of muscie and
terrninal nerve endings is studied by performing a motor point bicpsy to sample the involved
muscie(s) and its nerve. The tissue Is then processed for: electron microscoplc examination of
ulirastructure; vital staining with methylene blue to determine the changes in the branches of the
intramuscular nerve and the moftor end-plates: PAS stalning to demonstrate glycogen:; toluldine
blue staining to demonstrate acld mucopolysaccharides; hematoxyline and eosin stalning to
demonstrate the structure of the muscle fibers and their nuclel; trichrome staining fo evaluate the
connective tissue elements in muscle; chemical microanalysis 1o determine any abnomal con-
stituents in the fissue; review of the biopsy material; and determine the stage of growth or
maturation and changes of the cells. .

FINDINGS TO DATE:
This project, thus far, has produced two significant findings.
1. Increased LDH isoenzyme activity, particularly LDH? was found to be diagnostic of fibrositis. This
finding has never baen reporied or known bafore. The Archives of Physical Medicine and Rehabili-
tation nas published an article on the increasa of LDH isopenzyme activity as an indicator of fibrosis.

2, Satellite cells were found in all muscles sampled in different age groups. Thisis an indication of the
ability of human skelatal muscle to regenerate. Because of the complaxity of the process of
regeneration the investigators feel that a separate project is needed to identify the possible stimuli

for muscular regeneration in the disabled.

During the past year, the following conditions have bean under study:

. Collagen disease = fifty-eight patients

. Neuropathy - eight patients

. Interstitial fibrormyositis - seven patients

. Muscular dystrophy — two patients

. Unidentified muscle weakness — four patients

Normal -- nine patients

APFPLICABILITY: The muscular weaknass of many disabled individuals is not clearly understood and needs to
be clarified by this research approach, otherwise their rehabilitation will not be complete. As the
cases accumulate, the data is analyzed in terms of populations with spacific disabilities and their
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characteristic findings. After studying enough cases in depth, definite conclusions may be drawn
that will enable the practicing physiciansto identify and analyze the patient's disabllity and place
the patient in the proper perspective.

035 Training Program for Upper Extremity Activities in
Athetoid Patients

Principal Investigator: Daniel Halpem, M.D.

Status: Continuing

Dates: Saplember 1965-July 1979

Cost: Annual $68,630 . Projected Total $245,000
RT Annual $59.829 RT % of Annual Total 87%

Annual Report Reference: #44, Page 98, R-14

OBJECTIVES:

1. To develop an experimental design and fechnology fo evaluate therapeutic method used in
cerebral palsy that will be specific enough to measure difference between methods;

2. fo identify elements of neurormuscular function that are important in the development of manual
coordingtion;

3. fo test the effectiveness of specific component procedures presently available to develop im-
proved coordingtion in upper extremities of athetoid patients:

4. to develop a series of procedures to frain manual coordination, based on neurophysiologic
concepts of motor leaming that have been shown experimentally to have therapeutic validify:

5. to develop, by using quantitative evaluation techniques for motor coordination, a methed that
identifies the specific limitations, or the level of coordination that represents a maxirmum level of
performance in an athetold patient.

METHODOLOGY: Adult patients acted as their own controls, The effectiveness of the training methods was
tested by comparing rates of leaming during a given time pefiod. Evaluation was done by
aftaching battery powered small lights to the hand, wrist, and amm of the pdtient. Still photographs
were then taken by a camera with the shutter open. The resulfing data indicated direction. range.
tortuosity, regularity of rate, and speed. Half of the group was scheduled into an EXPERIMENTAL-
CONTROL-EXPERIMENTAL training sequence, and the other half info a CONTROL-
EXPERIMENTAL-CONTROL sequence. More accurate observations were made in this way. The
photographic data was recorded by computer. During this past year, the table that allowed
electromechanical diglitization of the localization of the coordinates of the projected Image was
constructed, standardized, calibrated, and made operational.

FINDINGS TO DATE: A preliminary analysis of the Inhibition and Control manual skill training programs,
described in last year's report, was done. The Inhibition program was inferior to the Confrol
program, but the Control program was more effective when it followed the Inhibition program.
Learning occured in both training programs. A methodologic and theorefical approach has
been developed to deal with variable individual performnanceina way that can arive at mean-
ingful conclusions in a natural clinical setting. Using “bast"” scores rather than a mean, and
increments of improvement in “best” scores have been productive in increasing validation in
selecting the optimum treatment. The results of previous studies can now be calculated ina
total objective manner by using computer programs. Some companents, such as tortuosity and
velocity control, still need further study fo achieve objective evaluations. Computer programs
have been established to measure these values foreach test performance and convert thamto
the scoring system for the parameters of motion previously established. These cnalyses have
been completed. Two remaining studies in this project are the evaluation of effectiveness of
training of Desynthesized Kinesiologic Components of Motion and the evaluation of the Thera-
peutic Concepts of Margaret Rood.

APPLICABILITY: The public, the medical profession, the rehabilitation therapies, and the education profes-
sion are engulfed in a morass of opinions. relating to ali systerns of therapy for cerebral palsy. A
clear definition of valid therapeutic principles would improve the function of handicapped
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patients, relleve the frustrations of their families. prevent wasteful expenditure, and provide a
common realistic body of thought among professionals. The identification of the feedback
parameters and sensory avenues for monitoring performance that are maost sffective for motor
leaming should be a direct consequence of an extended series of investigations using this
procedurs,

036 Quantitative Studies of Muscular Strength and Muscular Work

Principal Investigator: Martin Mundale, RP.T
Slatus: Conlinuing
Daites: August 1963-5eptember 1979
Cost: Annual $42,986 Projected Total $230,000
RT Annual $759 : RT % of Annual Total 2%
Annual Report Reference: 716, Page 114, R-18
OBJECTIVES:
1. To develop standardized testing procedures for the major muscle groups:
2. to establish normal values for age and sex;

- fo make rmeaningful estimates on how much weakness a patient has relative to an adopted nomn;

- 1o evaluate the deviation of fatigability and endurance from expected normalcy:

- fo evaluate the muscular function of patients prior to surgery and therapy and to evaluarte strength
and endurance; and

. to provide experience for medical students, medical residents, and physical therapy students in
guantitative methods employed to evaluate strength and endurance.

L B e

o

METHODOLOGY: Transducers and electronic recording equipment are used to test the strength of various
muscle groups. Testing has been standardized for hip flexion, hip extension, knee flexion, knee
extension, ankle plantar flexion, elbow flexion, elbow extension and hand grip. Development of
techniques for testing other muscle groups are still under study.

FINDINGS TO DATE: Six patients with dermatimyositis have been followed for from one to four years, com-
paring quantitative muscular strength with clinical evaluation and laboratory measures of
systernic inflammation. The following studies are in progress: Procedure for Testing Ankle Plantar
Flexion and Norms Established, Procedures for Testing Handgrip Force and Norms Established,
Comparison of Grip Strength and Grip Endurance During Isometric Exercise, Kineslology of
Hip Extension, and Voluntary Maximal Torque.

APPLICABILITY: Precise. quantitative techniques for measuring muscular strength durng isometrc contrac-
tion make it possible fo localize neurclogic deficits and quantitative muscular weakness and to
follow the effects of treatment. Repeated measurements of strength are used to monitor the
patient’s status during treatment which aids in deciding the treatment program.

037 A Followup Study of the Psychological, Social, and
Vocational Adjustment of Spinal Cord Injured Adults

Principal Investigator: Gary Athelstan, Ph.D.

Status: Continuing

Dates: January 1973-June 1978

Cost: Annual $37 847 Projected Total $125,000
RT Annual 528,142 RT % of Annual Tolal 74%

Annual Report Reference: #14, Page 125,R47
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OBJECTIVES:

1. To gather and analyze descriptive data pertaining to the psychological, social, and vocational
adjustment of spinal cord injured adulls;

2. todevelop anddefine categoeries of rehabllitation outcomes. including non-vocational outcomes,
based upon measures of psychological adjustment:

3. foidentify factors relating to rehobilitation outcomes, including such variables as the psychologi-
cal and social characteristics of spinal cord injured persons and the various freatments they
receive, with a special effort to identify variables which can be manipulated.fo increase the
frequency of desired outcomaes,

METHODOLOGY:

1. A sample of 301 spinal cord injured adults, who have been injured for at least 2 years, has been
identified. All available relevant data on these patients were tabulated and analyzed to describe
the persons and evaluate their psychosocial and vocational adjustrnent and medical status.

2. Indepth interviews were conducted with the spinal cord injured patients and rmernbars of thair
families. Specially designed interview schedules and standardized instruments were used to
gather detailed information on the experiences of the subjects and the steps involved in the
process of social, psychological, and vocational adjustment to disability.

FINDINGS 1O DATE:

1. The initial phases of the project have been completed, with 128 subjects and 66 significant others
having been interviewad. The extensive data have been edited, coded, and most analyses
finishad.

2. The definition of psychological adjustrment was broadened to devise a composite measure of
productive activities apart from employiment in which a severely disabled person might engage.

APPLICABILITY: Since rehabilitation goals fend fo be defined in vocational terms, little attentlon has been
devoted to specifying goals for people who need rehabilitation services but have lite or no
prospect of vocational rehabilitation, including many severaly disabled spinal cord injured pa-
tients. Specifically designed psychological and soclal, as well as vocational objectives will ald in
focusing the treatment program for persons with spinal cord Injuries. Even for those spinal cord
injured persons who are not employable, better personal adjustment may carmy aconomic re-
wards in terms of increased self-care and lower medical costs.

038 Voluntary Control of Autonomic Processes Using
Biofeedback and Reinforcement Procedures

Principal Investigator: Alan H. Roberts, Ph.D.

Status: Continuing

Dates: January 1974-June 1979

Cost: Annual 353,861 Projected Total $440,000
RT Annual 550,136 RT % of Annual Total 85%

Annual Report Reference: #16, Pagoe 131, R-53

OBJECTIVES:

1. To conduct a series of experiments which will provide answers to some questions conceming the
voluntary control of autonomic functions, especially skin temperature, and the applicability of
autonomic leaming fo the clinical treatment of disabling disorders asseciated with dysfunction in
perpheral circulation.

METHODOLOGY: Two autonomic reactivity and control scales are administered to subjects. Selected
subjects are given a number of baseline tests of autonomic reoctivity and confrol in the laboratory.
Subjects selected from the second group are further frained in controliing the temperature of
their fingertips. The data from the individual psychophysiological screening sessions on hand-
warming are analyzed. The physlological measures are subjected to ANOVA comparisons of
two groups at a time. The physiological measures are subjected fo factor analysis, yielding
five factors,
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FINDINGS TO DATE
1. A paper describing the construction of the Percelved Somatic Response Inventory was prepared
for publication.
2. The second phase of the primary study was completed.
The study of the effectiveness of skin temperature regulation in contralling the pain of migraine
headaches was completed. i
4. A study of the role of muscular mediation in autonomic learning using paraplegic subjects was
begun.
5. A study to determine the effectiveness of skin temperature regulation In the control of the symp-
torns of Raynaud’s disease was begun.

La

APPLICABILITY: As o treatment technique biofeedback will not fotally supersede any of the curent
managerment systemns. In its broadest sense, howaver, itis bound to become a significant fool for
practitioners dealing with spacific problems or with a particular aspect of rehabilitation. Evenin
those instances in which the patient cannct sustain the learming from clinic inte his or her daily
life, technologies are now available and will be developed to provide permanent biofeedback
aids to patients that they can use outside of the clinic, either to maintain or improve their levels
of performance. Perhaps one of the most significant advantages of biofeedback training tothe
disabled patient is that giving the performance information directly to the patient allowshim or
her to assume a more active and responsible role In his or her own rehabilitation process.

039 An Investigation of Decubitus Ulcer as a Manifestation of
a Psychological Problem

Principal Investigator: Thomas P. Anderson, M.D.
Status: Continuing
Dates: i Septernber 1975-October 1978
Cost: Annual $2444 Projected Total $44,500
RY Annual 52,183 RT % of Annual Total 89%

Annual Raport Reference: #416, Page 149, R-57
OBJECTIVES: .

1. trgédséﬁlaosla measurement of decubitus ulcers that would reflect the impact of their occurence on

2. fo identify those psychosocial factors associated with the occurrence of pressure sores;

3. to develop a new program for training patients and heaith care workers in the prevention of
decubifus ulcers.

METHODOLOGY: This study has fwo stages. The first stage alempted to delineate those psychosocial
factors that would predispose an individual to the increased probability of skin ulceration, Differ-
ences on three psychosocial measures among 147 spinal cord injured, both inpatients and
outpatients, were examined along with their history of decubitus ulcers since fhe onset of their injury.
The psychosocial measures used were the Tennessee Self Concept Scale, a self-report measure of
the individual's personal satisfaction with his life activities, and a measure of individual responsibil-
ity In skin care. Multiple linear regrassion was used fo detemrnine those factors associated with the
varance in Incidence of decubitus ulcers,

The second stage will utilize the information gathered from stage ene to determine the direction,
content, and mefhods of a new educdtion program. This program will be directed at health care
workers and patients to decrease decubitus ulcer incidence.,

FINDINGS TO DATE: The data gathering, tabulation, and statistical tests have been completed for stage
No. 1. The sample is 128 persons who had complete data. There is a difference in decubitus ulcer
history among various groups of subjects. Quadriplegics. as a group, had a history of fewer
pressure sores. The independent variable that contributed most in accounting for the variance
was the satisfaction with the activities of life. The patient education program and the validation .
of the results of Stage No. 1 are under consideration,
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APPLICABILITY: The Isolation of some psychosoclal aspects of decubltus ulcerincidence will ald insignaling

condllions which could predispose a patlent fo the development of pressure sores. Physiclans.
DVR counselors, patients and thelr famllies can walch for and use these signdls.

The development of new programs for teaching skin care hopefully will lower the Incldence of
decubltus ulcers and thelr cost.

040 Bibliography of Psychosocial, Vocational, and Sexual
Aspects of Spinal Cord Injury

Principal investigator: Gary T. Athelstan, Ph.D.

Status: Continuing

Dates: November 1975-January 1981

Cost: Annual $2,941 Projected Tolal $35855

RT Annual 52944 RT % of Annual Total 100%

Annual Repor Reference: #16, Page 160, R-58

OBJECTIVES:

1. To provide a well organized, comprehensive bibliography of dll confimed publlcations about

2,

3,

psychasocial, vacational, and sexual aspects of spinal cord Injury;

to distibute the bibliography-widely, both fo justify Its development and to facliltate the updating
process:

to serve as a central contact for the widest possible disseminationof new and existing references o
facllitate the rehabliitation service and research In the areq,

METHODOLOGY : Letters stating the purpose of the project and requesting coples of any locally produced

blbliographles and aricles were sent to all regional spinal cord Injury centers and member
physiclans of the American Spinal Injury Assoclation, In addltion 1o the letters, a review of RSA
supported research and a standard search of the medical and psychosoclal literature was done
using the MEDLARS and PASAR computer search systems, The citations in relevant publicalions
ware checked and all references were verlfled. By updating the lferature searches every year and
including a request for further materials along with the distributed bibllography an up-to-dale
bibilography will be continually avallable.

FINDINGS TO DATE: Affer cross-checking to eliminate duplicated references and those that could rot be

confimed, our collection was reduced fo 500 separate entries. Each of these was carefully
checked for accuracy and fo determine authenticity, and a judgment was made about the main
focus of the work, On the basis of these judgrments, the references were assigned to one or more of
four content categories. As a resulf, we now have approximately 235 references dedling with the
psychological aspects of spinal cord injury. 155 with soclal aspects, 130 with vocational, and 175
with sexual. This folal exceeds the count of 500 separate entries because some refarences
provided major reatment of more than one toplc and were therefore listed under more than one
heading. In addition, because spinal cord injury In sporfs has emerged as a separate fopic of
some Interest, we developed a cross-Index fo approximately 40 references under the haading of
sports.
Appreximately 530 coples of the bibliography have been distributed thus far. Letters of an-
nouncement were sent to the following types of organizations and institutions:

Veateron Administration Hospitals and Centers

Research and Training Centers

Reglonal Spinal Cord Injury Care Centers

Private hospitals designated as rehabilitation or spinal cord centers

Complimeniary coples were sent to journals In the rehabilitation field

Brochures were distibuted at the book fair at the 53rd Annual Session of the American Congress

of Rehabilitation Medicine

Easter Seal Soclefles

Canadian Paraplegla Assoclation branches

Outstanding researchers in the field: Rusk, Guttman. Comarr, efc.

Svenska Centralkornmiiten for Rehabilitering

In addition to orders recelved in response to our notices, v/e dlso recelved Inquiries frorn many

individuals and Institutions, forelgn and American, whom we did not notify.
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The first supplement, contalning 77 new references has been issued. One hundred and sixty
copies of this supplement had been distibuted by April 1977.

APPLICABILITY: The rapld growth of spinal cord injury rehabilitation programs, the conceptualization and
expansion of the reglonal spinal cord Injury centers, and the concommitant increase inresearch
and theoretical publications make a centrallzed Integration of the diffuse knowledge essentfial for
providing maximally effective utillzation for rehabllitation and further research. In its present state
the literature on psychosocial. vocational, and sexual adjustment to spinal cord Injury lacks any
integration or organization. The large number of relevant jounals and Identification of these
articles makes a literature review for research difficult, and the individual professional rehabliita-
tion worker cannot even be aware of the current state let dlone new developments. The avallability
of an organized, current bibllography could greatly enhance the service and research applica-
tions of this growing body of literature.

041 Behavior Moditication: A Problem-Oriented, Learning-Based,
Research Strategy for Rehabilitation

Principal Investigator: Jerry Martin, Ph.D.

Status: : Continuing

Dales: October 1976-5eptember 1984

Cost: Annual $16519 Projected Total 75,000
RT Annual $12,233 RT % of Annual Tolal 74%

Annual Report Reference: #14, Pdge 164, R-62

OBJECTIVES:

1. To demonstrate the applicability of behavior modification procedures to the improvement of
motor functioning of medical rehabillitation patients in physical and occupational therapy;

2. to determine whether rehabilitation therapists can learn to generate treatment programs based
on a behavior analysis or precision teaching model;

3. to focus upon the adolescent medical rehabilitation population so that program effectivenass
may be reflected in vocational outcomes: and

4. fo svaluate the long-term effectiveness of behavior medification on severely handicapped medi-
cal rehabilitation patients through reassessment in outpatient followup <linics. :

METHODOLOQGY: Severely handicapped adolescents with cerebral palsv, closed head injuries, und spincl
cord injuries who are hospitalized for medical rehabilitation will be included in this study. dehcvior
modiification will be applied as an adjunct in the treatment of specific motor functioning preblems.
Short term effectiveness will be evaluated through the use of appropriate single-subject research
designs. Long-term effectiveness will be evaluated in outpatient follow-up cllnics.

FINDINGS TO DATE: The literature survey is continuing. Six In-Senvice Training Sessions were held. A series
of pilot studies on head control, upper extremity functioning, and ambulation fraining have been
conducted. Two additiona! aspects of behavior modification, the use of EMG biofeedback as
an gdjunct in therapy with the cerebral palsied and compliance with medical and therapeutic
regimens in rehabllitation medicine, are being explored.

APPLICABILITY: The use of behavior modification in rehabilitation hasbeen limited to a very narrow range of
problems. Thus. it is not widely used in comparison fo ifs applications elsewhere. Dernonstration of
behavior modification effectiveness over a brood spectrum of motor behaviors in the severely
handicapped should stimulate other facilities to use these techniques for problems other than
management of patlent misbehavior,




042

University of Minnesota

Followup Study of Patients Treated in the Pain Treatment
Program, Physical Medicine and Rehabilitation Service,
University of Minnesota Hospitals

Principal Investigator: Alan H. Roberts, PhD.

Status:
Dates:
Cost:

Continuing

Seplember 1974-June 1979

Annual 53,025 Projected Tetul 556,000
RT Annual 539,568 RT % of Annual Total 75%

Annual Report Reterence: #16, Page 172, R-63

OBJECTIVES:

1.
2,

To devise a guestionnaire to collect data from all patients evaluated in the pain clinic;

1o administer the questionnaire and the MMP! to these patients and theirspouses 12 months after
discharge:

to interview these patients regarding their experience with the Pain Clinic and/or Pain Treat-
rmanf Program;

to determine the effectiveness of the Pain Treatment Program;

to determine possible improvements in evaluation, selection. and freatment procedures; and

fo test the hypothesis that patients treated in the Pain Treatment Program will show greateractivity,
more paid employment o other appropriate work, less drug use, and less use of health care than
those rejected or not tredted.

METHODOLOGY: A thorough review of the current llterature on pain research will be conducted and the

research will be coordinated with other pain freatment programs (cf, Projects R-61 and R-63,
University of Washington) in order to enhance the use of curentknowledge. avoid duplicationand
coordingte interviews and guestionnaires with data being coilected at other freatment centers.
Approximately 30 patients admitted to the Pain Treaiment Program, 30 pdatients accepted but not
admitted. and 30 patlents rejected for treatment will be evaluated by means of a questionnaire
and an interview with a soclal worker or psychologist trained in the evaluation of chronic pain
problems. They will also refake the MMPI, Spouse or other significant person [n their lives will be
evaluated when these Individuals were evaluated as part of the initial intake assessment,

FINDINGS TO DATE: AT this time, 76 people have been contacted abeut the followup study by letter. Of

these 78, 57 have baen contacted by phone, Of those 57. 9 have completed the fallowup
questionnaires and inferviews. Two more are scheduled for their inferviews, another 41 have
agreed to participate and have been sent their questionnaires. One is deceased, and 4 have
refused to paricipate. Of the 5 people (all fernale) interviewed who are in the "completed
progiam” subgroup, 3 might be termed “successful” in terms of their overall odjustrnents, their
curent employment status, their amounts of observed pain behavior, and their levels of drug
usage. The “successful” patients are willing to “live with their pain” while the “unsuccessful”
patients are still seeking medical solutions to obtain total relief from their pain.

APPLICABILITY: The claims of a high rate of successful freatment in behavior medification of paln programs

have often motivated chronic pain patients fo undertake the difficult and costly inpatient treat-
ment program. Other pallents severely disabled by chronlc pain are not being referred 1o pain
treatment programs of this type because success rates have not been clearly documented.
Documentation of these data is important for future patients, for refering physicians and for those
responsible for paying the costsof inpatient treatment as well s the extremely high costs of chronic
pain not successfully freated. Specific factors identified as Indicaling polential for successful
trmatment will be useful to physicians, insurance companies, vocdtional rehabilitation personnel
and workman’s compensation programs In considering the recommending and financing of such
treatment for thelr patients or cllents. Identification of factors predicling unsuccessful treatment will
also significantly reduce costs,
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043 Effective Training in Rehabilitation Medicine in New
Medical School Curriculum

Principal Investigator: Frederic J. Kottke, MD., Ph.D.

Status; Continuing
Dates: Oclober 1974-Oclober 1974
Cost: Annual $4.QED Projected Total 542,000
RT Annual $4,000 RT % of Annual Tolal 100%
Annual Report Refaerence: #16, Page 178, R-70
OBJECTIVES:

1. To determine the extent to which exposure to rehabilifation medicine education experiences
during medical school develops an understanding of and positive affitudes teward chronic
disease and disability and the role of rehabilitation medicine in meeting the needs of these
patients; and

2. fo identify the impacts of rehabilitation medicine educational experiences that are likely candi-
dates for inclusion in teday's meadical school curicula.

METHODOLOGY: This study utilized a retrospective research design intended to take advantage of
natural expefimental situations and events that have cccured in four medical schools, three
with Rehabilitation Medicine (RM) training (experirmental schools) and one without, A mail
survey was conducted on practicing physiciansin the United States who had atended these
schools to deftermins the lasting attitudinal and behavioral effects stimulated by RM expriences
in medical school,

FINDINGS TO DATE: Datg was tabulated on respondant characteristics, school characteristics, the im-
pacts of RM medical schoal experiences on behavioral and attitudingl cutcomes, behavioral
outcomes, and attitudinal outcames. The degree of exposure to RM during medical school is
positively associated with later effective practice behavior in dealing with chronically ill ond
severely disabled individuals. Further, aftitudes toward RM appearto be associated with identifi-
able RM medical schoaol expariences. Additional analyseswill attemnpt to relate atfitudes toward
RM with physician practice behavior, We will also make an attempt to assess the impacts of
changes of curricula within schoaols,

APPLICABILITY: Because of the shorfage of physiatrists, primary care physicians must become more
compeatent in treating chronic iliness and disabsility. This study is infended to assass the ralative

effectiveness of those representative combinations of RM educational expeariences that are
today reasonable candidates for inclusion in changing medical school curicula,

044 A Functional Limitation Scale for Rehabilitation Evaluation

Principal Investigator: Nancy Crewe, Ph.D,

Status; Naw

Dates: Oclober 19746-Seplember 1978

Cost: Annual 547,144 Projected Total 580,000
RT Annual $39903 RT % of Annual Tolal 85%

Annual Report Reference: #16, Page 194, R47

OBJECTIVES:

1. To refine the preliminary version of the Functional Limitations Inventory (FLD) into a helpful tool for
rehcbilitation counselors;

99



University of Minnasota

2. to determine the validity of the scale for predicting vocational outcomes with disabled parsons:

3. to evaluate the usefulness of the FLI in classifying severity of disability; and

4. to evaluate the effectiveness of the FLI for grouping patients wno present similar rehabilitation
problems.

METHODOLOGY:

1. The Pilot phase involves Scale expansion and reliability testing. The following aspectsof the scale
will be examined: potentially critical assets that may limit the impact of functional limitations;
existing coding conventions; preliminary reliability conventions and testing; @ new serigs of
interviews: and infer-rater raliability cosfficients.

2. The Validation phase will invelve counselors from seftings other than the University of Minnesota. A
large number of subjects will be located, Training programs and materials for participating coun-
selors will be developed. Counselors will complete the FLI on 30 clients and then follow up the
clients at specified intervals. The relationship between the FLI and the followup cirterion willbe
investigated. A manual on the FL! will be developed.

FINDINGS TO DATE: This research project has not been initiated because the investigators had been
awaiting the project approval. Work on this project will begin in the Fall of 1977. one yedr later
than originally planned.

APPLICABILITY: Current RSA prioritiesrecognize the needfor more adeguate definitionsof severe disability
and measures of functional capacity that will guide the rehabilitation process to optimal
physical, psychosocial, and vocational outcomes. Also a need exists for more accurate pra-
diction of vocational rehabilitation outcormes. The FLI has potential bearing on these concerns.

045 A Method of Measuring Some Patient Characteristics,
Goals, Results, and Costs of Medical Rehabilitation

Principal Investigator: Thomas P. Anderson, M.D.

Status: New .

Dates: Octaber 1976-Oclober 1979

Cost: Annual 5129959 Projected Total $180,000
RT Annual $95275 RT % of Annual Total 73%

Annual Report Reference: #16, Page 196, R-68

OBJECTIVES:

1. Todocument gains made by patients on a general rehabilitation service as a resulf of paricipaf-
ing in medical rehabilitation programs;

. to compare goals set at admission with gains made;

. to assess the functional utility of gains:

to measure the durabiiity, after one year, of gains made while in the hospital;

. to assess the cost of achieving rehabilitation gains: and

. to apply the method of measuring patient prograss to a large number of general rehabilitation
patients.

(=S N RN

METHODOLOGY: The patient description forms developed in R-45 have been used to obtain data on
patients. Data is stored in a computer. Methodology is being developed to collect annual
followup data on patients discharged from the Rehabllitation Center,

FINDINGS TO DATE: Work has been done on objectivas 1,2, 3, and 6. The patients from whom data was
coliected fall info 7 disease categories. The following types of data has been collected and
tabulated: demographic: duration of fime batween onset of disability and admission to the
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rehabilitation sewvice; referal sources; average length of stay on the rehabilitation service;
godls listed by the patlent and rehabilitation staff at time of admission; admisson and discharge
status of mobility, self-care. speech and language, vocational adjustment, and psychalogical
adjustment; and changes in measures of these functions between admission and discharge.

APPLICABILITY: Asfederal priorities focus more and moreupon the quality of health care, thisproject goes
a step beyond. Not only will quality of health care come under scrutiny by thisproject but, more
important, the outcome of the health cara processes will be claiified. Outcome ultimate- 7 isthe
best measure of goal achievement and cost benefit. For rehabilitation to continue to compete
for health care doliars. it must demonstrate that patients are changedin a desiiable direction as
a result of involverment in the rehabilitation process.

046 An Investigation of the Cause and Prevention of Ischemic Ulcers

Principal Investigator: Robert Patierson, Ph.D.

Status: New

Dates: July 1977-October 1981 .

Cost: , Annual $49 380 Projected Total $485,000
RT Annual $41 4463 RT % of Annual Tolal 84%

Annual Report Reference: #16, Page 233, R49

PART |

OBJECTIVES:

1. Ta develop a small. light. inexpensive and reliable battery-operated device that will it in the wheel-
cihairand signal patients when they are to perform a wheelchairpush-up if they have not already
done so; and

2. to evaluate the long-range effectiveness of this automated training system in preventing long
durgtion pressures in a wheelchair.

METHODOLOGY: Apparatus will be constructed consisting of a pressure switch, a timer, asound-emitting
device, and a counter, The buzzer will sound uniess the patient raises off of the chair for three
seconds at set time intervals. The counter will tabulate the number of push-ups. Paraplegic
patients will be assigned to two groups. One group will have the buzzerwaming device and the
other group will not. Followup data will be obtained to determine whether training did occur by
use of the warning device.

FINDINGS TO DATE: Control datawas collected. Two majorproblems became apparent. The hospitalized
patient does not spend enough time in the wheelchair fo collect the data. Also, it was difficult to
determine whether a weight shift was a conscious push-up or simply the result of some dctivity.
This part of the project will be suspended until Part |l of the project is completed.

APPLICABILITY: Skin breakdowns are quite cormmon in patients who have not established pattermns,
before they leave the hospital, of doing push-Ups independently of staff reminders. A method
that would help patients to establish the habit of doing push-ups would reduce amajor cause of
morbidity of spinal cord injured patients.

PART Il
OBJECTIVES:
1. To obtain continuous recordings for periods of 8 hours of the pressure and tempeiatures over the
ischial tuberosities and/or posterior surface on both narmal and spinal cord injured persons;
2. to conelate the prassure-time pattems of patients with no history of ischemic ulcers with patients
who have developed ulcers; and
3. to estimate the frequency and duration of push-ups neaded to prevent ischemic ulcers.
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METHODOLOGY: Data will be recorded on.a small, portabie four channel tape recorder (Medilog) able
to record data continuously for 24 hours. Small, thin pressure transducers will be used fo record
the pressures over the ischial tuberosities. A UNC digital computer will reduce the data. The
capillary pressure of 32 mmHg will be carefully studied.

FINDINGS TO DATE: Not applicable at this time.

APELICABILITY: Data on the frequency and duration of push-ups or shifts in the position that spinal cord
injured patients must do to prevent the developrment of ischemic ulcers would greatly aidinthe
creation of a workable program to prevent ulcer generation. The generation of ischemic ulcers
is one of the major medical problems that causes@apeated hospitalization and loss of work time
for spinal cord injured patients,
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CORE AREAS

Bioengineering
Blophyslics: The bioeffects of nonionizing radiation (electroragnetic. high
frequency current, acoustic wave propagation, radiant and conductive heat)
resulting in improved designs of therapeutic applicators inthe varlous modalities for
safer and more effective use, The basic rationale for the use of specific metheds to
heat specific human structures is described, National and international standards
for safety and efficacy are also discussed.

Blomechanles: Datailed theoretical and actual study of lower extremify
blomeachanics. The quantification of force Inferactions betweanlimbs and orthoses
has resulted in the more precise fitting of orthotic design o patient need. Analyses of

commercially-available and experimental orthoses continue fo be made.

Engineering Applied to Clinical Problems: The development and evaluation of
adaptive aids through human faciors engineering to contribute to improved
clinical setvice.

Bahavloral Sclences
Research predominanfly centered around the intoduction of
leaming-based behavior modification strategies to traditional rehabilitation by
increasing self care skills in the physically disabled and decreasing the impact of
chronic pain. Work is focused on those ftems which might be prediciors for success
orfailure In a contingency management program, Biofeedback represents another
more specialized technological application of leaming-based strategles to be
examined. Additionally, different treatment methods in speech and
communication will be reviewed for their effectivenass.

Neurophysiology
Elevating the knowledge of neuromuscular electiodiagnosis and discoveries of
animal models for various human crippling disorders,

Muscle Physiology .
Maximizing positive functions of nomal or diseased muscle and minimize
secondary disabiliies resulling from damaged of impaired muscle.

Health Care Dellvery
A series of projects related fo the Improverment of efficiency and quality of health
care, whether thiough the expansion of training to meet demandor the study ofthe
cost-benefits of rehabilitation outcomes of certain calegorcal diseases.
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047 Quantification of the Biomechanical Function of Various
Designs and Adjustments of Ankle-Foot Orthoses

Principal Investigator: Justus Lehmann, M.D.

Slatus: Completed

bPates: January 1969-December 1277

Costh: Annual 548,843 Projected Total §126,902
RT Annual $40,789 RT % of Annual Total 83%

Annual Report Reference: #16, Page 141, R-34

OBJECTIVE: To evaluate the biomechanics of various foot ankle orthoses and their safety and effect on
hemiplegic gait,

METHODOLOGY: A fransducer is used which medsuires the movements about the ankle joint and can be
applied fo the patient'’s orthoses without modification. A large number of hemiplegic patients
have been sampled. Siatic testing is done to detarmine what reactive forces are provided by the
various orthotic designs. The reactive forces from the force plate are used in conjunction with The
location of the medio-Iateral axis of rotation. The medlio-lateral stubility provided by the orfhosis Is
evaluated: the knee stabilily Is evaluated using the farce vector from the floor combined with
measurement of the axis of rotation of the knee joint,

FINDINGS TO DATE: Reviewing general findings (specified in the project report). the relatively unchang-

ed ground reaction forces, the significant increase in orthosis moments, and minor change in
knee stabllity (i.e. knee angle and moment) suggests that the orthosis adequaltely substitufes
for the loss of muscle function at the ankle induced by the nerve blocks.
These data will be corelated with R-136 to allow comparisons of artificially paralyzed limbs with
various degrees of spasticity exhibited by the hemiplegic patients, We now have data which
define the restraining forces the orthosis must provide to substitute for complete loss of muscle
function in the lower limb.

APPLICABILITY: Since Improved abillty 1o walk could greatly enhance the rehabllitation of hemipiegic
patients, these findings will have wide utilization in the maragement of sfroke pdtientsaswell as in
management of other upper mator neuron lesions raquiring foot-ankle orthosis.

048 Temperature Measurement in the Human Thigh During fhe
Application of Hot Packs Followed by Ultrasound

Principal Investigator: Justus Lehmann, M.D.

Slatus: Conmpleted

Dates: October 1973 Jcicber 1977

Cosh: Annual $13,047 #rojected Tolal $121,756
RT Annual 56,453 R % of Annual Total 49%

Annugl Report Reference: #46, Page 102, R-103

OBJECTIVES: To determine the effect of sequentlal application of hot packs and ultrasound and fo deter-
mine the effect of precooling the surface of the tissua prior to ultrasound recatment.

METHODOLOGY:

1. Nemal volunteers would be ulilized,

2. Ternperature measuring probes would be placed inthe anterior-lateral aspect of the thigh with the
sensing elements located af the midiine of the thigh adjacent to the femur, .

3. Hot packs (140-160°) were applied for 8 minutes, and ulfrasound applied for fwenty minutes or un-
il the subject felt some periosteal pain. The range was from 10 to 15 minutes.

FINDINGS TO DATE; Temperature distibutions were measured in the anterior thigh of five human volun-
teers after preheating with a hot pack followed by ultrasound. This is o treatment procedure
which is used quite frequently in therapy.

It was found that preheating the skin surface with o superficial heating agent can be done
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without lasing the selective heating of joint structures prodiuced by ulirasound, The skin suface
and subcutaneous fissue temperatures rise, but are held below deep temperature because of
the continued cooling by convection. conduction. application of reem tempeaiaturé mineral
oil and the cooling effect of the increased blood flow. Preheating the skin surface. although it
does no harm, offers no advantage.

APPLICABILITY: A large proportion of the therapeutic heat freatments given are some combination of

superficial heating or cooling with deep heating using ultraseund. If in fact the deep temperature
canbe elevated more effectively by tha sequential application of superticial heating or cooling in
conjunction with utirasound, this type of reatment would bacome more desirable for use on

patients,
A Controlled Study of the Use of Temperature Feedback

049
for the Treatment of Raynaud’s Disease
Principal Investigaior: Roy 8. Fowlar, Jr, Ph.D,
Status: Completed
Dotes: January 1975-January 1978
Cost: Annual $8,884 Projected Tolal 545,734
RT Annual $7,430 RT % of Annual Tolal 80%
Annual Report Reference: . #46, Page 240, R-108
OBJECTIVES:
1. Totestthe effectiveness of feedback temperaiure training intreducing voluntary handwarming in

patients suffering from Raynaud's Disease and Raynaud's phenomenen,

2. To test the long temm effectiveness of the training procedures,
3. To identify the role of the piacebo In bicfeedback treaiment programs for Raynaud's Disease,
METHODOLOGY: Subjects diagnosed as having Raynaud's diseass and Raynaud’s phenomenon by

medical evaluation will be referred for biofesdback freatment. Twenty subjecis will be randomiy
divided Into fwo groups. Group one will be the Treatment Group. They will recelve elght weeks of
feedback training with sessions scheduled twice a week, each sesslon will last 30 minutes.
Treatment procedures to be followed are described in detallin reference #5. Group two will be the
Control Group. These subjects will recelve a bogus or noncontingent feedback for sight weeks.
Feedback played to subjects will be derived from the records of previously successful subjects. An
average paftem will be recorded on tape and played through the feadback device to the
subject.

Records will bekept of intensity of pain, frequency of discomfort and medication intake. Treatment
effectiveness will be evaluated on the basis of voluniary confrol of finger ip lemperature, de-
crease in pain medication records and frequency and Infensity of discamfort, At the end of the
eight weeks of active treatment ail subjects in the confrol group will be offered feedback
reatment. Each subject will be followed for a minimum of one year with confact occurring at four
month intervals,

FINDINGS TO DATE: 22 subjects completed the study including one year followup. The feedback pro-

cedures were found to be effective in procing handwarming in ail but two of the ww subjects.
This was true for patients suffering fiom both primary and secondary Raynaud's,

Virtually all patients could produce handwarming on dermand when seen at fol lowup. The skill,
once leamned. does not seem to be lost with time. A significant reduction in the number of hours
per day rated as having cold hands was found across time. No stafistically significont changes
wafe reported in the number of hoursof pain nor in the average intensity of pain, This ssemstobe
an artifact of the discovery that virtually none of the patients rated cold hands as painful,
The finding that the yoked control group leamed aseffectively asthe feedback @roup does little
fo resolve the question of placebo effect in teaching handwarming in Raynaud's patients. It is
apparently easier fo reliably produce handwarming than was once thought. ineither case, this
study has produced a simple, aconomical and innecuaus set of proceduraswhich will have the
effect of producing voluntary handwarming.

APPLICABILITY: it has been estimated that Raynaud's disease or its sympioms affect approximately 20% of

most young people in Its mildest form. In its most severe form, frequently connected with other
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identifiable pathological processes, amputation of fingers and toes is observed. Medical treat-
ment has been defined at best as “providing only partial rellef.” Surgical procedures such as
syrmipathectornies and potential dangerous vasal dialating drugs are not uniformly successful and
the slde effects are potentially dangerous. Biofeedback treatment procedures hold considerable
promise as a safe patient confrolled treatment program for this sometimes severely disabling
disease. It Is anticipated that biofeedback will become the treatment of choice for the early
management of Raynaud's symptoms. It will be chosen as an aitemative fo medication and/or
surgical procedures.

The Eftectiveness of EMG Muscle Relaxation Training as
a Function of Feedback Mode and the Muscle Trained

Principal Investigator: Roy S. Fowler, Ph.D."

Status:
Dates:
Cost:

Completed \

January 197é-January 1978

Annual $13,943 Projected Total $29,500
RT Annual $44,902 RT % of Annual Tolal 85%

Annual Report Reference: #44, Page 249, R-109

OBJECTIVES:

1.

bl

5.

Develop standardized replicable EMG based fesdback procedures for muscle relaxation train-
ing.

Test the differentlal effectiveness of these treatment procedures.

Test the relationship between type of muscle fralned and the feedback procedure used,

Test the effect of a technician’s presence In Influencing treatment.

METHODOLOGY: Three muscles will be targeted for relaxation training, These Include the frontalis, which

has been sald to be most important in the treatment of tension headache; the trap..zii, often
involved In shoulder/back problems and the cervical para-spinals which are thought fo play a
role In both tension headache and neck and shoulder problerns.

Four EMG feedback procedures wiil be employed. These include: A) analog feedback in which
feedback Is provided by a mater which indicates tiny changes in muscle tension or relaxation: B)
shaping. In which subjects will first recelve a baseline score, This score willrepresent the microvol-
tage output for three consecutive 10 second trials without fesdback. The average of these frials will
be calculated and this score used as a siarting point for fraining. Subjects will be asked to achieve
this score. If they do so they will tum on a green light and tip a counter which will record the
percentage of each 10 second frial during which the green light is on or the subject has relaxed
Salow his initlal baseline level. An 85% success criterion will be used. Adjustments will be made fo
the trip point seiection following each successful trial so as to demand greater and greater
relaxation per fal. C) automated feedback shaping procedures in which feedback fo the subject
will be ezsentidlly identical to that recelved In mode B except the process will be totally auto-
mated, Al instiuetions will be provided through a digltal readout fror a TV monitor, The subject will
contral his own price. Recording of results will be outoratic. Another person will be involved only fo
place and remove electiodes: D) Control in which noncontingent or "begus” feedback will be
provided in the form of a visual analeg. The feedback will be provided by a i<ipe recording of
EMO signals from successful subjects, This tape recording will be played through the materin such
a way at fo suggest to the subject that he is obtalning feedback from his own muscles,

FINDINGS TG DATE:

1, Procedures dovaloped for the study were consistent, relicble and efiective in producing
of muscle aclivity except the automated procedure when used to frain tha masse

seciuctions
T,
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5. The automated feedback procedure and the feedback alone procedure (A and C)do notde-
mand the presence of a therapist or technician during treatment. This suggests that treatment
can be made more economical than has come to be traditional in conventionai feadback treat-
ment programs in which a therapist is usually present throughout treaiment.

APPLICABILITY : This study will provide Information which will allow for the development of more effective
disability reducing treatment procedures, it should also increaise the success rates of blofesdback
treatrent programs, increase replicabllity of resutts across Institutions ufilizing such procedures.
increase the general effecliveness of biofeedback treatment programs, and significantly reduce
the need for the use of potentially dangerous drugs and/or destructive surgical procedures.

051 Effective Training in Rehabilitation Medicine in New
Medical School Curricula

Principal Investigator: ) Frederick Koftke, M.D.
Status: Completed
Dates: October 1974-January 1978
Cost: - Annual §920 Projecied Total $114,079
RT Annual 5920 RT % of Annual Total 100%
Annual Report Reference: #14, Page 453, R-116
OBJECTIVES:

1. Todetemnine the extent to which exposure ta rehabliitation medicine education exparisnces helps
o gevelop in all medical students an understanding of the nature of chronic iliness and its
complications. and a working knowledge of the contribution which rehabllitation medicine offers
o meet the multiple needs of the chronically ill. Specifically, the project will attemipt to determine
whether this exposure stimulataes positive daftitudes toward rehabilitation medicine, a working
knowledge of rehabilitation medicine principles, and effective practice behavier in providing
care for the chronically Il and severaly physically disabled.

2. Toidentify newer types of prototypic rehabilitation medicine educational experiences which are
effeclive and which are likely candidates for inclusion In today’s medical school curicula.

METHODOLOGY:; Through maill surveys of practicing physicians who have been exposed to (or, in the case
of comparison subjects, who lacked exposure o) different types of PM&R education experiences
atthese schools, it willbe possible to detemnine to at least some meaningful degree the Important
and long lasting attitudinal and behavioral effects stimulated by varying types and degrees of
exposure to medical school PMA&R educational experences.

In essence, by using aretrospective research design whichtakes advantage of natural experimen-
tal situations and events which have occurred in four medical schools, these situations and events
will make these schools and their cumicula meaningful and representative targets for study.

FINDINGS TO DATE: In 1976-77, the mail survey was completed and the result analyzed., In 1977-78, the
final draft of the report was drawn up and circulated. It is of particular importance that of those
involved in direct patlent care. 84% provide services to the chronically il and severely disabled.
Of the lafter 61% dre in primary care specialties. Thus the importance of exposing medical
students to rehabilitation medicine is confirmed. ‘

To conclude and summarize findings, it appedrs that the degres of exposure to rehabilitation
medicine during medical school is positively associated with later effective practic behaviorsin
dealing with chronically ill and severely disabled individuals. Additional analyses will attempt to
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APPLICABILITY : This study has been designed to aid medical school policy makers by answering medning-
ful questions about relevant types and cornbinations of rehabllitation medicine expariences which
they might realistically consider for inclusion in medical sehool cunicula. The installation of more
effective RM educational experlences could eventually lead lo a greater proportion of the
riation's severely disabled and chronically ill receiving mofe effective rehabilifation services.

052 Incorporation of a Lexan “Check Socket” into a
Definitive Patellar Tendon Bearing Prosthesis

Principal Invastigator: C.G.Warren, MPA,

Status: Completed

Dates: October 1975-October 1977

Cost: Annual $12,237 Projected Total 510,034
RT Annual $10,034 A% % of Annual Total 82%

Annudl Report Relerence: #16, Page 178, R-122

OBJECTIVES: The objectives of this study are 1o establish a method of incoiporaiing a lexan check socket
info a structural mechanism which is lightweight, adjustaloie, and upon which the subject can
ambulate for periods of time significant enough to evaiuaie e fiting ofthe socket, anywhere from
3 days to 3 weeks. In the long range, it is possible that It the lextin proves to be suitable as a long
term definitive socket material that this methodology could B gxpanded fo incomporate the lexan
socket into the definitive prosthesis.

METHODOLOGY : The method of mounting the lexan socket utilizes an inverled fiberglass cone of funnetinio
which the lexan socket is placed and mechanicatly intariocked by the strapping method. # can
be further stabilized. if necessary, by foam support in the texan socket within the cones. The conels
aftciched to a woodsn block which camies the conventional bolting assembly to the alignment
devices. pylon and foot. The socket can be refrieved from the fiberglass cone by unstrapping if.

The structural integrity of the unit was tested under simulated walking conditions,

FINDINGS TO DATE: With the results of this evaluation it is evident that the prosthesis can sustaln the static
loads and it is safe for limited ambulation by the patient. We have not as yet formally established
the fatigue characteristics of the coupling (i.e. how It wil parform under dynamic loading).
However, furiher evaiuation of the data obtained in the static tast analysls will allow us fo determine
the importance of conducting cyclic loading at load rates incured in normal ambulation. The
statlc data will alow some prediction of the likelihoed of breakdown under dynamic stress.

APPLICABILITY : The prosthetists who use this Lexan check socket at the present time cannot have the patient
walk on the socket and must add several additionail visits to their schedule during the primary
fitting. For these reasons many do not use the technigue.

If ihis socket could be Incorporated into a prosthesis for a period sufficient for evaluation, many
more prosthetlc faciliies would begin fo use the Lexan sockets. Their use could reduce the
frequency of lli-filting prostheses and complications due fo skin rauma produced by ill-fitting
prosthesis.

in addition. the lotal cost of preducing a prosthesis may be reduced and subsequent and
repected alterations may be reduced or sliminated.

053 Rehabilitation Needs of Cancer Patients

Principal Invesligator: Justus Lehmann, MD.
Status: Completaed
Dates: - Seplember 1976-5Septembaet 1977
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tive estimate of the need for various rehabilitation services. Special effort will be made to identify
9aps between a recommended rehabllitation program and that actually recsived, When such
gaps inthe health care delivery systermn are identified, an effort willbe made to identify the baniers
or obstacles which prevent the patient from recelving the optimal rehabllitation care. Identifica-
tion of bariers would lead to recormmenddation of remedial aclion and finally o lest of the
affactivenass of the recommended approach toward ullimate resolution of the problem.

METHODOLOGY: Development of a model syslem for rehabilitalion care delivery. Based on the initial

analysis of the sample. a rehabilitation coare delivery model was established.

The consultation process provided an additional rmeans of infroducing rehabilitation concepts
tothe oncologist. This contact over the problems of an individual patient can be considered an
educational tool. # not only conveys information but may also change future behavior.

In order to asses the effectiveness of both the forrmal educational program and of the autormatic
corsultation component of the model, ancther comparable sample of the patients in the 11

“rnost frequent cancer sites were screened using the same methodology as the first screen, A

recommended program of optimal rehabilitation care was again developed and compared
wilh the rehabilitation care the patient actually received In erder toidentify the Japs. The results
afterthe establishmient of e education program and afferthe astablishment of 1ha fotal model,
including the consultation component, were compared with the resulls obtained in the initial
sample. It is obvious that the percentage of patients who did nof ieceive any recommended
care at all has been markedly reduced by the educational program and indeed more so by the
implernentation of the triage and consultation process. The parcentage of patients who had
recaived only part of the recommended program was also reduced after the total model was
implermanted. Thus the implermentation of the model conspicuously closed the gap in the
delivery of rehabilitation care.

The total difference between the Identified gapsin the first screen as compared with the screen
after the establishment of the educational program and after the implementation of the total
rmodlel is significant at the p=0.001 level. The difference between the gaps identified after the
establishment of the educational portion and after the implementation of the consultation
program of the model was significant at the same leval. The lavel of statistical significance for
physical therapy, occupational therapy, psychology and rehabilitation medicifie services in
comparing the first screen and thot affer the educational program and thefirst screenand after
implernentation of the total model was p < 001, Speech pathology. rehabilitation nursing, social
sewvice, and vocational counseling show ne statistically significant ehanges because of the
srall "n” for each of these sevices.

The number and types of barrlers to rehabilitation care were also compared. Barriers were de-
fined as that which prevented the patient frem getting the full recommended rehabilitation
program. The percent of people In the sample who experienced barmers to rehabilitation care
was noticeably reduced both by the education program and further by the implemantation of
the total program with consultation senvices. The differences between the bamers assessed in
the flrst screen and after part and full implernentation of the mode! are all significant at the
p=0.001 level. The distibution of these bariers was greatly Gltered once the program was totally
implemented. The few femaining barriers were evenly distibuted: and the main beer during
the first screen - lack of identification of patient problems -was virtually eliminated. Lack of refer-
ral to rehabilitation was reduced from 21% to 2% which shows a high degree of acceptance of
the recommendations through the consultation process.

In orcler to assure that tha initial screen did notinfluence the behavior of the therapeutic fsam
toward the cancer patient with rehabilitation problems and in order to further verify the effect-
iveness of the model, the refenals fo rehabilitation services were assessed priof to and ofter the
initial survey and again after the implementation of the madel. For this purpose only part of the
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FINDINGS TO DATE: Since the cancer population in this study was similar although not identical to a

~ational sample, only general conclusions. gqudlitative in nature, can be drawn from the findings.
These conclusions may be applicable alsewhera as well. According to the study, psychological
and physical rehabilitation problems are commaon in patients with cancers at most sites. Many
of these problams were judged amenable to therapeutic intervention since the problems most
frequently encountered were similar to those from disabilities of other origin,

Thus tha survay in this study confirms the need of these cancer patients for rehabilitation care. It
also identified major gaps In rehabilitation care delivery to cancer patients. The barmiers which
blocked optimal rehabilitation care were Identified. On this basis. @ model rehabilitation care
delivery systern was established and its effectivenessinremoving barrers tested, It wasconclud-
ed that the frequency of psychologic problems in cancer patients without physical disabilities
suggests that ads @ psycho-social support as might be provided by a trained social worker
under the suparvisticn of a psychiatist or psycholagist should be available on any oncology
sevice. Sinca the 1. chologic problems in cancer patients with physical disabiiities were offen
more sevars Gnctsiociated with a need forphysical medicine treatment approaches, acomp-
rehensive, «+:i-: aordinated rehabilitation team is required for their care in many instances. For
the severely involved, this treatment setting should include the avdilability of 24-hourpsychologic
support for behavior management programs.

Fromn the documented effsctivenass of the model, one may conclude that cancer care is im-
proved by the estabiishment of ar ancology tearn; if @ physiatrst is an integral part of that
oncology team. the gaps in rehabilitation care delivery may be removed, The physiafrist in his
capacity as a team marmber links & ~omy ehensve rehabilitation team to the oncology senvices.
in order to improve individual potient coe in the 2reg of rehabilitation, a rehabllitation care
coordinatar should be avallabie for ihe wcreening and fiage of the cancer population served
by the oncology team. After sxamination of those patients with potential rehabilitation problems
by the physiatrist, advice on rehabilitation care may be delivered via consuttation. Thisadvice, if
accepted, is implemented as appropriate. Fliom festing the effectiveness of this system, it can
also be concluded that an educational program is desirable if not necessary.

The tatal model systern can rapidly remove bariers to and gaps in the delivery of rehabilitation
care, Even though the mcin components of the described modsl are important, they may be
modiified and adapted to suit the differences in Individuals’ settings.

Hi

APPLICABILITY: The findings will be primaiily utilzed to dlfer the health care delivery systern so that the

appropriate services are available for the apryopriate cancer sites and the resuits will be used as
a quantitative basis tor planning of such a model delivery system,

Quantification of Speech Intelligibllity of Dysarthric

054

Speakers: Development of a Muiliple Choice Technique
Principal Invastigator: David R. Baukelman, Ph.D.
Status: Complated
Dates: September 1977-Muorch 4978
Cost: Annual $6,268 Projected Total $13,500

RT Annual $4313 RT % of Annual Total 68%

Annual Report Reference: #16, Page 293, R-141

OBJECTIVES:
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METHODOLOGY: Fifty sets of twelve words were constructed. Each set contained four words iaken from

lists constructed by Black and Hagen (19463) plus eight similar sounding words added by these
investigators, A series of 50 word samples was created by randomly selecting one of the 12 words
for each of the 50 master sets. Nine dysarthiric individuals served as speakers. A different 50 word
sample was selected at random for each speaker. Audio recordings were made of each speaker
reading his 50 word list. Five speech pathologists with experience in dysarthria freatrnent but
initially no familiarity with the word lists served asjudges. They listened to each speaker’s 50 word
sample under the following conditions: judges heard each word dnd wrole it down; judges
heard each word and then chose the word fiom a list of four altemnatives; judges heard each
word and then chose the word from a list of eight altematives: judges heard each word and
then chose the word from a list of twelve alternatives: judges repeated the pré-condition test of
hearing and writing down. Under conditions!, Il and Il judges not only selected the word spoken
but also had the opportunity to indicate if their response was a guess. Percent agreement was
computed by dividing the number of first and second responses that were the same, i.e. +/+ or
-/-. by the total number of possible responses; and Pearson product-morment comelations for
test-retest reliability were caolculated by comparing correct response made by each judge to
five items produced by each spaaker.

FINDINGS TO DATE: The findings were: 1. a multiple choice systemn for quantifying the inteligibility of

dysarthric speech was developed. This tool consisted of 50 itams with 12 choices in each itemn
category. 2. All five methods of quantifying speech intelligibility ranked the dysarthric speakers
similarly. 3. There wasa maethod hlerarchy in which some methods consistently produced higher
intelligibility scores than others. The multiple choice methods are more sensitive fo speakers who
ara moderately to severely unintelligible. 4, Correlations between the scores derived from two
randomiv drawr stimulus lists for each of twelve speakers was .93 forthe multiple choice methods
and .91 for the franscription methed.

APPLICABILITY: Since dysartnria, asequel of brain injury. frequently occurs concomitant with other physical

disabilihas. persons with dysarthric speech are frequently served in rehabilitation centers.
Decision raking regarding acceptance into freatment, dismissal from freatment, efficacy of
specific treatmeant tecinniques and madification in medication neads to be basad on data
which is as objective and reliable as can ba gathered. The rasearch described in this project was
designad to develop an cbjective tool which is sensitive to behavior change in the speech of
pearsons with savera and moderate dysartwia ina manner which will reduce the data contamin-
ation rasulting from familiarity with the stimulus material. This information will not only enhance
decision making. but will provide data to severe dysarthric speakers so that they may be mora
accurately aware of the changes in their speech performance.

055 Quantification of the Speech Intelligibility of Dysarthric
Speakers: A Comparison of Several Procedures
PFrincipal Investigator: David R. Beukelman, Ph.D,
Status: Completed
Dates: June 1977-June 1978
Cost: Annual 55,865 Projected Total 512,000
RT Annual $5845 RT % of Annua! Tetal 100%
‘Annual Report Reference: #16, Page 301, R-142
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METHODOLOGY: All of the stimulus materials assoclated with the tasks were recarded from eight dysarthric

represented various types of dysarthria, as this project attempted to exeare clinical techniques
which are used over a wide range of patients.

There were two typaes of listeners. Naive listeners ( non-speech pathologists unfamiliar with the
stimulus material) lisfenad to selected iterms under each exparimental task for each speaker.
The listenars were grouped insuch a way that they did not hear the same stirulus material twice,
so that thairresults eould not be confounded as they became familiar with the stimuius material.
Four juciges were included in each group; thus the total number was 32.

Asecond set of listeners were professional speech pathologists who were familiar withaysarthric
spaakers. These professional listeners were exposed fo all items of all dysarthric speakers underall
conditions. Since speech pathologists who work in a clinical setting become familiar with the
stimulus materials, the comparison of their perfformance with the performance of naive judges
took info account the familiarity issue. Fiffeen percent of speech samplescollected undereach
gquantification procedure wers selected at random and judged a second time for reliability
pulposeas.

Tha intelligibility scores undereach of seven quantification procedures were compared to deter-
mine the relative sensitivity of each of these methods for quantifying intelligibility. Intra/inter
Judge reliability was determined so that the relative reliability of each of the several quantifica-
tion procedures could be compared.

FINDINGS TO DATE: Eight techniques for quantifying inteliigibility of dysarthric speech were compared.

Eight dysarthric speakers who represented a wide range of sevetity were recorded producing
single words and sentences. Thify-two college students performed the following intelligibility
quantification tasks: percentage estimates, rating scale estimates, word and senfence tran-
seriptions, word and sentence completions, and word and sentence multiple choice tasks,
Intelligibility scores for transcriptions were compared to estimates and to other objective tasks
with the following results: 1. all measurement techniques, except word complation, rank-ordered
speakers similary to transcriptions: 2. mean estimates of intelligibility ¢closely paraliel franscrip-
tion scores, but dispersion of listenerestimateswas large: and 3  objective tasksfroma hierarchy
with speakers recelving lowest scores on transcriptions, intermediate scores on completions and
and highest scores on multiple choice tasks. Mean scores forwords and sentences wefe similar.

APPLICABILITY: The physical. intellectual. social and vocational residuals of brain injury offen reguire

rehabliitation. Many brain injured patients exhibit communication problems, and some of these
penons are dysarthric speakers. Development of morg complete systems fo gquantify overall
speach performance will permit the refinement of diagnostic technigues which will permit
increasingly rellable and sensitive measurement 1. of changes in speech peformance, and
2. to determine the effect of speech treatment and prosthetic management, and 3. fo judge
more affectively e influence of chemical management on dysarthiic speakers.

056 Postoperative Care of Patients with Total Hip
Joint Replacement Using Ulirasound
Principal Investigator: Justus Lehrmoann, M.D,
Status: Continuing
Dates: August 1971-July 1978
et _ Anrnl 8QERA . _ _ _ Prolacted Tofal $B8.788
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METHODOLOGY: An ultrasonic transmission line will be used fo measuwre the acoustic properties of meihyl

methccrylate and the high density polyethylene, The longitudinal and shear velocities as wall as
the loss In the longitudinal shear modes will be calculated. The sample of methyl methacrylate will
be prepared according fo the directions supplied for preparing the materials for surgical use.
Pieces of material will be machined to allow placement in the transmission line. Measurement of
density will be made using the standard displacement technique and specific heat will be
measured with a calorimetric method. The measwement of thermeoconductivity will be made ina
thermodynamic [aboratory,

FINDINGS TO DATE: Because the described method for preparing mathyl methacrylate causas rather gross

nenuniformities In the individual samples, there was a wide variation in the shear and longlitudinal
velocity measurements. This was also true of the measurements of longltudinal and shear attenua-
tion. These factors indicate that there is likely o large range in the estimated heating effects
produced by ultrasound where methyl methacrylate Is implanted.

The cttenuation measured in the sampile is nat due solely to the absorplion. but is rather caused by
the combination of absomption within the sarmple and scattering due to inhomogeneities.

AFPLICABILITY: Ultrasound application could be a valuable adjunct in the postoperative care of the total

hip procedure. Vigorous application of ulirasound fo haeat the structure around the hip would
increase rate of healing and possibly reduce pain. making the patient a functional ambulator in
less time. If this fechnique is safe.

057 Program on the Quantitation of the Effects of
Electromagnetic Energy on Human Tissues

Principal Investigator: Athur W. Guy, PhD,

Stafus: Confinuing

Dates: January 1970-june 1980

Cost: Annual $517,425 Projected Total $2,200,000

£1 Annual $49 020 RT % of Annual Total 9%
Annual Repor Reference: #16, Page 41, R-5

OBJECTIVE: To advance the existing knowledge on ihe quantitative effects of electromagnetic radiation on

the human body and to provide redlistic guldsiines for safety stfandards of human exposure.

METHODOLOGY:

1.

2.

F.J‘

o b

Establish quantitatively the slectromagnelic field pattems both in and exterior to the tissues of
humnan subjects and test animals due 1o extemal sources of energy.

Expose the test animals to the various CW and modulated electromagnetic sources at both tharmal
and nonthemal lower levels while monitaring the energy of the tissues.

Observe the physiological and behavioral characteristics of the animals before, during, and after
exposure o elschomagnetic radiation.

Deteimine the time and power density thresholds for cataract produetion in animals exposed fo
microwave radiation,

Detarmine what levels of fields mankind can be safely exposed to, taking into proper account the
source, configuration. frequency, and location.

The theoretical analysis involvas solution of Maxwell's equation for the absotbed power by biclogi-
cal systems for a host of different geormetries.

The' experimental studies involve controlled exposure of test animals to selected sources of elec-
Trormagnetic energy with the air of quantifying observable effects and changes on the biclogical
systems.
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were always determined in terms of actual energy absorption inthe exposed tissua, The work on
improvement of dosirmetric and exposure techniguas has provided a means for other researchers
in pursuing the studies of biological effects of low leval, chronic exposure to microwaves.
For therapeutic purposas we have also developed safe methodsand evalugted hazards forine
application and monitaring of electromagnetic energy in diathermy practices.

in studies of neurcphysiological and behavioral effects, we have found the microwave dose-
response relationship to be highly dependent on the ambient temperafure atwhich the studies
are conducted. Indlirectly, this Implicates our earlier chronic exposurefindingsas thermoregula-
tory disturbances and/er accommadations, rather than some uniquenonthermal conseguence
of microwave exposure.

Finally we have concluded our microwave hearing research with two studies, one demonstating
that the threshold for microwave hearing (defined as brain stern evokedresponse ) isa function
of the density of absorbed energy at pulse widths less than 30 sec. dnd afunction of peak power
density once pulse widths exceed 70 sec. The second study demonsirated furfher the absolute
necessity for cochlear sfimulation fo obtain microwave hearing, implicating conduction of
pressure waves through the bones of the skull as the mechanism responsible.

in studies of microwave radiation effects on the head and eyes of rabbits, the presence of a
specific, non-thermal microwave factor was found unlikely in microwave cataractogensis.
Atternpts to replicate Soviet research on chronic exposure of rats to 500 W/ crm? 2450 MHz, CW
microwaves in individual anechoic chambers agreed in part with their findings, and clearly
suggest a need for further low-lavel microwave exposule protocols.

Research and development has besn completad on new cell cultureexposure svstermns suifable
for operation at frequencies up to 1 GHz. A numbear of primate lymphocyte call cultures, cancer
cells and other cell preparations have been exposed. To date, no effects have been seen that
can be attiibuted to tha radiofreguency flelds. Thisinformationissignificant and provides valua-
ble Information conceming possible deleterious or beneficial effects of 27 MHz shortwave diathermy.
Experiments on the biological consequences of pulsed varsus continuous wave radiation show
nao effects on the bload brain barrier in mice or heart rate in rabbifs. The dose for producing the
micfowave stun effect conesponds to a specific absorpad energy density of 25-30 Joules perkg
depaosited in the brain of exposed rats. ;

Solid scale models of Hanford swine and man have been fabricated as master forms and filled
with synthetic muscle tissue and exposad ina VHF cavity. Asaresult of the exposure, theinduced
curfents heat the synthetic tissues and themograms can be made of the specific absorption
rate of the radiofrequency energy. Thisinformation has been exirapolated downin frequency fo
predict the current distributions in full-scale subjects exposed to ulfrahigh voltage tfransmission
lines.

APPLICABILITY : Applicable to improved clinical techniques such as diathermy and certain newly possible

uses in medicine of microwave. The use of microwave energy In industial, scientific and medical
applications have incfeased the population at risk to unknown side effacts, The close confact of
our laboratary with federa) authorities and the international coliaberation of scientists willmake the
sefting of standards possible.

058 Severe Physical Disabilities of Unknown Etiology:
A Study of Antigens Producing Paralytic Disease

principal Invastigator: Geaorge H. Kraft, M.D.

Bhosads 2in- rAantinitina ’
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OBJECTIVES: To increase understanding of the cellular hypersensitivity mechanism and its role in disabling
disecsas by
(@) producing EAN in guinea pigs without {or with a minimurn amount of) damage to the central
nervous systern.
(o) transferring this disease to reciplent animals using lymph node lymphocytes.

METHODOLOGY:

1. Technigues have been developad for extracting peripheral nerve antigsn and studying the time
factor betwean Injections of antigen and devalopment of electiophysiclogic abnormalities in
perlpheral nerves.

2. Cellular hypersensitivity invoives extraction of synovial antigen which produces synovitis [arthritis).

3. Bxperimental diseases will be produced and studied In animais.

FINDINGSTO DATE:

A major part of this shudy was to determine why animals with induced EAN also develop EAE. The
study we proposed In order to investigate this was one of several possible methods for studyi ng
this question. However, during this past year Abramsky, Titlebaum and Aron reported the resulfs
of o somewhat different study which addressed the same issue. Thelr study showed that inthe
parpheral nerve there are twoantigens - one reacts with tha peripheral nerve and the otherwith
the central narvous system- whereas in the central nenvous systemn thefe is only one antigen,
which reacts with the CNS only. Therefore we nead not eany out this part of our proposal
The technique of passive transfer is a very difficult one and no laboratory has developed a con-
sistently satisfactory technigue. As noted, we wara unsuccessful in attempting to transfer EAN
from several donor fats 1o cipient rats of the same Inbred strain using suspension of donar
lymph node cells. During iHis pastyear we have continued foinvestigate these technigues since
they are important i the study of delayed hypersensitivity reaciions.

APPLICABILITY: Current praliminary studies of passive transfer of Immune disorders have been expeditad by
the data made avallable from detdiled Investigation of Experimental Allergic Neuritis (EAN) In
guinea plgs. Specific problems such as dosagse, routes of injection and location of high lympho-
cyte (immune cell) concentration In diseased subjects have been examined. Moreaver, Informa-
tion obtained from these studles has led to the credibility of EAN as a laboratory model for
Gulllain-Barre or Idlopathic Polyneuritls, a human disease of peripheral nerves leading, usually. fo
acute tamporary Impalment of metor function. ’

059 Severe Disabling Polyneuritis of Unknown Cause:
The Development of a Research and Treatment Model

Principat investigator: Geoige H. Kraft, MD,

Status: Continulng

Dates: January 1972-December 1979

Cost: Annual §9,143 Projected Total $31,280
RT Annual $6,555 RT % of Annual Total 72%

Annual Report Refarence: #16, Page 353, R-19

OBJECTIVES: To explore the relationship between experimental allergle neuritis and Guiliain-Barre
polyneuritis andto investigate means of therapeutic managemeni uind prevention of the disease.

METHODOLOGY:
1. Exparmental allergic neurtis is Induced in guinea plgs by a single inlradermal injection Into front
lootpads of an emuision of peripheral nerve anfigen in combination with killed mycobacteria In oil,

an adiuvant which enhancas the immuns rasponss . -
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3. Further Information is made avaliable through the sacrifice of seiegfed animals for routine and
specialized histologic studies.

FINDINGS TO DATE: In experiments in the past year we showad that two electiodiagnostic technigues,
repetitive stimulation and examinaticn of late responses, which we had not previously used in
evaluating EAN could be used in monitoring the course of the dissase. There have been no
" pravious reports of late responses in EAN and we discovered what we feel representsan Rwave in

the tail nerva of the raf.
Thesa tachniques as well as our previously reported measurernents of nerve conduction velocity
will help to evaiuate changes in the pathophysiology of EAN under various disease treatments.
The late response of F wave reveals changes in more proximal portions of the peripheral nerve -
than can be measured by standard nerve cenduction velocity technigues. This will be very
impartant in the assessmant of animails with L4-csinca the pathologic changes in both EAN and
Guillein Bare syndrome are thought to begin iri the nerve roofs. d region too far proximal for
standard nerve conduction velocity techniques to detect. We nowhaveaway fo monitorthese
vary aarly changes. .

APPLICABILITY: As a result of this and other studies, Experimental Allergic Neuritls has gained a high degree
of credibllity as a close and genuine model for the human Gjillain-Bare syndiome. information
derived from this study, accessible to alarge number of physicians and specialists in rehabilitation
through presentations and publicalions, will be of use in freating the human disorder,

060 Mechanism and Treatment of Muscle Coniracture in
Disabling Diseases :

Principal Invesligalor: Waiter C. Slolov, M.D.

Status: Continuing

Dotes: C september 1971-Seplember 1980

Financial Date: Notreported In Progress Repori #456. Activity during 1977 was in parfcurialled

for a perlod of 4 months due to Insufficient funds to maintain salary of
research lechnologisl. This continuad well Infe 1978, and the last two months
In which the technologist was hired, there has only been sufficlent fime to
introduce this person to the problem. Thus an additional year has been
added to the study. . . .

Annual Report Reference: #16, Page 410, R-24

OBJECTIVES: To simultaneously determine total muscie length. individual fiber length, number of sarco-
reres, and length of tendon aponaurosis of insertion and origin in ret gastrocnemius and soleus
muscle in which clinical eentracture of nomal and denervated muscle Is produced.

METHODOLOGY: Fifteen adutt rats will be welightmatched and divided into 3 groups of 5. One group willbe
saciificed immediately to represent initial condition, one will be mmobilized via Plaster of Parls
cast and the third group will be sacrificed at 5 weeks. The calcaneous of all the muscles will be
separated from the feet, the gastrocnemius muscle will be separated from the soleus and the
soleus musclas will ba loaded with fitteen grams of passive tension. When the welghts are ioaded
on the anesthetized animal the length of the muscle will be fixed by a perfusion of the animal with
gluteraldehyde through the corta. The soleus muscle will bé dizsected out and frozen on mic-
rotome stages ond sectioned.

FINDINGS TO DATE: )
A lenreahitizetise centach rs as faras the whole batlv lendath was concemed was an arest of growth,
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Growth rates for belly length. origin and insertion oponeurases and length of muscle fiber and
sarcomere number weremore directly related to body welght and were the sametor all struciures.
immobilization confraciure, therefore, was largely growth arrest plus an absolute reduction in
Insertion aponeurases length with some increase In poteror muscle fiber length and hence dn
architectural rearangement.

APPLICABILITY: Mustle contracture secondary to positioning is best reversed by chronic positioning of the

muscle in the elongated posture. Tendon lengthening procedures should be very carefully consi-
dered in the face of muscle contracture. In all growing patients with condlitions productive of
confracture, meticulous perodic posturing of the offending muscies in the elongaied posture
should inhibit the development of confracture and subsequent loss of functional cbilily.

064 Motor Point Blocks Phase il
Principal Investigator: Barbara J. delateur, MD.
Startus: Continuing
Dates: July 1973-June 1978
Cost: Annual $2990 Projected Total 523,375
RT Apnual $2,990 RT % of Annudi Total 100%

Annual Repor Reference: #16, Page 419, R-92
OBJECTIVES:

1. To determine appropriate vollages for precise locdlization of motor neves:

2. To conelate lasion size with magnitude and duration of temperaiure;

3. Todetermine and Improve the accuracy of localization of the Iesion fof studying, histologica iy, the

charactar, evoiution, and duration of the lesion.

METHODOLOGY: The mofor end piates and small inframuseular nerves will be localized in guinea pigs. An

electrosurgical system suitably interfoced with probing needies will be utilized to deliver g low
output current to the moter polnts and small infrarmuscular nerves.
The animal is saciificed afler wo days to get good necrasis and inflammation. The gastrocnemius

- muscles are excised and placed In formaiin. The Holmes Nerve Fiber stain is used to detetmine

what the site and size of the darmage Is and whether ihe nerve itseif has been affected. A functional
test of damage totha live animal will natbe done atthis ime since these are acute lesions and any
damage seen might be due o soreness.

The lesion should be of the netve, leading to wallerian degeneration. and to atrophy (not hecrosis)
of the muscie.

FINDINGS TO DATE: From histology on the first two guinea pigs. it was concluded that 450C and 60 seconds

would be sufficient temperature and duratior of current to make a satisfactory lesion.

In the subsequent 8 animals. ohe lesion was made in each gastrecnemius muscle at points
which were most responsive to stimulation. The animals were saciificed and the muscles excisec,
after ct least two days, and seral sections were done fo determine the true extent of the lesion
and the proximity of the lesion to peripheral nenves.

The: lesions were friom 3 to 4 muscle fibers in thickness. It can therefore be concluded that the
lesion of contrallable size was produced. In spite of careful attempts at localization, no darmage-
ed nerve fibers were seen in the vicinity of the lesion.

Since This study has demeonstratad that the methads used will produce a lesion of controliaple
size, It Is proposed o use the radicfrequency lesion generator to control spasticity in hurman
subjects who have siable lesions.
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352 Gastrocnemius Muscle and Tendon Length in Normal
¢nd Stroke Patients
Prinzipal Investigator: Eugen M. Halar, MD.
Status: Continuing
Dates: December 1974-Decemnber 1578
Cost: Annual $10457 Projected Totai §27,264
RT Annugl $9.020 RT % of Annual Tolal 8é%
Annual Report Reference: #16, Page 427, R-104

OBJECTIVES: To develop a reliable technique that could aceuralaly megsure muscle belly and tendon

length changes during different active or passive ankle ranges of motion,
To determine whether loss of passive dorsiflexion in d stroke syndrome is due to a shortening of the
muscle belly, or of the fendon, or both,

METHODOLOGY:

1

2

3.

Human gastrecnamius muscle belly and tendon lengths will be determined through the use of
ultrasound echography ot several points on the leg.

Both normal subjects and stroke patients of varying age groups will be measured when their legs
are both passively dorsiflexed and relaxed. This will establish a tension length diagram.
Elasticity as a function of age will be measured through the determination of muscle belly and
tendon lengths at several passive tensions.

Ten consecutive measurernents of a single limb under g single passive tension will detemnine how
many scans should be made for any single subsaquent measurernant. A normal young adult group
(ages 20-30) and o nommat older group (ages 55-65) will ba compared for right-left leg variations
and age varigtions and will be matched according o lower limb lengih. ,

Fittean fo 20 patients having suffered unilateral stroke syndrome will receive prolonged passive
stretching and maasurernent of their right and left leg with the opposite serving as confrol, for 20
minutes, twice a day and lasting ¢ pefiod of 3-4 months. These patients will be compared te each
other and the normal group.

It was dacidss " 3 subjects, 30 nomnals and 30 stroke patients for the part of the study
reqarcling sk slongating properties of the gastrocnemius muscle. An additional 30
stroke patienis s tavted for the freatment of the gastrocnemius muscle contracture.

FINDINGS TO DATE. Innamvil ang hermiplegic subjects, only the gastrocnemius muscle bellyelongates or

shortens during ankle ROM. There was no statistical difference in elongation characteristics of
the muscle bellies between hemiplegic and nonaffected legs of the same patients, orbefween
spastic and flaccid gastrecnemius muscle, The above findings, in cormparison with thafinding of
g clinical contracture indicate that the patients ccetuaiyhad a functional rathar tha - structural
contracture. These findings also indicate that the spasticity 15 the cause of the reduction of
muscleresting length, but is not the cause of anintinsic muscie confracture, at least notin early
stroke syndrome patients,

Changes in both hemiplegic and nonhemiplegic gastrocnemius muscie bellies ore nonspecific
and most likely due 1o inactivity.

Age doas not influence passive elongation properties of a normal gostrocnemius muscle where-
as inactivity does appedr ta be a foctor.

The only difference between hemiplegic and nonaffected muscle bellies was found during
active and passive plantarflexion. At the beginning of passive oractive plantar flexion, the hermi-
plegic foot is dreadly in plantar flexion and total ROM is therefore recluced.

Spastic muscle belly shows smaller length changes and ROM with minimum passive tension.
and relatively large ROM and muscle belly changes with rmaximum passive tersion, though the

_ total ROM and muscle belly change was found to be the sarme in hemiplegic and nonhermi-
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leads one fo believe that much of the conservative and surgical freatment is done on an emplrical
basis. Knowledge about the basic machanisi of how livi: muscle becomes pemanently shor-
tened if not used would enlighter: our conservative and surgical freatment of joint confractures.

063 Footwear and Posture: Phases |-V

Principal investigator: Barbara J. delateur, M.D.

Status: Continuing

Dales: June 1974-October 1978

Cost: Annual 532417 Projected Total 537,842

RT Annual 528,994 RT % of Annual Total 89%

Annual Report Reference: #46, Page 149, R-107

OBJECTIVES:

Phase I: To study quantitavely what effect tha heel height of footwear has on the lumbar lordosis when
subjects are standing.

‘Phasa I To stugly quantitatively what effect the heel height of footwear has on the lurmbar lordosis, the

7 hip, and knee, when subjects are walking. )

Phasa il To determnine the short-lemn effects of heeal haight upon the angles between the bones of the
foot (especially the longitudinal arch),

Phase IV:  To determine long-temn bereficial or detiimental effects of negative heel footwear upon the
feet and back.

Phase V: To determirie metabelic demands of differant types of footwear.

METHODOLOGY:

Phase I Polaroid photographs were taken with subjects in bare feet, low heels, and earthshoes [men):

or bare feet. high heels, and earth shoes (men); or bare fest. high heels, and earth shoes
{women).
Lateral pholographs were repeated five fimes in each position and the average intesecting
angles and the standard deviation made. Kottke landmarks on the anterior superior liac spine
and posterior superior llac spine were placed and a tape draiwn bstween those londmarks.
To that line a perpandicular was dropped to the greater rochanter, Also, atope was placed
connecting the Iateral epicondyle of the femur with the greater frochanter. The fhs e angle
of the hip was measured and recorded. This served as an orenting landmc s £ the photo-
graphy, 1o aid in reproducibility of the method.

Phase Ii: Electrogoniometry will be used to measure the angles of the low back, the higs, knees and
ankles instanianeously throughout the gait cycle with subjects in bare feet (providing the
nermative data). negative heels, and positive heels of various heights,

Phase il Subjects with normal or hypermobile fiat fest will have cineradiographic films made of their
feat as they walk on the treadmill in bare feet, negative-heel and positive-hee! footwear.
These motion-picture X-Rays pemit statistical analysis of the angles between thebones of the
feet ot all phases of the QEIT cycle of nomal and flat feet i the various footwear to determine
"whether the long arch is “levered ocpen” in negative foofwear,

Phase IV: A simple questionnaire regarding type of shoes wom most of the time ond presence or
absence of back pain and/or footpain is filled out by telephone. Subjects are telephoned
aveary six months for a minimum of fwo years.

Phase V: Oxygen consumption studies will be made of subjects in bare feet, négcﬂlve -heel shoes,

low-heeled shoes of comparable weight. and high heeled shoes, ot varying level speeds,
and with varying inclines on the freadmill.

FINDINGS TO DATE: The new "axoskeleton” sefup has been built 1o measure hip, knee and ankle angles.
This riew system, developed by the University of California at Berkeley, it being used togetherwith
R1-3's back-angle measurement device. Two pilot subjects have been nun and the first of six

avewfimental cubiacte hrme Mles haon n s Tha cuetam je emlf slimeine amed mam s meemsilad b st mes s
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APPLICABILITY: Mechanlcal o postural iow back pain s associated with bad posture — mainly increased

lumbair lordosts, High heels are said fo increase this lumbar lordosis and oggravate such low back
pain (although the putlished studies do not fully document this). Negative heal shoes, on the other
hand. have a flat heel and are raised in the front. thus are said to improve the posture, so claimthe
manufaciurers of the shoes. If negative heel shoes decrease the lumbar lordosis, they might be
able to help postural low back pain,
Consumers of the results will be very widespread. A large number of students are wearing negative
heel shoes. Untii the results of Phases 1, lll, and V are in, no specific recommendctions willbe made,
The results of this study will result in Clearer concepts of use to the practicing phvsiatrist. orthopedic
surgeon, and genera: . ractitioner of the effects of shee-wearing on mechanical low back pain,

064 Conirol of Spasticity with EMG Biofeedback in the
Incomplete Spinai Cord Injured Patient

Princ =i Investigator: Jeffrey C. Steger, Ph.D.

Status: Continuing

Dates: Apill 1975-April 1979

Cost: Annual $11,500 Projected Total $25,000
RT Annual 510,925 RT % of Annual Total 95%

Annuc! Report Relerence: #44, Page 257, R-119

OBJECTIVES: To determine the efficacy of surface electrode EMG feadback for decreasing spaosticity in
incomplete spinal cord lesions (where control may be possible).

METHODOLOGY: The effects of biofeedback will be determined by A. Menitoring surface EMG activity near
the site of the spasm and providing visual or auditory feedback designed fo enhance increased
ruscle relaxation in that area. B. Measuring spasticity (mean clonic frequency assessed in a
standordized procedure —see methods) before and affer feedback training to evaluate the
extent of Its change associated with decraased surface level EMG activity, C. Examining personal-
ity characteristics and mood before and cifter feedback fraining to determine the psychological
impact of leaming this se! confrol procedure. D. Correlating changes in mood and personality
characteristics with oblective changes in EMG readings. spasticity change scores, subjective
ratings of spasticity by the patient. and objective changes in range of motion, ADL capabilities,
and activity levels.

FINDINGS TO DATE: While awaiting delivery of equipment, assessment fools and specific techniques for
measuring spasticity have been refined. Pilot trigls have been performed with a stabilimeter
which straps onto a limb and measures jiggling. Initial review of pilof data suggest that this
method covaries reliably with megsures of surface level EMG activity in the quadriceps and
gastrocnemius during spasms. These impressions need tobe studiad overactual freatment trials
before their authenticity can be affirmed.

APPLICABILITY: This research may be of real benefit for spinal cord injured who suffer from the secondary
disability of spasticity. Spasticity frequently interferes with transfer ability and ability to concentrate
on werk tasks therefore interrupting vocational and educctional goals. and plans. Frequently, the
only method available fo control the frequent spasms in the legs is heavy medication which causes
loss of clarness. A simple reatment fechnique such as thisone, if effective. might be most helpful in
helping spina! cord clients retum 1o work.

065 Rehabilitation Indicators: A Method for
Enhancing Accountability

Principatl Investigator: wilbert E. Fordyce, Ph.D,
Status: Conlinuing
Dates: October 1974-October 1979
Cost: Annual 53,392 Projected Total $750,000
RT Annual $862 RT % of Annuai Tolal 25%
Annual Report Relarence: #46, Paoge 458, R-125
81
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OBJECTIVES: To develop a set of multi-dimensional (ADL. Vocaticnal, Social) rehabilitation indicators that

will be applicable to a broad range of disabilities (physical, sensory. MR, psychiatric), and in
many fypes of seflings (VR. medical rehab, VA, shellered workshops. etc.).

To enhance accounting for the multi-phasic nature of rehabilitation services by developing
indicators that can be used at varous points in lime.

METHODOLOGY: Rehabilitation indicators will be developed by each of three factor relevant task forces

{(ADL. vocational. Social) that meet the following criteria:

. Items are to be behavioral descriptors, and
Relevant to godils of clients and rehabvilitation settings, and
Graded. scalable and potentiaily measurabie, and
Potentially modifiable (behaviors have ‘range’). and
Generalizable across sets of clients, not idiosyncratic.
The placement of each item must be defined within the hierarchy of the branching system.
g. The behavior described by ihe item must be consistent and reproducible.
Rehabilitation indlicators may be used fo davelop client profiles, from which a weighting systemn
may be derived. This proposed weighting system would assist in defining severity of disability
functionally and also in helping to develop a weighted closure system.
The developmental phase of the Rehabillitation indicators project is in itsfinal stages. Two indicator
Sets, Social/Leisure and ADL-Mobility, have been completed. The former has been receiving
extensive field testing within RT-3 during the past year. Two additional sets, Vocational, and
Environmental Status Indicators, are nearing comgietion.

-0 00 00

FINDINGS TO DATE: Progress regarding the overall prei-=t will be reported from RT-1. Progress with respect

to the development and testing the Act indicator instrument will be described ds it has
occured primarly in RT-3,

In the past vear, the Activity Form has been administered to 188 subjects who are either chronic
pain patients or spouses of such patients. An additional set of stroks patients (48) and spouses
of stroke patients (40) have also been administered the form. Those data have been key-
punched and are in the computer. Preliminary inspection of the results indicates the form dis-
criminates reliably between, for example, male pain patients and their female spouses, male
from fernale pain patients, and male from femals ;pouses in regard to frequency and/or time
distributions of @ number of common daily activities (e.g. homernaking. resting/napping, visits
by relatives, home maintenance and repairs). Differences between stroke and chronic pain
patients are even more striking.

4 more dstailed evaluation is underway of thase preliminary “field festing” findings.

APPLICABILITY: The product of this project will be responsive to the increasing demand for accountability,

demand based within federal mandates, third party payers, consumer groups and individual
cliants.

The product will be relevant fo providers of services in meeting the demand, in that present
accounting systems are inadequate in justly describing input, process and outcomes of rehabilita-
tion.

066 Quadriceps Pacing, Phase Ili: Relative Effects of
Dynamic and Static Exercise Programs on Maximal
Isometric Strength and Mofor Unit Syrichrony
Prinicpal Investigator: Barbara J, delateur, MD. -
Status: Conlinuirg
Dates: July 1977-:=tlober 1978
Cost: Annual $35573 Projected Total $42,500
RT Annuci $31,693 RT % of Annual Total 89%
Annual Report Reference: #16, Page 438, R126

QBJECTIVES: The first objectiva is to compare the increase of static strength resulting from different train-

ing conditions. L .

a2
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. @ fatiguing task, mixed (dynamic with a hold) versus ~2 exercise

a fatiguing task, mixed, versus a nonfatiguing (paced) dynamic fask «f 2qual mechanical work
o fatiguing task. mixed. versus a fatiguing static task (decay of iensan 10 80% of initial force)
fwo fatiguing static tasks (decay of tension to 80% of initiai force versus decowv of tension to 20% of

initial force)

o o

a fatiguing pure dynamic task versus no exercise
a nonfatiguing brief maximal static force versus no exarcise

A second objective is to compare the effects of the above types of exercise on the synchrony of
motor-unit fiing, and to establish whetherthereis acorrelation between thg increasesin rmuscle
strength with the increases in synchrony.

METHODOLOGY: Thirty subjects will be randomly seiected froma population of healthy, sedentary yourg

adult males. Subjects will be chosen who are not in an active physical training program.

At the beginning of the study and every two weeks thereafter for twelve weeks. the maximal
isometric force of each quadricaps will be measured on a strain gauge. Subjects will be divided
into six groups of five and will perform the tasks listed above, Since subjectiare asiipNed randorm-
ly from a relatively homogenous group, this should eliminate major initial gitferences between
groups. However, the most consenvative comparisonsare from leg toleg within the groups. These
latter will be the principal base for comparison.

The dependent variab's in ail cases is the rate of change of maximal isometric foice and the
rate of change in the syrchronization ratio. Maximal isomedtric force on both sides will be measur-
ed at 90, 60 and 15° flexion on days 1, 11, 21, 31,41,51, 56, 57, 58,5%9.and &0, Thisisevery ten days
sessions during training and on the final five days when there is no training. Motor unit synchrony
will be measured on days 1, 28 and 55 (the beginning. midpeint and end of fraining).

FINDINGS TO DATE: Six subjects have completed this study and fourfeen more dfe now participating, Ths

APPHCABILITY: The single Itjrgésf amou . ¥

data collected so for do not suggest large increases in muscle strength 0s a result of the training
programs of groups 1-5 (no subjects in group 6 have completed the stugy yet ). However, the
significance of any changes ca.  * be assessed until all subjects have completed the study
and analyses of variance aré d:

: in any spinal cord injured pdtient's rehabilitation pro-
gram is spent on strengthening uxercise, with the intent of giving patients not only strength but
also ksills they need for their daily living demar

it is not known whether there is any exercise program with applicabllity to ol the tasks required of
spinal cord injured patients. There is evidence in the literature both for some degree of specificity
and some degree of inferchangeability in exercise programs. Curent prectice is fo prescribe
dynamic exercise (high forces or low) os if it were universally applicable. In order for the patient
1o leam most efficiently to perform given tasks, it would be useful to know how specific a given
exercise program is; ot the same time training for each and every task wouyld be expensive and
time eonsuming. The information leamed from this study will help the physiatrist to prescribe the
most effective type of exercise.

067 Functional Distinction Between Neural Systems Involved

in the Disabilities of Parkinson’s Disease
Principal Invasligator: Marjorie E. Anderson, Ph.D.
Slatus: Continuing
Dates: October 1976-5eplember 1979
Coast: Annual $8,803 pProjected Yolqgl $25,3464

RT Annual $8,803 RT % of Anpual Tolal 100%

Annual Report Refarence: #46, Page 378, R-127

OBJECTIVES: To determnine the tonic filng pattem of antidromicolly- -identified nigro- 5tn<:hjl and nig-
g

rothalamic neurons during active postural stabititation in awake monkeys. The hypothesis is that
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nigrothalamic neurons wili show a regulartonic firing pattern in this paradigm and that nigrestriatal
neurons will show apattem that is sufficlently distinet such that they can be identified on the basis of
this pattem.

METHODOLOGY: Juvenile monkeys (Mmulaita or M.fascicularis) will be trained to maintain a stable head
position, in which a light beam from an overhead source is reflected by a skull-mounted dental
mirror into an cverhead photo-detector cell. Maintenance of this position for the reguired number
of seéconds resulfs in delivety of an applesauce reward from atube mounted in front of the animai.
and colored signal lights and presence orabsence of a tone indicate “on® vs. "off* position to the
animal. The animal’s food intake outside the training time is reduced during Inftial \‘ralnmg butheis
not allowed to go below 80% initial body weight at cny time. and afteriritial tralning, is fed enough
to Insure @ nomal growth rate for these immature animals,

At alater time, using a technique adopted by others (D. Bowden, E. Fetz) af the Regional Primate
Center and satisfactorily tried by us in one prelirrinory monkey, stimulating electrodes can be
positioned in an awake, behaving animal during recording from the siucture under study. Thiskind
of arangement will be used to allow optimum positioning of electiodes for antidromic excitation
of thalamic-projecting nigral neurons from VAmc and VLm, and of nigrostriatal fibvers, as they
coursa dorsalaterally in the vicinity of the sub-thalamic nucleus and along the medical border of
the intemal globus pallidus.
The activity of single neurons in the substantia nigra will be recorded with electrolvtically-
sharpened tungstan electrodes, insulalted except at the tips, which dre covered with elecholyli-
cdlly depasited iron particles to improve recoiding characteristics, The reccrding electrode is
back-fed into g stetile hypodermic cannula, which is inserted through ¢ c:r::hbrufed R-O adapter,
penetrates the silastic and durcy, and extends to a position approximately 5-8mm. above the
substantia nigra. The elecirods Is advanced through the cannula with a hydraulic mic-
romanipulator, and the fonic aclivity of all isolatabsle units expected to be in the vicinity of the
substantia nigra is recorded. Following acquisition of data during 1-2 minutes of stable, on-target
behaviar, a unit will ba tested for antidromic activation from sach of the stimulating electrodes
described above. Criterla for antidromic activation will be:
(1) abllity to respond faithfully to =.3ch stimulus in a train of 5 stimull delivered at 500/sec.
(2) constant latency, using just supra-threshold stimulus intensities, and
(37 collision with “spontaneous” action potentials, such that fallures will occurif the fime between
the “spontanecus” potentlal and the stimulus is lass than the evoked potentia! iatency plus the
refractory period. Threshold sﬂmulus intensities will be determined for agch slectrode and
used to assess the probability ¢ stirmulus Sprec::d to the other (nigrothalamic or nigrostriatul)
system,
Amplified neuronal t:;c:ﬁvity,, iha output of g stimulus intensity monitor, and logic pulses Inaicating
feader delivery and “on"” vs. “off” head position will be recorded on tape with an Ampex 1800 L
analog record. Small electrolyviic lesions and deposits of the plated Iron paricles will be made at
known electrode tip depths relative o the top of the microdrive adapter in several fracks, 1o allow
Iater reconstruction of recording positions for all neurons.
Following experirnental procedures, animals will be anesthetized deeply with sodium pentobarbi-
tal and perfused with saline and formalin, The brain will be removed and fixed, frozen sections will
be cut and stained with cresy! violet and with potassium ferrocyanide to elicit the Prussian biue
reaction with the deposited Iron particles. Recording positions will be reconstructed by reference
to ldentified lesion-lron marks made at known positions and mapped on a standardized set of
sections,
Firing pattems of neurons will be described in temmns of interspike interval analysis dona off-iine with
taped data using existing programs for the Honeywell DDP 516 computer.
Thisstudy will require 2-4 monkeys, depenciing on whether or not data can be collected bilatarally.

FINDINGSTO DATE: This project was initiated on the basis of preliminary data gathered on two monkeys and
prasented at the Neuroscience meetings. In addition to completing the analysis of those dataq,
during the fiva months we have traineg rnother monkey and surgically implanted the chamber
and stimulating platform, so that ha is now reGdy for recerding, )

To summarize our preliminary data to date, we have found neurons in the substantia nigra that
exhibit two baslc types of fiing pattems when the animal actively maintalns a stable head position.
All of those clearly located in the pars reticulata region of the substantia nigra (N=21) had regular,
high frequency discharge patterns, similar to those reported previously for globus pallidus neurons.
The pars compacta region of the substantia nigra, which Is smaller and interdigitates with pars
- reticulata, contains cells of nigrostriatal system and included some meurons with this high fre-
quency, tonic discharge, as well as cthers with a slow frequency burst pattemn. Inthe initial cnimals
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we did not have an adequate set-up to stimulaie these cells antidromically, but the data to date
would indicate that the nigrothalamic cells probably do have the tonic high fraquency pattem
and that the pattem for the nigrostriatal neurons may or may not be of the burst type, ’
Data from the Iast animal supgport those gathered from the first two. That is, there are fwo general
types of firing pattarns recorded from substantio nigra neurcns. a tonic high frequency pattern
and burst pattern. Wae did succeed in firing a few neurons antidromically from our stimulating
slectrodes near the caudate nucleus, and the few fired seemed to have an Irregular tonic
pattern. This is consistent with our hypothesis that the nigro-striatal neurons can be distinguished
from the nigrothalamic neurons, which we hypothesized would have regular high frequency
discharge. However, due to fechrical problenis, we have not yet fired enough neurons anti-
dromically to be confident that this difference is consistent

AFPLICABILITY: Pakinsonian patients would benefit from therapy based on an improved understanding of
how fhe basal ganglia operate in assuring appropriate motor confrol.

068 Modification of Speech Patterns of Normal and Dysarthric
Speakers as a Function of Four Rate Control Strategies

Principal Investigaior. David R. Beukelmen, Ph.D.
Status: Continuing
Dates: December 1976-December 1978 Ce
Cost: Annual $10,748 Projected Tofal $22,224
RT Annuai $10,748 RT % of Arnual Total 100%
Annual Report Reference: #44, Page 278, R-128

OBJECTIVES: The objectives of this study are to determine the durational. intonational, and siress paftern
changes of nomal and dysarthric speakers, who are instrucied to control their speaking raie
througt *ur shrategies (1) external pace stimulus provided by the experimenter (2) concurrent
exemal pace stirmulus provided by the speaker (3) momentary pause between each word and (4)
completion of an utterance within an allotted time. The relationship between speech intalligibility
of dysarhric smeckers and rale control strategies will be studied,

METHODOLOGY:

1. Normal adult speakers and dysarthric spacikers, who speak with less than nomal infelligibility, will
be ircluded in this study. Ten normal spackers will be included In the first ohase of the study, and
twenty dysarthric speakers in the categories of ataxic dysarthria and hypokinetic dysarthria will be
included in the second phase of the study.

2. Duiing the fi=st phase of the stucly 2ach speaker will be audio recorded as he produces foursample
sentences under one control and four expenmental conditions. During the control recording session
the speakers will be instructed to read sentences in their habitual conversational manrsr. The
criterion rates under each experimental task will be 60 words per minute, 100 words per minufe, and
140 words per minute. During each cf the experimental recording sessions, the speakers wii! be
instructed fo control their rate according to one of the specific rate control strategies listed under
the objective section of this proposal, (1) Extemal pace stimulus (2) Concurrent extemal pace
stimulus provided by the experiinenter (3) Momentary Pause (4) Time Alisiment. Speakers
will be permnitted to practice various speaking rates with material other than the target material of
the stucly. When they are speaking at criteilon rates, the target sentences will be presented and
recorded. Each of the four experimantal recording sessions will occur on a different day. so that the
leaming effects on the speaking - fformance of the subjects will be reduced. The order of the
speaking rates under each experimental conditions will be randomly selected.

Speech samples will be selected such that each potentiaily will inciude a unigue stress or infona-
tion pattem. Stress and inlonation pattems planned are (1) primary stress first word of sentence (2)
primary stress last word of sentence (3} sharp raising Infonation last word of sentence and (4)
gradual rising intonational pattem throughout the sentence:.,

All speech samples will be recorded on an audio tape recorder, with the microphone placed 10
anterior to the lips of each speaker. The primary acoustic analysis will be completed by an
experimental program on a FDP 11 computer. This prograr: simultanecusv analyzes fundamental
frequency (plich). intensity (loudness}, and the durational aspects of spessch and silence during an
utterance. From these data that following observations will be taken. (1) Speaking rate, (2) percen-
tage of total utterance fime giver to pauses, (3) percentage of fotal utterance fime given fo
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articulation, (4) description of the fundamental frequency (infonction) contour and (5) description
of the loudness contour.

3. Phase two of the study which includes dy:arthric speakers from the ataxia and the hypokinetic
grour:: will be very similar fo phase 1 with the following exceptions: (1) the rate conditions (40, 100,
140 words per minute) may not be required of all patients. An attempt will be made to have the
dysarthric person speak at as many of thasa rates asis possible. Also, they will be asked to speak at
approximately 60 and 40 percent of their conversational rate. Aiso (2) the speech intelligibility of
sach dysarthric speaker for each sentence recordad will be judged on the 7 point scale. The tapes
will be rafed by three judges. .

4. The entire tapes of two normal speakers, two ataxic and two hypokinetic dysarthric speakers will be
acousfically analyzed a second time for reliability purposes. The tapes of two ataxic and two
hypokinetic dysarthric speakers will be rated for intelligibility a second time for reliabiiity purposes.

FINDINGS TO DATE: Data have been collected from 6 normal speakers and 3 dysarthric speakers. Soffwear
changes have made the pitch analysis program urreliable for much of the past vear. Additional
equipmeant is on order which will permit more occurate durational measulements.

APPLICAEBILITY: The freatment plan of most dysarthric patients include a medification of speech rate,
although many authors recommend that the speech rate of cerain dvsarhric speakers be
reduced. and some authors suggest strategies to achieve thls pursose. Information about the
effectiveness of this strategy has not been delemmined. The information gatheredin thisstudy wiilbe
used extensively to select traatment strategies designed to madify the speoking rate of dysadhric
speakers.

069 Respiratory Function of Quadriplegic Individuals: Influenced
by Glossophdaryngeal Breathing Training and Periodic
Long-Term Follow-Up*

Principal Investigator: Rosemarian Berni, R.N., M.N.
Status: Continuing
Dates: Dacember 1976-December 1979
Cost: Annual 59,332 Projects:? Tous (24
RT Annual 58 412 RT % of Anmson ‘gt 90
Annual Report Reference: #16, Page 285, R-130

*For the purpose of closer coordination two approved projects have been combined, namely: [nfluence of
Lesion Level. Time of Onset, and Glossopharyngeal Breathing Treatment on Vital Capacity Measurernent of
Quadriplegic Patients and Pericdic Evaludation of the Respiratory Function of Discharged Guadriplegic
Patients.

OBJECTIVES:

1. To compare assisted (with GPB) and unassisted vital capacity measurements generated by
quadriplegic patient spinal cord injuries at C4-5, C5-6 and C6-7 raspectivaly.

2. To compare change in unassisted vital capacity measurements which occur as one group of
quadriplegic patients receives GPB freatment and another gioup of quadriplegic patients re-
celves no freatment.

3. To compare assisted and unassisted vital capacity measures taken auring long-term follow-up,

4. To describe personal respiratory maintenance program after discharge.

METHODOLOGY: All subjects included in this study will be classified as Quadriplegic due to functionally
complete cervical cord lesions. No subject with known respiratory impaiment other than related to
quadriplegia wiill be included. 20 subjects will be included in Group 1 ~ GPB freaiment and 20
subjects will be Included in Greup 2 ~ non-GPB treatrnant! will be matched according to a) sex
bj) time since onset c) age and d) height.

GPB freatment will be delivered once daily for 20 minutes fo subjects included In Group 1. Assisted
vitai capacity measurements and unassisted vital capacity maasurements (the maximum mea-
surement during 3 trials) will be taken once weekly from the patients in the treatrmernit group.
Unassisted vital capacity-measurements will be taken once weekly from the control group. All
measuremnents will be taken In the supine position, since data collection will begin beforesemeof
the subjects are able fo sit. Glossopharyngea! breathing treatment will be ferminated for subjects
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inthe treatment group when the assisted vital capacify measurernent does not imp rove more than
50 ¢ during a 2 week time period. Data will be collected from each contrel subject during d time
inferval equal to that spent by his matched freatment subject in the glossopharyngeal breathing
tregiment program.

Following discharge from the Rehabilitation program assisted and unassisted vital capacity
measurements will be taken at 3 month intervals. At each interval, the quadriplegic person will be
asked to answer a questionnaire designed to explore his respiratory maintenance program. The
follow-up data wlill be taken by a registered nurse, who will be trained by the pirnary treatment
staff to reliably measure (.95) assisted and unassisted vital capacity.

Those patients In the study population who continue the raspiration maintenance program and
those who fall to continue the program will be followed affer discharge from the hospilcl

The rehabilitation nurse will obtain respiratory measurements with the subjects inrecumbent and
sitting positions. The best eizoit the patient obtains in any testing series is the value used for vital
capacity. 7

The medn of fen consecutive tidal breaths will be utilized for the measurement of tidal volume.
During the review of this project when it was initially proposed. the question was rgised why o
speech pathologist was involved in this study. At University of Washington Hospifa! glos-
sopharyngeal breathing techniques are taught to quadriplegic patients by the speech pathology
staff.

'Quadriplegic patients included in the control group will receive GPB freatment prior to their
release from the hospital, however, the initiation of their study will be delayed until data s collected
for the present study.

FINDINGS TO DATE: Thileen quadriplegic persons have completed the glossopharyngeal breathing

treatrment program and the inpatient data have been completely collected from these subjects,
The followup data is taken by a registered nurse trained by the primary treatment staff to raliably
measure (.95) assisted and unassisted vital capacity, Unfortunately two respirométers were
defective. The delay has resulted in data from one patient; the nurse is in the field testing
additional patients now.

APF‘LIQASILITY: The results of * - sizidy will assist members of the rehabilitation ieam as they segk and select

training piocedures designated to increase respiratory capacity of quadriplegic patients with
various time of onsat and various lesion levels,

Expected consumers’ use of findines

Batter respiratory maintarc:.

Better ovarali body sysiam fui.uion,

Better potential for employment,

Befter opportunity fo prevent physiological and psychological detferforation and increased
cost to the consurmer or the axpayer.

0 oo

070 Measurement of Musculature Bilood Fow Induced by
Microwave Diathermy

Prircipal Investigator: Justus F. Lehmann, MD.

Status: Continuing

Dates: August 1976-August 1980

Cost: Annual $26,102 Projecied Total $77 645

RT Annual 522,778 RT % of Annuai Tolal 87%
Annual Report Relerence: #1446, Page 107, R-131

OBJECTIVES: To ascertain the quantitative relationship between doses of microwave diathemy and deep

musculature blood flow Increqse and rate charge.

METHODOLOGY: The utllization of clearancs raie of radioisotopes from tissue beds as an incax of their

blood flow has long been done both clinically and experimentally. In the present study the
wash-out of injected Xe'® a method particularly usefulinthe measurement of skeletal muscle
blood flow 2, 3, 4, 5, will be smployed using the humaathigh for the diath- 7 paradigm. The
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geometrical dispersion of the injectad- %e'¥? depotwill I:e imaged by means of agamma ray
camera interfaced with an on-lina computer having disk memory allowing replay of the depot
clegrance event and separate analysis of difierent regions of interest in time and space. The
wash-out image coupled with the measurernent of the radicactive clearance by means of
scintillation counter will give a quantitative picture of the thigh blood periusion rafed. In addition,
the microwave diathermy process comprising both the absorbed energy distribution and the
responding blood flow field will be modeled with a finite element digital computer thermal
analyzer to define the range of most probable models describing the physiclogic respense of
the thigh fo this process. This computer model will consolidate information from a) previous
and ongoing fissue substitute model energy deposition experiments,  b) transient human
thigh temperature data obtained in vive during diathermy aoplication, ¢) anatomical de-
tails regarding the thigh's geometrical distortion under the weight of the direct contact diathermy
applicator; those details optained from cadaver thigh specimiensand d)the aforementioned
Xenon blood clegrance experments,

FERIMENTAL FROCEDURES

Preliminary Sessions:

Prior to the actual isotope wash-out experiments, the experimental subjacts are to be familiarized
with the general procedures to be followed during the experiments. In addition, X-rays of both
raighs fromn the Iateral aspect will be taken to determine the anatomical dimensions re'~vant to
fhe thigh digthermy problem; i.e. thickness of the anterior layer of fat, location of the femur selative
to the anferior thigh surface and the distortion of the thigh profile (Qgain due to the weight of the
diathermy applicator and the seated posture of thea subject) are to be measured. This session will
Icist approximately 30 minutes per subject, .

. Bleod Flow Experiments:

The blood flow measurements will be performed under a variety of conditions and as such the
overal; study is divided into the following eight experiments. Each injection of the isotopic Xenon
solution (Saline and Xe'? ) will be performed with w very fine hypodermic neadlls (27-31 gauge)
and the volume will, in each case. be 0.1 mi, with a radioctivity (specific ci. roxirnQtely
1 mitlizurle per cc. All measurement sassionswill be preceded by g 'E“ﬂ = - & sbject
will be recumbent and rested comfartably for a period of 30 rmnu

Exp. 1. praliminary Xe133 Washout Measurements

Injection of the radioizotope will be perfformed ot a depth of 1.5 cmin the UL, nird of the aiterior
cjspa:t af E:c:srh resnng thlgh; with the subjecf supme Both legs will be monitared fOFISOiQ;}é wash-
of fhe k:g plorfed count rate vs. hma) of these nﬁsfmments will yxeld the IQZGI value of blc:‘@d flow
rate at the raspective sites of injection. The clearance rate will be monitored to determine e time
period over which a significant gamma ray count can be detected (not to exceed or:e hour).
One or two deaper injaction depots will also be employed in identical experiments i ascertnin
the effect of tissue artenuction on the maximum useful (L.e. measureable) wash-out period.
Exp. 2. Xe133 Washout with Diathermy Heating and Air Cooling

Tnis experiMent is identical to the preceding Exp. 1 with the following exception: after approxi-
mately 15 minutes of imaging/counting the thigh under the camera will be cooled forfive minutas
(with the camera removed) with an air-cooled direct contact diathermy applicator and sub-
sequently heated with this device (with concurrent cooling ) for 20 to 30 minutes or until such time
that subject discomfort warrants cessation of heating. Immediately after this diathermy applica-
tion the gamma camera will be repositioned over the thigh and the wash-out site monitored for
blood flow Os long as it remains measureable. The opposite thigh will be continuously and simul-
taneously observed by scintillation probe during the entire experiment to provide a contiol
measurgment as well as an oppoartunity to study the countralateral perfusion effects of diatharmy
pefformed on the opposite limb,

Exp. 3. Washout with Diathermy Heating Cnly

This part is identical to the methods sed in Exp. 2 except that no pre-cooling of cocling during
diathermy opplication will be done.

Exp. 4. Washout with Coolrg-Only

This experiment is identical fo Fxp. 2 except that there will be no herting phase.
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Exp 5. simullanecus Megcsuremont of Bi=n o “avw ard Tissus Teinp=aiures
The In vivo measurement of the ter-eraiun, sl ouhon inasutiset's hdga il be done by means
of ternparatura sensars (thermistors) rounied onthe s of it 5 1 yhyrodermic reedles which
will be insarted laterally into the thigh such thal ihe senses s undenie the centering of tre diathemny
applicator at varying depths in the tissue. Four tw «ix of thasa sensors will pe positionadwith the aid
of X-ray examination so that the sites of femparctuns miseurement are known. All such experi-
rments erploying invasive temperature probesinvolva ths irmplantation of such probesin onlyone
thigh o wach subject. Prior to insertion of these rempaicature probes Xe'*? solution depots will be
injected in both thighs as described in Exp. 1: tha sulbsequent wash-ouf will be meusured periodi-
cally to determine the effect of the probes or: the tigh blood perfusion field.
Exp. 6. Blood Flow and Temperature Measurement with Diathermy Healing and Cooling
This experiment employs the methods described in ports 2 and 5 concumeritly in order fo gauge
the effect of diathermy heating and cooling on the simulfaneous bloed flow and temperature
fields underlying the diathermy applicator. This method will provide a significarit advantage over
the previous experiments in that the observed temperature levels will provide a means by which
the scintiliation countsr(s) can be pasitioned forwash-out determinations at moments of particu-
lar interest in the diathermic blood flow response: for example. at the moment of peak flow. This
methad will also provide a means of investigating whether or riot the microwave diathermy
process can be utilized to averride the cooling effect of auwyirented blood flow and thereby
ostablish the feasibility of controlling the tissue temperatures such that they are maintained in the
“therapeutic range.”
Exp. 7. Blood Flow and Temperature Megsurement with Heating Only
The methods of Exp.’s 3 and £ will be combined fo study the effect of heating only or femperature
and perfusion rates.
Exp. 8. Blood Flow and Temperature Maasurement with Cooling Only
The mathads of Exp.’s 4 anu & ill be combined to study the effect of cooling on temperature and
perfusion rates.

1. INSTRUMENTATION AND MATERIALS

A. A dual probe. Nal crystal scintillation counter will be used to measure tissue gamma ray emission
levels which are proportional to the concentration of Xe'® at the injection depot. These measure-
ments vield local blood flow rates.

B. A high resolution, circular field gamma ray camera and companion imaging system will be used
to image and court Xe'? wash-oul in the thigh. This system is connected fo a disk memory on-
line computer as p zviously described,

C. A 915 Mhz air-cooled direct contact diathermy apptcator that has been designed and tested in
Dur Iabc:rgfow wuli t:e used to heaf the fhigh‘ A ?15 Mhi General Elecfric Magﬁéﬁan hcs been

power Ievel used in fhe expenmams will L:e approx!mctely dD Wt:ﬁs nef The dmgc:f ::onfc:;cf c;p;:l‘
cator has a eold air supply/pump system that permits the operator to select and maintain the
desired tempaioture and flow rate of cooling air. This air systern s also instrumented to continuous-
ly show the siative humidity of the air stream.,

. A CDC 6400 Digital Computing System and c heat trangiar thermal analyzer prc:grcrﬂ developed
in conjunction with the University of Washington Department of Mechanical Engineering will be
employed in the computer modeling of the thigh diathermy process.

E. Radioisotope: Xenon 133,a veryweak-emitting, low energy (gamma ray ) radivisotope which has
been safely and routinely used for years in clinical and experiméntal blood flow and volume
measurements will be injected in saline solution at specific activity levels of approximately 1 milli-
curie/cc. It will be injected into the quadriceps through very thin (27-31 gouge) hypodermic
needies, too small to cause significant bleeding. The haif-life of this isotope is 5% days, though the
Xe'3 expelled from the body in a matter of minutes through the lungs.

[w)

FINDINGS TO DATE: All of the necessary preliminary groundwork has been done; the personnel and
equipmeant have been assembled, the latter with the necessary modiifications made. All of the
reguirernents have been met to satisfy the University's Human Subjects Review Committee and
the Radiation Sofety Committee. -

89

A untoxt provided by enic Y




Q

ERIC

University of Washington

The original protocol has been modified; Xe'™ will replace ' as the radicisotope of choice,
This is because Xe'" is easier fo work with and is safer for human subjects. In addition, the pre-
viously unavailable garmma ray imaging system has permitted o more sophisticated analysis of
of the isotops wash-out phenomenon than originally proposed.

The synthetic tissue and computer modeling aspects of the diathermy problem have received
much alfertcn in the past year. Rigorous heat transfer experiments on the tissue substitute
model surrogiate tissue materials have been performed and the resulting material properties are
being reported in the literature. As a result of these findings new tissue substitutes have been
made which more accurately replicate the human thigh. In addition, the soffware programs
needed for the digital computer model of the thigh have been developed and preliminary re-
sults demonstrating the efficacy of this modeling approach have also been reported.
Approsimately 20 individuals have been screened in the preliminary session. Three human
subjects have been fested in preliminary Xe'* blood flow experiments, completing experiment
1. vdligating the Xe'*! clearance technique as a methoad of defining the eftect of microwave
diathermyv on blood flow. It has been found that underresting conditions a significantly measure-
able radicactive wash-out can be datected for about 45-40 minutes after the Xe'* injection
and that a post-injection waiting period of 10 to 15 minutes is required before cooling and

diathermy may be applied. This time is necessary for the injection trauma (hyperemia) fo subside.
The cadaver thigh studies in which frozen cross sections of human thighs were mapped for
musculature tissue shape changes under the weight of the direct contact applicator were
completed,

APPLICABILITY: The information that will be obtained can be used by engineers to design improved
applicators, 1o test their designs and also by physitrist and physical therapist to prescribe and cary
out more effective diathemny treatments.

071 Mapping of Microwave Fields Surrounding Human Subjects
under Diathermy Treatment

Principal Investigator: Justus F. Lehmann, M.D.

Stalus: Continuing

Dates: August 1976-August 1978

Cost: Annual $44,372 Projected Tolal $82,843
RT Annuai $33,219 RT % of Annual Total 80%

Annugl Report Reference: #16, Page 115, R-132

OBJECTIVES: The objective of the study wili oe i 1macisure and plet contours of ecual field intensity around

human subjects while they am beiny iradiaied with wlastromagnetic energy by microwave
digthermy equipment operating at 215 ard 2450 M-z,

METHODOLOGY:

1,

Aruntext provided by eric [N sl Lot e

All measurements will e carried out in an anechoic chamber. so precise field intensity levals
around the subject can be obtained. Human volunteers of varying physical size will paticipatein
this study. They will be placed in the anachoic chamberin a pasition which is typical of diathermy
treatments. The position of the subject will depend on the area to be treated, Selected arzas of the
body that are frequently taated with diathermy will be used — tight joints, anterior and posterior
shoulder, contractor of the hiceps, the lower back and contractors of the thighs. The selected area
will be treated will. microwcve applicator operating at 915 anv. 2450 MHz.

An X-Y-Z co-ordinate fracking system with a National Bureau of Standards energy density probe
aftached will be shielded and placed in the anechoic chamber. This device will be comg ter-
conftrolied to follow isobars of power densities with limit switches o set the area that is to be
sconned. The computer will posttion the probe and also plot the field intensily levels in relation to
distrinr & ffom the diathermy apglicator. This facility will allow us to meake many measuremer:ts in g
shor 1zss0d, which reduces the time of microwave exposure,

lnstrumentaticn will include the following:

a. Natienal Bureau of Stodards powar meter: measures fha power density in an slectromagnetic
field. Frequanay «f 10 MH-- 2000 MHz accurate o 1.0 DE.
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FINDINGS TO DATE: This project was split into twe -
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b. X-Y-Z racking systern. This s a commercially available system that was purchased and modified
to be controlled by our Honeywell Computer.

The NLB.S. probe Is attached te this system so it can be movad in any of three coordinates. A zero
point is set by the operator and thisIs placed in the cors.uter. A gridis then set up andthe computer
directs the tracking systemn fo move in the increments defined, 1cm-2 cm, efc. The computer then
moves the probe throughout this grid while recording the power density measurements at each
point.

¢. Themistor power meters will be used to monitor the incident and reflected power ©i+ng i2 ha
applicator.

d. Microwave generators operating at 915 and 2450 MHz will be used to supply ©~éf 1o the
antennas.

e. The contour lines of power density will be plotted on standard X-Y recorder.

e first part, the isopower density linas around
ad the testing of two diathermy wiplicators
diathermy applicators. Four tissue substitute
rs. Extensive measurernents of the microwave
leakage around the models and applicat:.is w4 performad. A limited number of human sub-
jects were studied in order to compare the results that were obtained in models to that which
was obtained in similar anatornical sites in humans. The thigh. upper arm. shoulder and lower
back areas were imadiated with the four diathermy applicators and the leakage levals around
the applicators e fiuman subjects were measured. Rapid initial results were required in order
to respond to proposed Bureau of Radiolegical Health Standards.
The second and more detailed part of the study is near completion.Stray radiation meczure-
ments are being made around many anatomical sitesin humansas they are exposed to various
microwave applicators. The areas being exposed are sites that are most commonly treated in
the clinic’s posterior, lateral neck, anterior and posterior shoulder. upper back (trapezius),
biceps, thigh (quadriceps). lower back (lumbosacral area), and elbow. Four subjects (one
large. two medium, and one small) were used in the experiment. Four diatherrmy applicators
were lested on the anatomical sites listed above for the two medium-sized subjects. Two of the
diathermy applicators v.ere tested ot three of the anatomical sites on the large and small sub-
jocts. The sffect of applicator crientation was tested for each of the cases listed above.
Evalugtion of the collected data will require additional work because of the large amount of
data collected and the large number of parameters affecting leakage levels. Preliminary
rasults of both pars of the study are summarized below:
Significant differences in stray radiation patterns during exposures of fissue substitute models
and coresponding parts of the human anatomy were found with variousdiathermy applicators.
The measurements of power density leakage for exposure of simple geometric models does not
accurately predict the ievels measured in corresponding human exposures. In fact it has been
dermonstrated that diathermy applicators designed to satisfy a proposed diathermy perform-
ance standard based on models will not satisfy the same standard if the model is replaced by
the actual human anatomy it represents.
In clinical treatment settings, the leakage radiation may be worse than demonstrated by the
by the experiments we performed since human volunteers were used who had dimensions
similar to those of the geometric models. In the general population there are far greater varia-
tions from person to person than between these particular models and volunteers. Other parts of
the anatomy used in the second part of these experiments conform even less to the geometrical
models proposed for use,
It Is also not practical nor has the technology been developed to produce spacial applicators
for each possible human site of therapeutic exposure with the requirement that no significant
radiation beyond the 5 em distance limit frorm the applicator oceur.
An alterative approach to the development of standards would be to mandate that the
manufacturer state for his applicators the maximal distance and direction where stray radiation
exceeds exposure limits In tissue substitute models both for the E field parrallel and permpendicular
to the long axis of the models. In addition, standards should allow the use of thisequipment only
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substitute tissue models wers obtained. T+
commonly usad in clinical use and fwo
models were iradiated by the diathermy -
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by well-trained oparafors such os physicians ond therapists who would be able to make effective
use of the available information to assure safe treatment of patients. For this approach, more
experimantation is necessary to delineate which modifications of stray radiation patterns can
be uniformly anticipated in the common sites of hurman exposuira.

Certainly, regardless of the approach to the promuigation of standards, direci f““ﬁfv‘icf At
cators are to be preferred over the non-contact Gppiicators since high intensity st ;
rmuch maore contained by thesa opplicators. The more contact the radiating surlaLa
the skin. the lass stray radiation.

Also, the applicotors produce an asymmetrical leagkage pattem. Therefore the applicator
crientotion may ke used to reduce leveals of stray radiation and o dizzct the radiation away from
sensitive anatomical arecs: eves, genitals, etc.

It is evident from this study, that a new project should be initictad in which stray radiation leveals
should be megsured around a large number of individuals. The physical size of the individuals
should be varied. This would more accurately determing the chongss in the stray rodiatiion
pattern as different volumes of tissue ore ploced in the microwove field. The number of anatomi-
cal sites iradiated and the number of applicators tested could be reduced to minimize the cost
and time commitment of the study.

APPLICABILITY: Findings will be utilized by standard-setting agencies for medical devices, especially

microwave diathermy equipment. Findings would also uttimaiely be used by practitionsrs.

072 Determination of Basal Ganglia Influences on Other CNS
Moici Systems: Development of a Madel i which Therapeutic
Procedures Can Be Tested

Principal Investigator: Marjorie E. Anderson, Ph.D.

Status: Continuing

Dates: October 1977-Seplember 1979

Cost: Annpual 55692 Projected Tolal 514,380

RT Annudl 55,692 RT % of Annual Total 100%

Annual Report Reference: #4¢4, Page 386,R-133

OBJECTIVES: To determine, by carefuly-controlled stimulation of the substantia nigra and intraceliular

and extraceiiviar rpcording vorm neurons in the thalamus and superior colliculus, whether the
synaptic effect of nigral axons terminating on thesa cells is escitatory and/or inhibitory.

MEHODGCLOGY: Cats utilized for these experiments will be anesthietized with sodium pentoborhital,

alpha chioralose or halthane and nitrous oxide replaced witl: mirous axide affer surgical pro-
cedures are completed. Because paralysis and artificial vantilation will ba necessary ta permit
intragellular recording, care will be faken to insure that when only N20 and O are administered
during recording, the arterial blood pressure remains stable and the pupils are slit os indicators of
adequate analgesia. In addition, a long-lasting local anesthetic wnl be injected around sterag-
taxic pressure points and skin irvisions,

Because nsurons in the basal gonglia are particularly susceptible to the depressive effects of
general anesthetics such as barbituates, a few experiments might be noeded on animals
without general anesthesia ond with extensive, careful infiltration of wound margins and pressure
points with leng-lasting local anesthetics,

Suction will be used toremove tissue overlying the thalamus or supetior colliculus asdeep asthe
compus callosum or the dorsal hippocormpus. Recording rricroelectiodes filled with potassium
citrate or potassiurn acetate saturated with fast green wili be intrer'uced stereotaxically into the
thalamus or superior colliculus to allow intracellular and exitaceNular recording from neurons in
these structures. Ususal procedures. such as pneurncthorax, will be dane to improve stability.
A stimulating array of -9 tungsten electrades, shamened electiolytically and insulated towithin
0.5 mm of the tips, will be introduced into the substantic nigra and surraunding structures from

—_—
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an angle to avoid mashanical interfarence with recording electrodes in tha ipsilateral superior
colliculus ( Yoshida, Rabin, and Anderson 1971, 1972), Stimulating electrodes alsowill be position-
ed caudally in the contralateral medial longitudinal fasciculus (MLF) so that we can determine
whather the neurons studied can be activated antidiomically from MLF levels at about mid-
pons, where the axons of many collicular efferent neurons would be situated (Altman and
Campenter, 1961; Anderson, Yoshida and Wilson, 1971).

Intracellular recordings of postsynaptic potfentials evoked by bipolar stimulation between
adjacent alectrodes will be taken and threshold stimulus intenzities will be determined. The
array will include control electrodes situated deep and superficial fo the substantia nigra, and
to further separate out any responses due to stimulus spead to nen-nigral structures, stimulating
slectrode arrays will be moved with micromanipulators and stimulus threshold intensities for
evoked responses will be measured in several neurons with the stimulating array at each stimulus
depth to determine points of lowest stimulus threshold, If the data are ambiguous because of
possible effects due to stimulus spread, especially fo the medial lemnisci that lie just dorsolateral
to the substantia nigra at some levels and to the cerebral peduncle just ventral to SN, it maybe
recessary in some animails fo interrupt the pyramidal tract and medial limniscus ficers ipsi-
lateral to planned SN stimulation early encugh to allow them to degenerate before the acute
axpafiments,

Intraceliularly-recorded data will be supplemented by extracess.sicr iecords. axamining stimulus
evoked effects on spontaneous activity or in a conditioning tusting format in which the cells
response to a fest stimulus such as gshock tothe contralateral furepaw orto neck muscle nerves
is evaliiated when it is applied at various infervals relative i a conditioning stimulus fo the
substantia nigra,

intracellularly and extracellulary-recorded potentials will &3 amplified by conventional tech-
niques, photographed with kymograph filrm, and recorde . : FM tape (Ampex 1800L; frequen-
cy range DC-5kHz) Averaging and peristimulus time histogrs:ins can both be done using existing
programs for the Honeywell DDP 516 computer,

Recording sites will be determined by reference fo spots inade by tast green FCF deposited
electiophorefically from the recording electrodes. Stim ‘i positions will be marked by electro-
Ivtic lesions. At the termination of the experiment, the brains will be perfusedand fixed in formalin
and recording and stimulating positions wiil be daterminedi irom frozen sections. The distribution
of responser ~voked from different stimulus positions will aise be mapped tor the superiorcolliculus.

About 20 cais will be needed for hese studies.

¥ DATE During this year, we have recorded from thalomic neurons and have found that
shvulation of the substantia nigra Inhibits thalamic neurons directy. This is analegous fo the
1o the inhibitions produced in other thalamic neurons by stimulation of the other basal ganglic
output nucleus, the internal globus pallidus. These dataimply that the bosal ganglia opsrate by
an inhibitory modulation of thalamic neurons, rather than excitatory madulation, as had been
assumed. Furthermore, wa have found virtually no convergence of information from the basal
gaorglia and the cerebellum on individual thalamic neurons, indicating that integration of
ird ronation from these two sources must occur slsewhere.

Finaily, we have demonstrated “hat some nigral axons geing to the thalamus are branches of
axons geing fo the superior colliculus, This forces us fo recognize that the basal ganglia may
exart a ¢aneralizad, :ather than topagraphically specific, influence on motor control systems.

t

APPLICABILITY: Involuntary movement disorders, such as cerebral palsy and other chorecathetoid dlyskin-

esias are a national problem with a large population currently notindependent oremployable.
For example, cerebral palsy has an incidence of about 6 per 1,000. Rational approaches to
therapeutic management of these disorders is hampered by ourlack of knowledge regarding
the relationship of the basal gonglia to subsequent neural “motor systerms.” The description of

. the “wiring diagram” for these systems would allow us to test pharmacological and other thera-

peutic methods for modifying or compensating for dysfunction in these systems.
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073 Evaiudation of « Circular Polarized Microwave
Diathermy Appiiccior
Principal Investigator: Justus F. Lehmann, M.D,
Status: Continuing
Dates: June 1977-June 1980
Cost: Annual $10,699 Projected Tolal 553,496
RT Annual 57,274 RT % of Annual Tolal 68%
Annual Repor! Reference: #16, Page 122, R-41.34

OBJECTVES: To evaluate a recently dasigned diathermy machine which selectively heats muscle and

METHODOLOGY: A circular waveguide c:;:érrut:ie—wr:é e

joints covered with minimal armounts of soft tissue which will be compatibile with federal safety
regulations as set forth by the Bureau of Radiological Hedlth,

J Srrating ot a frequency of 915 MHz
of,

has been developed for use as a dic wrny aur
Various tissue substitute models wil'* tructes] using < new fabrication technigue which is

being devaloped in a relofed study (1. 1., The models wil! be imadiated with the circular polar-
ized applicator at high p@werﬁ:rshaﬁ penods of tirme. Thermograms will ba takenand processed
by computer to produce thermographs showing the temperature distribution throughout the
rriadel. From this data, the rate of absorption of energy (W/kg)in the various fissue layerscanbe
calculated. This will allow tha effectiveness of the applicator in heating varicus types of fissueto
be determined. After the energy absorption pattem is defermined in the model, hurman volun-
teers will be used fo determine actual temperature distribution.

FINDINGS TO DATE: A new 2450 MHz circular polarized direct contact applicator with a quarter wave-

length choke flange (manufactured by Transco, Inc.) was tested on a planar bi-ayered tissue
substitute model. The pleriar model consisted of @ 2cm solid fat layer overa 10¢i - muscle 'ayer.
The muscle layer was constructed such thet it could be split in half, Three type = -+ thermograms
weé used to evaluate the performarnice of the apolicator 1. scans of the fat suiface; 2, scansof
the muscle suface at the fat-muscle interfface, and 3. cross-sectional depth scans of the muscle.

Cross-sectional depth scans of the fat cannot be made until an adequate material has been
developed for use at the interface of the two halves of synthetic faf tissue (R-135).

The rasults show that the 2450 MHz applicator produces an oval heating pattern at a given
depthin the tissue. This indicates that an elliptically polarized wave rather than circularly polar-
Ized wave is radioted from the waveguide aperiyre, ,

The deptt: of penefration of energy into the muscie tissue is very poor. This is due to the high loss of
the muscle tissue at 2450 MHz. Finally, the ratio of peak heating in the fat to peak heatingin the
muscie is guite high. Therefere the temperature of the skin and subcutaneous fat will be elevated
to the pain threshold before the muscle tissue termperature is in the therapeutic range.

The 915 MHz circularly polarized applicator which was developed in our laboratory was tested
using the thermographic techniques described. The results show that the darith of penatration
of energy into the muscle tissue is twice the depth of penetration of ©- ~ 71 # 2~ ~peliegtor, The
ratio of peak heating In the fat and peak heatinginthe muscleti:: .- -+ - . aforthe 2450
MHz applicator. Finally, the heating paitemn at a given depthin fha Cor e Ly symimetrical,
producing a uniform heating distibution in the muscle tissue,

Work is continuing ori refining the technic.ie of - nodeling tissue substitutes, T rerrainder of the
testing cannot be cormplated uniil the synthetic *at tissue interface problem has Dewn resolved.,

APPLICABILITY: Diathermy is a type of therapy designed to freat the most severely discibling sequels of

diseases leading to joint coniractures, It is also anficipated that this may be of significance in the
treatrnent of such serious disease entities as polyrnyositis. This treatment procedure Is one that
could be put info practice in hospitals throughout the United States,
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074 The Natural History of Peripheral Neuropathy in Chronic

Renal Failure: A Multivariate Clinical and
Electrophysiological Study

Principal Investigator: Eugen Halar, MD,

Status: Continuing

Dates: July 1977-July 1979

Cost: Annual 55225 Projected Tolal $12,000
R1 Annual §3,025 RT % of Annual Total 58%

Annudl Report Reference: #44, Page 362, R-144

OBJECTIVES: To study the natural history of motor and sensory involvernent in renal patients, paying

special atention to changes occuring before dialysis and during the first two years of dialysis.
Electrophysiologic and clinical parameters will be corelated with amount of dialysis.

METHODOLOGY: Each patient will be simultaneously evaluated in three different arecs. One area of

study will involve an ongoing laboratory examination of the state of the patient’srenal disease.
Another area of study willinvolve electrophysiclogical measurement of motor and sensory nerve
conduction velocities and H-reflex latencies. The final area of study will involve theassessment of
muscle strength and sensory modailities, as well as the level of general physical function.

By repeating complete measurements every three months for the first two years of treatment.
and by including some subjects who have had dialysis treatment for several years, we will be
able o present a more complete picture of the natural history of motorand sensory function. We
will aftempt to corelate the factors and offer suggestions for determining the optimum fre-
guency of dialysis to presave nerve function in dialyzed patients.

EINDINGS TO DATE: Initial studies on 32 uremnic patients and 10 nomnal subjects have been performed.

From these studies, analysis of data on uremic patients showed significantly polonged H-reflex
latency values which comelate statistically to findings of slowad nerve conduction velocities in
lower extremity nerves. Using Z score analysis, percentile changes in porameters tested are
being analyzed to find the most sensitive indexin assessment of neuropathy. Electrodiagnostic
tests are being found to be more sensitive indicators of early neuropathy than the clinical tests.
Our early data indicate that H-reflex latency is the most sensitive of the electrodiagnostic tests,
and the sural sensory nerve to be more severely involved than peroneal and tibial motor nerves.
Vibration perception threshold appears to be the only clinical parameter being followed that
dermaonshates value in assessing uremic neuropathy. Further study and analysis will be done.

APPLICABILITY: Information from this project would be used by practitioners treating renal dialysis patients

to help them choose the appropriate frequency of dialysis. Since this information would help
members of the rehabilitation team make the most efficient use of facilities for reatment and
rehabilitation of renal patients. it would help lower the costs to the public af large.

075 Development of New Phantom Material for Testing
Diathermy Applicators

Principat Investigator: Justus F. Lehmann, MD.

Status: New

Dates: July 1977-July 1980

Cost: Annual $10,334 Projecied Total $44,000

RT Annuaij $8402 RT % of Annual Total 81%
Annuai Repor! Relerence: #16, Page 129, R-135
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OBJECTIVES: The objective of this project is to develop o new phantom fat tissue, eliminating interface

problems, that could be used 1o test ond evaluate anv type of diathermy applicatoroveralarge
fraquency range.

Once these models have been developed they can be built to duplicate certain parts of the
body that are frequently exposed to electromagnetic radiation. While these models are being
iradiated, power density measurements around the maodels can be made to determine the
amount of stray radiation being preduced by various applicators. This is important to know fo
insure the safety of the patient and operator.

These models would alsa yield patterns of relative heat sa that enargy absorption in them could
be caleulated. The heating patterns would also be usad to identify areas of maximal heating
which would be usaed to select the applicator that would heat the area of pathology.

METHODOLOGY: The initial design approach will be the development of a new phantom fat material fo

be placed at the interface of fat or bona models. This design approach addresses three prob-
tems. To eliminate the air gap at the fat intefface. the new phantom material must be a
compressible solid, (rubber foam or soft epoxy) or a viscous liquid material. Secondly, the
material must adhere fo the curent phantom tissue. finally. the thermal properties (specific
heat) of the two materials should be approximately equivalent.

The electromagnetic properties of the new synthetic fat tissue must be approximately equivalent
to the currently used synthetic fat. At a minimum, materials for each of diathermy frequency
bandwidths must be developed (i.e. 13.56 MHz,27.12 MHz, 40.68 MHz, 915 MHz and 2450 MHz).
Ideally materials should be developed which could be used forany frequency between 10 MHz
and 3 GHz,

When materials with acceptable mechanical and electrical properties have been developed,
the modified phantom model must be tested using @ themmographic technique developed by
Guy. Briefly this procedure involves the following steps. A high power source is connected to a
diathermy applicator. The applicator is then used to iradiate the phantom model for a short
period of time (10 to 20 sec.). An infrared camera scans the model, recording the heating distri-
bution in the mode!. Comparisons of theoretical and measured Specific Absorption Rates
(5AR’s) for several diathermy applicators will be used to vearify corect heating in the model. SAR
is defined as the rate of energy absorption per unit mass, The peak SAR's in the model should not
vary as a function of applicator orientation on the mode! (i.e. the direction of the electric field
vectorwith respect to the model interface should notaffect the SAR In the rmodel). Also, thermo-
grams of heating induced by applicators with inregular field configurations will be made to
insure that “hot spotting” is eliminated from the mode!,

FINDINGS TO DATE: The majority of effort this year has been concentrated on developing phantom

materials which simulate human fat tissue at 27.12 MHz, This was made a priority item because
the Bureau of Radiologic Health isinterested in promulgatiag a standard for shortwave diather-
my equiprment. These models would be used for determination of the amount of stray radiation
during clinical treatments with shortwave. It is known that the synthetic fat material used at
microwave frequencies has electromagnetic properties which are unacceptable for use at
27.12 MHz. Specifically, the dielectric constant and electical conductivity of the synthetic
material are lower than the values published by Schwan for human fat tissue, Acceptable values
of dielectric constant and conductivity were achieved at the frequency of 27.12 MHz by ernpiri-
cally varying the ratios of materials currently used for synthetic fat tissue af microwave frequencies,

APPLICABILITY: The development of the new phantorn material will allow us to develop and test new

diathermy.applicators that can heat specific areas that need treatment and will also be safe to
patient and operator by having the least amount of stray radiation.
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076 Quantitication of Blomechanical Function of Ankle-Foot
Orthoses In Hemiplegia

Piincipal Investigator: Justus Lehinann, MD,

Status: New

Dates: December 1977-December 1979

Cost: Annual $17,029 Prajected Total $34,000

RT Annual 511,764 RT % of Annual Total 69%
Annugl Report Reference: #16, Page 160, R-136

OBRJECTIVES: To evaluate the biomechanics of ankle-foot orthoses and their effect on the gait of persons

with upper motor neuron paralysis and/or hemiplegia. The first phase of the evaluation will
measure the morments and forces required to maintain the paralyzed foot and ankle in a
functional position throughout the gait cycle. The second phase will cletermine the effect of
these forces on knee stability throughout the gait cycle by measuring the moments developad
areund the knea. This will allow us to establish design parameters for ankle-foot orthoses andto
relate these to fhe function provided by orthoses curently manufactured. With this information,
a method may be developed to prescribe orthoses according to a discrete set of guantifative
criteria.

METHODOLOGY: We will measure the ground reactive forces, the forces carried in the orthoses and the

kinematics of the gait cycie. All of these variables will be measured through the entire gaiteycle,
ie. from heel strike to heel stiike. The ground forces will be measured by aforce plafform which is
standard equipment in our laboratory. This system measures the orthogonal components of
force applied toit, from which the location and magnifude of the force vector leaving the plat-
form can be calculated. The forces in the orthosaes will be determined using strain gauge
transducers to measure the mornents in the uprights throughout the gait cycle. The kinematic
data will be measured by using a 35 mm motion picture camera fo record the position of the
limb in space, with markers identifying the axis of rotation of the knee and specific locations of
the foot, These spatial data will be synchronized with measurements of the ground reactive
forces and the moments in 1he orthoses. Kinematic data willalsoinclude stride length, cadence
and phase of gait. Flexion angle of the knee is also recorded. :

With the ground recictive force data and the kinematic data, the fotal momentsin the leg and
orthosis can be caleulated. Then, by subtiacting the moments measured in the orthoses from
the total moments, the moments in the limb can be calculated. In addition, using the vector
calculated from the ground reactive forces and the kinematic data describing the position of
the knee axis. the flexion-extension moments at the knee can be calculated. Other measure-
ments such as stride length, cadence and phase of gait are usad os control variables.

The measurernents described will be made on ten hemiplegic patients with varying degrees of

. spasticity. We will determine the ranges of force necessary to madintain the patient's foot in

function positions during the stfance and swing phase. We will then apply an orthosis which
provides only the force defined in the measurement re-evaluate his gait for knee stability and
specific kinernatics.

EINDINGS TO DATE: Data have been collectaed on two hemiplegic patients. Several probleims were

encountered in taking this data: the ranges and phasing of the forces were considerably
ditferent than in normals due to spasticity, and a general pathologic gain, i@. inconsistencies in
stride length, cadence and an inability to walk predictably. After several atternpts, the proper
scaling within the ranges of the transducers was achleved. The data show considerable differ-
ence befween the pathological gait of a spastic hemiplegic and the gaitofa normal subject
who has had a flail ankle induced by the use of peripheral nerve blocks. Furtther observation will
be necessary before complete conclusions can be drawn.

APPLICABILITY: The ability of the hemiplegic patient to walk can most significantly alter his ability to

integrate into the community. This study aims at the development of a more sophisticated
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approach fo bracing the patient. By quantification of theloss of function as well as the degree of
function which is restored by various designs of orthoses, the needs of each hemiplegic patient
can be met more selectively, and he danger of over or underbracing 1he patient will be lessened.
A large segment of the population would be affected, since the inforrmation would apply not
only fo the 2 milllon stroke victims but also to other patients with upper motor neuron lesions.

077 Evaluation of Long-Range Wheelchair Ambulation

Principal Investigator: C.G. Warren, M.PA.

Status: - New

Dates: Seplember 1977-Dacember 1978

Cost: Annual 512,341 Projected Tolal $15,000
RT Annual $9,085 RT % of Annual Total 74%

Annual Repon Reference: #44, Page 184, R-137

OBJECTIVES: The abjective of this study is to evaluate the use of a third wheel mechanism in long-range
ambuiation by paraplegic persons of various lesion levels and to compare its acvantages over
the conventional wheelchair, and fo determnins its limitations in negotiating inclines and in
general manauverability,

METHODOLOGY: A third whee! will be made available to this Center by the Werkenrode Institute of the
Netherlands. Any adaptations to allow it to fit American wheelchairs can be made at the Center,
It is anticipated that these modifications will be minimal. The evaluation will be conducted or §
patignts, 3with lesionlevels of T6 through 710, 3 from T10 through L3 and 3with L3 and balow. Aset
of pre-test crifaria will be established fo ensure that each of the subjects is capable of utilizing
the third wheel mechanism.

The first evaluation will be a rote/distance comparison to the two chairs on a tevel 0.6 mile oval
track for g maximum distance of hwo miles, Rates of ambulation will be controlied by a speed
controlled cart of rates of 7. 9 and 12 kilometers per hour, The three trialswill be perfformed in the
conventional wheelchair andin the chair utilizing the third whesl. The maximum distance travel-
ed wi! be recorded.

In the second phase of the study, sections of the Seattis bicycle pathway will be used to evaluafe
the effectiveness in ascending and descending inclines of 6%, 9% and 12% over a distance of
1000 meters. The velocity/distance evaluation will then be conducted in the two chairs af 4. 4,
and 8 kilometers per hour, with distance recarded. The final evaluation will be an obstacle
course. Performance will be timed through a standardized system of barrers including ramps,
curbs, a stalom ond a concentric circle drill to establish mininmum fuming radius. Evaluation of
incline will be performed on wet and dry pavement and over moderately rough: terrgin to
evaluate haction.

FINDINGS TO DATE: The sample of subjects has been identified and a preliminary evaluation is being

conducted to deterrnine theirability fo operate a hand-cranked ergemetar. To date all subjects
but one have kzeen abfe to functien at 200, 300 and 400 Kg-M/min. for sustained periads. Heart
rate is measured prior o exercise and in the recovery period. These heart rates will be comelated
with those measured in the activities using the third whee! and in reguiar wheelchair ambula-
tion. This is done to establish a rough estimate of metabolic demand.
Preliminary evaluations of the use of the third wheel in hill climbing show that for 300 yerds at o
grade of 4% the third wheel is mors efficient than the wheelchair: that is, the distance canbe
covered in 34% less time with no difference in heart rate, The maximum incline on which this
device is usable is still to be established.

APPLICABILITY: incraasing the ability of the disabled to parform long-range ambulation may be a signifi-
cant tactorin their abllity fo take advantage of community life, specifically oncampuses and in
local comenunity activities. It is also important to consider the limitations thisdevice might have.
Once they are defined. it may be possible to enginear modifications necessary to overcomea
some of the limitations.
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078 Development of a Portable Urine Flow Monitor

Principal investigator: C. Gerald Warien, MPA,

Status: New

Dates: October 1977-june 1979

Cost: Annual $20,640 Projected Total $34,000
RT Annual $43.280 RT % of Annual Tolal 64%

Annudl Repor Relerence: #14, Page 188,R-138

OBJECTIVES: The objective of this project is to design a portable self-contalned mechanism using avail-

ble technology for recording the volume and the time of voiding for the spinal cord injured
person. The mechanism would be portable to the extent that it can be attached to a whesl-
chair and accompany the patient in his activities. It should be accurate to within 5 ec and be
capable of registering time over a four hour peried with an accuracy of £ 30 seconds.

5 A= axs

METHODOLOGY: A mechanism would be developed to measure ond record the time and volume of

voiding with an accuracy of 5 cc volume and within 30 seconds in time, It would use adamped
beam balance or calibrated spring to weigh the container into which urine flowed. Praferably.
this container would be the disposable leg bag ordinarily used by the spinal cord Injured person.
The recording would be made by a modified mechanical clockwork used to drive o pressure-
sensitive paper disc chart. A stylus connected to the measuring apparatus would form the link
between the sensor and the chart. Design considerations would be: adequate mechanical
dampening to avaid artifact due fo impact of tha mechanism: size. portability, ease of attach-
ment to wheelchair, bed or frame; ease of cleaning and maintenance; and reliability.

The desigr of the mechanism would be eanied out by enginesring studentsat the advanced
undergraduate leval. A prototype mechanism would be developed and evaluated in the
Iab@rmery usuﬁg flaw ::ghbrfzim:m fachﬁlquas f:\ determme QEGufGQY r:md reliabiliry Clinic:c:il
wauld be pc:lck::gevzj ina f!nch;zed prczta’rype for c,:llncial use, ::)ésﬁlbly mx:arpcréfmg it InfD astudy
of bladder management. The mechanism would also be submitted to tndustry for production as
a clinicdl tool. Based on preliminary evaluations the mechanism might be produced for an
amount reasonable enough to make it readily available for clinical use.

FINDINGS TO DATE: A systern has been designed and several of the components necessary to assemble

a prototype have been acquired. The key element of the recording system is a mechanical disc
fecorder diiven by a clock mechanism. This elemant is small and spring wound and can be
modified to perfofm recordings within the accuracy and reliability limits set. The transducing
mechanism which is.similar in design to a spring scale will effectively measure the weight ofthe
urine as it Is gecumulated in either a leg bag or a night collection system. This design will be
evaluated to determine the accuracy and reliability of indicated volurme along with the damp-
ing necessary to overcome the inerfial effects of activity such as wheslchair ambulation.

APPLICABILITY: The greatest threat to the health of the spinal cord injured person is renal infaction and

renal failure. This risk is directly related to the efficiency of the reflex of the voiding of the bladder.
Considerable patient and staff time Is spent determining when the patient has reached a
functional bladder status. This apparatus would provide the information required without multi-
ple schedule changes. It should therefore reduce invalvernent of parsonnel and allow patients
o continue with activitles which would otherwise be interrupted. In summary, it would reduce
patient frustration. hospital ime and expense.

079 Investigation of Predictors of Change or Treatment
Progress in a Behaviorally-Based Treatment Program for
Selected Cases of Chronic Pain

Principal Investigator: Wilbert E. Fordyce, PhD.
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Status: New

Dates: July 1977-October 1979

Cost: Annual §27,048 Projected Total $60,000
RT Annual $9,775 RT % of Annual Tolal 37%

Annual Report Reference: #14, Page 216, R-139

OBJECTIVES: Among patientsidentified as having significant amounts of operant painand selectedfora

behavioral-based treatment program:

to assess relationships among a seres of measures of charige in patient performance oractivity
level at the beginning and end of treatment and at selected followup points:

assass relationship betwean medical descriptive data, MMPI scores and pretreatment activity
baseline measures, on the one hand, and amounts of change and durability of change through
followup. on the other. in order to identify predictors of ame unts of treatment gains

assess changes between pre- and post-treatment estimates of haalth care utliization costs.

METHODOLOGY:

Subjects: The population studied will be persons with chronic pain problems who have been
accepted for treatment In the operart pain treatment program on the Physical Medicine and
Rehabilitation Service. These are persons 20-70 years of age who have a chronic pain problerm of
at least six months’ duration which interferes significantly with their functional activity lavel,

In adition, these patients have a significant component of operant pain; le., thereisa lea ming
companent to the pain problem - as evaluated by a psychologist experienced in the evaluation
of operant pain, as wall as ane or more physicians exparienced in evaluating pain problems.

Materials: The Pain Data Protocol, Activity Diaries, physician evaluation data, and the Minneso-
ta Multiphasic Personalily Inventory {MMPI), and daily records of physical and occupational

therapy activities will be used,

Procedure: Patients who are selected as potential participants in the Operant Program are
brought info the hospital on the Physica! Medicine and Rehabilitation Service. For 7-10 days
there is a "baseling” pericd where bassline isvals are taken for activity in physical and

occupational therapy and, if necessary, there may be further evaluation of the pain problem.
During this period patients will be given their usual medication on an “as needed” basis, with

records kept of amount given and time pattemn usaga. At theend of the baseline period ctreat-
ment program will be drawn up. the program will be explained to the patient and his/ her signifi-
cant family member of friend, and, if accepted by the patient and friend, treatment will begin.

The inpatient treatment phase generally lasts 6-8 weeks, during which the patient pardicipates

in physicol and eccupational therapy activities which start out ins small amounts and increase

ddily, vecational counseling and job station activities, programmed recreationat qctivity,

sassions with psychologists. Medication is put info “cocktail” form: l.e., put into a cherry syrup

vehicle is given on time-confingent basis, and amount of medication in thevehicle s gradually
raduced. Patients are positively reinforced for increased activity for recreation activities, for
socialization. Pain complaints and nonverbal indications of pain are given nautral responses.

At the end of the inpatient phass, a one-to-two week outpatient program goes into effact, The
patient initially maintains his/her inpatient schedule but lives outside the hospitaland eomes in

daily. This is gradually generalized to include more away from the hospital activities.

Data during treatment will be collected as follows. Activity dliaries will be completed by the patient
daily and collected weekly throughout the inpatient and outpatient phases of the program.

Physical and occupational therapy activities will be recorded at each session and records will

be kept. An MMPI will be completed by the patient ot dischaige.

Follow-up data will be collected at three months, six months, one year and two years post-
discharge. Af three months’, one-year and two-year follow-up, a week of activity didries will be

completed by the patient, and the follow-up section of the Pain Data Protocol will be adminis-

tered to the patient (including data on health care utilization, incams, activities). At those
times. the Social/Leisure Form and a brief questionnaire recording vocational or employment
status will also be completed.
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Data Analysis: The continuous score varables can be assessed by correlational dnalysis.
varables yeilding non-continuous data «re likely to require non-parametric methods foranaly-
sis. The precise methods to be used will in tuin be influenced by the size of the "n” and by sex
distribution considerations. Statistical consultation will be drawn upon to assist in selecting the
most appropriate methods for analysis of those data.

Such iterns as number of hospitalizations, number of surgeries, number of physician contacts, will
require non-parametric item tally occmparisons. Other measures such as days in hospital and

dollars for medications, and doilarmeasures derived from estimates of costs of the various health

gﬁfé utilization activities can e analyzed by simple t tests, comparing pre- with post-treatrment
Jata.

FINDINGS TO DATE: A routine system for coliecting and collating data has been set up. and a limited

number of pafients have completad treatrnent since the institution of the data protocel. Owing
to construction and remodeling the number is somew