NI 297 A
I SEr A .
SOUTHWEST RESEARCH INSTITUTE ASSISTANCE

TO NASA IN BIOMEDICAL AREAS OF THE
TECHNOLOGY UTILIZATION PROGRAM

CUMULATIVE QUARTERLY REPORT
Period Covered: 1 April 1968 - 30 June 1968

Contract No. NASW-1714
SwRI Project No. 14-2329

Prepared for

Chief, Dissemination Branch, Code (UT)
Technology Utilization Division
Office of Technology Utilization

, NASA
Washington, D. C. 20546

July 15, 1968

RECEIVED
NASA SYi FaCILITY
INPUT BRANCH

Southwest Research Institute
8500 Culebra Road
San Antonio, Texas 78228

‘ A d:
Prepared by: Ray W. Ware, M. D. pprove

Lovis S. Berger A% %ﬁf"

Felix L. St.Claire, Il % 77, /
William E. Cory, Directe
Electronic Systems rch




II.

ITI.

Iv.

V.

VI.

VIIL.

TABLE OF CONTENTS

INTRODUCTION

A, General
B. Participating Personnel

NEW PROBLEMS

BIOMEDICAIL PROBLEMS

Al Problem List and Status Summary
B. Problem Case Histories Status
C. Transfer Summaries

D. Transfer Status (2 July 1968)
SUMMARY OF PROJECT AC‘TIVITIES
INSIGHTS INTO THE TRANSFER PROCESS
PROJECTIONS FOR THE NEXT QUARTER

DOCUMENTS FURNISHED TO PROGRAM PARTICIPANTS

APPENDIX A

ii

22
22
29
35
42 -
43
45

46

88



I. INTRODUCTION



I. INTRODUCTION

A. General

The aeronautical and space activities conducted by the National
Aeronautics and Space Administration (NASA) are creating.an impressive
body of knowledge of great potential scientific and technological usefulness.
In carrying out its congressional mandate to disseminate this information
for ultimate benefit of the general public, NASA has engaged in an extensive
publications program; in particular, publications under the auspices of
NASA's Technology Utilization Division (TUD) are specifically aimed at
expeditiously transferring NASA developments to the scientific and
industrial community.

Special difficulties are encountered when it is attempted to transfer
NASA -derived technology, by means of TUD publications alone, to scientists
in the biomedical fields. These scientists are particularly overburdened
by the copious amounts of published biomedical material; additionally, they
are by and large unfamiliar with the language and symbology of the
physical and engineering sciences. As a result, technology in physical
science and engineering has often not been as effectively transferred to
biomedical applications as it deserves to be.

The TUD's investigations of the chain of events leading to the
introduction of new products, technological inventions, and methods into
medical practice have suggested that the biomedical research teams at
medical schools and similar biomedical research institutions play a key role
in this process. New discoveries, introduced by these groups, tend to
proceed naturally through stages of professional approval, manufacturing
interest and participation, on to the level of the practicing physicians,
bringing direct health benefits to the public. It would seem an attractive
goal to introduce NASA-derived advances at the level of the biomedical
research team, and thus to utilize the existing channels to the medical
practitioner and his patients for effective technological transfer.

_ As a result of these investigations, NASA's TUD has developed a
general methodology for the solution of this important and specialtechnological
transfer problem. Prominently included in this methodology was the estab-
lishment of several strategically placed Biomedical Application Teams
consisting of appropriately cross-trained and broadly experienced physical
and biological scientists., It is the task of the Biomedical Application Team
to facilitate and improve the productive interaction between NASA centers
and biomedical research teams. Emphasis is on interpersonal contactA, in
~which the cross-trained members of the Biomedical Applications Team form

an active link between these two groups of scientists. A flexible system is



maturing in which both principal groups, NASA personnel and biomedical
résearchers, freely and effectively participate in mutually beneficial-
exchange of skills and knowledge.

B. Participating Personnel

.The following scientists are participating in the program:

Southwest Research.Institute Biomedical Application Team,
Southwest Research Institute Personnel:

.

Ray W. Ware, M. D., Director
Liouis S. Berger, Assistant Director
Raul San Martin, M. D.

Charles J. Laenger, Sr.

Robert J. Crosby

Chester A. Heath

Felix St. Claire

‘Special Consultant: Andre G. Buck (West Coast Institutions)

Key Coordinators at User Institutions:

C. W. Hall, M.D., Asst. Professor, Department of
Experimental Surgery, Baylor University
School of Medicine, Houston, Texas

F. Hermann Rudenberg, Ph. D., Associate Professor,

' Department of Physiology, The University of Texas
Medical Branch, Galveston, Texas

Jack B. Johnson, Asst. Chief, Biomedical Instrumentation
Section, Southern Research Support Center,
Veterans Administration, Little Rock, Arkansas

Mr. John Hall, Seattle Handicapped Center,
Seattle, Washington

Mr. Don Baker, University of Washington, Department
of Bioengineering, Seattle, Washington

Mr. H. A. Miller, Stanford University School of Medicine

N. P. Thompson, M.D., Palo Alto Medical Research |
-Foundation

Joseph Canzoneri, III, (SRS), Director, Biomedical
Engineering, Texas Institute for Rehabilitation and

i Research, Houston, Texas

V. Mooney, M.D., (SRS), Rancho Los Amigos Hospital,
Downey, California '



Other Southwest Research Institute Staff consulted:

Leon M. Adams, Ph.D., Manager, Organic and Polymer
Chemistry
Wallace L. Anderson, Ph.D., Senior Research Engineer
Robert Bond, "Ph. D., Senior Research Phy‘sicist"
J. Wray Fogwell, Manager, Electromechanical Research
. Gerald Gardner, Ph.D., Senior Research Physicist
. Stephen Juhasz, Ph.D., Editor, Applied Mechanics Review
: Richard T, Mannheimer, Senior Research Engineer
Paul D. May, Senior Research Chemist
Frank C., Milstead, Senior Research Engineer
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(1)

(2)

II. NEW PROBLEMS

RNV-1
TITLE: Efficient Electromagnetic Power Transmission
Through Living Tissue

SOURCE: Donald R. McNeal, Ph.D.
Principal Engineer
Rancho Los Amigos Hospital

DATE SUBMITTED: 22 April 1968

The problem involving stimulation of erratic peripheral motor
nerves and thereby controlling neuromuscular spasticity evolved into
four problems. The first, RNV-1, is occupied with the optimum fre-
quency at which electromagnetic energy most efficiently radiates
through living tissue.

INITIAL DISPOSITION:

This problem was subdivided into RNV-1 through 4.
A search statement was suggested and combined with RNV-2.

COMMUNICATIONS:
28 May 1968--Search request forwarded to A. G. Buck.
9 June 1968--Problem submitted to WESRAC for computer search.

RNV-2
TITLE: Design of Implanted Antennas

SOURCE: Donald R. McNeal, Ph.D.
Principal Engineer
Rancho Los Amigos Hospital

DATE SUBMITTED: 22 April 1968

In keeping with the original problem of neuromuscular disorder
control, this problem seeks the optimum design parameters for an
implantable antenna for use in transferring electromagnetic energy
through living tissue.

INITIAL DISPOSITION:
Problem was combined in search with RNV-1.
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(3)

(4)

COMMUNICATIONS:
28 May 1968--Search request forwarded to A. G. Buck.
9 June 1968--Search request sent to WESRAC for computer search.

RNV-3
TITLE:  Material for Nerve Stimulating Electrode Leads

SOURCE: Donald R. McNeal, Ph.D.
Principal Engineer
Rancho Los Amigos Hospital
DATE SUBMITTED: 22 April 1968
This problem involves the finding of a material which is most"
suitable for use as an electrode lead for chronic nerve stimulation in
an implant situation.

INITIAL DISPOSITION:

After separating RNV-3 from RNV-1, a WESRAC computer
search request of the NASA data bank was drafted.

COMMUNICATIONS:
28 May 1968--Search statement draft forwarded to A, G. Buck.

17 June 1968--Search request sent to WESRAC for computer search.

RNV-4

TITLE: Optimum Neurological Electrodes

SOURCE: Donald R. McNeal, Ph.D.
Principal Engineer
Rancho Los Amigos Hospital

DATE SUBMITTED: 22 April 1968
As a measure for controlling neuromuscular disorders, controlled

stimulation of motor nerves is planned. Best materials, placement and
configuration of the stimulating electrodes are sought.



INITIAL DISPOSITION:

Although many new developments in stimulating electrodes are
unlikely, a search request was submitted in the off-chance of finding
some aid to the problem.

COMMUNICATIONS:

31 May 1968--Search request and cover letter was forwarded by
F. L. St.Claire to A, G. Buck for editing and relay to computer.

5 June 1968--Search request was relayed to WESRAC by A. G. Buck
with recommendations for personal communication with F. L. St.Claire
before finalization of search strategy.

RNV-5
TITLE: Pressure Measurement to Aid Prevention of New Decubitus
Ulcers (Processing is coordinated with NWR-2)

SOURCE: Donald R. McNeal, Ph.D.
Principal Engineer
Rancho Los Amigos Hospital

DATE SUBMITTED: 26 April 1968

A technique is sorely needed for measuring the distribution of
pressure on the surface of the skin underlying a cast, brace, or prosthetic
device such as an artificial leg. This information would be an invaluable
aid in the design of these devices because it is critical to distribute the
load as evenly as possible to avoid high-pressure points which will damage
the skin. At the present time, there is virtually no quantitative informa-
tion of this sort available. The reason is that a satisfactory and economi-
cal technique for measuring pressure is not available.

INITIAL DISPOSITION:

Since it was known that this problem area was of interest to the
participating member institution, a carefully screened search yield of
of searches previously conducted on pressure transducer technology was
sent before official problem submission to the institutional coordinator
(Dr. Mooney) on 22 April 1968. In addition, the West Coast Consultant
has begun an investigation of technology developed at Ames Research
Center and other NASA generated technology with which the Consultant
is personally familiar. He is also investigating commercial sequential
pressure scanners.



COMMUNICATIONS:

20 May 1968--Mr. A. G. Buck informed the Problem Originator
of proposed solution (for the static case, at least) using NASA's Multiple
Pressure Sensing Techniques (as developed for aerodynamic investigation).
""Scanivalve'' Company in San Diego has been contacted and is preparing
recommendations with cost estimate for solving the submitted problem.

24 May 1968--Mr., A. G. Buck wrote letter of report to Problem
Originator describing a proposed measurement system using NASA tech-
nology and ''Scanivalve'' commercial equipment. Plans are being made
to build up a prototype system and furnish this to the Problem Originator.

27 May 1968--Problem Originator requested that Consultant go
ahead with the proposed plans for preparing a prototype for evaluation
using NASA developed technology and ''Scanivalve'' system, The Problem
Originator reported that he has available manpower for aiding in proto-
type construction.

7 June 1968--During a visit to NASA ERC, Cambridge, by
. L, Berger, tunnel diode transducers developed by Dr.,  W." Rindner and
Dr. A, Garfein were discussed in terms of their possible usefulness to
this problem. A reprint of a descriptive article, '"Miniature Tunnel
Diode Transducers' from Solid State Electronics, Pergamon Press,
1967, Vol 10, pp 1227-8, was obtained and forwarded to Problem Origi-
nator (26 June 1968).

24 June 1968--A., G, Buck and L. S. Berger met with Problem
Originator and verified that fabrication of a system, including stitched,
plastic, quilted (matrix-like) pillows is progressing, Mr. John Rogers,
Engineering Research Associates, assisted Mr, A. C. Pemberton,
(Scanivalve Corporation, President) and completed arrangements to
borrow a prototype system. He also received advice regarding pillow
design.

© RNV-6
© +TITLE: . Integral Impedance Matching, Impedance Transforrna,non, ‘
and Signal Conditioning at the Transducer ‘ T

SOURCE: Worden Waring, Ph.D.
Rancho Los Amigos Hospital

DATE SUBMITTED: 7 May 1968

Efficient shielding techniques are needed for surface biopo-
tential electrodes. These electrodes will be employed to transduce



electromyographic potentials into signals useable for activating
motorized prosthetics.

INITIAL DISPOSITION:

This problem, originally RNV-6, was subdivided into RNV -6,
-7, -8, and -9. A search request was drafted for RNV-6,

COMMUNICATIONS:

5 June 1968--Mr. C. J. Laenger, Sr. contacted Mr. Jack Johnson’
at the Southern Research Support Center to request his comments and
suggestions on this problem. Mr, Johnson is a specialist in the problem
area.

11 June 1968--Telephone call from Mr. Jack Johnson. He said
that his recommendations would be forwarded to the Biomedical
Application Team by letter as soon as possible.

24 June 1968--Letter received from Mr. Jack Johnson containing

his professional advice concerning this problem.

RNV-7
TITLE: Shielded Rooms for Physiological Studies

SOURCE: Worden Waring, Ph.D.
Rancho Los Amigos Hospital

DATE SUBMITTED: 7 May 1968

A shielded room is needed in which to measure biopotentials and
to evaluate electronics and sensors designed as biopotential acquisition
devices.

INITIAL DISPOSITION:

RNV-7 is the second part of the original RNV-6, Initial action
was consultation with Mr. Jack Johnson of the Southern Research
Support Center, Veterans' Administration Hospital, Little Rock, Arkansas.

COMMUNICATIONS:

13 May 1968--A letter was sent to Mr. A, G. Buck advising him
of the breakdown of RNV~6 into RNV~6, -7, -8, and -9,



(8) RNV-8
TITLE: Surface Biopotential Electrodes

SOURCE: Worden Waring, Ph.D.
Rancho L.os Amigos Hospital

DATE SUBMITTED: 7 May 1968

This subdivision of the original problem RNV-6 deals with the
necessity for higher specificity of myographic electrodes; that is, the
avoidance of other electric or bioelectrical potentials than those due to
motoneuron action potentials. The use of the integrated type electrode
was proposed.

INITIAL DISPOSITION:
A search request was drafted.
COMMUNICATIONS:
2 July 1968--Search request drafted.
(9) RNV-9

TITLE: Shielding Techniques for Active Surface Biopotential
Electrodes

SOURCE: Worden Waring, Ph.D,
Rancho Loos Amigos Hospital

DATE SUBMITTED: 7 May 1968

A special active impedance-matching circuit is desired. This
circuit is to be integral and enclosed within the case or body of a surface
biocelectrode. It must provide low noise amplification, filtering, and
portability as well as impedance matching.

INITTIAL DISPOSITION:

RNV-9 is the final segment of RNV=-6 (original designation).
A search request was drafted for RNV-9,.

COMMUNICATIONS:
5 June 1968--Mr. C. J. Laenger, Sr. contacted Mr. Jack Johnson

at the Southern Research Support Center to request his comments and
suggestions on this problem.



(10)

(11)

11 June 1968--Telephone call from Mr. Jack Johnson. He said
that his recommendations would be forwarded to the Biomedical Applica-
tion Team by letter as soon as possible.

24 June 1968--Letter received from Mr. Jack Johnson containing

his professional opinions concerning this problem.

WSM-1
TITLE: Ultrasonic Energy Coupling Techniques

SOURCE: Mr. Donald W. Baker
Technical Manager
Bioengineering Program
University of Washington

DATE SUBMITTED: 17 April 1968

The problem is to find a device, material, or technique which will
increase the efficiency of coupling of ultrasonic energy between piezo-
electric transducers and flesh.

INITIAL DISPOSITION:

It was decided that a WESRAC computer search of the NASA data
bank was in order.

COMMUNICATIONS:
3 May 1968--Search statement draft was sent to Mr. A, G. Buck.
9 June 1968--Search results returned to Problem Originator.
27 June 1968--Search results discussed with Problem Originator
during a visit by L. S. Berger and A. G. Buck. Misunderstandings in

the search description seemed to have developed. WESRAC will be con-
sulted, and a rescreening of the search results will be requested.

WSM-2
TITLE: Rheology of Human Arteries

SOURCE: Dr. Colin H. Daly
Assistant Professor
Mechanical Engineer
University of Washington

10



(12)

DATE SUBMITTED: 12 April 1968

It is desirable for diagnostic purposes to determine the stress
versus strain relationship of segments of human arteries in normal and
in diseased states.

INITIAL DISPOSITION:

A WESRAC computer search of the NASA data bank is in order.

COMMUNICATIONS:

23 May 1968--Mr. R. J. Crosby called Dr. Daly to clarify the
problem statement,

28 May 1968--Search statement sent to A. G. Buck for relay to
WESRAC.

WSM-3
TITLE: Instantaneous Skin Surface Temperature Measurement

SOURCE: Dr. Kenneth K. Kraning
Senior Fellow
University of Washington

DATE SUBMITTED: 12 April 1968

A method is needed by which to apply short pulses of radiant
energy to human skin, and to measure the time=-course of the skin's
surface temperature.

INITIAL DISPOSITION:
A computer search of the NASA data bank is in order,
COMMUNICATIONS:

22 April 1968-~After consultation with a specialist in the problem
area, it was decided to request additional information from the Problem
Originator.

30 April 1968--Possible overlap with Research Triangle Institute
problem DU-4, '"Measurement of Small Temperature Changes, '' was
revealed by a Termatrex System search. A duplicate of the search yield
and the Problem Abstract responses to DU-4 was requested from Research
Triangle Institute, Biomedical Applications Team,

22 May 1968--Mr. R. J. Crosby called Dr. Kraning to clarify prob-
lem statement. .
11



(13)

(14)

28 May 1968--Search statement draft forwarded to consultant
from Southwest Research Institute,

17 June 1968--Search request sent to WESRAC
27 June 1968--Search request discussed with Mr. Baker during

a visit by L. S. Berger and A. G. Buck.

WSM-4
TITLE: Multistress Effects on the Cardiovascular System

SOURCE: Drs. Loring Rowell and John Murray
University of Washington

DATE SUBMITTED: 1 December 1967

Singly imposed stress and the resultant effects on the heart and
cardiovascular system have been studied. But what happens when two
or more stress elements are simultaneously applied? And what is the
separate result, as well as the combined result? The experimenters
had at their disposal complete inclined-plane treadmills to provide the
physical effort stress and to affect oxygen transport. It was desired to
add, under controlled conditions, the stress of heat and heat transfer,

INITIAL DISPOSITION:

This problem was unofficially submitted to Mr. A. G. Buck prior
to Mr. Buck's formal activities as Project Consultant. As a result of
Mr. Buck's effort, NASA Manned Spacecraft Center loaned two liquid
cooled garments to the Problem Originator in December 1967.. In April,
a letter of acknowledgement was sent to Mr, Paul Purser, Special
Assistant to the Director, Manned Spacecraft Center, which expressed
appreciation for the loan, and furnished a most positive evaluation of the
usefulness of the loaned technology.

NWR-1
TITLE: Motion Pattern Measurement of Patients

SOURCE: A. W, Guy, Ph.D.
Assistant Professor
Department of Physical Medicine and Rehabilitation
University of Washington

12



DATE SUBMITTED: 17 April 1968

Neuromuscular facilitation is a relatively new means of treating
the effects of central nervous system damage. It utilizes many sources
of energy input to assist in the restoration of normal motion patterns,
The goal of this project is to evaluate the efficacy of neuromuscular faci-
litation techniques in the treatment of patients with various forms of cen-
tral nervous system deficiencies. The problem involved is to measure the
motion pattern of the effected individual before, during, and after the
treatment, and to relate these to the motions of normal individuals.

INITIAL DISPOSITION:

A computer search will be done jointly with the functionally very
similar problem PLR-2, '"Measurement of Surface Kinematics of the
Canine Heart. "

COMMUNICATIONS:

26 April 1968--Backup material on Tech Brief 67-10114, '"Inte-
grated Mobility and Notation System!'' was sent to communicator, inform-
ing him also that this problem was being prepared for searching.

10 May 1968--Letter received from coordinator advising that the
Tech Brief material furnished 26 April appears to be of great value to
research in the subject area.

23 May 1968--Search statement draft sent to consultant.
4 June 1968-~Search statement submitted to WESRAC.

5 June 1968--Two research references were forwarded to Prob-
lem Originator: (1) AD 828067 ""Cartographic Production Equipment
‘Handbook'" and (2) AD 828750L '"Mono Versus Stereo Analytical Photo-
grammetry, Part 2",

26 June 1968--Search results forwarded to Problem Originator.
26 June 1968--During a visit by L. S. Berger and A. G. Buck,

Problem Originator stated that TB67-10114 appears to be applicable to-
the problem andwill be investigatedin the futureas staffing becomes avail-

able.
(15) NWR-2
TITLE: Pressure Measurement to Aid Prevention of
New Decubitus Ulcers(Processing is coordinated
with RNV -5)

13



SOURCE: A. W. Guy, Ph.D.
Assistant Professor
Department of Physical Medicine & Rehabilitation
University of Washington

DATE SUBMITTED: 17 April 1968

The development of decubitus ulcers in patients on rehabilitation
programs is an extremely costly event in the patient's progress toward
his maximum functional level. This occurs primarily in patients with
sensory loss, when an area of tissue is subjected to prolonged application
of pressure which exceeds the pressures within the tissue's capillary bed,
and necrosis of that tissue ensues. Many means of relieving the forces
involved are employed in the clinical situation with marginal and varying
degrees of success. A means of measuring the pressure distributions
developed between the ''relieving'' devices and the patient would allow
evaluation of and/or a basis for further development of such apparatus.

INITIAL DISPOSITION:

A carefully screened excerpt of previously performed searches
on pressure transducers was sent to Dr. Guy for review (22 April). In
addition, the West Coast Consultant has begun an investigation of tech-
nology developed at Ames Research Center and of other NASA generated
technology with which the Consultant is personally familiar. He is also
investigating commercial sequential pressure scanners.

COMMUNICATIONS:

23 April 1968--Search results from previously performed litera-
ture screened.

24 May 1968--Mr. A. G. Buck wrote letter of report to Problem
Originator describing a proposed measurement system using NASA
technology and '""Scanivalve'' commercial equipment. Plans are being
made to build up a prototype system and furnish this to the Problem
Originator.

7 June 1968--During a visit to NASA ERC, Cambridge, by
L. Berger, tunnel diode transducers developed by Dr.W. Rindner and
Dr. A, Garfein were discussed in terms of their possible usefulness to
this problem. A reprint of a descriptive article, "Miniature Tunnel
Diode Transducers'' from Solid State Electronics, Pergamon Press, 1967,
Vol 10, pp 1227-8, was obtained and forwarded to Problem Originator,

26 June 1968--A, G. Buck and L. S. Berger visited with Problem
Originator. Originator requested that technological descriptive material

14



(""Scanivalve'’) be sent to him so that he can evaluate the technical stability
and estimate the staffing requirements. He will review the furnished
search results in detail, and, asan initial reaction, feels that the search
material is quite useful, appropriate, and novel., He also intends to
follow up on the tunnel diode transducers at ERC.

(16) NWR-3
TITLE: Parameters for Telemetry Systems

SOURCE: A. W. Guy, Ph.D.
Assistant Professor
Department of Physical Medicine & Rehabilitation
University of Washington

DATE SUBMITTED: 17 April 1968

There is a need for lightweight telemetry transmitter and antenna
systems that can be worn by a human subject while he is engaged in nor-
mal activities, The system is required to transmit physiological infor-
mation concerning the subject to a central monijtoring location in a large
medical center. The frequency, power, and antenna gain should be such
that the system is operable, regardless of the location of the subject and
monitor, within the confines of the medical center.

INITIAL DISPOSITION:

Utilization of Consultant's knowledge of relevant NASA research.
Reports were furnished to Problem Originator 29 March and 17 June.

COMMUNICATIONS:

17 June 1968--Consultant reported that the information which he
furnished to the Problem Originator appears to satisfactorily solve the
problem. Documentation of the transfer is being prepared. This case
is considered a completed transfer and closed out.

26 June 1968-~Problem Originator edited and approved the trans-
fer report during a visit to Seattle by L. S. Berger and A. G. Buck.

(17) SFM-~1
TITLE: Automatic EKG Time-Interval Measurement

SOURCE: Robert E. Stenson, M.D.
Cardiology Division
Stanford University School of Medicine

15



DATE SUBMITTED: 16 April 1968

For detection of certain pathologic conditions, time correlations
between EKG and cardiovascular pressure waves at various sites are
desired. A computer program to augment the above is sought.

INITIAL DISPOSITION:

Search request was submitted to WESRAC after several available
reference documents were forwarded by Mr., St.Claire to the Problem
Originator. Problem was combined with SFM-2,

COMMUNICATIONS:

24 April 1968--Mr. F, L. St.Claire wrote letter to Originator
in inquiry of the capability of the Stanford Medical School staff in the
fields of electronics, computer programs and languages, and mathe-
matical analysis.,

13 May 1968--F, L. St.Claire received an answer from
Dr. Stenson, who requested a close adherence to strictly biomedical
technology.

21 May 1968--Mr. St.Claire requested from Research Triangle
Institute (E. Harrison) information packet concerning their problem
DU-25, as it shows promise of being helpful to Dr. Stenson.,

22 May 1968--F, L. St.Claire sent applicable search results
from previously performed searches to A, G. Buck for forwarding to
Dr. Stenson.

4 June 1968--Mr, A. G. Buck relayed material of 22 May to
Problem Originator after having added some documents of his own.

21 June 1968--F. I.. St.Claire received, via E. Harrison,
Research Triangle Institute, backup information on DU-25, Although
after review the material appeared to be of little value to Dr. Stenson,
it was nevertheless forwarded to the Problem Originator via L. Berger
on his trip of 24 June 1968 to the West Coast.

28 June 1968--Problem Originator was visited by A. G. Buck
and L. S. Berger. They discussed technical details of the problem.
A telephone conference will be arranged with specialists at SwRI to plan
the next step in attacking this problem.

16



(18)

SFM-2
TITLE: Automatic Techniques for Smoothing Blood Pressure
Waveforms

SOURCE: Robert E. Stenson, M.D.
Cardiology Division
Stanford University School of Medicine

DATE SUBMITTED: 16 April 1968

In order to use blood pressure waves for diagnostic testing through
a computer, artifacts and noise which would confuse the computer logic
must be eliminated. Automatic artifact rejection and waveform smoothing
arée therefore desired.

INITIAL DISPOSITION:

Search request was submitted to WESRAC after several available
reference documents were forwarded by Mr. St,Claire to the Problem
Originator. Problem was combined with SFM-1.

COMMUNICATIONS:

24 April 1968--Mr. F. L. St.Claire wrote letter to Originator
in inquiry of the capability of the Stanford Medical School staff in the
fields of electronics, computer programs and languages, and mathe-
matical analysis,

13 May 1968--F, L. St,Claire received an answer from_
Dr., Stenson, who requested a close adherence to strictly biomedical
technology.

21 May 1968--Mr, St.Claire requested from Research Triangle
Institute (E. Harrison) information packet concerning their problem DU-25,
as it shows promise of being helpful to Dr. Stenson.

22 May 1968--F, L. St,Claire sent applicable search results
from previously performed searches to A.. G. Buck for forwarding to
Dr. Stenson.

4 June 1968--Mr. A. G. Buck relayed material of 22 May to
Problem Originator after having added some documents of his own.

21 June 1968--F, L. St.Claire received, via E. Harrison, .

"Research Triangle Institute, backup information on DU-25. Although the

material appeared to be not directly related to Dr. Stenson's problem,
it was nevertheless forwarded to the Problem Originator via L. Berger
on his trip of 24 June 1968 to the West Coast.

17



28 June 1968--Problem Originator was visited by A. G. Buck and
L. S. Berger. They discussed technical details of the problem. A tele-
phone conference will be arranged with specialists at SwRI to plan the
next step in attacking this problem,

(19) GLM-17
TITLE: Respiratory Gases Measurements

SOURCE: Quang X, Nguiem, M.D.
The University of Texas Medical School
Galveston

DATE SUBMITTED: 9 April 1968
Measurement of respiratory gases.
INITIAL DISPOSITION:

After exploring the qualities and specifications of certain com-
mercially available gas measurement devices, it was decided that a
search request was in order.

COMMUNICATIONS:

15 April 1968--R, J. Crosby and F. L, St,Claire are jointly
undertaking to write a search request.

15 April 1968--Mr. R. J. Crosby called Mr. Gruben, the "West-
inghouse'' representative in Dallas, about their fuel-cell-type oxygen
detector. He sent us descriptive literature, and it appears likely that
the system would be suitable.for breath-by-breath O, analysis in non-
combustible atmospheres, Started writing search request for gas sensors.

22 April 1968--Literature on '"Westinghouse Oxygen Analyzer'
received,

24 April 1968--Results of investigation of NASA sponsored gas
sensor technology was forwarded to Problem Originator. The status
of research was established in part by conversation with Mr, John T.
Wheeler, TUO, Manned Spacecraft Center, on 11 April 1968, which
resulted in further discussions with staff members at Manned Space-
craft Center and engineers at Perkin-Elmer Company, and in part from
knowledge of the NASA sponsored research project in the subject area
which is currently being undertaken at Southwest Research Institute.

1 May 1968--Search request and cover letter sent to WESRAC.

18



1 May 1968--Problem Originator was interviewed by one of the
preparers of the search statement (Mr. R. J. Crosby). The Problem
Originator approved the search approach, and formulationandwas senta copy
of the search sfatement for his récords, A visit to Galveston was tenta-
tively scheduléd for 16,May 1968 by Mr. Crosby to continue discussion
of the problem submission.

16 May 1968~--Search results returned from search center; given
to Mr. R. J. Crosby for screening and evaluation,

16 May 1968--Mr. C. J. Laenger, Sr. and Mr. R. J. Crosby
visited Problem Originator and Consultant and discussed the different
approaches whichmightbe taken to problem solutions. As a result of the
discussion, information on hot wire anemometers, EKG electrodes, and
Perkin-Elmer technology was promised to the Problem Originator.

22 May 1968--Screened search results forwarded to Problem
Originator.

22 May 1968-~-Mr. A. G. Buck met with various staff scientists
and Technology Utilization Officialsof Ames Research Center and with
Mr. Peter Shipma of IITRI to investigate possibilities of using systems
developed for smell analysis and fire protection work technology to the
submitted problem. The system is physically quite bulky, taking up one
average-size room and costing about $80,000. A lighter weight, less
expensive system which might be adequate for the analysis of lighter
molecular weight gases may be derivable from the Ames Technology.

5 June 1968--Mr. A. G. Buck furnished an evaluation report
based on his interviews with NASA Ames staff members. His recom-
mendation was to consider using commercial (Bendix MA~1 "Time of
Flight Mass Spectrometer'') equipment, and he forwarded descriptive
literature for Problem Originator's consideration.,

7 June 1968--During a visit to NASA ERC, Cambridge, Messrs.
A. Lavery and L. E. Long displayed to L. Berger a thermistor breath
sensor/recorder which may be of potential interest to this problem.
Written documentation will be requested through Mr. Dennison's office
and forwarded to the Problem Originator,

24 June 1968--Search Appraisal Forms sent to Problem Originator.

(20) PLR-1
TITLE: Measurement ofv Oute:: and ‘Inner Diameters of Blood Vessels
(Transcutaneous)
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SOURCE: Alvin H. Sacks, Ph.D.
Bioengineering and Physiology Division
Palo Alto Medical Research Foundation

DATE SUBMITTED: 3 April 1968

The need exists for improved clinical assessment of sclerotic
conditions in blood vessels. One possible avenue is accurate measure-
ment of inner and outer diameters of blood vessels. A technique is sought.

INITIAL DISPOSITION:

Correspondence for classification of problem and determination of
the physical and technical capabilities of the Palo Alto Medical Research
Center was initiated by C. J. Laenger, Sr. Preparation of a search
statement is being considered.

COMMUNICATIONS:

23 April 1968--Mr. C. J. Laenger, Sr., sent letter of inquiry to
Problem Originator, requesting data about definition required, availa-
bility of equipment funds, applicability of catheter-tip scanning technol-
ogy, and a requestfora description of available staff and facilities that
could be devoted to the fabrication of electronics circuitry.

22 May 1968--Problem Originator was sent a detailed letter of
technical evaluation of the submitted problem, prepared by .
Mr. C. J. Laenger, Sr. Suggestions about organizing a literature search
were also included.

(21)- PLR-2
TITLE: Measurement of Surface Kinematics of Canine Heart

SOURCE: Neal B, Ingels, Ph.D.
Palo Alto Medical Research Foundation

DATE SUBMITTED: 8 April 1968

Techniques and concepts are sought for remote, essentially non-
contacting means of measuring the kinematics of body surfaces; specifi-
cally the canine open-heart surface. Low inertia markers or similar
mechanisms may be placed on the body surfaces. It is desired that the
motion of the body surface be measured accurately and the data be pro-
cessed automatically in order to obtain a complete space-time history
of selected locations on the body surface, The proposed methods must
not be destructive nor damaging to living tissues,
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INITIAL DISPOSITION:

Computer search jointly with the functionally very similar prob-
lem, NWR-~1, 'Motion Pattern Measurement of Patients. "

COMMUNICATIONS:

15 April 1968--Problem Statement presented to Dr. Gerald Gardner
for consultation in search description preparation.

23 May 1968--Search statement draft sent to Consultant.
4 June 1968--Search statement submitted to WESRAC.

5 June 1968--Two research references were forwarded to Problem
Originator: AD 828067, '"Cartographic Production Equipment Handbook'
and AD 828750L, '"Mono Versus Stereo Analytical Photogrammetry,

Part 2. "

28 June 1968--L. S. Berger and A. G. Buck visited with the
Problem Originator and transmitted the search results to him. His
original estimate was that the search results appeared relevant and
interesting.
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III. BIOMEDICAL PROBLEMS

A, Problem List and Status Summary

Status

No. ‘ Title

Texas Institute for Rehabilitation and Research

HUV-1 Reduced Workload Environment for
Physically Handicapped Patients

HUV-2 Advanced Computer Display and
Interface Technology

HUV-3 Computer Scheduling Techniques

HUV-4 Heart Sounds, Interval Analysis

HUV-5 End Tidal Air Sampler

HUV-6 Ambulation Aid

HUV-7 Scheduling for Ward Patients

HUV-8 Mechanisms of Onset of Orthostatic
Hypotension

HUV-9 Prosthetic Materials for Urinary
Tract

22

Phase 1 and Phase 2,
actual transfer; equip-
ment is now sought.

Inactive, no new
information.

Solution to staffing
problem is being sought.

Second search results
are being evaluated,

Inactive, no new
information,

Problem Abstract
disseminated.

Solution to staffing
problem is being
sought.

Completed, now
inactive.

Staff consultation
planned with Biomed-
ical Application Team
specialist.



No. Title Status
HUV-10 Instrumented Prosthetic Leg The original, very broad
problem has been placed
on the inactive list; the
project has been funded.
Audio-visual problem
abstract produced; tech-
nology tentatively identified. '
HUV-11 Improved Gas Sample Flow Control Inactive, no newinforma-’
and Measurement tion.
HUV-12 Special Automobile Modifications for Inactive, nonew informa-
Disabled Persons tion.
HUV-13 Human Transfer Function Measure- Solution to staffing prob-
ments lem is being sought.
HUV-14 Physical Space Utilization Transfer ih progress.
HUV-15 Advanced Computer Terminal and Closed out;:ihactive..
Display Technology
HUV-16 Novel Joint Design Applied to Transfer in progress.

Assistive Devices for Human Limbs

Rice University

RCU-1

"Artificial Heart' Control System
Technology

This problem has been
combined with BLM-4.

Veterans Administration Southern Research Support Center

SRS-1

SRS-2

SRS-3

Indirect Measurement of Blood
Pressure During Rest and Exercise
on Arms and Legs.

Catheter-Tip Transducer for Blood
Pressure and Flow Measurement

Locating Tip of Stomach Tube
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Periodic literature review
is requested.

Periodic literature review
is requested.

Inactive; no new informa-
tion.



No. Title

Status

SRS-4 Materials Suitable for Dry Electrode
Fabrication

SRS-5 Temperature Regulatory Mechanisms
of the Body

SRS-6 Investigations of Cutaneous Stimuli

SRS-7 Acoustic Pest Control Technology

Baylor University Medical School

BLM-1 Noiseless Gas Valves for "Artificial
Heart'" Use
BLM-2 Support Slings for Postoperative

Care of Large Animals

BLM-3 Triggering on R Wave of ECG

BLM-4 Valve for Proportional Gas Flow
Control

BLM-5 Transthoracic Energy Coupling
Devices

BLM-6 Biocompatible Spray-On Plastics,

Impermeable to Bacteria

BLM-7 Telemetry of Cardiovascular Data
from Free-Ranging Animals

BLM-8 Miniature Tape Recorder for Bio-
logical Data

24

Periodic literature
review is requested,

Periodic literature
review is requested.

Closed out; actual
transfer.

Inactive.

Closed out.

Closed out,

Actual transfer,

Technology tentatively
identified.

No new information,

Technology is being
evaluated by Problem
Originator,

Contractor has been
informed of search
results,

Technology tentatively
identified- -unable to
obtain prototype for
evaluation,



Title

Status

BLM-9

The University of Texas Medical Branch, Galveston

Cyclic Variation of Body Tempera-
ture in Mammals

GLM-1

GLM-2

GLM-3

GLM-4

GLM-5

GLM-6

GLM-7

GLM-8

GLM-9

GLM-10

Analysis of Transitional Flow-
Convection/Diffusion

Monitoring of Blood Pressure by
Extravascular Sensor, Using Wire-
less Telemetry of Information
Determination of Local Blood Flow,
Blood Gas Concentration, and Blood

pH in Small Portion of an Organ

Implanted Blood Pressure Transducer

Chronic Intracranial Pressure Mea-
surement in Man

A Model Vascular System

Viscosity Measurement of Minute
Samples of Blood

Computer Program for Electroen-
cephalograph: Period Analysis

Measurement of Local Tissue
Oxygen Consumption, In Vivo

Computer Program for Flame
Spectrophotometry
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Information has been
furnished to Problem
Originator. Applica-
tion of this informationas
yet unspecified,

Transfer accomplished;
problem closed out.

Inactive; information
transfer still operative.

Actual transfer.

Technology being
evaluated by Problem
Originator.

Technology being
evaluated by Problem
Originator,

Reference documents
are being evaluated,

Reference documents
evaluated; possible
Problem Abstract.

Reference documents
are being evaluated.

Actual transfer.
Technology tentatively

identified; Problem
Abstract drafted.



No. Title Status
GLM—Vll Elimination of Electrostatic Charge Closed out; actual
in Experimental Animals transfer,
GLM-12 Computer Selection and Elimination Reference documents
of Artifacts are being evaluated.
GLM-13 Multiple Cospectral Density Analysis Problem Abstract
of Time-Series Data disseminated, possible
transfer being evaluated.
GLM-14 Repetitive Measurement of Kidney References being
Mass in Intact Animal evaluated by Problem
Originator,
GLM-15 Respiration Volume and Rate Mea- Problem Originator
surements in Unencumbered (Free) evaluating reference
Child material,
GLM-16 In-Situ Tumor Mass Determination Meeting held for
on Rat Leg researcher and Bio-
medical Application
Team members;
search statement
drafted.
GLM-17 Respiratory Gases Measurement References being

Wilford Hall USAF Hospital

WLH-1

Blood Recirculation Technology

Palo Alto Medical Research Center

PLR-1

Measurement of Outer and Inner
Diameter of Blood Vessels
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evaluated by Problem
Originator.

References being
evaluated by Problem
Originator.

Problem under study;
possible search request,



Title

Status

PLR-2

Surface Movement

University of Washington Medical School

WSM-1

WSM-2

WSM-3

WSM-4

Ultrasonic Coupling Techniques

Atherosclerotic Lesion Detection

Infrared Irradiation of Skin Surface

Simultaneous Multistress Effects
on the Cardiovascular System

Stanford University Medical School

SFM-1

SFM-2

Automatic EXKG-Time Interval Mea-
surement

Automatic Techniques for Smoothing
Blood Pressure Waveforms

Northwest Handicapped Center

NWR-1

NWR-2

NWR-3

Motion Pattern Measurement of
Patients

Pressure Measurement to Aid Pre-~
vention of New Decubitus Ulcers

Parameters for Telemetry Systems
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Search results
forwarded to Problem
Originator,

Search results being
evaluated by Problem
Originator,

Search request sent
to NASA data bank,

Search request sent
to NASA data bank.

Actual transfer;
closed out.

References being
evaluated by Problem
Originator.

References being
evaluated by Problem
Originator.

Search results sub-
mitted to Problem
Originator,

Transfer in progress.

Actual transfer; closed
out.



No., Title Status

Rancho Los Amigos Hospital

RNV-1 Efficient Electromagnetic Power Search requestdrafted.
Transmission Through Living Tissue

RNV-2 Design of Implanted Antennas Search request
drafted.

RNV-3 Electrode Wires for Implantation Search request for-
warded.

RNV-4 Optimum Neurologic Electrodes Search request sub-
mitted.

RNV-5 Pressure Measurement to Aid Combined with NWR -2;

Prevention of New Decubitus Ulcers transfer in progress.
RNV6 Integral Impedance Matching, Search requestdrafted.

Impedance Transformation, and
Signal Conditioning at the Transducer

RNV-7 Shielded Rooms for Physiological Specialist in field under
Studies consultation; search

request drafted,

RNV-8 Surface Biopotential Electrodes Search requestdrafted.
(EMG, EEG, ECG,...)

RNV-9 Shielding Techniques for Active Search requestdrafted.
Surface Biopotential Electrodes

The University of Texas Medical School at San Antonio

SNM-1 Enhancement of X-Ray Contrast Enhancement procedure
Study Films has not yet been
successful,
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B. Problem Case Histories Status

HUV-1 REDUCED WORKLOAD ENVIRONMENT FOR PHYSICALLY
HANDICAPPED PATIENTS

Communications

4 April 1968--In response to an inquiry from Texas Institute for
Rehabilitation and Research workers, Mr. Dave Bendersky, Midwest
Research Institute, was telephoned to obtain information on helmet respi-
ratory gases collecting scheme and triaxial accelerometer availability. . The
information obtained was forwarded to the requesting researchers.

22 April 1968--Search results returned from KASCenter.

23 April 1968--Information on "Westinghouse Oxygen Analyzer"
received.

30 April 1968--Final arrangements for preparation of video tape
version of new Problem Statement/Problem Abstract were made by tele-
phone call to Consultant. A trip is planned for 8 May 1968, for a team
member to assist in the tape preparation and editing.

8 May 1968--Screened search results were delivered to Problem
Originator during Mr. R. J. Crosby's site visit.

15 May 1968--Mr. R. J. Crosby received, during a visit to Texas
Institute for Rehabilitation and Research, a list of 13 references which
the Problem Originator requested in connection with the search results.

21 May 1968--Mr. R. J. Crosby obtained information from the
Texas State Agency for Surplus Property on procuring some reduced gravity

simulator hardware, and he forwarded this information by telephone to the
Problem Originator.

24 June 1968--Search Appraisal forms sent to Problem Originator.

HUV-9 PROSTHETIC MATERIALS FOR URINARY TRACT

Communications

28 February 1968--Problem Originator was contacted by telephone
and advised that visit by physical chemist to Houston is being planned.
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13 March 1968--Unscreened copy of search sent to Research Triangle
Institute.

15 May 1968-~-Dr. Ware called Dr. Scott (who was not in his office)
and left word that a conference concerning this problem would be sought
toward the end of the week of 20 May 1968,

HUV-10 INSTRUMENTED PROSTHETIC LEG

Communications

29 April 1968--Unscreened search results from previously performed
searches on pressure transducer technology, and NASA Tech Brief 67-10664
"Pneumatic Pressure Wave Generator Provides Economical Simple Testing
of Pressure Transducers,' was sent to Consultant.

28 May 1968--1L.. Berger called Dr. C. Lombard at Northrop to
check on availability of a microsphere mattress sample for evaluation.
Dr. Lombard stated that he is sending a sample for evaluation purposes
immediately.

7 June 1968--During a visit to NASA ERC, Cambridge, by L.. Berger,
tunnel diode transducers developed by Dr. W. Rindner and Dr. A. Garfein
were discussed in terms of their possible usefulness to this problem. A
reprint of a descriptive article, "Miniature Tunnel Diode Transducers"
from Solid State Electronics, Pergamon Press, 1967, Vol. 10, pp. 1227-8,
was obtained and forwarded to Problem Originator.

18 June 1968--Researchers at Northrop were sent a request for
prototype loan which had been scheduled for immediate delivery in past
telephone conversations of 1 April and 28 May 1968.

24 June 1968 - -Sample cushion furnished by Dr. Lombard for
evaluation.
HUV-16 NOVEL JOINT DESIGN APPLIED TO ASSISTIVE DEVICES FOR

HUMAN LIMBS

Communications

23 May 1968--NASA SP 5047, Technology Survey on Teleoperators
and Human Augmentation, forwarded to Problem Originator.
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SRS-6 INVESTIGATIONS OF CUTANEOUS STIMULI

Communications

2 May 1968--Mr. C. J. Laenger, Sr. wrote to Problem Originator
to ascertain use made of references furnished. A survey paper was in
preparation by Problem Originator, utilizi:ng references furnished by the
Applications Program.,

14 May 1968--Letter was received from Problem Originator. The
literature survey article, giving over 80 citations, using the reference
material furnished by the program, titled ""Electrical Stimulation of Sensory
Nerves with Skin Electrodes for Research Diagnosis Communication and
Behavioral Conditioning: A Survey,''hasbeen submitted for publication to
Medical and Biological Engineering.

BLM-4 VALVE FOR PROPORTIONAL GAS FLOW CONTROL

Communications

15 May 1968--Mr. Michael J. Crosby, Aerospace Engineer, Lewis
Research Center, sent Problem Originator detailed fabrication drawings
of the pneumatic servo-valve developed for artificial ventricles. Included
in the materials furnished to the Problem Originator were photographs
of the servo-valve as used in the artificial heart control system developed
at Lewis for Dr. Kolff,

GLM-4 IMPLANTED BLOOD PRESSURE TRANSDUCER

Communications

7 June 1968--During a visit to NASA ERC, Cambridge, by L. Berger,
tunnel diode transducers developed by Dr. W. Rindner and Dr. A, Garfein
were discussed in terms of their possible usefulness to this problem. A
reprint of the descriptive article, ""Miniature Tunnel Diode Transducers"
from Solid State Electronics, Pergamon Press, 1967, Vol. 10, pp. 1227-8,
was obtained and forwarded to Problem Originator.

GLM-5 CHRONIC INTRACRANIAL PRESSURE MEASUREMENT IN MAN

Communications

7 June 1968--During a visit to NASA ERC, Cambridge, by L. Berger,
tunnel diode transducers developed by Dr. W. Rindner and Dr. A. Garfein
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were discussed in terms of their possible usefulness to this problem. A
reprint of a descriptive article, ""Miniature Tunnel Diode Transducers"
from Solid State Electronics, Pergamon Press, 1967, Vol. 10, pp. 1227-8,
were obtained and forwarded to Problem Originator.

GLM-7 VISCOSITY MEASUREMENT OF MINUTE SAMPLES OF BLOOD

Communications

3 May 1968--A reference from Excerpta Medica, Section 27, Vol. 2,
No. 3, March 1968, p. 103: Reference 819, "A Viscometer for the Study of
Blood,'" Evans, A.; J.P.A. Weaver; and D. N. Walter, Department of
Surgery, University of Newcastle Upon Tyne, Biorheology, 1967, was for-
warded to Probléem Originator.

14 May 1968--Backup package on NASA Tech Brief 67-10041 (Viscosity
Measurement Using Instrumented Parallel Plate System) received from Jet
Propulsion Laboratory, Mr. L. S. Doubt, TU representative.

16 May 1968--Mr, C, 7J, Laenger, Sr., and R. J. Crosby visited
Problem Originator and obtained his evaluation of literature references.

These appear to have been of very limited usefulness and a Problem Abstract
preparation is contemplated,

GLM-10 COMPUTER PROGRAM FOR FLAME SPECTROPHOTOMETRY

Communications

25 March 1968--Problem Abstract draft sent to NASA headquarters
for approval.

15 April 1968--SwRI received abstracts of COSMIC programs MFS-
12878 and COS-10017L from Robert B. Smith. The programs will require
some adaptation to make them useful for analyzing flame photometer results.

16 May 1968--Mr. R. J. Crosby and C. J. Laenger, Sr. met with
Problem Originator and discussed Dr. Gardner's letter. Several questions
were raised by the Problem Originator for which the team members will
obtainanswers and then forward them to Dr. Rudenberg.

22 May 1968--Mr. R. J. Crosby sent Problem Originator the
requested létter of clarification regarding mathematical notations.
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GLM-12 COMPUTER SELECTION AND ELIMINATION OF ARTIFACTS

Communications

16 May 1968--Mr.-C. J. Laenger, Sr. and Mr. R. J. Crosby visited
Problem Originator and advised the Problem Originator of the new TIME
DATA 100 Hybrid Computer which seems ideally suited for purposes of this
problem. Manufacturing information will be furnished to the Problem
Originator,

GLM-13 MULTIPLE COSPECTRAL DENSITY ANALYSIS TIME-SERIES DATA

Communications

25 April 1968--Response to problem abstract received from
Mr. Floyd S. Shipman through Mr. John Samos' office, Langley Research
Center. This suggestion was forwarded to Problem Originator.

GLM-15 RESPIRATION VOLUME AND RATE MEASUREMENTS IN
UNENCUMBERED (FREE) CHILD

Communications

14 June 1968--During a visit by L. Berger to NASA ERC, two
members of Dr. William Leavitt's staff (Mr. Lavery and Mr. Long)
demonstrated a thermistor bridge device which appears suitable, perhaps
after minor modification, to the posed problem. A letter was written to
both Dr. Leavitt and Mr, Jim Dennison, TUQO, at ERC, describing Problem
GLM-15 and requesting material on the technology so that the Problem
Originator could become acquainted with the NASA sensor development,

GLM-16 IN-SITU TUMOR MASS DETERMINATION ON RAT LEG

Communications

4 April 1968--Problem Originator was contacted by Mr. Wray Fogwell
and a visit to SwRI was arranged for Problem Originator and one of his
assistants for 8 April 1968, Application of aerospace sponsored technology
to this problem will be discussed at that time.
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RCU-1 "ARTIFICIAL HEART'" CONTROL SYSTEM TECHNOLOGY

21 June 1968--Response from Lewis Research Center to Problem
Abstract evaluated by Problem Originator. It is too soon for a final

evaluation, but the initial estimate is that the technology may be of con-
siderable help.
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Transfer Summaries

Outline Used:

TRANSFER IDENTIFICATION (TITLE)
THE PROBLEM
a. Statement
b. Source: Institution/Investigator
TRANSFER STATUS
SOLUTION
a. Synopsis
b. Method by Which Identified
c. NASA Source (Program/Field Center)

ESTIMATE OF BENEFITS AND COSTS

a. Actual Costs
b. Potential Benefits
c. Cost of Solving/Saving (To Investigator)

PROGNOSIS/OTHER RELEVANT INFORMATION
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RNV-5A

PRESSURE MEASUREMENTS TO AID PREVENTION OF DECUBITUS
ULCERS (STATIC CASE)

1. a. Patients confined to a sitting position in a wheel chair develop
ulcers very likely as a result of unit overpressure for long-term periods.
The curing of this condition is an unpleasant and unhappy experience for the
patient, and it is quite expensive. Since all patients are different, what is
needed is an economical procedure with which to take a pressure profile
reading of the sitting surfaces. Apparently this has not been done effectively,
if at all. With such knowledge of the pressure distribution, it should be pos-
sible to economically construct a seat-pad so contoured as to provide uniform
pressures throughout the sitting area and thus prevent the localized overpressure
conditions.

b. Rancho Los Amigos Hospital/Dr, Shannon Stauffer.

2. The required technology, design suggestions, and loan arrangements
required have been completed.

3. a, The problem of measuring, economically, many pressures
(literally numbered in the hundreds) involved herein is akin to the problem
of measuring local pressures about a wind~-tunnel model under stress. Con-
sequently, conferences at which a dozen potential solutions (proprietary to
NASA) were discussed and considered were held with both dynamicists and
instrumentation experts at the Ames Research Center. To solve the problem
rapidly, the decision was to use existing techniques; to keep the solution
economical, the decision was to try to use Ames's recommended commercial
products. In brief, the patient will sit upon a quilted pad, each ''quilt' being
a miniaturized air cushion, and each connected by a miniature (0.040" dia)
tube to a pressure cell. However, for economy, a commercial product
(""Scanivalve'') using but one (expensive) pressure cell and a pressure ''com-
mutator' for cyclically sampling the many pressures will be employed. Con-
struction of the quilted pad will be done by Rancho Los Amigos. The
instrumentation required will be loaned (without cost) from the manufacturer
who has become most interested in the humanitarian aspects.

b. Utilization of the West Coast Consultant's knowledge of this prob-
lem and of similar problems experienced by NASA.

c. Ames Research Center/Messrs. George Edwards, TUO, who is
also an authority on subsonic aerodynamics, and John Dimeff,

4, a. For the first time, Rancho Los Amigos Hospital will have a fully
instrumented approach to a problem which has existed for a very long time.
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b. Potential benefits are significant. The Medical Director states
that the County of Los Angeles sees 200 such cases each year, and that the
cost of ulcer correction is about $15, 000 per case. This is for just one county
of one state, albeit a very large county. The humanitarian and economical
potential gain is impressive,

c. Estimated savings to the investigator are two man-years of time.

5. A second phase will most probably deal with a sophisticated approach
to seat materials and design.
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WSM-4

MULTISTRESS EFFECTS ON THE CARDIOVASCULAR SYSTEM

l. a.. Singly imposed stress and its resultant effects on the heart and
cardiovascular system have been studied. But what happens when two or more
stress elements are simultaneously applied? And what is the separate result.
as well as the combined result? The experimenters had at their disposal com-
plete inclined-plane treadmills to provide the physical-effort stress and to
affect oxygen transport, It was desired to add, under controlled conditions,
stress from heat and heat transfer.

b. University of Washington/ Drs. Loring Rowell, John Murray.

2, a. Actual Transfer--Conferences with the experimenters indicated
that the desire was one of having a lightweight, flexible, heated suit to con-
trol skin temperature and thereby control skin blood flow and skin heat trans-
fer for the subject (so as not to interfere with physical movement); thus one
could achieve the desired experimental goals. The fact that the ""Space Under-
wear' used by NASA Astronauts in this case can be heated rather than cooled
came to mind. Arrangements were made by telephone with NASA-MSFC for
the loan of the actual suits., The experiments have been completed, the report
is currently being written, .and an abstract has been sent to MSFC for critique.

3. a. What was needed in this problem was '"hardware.' Since a
great deal of NASA effort had been expended in the development of the astro-
naut's apparel, and since such actually existed, it seemed to be correct to
go directly from problem to equipment without a search or a development phase.

b. Problem-solution identification was effected by knowledge of
the problem from the experimenters and from knowledge of the MSFC pro-
gram., '

C. Manned Spacecraft Center/Mr. Paul Purser.

4. a. Actual benefits to date are that the research program has been
expeditiously completed. Experimental design of step changes in skintem-
perature was achieved. Reports will be available during the current year.

b. Potential benefits are far reaching. Not only has a far better
understanding been obtained of the mechanisms involved, but it may be pos-
sible to predict (and guard against) results on humans exposed to a hot environ-
ment. Whether it be an infantryman or an ordinary car driver is beside the
point. Most satisfying is the knowledge that NASA is interested and can use
the results produced. This is a good example of a two-way street, i.e., NASA
technology helps the biomedical community with a dividend returnto NASA.
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Savings to experimenters:

(1)
(2)
(3)

Approximately one year's time
Avoidance of repeated catheterizations of normal subjects

Avoidance of extensive modification of existing equipment.
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NWR-3

OPERATING PARAMETERS FOR LIGHTWEIGHT, EXTENDED RANGE,
BIOMEDICAL TELEMETRY SYSTEMS

l. a. The problem requires a lightweight telemeter system to be
worn by human subjects to transmit biomedical information. The problem
is complicated in that information transmission must be effective over
rather large areas in a reinforced concrete building, room-to-room, floor-
to-floor, and down corridors at distances of up to 800 feet,

b. Seattle Handicapped Center/Dr. Arthur W. Guy.

2. Actual Transfer--Tests of recommended frequencies and equipments
have been made, and have proven satisfactory. The important point was to
prove that effective radio transmission in subject environment could be
accomplished. This has been done, and the problem is considered solved.
The follow-up instrumentation may require further problem consideration.

3. a. NASA had previously made an exhaustive study of effective radio
transmission in and through wind tunnel passages and walls, and in and through
reinforced concrete multi-story buildings. Technology gained directly helped
to answer Dr. Guy's problem.

b. The solution was identified by knowledge of NASA study on the
part of the Biomedical Team's Special Consultant. This knowledge was
verified by consultation with the NASA Chief Investigator. No report was
prepared by NASA on this work,

C. Ames Research Center/Mr. M. S. Nourse, Chief of Research,
Electrical Engineering Branch.

4. a. Benefits, to date, of the Ames technology, serve to prove the
feasibility of telemeter transmission within the difficult environment with
which Dr. Guy must contend. Further, it is established that commercial
equipment (for economy) is available. A major road block has been removed;
i.e., Dr. Guy can proceed knowing that he will not be stymied by feasibility
or excessive cost.

b. It is difficult to predict the potential benefits. However, it is
apparent that efficient telemetry will benefit patients recovering from shock,
injury, or illness, because they can be instrumented and monitored when they
become ambulatory. Their reaction can be compared with norms, and cor-
rective measures can be evaluated.
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c. The original 1965 NASA study involved approximately four
man-months' time, at GS-13 level, Assuming human efficiency has increased
100% in the interim, a study without NASA assistance may have required two
man-months' study.
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D. Transfer Status (2 July, 1968)

Actvual Transfer

HUV-1
SRS-6
BLM-3
BLM-6
GLM-1
GLM-3
GLM-9
GLM-11
SNM-1
WSM-4
NWR-3
RNV-5A

——

Transfer in Progress

BLM-7
HUV-14
HUV-16
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Potential Transfer

GLM-2
GLM-4
GLM-5
GLM-7
GLM-10
GLM-15
BLM-8
HUV-3
HUV-7
NWR-1
NWR-2



IV. SUMMARY OF PROJECT ACTIVITIES



IV. SUMMARY OF PROJECT ACTIVITIES

The work performed during this period in connection with previously

submitted problems with the specification of newly submitted problems is
documented in Sections II and III of this report., Site visits by members of
the Application Team, performed in connection with submitted problems,
were as follows:

9-11 April 1968: Mr. C. J. Laenger, Sr., and Mr. R. J. Crosby--
Texas Institute for Rehabilitation and Research;

11 April 1968: Dr. R. W. Ware and Mr. L. S. Berger--Texas
Institute for Rehabilitation and Research;

12 April 1968: Dr. R. W. Ware--Baylor University College of
Medicine (Office of Dr. M. DeBakey);

14 April 1968: Dr. R. W. Ware--Medical Research and Operations,
NASA Manned Spacecraft Center, Houston;

8 May 1968: Mr. R. J, Crosby--Texas Institute for Rehabilitation
and Research;

13 May 1968: Dr, Hartwig and Messrs. Howick, Barnes, Wilson,
and Bivins~--Southwest ResearchInstitute, Biomedical Application Team;

16 May 1968: Mr. C. J. Laenger, Sr., and Mr, R. J. Crosby--
University of Texas Medical Branch at Galveston;

12-18 June 1968: Dr. R. W. Ware--Baylor University College of
Medicine., Dr. Ware visited the Baylor University College of Medicine
and Methodist Hospital Cardiovascular Research Institute for the pur-
pose of interviewing key personnel of the several Research Task
Forces involved in Dr. DeBakey'sartificial heart research and develop-
ment program. Approximately 12 persons were interviewed; interest
profile information and specific problems for possible submission were
solicited. As agreed during the meeting among Dr. DeBakey,

Dr. Hartwig, and Dr. Ware in January 1968, two or three ad hoc Bio-
medical Application Team members will be called upon to further define
specific problems in their areas of speciality.

14 June 1968: Mr. L. S. Berger--Electronics Research Center,
NASA Cambridge; '

24-28 June 1968: Mr. L. S. Berger and Mr. A, G. Buck--All West
Coast institutions and Western Research Application Center (WESRAC).
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In addition to conducting business directly related to submitted problems,
the above trips routinely included discussion concerhing improved procedures,
new approaches, and the generation of new problem statement submission.

In most instances, briefings of staff members at the participating institutions
who had not yet been made thoroughly familiar with the program were included.

Miscellaneous Conferences Attended:

9-11 April 1968: Mr. R. J. Crosby and Mr. C. J. Laenger, Sr. -
~-IEEE National Telemetering Conference, Shamrock Hilton
Hotel, Houston;

4-6 June 1968: Dr. R. W. Ware and Mr. L. S. Berger--
TUO Conference, Langley.

With the augmentation of the services of the Biomedical Application
Team in the West Coast area by the Special Consultant, Mr. A. G. Buck,
a high level of activity was generated in that region. A list of Mr. Buck's
site visits follows: The purposes of these trips were, like those of the other
members of the team, to provide a catalyst for new approaches and proce-
dures and to accept new problem statement submissions as well as to conduct
business on previously submitted problems.

3 April 1968: Ames Research Center;

4 April 1968: Palo Alto Medical Research Foundation and Stanford
University School of Medicine;

5 April 1968: Stanford University School of Medicine;

7-9 April 1968: University of Washington Medical School and
Northwest Handicapped Center;

10 April 1968: Rancho Los Amigos Hospital;
11 April 1968: Ames Research Center;

24-28 June 1968: With Mr. L. S. Berger to all West Coast user
institutions and Western Research Application Center (WESRAC).
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V. INSIGHTS INTO THE TRANSFER PROCESS

Dr. Ray W. Ware has prepared a paper, "The Insights Into
Applying Aerospace Technology to Medical Fields, ' for presentation
to the Third Annual Meeting of the Association for the Advancement of
Medical Instrumentation, July 15-18, 1968, Houston, Texas. A draft
of this paper is included as Appendix A in this report.
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VI. PROJECTIONS FOR THE NEXT QUARTER

Project activities for the next quarter will include:

(4)

(5)

Continuation of routine activities in connection with
processing of submitted problems.

Documentation of newly elucidated transfers.
Engineering assistance to Texas Institute for Rehabilitation
and Research for the purpose of aiding them in putting into
use the lunar gravity simulator technology.
Special visits by _g_(_i_ hoc Team members to the Methodist
Hospital/Baylor University College of Medicine Cardiovas-
cular Research Institute to define problems in the following
areas:

(a) Hydrodynamics

(b) Polymer Chemistry

(c) Control Systems Engineering.
Participation in the Third Annual Meeting of the Association
for the Advancement of Medical Instrumentation, 15-18 July

1968, Houston, Texas. Insights may be taken from the paper
prepared on that topic (see Appendix A).
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APPENDIX A



THE INSIGHTS

The main purpose of a pilot program is to gain by practical
experience insight into the endeavor at issue. In this program, the
endeavor is to develop methods for effectively transferring a maximum
amount of applicable aerospace technology to the fields of medicine and
biology, and of applying such methods to the accomplishment of as many
transfers as possible, We have heard from previous speakers that the
need for aerospace technology in medicine is great; we are aware that
such technology exists now in large quantity.

I shall discuss insights gained and relate them to the major steps
involved in operating the Biomedical Application Program.

The first step--selection of key consultants or communicators at
the participating medical research institutions--is a matter of great
importance. The communicator for example must supply much of the
impetus toward overcoming the barriers to communication alluded to by
Mr. Berger. Our experience has been that the most effective communicator
is a person who is intelligent, possessing a broad fund of technical knowl-
edge, and the spirit of an innovator. Because of his widespread interests,
he may have the reputation for "'spreading himself a little thin.'" He is
probably a '"'man on the way up, ' but if he is too near the top of the
administrative totem pole, he probably will not have sufficient time to
devote to our effort.

The next step, that of identifying areas of need and of specific
problems likely to be amenable to solution by aerospace technology,
should be a joint venture between the investigator, the key communicator,
and the Biomedical Application Team. The ideal participating investigator
is one who spontaneously generates and submits a significant problem
which is well thoughtout in advance. It has been our experience that if
an investigator must be cajoled into submitting a problem, he is that
much less likely to utilize technology offered to him.

In preparing a written statement of the problem once identified,
the Biomedical Application Team should take the lead, using great care
to eliminate jargon terms and to pose the problem in technical language
which is universally understandable by scientists of any discipline. It
is equally important to state the problem in such a way as to avoid bias
in favor of specific answers or a specific class of technology, since such
bias may steer us away from the unexpected (and possibly the superior)
solution. It seems to make little difference whether the first draft is
prepared by a person whose primary training is in physical science or
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someone in biomedicine, but it is extremely important the the final
product be the result of collaboration between both. The finished write-
up should be reviewed by the problem originator if at all possible. (We
should practice what we preach about closed loop communication.)

The identification and evaluation of applicable technology have
been well covered by Dr. Brown and Mr. Bendersky. I will add that as
we have developed our methods of procedure (which are essentially
identical--although our styles may differ as we deal with different institu-
tions~--as we have developed these modi operandi, we have been able to
improve the efficiency with which we go about unearthing technology. A
complex, multipath flow chart has been distilled from this experience* to
serve as a description of how we go about our task. Because the problems
submitted are variegated, no one of the paths should be thought of as the
royal road to success, and this portion of the over-all task continues to
have the aspect of research and development.

With regard to evaluation of suggested technology, three things
are clearly necessary: (1) a willing investigator, (2) appropriate
institutional facilities, and (3) sufficient financial support. Deficiency
in any one of these areas is enough to slow or halt the evaluation.

The next step, communication of technology or information to
the investigator, can take many forms. In many cases, transmission
of a written document just as it was retrieved is sufficient. When
necessary, telephone calls or site visits are utilized. The latter method
is by far the most informative, but obviously it is not always feasible.
Qur experience continues to justify Dr, Hartwig's initial thesis that '

direct person-to-person communication is the key to success.

In most instances, after technology is determined to be useful,
the investigator needs no further help in applying it to his research.
When equipment or hardware of special nature is essential to utilization
of the technology, however, the transfer can often be expedited through
assistance to the researcher in finding the needed items. In some
instances non-availability of apparatus has prevented technology transfer.
It is sometimes appropriate and useful for the Biomedical Application
Team to render engineering advice as an aid to the investigator as he
applies aerospace technology. In a few cases, the entire process of
achieving the transfer is accomplished in a short time. In the majority
of cases, however, our experience is that it takes longer than we
estimate initially.

*Per NASA Memorandum (L., S, Wilson) of 3 July 1968,
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An important part of the program is the documentation of all stages
‘development of technology transfers and of arriving at methods of

gtimating cost and effectiveness factors, The three Biomedical Application
Teams are presently collecting detailed information on costs of the several
subtasks involved in achieving technology transfer. When we attempt to
estimate the gain or reward from a given problem solution, however, we
enter into a more nebulous realm. It will probably never be possible to
calibrate the usefulness of our efforts with the same precision as the cost.
Until we can find better ways to define the gains of this program, we are
looking at such factors as: man-hours of time saved, magnitude of projects
made possible by aerospace technology transferred, dollars mobilized
thereby, publications relating to applied aerospace technology, and, in the
case of clinical applications, the number of patients benefited throughout
the country.

Finally, there is the need to let the scientific community in on what
appears to be a good thing, This is accomplished by appropriate references
to the sources of new technology by researchers who publish their results
by documentary films and reports released by NASA, and, of course, by
participation in meetings like this,

To summarize; The storehouse is filled with technology much needed
by the biomedical community. Communication in both directions is uphill,
but subject to facilitation, That we are succeeding is apparent; the degree
to which we are succeeding will not be completely known to us until the
future unfolds.
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