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Preface

Biological Effects of Nonionizing Electromagnetic Radiation is
a publication researched and prepared bty Information Ventures,
Inc. under contract to the Office of Naval Research.

This digest serves as a vehicle through which current documen-
tation of research highlights on the biological effects and
health implications of nonionizing electromagnetic radiation
(microwave and other radio frequency radiation) 1is compiled,
condensed, and disseminated on a regular basis. The effects of
electric and magnetic fields (static and alternating) and re-
search on medical applications of these nonionizing electromag-
netic radiations are also included.

Biological Effects of Nonionizing Electromagnetic Radiation is
intended to be a highly useful current awareness tool for sci-
entists engaged in research or related activities. The great
number and diversity of relevant publications make imperative
the availability of the service to persons whose work requires
that they keep abreast of current developments in the field.

Biological Effects of Nonionizing Electromagnetic Radiation is
published quarterly. The issues of Volume VII and future vol-
umes will include materials received during the preceding three
months. Each issue contains abstracts of current English and
foreign-language research literature, current research summar-
ies, news items and announcements, and information on relevant
meetings and conferences. Subject and author indices are pro-
vided for all 1literature abstracts to facilitate specific
search and reference use, Journals, books and conference pro-
ceedings are used as sources for this publication. Materials
for which full text is not available will be incluied as summary
abstracts. Announcements and other materials submitted for
publication should be addressed to: Dr. Bruce H. Kleinstein,
Information Ventures, Inc., 1500 Locust Street, Philadelphia,
PA 19102,

The digest was first published in 1974 under the title "Biolog-
ical Effects of Electromagnetic Radiation.” Since 1976 it has
been published under the present title. Previous issues can be
obtained from the National Technical Information Service.




1L
P

D - e ATNORALY

“b“{: . f ..'.-

A - amp, ampere

ANSI - American National Standards
Institute

C - centigrade

cm - centimeter(s)

cps ~ cycles per second

dB - decibel(s)

EPA - Environmental Protection Agency

eV - electron volt

F -~ fahrenheit

FAA - Federal Aviation Administration

FDA - Food and Drug Administration

g - gram(s)

G - gauss

GHz - gigahert:z

HHS - Department of Health and Human
Services

hr - hour(s)

Hz = hertz

ip - intraperitoneal

ISM - industrial, scientific, medical

IU - international unit(s)

iv = intravenous

J - joule(s)
k - kilo-

1 - liter(s)
o - meter(s)
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Abbreviations and Acronyms

m - milli-

M - mega-

u - micro-

min - minute(s)

mo - month(s)

n - nano-

NIH - National Institutes of Health

NIOSH - National Institute for Occu-
pational Safety and Health

NTIS - National Technical Information
Service

Qe - oersted(s)

OSHA - Occupational Safety and Health
Administration

rad - radiation absorbed dose(s)

R - roentgen(s)

rpm ~ revolutions per minute

sec = second(s)

sc - subcutaneous

V - volts

VA - Veterans Adminstration

W - watt(s)

WHO - World Health Organization

wk - week(s)

wt - weight

X =~ times

yr - year(s)




NEWS ITEMS

TERMINAL TEDIUM: CERTAIN CLERKS
ARE DENOUNCING THEIR COMPUTERS

(J. Andrew, The Wall Street Journal, May 6, 1983)
Workers in automated offices are frequently bothered
by backaches and headaches from sitting in front of a
terminal for long hours. Such physical complaints
seem to be caused by a combination of improper light-
iag, uncomfortable seating arrangements and insuffi-
zient rest periods. Also at issue is whether micro-
wave radiation emitted by the cathode-ray tubes in-
side terminals might cause illnesses = cancer and
cataracts in particular. The tubes generally emit
less radiation than t:elevision sets, %»ut one sits
closer to them. 3tudies so far have failed to estab-
lish any health hazard, although VDTs haven’'t been :in
general use long enough for health issues to be re-
solved conclusively. At least two states, Maine and
Massachusetts, are consider.ag legislation addresss-
ing some of the health concerns about video display
terminals. The proposals would require, among other
things, regular inspection of terminals, free eye ex-
aminations for frequent users and certain rest breaks
during the working day. Rep. Edith Bouillier, the
sponsor of the Maine legislation, predicts further
controversy over the health effects of video display
terainal usage. She believes that in four or five
vears it will become a workers’ compensation issue.

300K REVIEW: Environmental Health Criteria l6: Radio-
frequency and Microwaves. World Health Organization,
Geneva, 1981,

A critical review of cthis document {see abstract 0066
of B8ENER Digest vol %, number 1) is presented. The
reviewer comments that the publication is rather un-
halanced and does not come up to the high sciencific
calaber and accuracy of the usual WHO publications.

S. M. Michaelson, Radiat Res, 92:217-219, 1982

TWO SICKLE-CELL RESEARCHERS
STUDY ELECTRICAL TECHNIQUE

(L. Herskowitz, Philadelphia Inquirer, May 3, 1983)
Researchers at Children’s Hospital of Philadelphia
and the University of Pennsylvania have developed the
first nonchemical approach to treating sickle-cell
anemia. The technique uses very short, pulsing elec—
trical charges to ailter the shape and consistency of
sickle~shaped red blood cells. The technique was re-
ported in the April 22 issue of Science magazine by
Dr. Toshio Asakura, a member of the Children’s Hospi-
zal department of pediatrics and of Penn’s depart-
ments of biochemistry and biophysics and by Dr. Shiro
Takashima, a member of Penn’s department of bloengi-
teertng and i{ts school of engineering and applied
science. To apply electricity to the cells, the re-

searchers attached small 2lectrodes to =ach side of a
microscope slide that held blood rtaken Irom people
with sickle-cell disease. Once a second, a smail
generator delivered a 200-volt electrical pulse last-
ing one-thousandth of a second. After three ar four
minutes, the sickle-cell’s shape changes to a normal
round shape. The researchers bDelieve that the elec-
trical field punches holes in the red blood cells’
membranes allowing water molecules to seep into the
cells and puff them up. They also say there is pre-
liminary evidence that the treatment partially re-
verses the aggregation of the hemoglobin i{nside the
cell, The researchers say it is not clear whether
the technique will work on humans. The body =ay not
he able to withstand the very large voltage required
to treat large amounts of blood. Further, the elec~
trical field may cause {rreversible swelling or even-
tually lead to hemolysis.

CATTLE SEEM UNAFFECTED B3Y HIGH-VOLTAGE POWER LINE

(K.M. Reese, CS&EN News, January 3, 1983)

A study of dairy cactle living near a high-voltage
power line in Minnesota showed no sigznificant effects
on milk production and reproduction. The 400,000~
volt line cuts across 180 ailes of farmland, from
Delano to the North Dakota border. The Mianesota
Environmental Quality Board authorized the $89,000
study to see if ions and electric fields generated by
the line might harm the health of humans and animals.
The power line is owned by the Cooperative Power As-
sociation and the United Power Association. Chief
investigator on the project was statistician Frank
Martin of the University of Minnesota. Martin and
his colleagues studied the records of the Dairy Herd
Improvement Association. The data covered 500 herds
within 10 miles to either side of the power line and
extended from October 1976, two vears before the line
went into operation, to September 1982. Dairy farms
within 10 miles of the line were divided into six
zones. Zone 1l f{ncluded farms within a quarter aile
of the line; zone 6 included those six to ten miles
from it.The outer zones, especially zone 6, were con-
sidered control areas, unexposed to the influence of
the power line. Over the period of the study, herds
within a quacter mile of the line showed "an accep-
table 8% increase in milk production.” Times between
births of calves, rates of removal of cows from herds
because of reproductive problems, and the incidence
of recorded abortions '"were no higher near the power
line than at six zo 10 miles away." The study as-
sumed that any harmful effects of the power line
would exist throughout the zone closest to it. If
the power line affected only a very few »f the farms
within a quarter amile of the line, this study would
aot have caught it. Farms having serious problems
were found both close to and far from the power line.
Farms showing excellent {ncreases in production alsc
were found in both areas.
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News items

HEALTH HAZARDS AND PSYCHOPHYSIOLOGICAL EFFECTS FROM
LOW-LEVEL ELECTROMAGNETIC RADIATION SYSTEMS (such as:
video Display Terminals (VDTs/VDUs), Computer pro-
grams, Advanced Aeronautics, ELF Transmitters, High-
Voltage Transmission Systems). A Transcript of an
Ianternational Forum. $45.00 (post-paid). Planetary
Association for Clean Znergy, Inc., 100 Broason/l0Ul,
Ottawa KIR 6G8, Canada:; 613/236-6263.

The 1982 Learned Societies Conference in Ottawa pre-—
sencted a discussion by distinguished researchers on
the state of advanced knowledge in low-level EM radi-
ation efrects on living organisms. GZmphasis was on
VDTs hut their remarks covered research Iinto other
similar human/technological interfaces. The subjects
discussed included stress symptoms, biologically sig-
aificant frequency-intensity “windows", pulsed elec-
trostatic f‘elds, magnetic ELF £fields, comparative
sclentific methodology between Zast Zuropean and Wes—
zern Laboratories, and malignant pregnancy clusters
among female VDT operators. Participating ia the
transcript were: James 3eal/Martin Marietta Aero-
space; Ot Robert Beck/Alpha Metrics, Inc.; Dr. Robert
Becker/SUNY-Syracuse; William 3ise/Pacific Northwest
Center for the Study of Non-ionizing Radiation; Dr.
Eldon Byrd/U.S. Naval Surface Weapons Center; David
Zisen/American Newspaper Guild; Claire-Marie Fortin/
Canadian Labour Congress; Dr. 2. Stanton Maxey/Ameri-
can Board of Surgery; Dr. Russel Jaffe/senior health
consultant; Rober:t DeMatteo/Ontario Public Service
Zmplovees Union; Dr. Glen Rein/St. Bartholomew’s Hos-
pital~London; Louis Slesia/Microwave News; Professor
william Xuhns (moderator) / Communications-University
of Jdttawa.

VDTs == A NEW SOCIAL DISEASE

Healith prohlems that have so far been associated with
“DTs fall into four broad categories: alleged radia-
tion hazard, visual disturbances, musculoskeletal
difficulrties, and job stress. A brief essay is pre-
sented on “he above based on information supplied by
Jr. Michael J. Smith of the National Institute of Oc~
cupational Safery and Health. In summary, there ap-
pears to be no radiation hazard from VDTs. Visual
1£f{cu zies include irritation, fatigue, or diffi-
culty with focus or accommodation. Minimal criteria
inr the visual display are: the image should not
flicker; the entire display should be in sharp focus;
the contrast between light and dark areas should be
at least 3 co 1; the characters should be formed in a
5x7 matrix of dots at the very least; all VDTs should
have brightness and contrast controls that the opera-
tor can find and adjust. Most potential health probd-
lems caused by VDTs can probably be averted by plan-
aing that takes account of the operators’ needs.
The Harvard “edical School Health Letter, April 1983

-

Biological Effects of Nomomzing Eectromagnetic
Raaiation Vil2-4), July 1983

CENTER RESPONDS TO [NQUIRIZS I
SFFECTS JF VDT'S ON PRECNANCY OUTCOMES

The National Center <{or Devices and Radiologi:cal
Health (NCDRH) recently has been receiving inquiries
as to whether "clusters”" of adverse pregnancy out-
comes among women who work at video display <erminals
(VDT’s) could be caused by radiation ‘rom VDT’'s. The
inquiries have bSeen prompted by news nedla accounts
such as one from Canada which reported that since
VDT’'s were {nstalled {n the offices of a Vanccuver
hospital in 1978, only one of six pregnancies among
women working at the machines resulted in a normal
full-term birth., Over the past several vears, NCCRH
has tested more than 100 VDT's for radiation leakage.
Results of NCDRH’s current testing support the con=
clusion that VDT's should not pose a radiation risk
to those who cperate them; no evidence has been found
that the levels of radiation from YCT’s are responsi-
ble for adverse pregnancy outcomes. The National Re~
search Council of cthe National Academy of Sciences
and the National Institute for Occupational Safety
and health have reached similar conclusions. Epidem-
iologists and statisticians at the NCDRH and it the
U.S. Centers for Disease Control have noted that some
"clusters" of adverse pregnancy outcomes would nor-
mally be expected on the basis of chance 3alone. In
fact, evaluation of some of the reported "clusters"
indicated that they did not establish a general pat-
tern associating the use of VDT’s with problem preg-
nancies. Therefore it has been concluded that the
reported "clusters' of problem pregnancies among VDT
users would be expected from chance alone, and it is
highly unlikely that they have been caused by the low
radiacion emissionn levels from the machines.
Radiological Health Bulletin, 17(2):3-4, 1983

FDA COMPLETES SEIZURE JF
""POCKETDOC" RF SIGNAL GENERATORS

The Food and Drug Administration has seizad a nunber
of medical devices called "Pocketdoe,” manufacturaed
and distributed by Igon Corporation of Minden, Nevada.
The Agency requested the seizure because the devise
was found to be misbranded under the provisions of
the Federal Food, Drug, and Cosmetic Act. FDA offi-
cials determined that the device was being promoted
for treatment of such diverse aiilments as asthma,
hemorrhoids, chronic headache, chest pain, arthritis,
ingsomnia, and whiplash. Analysis of the device show-
ed it to be a wvery low power ELF (extremely low fre-
quency) generator. A search of the scilentific liter-
ature by the National Center for Devices and Radiolog-
ical Yealzh’'s Division of Risk Assessment revealed no
published data "o substantiate the labeled claims for
the frequencies and power levels at which the device
operates.

Radiological Health Bulletin, 17(2):4=5, 1983




Siological Effects of Nomorizing Eiectromagnetic
Radaiation VII(2-8), July 1983

DEVELOP EDUCATIONAL GUIDELINES AND
RECOMMENDATIONS FOR HYPERTHERMIA OPERATORS

The Food and Drug Administration is seeking a contrac-—
tor to iaterview hyperthermia equipment operators,
develop methodology, analyze information and develop
recommendations and guidelines for the hyperthermia
equipment operators. RFP 223-83-6032 is expected to
be available o/a June 20, 1983.

Commerce Business Daily, June 20, 1983

SURVEYS OF RADIOFREQUENCY SEALER
EQUIPMENT AND OPERATOR EXPOSURE

Sol 223-33-426C. Response date 7/28/83. Radiofre-
quency (RF) sealers and heaters have been used for
aore than 30 wvears, but there are no reliable, docu-
mented estimates of the number of units in present
use or of the number of workers operating RF sealers.
DA and other government agencies are concerned about
the potential health hazards to workers exposed to
radiofrequency energy emitted from RF dielectric heat-
ars (more widely known as RF sealers and heaters).
DA is seeking additional information about the use
and means to locate this aquipment at the state level,
and assess the need at each site for effective control
zechnology. The agency is also seeking the identifi-
cation of suitable populations of exposed persons and
- - is interested in feasibility studies to assess practi-
. cable epidemiologic studies. Competition will be lim-
per’ ited to ‘state government agencies having the regula-
tory authority to accomplish the project. The project
includes visits to user facilities fo conduct measure-
ments of electromagnetic radiation from RF sealers
where access to the premises can only be obtained by

a duly authorized governmental representative.
Commerce Business Daily, May 19, 1983

SURVEY AND TECHNICAL EVALUATION OF
HIGH POWER MICROWAVE SOURCE DEVELOPMENT

The Office of Naval Research is conducting negotia-~
tions with Jaycor, 205 South Whiting St., Alexandria,
7A 22304 for the above study.

Commerce Business Daily, May 19, 1983

EFFECTS OF LOCAL MICROWAVE
ZXPOSURE ON LOCAL TISSUE BLOOD FLOW

Contract 63-02-3782. The EPA has contracted with the
Univ. of Illinois, 809 South Wright Street, Champaign,
IL 51820 for the above studv.

Commerce 3usiness Daily, May 18, 1983
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News Items I

AUDITORY MAGNETIC EVOKED FIELDS

Contract NOQOl4-79~C~0383. The Jffice of Naval Re-
search has contracted with the University of Colorado
Medical Center, Denver, CO 80220 for the above studv.

Commrce Business Daily, May 10, 1983

CONTINUATION OF RESEARCH ENTITLED '"MICROWAVES,
ELECTROMAGNETIC THEORY & INFORMATION PROCESSES (JSEP)

Contract F49620-82-C-0084-pP00003. The aAir Force Jf-
fice of Scientific Research his contracted with Poly-
technic Institute of New York, 333 Jay St., Brooklyn,
NY 11201 for the above study.

Commerce Business Daily, April 18, 1983

ULTRA LOW FREQUENCY FIELDS IN NONHOMOGENEOUS MEDIA

The Office of YNaval Research 1is conducting negotia-
tions with Pacific Sierra Research Corp., 12340 Santa
Monica Blvd., Los Angeles, CA 90025 for the above
study.

Commerce Business Daily, April 6, 1983

EXAMINE THE EFFECT CF RADIO ENERGY
ON THE OXIDATION OF ORGANIC SUBSTANCES

The office of Naval Research is conducting negotia-
tions with SRI International, 333 Ravenswood Ave.,
Menlo Park, CA 94025 for the above study.

Commerce Business Daily, April 5, 1983




MEETINGS AND CONFERENCES

SHORT COURSE
HYPERTHERMIA FOR CANCER TREATMENT

Date: August 8-i0, 1983

Tropicana Hotel, Atlantic, City

Fee: $500 (includes lecture notes, instructional
materials, refreshment breaks, and completion cer-
tificate; hotel accommodations not included)
Requests for Information: Dana Carpenter, Course
Coordinator, Cheung Associates, Inc., 5026 Herzel
Pl., Suite 101, Beltsville, MD 20705; (301) 937-
5677,

Content: A short course on the principles and prac-
tice of radiofrequency, microwave, and ultrasound
hyperthermia in the treatment of cancer. The
course is designed for physicians, medical physi-
cists, engineers, and medical administrators who
are involved or intend to be involved in ultrasound,
radiofrequency, and microwave thermotherapy in the
treatment of cancer. The course will be taught by
Or. Augustine Y. Cheung. The text to be used is
"Physical Aspects of Hyperthermia”, AAPM Monograph
8, G. Nussbaum, ed., American Institute of Physics,
NY, 1983.

SHORT COURSE: NON-IONIZING RADIATIONS:
BIOPHYSICAL AND BIOLOGICAL BASIS, APPLICATIONS
AND HAZARDS IN MEDICINE AND INDUSTRY.

Date: August 8-12, 1983
Place: Cambridge, MA

Fee: 5850

Requests for Information: Dir. of Summer Sessions,
Room 219-356, MIT, Cambridge, MA 02139

Content: Topics covered include lasers, microwaves,
ultraviolet radiation, magnetic fields, and ultra-
sound. A detailed reading list and other pertinent
materials will be provided. Practical demonstra-~
tions will be given of the instruments and tech-
aiques used for measurement of the intensity level
of each form of energy for implementation of safety
programs {n the workplace. The discussion on micro-
waves will include physical characteristics and
field measurement, dosimetry, electrical properties
of biological =issues {n constant and varying
fields, absorption, thermal effects, non-thermal
effects; results and mechanisms in blood, eye,
testes, malignant tumors, growth; applications in
diathermy, and in cancer therapy; health hazards of
radar, microwave nvens, industrial RF heaters and
sealers, Zastern and Western safety standards and
their bSiophysical basis. The discussion on magnetic
fields will include geomagnetic environment, static
and varying magnetic flelds, biological effects;
potential hazards and safety {n NMR imaging. The
course will be taught by Padmakar P. Lele, M.D.,
Ph.D., Professor of Experimental Medicine, Depart-
ment of Mechanical Engineering, Harvard-MIT Divi-
sion of Health Science Technology. Guest faculty
include J. J. Galli, Food & Drug Administration, W.
P. Hansen, Ph.D. Ortho Diagnostic Systems, J. L.

w

Jones, MIT, and M. A.
cal School.

?athak, 2?h.D., Harvard Medi-

ZIGHTH ANNUAL ZONFERENCE OF THE
AUSTRALIAN RADIATICN PROTECTION SOCIETY

Date: Augusc 15-17, 1983

Place: Adelaide, Australia

Requests for Information: Mrs. J. Fitch, Convenor,
1983 ARPS Conference, Private 3ag 97, Glenside, SA
5065, Australia

SHORT COURSE

ENGINEERING TECHNIQUES FOR CLINICAL HY: PMIA
Date: August 29-31, 1983
Placs: Washington, DC 10052
Requests for Information: Continuing Eng .ag

Education Program, Ceorge Washington University,
(800)424-9773
Fee: 5685

TECHNIQUES IN STUDIES OF B8IOLOGICAL EFFECTS OF
LOW-LEVEL MILLIMETER WAVES

Date: September 4-6, 1983

Place: Hotel Alba, Herrsching am Ammersee, Wwest
Germany (near Munich)

Sponsor: URSI Commission A "Working Group" on Mea-—
surements Related to the Interaction of Electromag-
net.c Fields with Biological Systems'"; cosponsored
by the Bioelectromagnetics Society, Gesellschaft
fur Strahlen- und Umweltforschung, and the Max-
Planck—~Institut fur Festkorperforschung

Requests for Information: ©Dr. Fritz Keilmann, Sym-
posium Chairman, Max~Planck-Institut fur Festkorper-
forschung, 7000 Stuttgart 80, Germany; Tel.: (0711)
6860/603 or 6860/651; Telex: 7-255 555,

Subject Matter: The symposium will provide a dis-
cussion platform for scientists studying biological
effects of low-intensity millimeter microwave radi-
ation. Eamphasis will be on experimental approaches
and on experimental details. Specific goals are:
(1) which biological systems (which biological end-
points) may be of use, and which requirements do
they impose on the microwave system, and (ii) which
irradiation configurations may be of use, and how
can the microwave fields as well as the microwave-
induced temperature Iields be controlled.

Language: English

Estimated Attendance: 40

Symposium Publications: No publications of proceed-
ings; main results of the symposium will probably
be summarized {n the form of a detailed report for
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Meetings and Conterences

publication in 31 journal like 3ivelectrcmagnetics.

FIFTH ZUROPEAN CONGRESS ON RADICOLOGY

Date: September 5-10, !983

Place: Bordeaux, France

Requests for Information: Mme. N. Hargous, Hospi-
tal Pellegrin, Service de Radiologie, Place Amelie
RabaLeon, F-33076, 3ordeaux, France

TH ANNUAL CONFERENCE ON

[}
ENGINEERING IN BIOLOGY AND MEDICINE

Date: September 12-1i4, 1983
Place: Hvatt Regency Hotel, Columbus, CH
Spongor: Alllance for Engineering in Medicine and

3iology, 3405 Zasc~West Highway, Suite 210, Bethes-
da, MD 20814; 201/657-4142

Requests for Information: Mrs. P. I. Horner, AEMB;
Conference Chairman i{s Prof. Herman R. Weed, The
Chio State University; Program Chairman is Baxter
“omack, 2h.D., University of Texas

Content: In addition to the traditional topic
areas, special sessions will include the following
categories: Instrumentation; Biocelectric Phenomena;
Medical Imaging; and Standards & Regulations. The
deadline for receipt of abstracts is April L5, 1983,
Short courses will be held ll September 1983.

THIRD ANNUAL MEETING OF THE 3IOELECTRICAL
REPAIR AND GRCWIH SOCIET

Date: Tctober -5, 1983
Place: sGateway Holiday Inn, San Francisco, CA

Requests for Information: Executive Secretarv,
3RAGS, 425 Medical Zducation 31dg., 36th and Hamil-
zon Walk, 2hiladelpnia, PA !9104; (215) 898-38653

SHORT COURSE
CURRENT 1SSUZS AND TRENDS IN CONTROLLING
JCCUPATIONAL ZXPOSURES TO RF/MICROWAVE RADIATION

Date: ONctober 1!-13, 1983
Place: 3alt Lake Zity, UT

Requests for Iaformation: X. 3losch, Rocky Mountain
Center fnr Occupational and Savironmenctal Health,
Jniv. of Utah, Salt Lake Clry, IJT 34112; {(801) 38l-
37119

(o3
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Sth IOURSE _
BIOLOGICAL ZFFECTS AND COOSIMETRY OF NCON=ITNIZING "<
RADIATION: S3TATIC AND ELF ZLECTRUMACGNETIC 1
Date: November !3-25, 983
Place: Zrice, ltaly

Requests for Information: Persons Zrom Zurope Jish-=
ing o attend the course should write to Professor
Mactino Grandolfo, Inscituto Superiore di 3Sani:za,
Viale Regina Zlena 299, 0161 Rome, Italv; persons
from other continents s.ould write to Professor Sol
M. Michaelson, The University of Rochester, Medi:al
Center, 501 Simwend Avenue, Rochester, WY 1-642.
Closing date for application is September 15, 1983
Fee: 5500 (covers full board ind lodging,

content: Part 3f the course will “e devorted to
studies, bhoth 3f 31 theoretical ind axperimenta. na-
ture, relating to potentiai mechanisms of Interac-
tion of static and ZLF electromagnetic fields with
biological systems. After a Jetailed review of the
fundamentals of physics and blolcgy counected with
the interaction of these fields with living =matter,
the lectures will provide an updatiag of the tecn-
alques developed for :the detection and the losimetry
of these energles and a critical analysis of their
biological effects in relation zo the =2stablisnaoent
of safety standards.

SIXTH INTERNATICNAL CONGRESS OF THE
RADIATION PROTECTION ASSCCIATION @

L e

Date: May 7~-12, 1984

Place: International Zongress Center, 3erlin,

Germany (DFR)

Sponsor: Int, Radiation Protection Assn. {IRPA)

Requests for Informsarion: R. Neider, 3ec General,

Bundesanstalt fur Material Prufung, Unter Den

£ichen, 87, D-1000 Berlin 45, Germany (JFR)

Content: The sclentific sessions of the congress

and the exhibit cover all aspects of radiation

protection from basic research to practical appli-

cations with speclal emphasis on the risk assess-

ment from fonizing and non-ionizing radiatiain as

compared to risks derived from all other man-made

sources (400 papers in English, French, and German)

3I0ELECTROMAGNETICS SOCIETY
SIYTH ANNUAL MEETING

DJate: July '2-17, 1984
Place: Nonl Botel, Atlanta, GA
Sponsor: 32{oelectrcmagnetics Society

‘nformation:
Gaithersburgz, MD

Requests for
3ank Street,

BEMS Yeadnuartars, |
208785 101, %u8-3330
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S
m EIGHTH INTERNATIONAL 3I0PHYSICS JONGRESS
= Date: uly 19 ~ August 4, 1984
Place: Bristol, United Kingdom
. Sponsor: Iat. Union of Pure & Applied 3iophvsics
. Requests for Information: DJr. 4. C. Watson, Jept.

>t Blochemistry, The University, Bristol 383 17D,
“nited Xingdom

Date: August 29 - September 7, 1984
Place: TFlorence, Ilta.y

Sponsor: URSI

e A

Meetings and Conferences

Requests for Information: “ontact Professor Saul
Rosenthal, Polvtechnic Institute >F Yew York, Route
1), Farmingdale, NY [[735

Note: A joint meeting with the 3iceleciromagne
Soclety is tentatively scheduled for August I7

1o

MEETING OF THE EZUROPEAN SOCIETY FOR
THERAPEUTIC RADIOLOGY AND NCOLOGT

Date: September 9-15, .984

Place: Jerusalem Hilton, Jerusalem, Iscael
Sponsor: KENES

Requests for Information: 2rof. 7. Fuks, Head,
Dept. of Radiation and Incology, Hadassah “edical

Center, Jerusalem, lsrael
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TRANSLATIONS FROM FOREIGN LITERATURE

From time to time, Information Ventures, Inc. will
prepare full-text translations of foreign research
efforts on the biological effects of nonionizing
electromagnetic fields for publication ia this Di-
gest. The first of these translations {s presented
below. We welcome your comments and suggestions
for future translations.

ZFFECT OF MILLIMETER-BAND ELECTROMAGNETIC RADIATION
ON SACTERIAL CELLS. (Rus.) A. Z. Smolianskaia. In:
Non-Thermal Zffects of Millimeter~Band Radlation,
N. D. Deviatkov, Editor, published by the USSR
Academy of Science, Institute of Radioengineering &
EZlectronics, Research Council on a Problem cof
"Physical Electronics”, Moscow, pp. 132-146, 1981.

Javelopment of =illimeter-dand generators of the
backward-wave~tube type created a natural interest
in the bdiological effects of this type of electro-
zagnetic radiation. From the early 1960°s, under
the leadership of academician N. D. Deviatkov (l),
32 number Jf organizations started to study the ef-
facts of this radiation on biological materials and
initially on bacterial cells.

lnitial {nterest was associated primarily with an
antinicrobtal effect. This effect, during the in-
teraction of an electromagnetic field with biologi-
cal materials, can be caused by either thermal ac-
tion or by the specific action of radiation on the
structure. The specific effect Is of greatest in-
carest. Various rtesearchers (2,3) showed that the
use of low-intensity radiation that did not cause
heating of bacterial cells produced the lethal ef=-
fect. In addition, it was shown that after expo-
sure t> low-intensity radiation in the 6.3-4.9-am
range, some of these waves had an antibacterial ef-
fect while others had not.

The data on the antibacterial effect of 2illimeter-
band radiation of nonthermal intensity were used as
3 basis for the study of the effects of these waves
on bacterial systems responsible for lethal synthe-
sis (4). The first experiments with induction of
lethal synthesis of colicin in Zscherichia coli X12
C 500 (E7) produced interesting results. Irradia-
tion of this strain with waves in the 53.8-7.l-mm
range indicated various interesting characteristics
of the interaction of millimeter-band waves with
bacterial cells. Firstly, these experiments showed
the existence of active and {nactive wavelengths,
{.e. wavelengths which increase the number of coli-
cin-synthesizing cells and wavelengths which do not.
A detailed analysis of 1. neighboring wavelengths
with the aid of a special wavemeter capable of mea-
suring wavelengths with a resolution of 0.0l% was
conducted. The curve obtained (Fiz. 1) indicated
-he markedly resonant type of relationship between
the number of colicin-synthesizing Sacteria and the
7avelength., The resonant type of the effect was
confirmed later after (rradiation of numerous bSac-
terial and nammallan :zells. It should also e amen-
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tioned that the system showed 1 high sensizivity to
the wavelength: a4 shift of .02 mm resulzed i1n the
ailsappearance of the effect (5).

Secondlv, the effect was directlv related to the
duration of irradiation: maximum effect was o=
served after 2-hr {rradiazion; the effsct was sig-
nificantly lower after irradiation for ! hr, while

30-min irradiatfon failed to produce the effect.

And, thirdly, the effect was relativelv independent
of the radiation power within a wide range. Aftar
reaching a threshold power of 2.7l aW/ca~, a 00~
fold change in the power flux density ‘from J.J1 W
‘ca® zo | aW/cm?) did not affect significantly the
biological effect (Fig. 2).

The data obtained in the experiments with colicino-
zenic bacteria were of paramount importance since
they indicated that the lethal effect of millimeter
band electromagnetic radiation of nonthermal {nten-
sity can be caused not bv direct action of the en-
ergy of this radiation which is too low to produce
such effects (see bhelow), but rather bv the indi-
rect action due ro resonant stimilation of the bac-
terial systems and adechanisms of lethal synthesis.

This conclusion was confirmed in a study of the ef-
fects of similar radiation on the lvsogenic strain
of Staphylococcus aureus No. 962. 1In our labora-
tory, A. V. Suslov showed that irradiation with
6.55-mm electromagnetic waves {45.79 GHz) resulted
in a 2.2 fold increase {a the synthesis of phage
particles lethal for the host c¢ell. The critical
effect with respect to wavelength was 2.005 =mm
(Fig. 3).

These findings thus indicated that the induced gen-
etic systems which regulate lethal synthesis in
bacteria, are sensitive to certain wavelengths {a
the millimeter range and that this effecz ‘s of a
narkedly resonant nature.

The observed characteristics of the effect of mill-
imeter-band electromagnetic radiation of nonthermal
intensity on functional activity of zenetic systems
of bacteria cells shed, in our opinion, some lizht
on the multiplicity of effects of nillimeter-band
waves on various metabolic processes in bacteria
detected by various researchers. It was shown, for
example, that certain millimeter-band waves change
protein metabolisa in bacteria (7,8). 1In other ex-
periments, 6-7-mm waves increased the vield of
thrombolytic proteases i{n Aspergilius and in Nocar-
dia (9,10). The same researchers have found that
changes in wavelength and number of irradiations
causes changes in functional activity of various
systems of bacterial cells producing either casein-
olysime or finrinolysine. The researchewrs from
the Leningrad Ianstitute of Aatibiotics and Enzvmes
have found changes {n the enzvmatic activity of
Bagidiomyces after exposutre to millimeter-band
waves (ll). We have studied the effects of milli-
meter~band waves on beta-lactamase {penicillase)
synthesis in penicillin-resistant strains of Staph-
lococcus aur=us and Zscherichia coii. It was found
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that certain wavelengths (8.4063 and 5.478 =m) in-
hibited the inducible enzvme synthesis in Staph.
aureus and did not affect the constitutive enzyvme
synthesis {n E. coli. It is fmportant to note that
irradiation d4id not affect penicillase activity.
This phenomenon was verified in experiments with
irradiation of exogenous enzyme. The relatiomship
between inhibition of enzyme syanthesis and wave-
length vas of a2 markedly resonant type: a £ 0.005-
am change {n wavelength resulted i{n a disappearance
of the effect (Fig. 3). Another interesting detail
was observed {n this system: a tenfoid decrease in
bacterial muleciplicicy resulted in a fourfold in-
crease in the effect. Since a characteristic aor-
ohological Zeature of a staphlococcal colony is
grape~like clustering, the observed data may indi-
cate a shielding effect.

Comparing these data with the results obtained af~-
ter exposure of colicinogenic strain of E. coll and
lysogenic Staphlococei indicated that the most pro-
bable application site of millimeter-band radiation
energy w~as the repressor system that blocked the {n-
duction of certain metabolic c¢cycles. Since the in-
ducible asetabolic processes are widely spread among
the liviang organisms, the possibilities of electro-
dagnetic field effects are also diversified (12).

The observed effects of millimeter-band radiacion
on  enzymatic systems of bacteria can lead to
changes in cell division. Webb and Booth (13) stu-
died the effects of millimeter waves in the 4.68-
3.94-am range on division of Escherichia coll 3y
cells. Radiation of wavelength 4.4l-mm stimulated
cell division, while 4.54~mm, 4.19~mm, and 4.ll-mm
waves inhibited cell diviston. It was found that
radiation of wavelength 4.54-amm inhibited assimila-
tion of amino acids and thiamine by Escherichia
coli cells. Waves of wavelength 4.22-mum caused a
significant decrease in accumulation of all labeled
metabolites, the 4.19-mm waves caused slight de-
crease in thiamine and amino acid accumulation, and
4,1]l-mm waves corresponded to the maximum of protein
accumulation. All these waves inhibited cell divi-
sion. Irradiation of this strain with 4.41-mm waves
increased accumulation of 14C-uracil and of amino
acids and enhanced cell proliferation. It should
be mentioned that thiamine agsimilation remained
unchanged and this can and does lead to the appear—~
ance of morphologically altered variants.

The changes in growth rate and appearance of morpho-
logical variants after exposure of bacteria to ail-
limeter-band radiation were observed in numerous
studies. V. F. Kondrat’eva et al (l14) showed the
changes in morphology of colonies and cells as well
as the changes in biological properties (spore for-
mation, saccharolytic, proteolytic and antigenic
properties, pachogenlcity) of a number of anaercbic
(Clostridium) and aerobic (Prodigiosum) bdacteria
after {rradiation with 7.2-mm waves. Changes in the
aorphology of bacterial cells were also noted by
other researchers (%). The most frequent morpholo-
gical changes afcter exposure to millimeter-band
electromagnetic radiation were observed in fungi.
These changes occurred in saccharomyces carevisae
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241=% sfter irradiation with 3 waveiength of 6.0 m
and a1 power Ilux density of J.15 MW/ca~. Siaoilar
changes were observed after irradiation o Asper-
gillus avam ¢y and Endomycopsis fibuliger. In the
latter case, the authors noted certain changes in
biochemical properties of the culture (9,10). Di-
rect observations of che culture growth in a speci-
ally designed microscope attached to a generator of
2i!limeter waves showed changes in the intensity of
replication of Rodotorulla rubra (l15).

Attempts to induce bacterfal mutations by means of
aillimeter-band radiation failed. We could not
find convincing data in the available literature,
although various researchers tried to wobrain the
vaccine strains. But they admitted that the miili-
meter~band radiation induced very short=-term loss
of virulence. In certain cases the lcss of viru-
lence could bYe explained by selecziocn of pre-axist-
ing variants, since in addition to irradiation, the
strains were subjected to culturing.

Thus, the results of experiments conducted by diff-
erent researchers on different microorganisms iadi-
cated the presence of biological activity of ailli-
metaer-band electromagnetic fields of nonthermal ia-
tensizy. The type of wavelength-effect curves and
relative independence “rom the intensity of radia-
tion after reaching a certain threshold value were
indicative of the markedly resonant nature of the
effect.

The resonant type of response observed in the {ndu-
¢cible bacteria explained and confirmed the data ob-
tained in other biological materials. Simple and
isolated bacterial cells are an extremely valuable
test system for the study of biological effects of
millimeter-band electromagnetic fields of non-ther-
mal intensity. The clear-cut data obtained during
the study of the effects of this type of radiation
on the extrachromosomal, and therefore on relative-
ly autonomic, inducible bacterial systems (colicin-
ogenic factor, temperate phage, penicillase gene)
provide a basis for certain generalizations and
theoretical models of the mechanisms of this phe-
nomenon.

It is known that ultraviolet radiation with a wave-
length of aproximately 22,550 A and energy of ap-
proxizately 4.9 ev is the most effective inducer of
colicin synthesis or of prophage release. It is
algo known that this {s the energy of the same or-
der of magnitude as the energy of C-N, C-C and C=C
bonds in protein and naucleic acid molecules (2.1
ev, 2.5 ev, and 4.4 ev, respectivelv). It s also
known that photons with energies of 4-6 a2v are sei-
ectively absorbed by proteins and aucleic 12cids.
This phenomenon probably causes the biological ef=-
fects of ultraviolet radiation. Ultraviolet radia-
tion can lead to excitation of valent electrons in
atcms, {.e., to be cnnducive to their jump into
higher energy levels. The molecules with excited
electrons enter vteadily into photochemical reac-
tions. These reactions can cause various bdiologi-
cal effects: changes in the genetic code (muta-
tions), breaks and subsequent repair of DONA and RWA

10
B I P P T VU PR PRV 0 VT W s v - | DA DT PN O . N S - NPUOFY S D PRV S SV |




Biological Effects of Nomonizing Electromagnetic
Raagiation VII(2-4), July 1983

molecules, which in zurn lead to excitation (in
case of repressor damage) or innibition of func-
ctional activity of various zenatic systems.

But the energy of a millimeter—band electromagnetic
field is significantly lower than that of ultravio-
let radiation.

It is known that E=hv=h-c/l, where
h = 6.62x10-27 erg/sec
c = 3x1010 ca/sec
1 = 6.5x10"} ecm or 7.1 mm.

Therefore,

T = (6.62x10°27).(3x1010)/6.5x10"}
= 3.06%10~16arg = 1.9xi0 %y,

since ! ev = 1.60x10-12 erg.

Therefore, the energy of the millimeter-band elec-
tromagnetic field is approximately !0% times lower
than the energy of chemical bonds in biological
molecules. Znergy of this order of magnitude can
onily cause intramolecular oscillations or rotation
of the entire nolecule. Tais was shown by L. G.
Xoreneva and V. I. Gaiduk (16) for histidine in the
hemoglobin molecule. But 1if cthese oscillations
resonate with the intrinsic oscillations of intra-
cellular molecules, the resultant effect can be
2qual to that observed after exposure to such pow-
erful agents as ultraviolet radiation or chemical
agents, which damage the DNA structure and induce
various bhiological processes. It is possible that
the absence of a mutagenic effect from millimeter-
band radiation is due to the absence of direct dam-
age to the DNA molecule.

A. M. Makhov (17) calculated the power of electro-
magnetic radlation required for the resonant effect
on one cell of Staphylococcus aureus to inhibit the
inducible penicillase synthesis. Stabilization of
the effect was achieved with power of approximatelz
7x10"% W/cm? for l-micron medium layer and 5x10-1
W for a single cell. Since the energy of a quantunm
of alectromagnetic radiation 1is equal to 10-% ev,
then the number of quanta per one cell per 1 sec
under the condition of saturation of the biological
effect is approximately e2qual to 5x107., The relax-
ation time for the resonating cell structures at a
given power flux density can vary from 2x10710 o
1x107’ sec, depending upon the resonating structure.
Therefore, the resonant absorption of the millime-
ter-band electromagnetic f£ield can cause changes in
the activity of various functional cell systems.
These results showed good agreement with the data
on the effects of electromagnetic fields of the
same frequency on induction of colicin synthesis.
This can {ndicate the similar mechanism of rescnant
interactions in different blological systems.

The present communication summarizes the results of
axperiments of Soviet sclentists who {nitiated the
studies of the effects of miilimeter-band radiation
on bacterial cells.

intensive studies of the effects
radiation have bSeen conducted

in recent vyears,
of millimeter-band

Current Research

abroad.

In 1977, Srundler, Keilman and Frohlich (18) showed
1 resonant change in the growth rate of veasts
which i{ncreased or Jecreased depending upon the
frequency of radiation (approximately 42 GHz) after
irradiation with VHF fields at a power of several
Md/ca~. Careful regulation of temperature condi-
tions excluded the trivial thermal effecz of radia-
tion. Next year, Grundler and Frohlich {19) con-
firmed the independence of the effect from tempera-
ture and showed that the critical frequency was
0.01 GHz. In 1977, Webb, Stoneham and Fronlich
(20) studving the Riman spectra of activelv repli-
cating synchronous E. coli culture showed :that the
excitation levels of spectra »f a markedly resonant
type corresponded to the metabolic cycies of bac-
terial cells. These data indicated a relationship
becween coherent wmillimeter waves and biological
effects.

Italian researchers Dardanoni, Torregrosso, et al.
(21) showed that irradiation with UHF waves pulse~
modulated at 72 GHz reduced the viability of cell-
ular suspension of Candida albicans, while irradia-
tion with continuous waves failed to produce such
an effect.

A group of U.S. researchers (22) sbserved an effec:t
similar to that detected in our experiments after
trradiating for l-hr cells of the colicinogenic
strain of E. coli containing colicinogenic factor
El. Maximum {nduction of colicin synthesis was ob-
served after irradiation at a wavelength of 5.3 am
and a power flux density of 0.5 MW/cm?. Similar
data on induction of colicin synthesis were obtain-
ed by other researchers.

French scientists Dardalhon, Averbeck and 3erteaud
(23) showed that millimeter-band radiation can af-
fect the growth rate of bacteria. The effect de-
pended upon the trequency of radiation. The radia-
tion did not cause damage to cellular DNA. These
researchers did not observe nuclear-chromosome mut-
ations (experiments with DNA repair-deficient bac-
teria) or cytoplasmic wmutations (in wmitochondrial
DNA from diploid yeasts). This confirms our opin-
ion that the basic mechanism of the effect of aill-
{meter—~band radiation {3 not assoclated with gross
damage to DNA structure but rather with changes ia
configuration of the functional molecule without
breakage of intramolecular bonds but with changes
in functional activity. In addition, these authors
have found that the increase in the number of zy-
gotes between two haploid veast strains was acheiv-
ed only after irradiation for at least 330 min at a
frequency of 70.5 GHz, a power flux densitv »f at
least 60 Kw/cmz, and a distance from the “orn to
the culture of 2 =m (at a distance of aeven !0 mm,
the effect could not be observed). Comparing this
effect with the 2ffects observed after the heating
indicated that {t corresponded to the heating {rom
20 C to 23 C. Therefore, {rradiation at these jpar-
ameters was equivalent to h"eating Sy 3 C. These

results confirmed our data and the data obtained by
Srundler and Xeilman indicating

that iaduction Of
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colicin synthesis, release of phage, inhibition of
beta~lactamase syathesis and bacterial cell growth
required significantly higher temperatures (approx-—
imately 40 C). Such increase in temperature can
not Ye achieved at powers lower than 1 W/ emd,

Since the effect of millimeter—band waves is assoc-
lfated with the resonant respunse of the bilological
svstem, its detection required a large rumber of
coincidences. I was necessary that the wave hit a
cell, that the cell was in an appropiate stage of
development, that the wave hit the cellular struc-
tures which could resonate with the given wave-
length, and finallv, that the irradiated population
contained a sufficient aumber >f cells =zeeting all
chese requirements.

In our opinien, this Jetermines the multiplizity of
the effects observed Sy one and the same authors.
For example, Athey and Krop (24) initially observed
induction of colicin synthesis in Escherichia coli
3110 Col =1 after {rradiation with millimeter-band
radiation. But in subsequent experiments, all at-
tempts to induce prophage i{n lysogenic strain of
Escherichia coli 3R-475 (1, lact) failed. In the
latter case, the authors tried to detect production
of a Iree phage not dy a conventional plaque method,
but rather colorimetrically by lactamase production
(in the test strain, lac* gene tramscribed together
with 1 gene). Since these authors did not observe
the radiation—~induced increase in the enzyme vield,
they doubted the possibilty not only of prophage
induction but also of induction of colicin synthe-
sis. They argued that induction of temperate phage
and of col factor have similar mechanisms. This
statement can not be accepted for several reasons.
Tirstly, the similarity of the mechanism of induc-
zion of temperate phage and that of col factor is
quite relative and is limited to observations that
such inducers as ultraviolet rays, nalidixic acid,
aitomycin C, etc., induce both temperate phage and
colicin synthesis. But we have reason ts belleve
that {n contrast with the abovementioned inducers,
the mechanism of the effect of millimeter-band rad-
iation is not associiated with damage to the DNA
aolecule.

Secondly, the simlarity of derepressors does not
gean a 3iailarity in the structure of repressor
a0lecules, which play an important role in response
to the effect of wmillimeter-dand radiation. At
sresent Wwe have some data on the protein nature,
molecular weight and some other parameters of phage
repressor, Sut aothing is known about the reprassor
f 2ol factor.

And, thirdlv, zhe letection of similar =2ffects and
2specially the dental of their existance requires
similar experimental conditions. It is especially
srue for studies »f che effects of millimeter-band
radiation. Ia our 2xperixents on the effects of
nillimeter-sand HF-radiation on bacterial cells we
2ncountered various aanifestations of the effect:
acceleration and inhibition of the jrowth rate, po~-
sentiation ind tahibition of the functional activi-
ty of different srganells in dacterial cells, and
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lethal and modiiication effects. We observed, for
example, a situation i{n which the inducible system
of col Zactor EI in E. coll! responded Yv an in-
crease in colicin synthesis, while the inducible
synthesis of beta-galactesidase in Staphylococcus
aureus was inhibited. 3But in doth cases, the zenes
regulating these syntheses were localized in the
plasmids and showed similar response to such in-
ducers as ultraviolet rays and aitomycin C. In the
case of Staphylcoccus aureus containing the Zemper-
ate phage, the release of free phage after irradia-
tion with a millimeter-band field could be observed
in a very narrow wavelength range.

Therefore, we believe that the development »f =ili-
ineter-band generators provided us with a zool Ioar
analysis of {ine biological processes cn a molecu-
lar level. 3But the mechanisam of these interact:ions
still requires a detailed analysis.
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FOR OUR NEXT ISSUE

BIOLOGICAL =SFFECTS OF MICROWAVE RADIATION. (Hun.)
Almassy, Gy.; Szabo, L.; and 3allai, L. 7TXI 27
(1=2):15-45, 1982.

in this paper, the main bdlologlcal effects of
microwaves are surveyed, medical applications are
outlined, and the draft of a new Hungarian standard
on protection against radiation i{s presented.
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NON-IONIZING RADIATION: HEALTH AND SAFETY [SSUES
IN THE 98TH CONGRESS. Dodge, C. H. and Kainz, R.;
Library of Congress, Congressional Research Service
Ma jor Issues System, May 9, 1983.

(The following is excerpted from the above source.)

ISSUE DEFINITICN

New technologies and advancements in the electron-
iecs, communication, and other industrial and scien-
tific fields have provided many benefits to society.
The development of these technologies has also re-
sulted in an increased exposure of the general pop-
ulation to low-level non-ionizing radiations.

This mini issue brief provides a short background
on non-ionizing radiation, identifies the common
scurces of low—-level non~ionizing radiations and
summarizes available information on the known human
health effects assoclated with non-ionizing radia-
tion exposures.

The effects on human health from these low~level
exposures are not well understood. In the 96cth and
97th Congresses, two hearings were heid on health
issues related to occupational exposure to micro-
wave and radiofrequency radiations. Concerns per-
sist in the 98th Congress about the possible health
effects of chronic exposure on non-occupational
populations to very low-level RF/MW radiations and
low-level electric and magnetic fields near power
lines. The fact that there remain no formal stan-
dards for either occupational or non-occupational
exposure to RF/MW radiatifons {s of continuing con-
Zressional concern. Currently, there is concern in
committees of the House and Senate with oversight
authority over the EPA that the Administration has
sroposed zeroing out the EPA’s Health Effects Re-
search Laboratory (HERL) in Research Triangle Park,
YSorth Carolina. That laboratory houses the largest
non-defense Federal research program on the diolog-
{ical effects of non-ionizing radilacions.

Sources of Microwave and Radio-frequency Radiations

Biological Effects of Nomomizing E'ectromagnetic
Radiation VII(2-4), July 1983

Potential Health Zffects of 2F and MW Radiation

Microwave and radio-frequency radiation sources
have continued to come closer to major population
centers. These sources include a) communication
sites; b) navigation devices; c¢) medical dlathermy
units; d) food ovens; e) commercial radio; £) tele~
7ision broadcast stations; g) generators; and h)
Zitizen Band (CB) radios. The Task Force on Re-
search Planning in Eavironmental Health Sciencas
has concluded that these microwave sources are re-
sponsible for an estimated half of the U.S. popula-~
tion living in some measureable microwave environ-
aent. The level of exposure reported by the Task
Torce i3 far below the recommended safe level of
2xposure (10 mW/ca) for most normal circumstances.
The w08t rapidly increasing source of public expo-
sure to RF radiation has Deen the CB radio. The
nazard associated with the CB radio is due to the
close proximicy of the antennas to the individual.

At sufficiently high levels of field intensity, the
effects of RF/MW radiation are thermal in nature.
The denaturation or '"cooking' of bSiomolecules can
Se induced onlv at field incensities that are so
high the temperature o>f the target tissue is sig-
nificantly increased. Thus the absorption of MW
field intensities on the order of 100 mW/cms re-
sults in rapid tissue heating. If the exposure {s
long enough, there is irreversible tissue Jammage.

In humans, the two organs at 3greatest risk of RF/MW
injury are the eye and testicle, Decause of their
tnability to dissipate heat via zirculatory systen
mechanisms. Accordingly, chronic axposure 20 “igh
intensities of RF/MW radiation can resuit in male
sex cell destruction and thermally-induced cata-
racts. At very high intensities ﬁof RF /MW radia-
zion (i.e., greater than 100 aW/ca~) skin bSuras can
be induced. However, such burns are reversible in
nature.

Epidemiological studies of human populations in the
Soviet Union, Czechoslovakia, Poland, and Sweden
exposed occupationally to low-level RF/MW radiation
(t.e., below | aW/cm?) have yielded indications of
changes in human nervous system and cardiovascular
function after prolonged exposure (one vyear or
more), but these may be reversibly altered. A num~
ber of behavioral changes have also been reported.
These studies are subject to controversy {n this
country because no comparable data exists for simi-
larly exposed occupational populations.

At present, the najor unanswered question is whe-
ther there are other mechanisms of interaction be-
tween RF/MW radiation and biological systems that
can cause reversible or irreversible alterations at
field intensities, bt that do not resul: {n de-
tectable tissue heating (i.e., below 10 aW/cad).

Microwave and Radiofrequency Radiation Standards

Exposure standards for microwave and radiofrequency
radiation are usually expressed ia terms of the
rate at which energy flows through the human body.
This rate is called power density and {s commonly
expressed in units of milliwatts or microwatts per
square centimeter.

Title 21, Chapter 1, Subchapter J of the Code of
Federal Regulations defines the power density limit
for aicrowave ovens. Ovens shall not exceed 1l aW/
cnl exposure at the oven surface prior to sale or
initial use. Those ovens which are in active use
can not exceed an exposure limit of 35 aW/cme.

In 1971, OSHA adopted the 1956 version of the Amer-
{can National 3Standards Institute (ANSI), (C95.4
Committee, 10O oW/cms exposure standard for wcrkers.
More recently, ANSI has proposed a reduction of
this standard to I aW/ca® for the fIrequency range
between 20 and 200 MHz. A new OSHA criteria docu-
ment on occupational nicrowave and radiofrequency
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radiation exposure may be issued in the near future.
Currently, the EPA has announced plans to issue
guidance to other Federal agencies to limit expo-
sure of the general public to radiofrequency radia-
tion (Federal Register 47(247):57338-57340, Decem-
ber 23, 1982). The EPA guidance will not address
occupational exposure or classes of microwave and
radiofrequency sources that can best be controlled
by existing performance standards.

Of congressional concern is the fact that the U.S.
remains the only country for which there is no for-
mal occupational exposure standard for RF/MW radia-
tion. Occupational exposure standards in most West-
ern countries, which range from 1 aW/cm? to 10 aW/
cm:, timit the amount of heat generated when radia-
tion is absorbed in human tissue. Most of these
standards do not contain special provisions for ex-
sosure of the public. However, Canada has proposed
te limit exposure of the public to one-tenth of its
occupational exposure limit of 10 aW/cm?.

In 1979, the Federal Communications Commission (FCC)
came out with a Notice of Inquiry (NOI) into possi-
bSle health hazards of RF at FCC facilities (FR vol.
44, o. 37008, June 25, 1979). Responses to the NOI
culminated in a Notice of Proposed Rule Making
(NPRM), in 1982 (FR vol. 47, p. 8214, Feb. 25, 1982;
TR vol. 47, p. 10871, March .2, 1982; FR vol. 47, p.
27384, June 24, 1982). The NPRM allows FCC to as-
sass possible RF hazards at new FCC facilities.
Existing FCC facilities are exempt. There is 1o
standard associated with the NPRM.

The countries of Eastern Europe, including the USSR,
Poland, and Czechoslovakia have lower exposure stan-
dards for most occupational situations, for example,
0.01 mW/cm? for microwave frequencies. Exposure
standards for the public at these frequencies are
even lower (i.e., 0.005 oW/cm? in the USSR). These
standards are based on behavioral and clinical stu-~
dies that have not been repeatable or replicable in
the West. Many U.S. experts question the validity
of these studies and standards and whether and to
what extent the standards are actually enforced.

HEARINGS

House. Committee on Science and
Technology. Subcommittee on Investigations and
Oversight. Potential Health Effects of Video Dis-
play Terminals and Radiofrequency Heaters and Seal-
ers. Hearings, 97th Cong., lst Sess. May 12-13,
198i; Washingron DC. U.S. Govt. Priating Office
MNo. 13, 764 p., 1981,

U.S. Congress.

U.S. Congrass. House. Committee on Science and
Technology. Subcommittee on Natural Resources and
Znvironment. Research on Health Effects of Nonion-
{zing Radiation. Hearing, 96th Cong., lst Sess.
July 12, 1979; washington, DC. U.S. Govt. Printing
Office, 457 p., 1979.
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50-60 Hz ISSUES: CONGRESSIONAL PERSPECTIVE.

Christopher H. Dodge, Specialist in Life Sclences
Science Policy Research Division, Congressional e-
search Service Library of Congress, Washington, OC
20540

Presented at 5th Annual Sicelectromagnetics Society
Meeting, Boulder, CO. June i2-i7, 1983.

The Issue

Sharply increased congressional concern about the
significance of reports listed in Tables ! and 2
reporting increased incidence cf cancers in certain
public and occcupational populations exposed to weak
50-60 Hz electric and magnetic fields.
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Questions Addressed in nQ Hz, 2ower Frequencv, and
COMAR Workshops

i. How significant are the scudies epidemiologi-
cally?

2. How should CRS evaluate the studies for che
Congress and its constituency?

3. How creditable are the experimentors {(is there
experimental bias?

4. Were the studies adequately designed?

- sufficienctly large populations?

- "control" populations? (what is a control
sopulation?)

- other factors contributing to the effects re-
ported (ionizing radiations; toxic substances
in the air, water and food; personal health
histories; personal health habits etc.)

- prospective and retrospective peer review of
epidemiological studies (i.e. New York Power

Line epidemiological and experimental studies)

- does recent experimental work in the J-10C Hz
range compliment the epidemiology® (i.e. T-
lvophocyte responses to pulsed RF/MW fields;
germ cell changes etc.)

S. What posture should the concerned Federal regu-
latorvy and research agencies (EPA, DOE, NIH,
NAS, US/USSR Working Group etc.) assume in the
wake of the epidemiology studies reported in
Tables 1 and 2? (i.e. is it time to hit the
panlic button or should increased funding be
provided for additional epidemiological and ex-
perimental studies?

6. In general, where do we go from here?

(Note: Responses regarding the above should be
forwarded to C. H. Dodge)

PUBLIC ZXPOSURE AT 50-60 HZ

Reported Effect

Author (incidence)
WERTHEIMER AND + LIUKEMIA, NEOPLASMS
_EEPER, 1979 {children)

TULTCN ZT AL, 1980 NO CHANGE IN LEUKEMIA
INCIDENCE

PERRY =T AL, 1981 + SUICIDES

TOMENIUS ZT AL, 1982 +~ TUMOR CASES
{children)

WERTHEIMER AND « LZIUKEMIA, NEOPLASMS

_ZIEPER, 1982 {adults)

Table 2 i3 presented on the following page

Bioiogical Effects of Nomonizing £lectromagnetic
Ragiation /1112-3}, Juty 1983

QUESTIUNS AND ANSWERS A3CUT B3IOLOCICAL ZFFECTS
AND POTENTIAL HAZARDS 2F RADIOJFREQUENCY RADIATION
(Office of 3cience and Technology Bulletia No. 56)

12 p. July 1982 (3 Rererences)

The Federal Communications Commission (FCC) regu-
lates the use of radiowaves ind microwaves for com-—
Junications. Because of 1%s responsibilities in
this area the Commission often receives inquiries
concerning potential hazards to human health and
safety from radiofrequency (RF) and nmicrowave radi-
ation. 1In recent vears there has been a noticeable
increase in public awareness and concern over this
issue. Increased publicity about new uses of RF
and microwave technology has generated much discus-
sion and speculation conceraning the allieged "elec~-
tromagnetic pollution” of the environment. This
short publication is designed to provide informa-
tion on some of the most commonly asked questions
about RF and microwave radiation. Included are re-
sponses to the following questions:

- What is Radlofrequency Radiation?

- What is Radiofrequency Radiation lUsed For?

- What Is Microwave Radtation?

- Are Some Forms Of Radiation More Hazardous Than
Others?

- What 3iological Effects Can Be Caused 3y RF Radi-
ation?

- What Are Safe Levels For Exposure To RF and Mi-
crowave Radiation?

-~ How Safe Are Microwave Ovens?

- Is It Safe To Use AN Electronic Cardiac Pacemeker
Near An RF Source Such As A Microwave Oven?

- How Safe Is The Radliation Eamftted B3y Radio and
Television Broadcasting Towers?

- Is There Any Danger From Microwave Point-To-Point
Relay Towers? What About Microwave Dish Antennas
Used For Satellite To Ground Commurnication?

- Is There Any Hazard Associated With Hand-Held
Walkie-Talkies?

- Which Federal Agencies Are Responsible For Pro-
tecting The Public From Hazardcus Levels Of RF
Radiation?

= What Is The Role Of The FCC In Controlling Poten-—
tial RF dazards?

- Where Can I Go For Help If [ Have A Complaint Or
Question Regarding A Pcssible RF Hazard?

.-
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author

MILHAM, 1979

T.S. NAVY
(Sanguine,
Seafarer, ZLF)
1970-1980

MILHAM, 1982

WRIGHT ET AL,
1982

- McDOWALL, 1983

COLEMAN, 1983

NORDSTROM ET
AL, 1983

TABL

Occupation

ALUMINUM WORKERS

MAINTENANCE PER-
SONNEL; LINE
WORKERS

VARIOUS (electri-
cal workers)

VARIOUS (electri-

cal workers)

ELECTRICAL WORKERS

ELECTRICAL WORKERS

SWITCH YARD WORKERS;
LINE WORKERS

E 2.

Relative Field
Strength (freq.)

>100 gauss (?)

WEAK (50-75 Hz)

STRONG TO WEAK
(60 Hz~-various)

WEAK

(60 Hz~-varicus

WEAK (50 Hz-various)

WEAK (60 Hz-various)

STRONG TO WEAK
(50 Hz-various)
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OCCUPATIONAL ZXPOSURE 70 = AND H FIELDS OF VARIOUS FREQUENCIES

Reported EZifact
(incidence’

+ LUNG CANCER:
LYMPHATIC AND
HEMATCPOLETIC
CANCER: BENIGN
3RAIN TUMORS:
EMPUYSEMA

+ 3LOCD TRI-
GLYCERIDES

+ LYMPHATIC AND
HEMATOPNIETIC
CANCERS (lvmpno-
ma); LUNG CANCER

+ LEUKEMIA

- LEUKEMIA

+ LIUKEMIA

- FREQUENCY OF
"NORMAL PREG-
NANCY";

+ FREQUENCY OF
CONGENITAL
MALFGORMATICNS




3337 MORPHOLOGICAL ZFFECT OF ELECTROMAGNETIC

STIMULATION ON THE SKELETON OF FETAL OR
NEWBORN MICE. (Eng.) Hinsenkanmp, M. G. (Service de
Chirurgie QOrthopedique et de Traumatologie, Hopital
Zrasme, Brussels Univ., Brussels, Belgium); Rooze, M.
A. Acta Orthop Scand 53(S196):29-50; 1982 (25 refs).

Morphological effects of electromagnetic (EM) stimu-
lation on skeletogenesis were studied in Swiss mouse
limb buds grown in vitro. Developing limb buds from
fetal or newborn mice were incubated in a semi-synthe-
Zic culture medium and exposed to an EM signal (dura-
tion 63 asec, peak amplitude 16 mV, burst width 4.3
msec) generated by Electro-Bilology Inc. coils for 4-%
days. Contralateral limbs served as controls. Skel-
etal staining with red alizarin and alcian blue showed
that IM stimulation selectively influenced the meta-
ohyseal area; distal limb parts were most sensitive.
Hexnatoxylin-eosin staining of paraffin-embedded sec-
tions revealed a thicker proliferative layer of chon-
drocytes, better cartilage configuration, and better
trabecular alignment in stimulated limbs than in un-
stimulated controls. Differences between stimulated
and control limbs were more pronounced in distal than
in proximal limb segments, but the differences were
not statistically significant. The results indicate
cthat ZM stimulation can influence the structure of the
developlng skeleton in mouse limb buds grown in vitro.

3338 HISTOCHEMICAL MODIFICATIONS INDUCED IN
\ VITRO BY ELECTROMAGNETIC STIMULATION OF

GROWING BCNE TISSUES. (Eng.) Rooze, M. A. (Labora-
toire d’Anatomie et d’Embryologie Humaines, Brussels
Univ., Brussels, Belgium); Hinsenkamp, M. G. Acta
Orthop Scand 53(S5196):51-62; 1982 (3 refs).

Yistochemical effects of electromagnetic (EM) stimu-
lation on mucopolysaccharide (MPS) content were in=-
vestigated in mouse embryo limb buds grown in vitro
for 4-% davs. Toluidine blue, colloidal irom, and
aician blue (pH 1.0 and 2.5) staining demonstrated
that epiphyseal content of carboxylated or sulfated
acid MPS was higher in stimulated than {n contralat-
eral control limbs. This difference was amost pro-
aounced in more distal limb segments, i.e., in the
voungest structures. Enzyme analysis showed an in=-
crease in beta~glucuronidase activity and a decrease
in acid phosphatase activity in stimulated limbs.
The enzyme differences suggested that EM stimulation
induces cellular changes that modify matrix acid MPS
conteat, possibly by affecting membrane permeability
or the biochemical mechanism of transmembrane t“rans-~
fer.

2339 TREATMENT OF NON-UNIONS 3Y ZLECTROMAGNETIC

STIMULATION. ‘Eng.) Hinsenkamp, M. G. (Ser-
vice de Thirurgie Jrthopedique et de Traumatologie,
Hopital Zrasme, 3russels Univ., 3russels, Belgium);
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Baillon, J. M.; Danis, A.; de Marneffe, R.; DJozinel,
R.; Tondeur, G. Acta Orthop 3cand 53(5196):63-79;
1982 (20 refs).

Results of electromagnetic treatment of six non-unions
are reported. Home treatment was periormed for lI-l5
hr/day for 3.5 to !2 mo to sites (2 tibia, 2 femur, |
humerus, and 1 scaphoid) in which non-union had been
present for 12 to 66 mo. Mean length of treatment was
6 mo. The patients (5 male, | female, l1-56 vr old)
had undergone 1 to 3 operations before treatment; in
3/6 cases, spongeous bone grafts were carried out.
None of the patients had undergone surgery within
mo orior to the heginning of electric stimulation by
Electro-Blology Inc. apparatus. Characteristics of
the electromagnetic signal were 5 msec width; 13.5 aV
amplitude; and 66 wmsec period (15 Hz). Radiologic
evaluation during treatment revealed softening of non-
union sclerotic edges followed by increasing fuzziness
in the non—union line and formation of trabecular bone
bridges. In two atrophic and two hypertrophic non=
unions, clinical progress was faster than radiological
healing. Clinical results suggest that electromag-~
netic treatment is indicated for patients who have un-
dergone several unsuccessful surgical procedures or
patients for whom surgervy is contraindicated.

0340 RESULTS OF NON-UNIONS TREATMENT 3Y PULSED

LECTROMAGNETIC FIELD STIMULATION. (Erg.)
Sedel, L. (Service de Chirurgie Orthopedique, Hopital
Saint-Louis, 40, rue 3ichat, 75010 Paris, France);
Christel, P.; Duriez, J.; Duriez, R.; Evrard, J.; Fi-
cat, C.; Cauchoix, J.; Witvoet, J. Acta Orthop Scand
53(S196):81-91; 1982 (6 refs).

Bone non-unions in 39 patients (10 females and 29
males, 7-81 yr old) were treated with pulsed elec-
tromagnetic fields delivered through Helmholtz coils
(Electro Biology Inc. apparatus) placed on each side
of the non—union site for 12-14 hr/day for a period
of 50 days to 9 mo (average treatment duration, 3 mo).
The delays between the initial injury and treatment
ranged from 2 mo to 25 yr (mean, !l mo). The number
of previous operations was 0 to 6 (mean, 2). Types
of non—union were 17 atrophic, 5 hypertrophic, 4 con-
genital, and 13 infected. The predominant site was
the tibia (20 cases), followed by the femur (il). In
6/37 patients available for follow-up, non-unions did
not heal; in 4 of these cases, treatment was applied
incorrectly (insufficient immobilization or stimula-
tion for less than a 2 mo period). Healing occurred
between 3 mo to ! yr (mean, 6 mo) in 31/37 patients;
21 unions were strong with a large callus and 10 were
weak. The possibility that factors such as surgery
within 2 mo of treatment or long-term immobilization
may have caused healiag in 15/31 unions is considered.
However, pulsed electromagnetic fleld stimulation ap-
pears to have plaved a real role in achieving 16/3!
unions.
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DRTSY IMPACT 2F LOCALIZED MICROWAVE HYPSRTHERMIA

ON THE OXYGENATION STATUS OF MALIGNANT TU-
MORS. {(Zng.) Nece, J. {Jept. Phvsiology, Univ.
Mainz, 2-0300 Mainz, W. Germany); Manz, R.; Thews, G.;
“aupel, P. Adv  Zxp Med 3iol [57:49=53; 1982 (i4
refs).

Oxvgenation changes in tumors during hyperthermia in-
duced by microwave (MW) radiation were investigated.
0§ carcinosarcoma cells iamplanted in the hind limbs
of Sprague-Dawley rats were exposed to localized 2.45
GHz MW heating at <0, 43, or 45 C for 30 min when tu-
z0or volumes had reached 1.5-5.0 =l. A cyrophotomet-
iz micromethod was used to measure the oxyhemoglobin
.4b02) saturation of single red blood cells within
tumor microvessels. During control conditions (mean
tumor =issue temperature of 35 C) the HbO2 data ob-
cained in tumors were scattered over the whole satu-
ration range. Heating at 40 C resulted in signifi-
cant laprovement of tumor oxygenation, as evidenced
by 1 shift to higher HbQO; saturation values. In con-
trast, heating at 33 C resulted in decreasing satura-
tion, and heating at 45 C was followed by a drastic
fall in HbBC2 values. No substantial changes were ob-
served in the core temperature of the rats during
MW application to the hind foot. Therefore, systemic
changes did not amasx or enhance alterations in tumor
5lood flow or tissue oxygenation status. Changes in
tumor oxygenation during hyperthermia are apparently
wediated through changes in tumor blood flow, which
is increased by moderate hyperthermia, but which de-
clines at temperatures higher than +2 C, and ceases
almost completely after 45 C., Microcirculation may
be affected by hearing time as well as by tissue tem
perature levels. When the heating rime was {ncreased
from 30 =min to 60 min, deterioration of the microcir=
zulation, and thus of the tumor oxygenation, occurred
ac 40 ¢,

1342 ADJUVANT HYPERTHERMIA IN THE IRRADIATICN OF

METASTATIC TUMCR MASSES UTILIZING 2450 MHz
MICROWAVES. (Eng.) Fazekas, J. T. (Dept. Radiation
Therapy and Nuclear Medicine, Thomas Jefferson Univ.
4osp., Philadelphia, PA i9107); MNerlinger, R. IZ.;
Waterman, . M.; Leeper, D. 3. Adv Zxp Med Biol 1S57:
99~1037; 1982 (14 refs).

Mictowave (MW) hyperthermia was administered adjuvant
o modest doses of radiotherapy to study the response
abtained ameng 37 patients with carcinoma (37 adeno
3 3quamous), mnelanoma (2!), lympnhoma (6), and sar~
coma (3). Direct contact (MW) applicators operated
at 2450 MHz with a maximum power of 100 W were used
to deliver hyperthermia treatment {tumor temperature
of 32.5-44.5 € in 6-8 40-30 min heating sessions, 2/
wk for 3-3.5 wk) prior to electron beam radiotherapy.
Iffective hyperthermia conditions (42.5 C or hevond)
required 5-10 min at an applied power of 30-30 W de-
sending on blood flow, tumor size, and other physio-
loglic factors. Nonperturbing {antralesional Luxtron
or Vitek probes wer2 used to monitor tumor tempera-
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ture measurements. Thermostatically controlled cir-
culating water was used for surface cooling. Water
temperature was maintained at %% C for tumors with no
overlying tissue. To spare the skin while increasing
the power output, colder water temperatures were uti-~
lized for tumor deposits that were subcutaneous or be-
low. Complete response (CR: absence of all visible
and palpable tumor) was seen in 8/!3 evaluable aela-
noma patients, and partial response (PR: 50% or aore
tuaor regression) ia 3/15. For carcinomas, CR was cb-
served in 13/48 evaluable patients and PR in 15/48.
“hen tumor response was analyzed by anatomic region,
skin overlying chest wall had CR and PR rates of 70X
and 60% respectively. It was concluded that 2450 MHz
MW hyperthermia is quite effective for tumor dJdeposics
of melanoma and carcinoma when tumor thickness does
a0t e2xceed 1.3 cm ; skin cooling by circulating water
prevents serious skin complications and aids in i{m~
proving the therapeutic ratio; previous therapies do
not prevent the application of effective combined heat
and radiotherapy since no serious late skin effects
were seen in these patients.

0343 LOCAL IONIZING RADIATION WITH AND WITHOUT

MICROWAVE INDUCED HYPERTHERMIA IN SUPERFIC-
CIAL MALIGNANT TUMCRS IN BRAIN. (Eng.) Lindhoim. C.
£, {Lund Cniv. Hosp., _und, Sweden); Kiellen, E.;
Landberg, T.; Mercke, C.; VNilsson, P.; Persson, B.
Adv Exp Med 3iol 157:145-i46; 1982 (no refs).

Patients with superficial brain tumors (less than 7
<2 d{ameter and less than 3 cm deep) were treated
with x-rays, electrons, or 137Cs gamma rays (3.00
Gray units in !0 f{ractions) alone or in combination
with 2,450-MHz aicrowave hyperthermia (42.3-43.5 C
for 45 mnin, l/wk or 2/wk for 2 wk) delivered by a
computerized system using a 90 mm diameter circular
direct contact applicator. The automatic control
svstem uses a pulsed irradlation technique ard reads
tumor and normal tissue temperature via thermistor
probes. Results of combined vs single modality treat-
treatment were evaluated in four patients with more
than one superficial tumor. More rapid and more last-
ing tumor regression occurred in patients treated with
the combined modaliries than in patients treated with
radiotherapy or hyperthermia alone.

2344 ZFFECTS OF WEAK AMPLITUDE-MODULATED MICRO-
WAVE FTIE CALCIUM EFFLUX FROM AT

CEREBRAL CORTEX. (Zng.) Adev, W. R. {Res. Service
(1517, V.A. Hospital, 112Cl 3enton Street, Loma Linda
CA 92357); Bawin, S. M.; Lawrence, A. F. 3locelectro-

ragnetics 3(3):295-307; 1982 (23 refs).
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The effects of a sinusoidalily wmodulated micriwave
field on the efflux of braia zalcium (*3€al*) were
studied in awake, intact cats iumobiiized under .ocal
anesthesia. The cats were exposed Zor #0 aian 2 2
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3.0-uW/cm? 450-MHz field in 3 horn radiator. A ls-Hz
sine wave was used to anpli:ude modulate the signal to
a depth of 353 and its output was applied to a broad-
band linear power amplifier with a maxiumum >utput of
80 W. Tissue dosimetry showed a4 field of 33 V'm in
the interhemispheric Iissure (rate of energy deposi-
tion 0.29 W/kg). By comparison with controls, efflux
curves from field ex o;ed brains were Jisrupted by
waves of increased *+3Cal* efflux. These waves were
irregular in amplitude and duracion, but many exhib-
ited periods of 20-30 min and continued into the post-
exposure period. 3inomial probability analysis in-
dicates that the field-exposed efflux curves consti-
tute a different population from controls at a cenfi-
dence level of 92.96. Ia about 70X of cases, initia-
tion of field expcsure was followed by a transient in-
creased end-tidal COp excretion for about 5 ain. How-
ever, hypercapnea inducad by hypoventilation did rot
elicit increased *3Ca2* effiux. Thus this increase
with exposure does not appear to arise as a secondary
effect of raised cerebral CQ, levels. Radiocactivity
zeasurements in cortical samples after superfuysion
showed +3Cal+ penetration at about (.7 =m/hr, consis-

z2nc with diffusion of the {on in free solution.
3345 LOW FREQUENCY AMPLITUDE MODULATED MICROWAVE
TIELDS CHANGE <CALCIUM CTrFLUX RATE FROM
SYNAPTOSOMES. {Eng.) Lin-Liu, S. (V.A. Hospital,
11201 3enton St., Loma Linda, CA 92357); Adey, W. R.
3icelectromagnetics 3(3):309-322; 1982 (24 refs).

Calcinm (43Cal+) offlux from preloaded rat synapto-
scmes was studied with a continuous perfusion tech-
aique and the rate constants of a Yiphasic efflux pro-
cess calculated. When synaptosomes were exposed to
i6=Hz siausoidally amplitude nodulated 450-MHz micro-
wave (MW) Iields (nmaxinal incident intensity 0.5 aW/
cad, modulation depth 75%) during the second (siow)
phase, the rate constant increased by 38%. Exposure
%o continuous wave or $0-Hz modulated fields did not
produce similar results. The MW field-induced change
can be distinguished from “5cal* efflux stimulated by
calcium chloride injection which is most probably de-
rived intracellularlv. These data suggest that the MW
field-induced change ia cal:zfum efflux probadly did
10t iavolve intracellular caicium. Morecver, the sen-
sitivity exhibited Hy synaptosomes, which can be re-
zarded as subcellular neuronal elements, provides evi-
ience that whole cells or organized tissue are not re-
quired as essential anatomical substrates for field-
tissue interaction.

7344 FLUGRESCENCE DEPOLARIZATION STUDIES OF THE

PHASE TRANSITION IN MULTILAMELLAR PHOSPHC-
LIPID VESICLES EXPOSED 7O [.0-GHz MICROWAVE RADIATION.
(Zng.) Allls, J. W. {MD-74, EZxperimental 3iology Div.,
Health Effects Research Laboratory, IPA, Research Tri-
angle Park, NC 27711); Sinha, 3. .. 3i{celectromag-
setics 3(3):323-332; 1992 (16 refs).

Current Literature

To investigate the Iinteraction of aicrowave MW) ra-
diation witn lipid Dbilaver vwvesicles, m=uitilamellar
dimyristoylphospnatidylcholine (DMPC) vesicles were
2xposed to continuous wave ..J JHz YW energy ia a teo-
perature controlled recrtangular TEM cell, Before ex-—
posure, a Iluorescent iipid-seeking molecular probe,
diphenylhexatriene (DPH), was introduced into the OMPC
membranes. Since chloroform is xnown to shift phase
transition to a lower temperature, OMPC vesicles were
als treated with chloroform to serve as positive con-
trols. Fluorescence depolarization measurements were
made as a4 function of temperature on control samples
and on DMPC suspeasions exposed to 1.2 35Hz at speci-
fic absorption rates (SAR) of 1, 3, 15, or 30 W/x3.
Megasurements were also performed over a series of pow-
er levels while the temperature was maintained it 23.3
and 25.5 C; these temperatures represent -he polats at
which shifts in the phase transizion could te deracted
2asily. Semilog plots of microviscosity versus tem-—
perature showed that phase transition temperature ia
chloroform-treated vesicles was 5 C lower cthan in un-
treated controls. No shift of the phase transizion
was found during exposure ton 1.0 GHz MW radiation at
SARs between 1-30 W/kg. MNo statisticallv siznificant
difference was found between exposed ind bonc—ol sam=
ples as SAR was increased. These results ire ia con-
trast to those of others using laser Raman spectros-—
copy to measure the phase transition Ia similar wul-
tilamellar vesicles exposed %o MW radiation.

0347 POSTRESONANCE ELECTROMAGNETIC ABSOR®TION 3Y
MAN AND ANIMALS. (Eng.) Massoudi, 4. (Dept.
Zlectrical ZIngineering, Univ. Utah, Sal: Lake City,
UT 84112); Durney, C. H.; B3arber, P. W.; Iskander, M.
F. Bioelectromagnetics 3(3):333-339; .982 (1lJ refs).

A surface integral equation (SIE) mnethod {s used to
calculate the specific absorption rate (SAR) in spher-
ically capped cylindrical models of man irradiated by
an axially incident electromagnetic (EM) plane wave
(K polarization) in the frequency range 80-400 MHz.
In the SIE method, the EM field equations are formu-
lated in terms of the electric and magnetic currents
induced on the surface of the body and the resultant
integral equation is solved by the method of wmoments.
The forward scattering theorem is used to calculate
the average SAR from the far scattered M fileids. SaR
data calculated by the SIE method show good agreement

~ith data calculated by the extended Soundary condi-

tion method (EZBCM) for frequencies up to 80 MHz {the
upper frequency limit of the EBCM) {or man models.
For rat models axposed to 1-3 GHz radiation, ceason-
able agreement was also obtained with the linmited ex—
perimental data available. The upper Zrequency limit
for SIE {s 400 Hz for nan models and 3 GHz Zor rat
models. Wwhen calculated average SAR values for the =
and { polarizations were plotted with the data for the
X polarization, it was found that the three curves :i:
tersect just above the E polarization resonance. This
information nay bSe useful in desizning experizents
where average SAR wust be independent 5f animal posi-
zion.
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2348 IFFECTS )F oC=Hz ZLECTRIC FIZLIS 0N  3PECI-

TIC HUMCRAL AND CELLULAR CCMPONENTS OF  THE
IMMUNE 3YSTEM. {ZIng.) Morris, J. 2. (Biology Dept.,
Pacific Northwest Laboratorv, P.J. 3ox 999, Richiand,
wA 39352); Phillips, R. D. 3iocelectromagrezics 3(3):
341=347; 1982 (ID rafs).

The Zunctional aspects of humoral and cell-mediated
iamunitv in Swiss-Webster mice exposed to A0-Hz
electric flelds at 100 kV/m (20 hr/day for 30 to 130
iavs) were investigated. Mice were housed in plas-
tls cages between parallel-plate electrodes (3 ani-
nals/cage). The mice were in electrical contact with
the wire mesh flcors of the cages which constituted
the reference ground electrode. After %0 or 90 days,
2xposed, sham exposed, and cage control aice were im-
munized {p with xeyhole limpet hemocyanina (KLH); as-
says for precipitating antibodies were taken !4 days
after challenge. No significant differences were ob-
served in primary antibody response to KLH among the
three zroups of mice after 30 or 60 days of exposure.
Responses of spleen cells Zrom exposed, sham-exposed,
and cage control mice were compared for three mito-
gens (concanavalin A, pokeweed aitogen, lipopolysac—
charide) at various concentrations after exposure pe-~
riods of 90 and 150 days. Yo significant differences
were observed among the three groups of wmice in the
90-dav and 150-day =xposure. Mean stimulaticn indexes
s>btained Ior phytohemagglutinin-treated spleen cells
appeared zo bYe higher for the exposed zroup than for
sham exposed controls; however, statistical evalua-
tion of the data indicated that the difference was
aot statistically significant.

1349 POSSIBLE EFFECTS OF 10ll Hz RADIATICN ©CN

THE OXYGEN AFFINITY OF HEMOGLOBIN. (Eng.)

Xondepudi, D. K. (Center for Studies in Statistical
Mechanics, Dept. Physics, Univ. Texas, Austin, TX
78712)., Biocelectromagnetics 3(3):349-361; 1982 (19
refs).

The possible effect of electromagnetic radiation on
the nemoglobin molecule is examined and a simplified
nodel for heme plane oscillations i3 developed. The
hinding of oxygen to one of the subunits of hemoglo-
bin greatly enhances the oxygen affinity of the other
subunits. This cooperative intaraction of the sub-
units {s {aitiated by the movement of the heme plane
coward the proximal side when oxygen binds to the

hene. This amotion is transmitted to the surface of
zhe zlobin through a ''reaction path" consisting of
a2 zroup 3f atoms whose wmotion s well correlated.

A simple =odel for the heme plane oscillations is
oresented based on detailed geometry and x-ray dif-
‘raction jata of che nean square displacement of the
2toms surrounding the hene. Using this wmodel, the
natural freguency 3£ oscillations is approximately
3 2 10l g2, This result, along with recent experi-
2e~til iata on the «inetics of the cconformational
tnanges I the heme, points to the possibility cthat
radiatisn mav (nfliuence the Jxv3en affinitvy of hemo-

Bivlogicai £lfects cf Nonomzing Eleciromagnetic
Raciation V1(2-4), wuty 1333

3350 LCCAL AYPIRTHERMIA USING 4 CCMPUTER-
CONTROL ROWAVE SYSTEM. (Eng.; “Maein,

R. L. (Depr. Zlectricai Zngineeringz, niv

1406 West Green Street, Urbana, LL nid0!; .

Beard, R. Z.; Caina, ©. A. 3iocelectromagnetics 2(3,:

353=370; 1982 (I refs}.

A dinicomputer-hased svstem Jesigned o srovide local
heating =3 tumors in laboracory animals s :escribed.
The svstem was used tv =reat transplanted sudcutineous
PARA-7 fibrosarcomas in female golden Svrian haostars
without >ccurrence of sxin buras. A computer was 2ro~
grammed Zo control the average micrswave (MW) zower
delivered to each of four local ~yperzhermia appliza-
tors in accordance with intratumor temperiture neas-
urements performed it the end 5f 1 specified interwval
of time when no MW Jower was applied. MW oower .l1.43
GHz) was Jdelivered rhrough Jdielectricallvy loaded “W
applicators coupled zo the tumdors by a4 temperature-
regulated water-coupling ~uff. Temperature ia each
tumor was measured by thermocouples threadea through
the center of the Zumor. A temperature-scanniag ap-
paratus was used to determine the steadv-state temper-
ature distribution ia tumors. Afcer an inxtial rapid
heating period of 2-3 min when MW pcwer was 10 W, an
average power of 4 W was required %o maintain 2 steady
state temperature of «3 C at the tumor center for 20
min; duty cycle was 9.78 and circulating water cemper-
ature in the water coupling cuff was 31 C. Use of
the circulating water cuff reduced intratumor temper-
ature gradients and eliminated skin burns.

0351 MEASUREMENT 2F 3LCOD=-BRAIN 3ARRIZIR PERMEA-

TION IN RATS OURING ZXPOSURE 70 l1450-MHz
MICROWAVES. (Eng.) 'Ward, T. R, {ZPA, MD-74, Experi-
mental Biology Div., Research Triangle Park, NC

27711); Elder, J. 4A.; Long, M. D.; Svendsgaardé, D.
8icelectromagnerics 3(3):371-382; 1982 (I3 refs).

Adult D albino rats were iniected wizh a =mixture of
two radiolabeled saccharides (sucrose and i{aulin) anrd
exposed for 30 min to 2450 MHz :continuous wave micro-
wave (MW) radiation in cthe far field »f an anechoic
axposure facility at 22 © at power densizies of I, (O,
20, or 20 aW/emé or to an environment at temperaturas
of 22, 30, or 0 C. Foilowing exposure, the Srain was
perfused and sec:tioned into eight regions, and che ra-
diocactivity in each region was counted. Data wers
analyzed both by a series of individual regression
analvses to determine the response of each brain ce-
gion to each tracer and by profile analysis to test
for general :changes. “hen tne dati were inalwvzed b5v
16 independent regression analyses and 3onferroni’s
method was applied to prevent false posizive results
frem numerous analyses, no scatistically signiiicant
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increase in permeation was found for either =zracer
ia any brain region of MW-exposed rats. Wwhen a pro-
Iile analvsis was used to test for a general change
i1 Iracer uptake across all brain regions, a signifi-
cant {ncrease in permeation was ‘ound for sucrose Sut
a0t for inulin. However, no significant increase in
perdeation due to MW exposure was found after a cor-
rection factor derived Irom the warm-air experiments
~vas applied to the data for the MW-~exposed rats. The
results suggest that the increase {n brain permeation
to sucrose observed at higher SAR was due to the ther-
3alizing effect of MW exposure.

t3s2 ZLECTROMAGNETIC DOSIMETRY IN A 3ITTING RHE-

SUS MODEL AT 215 MHz. {Eang.} 9lsen, R. G.
-Naval Aerospace Medical Res. Llab., Code 31, Pensa-
coia, TL 12508); Griner, T. A. 3iocelectromagnetics
3023:385-389; 1982 (7 refs).

A 9.5-«% tissue-equivalent rhesus model with an over-
all sictting height of 73.3 cm was exposed to continu-
Jus wave microwave (MW) power at 225 MHz in a horn and
~vaveguide assembly placed inside an anechoic chamber.
The model faced the horn at a distance of 228 cm. A
nonperturbing temperature probe and a gradient-layer
lalorimeter were used to determine localized and whole
bYody specific absoprtion rates (SAR). Normalized SaRs
based on temperature probe measurements showed deep
Jenetration of MW energy, and calorimeter experiments
showed an average SAR of 0.285 W/kg per aW/cml, a wal-
ue such higher than the 0.107 W/kg per aW/cal calcu-
lated for the same model it 1.29 CHz.

293 THE VACUOLAR POQTENTIAL OF CHARACEAN CELLS
SUBJECTED TO EILECTROMAGNETIC RADIATION 1IN
THE RANGE JF 200-3200 MHz. (Eng.) Barsoum, Y. H. (c/o
Pickard, Dept. Zlectrical Engineering, Washington
“aiv., St. Louis, MO 63130); Pickard, W. F. Biocelec-
tromagnetics 3(4):393-400; 1982 (!4 refs).

Single giant cells of Chara braunii and Nitella Zlex-
{lis were placed in a microstrip exposure apparatus
and subjected to bursts of electromagnetic radiation
(carrier frequencies from 200 to 8,200 MHz) at a nom~
inal power level of 100 W/mZ. The vacuolar potential
was monitored with a micropipette, and offsets as low
1s | uV zould be resolved in real time by suizable
filtering and signal averaging. At the 100 W/m2 pow=
2r level, 10 visible resting potential offset was de-
tected. However, when the power was increased to a
aominal 270 «W/md (i.e., 400 aW delivered to the mi-
crostrip or roughly 2.2 V rms on the line), the slow
avperpolarizing ramp reported at lower frequencies
tould be seen but :ouid not He accurately measured
because of insufficient power. It appeared to decay
Jevond 90 MHz ind to be absent at and above 950 MHz.
T2 investigate reports that snall neurons {rradiated
©or I oar at 13430 MHz and approximatsly 13.5 W/ kg de-

Current Literature

veloped lowered nembrane resistivities, electragenic
ind nonelectrogenic Chara bSraunii iand nonelectroigen:d
Nitella flexillis cells were exposed in the micrastrip
apparatus for 1 hr at 2450 MHz and 230 W, al., ‘temorane
rasistivity decreased !9.3%, 13.9%, and i7.3%, res-
sectively, for each cell type.

0354 SYSTEMS FOR EXPOSING MICE 7D 12450-MHz -
TROMAGNETIC FIEZLDS. (Eng.) <Zhou,
(RJ=30 Univ. HYosp., Seattle, WA 98135); auv, a. w.

3iocelectromagnetics 3(3):40l~4i2; 1982 (13 rais).

s s
il
C.=K.

Two svstems for exposing mice fo 2143U-MHz aicrowave
(MW) fields are descrided. Dosimetrv Jata : n the LwWo
systems are also presented. Laboratorv animals are
placed in individual holders mnade >f a polypropvlene
beaker inserted into a low-loss Styrofoam cage for ex-—
posure. Since the systems are designed for short-ter:
exposure, food and water are not provided. Animals
are maintained in a constant temperature and humidi-
ty environment zaintained by Zorced-air wventilation.
A circular waveguide svstem is used %o expose four
mice simultaneously to circularly polarized electro-
pagnetic fields. For I|-W input power to the wave-
guide, the average specific absorption rate {3AR) was
determined by twin-well calorimetry %o be 3.60 ¢ J.1l
W/kg i{n 27~z mice. The maximum SAR at the skin sur-
face determined theramographically was 3.36 W/kg in
the head of the mouse. A miniature anechoic chamber
is used to expose six mice simultaneously to far-
field plane waves. The inside ot the chamber was
lined with copper shielding and high-temperature ab~-
sorbing wmaterial to accommodate high input power.
The air ventilation at the location of the mice was
separately controlled so that any heating in the ab-
sorber would not affect the animals. For .-W input
power, and when the animals were irradiated with body
axis parallel to the £ field, the average SAR was J.17
+ J.01 W/kg and the maximum SAR at zhe skin surface
was 0,41 W/kg; when the animals were {rradiated zer-
pendicular to the E ffeld, the SARs were S.:1 t J.0l
W/kg and 0.64 W kg, respectivelv. Although multiple
scattering among the animals in the circular wave-
guide system is larger than {n the anechoic chamber,
the circular waveguide system offers some advantages
over the anechoic chamber svstem: it is more =2nergy
efficient and less orientation dependent than the
miniature chamber and it takes up less space.

3355 ZVIDENCE FOR ZLEZTROSTATIC INHANCEIMENT O°F

ODOR RECEPTOR FUNCTION 3Y WORKER HCNEVYBEE
ANTENNAE. {Eng.) Erickson, 2. H. {3ee Management Ia-
vestigations, US Dept. Agriculture, Science Zducation
Admin., Russell Lab., Univ. Wwiscomsin, Madison, I
53706). 3{ivelectromagnetics 3(+):4i3~alC: 1982 .2
refs).

Pore plates fplacoid chemoseasillie) Hn the intennae
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worker noneybees (Apis mellifera L.) appar-
v retained a static electric charge that was sigz-
icantly different from that of the surrounding cu=-
ticle., Residual charge resulted {n cthe concentration
3f airborne particulate mattar dver the rim of exposed
pore plates to the virtual exclusion of such deposi-
tion on surrounding cuticle. Postmorzem integrity of
pelar lipids associated with the sore plate and adja-
ceat sense cells {s hypcthesized as the source of the
static potential. Such a lipoidal matrix, if func-
tioning as an electret and if attracting odorous mol-
2cules o receptor cells from outside the odor stream
of individual receptors, would greatly enrhance recep-
tor efficiency of living bees.

of dead
N

1350 IN VIVO AND IN VITRO DIELECTRIC PROPERTIES
OF ANIMAL TISSUES AT RADIO FREQUENCIES.
{Ing.) Xraszewski, A. (¢ o M.A. Stuchly, Non-Ionizing
Radiation Sect., Cnvironmental Health Centre, Health
ind Welfare <Canada, Ottawa, X!A OL2, Ontario, Can-
ada); Stuchly, M. A,; Stuchly, S. S.; Smich, A. M.
3icelectromagnetics 3(%):421-432; 1982 (12 refs).

The dielectric properties of cat tissues in vivo and
in vitro were measured and compared in the frequency
range between 100 MMz and 8 GHz. The permittivity of
rat tissues in vivo is also reported. An open-ended
coaxial line and an improved measurement method em-
rloving a computer-controlled network analyzer were
used. In vivo measurements were performed on four
anesthetized cats; various tissues (muscle, spleen,
«idney cortex, liver, and brain cortex) were surgi-
cally exposed for dielectric measurements. The cats
were euthanized and submerged {n a normal saline bath;
individual tissues were raised just above the saline
bath surface and blotted dry immediately before the
Teasurement probe was applied to the same tissues.
The differences between in vivo and in victro (less
than 3 hr after death) measurements of the dielelec-
tric constant and the conductivity of all cat tissues
were found to be smaller than the experimental uncer-
taintv limits of 2% for the dielectric constant and
s These results provide an ex-

. £or the conductivity.
cerimental confirmation of the predicted behavior of

tissues.
1357 FAR-FIELD DOSIMETRIC MEASUREMENTS IN A
FULL-SIZED MAN MODEL AT 2.0-GHz. (Eag.)

~lsen, R. G. (Naval Aerospace Medical Res. Lab., Code
41, Pensacola, FL 32508). Bioelectromagnetics 3(4):
433-342; 1982 {11l refs).

Zlectromagnetic dosimetry was conducted in a tissue-
equivaleat full-sized (1.74 a2, 70 kg) model of man
{rradiated at 2 GHz inslde a aicrowave-anechoic chan~

ber. A nonperturbing temperature probe and a gradi-
<nt-laver caliorimeter were used to Jdetermine local
and whole-body specific absorption rate (SAR), res-

Biological Effects of Noniomzing Electromagnetc
Raagiation VII(2-4), Juiy 1983

pectivelv. Temperature was n=easured ia 9 Lscations
{n the body. Dosimetric data were taken 4t the Iront
surface of each location and at | cm deoths directly
Senind each locatlon to zive a profile of absoprtion.
Relatively high SAR values were found in zhe lizbs
compared to the axis of the trunk of the model. Five
whole body calorimetric determinations were made. The
calorimeter 2xperiments wvielded an average SAR 1baut
3-£5ld higher than that esti{mated theoretically for a
prolate spheroidal model of man. It {3 suggested chat
resonant interactions involving the limbs may be re-
spoasible for the disparity between theory and exper-
iment.

N358 A BEHAVIORAL RESPONSE OF S3WINE TO A 90-Hz
ELECTRIC FIELD. (Eng.) Hieresen, D. L.
(c/c Phillips, Biology Dept., Batrtelle Pacific North-
west Lab., Richiand, WA 99352); Miller, M. C.; Kaune,
W. T.; Phillips, R. D. Biocelectromagnetics 3(3):443-
452; 1982 {13 refs).

Hanford miniature swine that had been exposed to a 60-
Hz electric field at 30 xV/am for 20 hr/day, 7 days/wk
for up to 3438 & 45 hr, were tested for their prefer-
ence for the presence or absence of the field during a
21-hr period. During behavioral testing, 4/!7 exposed
swine and 9/15 sham-exposed swine were pregnant. The
swine were tested in a shuttlebox system consisting of
a shielded and an unshielded stall connected by a pas-
sageway. The location of the pig within the shuttle-
Jox Was monitored with two light-beam scanners in the
passageway. Each of the 32 pigs was subjected o a
single 21 hr test, which included 2 light periods and
a 12-hr dark period (from 5 PM to 5 aM). Xnown modes
of indirect interaction between swine and 50-Hz fields
were eliminated or reduced to very small values. Data
were analyzed within the two light periods, the dark
period, ana the entire 2l-hr period. Swine spent sigz-
aificantly more time in the region shielded from elec-
tric field exposure during the sleeping period of the
diurnal cycle (5 PM-5 AM); when active, they moved be-
tween shielded and expcsed regions fairly frequently
and showed no signfficant preference for either side.
The response of pregnant and noanpregnant pigs to elec-
tric field exposure appeared to be different: 11/13
exposed nonpregnant swine preferred the shielded side
while the 4 pregnant swine exhibited no ;references.
The behavioral response of swine {n a 60-Hz electric
field i{s similar to that in rats. It is suggested
that the response i{s a result >f a direct ianteraction
between :the electric Zield and the animals.

0359 EFFECTS OF X~-BAND MICROWAVE =XPOSURE ON
RABBIT ERYTHROCYTES. (Zng.}) Cleary, S. F.

(Dept. 3iophvs., Med. Coll. Virzinia, vVirginia Coumon-

wealth Univ., Richmond, VA 23298%; Garber, 7.; Liu,
L. M. Bioelectromagnetics 3(4):453=und; 1982 (il
refsj.
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The effects of continuous wave (CW) and pulsed aicro-
wave 'MW) heating on the permeabdilitvy of ervthrocyte
(RBC) plasma nembranes were studied. 3BC from adult
Jutch rabbits were exposed as whole (heparinized)
biood suspensions >r as washed cells {a !:1 isotonic
buffered X*-free saline suspensions in waveguide ex-
posure chambers 7r in a temperature-controlled circu=-
lating water bath withia 20 3ia after the blood sam-
ples were taken; duration of exposure was 2 hr. Tem-—
perature distributions Jithin the samples were umeas-
ured with either a Vitex electrothermlia prube or a
thermocouple. Statistically significant increases in
K+ efflux compared to water-bath-heated controls were
detected when RBC were exposed in whole blood suspen-
sfons to either CW or puise-modulated 3.42-GHz MW en-
2rgy at specific absorption rates (SAR) resulting in
sanple temperatures 3¢ 4.0 and 4.4 C, respectively.
Pulsed MW exposure {3 wusec pulses, aquivalent peak
power density of l4.5 W, cmd at the center of the wave-
guide, pulse repetition rates of [38, +13, or 555 dHz;
SAR, 11.6 =W/g) resulred ia a small bSut consistent en-
hancedent of K+ efilux in [:l red zell suspensions and
to 3 lesser extent in whole blood, compared with CW
exposure {SAR, 1.7 =W/g). No statistically signi=-
ficant K* efflux sccurred in the case of i:l red cell
suspensions under the same exposure conditions. Mea-
sured differences i{n sample heating rates and temper-
ature gradients bdetween MW-exposed and heated control
suspensions may account in parc for the differential
effect 3f MW exposure, Sut such effects do not appear
to Iully 2xplain the results of this study.

5260 ASSESSMENT OF THE IMMUNE RESPONSIVENESS OF

MICEZ IRRADIATED WITH CONTINUOUS WAVE OR
PULSE~-MODULATED 425-MHz RADIO FREQUENCY RADIATION.
(Eng.) Smialowicz, R. J. (Experimental Biology Div.,
Health Effects Research Lab., EPA, Research Triangle
Park, NC 27711); Riddle, M. M.; Weil, C. M.; Brugno-
lottl, P. L.; Kinn, J. B, Bioelectromagnetics 3(4):
+67=470; 1982 (7 refs).

Groups of four female BALB/C mice (8-10 wk old) were
irradiated with efither continuous wave (CW) or pulse
dodulated (PM: l-msec pulse width, 250 pulses/sec)
425-MHz radiofrequency (RF)radiation. Mice were {r-
radiated for 1| hr on each of 5 consecutive days in a
rectangular strip-transmission line at average for-
ward powers of 78, 17.7, or 5 W for C4 and 17.7, 5,
or 1.23 W Zfor PM. The uean specific absorption rate,
as measured using twin-well calorimetry was 7.7 W/'kg
for a forward power of 70 W. YNo differences in the
aitogen-stimulated responge of iymphocytes or in the
primary antibody response :to sheep erythrocytes or
polyvinylpyrrolidone were observed between irradiated
and sham-irradiated =mice, nor between mice exposed to
2ither CW or ?M 415-MHz RF radiation. The failure to
detect a change in the immune response does not di-
rectly answer zhe question as to whether or not 1
qualitative 4iffarence {n biological effectiveness
exists Detween TW and ?M aodes.
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G361 COMPARISCN OF BACTERIAL GROWTH TO HIGH-

INTENSITY MICROWAVE EIXPOSURE AND CONVEN-
TIONAL HEATING. (Eng.) Hossain, M. A. (c/o Cutta,
Dept. 3otany, Howard Univ., Washiagton, JC 10059);
Jutza, S. X. 3iocelectromagnetics 3(«):371-474; 1982
(4 refs).

Zscherichia coli pol AT and pol A~ strains were ex-
posed in the far field to B8.3-GHz aidcrowaves (Mw)
pulsed at 1000 Hz (i-usec pulse width) and an SAR of
40 W/kg, which increased the temperature of a4 3-al
bacterial suspension by 7 C, Two-way analysis of
variance showed 10 siznificant difference between
the growth rates of MW-irradiated and thermallv ex-
sosed cells bevond that 1issociated with a tempera-
ture iacrease.

nN362 ATTEMPTS TO ALTER “5CA2+ BINDING TO 3RAIN

TISSUE WITH PULSE~MODULATED MICROWAVE
ENERGY. (Eng.) Merritt, J. H. (USAF/SAM, Brooks \F3,
San Antonio, TX 78235); Shelton, W. W.; Chamness, A.
¥. Biocelectromagnetics 3(4):475-478; 1982 (3 refs).

Experiments were designed to test the effect of both
in vitro and in vivo exposure to pulse-modulated ai-
Crowave (MW) energy on +5CA2* binding in rat brain
tissue. Slx individual samples loaded with 45Cal+ by
intraventricular ianjection were exposed to MW at |
GHz (16 Hz pulse repetition rate, 20 msec pulse width,
power densities of | or !0 aW/cmZ, specific absorption
rates [SAR] of 0.29 or 2.9 W/kg), or 2.45 GHz (l6-Hz
pulse repetition rate, 20 msec pulse width, power den-
sity of 1 mW/cml, SAR = 0.3 W/kg), or sham radiation
for 20 min. No significant differences between ir-
radiated and sham~irradiated tissues with respect to
45Cal+ efflux were found. For whole animal exposures,
rats were injected intraventricularly with +3Cal+ and
exposed for 20 min to 2.06 GHz in one of 17 different
combinations of power density and pulse repetition
rate, Pulse width was held constant ac 10 msec; SAR
was 0.24 W/kg per aW/cm?. There was no significant
difference in efflux of *3CA2* between MW- and sham—
irradiated groups. The data indicate that net +3Cal*
efflux in rat brains exposed either in vitro or in
vivo is not altered by pulse-modulated MW radiation
under the conditions used in this study.

0363 MICROWAVE ABSORPTION 3Y FOLDED DNA CHALNS.
(Eng.) Kohli, M. (Dept. Physics, Purdue

Uaiv., West Lafavette, IN 47907); Van Zandt, L. L.

Biopolymers 21(7):1399-1410; 1982 {8 refs).

The absorption of microwave radiatifon by a ONA mole-
cule {s calculated for a segment of a straight, semi-
infinite polymer chain with abrupt, localized bends.
The power absorbed »v a segment of chain between wo
bends is calculated first. Zverv length of polymer
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chain is then regarded as lying between “ends aiand :he
calculated absoprtion can bYe integrated over the dis-
tribution of interbend distances. Contributions to
2ross section absovrption from base pairs outside zhe
Sends are estimated separately. Vibrational proper-
ties of =he bends were paramecerized Sy a -ransmis=-
sior and a reflection coefficient. A general Sreen's
function expression for power absorption was studied
for different damping rate values and for transmis-—
sion and reflection coeificients. Detafiled expres-
sions for absorption cross sections for longitudinal
and optical modes are presented in an appeadix. The
specific svstem for which absorption estimates were
nade i{s poly(dG)-poly(dC) in B-conformation. Curves
3¢ absorption vs Zrequency ¢5.0-30.0 GHZ) are shown
I5r various damping parameters and reflection condi-
tions.

J3ps ABSORPTION OF MICROWAVE RADIATION B3Y 2ONA
DOUBLE HELIX IN AQUOC. {(Eng.) Yan Zandt,

. L. ({(Dept. Physics, Purdue Univ., West Lafayette,
1% 47907); ¥4ohli, “.; Prohofsky, E. E. 3ioooiymers
21{7):14h3=1468; 1982 {9 refsg).

.

The mnicrowave absorption by DNA double helix in aque-
s solution was calculated, and theoretical results
were compared with experimental data. Zlastic proper-
ties of the isolated, dry molecular chain were deter-
ained and organized i{nto distinct normal modes char-
acterized by wave number and by one of four eigenvec—
tors in the microwave portion of the spectrum. The
behavior of water was treated as a viscous, elastic,
inertial continuum extending radially from the sur-
face of a long cylindrical core to infinity. A gen-
aral expraession was obtained for fluid field velocity
in the form of 2 series of independent vector fields.
Calculated absorption values agreed scrikingly with
experimental values for the relative absorption of
water and ONA solution at 8-12 GHz. In contrast to
simple relaxation time models of molecule-solvent in-
reraction, the theory predicts decreases in absorption
at higher frequencies. Data for the narrow frequency
range suggest that the drop may be even stronger than
Jredicted, suggesting that additional mechanisms may
e involved in the absorption process.

0363 A MICROWAVE RADIOMETRIC METHOD ©SOR THE

STUDY OF THE SEMICONMDUCTOR 2ROPERTIES OF
LIVING TISSUE: 1T POTENTIAL APPLICATION TO TUMOR
LOCATICON. (Eng.) 3tgu, J. (Elliot Lake Lab., Min-
ing Res. Lab., P2 Box 170, Elliot Lake, Ont., Canada).
Biotelem Pacient Monit 9(2):98-114; 1982 (26 refs).

A aicrowave (MW) radiometric technique to enrable in-
vestigaticn of the semi-conductive properties of bio-
logical tissue {3 described. The -echalque makes use
of the noniinear electric properties of tissue in con-
lunction with its radiative properties as descrited by

Siological Elfects of Nomomzing Eleciramagnelic
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blackbody -henrv. Mixing 27 the MW power gener
4 body region itllumirated bv MW energv Jith e W
cower generated by in externdl source results o oan
intermodulation specirum that can bSe measured Jit3
4n ifntermediate frequency radismeter funed 0 a4 Tre-
deternined difference Irequency »or 1 sum Irequency
of the intermodulation spectrum. Prel.minars =xperi-
sentai results iare presented. A ridiumeter ooerdat.ing
at 115 MHz with a 17 ‘8z Sandwidth was used i wxoeri-
ments :onducted on rabbits, humins, MW absorocers, ind
dielectrics exposed to 9.3 Glz raciation 4t -ower Jden=
sity levels of 20 aW/cal (less for “wman s.3’ects;.
No increase {in the II5-MHz si{gna. =ock place fronm
specimens illuminated :n zhe 3.3-GHz 7i{eld r=litive
o the same specimens in the ibseace Hf :he “.eld.
Results were lialted bv inadecuate sens:i: T Ine
radiometer; however, it was 20ssidle =9 =stiblisn in
upper quantitacive timie for aeffeciive semicon-
ductor mixing parameters. ZIxtension 5f the technique
to tumor localizacion is discussed and descrided bHv
a mathematical 2odel. Radiometric scanning should de-
tect differences in semiconductive oroperties at the
boundarv of the tumor and surrounding normal ::issue.

0366 HYPERTHERMIA AS A TREATMENT FCR NEOPLASIA.

(Eng.) Jreznik, A. (&/0 Falk, l-1s) Jer-
rard Wing, Toronto General Hosp., Toronto, Ont. 415G
IL7 Canada); Falk, R. E.; Howard, V.; Makowka, ..:
Venturi{, D. Can J Surg 25(b):503-508; 1982 788 reis .

A review i{s presented of the historical background and
experimental and clinical results of hyperthermia in
cancer cherapy. The reaction of tumor tissue fo hv-
perthermia differs from zhat of normal tissue. Tumor
cells are more sensitive to heat than normal :ells at
42-44 C. Seleczive heating :reates a core tumor ten-
perature of 45-50 C with demonstrablie tumor and vas-
cular necrosis. The differences {n heat accumulation
in normal and malignant :i{ssues are aopparentlv re-
lated to tumor %“lood supply. Thermotherapv «an Se
administered by whole body, regional, ind local 1v-
perthermia. Methods of production of hvperthermia
for the treatment cof mnalignant tumors :iac.ude zhe
use of the whole 2lectromagnetic speczrud. 3Side efi-
fects of microwave and radinfrequency 'wpertnermia
are summarized. Zxperimental studies suzgest cthat
hyperthermia produces an immunological r2sponse that
plays a prominent role i{n tumor destruczion. The
mechanism of this effect {s aot known, 2ut .t =av .:
volve increases in cell membrane {namunngenic:t: A
limited number of <clinical =trials 3¢ -~wper:z-erma
alone or in combination with zhemotherazv r ragis-
therapy have been reported. Hypertheraid .5 svnergis-—
tic with several chemotherapeutic agents, ind chere
is evidence that {t reduces the radiaticn dose neces-
sary to cause tumor necrosis. Thermotherapv is =27fec-
tive with different histologic tumor <-vpes ian¢ with
deep-seated as well as superfi:ial tumors. Regiona.
hyperthermia {nduced bv radiofrequency f:ars che -es:t
and most controlled form > therapy.
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2367 CLINICAL AYPERTHERMIA: RESULTS OF A PHASE I

TRIAL IMPLCYING HYPERTHTRMIA ALONE OR IN
COMBINATION WITH ZIXTERNAL BEAM OR INTERSTITIAL RADIO-
THERAPY. (Eng.) Manning, M. R. (Univ. Arizona Health
Sciences Tenter, Radiation Jncoloey Div., Tucson, AZ
35724); Tetas, T. <.; Miller, R. <.; Oleson, J. R.;
Connor, W. G.; Serner, T. W, Cancer 49(2):205-216;
1982 (3% refs).

Resuits of a Phase I trial of hyperthermia {4T) alone
or in combination with high-dose-rate external beam or
low-dose-rate interstitial radiotherapy in the treat-
=ent of 43 patients with advanced, iocallv accessible
neopliasms refractory 2o conventional therapies are re-
ported. HT alone was used in eleven patients who had
reached tradiation tolerance levels or were not zan-
didates for radiation for other reasons. Seventeen
patients with accessible lesions (who could tolerate
general anesthesia) were treated with interstitial
thermotherapy in which iridium or radiua laplants com-—
bined with HT produced by localized radiofrequency
(RF) current fields using the implant guides or nee-
dle casings as electrodes. The remaining 15 patients
were treated with externally produced HT and radia-
tion. For all tumor types, HT alone (2-22 fractious,
42.5-44 C for 40 min) resulted in complete response
(CR) in 2/1l patients (18%), partial response (PR)
in 3/11 (27%); /11 patients showed less than 50% re-
duction in tumor volume. Of the nonresponders, 4/6
experienced growth arrest during treatment concomi~
tant with pain relief. Duration of response was 1-24
m0. 2f the patients treated with HT (43-44 C for 40
ain at 72 hr intervals) followed by radiotherapy, 8/
15 (53%) displaved PR, 4/15 (27%) showed CR, and 3/15
showed no response other than pain relief and central
necrosis of tumor. Of the patients treated with in-
cersticial rhermotherapy, 5/17 (29%) showed PR last-
ing 2-3 20 and 12/17 (71%) displayed CR with no tumor
regrowth within the treated volume for a 2-12 mo fol-
Low-up period. Total response rates based on tumor
“istology were 1/2 malignant £fibrous histiocytoma,
3/5 sarcoma, l1/14 squamous cell carcinoma, 11/14
adenocarcinoma, and 8/8 melanoma. Complications were
minimal for ali treatment groups and included 1 third-
iegree burn and 3 second-degree burns from fringing
RF fi{eids, | vaginal-rectal fistula, a superficial
focal soft tissue necrosis, and some minor blistering.
The results demonstrate that HT alone or in combina-
tion with radiotherapy canm be safely applied in the
reatment of malignant disease. The data also suggest
that 4T, especially when combined with interstitfial
thermoradiotheraoy, can yield remarkable results in
the eradicaticn c¢f local cancers.

21643 THE TREATMENT OF CONGENITAL PSEUDARTHROSIS

IF THE TIBIA WITH PULSIMG ELECTROMAGNETIC
TIELDS: A SURVEY OF 52 CASES. Eng.) Sutcliféfe, M.
L. ({nrthopaedic Dept., Roval Hallamshire Hosp., Shef-
fileld, S10, 2JF, England); Goldberg, A. A. J. Clin
Tezhop (1Ah6):a5-37; 1982 (15 refs).

Current Literature

A survev 1s presented of Zurocpean cases of congenital
pseudarthrosis cf the tibia treated with pulsing elec-
tromagnetic fields (PEMF) using zhe 3i-Osteogen System
of Zlectro~Biology, Inc. Prior disability time of the
49 children {l-16 yr old, mean, h.7 yr) was > 2 vr in
78% of the cases and > 5 vr in 35 7 of the cases. All
but 5 patients had underziue at .east one unsuccessful
surgical procedure (mean, i.76 operations) before PEMF
therapy was instituted. Of the 49 patients, a deri-
nite endpoint was reached in 37, and a successful out-
come (union and progression to full wt hearing with
protective orthosis) was achieved in 26 (70.2%). Of
the 37 children who reached a definite endpoint, 28
natients with 30 fractures received an initial course
of PEMF therapy alone; there were !5 successes (aver-
age treatment time, 7.7 mo) and |5 failures (average
treatment time, 12.4 m0o). Of the 15 failures, 7 re-
sponded to a bYone graft and a second PEMF course
(average treatment time, 3.6 and 3.6 mo, respective-
ly, for the first and second treatment courses);
patients were awaiting surgery and further PEMF treat-
ment. In 9 patients, initial PEMF therapy and sur-
gery were carried out concomitantly; wunion occurred
in 6 cases (average treatmeant time, 5.0 =m0 vs. 9.3
a0 for 3 unsuccessful cases). Analysis of the re-
sults showed that PEMF therapv alone effacted ucnion
in 60% of cases of Bassett Type I and 57% of Type II
cases. An average treatment period of & mo is indi-~
cated before determining whether the coils will suc-
ceed in a given case. Although Type II1 cases with
extreme atrophy and gross mobility do not respond o
PEMF therapy alone, initial preoperative priming with
PEMF {3 recommended. Because of the importance of
effective ifmmobilization and a strict, non-weight-
bearing status, the applicability of PEMF therapy in
young children (less than 33 mo old) is questionable.

0369 REWARMING MICE FROM HYPOTHERMIA BY EX?P0-
SURE TO 2450-MHz MICROWAVE RADIATION.
(Eng.) Gordom, C. J. (Physiology Section, 3iological
Engineering Branch, Experimental Biology Div., Health
Effects Res. Lab., EPA, Res. Triangle Park, NC 27711).
Cryobiology 19(4):428-434; 1982 (12 refs).

Effects of whole-body 2,450-MHz microwave (MW) heat-
ing on survival of hypothermic male AJ and CD-L al-
bino mice (25-40 g) were assessed. Body (colonic)
temperatures were measured with a Vitek probe that
provides unperturbed measurements {a a radiofrequency
radiation field (30-3000 MHz). The mice were cold-ex-
posed in a cold waveguide system untll body tempera-
ture decreased to an average of 25.7 C (range, .7-30
C). The MW generator was then activated and incident
powers of 10-80 W were directed into the waveguide.
Of 19 mice, 18 survived rewarming at rates of J.04-
0.65 C/sec. MW exposure caused tail burning ‘hot
spots) in 12/19 animals, but the treatzents apparently
had no other i1l effects. The one death that cccurred
was probably due to cold exposure (body temperature,
16.9 C). A warming rate of J.55 C/sec is 17-200 times
higher than rates achieved with external heating tech-
niques such as immersion Iin warm water. Thus, inter=-
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nal deposition of electromagnetic radiation permits
far faster recovery of oxperimental animals from hy-
pothermia.

n370 F20D TORAGING OF HONEY BEES IN A MICROWAVE

FIELD (2.45 GHz CW). (Eng.) Garv, N. E.
(Dept. Entomology, Univ. California, Davis, Ca 95616);
W“esterdahl, 3., 8. Environ Entomol 11{1):95-99; 1982
(15 refs).

The effect of exposure to 2.35 GHz continuous wave ai-
srowaves (MW) on the foraging behavior of honey bdees
4as investigated. A population of cordovan honey dees
was trained to fly 400 a from their colony to foraging
arenas in an {andoor laboratory containing {dentical
treataent and sham MW chambers. The MW chamber simu-
lartad conditions anticipated within and surroundiag
sroposed solar cower satellite (SPS) rectennae. A 3-
nr YW ctreatment was carried out on 5 consecutive days
at 5 power densicies (0, 5, 10, 20, and %0 aW/cml).
Jees made approximately 20-30 round crips during the
d-nr observation periods and were in the chambers for
about half of che time. Mean daily foraging popula-
cions 3d1id not differ significantly for the MW and sham
chanters. Mean round trip times and foraging time
4ere similar for control and “W-treated bees 3t all
power levels. MW-treated bees experienced no detect-
able alterations {n orientation and navigation be-
havior. The results provide evidence that honey bees
readily enter MW fields at power densities similar
to and exceeding those expected to be present {n the
rectennae of the proposed SPS svstem (23 mW/cm? ac
the antenna center to | mW/cmZ at the edge) and that
their behavior {s not adversely affected by these
fields.

3371 COMMENTS ON THE PAPER '""ENVIRONMENTAL POWER-

FREQUENCY ~FIELDS AND SUICIDE."” (2 LET-
S 7O THE EDITOR). (Eng.) Smich, C. 4. (Dept.
ectrical Sngineering, Univ. Salford, Salford MS 4WT,
gland); 3Baker, R. D. Health Phys 343(3):439-44];
982 (2 refs).
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According to Saith, recent work cn the effects of low=
frejquency magnetic flelds on bacteria growth rates
suggests that there aight be a critical onset nagnetic
fisld strength or a periodicity in propensity <o sui-
cide as a3 function of nagnetic field strength (Perry
at al; ‘dealth ?Phys 41:267-277; 1981). Stattistical
snalysis of Psrry’s raw data confirmed zhe basic ef-
fece, "mt {t neither confirmed nor ruled out the pres-
2nce of periodicities. 1If there is any causal rela-
cionship between suicide and field strength, the size
5% the strmctural zntity whizh should Se sought for
iaplication will e at least 360 uM in diameter; lo-
zal :ircult zeurnns fall within this rcange. 3aker’s
inalvsis of Perrv’s data confirms that the ratio of
sutzides =o :zontrols appears to oscillate with fileld
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value indicating :hat the propensity to suicide 31t a
given fileld value presumabily either rises with the
field, Lf the 1pparent oscilliation is illusory, or
does indeed oscillate. ore study {s needed.

3372 ABSORPTION CHARACTERISTICS oF PRCLATE

SPHEROIDAL MODELS ZXPOSED TO  THE  NEAR
FIELDS 0F ELECTRICALLY SMALL APESRTURES. (EZng.)
Lakhtakia, A. (Dept. Zlectrical Sagireering, Jniv.
Utah, Salt Lake City, UT 84112); Iskander,4. F.; DJur-
nev, C. H.; Massoudi, 4. LEEE Trans 3iomed Zng 1%(8):
569=576; 1982 (20 refs).

Mormalized average specific absorption rate (SAR) val-
ues were calculated for prolate spheroidal models of
humans exposed to electrically small aperture sources.
The incident =lectromagnetic fields in the iperture
wera replaced by those produced by equivalent elec-
tric and 7agnetic dipoles, depending on the character
of the fields incident on the aperture. The induced
fields within the spheroid produced by each Jdipole
were determined using the extended boundary zondition
method (EBCM). The orientation of the induced elec-
tric field created Sv the dipoles at large Jistances
from the aperture was parallel to the spheroid major
axis. Ffrom the induced fields, the average SAR Zor
the spheroid was calculated. All results were given
in terms of aperture impedance, which is defined as
the ratio of the incident normal electric Iield to
the {acident tangential magnetic field at the aper-
ture. For all calculatlions, the aperture radius and
incident power dJdensity were equal to .0l wavelength
and | oW/cm?, respectively. As the aperture location
(the ratio of aperture-to-spheroid distance to wave-
length) was increased at 27 MHz, the normalized aver-
age SAR decreased to aoproximately the same limiting
value for different values of the aperture impedance.
Calculacions of the SAR were made at 10, 27 and 40
MHz and at an aperture location of 05.i15, while the
aperture impedance was varied in magnitude and phase.
It is Jdemonstrated that the nature of the near fields
of the aperture source is more complex than that of
elementary sources but that a qualitative understand-
ing obtained from the study of the irradiation ef-
fects of an elementary source accounts for the near-
field absorption characteristics of zodels irradiat-
ed by small aperture fields.

0373 AN ACCURATE PROBE FOR MAPPING STRONG HF

MAGNETIC FIELDS. Eng.) Oleson, J. R.
(Div. Radiation Oncology, Arizona Health Services Cea-
ter, Univ. Arizona, Tuscon, AZ 385724). IEZEE Trans
Biomed Zng 29(8):581-583; 1982 (ll refs).

The design and use of a high tfrequency magnetic fieid
probe with an accuracy of % 3 percent ind precision
of t | percent are described. The probe was iesigned
for measuring magnetic fieids over small areas and at
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relativelv high field strengths such as =hcse csed in
hvperthermia :reatment. The probe consists of a l.b
cm diameter wire loop sensor constructed <Zrom the
leads of a subminiature incandescent lamp. ULight from
the lamp is transmitted through a 2 a length of mulci-
fiber-optic cable. The probe measures the average or-—
thogonal magrecic ‘ield components over a I cm< area.
The probe does not allow for simultaneous deasurements
of orthogonal field amplitudes and relative phases.
Since the probe is frequency dependent, its use with-
cut frequency spectrum analysis is only possible in
fields of a well-defined single frequency such as the
field produced by the Magnetrode (13.56 MHz). An ex-
oression was Jderived to relate the lamp intensity to
zagnetic field intensity, frequency and loop impedance
and radius. TFor calibration purposes, the {mpedance
7f the wir2 loop was measured with the Hewlett-Pacxard
+313A Impedance Bridge. To tast the calibration of
che probe, calorimetry experiments were performed and
field values were obtained from measurements with a
Holidav Isotopic Field Probe at a frequencv »>f 13.36
‘Mz using the Magnetrode body electrode. Both compar-
isons agreed to within the % 5 percent accuracy of
the probe.

B 3LCOD FLOW ZIFFECTS CON THE TEMPERATURE DIS-
TRIBUTIONS FROM AN INVASIVE MICROWAVE AN-
TINNA ARRAY USED IN CANCER THERAPY. (Eng.) Stroh-

bSehn, J. W. {(Thayer Sch. Engineering, Dartmouth
Zoil., Hanover, Nd  03753); Trembly, 3. S.; Douple,
Z. 3. [EEZ Trans Biomed Eng 29(8):9s59-661; 1982 (39

The effects of varfations f{n blood perfusion rates and
‘{ssue electrical properties on temperature distribu-
zions in homogeneous tissues produced by an arrav of
invasive microwave iantennas was studied by numerical
similacions. The bioheat equation was solved numeri-
cally for a number of symmetrically-spaced antennas
forming a circular array in a homogeneous two-dimen-
sional =issue model. The electric field produced by
each antenna was expressed as the field at the mid~-
point »f a bare haif-wave dipole ~mbedded in a zonduc—
zive zedlum. A constant *heating of the ~issue adja-
cent to the antenna 5f +5 T was assuned. The elec-
trical properzies of the =nodeled tissue were varied
to simulate muscle, Srain, and fat with the same an-
cenna distribution. For a Zissue model with the prop-
erzies of muscle tissue, four antennas 2qually spaced
about a 1.414 cm radius :ircle, a frequency »>f | GHz,
and blood fiow rates equal to sr less than zhat in
resting muscle tissue, sZeady state temperarures were
reacted withia .5 @10 and temperature Jdistributions
were governed by heat zonduction and were not signi-
ficantly different from temperature distributions for
10 blood flow. For blood flow rates .7 :imes :hat
in resting muscle <=issue, 3teady state temperature
distributions were reached within 5 =2in and cthe iso-
therm plots €or %te therapeutic temperatures were con-
centrated around the antenna. Temperature distribu-
riong were fetermined “v Slood flow and were signi-
ficantlv differen:t from Zeamperature :istTitutions Ior
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no bdlood flow. Temperature distributizns Zor i
ferent Irequencies are shown. For high blood <1
rates, more antennas were needed t> create an arei
>f therapeutic temperature large =nough to be effec-
tive i{n treating the :tumor.

3375 MICROSTRIP LOOP RADIATCRS FOR MECICAL  AP-

PLICATIONS. (Eng.) Bahl, I. J. (Interna-
tional Telephone and Telegraph, Electro-Optical ?ro-
ducts Div., 7635 Plantation Rd., Roanoke, VA 23019);
Stuchly, S. S.; Llagendi’k, J. J. W.; Stuchlv, M. A.
IEEE Trans Microwave Theorv Tech I0(7;:1590-1.93;
1982 (9 refs).

Three nicrostrip loop radiators designed for medical
applications are described. Two o>f them were desizaed
for inducing local hyperthermia at 433 and 915 MHz,
and the third was constructed for the detection of
breast cancer using microwave radiometrv at (300 ‘Hz.
The design principles of the loop radidtors and their
dimensicns under various loading conditions are pre-
sented together with 2 Jdiagrammatic representation of
their geometry. Return loss measurements with a net-
work analvzer indicated that the radiators were well
matched in a relativelv broad range of frequencies,
<hen placed in contact with the human female breast,
a muscle phantom, and a distilled water bolus fol-
lowed by a muscle phantom. Heating patterns of the
433 and 915 MPz radiators investigated bv thermography
as well as by liquid crystal films indicated that the
heating patterns of these radiaters placed in direct
contact with the ruscle shantowm were assvametrical with
respect to the axis of rthe radiator. This was attri-
buted to the near-fileld effect created by the higher
order modes. Temperature distribution ia the phanton
along the zain axis, after irradiation by a 1C0-W, 30
usec pulse at frequencies of 433 and 915 MHz showed
an exponential decrease w~ith the distance from the
surface. With the water 3>olus, the heatiag pattern
of the radiators was symmetrical with respect to the
axis. The penetration depth of the heating depended
on the frequency of operation and the size of the ra-
diator: it was l.6 cam for -he 433-MHz radiactor and
l.1 zm for the 915-MHz radiator.

13376 CLINICAL RF HYPSRTEERMIA 3Y MAGNETIC~LOOP
INDUCTIAN: A NEW APPRCACH TO HUMAN CANCER
THERAPY. (Zng.) itorm, 7. %. (Div. %ncology, Zeot.

Surgerv, CLA S.n. Medicine, Univ. Zalifcrnia, los
Angeles, CA 90023); Zlliott, R, 5.; Harrison, W. H.:
Morton, 2. L. I Trans Microwave Theory Tech 393
73):1149-1982; 1982 713 rafs).
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~lassical methods for raising Tissue femperatures are
reveiwed and the Jevelopment and clinical uise of Mag-

trode magnetic=loop induction Thvperthermia Zor
cancer therapyv ire descrived. The magnetronde <as je-
signed so that :the Z=lines run parillel o :tissue in-
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terfaces and overheating of Iat gnd skin lavers is
ninimized. The azagnetrode is constructed ‘rom 3 con-
ducting sheet rolled so that the :Iwo ends overlap bu:
do not touch. The overlap irea and distance between
the ends derermine the capacitance of the applicator.
Tor homogeneous :issue phantoams placed within the nag-
netrode, peripheral neating of the phantom i{s much
greater than the central heating. When high~dose uy-
perthermia was quickly applied to anesthetized dogs,
temperature distributions within the abdominal cavity
were similar to those in homogeneous phantom models.
Moderate dose hyperthermia heated rthe central and pe-
ripheral tissues more evenly with a temperature gzra-
dient of less than | C. The effect of bSlood flow was
demonstrated by spolying moderate dose hyperthermia
to the same Jog when alive and dead which resulted in
even heatiag and preforential peripheral heating, res-
seczivelv. Deep heating with liztle surface heating
wsa produced in a human thigh olaced withian the mag-
netrode. Of 89 :umors :=reated in clinical trials,
78% were heatad to temperatures aqual to or greater
than 42 C, 367 to temperatures over 45 C and 15X to
-emperatures over 50 C without raising normal zissue
semperatures bevond physiological limits. Success
rates for reaching therapeutic temperatures are also
ziven according to malignancy type and tumor size.
Larger tumors “ad greater success rates wnica may Te-
flect a decrease in their vascularization and cherzo-
regulaction. The clinical trials indicated that in-
creasing the treatment time, temperature, and number
of treatments increased the chance of tuwmor necrosis.
Magnetic-loop induction hyperthermia producing 500-
1200 W of absorbed power resulted in ophysiolegical
changes which did not exceed physiologically tolerable
limits. Surface tissue injury occurred in 0.3% of the
af the :ireat:ents.
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YEAT TRANSFER IN SURFACE-COOLED OBJECTS
SUBJECT TO MICROWAVE HEATING. (Eng.) Fos-=
car, %. R. (Dept. 3iocengineeriag, Univ. Pennsylvania,
%hiladelpnia, P?A 19104); Ayvaswamy, ?.; Sundararaian,
T.; Ramakrisna, ¥. IEEE Trins Microwave Theory Tech
30(8):1159-1166; (982 (15 refs).

A dodel to zredict the :thermal charicterist.cs of a
biological sample uniformly heacted Ly am electromag-
netic (M) field and cooled dy an uabounded, laminar
luid flow around the sazple is described. The homo-—
geneous “io ogi:al sample was initiislly at a rempera-
ture equal =o that of the coolant before EM heating
began. The uoolant was assumed 1ot to be heated by the
IM field., 7biects of three zeometries (sphere, cylin=
der, and rectangular siab) were analvzed. For each
sase, the solution of the appropriate ason-dimensional
iifferential eauation for heat conduction with con=
reczive Soundary conditions was presented. Acrual
temperature can e found assuming :that the sample den-
sicv, aaterta. thermal properties of the saaple and
-he 3tot and Rlevnoids -~umbers %that <tharacterize the
ilow and :onveciive cooiing, are known. Plots of non-
iimensiscna. temperiture as 1 ‘uncr’on of nondimens{on-
il =ime ire shown fsr different _ocations within :the

PR VO T Yy S

8ioiogical Etfects ¢t Nomonizing Electromagnetic
Raagiation VIi(2-4), Juty 1983

~hree differently shaped <bjects ind for different
Reynolds auambers of “low. An optimum flow rate bte-
vond which no nore 2ffeczive cooling of the sample is
cossible exists for each situation and Jdepends on the
thermal conductivity of the object and coolant, and
Prandtl aumber. 3ounds were formulated for the max-
imum temperature difference produced within a saople
that are possible for warious flow situations as 3
function of sample size and thermal zonductivitv. The
results are of general applicability and are also val-
id where the coolant is a gas or liguid different from
water with the only restriction being the Revnolds
aupber of flow.

2378 HUMAN WHOLE~-30DY RADIOFREQUENCY ABSCRPTION

STUDIES USING A TEM-CELL ZXPOSURE SYSTEM.
(Eng.) Hill, D.A. (Radiation Biology Section, De-
fence Res. Establishment Ottawa, Jttawa, 7Zanada KlA
02z4). IEEE Trans Microcwave Theory Tech 30{i1):1847-
1854; 1982 (31 refs).

A transverse electromagnetic (TEM)=-cell 2xposure sys-—
-em constructed for the measurzment of whole~body ab-—
sorption in humans of radiofrequency radiation at fre-
quencies of 3 to 20 MHz is described. Human volun-
reers were exposed to Il uW/cm? for up to ! hr/day,
and never absorbed more than ! W. The exposure cham-~
Yer was a large (6.1 x 7.3 x 13.0 m) low-loss rect-
angular-coaxial TEM mode transmission line sharply
tapered at each end to form a cell. The cell allows
irradiation of subjects in any orientation with res-
pect to the propagating TEM mode under simulated free
space or grounded conditions. The absorbed power, de-
ternined from 3-min signal-averaged measurements of
incident, reflected, and transmitted power, was Teas-
ared to a precision of 0.06% of incident power (0.03
dB in insertion loss). Analysis of systematic er-
rors in the method showed that a directional-coupler
directivity approaching 50 dB is necessary for high
accuracy in absorbed-power measurements and that any
dielectric-loading effect of the subject on the cell
absorption is undetectable. The total systematic er-
ror in determining absorption rate per unit eXposure
rate was about =35% of the measurement. Operating
frequencies are currently limited to 3-20 MHz due to
occurrence of the first cell resonance, associated
with the TEg] mode, at 20.7 MHz. The first set of hu-
man whole-body absorption results {s presented for 3
subjects exposed in free space to il uW/cmd at 18.5
MHz in six different body orientations with respect to
the TSM wave. The measured absorption rates for the
two principal £ orientations are larger than the pub~
lished predictions by a factor of 2-3.

1379 A BROAD-BAND TEMPERATURE-ZCNTROLLED SYSTEM

FOR THE STUDY OF CELLULAR 3INEFFECTS OF MI-
CROWAVES. (Eng.) Riazi, A. (Dept. Slectrical Zngi-
teering, Univ. Utah, 3alt Lake Iity, {7 Ball2): Hill,
w.; Yagmann, “4.J.; Sandhi, 7.?.; D’Andrea, J.A. IEEE
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Trans Microwave Theorv Tech 30/(11):1996-1998; 13382 (3
refs).

A broad-band temperature-controlled microwave (MW)
exposure system designed for the study of cellular
bioeffects of MW radiation is described. The dual-
circuit apparatus allows simultaneous testing at fre-
quencies {n the E-band (45~75 GHz) and in the U~bdand
(38-48 GHz). A waveguide switch (s used in both cir-
cuizs to allow accurate measurement of i{ncident power
levels with thermistor detectors. Cuntinuous moni-
toring of both incident and reflected power (s done
with SWR meters connected to the broad-band diodes at-
tached to directional couplers in the two circuits.
A schematic of the irradiation system is presented
together with diagrams of the system’s thermally in-
sulated housing and sample holders. The system cou-
oling efficiency is greater than 997 over all usable
f{requencies, which allows wuse of relatively inex-
ocensive low-power sources, and it is simple -0 oper-
ate. Opposing thermocouples allow measurement of tem-
perature differences as small as £0.0! C. Compensa-
torv heating of the control sample holders suggests
that temperature differences over the course of 30 min
exposures can be xept within +0.02 C by appropriate
feedback circuits. The svstem has been successfuly
used to investigate the effects of MW radiation on
cell suspensions cf several bacterial strains. A liam-
ttation of the apparatus is that it exposes biological
samples Jduring their time of transit past the wave-
guide.

3380 MICROWAVE DIFFRACTION TOMOGRAPHY FCR 3I0~-

MEDICAL APPLICATIONS. (Eng.) Bolomey, J.
C. (Laboratoire des Signaux & Systemes, Ecole Su-
serior d'Tlectricite, Plateau du Moulon, 91190 Gif-
Sur-Yvette, France); lzadnegahdar, A.; Jofre, L.; Pi-
chot, C.; Peroanet, G.; Solaimani, M. IEEE Trans
Microwave Theory Tech 30(11):1998-2000; 1982 (11
refs).

A method for rapid microwave tomography for biomedical
imaging applications <is described. Electromagnetic
energy scattered {rom the target was measured using
2 modulated scattering technique, which employed an
array of probes that were loaded by nonlinear ele-~
ments. Modulating the load resulted ia a diffracted
signal chat was proportional to the field being meas-
ured and was c¢ollected Sy an auxiliary antenna. The
image was zalculated as the convolution product of
the pointspread function of the focusing system and
the equivalent current distribution function induced
by the target «hich in turn was related to the scat-
tered field intensity distribution. The experimental
equipment consisted of a !0 aW generator with standard
S-band waveguide, a linear probe array of 64 dipoles
loaded by diodes and separated from each other bv A/

5 at 3 GHz, a network analvzer, a minicomputer and
4 low-noise amplifier. Results were ziven for a tar~
zet consiscing »f two plexiglass rcds surrounded by
water, a plexiglass rcd surrounded Sy sponge ind i
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plexiglass cviinder fi{lled wirh water. This =ethod
1iilowed neasurements of the field won 3 measurement
Line within one~half sec and calculation of the izage
in SO sec. Incident power .evels were less than 1)
aW/cmd and a spatial resolution of A /2 was yossidie,
where \ is the wavelength of the aicrowave enerzy in
water (1.6 cm at 3 GHz).

3381 NUMERICAL AND EXPERIMENTAL RESULTS FOR

NEAR-FIELD ZESLECTROMAGNETIC ABSORPTION 1IN
MAN. (Eng.) <Chatterjee, 1. (Dept. Tlectrical Zagi-
neering, Univ. 'tah, Salt Lake Cityv, UT 841il); Gan-
dhi, 0. P.; Hagmann, 4. J.; I[EEE Trans Microwave The-
oty Tech 30(11):2000-2C05; 1982.

An empirical Zormula for the mass=-normalized wnole-
body-average electromagnetic energy (SAR) was derived
for a i80-cell block model of man exposed to near
fields with N-polarization ({E-field directed ara %>
arm). A similar formula for P-polarization (no com—
ponent >f the T-field directed arm to arm) had al-
ready been derived. The SAR predicted from the empir=-
ical formulas agreed well with experimental results
obtained by exposing reduced-scale models of humans
to leakage fields similar to those from an RF sealer.
Saline-filled figures were exposed to fringing fields
from two metal parailel plates separated by Styroicam
and connected to a RF power generator producing 40-80
W@ of power at simulated frequencies of 71-175 MHz.
The SAR was determined from the average temperiture
rise in che figure. 1In another set of experiments,
a tissue phantocm made of water, polyethylene powder,
Superstuff (a gelling agent) and salt was placed
in the figure. The internal E-fields in the figures
neasured with an implantable probe at three simulated
frequencies (77, 110 and 150 MHz) were an order of
sagnitude less than the incident E-field and agreed
well with the calculated £-fields. For 180-cell block
zodels of man exposed to a 1 V/m RMS and 27.12 MHz
vertical electric field, the model in contact with the
ground plane had an SAR that was 8.5 times larger thin
the SAR for a model i{solated by 5 cam from the 3round
plane.

7182 MICROWAVE POWER ABSORPTION IN A BIOLCGICAL

SPECIMEN INSIDE A STANDING-WAVE IRRADIATION
WAVEGUIDE. (Eng.) Fujiiwara, O. (Dept. Electrical
Engineering, Facuity of Engineering, Nagova Cniv.,
furo-cho, ~hikusa-ku, Nagova 464, Japan); Amenmiva. 7.
LEZEZ Trans Microwave Theory Tech 30(11):2008-2012;
1982 (15 refs).

Zxpressions for the =otal absorbed power and the spa-
tial distribution of absorbed power were derived {or
a prolate spheroidal model of a %iological sample
irradiated by standing waves in a rectanguilar wave-
guide. Three orientations of the spheroid were exam=-
ined: the major axis of the sphercid paralle:r t> the

v




Current Literature

electric field, narallel to the magnetic field 1nc
perpendicular to the electric and magnetic fields.
The power absorption due to electric and nagretic
flelds were analyzed separatelv. Calculations from
the theoretical expressions were made for a spheroidal
dodel of 3 pupa with a major axis and radius of 13
and 5 am, respectively, and a relative permittivity of
33-127 at a frequency of 2450 MHz, For all orlenta-
zions of the spheroid, the power absorption produced
5v the electric field was larger tharn that produced
bv the magnetic field. The largest occurred when the
electric field was parallel to the mailor axis of the
spheroid. TFTor all cases, the absorbed power was much
less than the forward waveguide power. Exposure to
alectric filelds did not create any spatial variation
in power absorption, but exposure to nagrecic fields
iid. The zheoretical results for total absorbed power
Jere coupired with experimental results from pupa of
Tenebrio molizor irradiated {n a WRJ-2 waveguide {for-
ward power, !0 W; frequency, 2485 MHz). The tempera-
ture increase 5f the pupa was measured with a chromel-
alumel thermocouple to find the total absorbed power.
The calculated values for total power absorption
agreed well with the experimental values.

3382 ETFECT OF CHRONIC MICROWAVE PRADIATION ON

RABBIT ERYTHROCYTES. (Eng.) JNageswari, K.
S. {Dent. Physiology, GSVM Medical Coll., Kanpur 208
302, Indta); Tandon, H. C.; Yarma, S.; Bhatnagar, V.
M. Iadian J Exp Biol 20:13-15; 1982 (1! refs).

The effects of chronic microwave (MW) exposure (2.1
GHz, continuous wave, 5 mW/cmZ, for 3hr/day, 6 day/wk
£5r 3 mo) on peripheral bSlood were investigated in 13
rabbizs. Blood samples from 8 irradiated and 5 con-
trol animals were collected preirradiation, at 1 and
2 mo, at the termination of the irradiation period,
and l/wk for 2 wk. The mean rectal temperature which
was neasured before and after each MW exposure during
the entire 3 mo period did not increase more than an
average 0.8 C after each session of MW irradiationm.
Ervcthrocvte counts declined 4.27%, 8.08%, and 8.46%
following i, 2, and 3 mo exposure, respectively. Al-
though recovery was seen in the 2 wk post-irradiation
period, the cell count did not recurn to its {nitial
value. Decreases in erythrocyte number were parallel-
ed Sy increases in mean corpuscular volume and hemo-
3zlobin which became statistically sigaificant at the
end of 2 and 3 mo of MW exposure. These findings sug-
3est that the animals may have been protected from
hypoxia by the {ncreases in size and hemoglobin zon-
tent of the red cells.

7384 EFFECT OF 2ROLONGED LOW POWER MICROWAVE RA~

DIATION ON PERIPHERAL LEUCOCYTE COUNTS 1IN
RABBITS. (Z=ng.) Nageswarti, X. S. (Dept. Phvsiclogy,
GS¥M Mediczal Zoll., Ranpur 208 002, India); Taadon, H.
C.; 7arma, S.; Bhatnagar, V. M. Indiaan J Med Res 75:
+33-459; 1982 (15 refs).

Biotogical Ettects of Nomicruzing Zieciromagnet.c
Raagraucn Jil2-4), Juty 1983

ts of :hronl: 2xoosur2 0 1OW nower jensii’
s wave aicrowave MW) radiaticen 1.1 iz, >
AW cme, 3 hr/day, o days.~k for 1 ac) sn rabbit neri-
pheral leukocvtes were studi=d. B8lood samples “rom 2
irradiaced and 5 contral aninmals were 2nllecced nrevc-
radiation (PRI}, at | and 2 =m0, 3t the termination or
the irradiation perifod, and . wxk Zor 2 wk. The nqean
rectal cemperature wWas measured “efore and after =2ach
‘W zxposure during the entire I} mo period and iid nct
iacrease more than an average .3 7 after each tize.
After 3 mo exposure, total leukocyte counts increased
50% from PRI values of 62l to 9825, ind Jdiiferential
lLeukocvte counts revealed a zhreefold (ncrease ‘from
5.75 to 14.13) {n large lvmphocytes ind a3 significant
decrease {from 53.3 to 45.2%5) ia small lvmphocytes.
However, the zounts recturned %o normal ~izhin 2 wk >f
termination of exposure. MW irradiacion for I @m0 pro-
duced significant neutropenia «hich was corrected af-
ter exposures wers continued £or another mo. A si3-
aifi{cant dut reversible leucocytosis was sbserved in
rabblts after chronic 2xpusure to low .evel MW radi-
ation. In the absence »f a thermal etffecz, =he jpos-
gibility of a specific cumulative effect t MW ar low
levels (s ~onsidered.

1385 LOCALIZED HYPERTHERMIA IN THE TREATMENT OF

CANCER. (Eng.) Storm, F. K. (2iv. Sncci-
ogy, Dept. Surgery, UCLA Sch. Medicine, Univ., Zali-
fornia, Los Angeles, CA 90024); Mortom, D. L. int
Adv Surgz Oncol 5:261-275; 1982 (38 refs).

Experimental and clinfcal studies of localized hyper-
thermia in cancer therapv are reviewed. Localized hy~-
perthermia techniques include hot water bath, isolated
limb perfusion, low frequency current fields, ferro-
magnetic coupling, ultrasound, amicrowaves (433, 2!S,
and 2,450 MHz), and radiofrequency waves (13.56-27.1
MHz) using capacitive electrodes, iaduction coil, and
magnetrode magnetic loop applicators. Recent clini-
cal trials suggest that potentially effective hyper-
thermia can be achieved in most superficial and vis-
ceral solid human tumors regardless of histopathologic
tvpe, although it i{s most effective for large tumors.
Local toxicity depends on the heat dose and the neth-
od of hyperthermia. Future hyperthermia potential as
ad juvant therapy in surgery, and in combination with
radiotherapy and with chemotherapy is summarized.

0386 DEMONSTRATION 9JF A THERMAL :ZFFECT OF MI-

CRCWAVES DURING LOW=-LEVEL RADIATINN.
(Eng.) Rlein, M. 5. (Div. de Neurophysiologie App-
liquee, Centre D 'Etudes et de Recherches de Medicine
Aercospatiale, 26 beculevard Victor, 75996 Paris Armees,
France); Steru, L.; Milhaud, C. L. TIRCS Med Sci 2
(6):6455-456; 1982 (10 refs).

Effects of low-level aicrowaves {MW) on hvpothermii
19

induced by oxotremcrine (0OX: 125 =g/kg) or bSv ipomor-
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ohine {(AP: 1fmg’/%g) and on the blood-braia barrier
(BBB) were studied in male CS7BL mice. In one exper-
iment, the anti-cholinergic agent methylatropine
‘which nomally does not pass through the BBB) was in-
jected simultaneously with 0X. The amice were irradi-
ated for 30 min at 2,350 GHz (comtinuous wave; 2 and
5 aW/cme). MW exposure resulted in significant heat-
iag of mnice made hypothermic bv OX or AP; rectal tem-
peratures in irradiaced mice were significantly high-
er than those of control aice. MW did not antagonize
OX-induced hyperthermia and, therefore, could not have
crossed the 3BB. These results are inconsistent with
the existence of nonthermal MW effects at power den—
sities lower than !0 nW/cmZ.

ar-
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1287 AUDITORY PERCEPTICN OF RADIO-FREQUENCY

ZLECTROMAGNETIC FIELDS. {Eng.) Chou, C.-
K. {3loelectromagnetics Res. Labh., Dept. Rehabilita-
zion Medicine, Sch. Medicine, Univ. Washington, Seat-
tle, WA 93195); Guy, A. W.; Galambos, R. J Acoust Soc
Ap T1(5):1321-1334; 1982 (35 refs).

Research on radiofrequency hearing, including psycho-
logical sctudies of human subjects, physfiological and
behavioral observations >a animals, and physical zea-
surements on naterials {s summarized. Humang with
normal high-frequency hearing experience an auditory
sensation when exposed to pulsed microwaves (MW) of
sufiicient energy content. A clicking, buzzing, or
hissing sound is heard, depending on modulation char-
acteristics of the MW. The perceived sound (for pul~
ses less "han 50 usec) seems to orizinate at the cen-
tral, posterlor aspect of the head. The threshold en-
ergy density per pulse is very low {2-40 ul/cm?) and
~he maximal rise in temperature of the exposed tissue
{s 10=3-10=6 C for exposure of an individual pulse at
the thrashold energy density. Experimental data on
cochlear potentials, single-unit nerve fiber re-
jponses, and brainstem evoked responses suggest that
sulsed MW radliation produces cochlear microphonic re-
sponses similar to those elicited by other stimuli.
Results of single unit recording of extra-cellular po-
tentials in cats are consistent with human perceptions
when pulse widths are long. Electrophysiological re-
cordings from mammals have confirmed the mechanical
nature of the MW hearing effect and are consistent
with a azmechanism of hearing bdased on thermoelastic
expansion. 3ehavioral studies indicate that rats can
perceive pulsed MW energy; results may be attributed
to the nhearing effect., However, the low threshold of
the MW hearing phenomenon makes it essential to dif-
ferentiate the hearing effect from other biological
effects of pulsed MW radiation.

P 0388 2NSTHNATAL TFUNCTIONAL ANALYSIS OF PRENATAL
EXPOSURE OF RATS TO 915-MHz MICROWAVE RADI-
ATION. {Eng.) . ensh, R. P. (Dept. Anatomy, Jeffer-
snn Medical Coll., Thomas Jefferson Uaiv., 1020 Lo-

cust St., ?Philadelphia, PA 19107); Vogel, W. Hd.;
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Brent, R. L. J Am Coll Toxi:zoi 1(3):73-90; 1982 {3.
refs).

The effects of chronic prenatal continuous wave ai-
crowave (MW) exposure (915 MHz, 10 mW/cam2, fsr h hr/
day, days 1-2! of gestation) on postnatal neurological
and neurobehavioral development were studied in Wistar
albino rats. Animals deiivered and raised their orf-
spring (F1,) until weaning at 30 days of age. Ten
days after weaning, the mothers were rebred and ai-
lowed to deliver agaia (Fyp offspring). Irradiated
neonates (Fj,) were given four perinatal reflex tests
(surface righting, alr righting, auditocry startle,
visual placing) and a physiologicai test (eye open-—
ing). At 50 days of age, Fj, offspring were g3iven
hehavioral tests and at 90 days half of them were
bred to determine reproductive capability and half
were xilled for histopathological studies. Prena-
tal irradiation significantlvy accelerated onset of
reflex achievement. However, eve opening did not
differ in experimental and control groups, suggest-
ing that the acceleration may not have been simply
a whole-body acceleration. Auditory startle was ac—
celerated by 4.2 days. There were no significant
differences between {irradiated and control animais
in 5/6 behavioral tests (water T-maze, open field,
activity wheel, forelimb hanging, swimming); results
of conditioned avoidance response tests revealed a
decrease in long-term zmemory in exposed animals, but
the variation in individual animals was quite high.
Irradiation did not significantly affect maternal or-
gan wt or organ-body wt ratios, and it did not alter
neonatal and young adult growth rates. The results
indicate that chronic prenatal exposure to low power
density levels of 915 MW radiation did not result in
any significant alterations of postnatal behavior or
of growth and development.

0389 TREATMENT OF THERAPEUTICALLY RESISTANT NON~

UNIONS WITH BONE GRAFTS AND PULSING ELEC-
TROMAGNETIC FIELDS. (Eng.) Bassett, C. A. L. (Dept.
Orthopaedic Surgery, Columbia Univ. Coll. Physicians
& Surgeons, 630 West 168th St., New York, NY 10032);
Mitchell, S. N.; Schink, M. M. J Bone Joint Surg
[Am] 64(8):1214-1220; 1982 (18 refs).

The results of the combined and concomitant use of
hone grafts and pulsing electromagnetic (EM) fields
as a means of achieving bone union in 83 adults are
reported. The patients consisted of 38 individuals
with wide zaps, svnovial pseudarthosis and malaliga-
ment who had not undergone previous EM treatment (me-—
dian disability time, 16 mo; 100 unsuccessful earlier
surgical attempts at repair prior to treatment) and
45 individuals who had initially been unsuccessfully
treated with pulsing EM fields alone (median disabil-
ity time, 17 mo; 101 previous operations, including
38 bone grafting procedures). The majority of the
legions in both groups were tibial (45/83) and fem—
oral (25/83) non—unions. Home treatments (10 hr/day)
using a pulse generator that produced a > asec wide
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surst of 200 usec wide {positive-going) pulses, re-
peating at 15 #z began 2-4 wk postoperatively. Suc-
cessful bone healing was seen in 33/38 (37%) patients
without prior EM treataent and i{n 32/45 (93%) patients
exposed to EM fields before and after zrafting. The
zedian tize from start of EIM-field treatment to heal-
{ng was & mo in both groups. No complications of sur-
zery or of pulsing EM fields were reported. Pulsing
EM filelds should receive strong consideration as an
adjunct to any bone graft of the extremities, whether
in a primary or a salvage situation.

7390 THE TREATMENT OF FIBROUS NON-UNION OF FRAC-
TURES BY PULSING ELECTROMAGNETIC STIMULA-
TION. (Eng.) Sharrard, 4. J. W. (Royal Hallamshire
Hosp., Glossop d., Sheffield 510 2JF, England); Sut-
cliffe, M. L.; Robson, M. J.; MacEachera, A. G. J
3cne Joint Surg [3r] 64(2):189-193; 1982 (15 refs).

Results of pulsed electromagnetic (M) stimulation in
the treatment of 53 fibrous non-unions in 52 patients
{25 male, 17 female, 13-79 vr old, mean age 37 yr) are
reported. Median tlme from iniury to sctart of treat-
nent was 28.2 mo (range 1-25 yr). The tibia was the
most commonlv affected bone. An electric current of
hizhly specific shape, magnitude and repetition rate
was generated ian the bone by a pair of externally-
nlaced oval air-cored electromagnets driven by a small
sortable generator producing a 5-msec burst of quasi-~
rectangular assymetrical pulses repeated at 15 Hz.
Patients were instructed to use the equipment for 12
o 16 hr/day. Union was achieved in 38/53 cases
(71.7%) iocluding 26/30 (86.7%) tibia fractures. The
median time taken to reach union was 6 mo (range 3-1%6
20). The results were not affected by patient age,
previous or active sepsis, presence of plates or
nails, or the time sf{nce {njury. Inadequate immobil-
{zation, a gap between bone ends in excess of 5 um,
or a4 screw in or very near the fracture non-union site
<ere the mnost ilaportant f£actors in the 15 failures.
The results indicate that 3IM stimulation applied in
conjunction with adequate immobilization promotes
bone union in 3 high proportion of axtremely refrac-
tory cases of ununited fractures or surgical iasults.

3391 CYTOGENETIC CCNSEQUENCES OF MICROWAVE IRRA-

DIATION ON MAMMALIAN CELLS INCUBATED I}
YITRO. (Eng.) Yao, R. T. S. (Bureau Radiological
dealth, FDA, Rockville, MD 20857). J Hered 73(2):
133-138; 1982 (32 refs).

A 2450-MHz microwave (MW) oven was converted into an
incubator that also served as a MW exposure chamber.
The effects of continuous MW exposure con growth and
on chromosome structure of rat kangaroo RHI6 cells
(normal euploid chromosome aumber) iand RH5 cells (hy-
poploid) were iavestigated. The cells were grown in
the lacubatar at 35-37 C and simultaneously 2xposed

Sicicqical ctfects of Nomomzing Siectremagrenc
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to MW irradiation Ior 320 davs 733 passages) at in ea-
ergy absorption dose rate of 15.2 = 1.32 =W/3. Calls
were then returned to a conventional incubator and al-
lowed to grow for another 3( passages. MW-incubated
and control cells were examined for chromosome aber-
rations at about 10, 20, 30, <0, and 30 passages of
subculture. MW incubation resulted in a significant
reduction of cell growth rates aad an increase in cell
doubling time. These effects ippeared to be cumula-
tive, with 15-passage irradiated cells exhibiting
greater growth retardation and longer cell doubling
time than 7-passage cells. Chromosome aberrations ap-
peared after 10 passages (124 days) under irradiation.
The number of chromosome breaks/cell reached a aaximum
of 0.84 in RHS cells and 2.10 ia RH16 cells. The for-
ser “as nypoploid at the bdeginning of the experiment,
which may have contributed to the greater susceptibil-
ity of this cell line to MW exposure. After the cell
cultures were returned to the conventional {ncubator
and maincained for 30 passages, the number Jf chromo-
some breaks was greatly reduced. MW irradiation ai-
tered the chromosome number of the cells. After the
irradiation, RH5 and RH16 cell cultures had 35% and
31X polvploid cells, respectively. After long~term
irradiation, %1% of RHS cells wnich originally had !l
chromosomes became lO-chrcmosome cells. When the ft-—
radiated cells were returned to the conventional incu-
bator, the percent of l0-chromosome cells reached 59%.,
The missing chromosome was usually chromosome 3.

1392 EVIDENCE FOR GENETIC CONTROL OF MICROWAVE-

INDUCED AUGMENTATION OF COMPLEMENT RECEP-
TOR-BEARING B LYMPHOCYTES. (Eng.) Schiagel, C. J.
(Armed Forces Inst. Pathology, Washingtom, JC 20306);
Ahmed, A. J Immunol 129(3):1530-1533; 1982 {14 refs).

The genetic control of microwave (MW)-induced Increase
in complement receptor-bearing B lymphocvtes {(CRL) was
studied in congenic, backcross, and recombinant inbred
(RI) strains of mice. Mice were exposad to 2450 MHz
MW radiation (0.6 W; 10~14 W/kg) in an environmencally
controlled wavegulde and assaved for CRL on days 3 or
6 postexposure. Genetic studies of responder X non-
responder F| mice and backcross analysis of nonrespon-
der X (responder x nonresponder)F| mice indicated that
MW susceptibility was controlled by a single, domin-
ant Mendelian gene. Crosses between two nonresponder
strains failed to restore the responder state. The
dichotomy in MW susceptibility between two strains
congenic at the H~2 Tla reglon on chromosome 17 (AKR-
responder and 3.6-H-2k) confirmed the noninvolvement
of the Crl-l gene and indicated rthat the essencial
gene was located outside the H-2 region. The strain
distribution of MW responsiveness in the 3XH RI lines
demonstrated that the MW-induced increase {a CRL was
controlled by a single regulatory gene located on
chromosome 5. MW responsiveness was studied {n two
congenic strains of mice which possess different C3H/
HeJ segments of chromosome 5 i{nserted into a CS7BL/6J
background. The JG3F/LeTy strain exhibited an in-
crease in CRL indicating possession of the segment
of C3H/HeJ chromosome 35 that controls MW responsive-
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ness. The C57BL/nJTy-le strain remained nonrespon-
sive. This places the eossential regulatory gene to
the right of the PgM-1! locus and £o the left of the
rd locus on chromosome 3. The data confirm the genet-
ic control of the transitory increase in CRL frequency
induced bv a single exposure to 1450 MHz radiation and
demonstrate that genetic control was due to 4 single
regulatory zene that was functional in the heterozy-
30us as well as the homozvgous state.

2393 A GENERALIZZD MODEL FOR THE INTEZRACTION OF

MICROWAVE RADIATION WITH BOUND WATER 1IN
3I0LOGICAL MATERIAL. {Eng.) McClean, Y. E. R. (Phy-
sics Dept., Queen Elizabeth Coil., London W8 TAH, Zn-
zland); Sheppard, R. J.; Grant, E. 4. J Microwave
Power 16(1):1-7; 1981 (17 refs).

Calculations of the deposition of microwave (MW) ener-
gy in bound water surrounding a biological macromole-
cule are based on a previous model of a hydrated mac-
romolecule consisting of a spherical core surrounded
by a concentric shell of bound water {mmersed in a
continuum of Iree water with dissolved ioms. 1Ideally
the dielectric properties of the bound water would bde
considered to vary smoothly across the shell, ranging
irom the water most tightly bound to the relaxation
time of free water; however, to facilitate the calecu-
lations, the change is considered to take place im 35
steps for most cases. The average energy deposited
rer unit volume of the bound water shell was calcu-
lated from 100 MHz to 10 GHz for various assumed rte-~
laxation frequencies. Sub-shells were assigned the
following frequencies: 100-900 MHz in increments of
200; 5-50,000 MHz in multiples of 10; a homogeneous
.aver of bound water of relaxation frequency 500 “Hz;
1000-9000 MHz in increments of 2000; 10-90 MHz {a in-
crements of 20; 100-1000 MHz in increments of 100;
and free water with a relaxation frequency of 26 GHz.
The calculations were carried out for a low value of
tonic conductivity of 0.001 S/m for both the free and
cthe bound water. Calculations <ere also carried out
for the first three cases f{all which assume a cen-
tral relaxatlion frequency of 3500 MHz) for conductiv-
1ties of 1 S/m. At equal dut low conductivities, MW
energy deposition was greater in bound water (some=-
times by at least one order of magnitude) than in free
water at frequencies of a few hundred MHz to a few GHz.
This effect decreased with {ncreases ia lonic conduc-
zivity; and at conductivities equal to those of phys-
{ological saline, specific energy deposition in bound
wJater was no aore than twice that in the electrolyte
continuum over the same frequency range. The results
show that the %iological effect of MW radiation at a
3iven power densizv (s enhanced i{n tissues with a high
Yound water content. For tigsues of high {onic con-
ductivity and zontaining 20% bound water, overall en-
ergy absorption would be 25X reater at certain {re-
quencies chan i{i all the water were in the free state.
For tissues of low ionic conductivity, the increase
Would be more than one order >f magnitude.
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0394 EVIDENCE FOR MICROWAVE-INDUCED AlTV

RESONANCES N BICLCGICAL MATERIAL.
Olsen, R. G. (Naval Aerospace Medizal Res. Lih., Zen-
sacola, FL 32508); Hammer, W. C. . Miirnwave Power .o
(364):263=269; 1981 (7 refs).

Resonant stress waves were induced Dy tnicrowave (MW)
energy in two biolcgical mcdels: 3 rectangular auscle
equivalent mass of 15 kg and a spherical Srain equiv-
alent model of 5 cm radius. The rectangulidr nwuscla
model was irradiated using a horn antenna at 5.035 GHz
energy with a peak power of 100 <W and nulse separa-
tion of 380 usec. Pulses wWere repeate: o produce re-
inforcing. The spherical model was :irradiited v sia-
zie pultes or short bursts 3¢ 1.7 5Hz =znerzy Jith
peak power of 4+ kW and pulse durations »f .G=nl Lcec.
Stress waves were monitored by hydrophone :ransducers
at the center of =ach model. In the rectangular model
the amplitude of the induced stress wsave was J-fold
greater {or four properly spaced radiofrequency julses
than for a single pulse. In the sphericai aodel a
single pulse of energy produced a resonant response
which decayed exponentially with a time constant of
about 500 usec. A burst of three pulses induced
stress waves of greater peak amplitude than those in=-
duced by a single pulse. A burst frequency »f in <Hz
generated the largest effect with a doubling of the
amplitude of the induced stress waves compared to that
from a single pulse. These experiments showed the ia~
portance of pulse width and pulse repetition rate ina
the generation of sonic energy in biological zatertais
#ith MW energy. The specific absorption rates in the
spherical model were Jdetermined calorimetrically to
be 824 W/kg at the center and 633 W/kg at the surface
closest to the MW source.

2395 LOCAL HYPERTHERMIA USING MICROWAVES FOR

THERAPEUTIC PURPOSES - ZXPERIMENTAL STUDIES
OF VARIOUS APPLICATIONS. (Eng.) Guerguic-ferm, J. L.
(Lab. Thermologie Bliomedicale, Faculte de Medicine lI,
rue Humann, 67085 Strasbourg Cedex, France); Palas,
L.; Priou, A.; Gautherie, M. J Microwave Power 15(3&
4):305-311; 1981 (5 refs).

The electromagnetic heating of biological tissue was
studied using physical amodels and {iafrared liquid
crystal, or thermistor probe thermography. A prelia-
inary study was also reported in which the :transient
heating of a one-dimensional tissue slab is calculated
subsequent ~o heating by 2,450 MHz or 434 MHz plane
wave radi~tlfor., The models consisted of excised adi-
pose and . .ocu.ar tissue from animals, human adipose
tissue frow a surgical procedure, and phantoms com-
posed of a 7.' and a polyester resin to simuiate adi-
pose and muscie ticsue. The effects of surface cool-
ing and use of "ultiple apertures on the heating pat-
tern were examjned i1s3ing these =models and two vpes
of applicators opera-ing at 2,450 and «14 MHz. The
experimental results are consistent with the calcu-
lated values and demonstrate the need for surface
cooling and the advantage of a "cross-fire" configur-
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ation Ia producinag local Avpertnhermia,

3395 TEMPERATURE PROFILEZS 1N {PHERES
ZLECTROMAGNETIC HEATING. ng.: Kr

4. N. {Dept. Electrical EIngineerin Zniv,

vania, 2hiladelpnia, Pa 131)4); Foster, ¥. 3.

H., 2. J Microwave Power .2(3&4):327~344;

refs).

The steadvy state Cemperafure increase i1 a tissue

spnere {amodeling the human head) irradiated bdv plane
Jave ajcrowave energ: Jas estimated for different
Irequency regions. The heat transport 171 the tissue
vas modeled by a differentfal equation t3 inc.ide
heat conduction, heat ccnvection by bHlood low and
heat :transport Irom the tissue surface into space.
For each {requency range, the heal transport equation
was solved wusiag an analytic approximation of the
“eating rotential. The steaay state increase in tis-
sue temperature ind the specific absorption rate (SAR)
ar2 plotted as functions =f distance from the cenrer
2 the sphere. The steady state -emperature increase
reseables the SAR bur, for physiologically reasonable
values of blood flow, the temperature increases are
iveraged over approximately [ «cm. The convection
length is defined as a function of blood flow. This
juantizy estimates the disciance over whizh temperature
variations occur and allows for an approximation of
the distance over which the fine structure of che SAR
2av be averaged. The max!{mum steady state temperaturs
increase and {ts location are summarized for each
frequency range and a field intensizy of L0 aW/cml.
Tor frequencies less than 500 MHz and a sphere radius
3f about 10 c¢m, the maximunm steady state temperature
i1crease is less than 9.03 C and is located close o
the front surface of the sphere. For frequencies
less than 500 MHz and a sphere radius of about $ <m,
no signtficant temperature is produced. For Irequen-
ci?s of around | GHz and a sphere radius of 5 ca, the
maximum steady state temperature Lacrease is D.6 C

and {s located at the center of the sphere. TFor fre-
quencies above 5 GHz, only surface heating {s pro-
duced. The maximum steady state temperature s pro-

duced at the f{ront surface of the sphere and is about
2.3 C.

2397 MICROWAVE AND RF HAZARD STANDARD CONSIDER-

ATIONS. (Eng.) Schwan, H., P. (Dent. 3io-
engineering, Univ. Pennsylvania, Philadelonia, PA
19124, . Microwave Power L7(1):i=9; 1982 (49 refs).

Microwave (MW) and radiofrequency exposur2 safety haz~
ards are reviewed. Considerations for estabiishing a
.) z2W/cml standard for YW radifacion are cutlined. Re-
cent regults are surveved and basic aechanisms and
appropriare expcsure limits examined £or four ire-
juency rarges: Yelow resonance, resonance, hot spot,
and suzface neating. 3eliow several hundred MHz, hu-
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resondte JiIn 2lectri: flelds. A aax-
smum iverage specific absorption rate  SaR) occurs
1raund 39 MHz Isr man. {n the resonance range, the
absoration can quadruple tf the Jdirection =f the 2lec-
tric fleld is parallel to the long axis of zhe body.
An exposurs standard of less than !0 wW/czl is nec-
2353rv 1n this fraquency region. Above the resonance
range to ibout 3 GHz, hot spots =avy Se produced in
sortions of the bdodv. Temperature elevations i{n the
head sf up to 0.5 T at power densities of !0 zW/:al
“ave been predicted from numerical :aleculacions. ¥For
‘requencies below the resonance range 74 37 YHz) ind
above the hot spot raage (> 3 GHz ), anlv suridce neat-
ing i{s produced. The 10 ow, cms standari odroviies a
sare narzin for these <frequencies. Tolerible heat
.oads are functicns of =2navironmental :zonditicns s
4eil as o incident radifatiocn iatensizy ° < -»xposure
tigje. Recent studies support a time const.nt of ..
ar as the limit separatiang short and long term exdpo~
sures.
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1398 THE DJEVELCPMENT
TIONS IN CHINA.
crowave Res. Lab., T. Chira
China); Shen, Z.-Y,; Fu, C.-S
Power 17(1):11=~15; 1982 (3 re

JF MICROWAVE POWER APPLICA-
(Zng.) Zhen, H.-X. (Mi-

Normal Univ., 3Shanghai,
Wu, 3. J icreowave

£5).

Applications of microwave {MW) power in China have in-
creased gradually since China tegan manufacturing con-
tinuous wave (CW) magnetrons in 1373, The largest TW
magnetrons made in China are 10 kW at 2430 MHz and 3C
“W at 915 MHz. Principal applications are MW heating
in food processing, timber drying, paper drving, mag-—
netic tape drying, and drving of traditional Chi-
nese medicines. Thermotherapy researcn, with empha-
sis on combining local MW heating with cancer chemo=
therapy or radiotherapy, is being conducted in several
hospitals. Other research areas include the combina~
tion of MW therapy at 1000 MHz and tradizional acu-
puncture, male bdirth control, silkworm dreeding, and
olant germination (using 3-ca, 30-cm, and l-n ¥W).
Theoretical work has invoived box-type MW applicators,
uniformity of temperature distributizn {a applicators
and iwmprovement of anagnetron performance. I- 1978,
the following standards were recommended in Caina: i
power density of 50 uW/cm? (6 hr/day) as the provi-
sional safety standard Sor MW sxposure and 300 uW/cal
as the maxiumum allowable dosage per day.

0399 ERROR SOURCES AFFECTING THERMOCGUPLE THERM-
OMETRY IN RF SLECTROMAGNETIC FIZLDS. (Eng.)
Chakraborty, D. P. (Dept. Radiation Oncology, Zniv.
Alabama {n 3irmingham, 3iramingham, AL 35233); Brezo—
vich, 1. A. J Microwave Power [7(1):17-28; 1982 (20
refs).

The errors resulzing from use »of theraocouples Ior
zeasuring temperature in <he presence I the radio-
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frequency (R}F) electromagnetic fields used for clin-
ical hyperthermia are analvzed. RF currents capaci-
tively or inductively coupled into the thermocouple-
detector circuit produce incorrect temperature read-
ings called "pick-—up'" errors as well as errors due o
RF heating at the junction of the thermocouple. A
filter between the thermocouple and detector and an
aluminum foil shield around cthe detector eliminate
the pick-up errors. The heating effects at the ther-
20couple junction were divided into three categories:
junction current heating, tissue heating, and eddy
current heating. The magnitude of each error was es-
timated and necessary conditions for ainimizing er-
rors were outlined. At 13.56 MHz and voltage levels
elow 100 V ras, errors are shown to be less than 0.1
T if the thermocouple is properly insulated and rec-
cmmwendations Zfor reducing e or are followed.

3650 2ECAN WEEVIL COWTROL BY DIELECTRIC HEATING.

(Zng.) VYNelsom, S. 0. (U. S. Dept. Agricul=-
cieras Res. Service, Richard B. Russell Agricultural
Res. Center, Athens, GA 30613); Payne, J. A. J Micro-
wave Power 17(1):51-55; 1982 (13 refs).

The use of 43 or 1430 MHz electromagnetic energy was
examined for xilling pecan weevil larvae in intact
secans or in pecan pieces. Samples were irradiated
for various periods between the parallel plates of a
Jower oscillator at 40 or 43 MHz with an average elec-
tric field intensicy of 1.D or 1.3 kV/cm or in a mi-
crowave oven operating at 2450 MHz with 300 W toral
power output. The temperatures were measured {mmedi-
ately after exposure. Pecan weevil larvae in intact
pecans were all killed after 25 sec of parallel plate
2xposure at 40 MHz after which the zemperature of the
pecans was 62 C. Germination of the pecans with a 3%
moisture content was uct significantly reduced by 43
MHz “reatment until the kernels were heated to 50 C;
1 temperature of 75 C completely prevented germina-
tion. The differences ia :oisture content for the
whole pecans and the pecan pieces and {ts effect on
neat conductivity and larvae mortality are discussed.

Jadl MICROWAVE TEERMOGRAPHY - CHARACTERISTICS OF

WAVEGUIDE APPLICATORS AND SIGNATURES OF
THERMAL STRUCTURES. (Eng.) Robillard, M. (Centre
dyperirequences et Semiconducteurs, Univ. Sciences et
Techniques de Lille 1., 3 < P4, UER IEEA, 59655 Ville~
teuve, D°ASCQ Cedex, France); Chive, M.; Lerov, Y.;
Audet, J.; ?Pichot, C.; 3olomey, J. Z. J Microwave
Power .7(2)97-105; 1982 {29 refs).

A nethod bYasei on the antenna reciprocity principle
permits computation of thermal signals emittea by bio-
logical tissues measured by microwave () thermogra-
phv. The computation requires xnowledge of the rem=
perature distribution and the electrical field distri-
bution in the lossy zedium when the probe, or apoplica-
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tor, i{s radlating a W s{gnal. “caputed thermal siz-
nals were verifi=d in experiments with a M4 radiometer
including a low noise preamplifier, a heterodyne re-
ceiver, and a microprocessor for numerical filtering,
operating at a central frequency of 3.2 GHz and band-
width 1.0 GHz. The resultant data can be considered
as thermal signatures of a given thermal structfure
which i{s defined Sy a set of parameters Jdescriding
its shape, position, depth, and temperature. Juanti-
tative determination of temperature distribution In
tissues can be obtained if experimental and computad
thermal signatures are identfcal.

0402 OBSERVATIONS OF SYRIAN HAMSTZIR FETUSZIS
TER EXPOSURE TO 2450-MHz MICRCWAVES. (Ea

. (EPA, MD74C, Res. Triangle Pk, NC 277
Power .7

Berman, 2
Carter, H. 3.; House, 2. J
107-112; 1982 (ll retfs).

4icrowave

The teratogenic potential of microwave (MW) radiation
was investigated in Syrian hamscers exposed to I13IC
MHz continuous wave MW energy (power lensities of 10
or 30 mW/c32) for 100 min/day on gestation days 5-l%.
Exposure to 20 mW/cm2 it a specific absorption rate
(SAR) of 6 oW/g caused no significant changes ia fe~
tal survival, body wt, or skeletal =zaturitv. Zxpo-~
sure to 30 oW/cm? (SAR of 9 mw/g) resultad in sigaifi-
cant increases in fetal resorption and in decreases
in body wt and skeletal maturity. Incidences of za-~
jor and minor anomalies in the two exposure zroups did
not differ significantly. After exposure to 20 aWw/cm?
and 30 aoW/cml, rectal temperatures of pregnant haam~
sters increased 0.4 C and 1.6 C, respectively, over
those of sham irradiated dams. However, materrnal tox~
icity was not observed at either exposure even though
maternal rectal temperatures rose to almost 30 C at
30 mW/cm2. Thus, the loss of body wt observed in e~
tuses irradiated at 30 oW/cmZ was not secondary to
general maternal toxicity. Fetotoxic effiects of W
irradiation were compared in amice and hamsters. Ia
mice, decreased fetal body wt and skeletal immaturity
were not observed at an SAR lower than 16 or 22 aW/g3.
In hamsters, an SAR of 9 aW/g causes similar changes
and also causes a significant lncrease in fet:l death
(resorptions). The results suggest that the hamster
fetus 1s more susceptible to MW radiation than the
aouse fetus.

103 ASSESSMENT OF IMMUNE SUNCTION  DEVILOPMENT

IN MICE IRRADIATED IN UTERO WITH 2430-M:z
MICROWAVES. Eng.) Smialowicz, R. J. ‘Immunobiolo-
gy Section, Celluiar Blophysics 3ranch, Health Zf
fects Res. Llab., EPA, Res. Triangle Pk, NC 277
Riddle, M. M.; Rogers, R. R.; Stotz, G. A, J MI
wave Power 17(2):121-126; 1982 (17 refs).

P
il);
cro—

lamune responses at ige 3 and % wk were studied {n
male nice Horn o time-bred (D=l mice irridiated witn

A__h;A;A~“L_A_~L‘);uhdl—_A»_L‘A_“L_LA“LLk;‘uhg;‘J_;L,;LA‘MLAL”JJ



el anan aut v A S ARAen Jngin aaviin Seal

Current Literature

2,+3C-MHz =icrowaves (MW) at an incident power Jensity
of 18 aW/cme for 100 min/day from day & to day L8 of
Jregnancy. The average specific absorption rate (SAR)
was 13.3 W’xg, morz than twice the basic metabolic
rate of the mouse. In contrast to recent reporzs of
MW-iaduced stunting ia 2ice, no consistent growth re-
tardation was observed. Primar: antihody responses to
sneep red biood cells (SRBC) were similar in Lrradi-
ated and sham-irradiated mice. There was also no dii-
ference in hemagglutination or hemolysin titers to
SRBC. In utero MW axposure did not Increase bSlasto-
genic responses of T or B lymphocytes o mitogens.
Natural xiller {NK) cell activity agaianst YAC lympho-
n3 cells was reduced in H-wk-old mice, but there was
considerable variabilitvy in NK activity damong nice
ia a given group. Differences f{a NK aczivity becween
irradiited aand control mice were not marked. Further
tudies are needed to corroborate growth-retarding erf-
gcts of MW exposure and to determine whether neonatal
4
<

Worn o .

unting is related to impaired development of NK cell
activity.

2404 COAXIAL NONMETALLIC THERMOCOUPLE WITH ELEC

TRONIC ICE POINT FOR DOSIMETRIC USS IN
ZLECTROMAGNETIC ENVIRONMENTS. (Zng.) Olsen, R. G.
{Naval Aerospace Medical Res. Lab., Pensacola, FL
32598); Hammer, W. C.; Taylor, J. C. U Microwave Pow-
er 17{2):137-143; 1982 (1l rafs;.

An improved nonmetallic thermocouple (NMT) =hat can
provide multiple simultaneous Ctemperature neasure-
zents in irradiated subjects at modest ccst {s de-
scribed. The WMT i{s relatively non-perturbing, sta-
ble, and linear in output in aicrowave {(MW) environ-
ments. The temperature sensitive portion of the co-
axial "MT is the tip junction between a carbon-bearing
{luorocarbon wire and an outer coating of conductive
2lastomer. A slighcly modified, commercially availa-
ble =lectronic ice poiat provides compensation for the
eflects of changes in ambfent temperature. Specific
absorption rates {3AR) measured by the NMT and the
p0re sophisticated Vitek probe in tissue-equivalent
material were compared in two MW irradiation tests.
A 5-ca dlameter muscle-equivalent sphere was exposed
for 50-300 sec periods to 5.635 GHz MW energy produced
by a ailitary type radar transmitter with a peak out-
sut power of 200 kW (2.3 usec pulses at 240 pulses/
sec). A 4-%g mass of Bpuscle-equivalent matarial was
niaced in a large “W irradlation chamber and exposed
ia the far field o>f a norn antenna to continuous wave
2.3 JHz MW e2nergy generated bv a Singer 66C0 sweeper/
3seillator and amplified 2o 3CO0 W by a MCL Model (2270
{lystron. Essentially no difference was seen in the
SAR determined “v either probe at 5.6533 GHz. At 2.0
JHz, a small 41fference was seen which was probably
the result of the tWo drobes being slightly aisplaced
duriag i{rradfacion. The results show =hat zhe coax-
fal NMT sffers a useful alternative to more sophisti-
cated and costly temperature probes in certain MW do=-
sinetriz configuracions.
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0605 ZFFECTS OF AMBIEINT TEMPERATURE AND Z(P0IURE
TO 2450-MHz MICROWAVE RADTATION EZVAPCRATIVE
HEAT LOSS IN THE MOUSE. (Zng.) dGorden, C. J. (3io-

engineering 3ranch, Zxperimental Biology Div., Health
Zffects Res. Lab., SPA, Res. Triangle Park, NC 27711).
J Microwave Power 17(2):143-150; 1982 (25 refs).

Effects of smbient temperature and microwave (MW) ex-
posute on physiologic hedat dissipation were studied in
4 @m0 old male CBA/J mice. Whole—~bodv evaporative heat
loss (EHL) was measured as whole-body evaporative wa-=
ter loss (EWL) in aice exposed {ndividually to contin-
uous wave 2,450 MHz MW radiation for 90 aia and an am-
bient temperature of 20 T and :{a nonexposed mize main-
talned at amblent teamperatures 3 20-35 . The aabi-
ent temperature threshold for increasing EWL was 30-
33 €. At an ambient temperature of 10 7, a specific
absorption rate (SAR) of 29 W/kg was requirad for a
significant increase in ZHL. Above 29 W/kz, a linear
elevation in EHL was seen with increasing SAR. The
mouse dissipated 53% of the total absorbed heat by wa-
ter avaporation; the remainder was dissipated passive-
ly. Extrapolation (f a threshold 3AR in a ladoratory
animal to man necessitates a logarithmic scaling fac-
tor. Thus, a SAR of 29 W/kg in a J.2034-kg mouse is
equivalent to an SAR of J.15 W/kg in a 72-kg man.

Q406 TWO-DIMENSIONAL TECHNIQUE TO CALCULATE THE

ZIM POWER DEPOSITION PATTERN IN THE HUMAM
20DY. (Eng.) Iskander, M. F. (Dept. Electrical Za-
gineering, Yaniv. Yrah, Salt Lake Cizy, UT 84112); Tur-
ner, P. F.; DuBow, J. B.; Kao, J. J Microwave Power
17(3):175-185; 1982 (15 refs).

A numerical procedure using the method :f woments =92
deteruine the heating patterns i{n two-dinmensional 10—
dels of human cross sections {rradliated by aperturte
sources is described. X-ray computerized axial =cmo-
graphic scans are used o determine the size, shape,
and location of {nternal tissues for the =wo-dizen-—
sional model. The incident 2lectric field ‘s assumed
to be directed perpendicularly to the cross sectional
area and to be a half wavelength cosine function with
its maximim at the aperture center. The cross-sec-
tional wmodel is divided into cells of a size < 1!/i0
of the wavelength inside the dielectric. The size of
each cell was chosen accoriing %o the permitiivity of
the =issue; it was smaller for high permittivity zis-
sues (heart and muscle) and larger for low permittiv-
ity tigsues (bone, fat and lung). The electric field
and power density discribution at 70 MHz {s shown for
a human thorax divided into 201 cells and irvadiaced
by eight aperture sources i{n an annular array. High
power deposition is chown {n the central area where
the heart is located. Zxperimentally measured tem-—
perature {ncreases in a2 homogenenus tissue phantom ex~
posed to over 1,000 W for !0 uin and a sacrificed pig
exposed to 1,500 W for 10 uin agreed with theoratical
rtesults from the two-dimensional model.
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D437 AN IMPIRICAL TIME-INTENSITY RELATIONSHI?

TOR THERMAL 3IOELECTROMAGNETIC EFFECTS.
(Eng.) Miller, T. M. (Dept. Civil Engineering,
Morthwestern Univ., Zvaaston, IL 50201); 3rodwin, M.
£.; Cember, H. J Microwave Power 17(3):195-202; 1982
(26 refs).

An empirical formula relating the exposure time needed
to induce a biological effect to the specific absorp~
tion rate (SAR) was based on an analysis of published
experimental data on laboratory animals and on pain
threshold studies on humans. The bloelectromagnetic
effects considerad were lethalitv, cataractogenesis
and threshold pain sensation in a frequency range Irom
2.43 3Hz ro that of visible light. For each effect,
a critical >rgan was chosen as zhe anatomical loca-
tion Where absorbed radiation produces the specific
affect. The critical organs £or lethality, cataract-
sgenesis, and threshold pain are the whole body, the
crzstalline lens of the eye, and skin, respectively.
The exposure Iime needed to induce an effect is re-
ciprocally related to the exposure iatensity as mea-
sured Sy cthe SAR for the critical organ. From regres-
sion analysis of each set »f data, a general relation-
ship was found 3iving exposure time as an inverse pow—
er function of the SAR. The exponent of the power
Zfunction is differeat for each type of experiment.
The SAR values of the experimental data ranged from
1.5 to 4700 Y/kg, while the exposure time ranged from
3.25 to 18,2000 sec. It is suggested that these empir-
ical reiationships may prove useful ia represeating
time-~intensity relationships for thermal/harmful bio-
logical effects.

3408 RADIOFREQUENCY-INDUCED HYPERTHERMIA IN THE

PROSTATE. (Eng.) Scheiblich, J. (Medikon-
zept Ltd., PB 1629, D-5190 Stolberg/Rhld., W. Germa-
ay); Petrowicz, O. J Microwave Power 17(3):203-209;
1982 77 refs).

A microwave applicator developed for heat treatment
3t prostate cancer is described. The 20-mm diameter
ipplizator {s insertable iato the rectum (insertable
length of 175 mm). A high frequency (+432.9 MHz, maxi-
aum sutput power, 10 W) slot antenna {aside the ap-
plicator {s cooled with distilled water. To avoid
2aps filled with air between the ianser-ed applicator
and the rectum, a balloon {8 filled with water as soon
28 the applicator {s placed correctly. Protective
circuits cut off radiation when preselected limiting
temperatures (e.g., 41 < on the surface and 46 C in
the prostate) are reached. This control system pre-
vents damage o tissue around the prostate, especlal-
ly the reczal mucosa and tissue between rectum and
prostate. Short-term (20 min) and long-term (several
“reatments in a few wk) experiments were conducted in
aale dogs at mean power rates of 55 W and 51 W and
cooling-liquid temperatures of 2.5 7. Rectoscopic,
dacroscoplic, and micromorpholagic examinations showed
no damage tn the canine rectum, and local heat damage
tn prostate tissue Jemonstrating that local hyperther-

Current Literature

aia of the prostate zan Se dchieved safely with the
new applicator.

Cs09 ZXPOSURE OF RATS T0O «25-MHz "W RADIOFRE-

QUENCY RADIATICON: EFFECTS N LYMPHOCYTES.
(Eng.) Smialowicz, R. J. (Experimental Ziology Div.,
Health Effects Res. Lab., Enviromental Res. Center,
EPA, Res. Triangle Park, NC 27711); Weil, C. M.; Xinn,
J. 8.; Zlder, J. A.  “icrowave Power . {3):I11-121;
1982 (31 refs).

The effects of chronic low-luvel exposure to 415 MHz
continuous wave (CW) radiofrequencv 'RF) radiation on
lymphocyre response in rats were studied. Tour 2xper-
iments were performed {n which six time-hred pregnant
rats were irradiated from day !2 of pregnancy to par-
turition for 4 hr/day in a temperature contralled ex-
posure system consisting of 3 rectanguiar strip trans-
aission line. An AIL 135 power generacor capable of
supplying 80 W output was used to excite the svsten.
Temperature was maintained at 22 C during irradiation.
Four male pups born to each dam were subsequently ir-
radiated under the same conditions for 20-11 or 40-a!
days and euthanized. In 3/4 experimeats, forward pow-
er was 20 W; irradiated dams were inadverteatly ex—
posed at 6.6 W forward power in the fourth experiment.
In a fifth experiment, pregnant rats were axposed for
15 hr/day from day » to day 19 of gestation to 425 MHz
CW RF radilation at a forward power of 20 W. Pups were
not irradiated. At 22 and 32 days, two pups from each
litrer were euthanized. No difference was observed
in the wt of irradiated compared with sham irradiated
rats. Specific absorption rates for rats of differ-
ent ages derived by twin-well calorimetry or extripo-
lated from power meter readings ranged Srom 3.l tc b.7
aW/g. No consistent change in the peripheral blood
picture was observed between irradiated rats and con-
trols. In the first two experiments, a consistently
significant increase 1in the aftogen-stimulated re-
sponse of lymph node lymphccytes of irradiated rats
was obgerved. The Slood lymphocyte response of 40-41
day old irradiated rats displayed an increased re-
sponse to stimulation by phytohemagglutinin (PHA) as
compared with controls in experiments 3 and 3. No
change was seen ia the hematolegic pictures of pups
irradiated in utero for 16 hr/day at 22 or 42 days of
age. However, node .ymghoecytes from 42-day-old rats
{rradiated only in utero incorporated significantly
greater amounts of tritiated thymidine than controls
following stimulation by PHA and concanavalia A. This
increased rtesponsivenas: was similar to that seea in
rats irradifated bo: © e- and postnatally. The re-
sults suggest that prerata. axposure of riats to 325
MHz RF radiation may be a factor in the lymphoproli-
ferative responses of older rats. The possibility
that the increased activitv of lvaphocytes from i:--
radiated rats was due to 21 therzally induced stress
reaction is acted.
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DESH A RADIO-FRENUENCY MONITOR FOR 2ROTECTION

AGAINST JVEREXPOSURE TROM RF  HEATERS.
ag.? 3ini, M. (I.R.0.E., National Research Coun-
zil, Florence, Iltaly); Iznesti, A., Millanta, L.; Ru-
bino, N.; Vanni, R. [ Microwave Power 17(3):223-229;
1982 (5 refs).

3 e~
I}

A simplified ridiofrequency /RF) hazard monitor i{s de-
scribed that meets the requirsments oI lsotropy, flat
Irequency rasponse, siamplicizy and ease of use, low
cost, and includes three indi{catcr lights correspond-
g to existing safaty standards. A green light ia-
d{cates a field iower than the limit 1llowed for ex-
posure during an entire Jorxing dav, a red light {ndi-
cates a lialt Yevond which 2xposure is noC permitted;
and 2 vellow lignt i3 acrtlivated at intermediate lev-
2ls shere part-time exposurs is allowed. 1In the 3-30
MHz band, ne =wonitor has Yeen calibrated o switch
{zom zr=en t3 yellow at 10 V/a {(which corresponds to
the US3R standard) and from yellow to red at 150 V/m
‘which corresponds -0 31 value shere | min 57 exposure
i3 allowed in the USA accordiag to ANSI and NIOSH).
The limits ippear to de compatible with any RF heat-
.ag machine tnat s perforziag reasonadlv well., The
T monitor has a vide range of potential ap,lications
.1 2lactromagnetic psollution control.

PRI TLTRASTRUCTURAL. CHANGES AND DIFFUSICN OF

ACETYLCHOLINE IN RAT BRAIN AFTER MICROWAVZ
IRRADIATION.  (Ermg.) Xasa, P. (Central Res. lab.,
Yedical Univ., Szeged, Hungary); 3ansagnv, X,; Gulya,
4. J Neurosci Methods 38(3):749-752; 1982 (10 refs).

NHeuron ultrastructare in different regions of the cen-
Iral nervous svstem was investigated ia 9 contral and
12 microwave—(MW) irradiatad rat bra‘ns. CFY rats
were sacrificed Sy decapltation {controis) or h»y fo-
cused high power 1450 MMz MW irradiatinn to rthe head
ior J.4, 3.3, or 1.J sec {output power > «W, reflected
cower, 1G0-13%) W). Acetvylcholine (AZn; diffusion was
axanined {n cryostat and Vibratome-prepared :issue
sections {coriex, striatum, hippocampus, aucleus ia-
terpaeduncularis, arcnicerebellum). Little change in
neuron ultrastructure was seen after J.3 sec irra-
diacion. However, the fine structure sf neurons was
narkedly affected By J.8- and l.J-sec {irradiation.
Surface membranes were ruptured and rough eadoplasmic
reticulum was disorganized in the perikarva. Synaptis
vesicles were aggregated, and mitochondria wers hadly
iamaged ‘1 axon terminals. Cortex and atriatum ACh
lavels were lower in Vibratcme than in 2ryosratl sec-
tions. This reduction was attributed co di{ffuysgisn of
ACh {nato the Xrebs-Ringer duifer solution.

tal2 PIULSING TLECTROMAGHETIZ FISLE  TREATMENT 2

Letters tco the Editor). lrvine, R, 2. ‘Hi-
lo, 41); Basset:, « A. L.y Mitchell, S. .; Zastom,
3.0 R, JAMA J42{8):92L; 19821 [l ref..
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3ince most fractures with delayed uniosns 1eal spontan-
eously with time ind adequate immobilization, Irvine
advocates a doudle-blind controlled study %o =zvaluataz
the efficacy of pulsing =lectromagretic 7lela (PEMF}
treatazent described dy 3assett et al. [See 3INER T(I
abstract # 0C68]. Bassett et al. polat out that 33
of the patients treated with PEMF :ou.d not se classe
as having delayed urnion: they had an average 3fsabil
ity time of 4.7 yr (range, 2-22 vr) ind an average
nuaber of 3.4 unsucessful surgical procedures prior
to PEMF treatment; wmore than one third of these pa-
tients were or had been actively iafected and at least
one recommendation for amputation “ad neen made ia 19%
of the cases. Nf these patients, 7375 were neiled bdy
PEMFs without further operative iatervention. Iz is
agreed that a double blind aoproach would Se userul
to fully substanttate claims for PEMF =2fficacy Lf suf-
ficient numbers of matched or paired cases can be
found for stacistical significance =0 be 2stabiished;
such 1 study s in progress La the Uaited {ingdom. 1T
{s also pointed out zhat the nethod (s 1ippropriate
only for delayed »r non-united Zractures, is opposea
=2 {resh fractures.

[ < Y

5413 MAGNETIC AND ELECTRIC F1ZLDS FRODUCED ODUR-

ING PULSED~MAGNETIC-FIZILD THERAPY FOR NON-
UNION OF THE TIBIA. f(Eng.) Llunt, M. J. 'DJept. Medi-
cal Tlectreonics, 3t. Satholomew's Hosn., London ZCIA
7BE, England). Med 3iol Zng Comput 20(%;:3C1-511;
19382 (i3 refs).

A theoretical model is described zhat :zan bYe used to
predict magnetic and electric fields produced {n bene
during pulsed-magneti:z-fleld (PMF) treatmeat >f non-
anited fractures. The =2lectric fleld 1nduced by cur-
rent ;3lses through two square coils separated by the
length of their sides is proporziosnal to the rate of
change of magnetic fileld. A calculation of the zhargze
density at points along the bone/fissue interiice in-
dicates that the insulacting “oundary has 3zodifie! the

ield, especially near the coil axis. Ia the conduc-
tor, the field lines circulatz; at the insulating sur-
face, they are parallel 2o the interface. Wwhile the
madel Ls based on the assumption that hone acts 1is an
insulator it can be axtended o allsow for the “inite
resistivity 3f bDone as :the effect of resistiviiy on
the surface charge densizy is small. Whea a siab of
tectangular cross section immersed in a conductor mid-
“ay between :two colls 13 used as a model >f the zeom-
etry of hone in =issue, Tield lines are rarallel :o
the bSoundary “»ut in opposite directions on each side
of the slab; Zurther from the “oundarv, curTents cir-
culate i{n the tissue, again In oppcsite directions on
2ach side of the siab. A comparison »f theoretical
and experimental results (measurements of 1agnetic
fields in air and {a tissue, electric f{ields near 1
single interface, around a slab, and around a Sone)
showed good agreement. mi1le he 7odei annot De

,
kS

il
used quantitativelv =3 predlct the magniz:de :f :ine

flelds produced in a :linicail situdation, {T =an prs-
dict the 2ffect »f changziag c¢oi. size ind separation
ind can Se uased %> compare the fields from different
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current ~aveforms. The model mav also help to 2luci-
date the physical and Siochemical mechanisams involved
in the healing effects of PMF.

Jala CUSE OF MICRCWAVE TECHNIQUES TO INACTIVATE

BRAIN ENZYMES RAPIDLY. (Eng.) Galli, C.
(No affiliation given); Racagni, G. Methods EZazvmol
36: £35-542; 1982 (33 refs).

A technique for sacrificing small laboratory animals
using high-intensity microwave (MW) radiation s Je-
scribed, which allows rapid inactivation of zetabolicz
brain enzyzmes. MW instrumentation has beean Jdesigned
to control the intensity and duratlion >f the incident
power and to ainimize the reflected power. Genera:i
specifications are: current, 13 A; power consumption,
3500 W; power output, 1300 W; frequency, 2450 MHz.
Tor adult rats {(body w4t = 150-300 g), irradiation pe~-
ctiods of 2~4 sec are adequate, while for adult mice
(body wt = 20-40Q g), the values should de 0.7-1.5 sec.
Tor newborn animals the {rradiation times should be
about O.5-1.0 sec. The use of focused MW irradiation
for animal sacrifice prevents postmortem chaanges of
various neurochemical parameters and gives virtually
c“he same results as the freeze~blowing technique.
“hen samples obtained from animals sacrificed by MW
irradiation were compared with those obtained by de-
capitation, increased levels of cyclic AMP, 3J-meth-
Ixvtyramine, normetanephrine, GABA, and choline and
decreased levels of DOPA were seen in the samples ob-
tained by decapitacion. Levels of free arachidonic
acid (FAA) in brain areas of animals sacrificed by fo-~
cused MW irradiation were much lower than those mea-
sured by decapitation followed by a time interval be-
fore analysis; they were not statistically different
Srom levels measured after decapitation and immediate
analysis (<30 sec between decapitation and homogeniz-
ation {n organic solvent), or analysis after decapi-
tacion and immediate freezing. Levels of prostaglan-
din (PG) 7 and thromboxane {(Tx), derived through PGH
svnthase, and HETE, derived through lipoxygenase, were
mich lower in the brain of animals sacrificed by MW
irradiation than in those sacrificed by decapttatisn
followed by a time {interval before analysis and were
2f the same order as those measured i{n brain tissue
frozen in liquid nitrogen immediately after sacri-
fice. In synthesis, the use of focused MW irradia-
tion preveats both the release of FAA occurring after
decapitation followed by a time interval before anal-
7sis and the accumulation of PG and Tx observed ia
the brala even LI the interval between decapitation
ind analysis i{s less than 30 sec.

BESS JH-NORADRENALINE RELEASE POTENTIATED IN A

CLONAL NERVE CELL LINE B8Y LOW-INTENSITY
PULSED MAGNETIC FIELDS. (Eng.) Dixzev, R. (Dept. Med~
tcal Zlectronics, St. 3artholomew’s Hosp., West Smith~-
field, London EC!A 73E, England); Rein, G. Nature 296
(33854):253-256; 1982 (25 refs).
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A oodel system is deseribded for studying effects of
extremely low-frequency (ELF) magnetic fi=lds sn neu-
ronal functions. lonal PCl2 cells, dertved from a
transplantable rat pheochromocvtoma, w~ere exposed %2
a2 pulsing low~frequency magnetic (LFM) field zeneracted
between a pair of concentric coils wired in parallel
0 a pulse pulse generator and driving circuic similar
to one used in clinical trials for treatment =f non-
union fractures. For these experiments, pulse width
of 1.6 msec was used with 1.4 msec between 2ach pulse
glving an overall frequency of 500 Hz. “aximum and
minimum fieids applied to the sample were 3.5 5 and
1.6 G. Release of JH-noradrenaline (34-NA) from 2C!2
cells was monizored for 12 sequentfal !S5-amin periods
in 10 trials. Values obtained at {75 and 272 =min when
cell cultures were exposed for 13 min <9 LFM rfields
were always higher than wvalues obtained Irom the =wo
preceding l5-min tize periods. ZIxpressing the stimu-
lated release as the difference between the control
and experimental values relative to the controsl value
tor a given time period, a stimulation of 27.5%7 &£ 4.9
“as obtained for both experimental time neriods. Ia
8 further trials in which 15 =M Mg+ was included in
the medium at the 05 and 120 =aia time periods, the
rate of release in control washout curves was not al-
tered, but the stimulated release was abolished. The
stimulated release values in the presence of elevated
Mgz+ were not significantly different from the 2on-
trols. The results indicate that PCI2 cells can Se
used as a model system f~r studying the effects of
LFM rields on neuronal fui :tions.

2416 DIELECTRIC PROPERTIES OF ANIMAL TISSUES IN

VIVO AT RADIO AND MICRTWAVE FREQUENCIES:
COMPARISON BETWEEN SPECILES. (Eng.) Stuchly, M. A.
(Nonionizing Radiation Section, Radiation Protection
Bureau, Health and Welfare, Ottawa, Canada); Xraszew-
ski, A.; Stuchly, S. S.; Samith, A. M. Phys Med Biol
27(7):927-936; 1982 (17 refs).

An open-ended coaxial line sensor was used to measure
the dielectric properties of various tissues of anes-
thetised cats and rats at frequencies between J.l and
10 GHz. The measurement method {s based on Jetermina-
tion of the input reflection coefficient of the coax-
{al line when placed against the test tissue. This co-
efficient depends on tissue permittivity, frequency,
and dimensions of the coaxial line. Dielectric con-
stants and conductivities are reported for skeletal
muscle, brain cortex, spleen, and liver and compared
with previously published in vivo data for cats and
rats and for dogs. The difterences in the dlelectric
properties of the same tissue for these specles were
found to te very small (less than 10%) in the Zrequen-
cy range from 0.1 to 10 GHz, suggestiag that lower
nonaquatic animals can be used for modeling human be-
ings in developing microwave hyperthermia zechniques.
At frequencies above | GHz, tissue propertles corre-
lated well with water content. A comparison <f cal-
culated and measured tissue water content indicated
that the tissue water in wmuscle has the dielectric
sroperties of free water while a varted but consider-
able amount of water in other tissues is in a Zarm of

S PP el adh, - -l - ahe o B




e -‘_.".‘_»‘_‘.".",' _Y“‘-ﬂ'._-r. 3 ‘.~ ~ TR T - o oy - IR B o
3
b
(o
X

.. Biological Ettects of Noniomzing Eleciromagnetic

. Current Literature Radiation VII(2-4), July 1983
Sound wacer. eve resulting from absorbed MW power distridution cal-

culated with a thermal finite difference computer sod-

el wvere verified experimentally on rahblt aves. Accu-

racy was better than 9.3 C when the anterlor part of

the eye was heated to 43-34 C. Accuracy was lower in

D17 THE COMPLEX PERMITTIVITY OF HUMAN TISSUE AT the posterior half of the eye because of differences

MICROWAVE FREQUENCIES. (Eng.) Hey=Shipton, in blood flow, but was still better than 0.5 C. Tuwo

Se L. (c/o Machews, Dept. Electrical and Electronic retinoblastoma patients were treated with x-radiation

EZngineering, Leeds Univ., Leeds, Yorkshire, Zngland); foilowed by hyperthermia up to 44 C for | hr. 3oth

Matthews, P. A.; McStay, J. Phys Med Bilol 27(8):1067~- tumors regressed and no cataracts wer2 induced by MW

1071; 1982 (8 refs). heating. The complete computer~controlled MW nyper-
thermia system is described.

N The complex permittivity and emissivity of the human

L_‘ s0dy and attenuation coefficlent of skin were deter-

E._ nined from simple measurements made on living tissue

9 sver the f{raquency range 8 to 18 GHz. The experiment- )49 MICROWAVE IMAGING OF CEREBRAL ESDEMA. (Zng.)

3 il setup consisted of a rectangular waveguide teramin- tin, J. C. (Bioengineering Program, “niv.
ated by a semi-infinite flange. The medium iaside the Illinois, Chicago, IL 60680); Clarke, ¥. J, Proc IEEE

3 waveguide was considered to have a permittivity value 70(5):523~524; 1982 (2 refs).

b identical to that of free space. To create a flat

- zeometry in the plane of the waveguide flange, a plug

- of expanded polystvrene was inserted into the end of A microwave (MW) transmission technique for detecting

’-: the waveguide. Measurements were made by pushing the and monitoring cerebral edema was demonstrated on a

t'. waveguide up against the palm of the hand. Power in model of the human head. The skull and brain tissue

. - the waveguide was kept below !0 aW/cm2. The VSWR and were simulated v a ~.4 cm radius glass spnere filied

- oshase shift of the reflected wave were measured using with 1150 mi of ethanol containing a rubber balloon
3 precision slotted line, the phase being compared filled with 550 ml of water to sipmlate the cerebro-
with the reflected wave produced from a flat metal spinal fluid. Ethanol and water could be added to or
plate pushed up against the flange. The absolute va—- removed from both compartments. A beam of 1.4 GHz MW
lues of VSWR and phase angle for the biological sam—- energy (at a power level <10 uW/cml) was transmitted
ple were then entered into a computer program whose through the head model and compared with a reference

- output gave the value of the complex permittivity of signal., Relative amplitude and phase were aeasurad

.. the sample necessary to produce such a VSWR and phase by vector voitmeter. The phase change ian the MW sig~
angle. Measurements of real permittivity were about nal was correlaced with changes in fluid volume in
a factor or two lower than those predictad by theaty, the head wmodel. It {s shown that volume changes of
wnile the measurements of imaginary permittivity cor- less than one percent of the total fluid volume could
ralated well with existing measured values at about be detected.

10 GHz. Zmissivity values agreed closely with calcu-

- lated emissivity values at 8-18 GHz for skin of in-
finfte thickness. Possible sources of error in the

. zeasurements of complex permittivity included accu-

) rate dereraination of both VSWR and phase shift, con- 0420 A NEW ITERATIVE PROCEDURE TO SOLVE FOR
tact of skin with the waveguide flange, and the as- SCATTERING AND ABSORPTICN 3Y DIELECTRIC 0B-
sumption that the skin could be considered infinitely JECTS. (Sng.) Iskander, M. F. (Dept. Zlectricai
thick in the area of measurement. Engineering, Univ. Utah, Salt Lake City, UT 84i12);

Lakhtakia, A.; Durney, C. H. Proc IZEE 70(l1):1361-

1362; 1982 (4 refs).
)413 A MICROWAVE HEATING TECHNIQUE FOR THE HY- A new technique, the Iterative Extended Boundary Con-
PERTHERMIC TREATMENT OF TUMOURS IN THE EYE, dition Method (IEBCM), is presented to calculate the
ISPECIALLY RETINOBLASTOMA. (Eng.) Lagendiik, J. J. scattering and absorption of electromagnetic energy
4. {Univ. Hosp. Utrecht, Dept. Radiotherapy, Catha- by homogeneous highly conductive dielectric objects.

R riinesingel 101, 3500 CG Utrecht, The Metherlands). This method increases the solution stability of the

:. Phys Med 3fol 27{11):1313-1324; 1982 (12 refs). Extended 3oundary Condition Method which nay YSecone

- unstable at resonant and postresonant frequencies.

- The IEBCM begins by replacing the lossy dielectric ob=

~ 3 2450-MHz microwave (MW) stripline applicator for hy- ject with a perfect conductor and calculating current

" pertheraic treatment of eye tumors, especially retino- densities on the surface; the surface current is used
blagtoma, .3 described. The applicator {s placed di- to compute the Iinternal filelds inside the dielectric

. ractly on the eve beneath the eyellds so that the gze- bodvy. The interior of the object i{s partitioned in-
smetry can be fixed. The osnly parameters influencing to overlapping spherical subreglons to produce a more

- teaperature distribuction which cannot be regulated ara etficient convergence. To obiain internal field ex-
differences between patlents in eve dlamecer and 5lood pansion coefficients, the surface currents obtained
flow., Temperature distributions {n human and rabbi: Srom the solution of zhe external problem are pointc

b
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" matched with the surface currznts obtained ircm <he

internal expansion, while maintaining the contiauity
2f the magnetic field in the overlapped regions. This
asrocedure vieids i zaro-order estimate of the internal
fields. Further izerations are used to iaprove che
inizial estimate of the surface curreat Jdeasity. lal-=
zulations ara presented Jor the {nternal field in 1
spheroidal =odel of azan coomposed of nine overlapping
sfherss at 27 MHz.

AR RAPIC=-FREQUENCY HAZARDS 1IN THE VLF TO MF

3AND.  Zng.) Sanchi, ©. P. (Dept. Zlec-
crical Zngineering, Univ. TUtah, 33.it Lake <City, UT
54112); Chatzerjee, 1. Proc (ZEE  7J(.l1):l+0l-i404;
952 {» refs?.

The external 2lectric (E) fieids necessary o generate
thresaold perception and let-go currents {>r a human
i1 conductive {iager :satact ~ith ungrounded zetallic
bodies {car, station wagon, truck, Z‘ence, and roof)
were calculated for frequencies Ivom !9 «Hz 2o 10 MHz.
The calculated external E-fields for threshold per-
ception wera below the proposed ANSI gzuideline of 100
mW/emd (E = 615 V/m for 0.3 to 3.2 MHz). The human
Yody was modeled as a resistance which varied with
frequency and a capacitance which was assumed to be
100 oF at all frequencies. The current through the
human body in conductive contact was calculated as a
function of resistance, capacitance, €frequency, and
the short circuit curreat induced ia the =etallic ob-
ject by a vertical E-field. The calculations assume
that the E~field lines terminating in the human body
and the ungrounded metallic object were not affected
bv the presence of the other and that object length
was smaller than 1/15 or /10 of the free space wave-
length. Experiments on reduced scale models of a car
and a jeep wusing a 0.1 wavelength monopole—above-
ground antenna produced results comparable to the cal-
culated values for a slmulated frequency of 9.765 MHz.

422 STUDIES ON ACUTE IN VIVO ZIXPOSURE OF RATS

TO 2450-MHz MICROWAVE RADIATION. III. BIO-
CHEMICAL AND HEMATOLOGIC ZFFECTS. (Zng.) Galvim, M.
J. (Natl. Inst. Environmental Healzh Sciences, P.O.
Box 12233, Research Triangle Park, NC 27709); Ortner,
M. J.; McRee, D. 1. Radiat Res 90:558-563; 1982 (22
refs).

The hematologic dand biochemical effects of acute mi-
crowave (MW) radiacion were examined at incident pow-
er levels rvesuiting ia undetectable thermal stress
fas determined by colonic temperature). Male Charles
River rats vere divided lato three groups of 8 animals
each (wt = 300 % 35 g, 10-wk-oid) were exposed for
8 1r to continuous wave (CW) 1450 MHz MW radiation in
the far field ac {ntemsities of 0, 2, and 10 aW/ca<
fastimated average specific absorption rates of 9J,
J.b4, and 2.2 2W/3z, respeccivelv). Rats were chen de-
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capitated, iné bdiood samples were collectad “or de-
rermination f hematocrit, hemoglobin, red Slood cell
"RBC) and white Hlood cell (WBC) counts, and 4ifferen-
zial WBC percentages. ‘o differences in deep colonic
temperature, which averaged 38 C for all three groups,
Jere noted when Tedsuted immedifately after cerajination
>f 2xposure. Serum levels Jf orotein, beta-glucuroni-
dase, alkaline phosphatase, cholinesterase, and lac-
tic dehydrogenase wJere not iltered by exposure to ei-
ther MW power Jdensity. In addition, MW radiation had
no effect on sodium and potassium levels. No changes
{a the hematocrit or RBC number were noted for 2ither
exposure group. There were no differences between
the sham and efther group of MwW-exposed rats in the
total number of cirzulating WBC or percentage of W3C
types. Lt i3 postulated that the differences in 1e-
matologic effects between this study and that ‘ound
by previous investigators most likely resulted from
differences in frequency, mode »>f delivery (pulsed
versas CW), and duration 3f exposure.

26423 PULSE MICROWAVE EFFECTS ON NERVE VITALITY.

‘Eng.) McRee, D. 1. (Lab. Environmental
8iophysizs, Matl. Inst. Eanvironmental Health Sci-
ences, P.0. Box 12233, Research Triangle Park, NC
27709); wachtel, H. Radiat Res 91:212-218; 1982 (9
rafs).

The effects of pulsed microwave (MW) radiation on the
vitality of frog sciatic nerves were investigated and
compared with effects of continuous-wave (CW) MW ra-
diation. lsolated sciatic nerves of frogs (Rana pi-
oieng) were exposed to 2.45-GHz pulse-MW radiation in
a waveguide exposure system. In previous studies of
CW MW radiation at a specific absorption rate {SAR) of
10 aW/g, survival time of the irradiated nerve stimu=-
lated to fire at a high rate (50 twin pulses/sec) was
shortened significantly. In this study, 3 sets of =2x-
seriments were carried out using l0-usec-wide pulses
at 50 pulses/sec, with an average SAR of 10 =W/g: (1)
asynchronous pulsing wherein the MW pulse was deliv-
ered at varying times ia the firing cycle; (2) syn-
chronous pulsing during the peak of the nerve action
potential; and (3) synchronous pulsing during the qui-
escient period between nerve firings. 1In all cases
a significant decrease occurred in the survival time
of the exposed nerves, as compared with the unexposed
nerves. Statistical analysis indicated that the loss
of vitality of the exposed nerve was highly signifi-
cant compared with that of the control nerve. Howev-—
er, the magnitude of this effect was essentially the
same 1{a all three cases and was also comparable with
the effect seen earlier with CW YW radiation of equiv-
alent SAR. it {s suggested that the MW effect on
nerve vitality mav resulit from an interference with
long-term regulatory processes (such as interfering
with maintenance of adequate lonic concentration zra-
dient across the membrane) rather than {interference
with the mechanisam for action jotential “iring.
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Jels CHANGES IN TUMOR ONYGENATION  AFTER LOCAL-

I2ZZD MICRCWAVE HEATING. (Eng.) Vaupel, ?.
{Jept. Phvsiologv, Univ. Main Saarstrasse 21, 0-630C
Mainz, W. Germany); Otre, J.; Manz, R. In: Biomedi-
23l Thermclogy. Proceedings of an Interndational Svn-
posium “eld ia Strasbourg, France, June 30-July 3%,
1991, Saucherie, M.; Aldert, 2., eds. (New York: Alan

R. Liss, Inc.): pp. 65=74; 1982 {27 refs).

Microwave-(MW) induced changes in tumor oxygenation
~were ianvestigated Yy derterminiag the oxyhemogiobin
saturation (HBO2) of single red blood cells withina
tumor capillaries after MW hyperthermia. Local hv-
serthernia Was induced Ior 30 amin ia tumor-bearing
Sprague-Dawley rats (270-400 3) of both sexes using
2.3 GHz MW radiation delivered through a special ap-
plicator {15 am outer diameter). Three hyperthernia
levels were =amploved: <0 C, 43 C, and 45 C. Mean
tissue cemperature Ior controls was about 35 C. The
intracapillary Hb0» was studied during rvespiratory
normmoxia by a :rvophotometric micromethod. ipon
neating at 40 C, oxygenation of tumor tissue improved
significantly (p <7.00C05). Directly after 40 C hy-
sertheraia, the mean saturation {ncreased to 66 satk
{median, 797 sat?I). tHowever, tumor oxygenation de~
creased significantly after 43 C hyperthermia com—
parad with control conditions (p <0.02). After a
Zurther rise of the mean tumor temperature to 45 C,
cumor oxvgenation decr2ased drastically (p <0.00003).
The results were thougzht to reflect changes caused by
localized hyperthermia within the tumor tissue i{tself
since no host systemic effects were detected and all
tumor biopsies were taken at comparable values of mean
arterial blood pressure and of respiratory gas para-
2eters in arterial blood. These results clearly in-
dicate that local hyperthermia has profcund effects
sn tumor tissue sxygenation.

3425 3LOOD FLOW AND TEMPERATURE EVOLUTION OF
RHABDOMYOSARCOMA-BEARING MICE DURING NORMAL
GROWTH AND DURING SEQUENTIAL HYPERTHERMIA TREATMENT.
{Zng.) Robert, J. (Lab. Biophysique, Faculte Medicine,
3 rue Lionnois, 34000 Nancy, France); Escanve, J. M.;
archal, C.; Thouvenot, P. In: 3iomedical Thermology.
roceedings of an International Symposium held in
Strasbourg, France, June 30-July 4, 1981. Gautherie,
M.; Alberc, E., eds. (New York: Alan R. Liss, Inc.):
op. 35-95; 1982 (8 refs).

'
._!
4

The effacts of microwave (MW) induced hyperthermia on
tumor Hlood circulation were investigated in male C3H
mice with chemically-induced rhabdomyosarcomas trans=
olanted in the left thigh. ‘Hyperthermia treatment
{13 ain/dayv, 5 day/wk for 2 wk) began on day !5 afrter
tumor ftransplantation when mean tumor size was l.% co
and ended on davy 29 when dean tumor size was 2.3 cm.
Ayperthermia was induced 95y a a 434-M4z MW generator
“ith a high frequencvy output of 5 W, delivered by a
cnaxial-=ype aoplicator with a contact diameter of 5
=m on the zumor surfice. 3lood flow and ~emperature
1easurements wers <wade cn days 1S, 12, and 19 after

6
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transplantition. Tamor 32ldod “low, 18 imrfermined av
“enon .33 clearance, Jecreased wnen tumor iiameter in-—
creased. 3lood Ilow the normal right thizxh was
comparadle to that i1n the zumor-hearing left thign
when tumor diametar was l.i=l.3 :m, However, it in=-
ireased percentidlv 1s tumor size increased. Rectal
temperature and :temperature i -he tumor surfdce, at
its center, and sc in the ~ormait rignt thigh was re-
corded. A siznificant Zecredase was seen (a iatra-
and 2xtratumoral temperaturas in Iumors Teasuring l.+4-
2.2 cmy the decrease was .ess significant in zumors
larger than 1.0 ¢m. Temperature it the Tumor centzr
was about ! degree hnigher than it the surface. Rec-
tal temperature was consistently Righer nan ther
neasured tewmperatur Rectal and normal zissue tem-
derature decreased S 1S tumor size (ncreased ITeo
les %0 2.0 cm and 7 1s tumor size increasel Irom
2.3 to 2.5 em. The results suzgest zhat the thermo-
regulatory svstem of the mice was not altered >y MW
irradiazion »f small tumors ‘diameter = 1.4 cm) while
mice bearing big tumors {(diameter = 2.0 and 2.5 cm)
appeared o lcose their thermorezulatary nechanisas.
Observed changes are 1 function of n7easurement tech-—
nique, tumor age, =2xistence and =xtent of previcus
hyperthermia treatments, and »f Jeasurement :ime.

1o b
w

24286 ZFFECTS OF LOCAL MICRCWAVE HYPERTHERMIA ON

LIVER TUMORS: AN EXPERIMENTAL STUDY IN
RATS. (Eng.) Hafstrom, L. 2. (Dept. Surgery, laiv.
Lund, 522185 Lund, Sweden); Hugander, A.; Jonsson,
?.-Z.; Zolmsjo, M.; Persson, B.; Stenram, L. Ia:
Biomedical Thermology. Proceedings of an Interaation-
al Symposium held in Strasbourg, France, Juae 30-
July 4, 1981. Gautherie, M.; Albert, Z., eds. (YNew
Tork: Alam R. Liss, Inc.): pp. 97-102; 1982 (4
refs).

An experimental model for local microwave-induced
hyperthermic (HT) treatment of liver tumors is pre-
sented. Inbred Wistar rats bSearing trinsplanted,
chemicallyinduced hepatic adenocarcinoma were divided
by size of tumor into five separate gzroups that wera
subdivided into a control group and one subiecta2d Lo
local HT induced by a 1.345 CGHz Siemens magnetron ra-
diotherm 305 generator operating at 20 W. The tem—
perature for HT treatmer: was preset at 42 C. Tumor
size was measured 6-3 days after treatament., Yo dif-
ference in growth ratio {size at day of zeasurement
divided by size at day of treatment) was seen in con-
trol ind treated tumors smailer than 39 aml. Tumors
between 50 and 150 mmi treated with HT exhibited a
slower growth rate than controls. Yor tiumors hetween
150 and 206 mm< there was no difference in tumor size
between the two groups. Micrcscopic zxaminatisn of
the tumor-bearing lobe !4 davs arfter local HT raveal-
ad an increase in tumor necrosis with iacreasing ctu-
nor size, indlcating that the tumoricidal =rfect cf
HT was increasing although the difference in =umor
size between treated and control tuncrs Jecreased.
Thus the edema and osmotic affect >f necresis aav
disguise good tumor response to HT 1Y the response
is expressed as change in tumor si:ze.
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Qal7 3I0L3CICAL EFFECTS 2fF MICRGWAVES AND THE
QUESTION OF COHERENCE. (Zng.) Frolich, H.

(Dept. Physics, The Tniversitv, P?.0. Box 147, Liver-
pool 169 3BX, England). In: 3iomedical Thermology.
Proceedings of an Iaternatiosnal Syvamposium held in
Strasbourg, Trance, June 30-July 4+, 198l. Gauthertie,
M.; Albert, E., ads. (New York: Alan R. Liss, Inc.):
op. 189-195; 1982 (8 refs).

Nonthermal biological effects of microwave (MW) radia-
tion at f{ields that are weaker than those which give
rise to thermal =ffects and their prediction from the-
ory are discussed. 7Two possibilities for the trigger
action of external =zlectromagnetic waves dare pre=-
sented. Odne theorv refers to coherent electrical vi-
brations excited bv zetabolic energy. A small exter-
nal energy supply may be sufficient to trigger the ex-
cization and the subsequent biological effects. An-
osther refers to a metastable state of large molecules
(such as enzymes) with a very high dipole movement.
Iateraction between the dipoles of activated enzymes
12y lead to oscillations with a definite frequency
and ampiitude. This so-called limit cycle may be de-
stroved by a relatively weak external field with the
same frequency thus leading to the liberation of
stored energy. In general, frequencies in the sec-
ond case are much lcwer than in the first case. The
observed nonthermal effects from MW radiation ampli-
cude-modulated at low frequencies may result if the
two frequencies work together to yield a stronger bi-
ological response than each one individually. This
sugzests similtaneous application of high and low fre-
quency fields that would arise if the MW energy trig-
gerad the excitation of the high frequency vibration
while the low frequency acted on the limit cycle.
Specific investigations should be performed to deter—
nine at which stage in cell development a particular
frequency %“ecomes effective. It is speculated that
carcinogenesis could occur if foreign chemicals or
electrons caused a cell to lose its correct frequency.
The vibrational properties of tissues will have to
e studied to investigate this speculation.

J623 THERMAL ASPECTS OF BIOLOGIC EFFECTS OF

ELECTROMAGNETIC FIELDS AT THE CELLULAR AND
MOLECULAR LZVEL. (Enz.) Berteaud, A.-J. (CNRS Gk 35,
2 rue Henri Dunant, 94320 Thiais, France). In: Bio-
nedical Thermology. Proceedings of an International
Svaposium held in Strasbourg, France, June 30-July 4,
1981. Gautherie, M.; Albert, E., eds. (New York: Alan
R. Liss, Inc.): pp. 197-208; 1982 (20 refs).

7Tarious mechanisms involved in thermal energy transfer
into living svstems from electromagnetic (EM) flelds
are reviewed. Zell suspensions have been used to com~—
pare the effects of microwave (MW) and conventional
heating. Results of studies using zygote formation
in Saccharomyces cerevisiae to determine global -em-
serature resulting from MW irradifation indicate that
heating was due mainly to the dielectric absorption
f ‘W energy dv ‘ree or looselv tound water wmolecules

35
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inside the cyctoplasm. Thermal stress Iinduced »y MW
irradiation has been detected o=y cvtoplasmic micrsvis-
cosity measurements based on Iluorescence depolariza-
tion. Possible molecular =ffects of exposure to lcow-—
intensity EM fields have been proposed. At radio and
MW frequencies, a permanent excitation of metastable
states due to thermal n1oise is present. Leng range
interactions of IM fields and bSiomembranes nay modify
the equilibrium in cooperatively bonded svstems exist-
ing in periodic structures such as celluldr zembranes.
Direct effects of EM fields on synthetic or natural
membranes have been postulated. Mechanisms involved
in dielectric losses at radio and MW Irequencies are
outlined. For water molecules with different chemical
bonds at room temperature, dielectric loss can vary as
a function of frequency. Heating and theramalization
mechanisms in hydrated media such as living matter are
discussed. Hydration water bound to specific biopoly=
mer substrates absorb more energy {rom incident EM
fieids than free water regardless of the frequency.
Additional research on the mechanisms of interaction
of EM radiation with living systems at cellular and
molecular levels is needed.

0429 ACTION OF 2.45~GHz MICROWAVES ON THE 3YN-

THESIS OF PROTEINS IN SACCHARCMYCZS CEREVI-
SIAE. (Eng.) Dardalhom, M. (Institut Curie, Section
Biologique, 26 Rue d'Ulm, Paris 75231, France); Aver-
beck, D.; Berteaud, A.-J. In: Biomedical Thermology.
Proceedings of an International Symposium held in
Strasbourg, France, June 30-July 4, 1981. Gauthertle,
M.; Albert, E., eds. (New York: Alan R. Liss, Inc.):
op. 209-218; 1982 (20 refs).

Protein synthesis was examined in yeast exposed to ai-
crowave (MW) radiation to investigate the existence
of specific thermal effects. The haplcid strain N123
of Saccharomvces cerevisiae was grown in an anechoic
chamber in the presence of MW radiation pulsed every
10 msec at a frequency of 2.45 GHz or in the presence
of conventional heating. For MW power levels of 80,
170, 220, 270, 330, and 400 W, incident power values
were 10, 20, 30, 40, 50 and 60 aW/cm?, respectively.
Protein synthesis was determined after treatment at
different MW power levels. After 30 min, the rate
of protein synthesis (measured by [34]-leucine incor-
poration) in MW-irradiated cultures did naot differ
significantly from that of cultures grown under con-
ventional heating methods. Yo significant difference
was seen in the rate of protein synthesis atfter I-hr
exposure to either conventional or MW-induced hyper-
thermfa, taking into account a temperature equilibra-
tion period of 30 min for the sample. These resuits,
which are consistent with previous findings, suggest
that MW action at higher power levels may produce hv-
perthermia that is not different from that produced
by conventional means. The possible contribution of
specific MW action to the overall thermic effect was
relatively small, i{f at all present, in these experi-
ments.
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0430 INTERACTIONS OF NONIONZING RADIATION WITH

THE NERVOUS SYSTEM. (Eng.)  Albert, =. M.
(Dept. Anatomy, George wWashington Univ. Medical Cen-
ter, 2300 I St, N.W., Washington, DC 20037); Sherif,
M. F. In: Biomedical Thermology. Proceedings of an
International Symposium held in Strasbourg, France,
June 30-July 4, 1981. Gautherie, M.; Alberc, £., eds.
(Yew York: Alan R. Liss, Inc.): pp. 219-225; 1982 (35
refs).

Literature dealing with the effects of nonionizing
electromagnetic radiation (EMR) on the nervous system
is reviewed. Russian and Eastern European literature
includes reports of a neurasthenic syndrome in indi-
viduals occupationally exposed to EMR. Zarly animal
experiments performed to assess the effects of EMR
on the nervous system were carried out at high inten=-
sities of EMR which resulted in increased body temper-
ature and death. Observed effects could be attributed
to thermal stress. However changes have also been re-
ported in the nervous sysctem and brain of experimental
animals exposed to lower power densitles which appear
to be well tolerated and which probably do not produce
hyperthermia. Histcpathologic changes in the brains
of experimental animals subjected to acute exposures
to microwave radiation at low power densities (10 and
25 mW/cm?) have been reported. However, unpublished
studies showed that chronic exposure to EMR (2450 MHz
ac 10 aW/cm? for 14 hr/day for 10 wk) did not induce
any remarkable motphalogic changes {n most of the ex-
posed animals. Increased blood-brain barrier permea~
bility has been reported after exposure to EMR at low
power density. Most of the research on the effects
of EMR on the developing brain has dealt with gross
observations on brain. There is very little litera-
ture on the effects of low-level EMR on changes in
brain cells during development. Similar changes in
cerebellar Purkinje cells have been reported after
prenatal and neonatal exposure to different EMR fre-
quencies (100 and 2450 MHz) at similar specific ab-
sorbed energy levels. The literature in general sup-
ports the observation that low-level EMR produces re-
versible morphologic changes in the nervous system.
However, the significance of such morphologic changes
is not known at the present time and more research
{3 needed.

3431 IMMUNOLOGICAL RESPONSE OF MAMMALS TO MICRO-

WAVES. (Eng.) Szmigielski, S. (Center for
Radioblology & Radioprotection, 128 Szaserow, 10-909
Warsaw, Poland). In: Blomedical Thermology. Proceed-
ings of an International Symposium held in Strasbourg,
Trance, June 30-July 4, 1981. Gautherie, M.; aAlbert,
E., eds. (New York: Alan R. Liss, Inc.): pp. 227-246;
1982 (42 refs).

Data on the effects of mnicrowave (MW) and radiofre-
quency (RF) radiation are grouped into the following
categories: altesrations {a {mmunocompetent cells ir-
radiated in vitro; response to low-level, short-term
2xposura in vivo; response to whole-body MW hyperther-

Biological Effects of Nomomzing Eieciromagnetic
Radiation VII{2-4), July 1983

mia; and alterations in natural, nonspecific lantibac-
terial, antiviral, antineoplastic) resistance in Ma-
exposed animals. Tabulated 2xperimental data include
detalls of irradiation conditions and periods. The
literature does aot contain any convincing evidence
that metabolic and/or functional alteraticms occur in
immunocompetent cells irradiated in nonthermal MW/RF
fields in vitro, until thermal effects occur. Short
term {rradiation of animals in low level and thermo-
genic MW filelds may enhance :immune response as evi-
denced by increased antibody levels, faster aatura-
tion of B lymphocytes, and enhanced delayed hypersen-
sitivity reactions. The observed effects are trans-
ient and inconsistent and may be explained in terms
of nonspecific stress reaction and/or thermal Load
after irradiation at higher power densities. Long
term irradiation {n nonthermal MW and RF fields Joes
not provide any convincing evidence for specifiic im-
mune system response to nonionizing radiation. There
mav be slight and transient immunosuppression that is
not directly related to interaction with MW energy bSut
i{s explainable in terms of chronlc, nonspecific stress
reaction. An iIncrease of field power Jensity that is
sufficient to increase body temperature by 2 to 3
evokes distinct responses of hematopoiesis and Lympho—
poiesis. Results of MW nyperthermia experiments are
reported. A biphasic reaction was observed in aice
exposed to daily sessions of 2450 MHz MW hyperther-
mia: stimulation of cell-mediated immunity during
the first 4 days of treatment was followed by trans-
ient but pronounced immunosuppression. Reduced re-
sistance to staphylococcal 1infections was observed
in mice axposed to low-level or thermal MW fields.
Significantly lower clearance of 32P-labeled staphy-
lococei from peripheral blood of rabbits treated
with 2~hr daily sessions of MW hyperthermia was seen.
After {v injection of viable cancer cells, mice ex—
posed for 1 to 3 mo to 2450 MHz (2 hr/day, at 5 or
15 mW/cm?) and amice treated with dally sessions of
MW hyperthermia for 14 days developed significantly
more cancer nodules than controls. Accelerated de-
velopment of spontaneous breast :=umors and 3,3-ben-
zopyrene—induced skin cancer has been reported in
MW-{rradiated mice. The results suggest that under
the tested conditions MW radiation lowers both anti-
bacterial and antineoplastic resistance and that MW
radiation may possess cocarcinogenic properties.

0432 INFLUENCE OF THE NEOFORMATION OF 3CNE TIS-

SUE BY MEANS OF LOW~FREQUENCY ?2ULSED MAG-
METIC FIELDS. (Eng.) Haimoviei, N. {(Dept. Hand Sur-
gery & Operative Rheumathoiogy, Herder Cliaic, aAm
Dobbea 103, 2800 3remen L, . Germany). In: 3iomedi-
cal Thermology. Proceedings »Hf an Internaticnal
Symposium held {n Strasbourg, Trance, June 30-Juiy
4, 1981. Gautherie, M.; Albert, Z., eds. (New
York: Alan R. tiss, Inc.): pp. 247-235; (+82 (If
refs).

To determine the effect of iow-frequency pulsed mnag-
netic fields (PMF) on “one healing, a comparative
study was perforzed in 32 patients with a severa bi-
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lateral metatarsus primus varus who underwent simul-
taneous osteotomies on both feet. The left foot of
all the patients (2 male, 30 female; 15-55 vr old) was
subjected to two daily PMF treatments (0.5 hr/dayv for
12 wk; at 10 Hz and 50 G), using low frequency pulsed
nagnetic fleld equipment supplied by SLEC. The right
foot was not subjected to electrophysical therapies
and was shielded from electromagnetic fields. Ciini-
cal, radiographic, tomographic and scintigraphic ex-
aminations were performed after 1,2,4,6, and 12 mo.
The average time for clinical and biologic bone heal-
ing was l6 wk for magnetic field-treated cases and 26
#k for the untreated cases. Macroscopically, a solid
osseus callus with regenerated bone structure was ob-
served in the magnetic-field treated cases 3 2o after
surgery. with the exception of 2 single case, no com~
plete and definitive bone regeneration was observed in
the untreated contralateral feet after the same inter-
val. Microscopic examination revealed that regenera-
tion of the spongious and cortical structure reached a
state comparable to normal in most zases treated with
PMF. TFformation of bone units, stratification, osseous
lamellation, ossification, and calcification of the
callus were accelerated in PMF-treated cases and im—
proved blood distribution was observed. No tempera-
ture increase in joints, bone or adjacent tissue was
induced by PMF treatment and there were no signs of
irritation or side effects.

NEX] HEATING 3LOOD IN EXTRACORPORAL <IRCULA-

TION WITH A HIGH-FREQUENCY ELECTROMAGNETIC
TIELD: EZFFECT OF MICROWAVES ON 3LOOD. (Eng.) Andre,
J. (Centre de Technologiz 3iomedicale, INSERM SCN
13, Toulouse, France); Barthelemy, R.; Lefeuvre, S.;
Priou, A.; Morucci, J. P. In: Biomedical Thermology.
Proceedings of an International 3ymposium held in
Strasbourg, “rance, June 30-July 4, 1981. Gautherte,
M.; Albert, E., eds. (New York: Alan R. Liss, Inc.):
pp. 257-268; 1982 (13 refs).

Microwave {MW) blood heating devices are considerad
as an alternative to the heat exchangers currently
used to heat “lood during heart surgery and in some
cancer treatments using general hyperthermia. The ef-
fect of MW heating during extracorporal circulation
(ECC) was studled {n 12 40-kg dogs. One group of 6
dogs was treated by conventional zechniques for ECC
blood heating; a second group of 6 dogs was used for
MW bSlood heating tests. The MW device consisted of
a 2450 MHz generator capable of delivering a maxioum
steady power of 1 %W, The standing wave ratio was
1.02 over a [0-MHz frequency range centered at the
working frequency of 2450 MHz. A ractangular wave-
guide coupied the irradiation cavity to the MW gener-
ator. In the conventionally treated dogs, blood tem-
perature was lowered to 29 C at the bdegining of the
treatment and was returned to 38 C after 30 min by
18e of a 31 C thermostated bath and maintained at a
congtant temperature thereafter. In the Jdogs used
for MW blood heating -ests, Slood was heated to 33 C
after “eing cooled to 32 © (4 dogs) or 29 T (2 dogs).
The input power levels (contiruous wave) required for
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temperature elevation by 5 C and by 9 C were 350 and
950 W, respectively. 3lood samples were taken from
doth groups of dogs at T = ) min, T7=30 min and Ta=
90 min; T; was taken 20 min after the start of ECC.
A fourth blood sample was taken after 5-8 wk. 3lood
Ilow rates used for the dogs were about 1000 ml/min.
Biochemical and hematologic investigations were car-
ried out. No significant di{fferences between the two
heating methods were seen in polynuclear neutrophiles,
average globular value, leukocytes, hematocytes, and
hemoglobin. No significant variation occurred in me-
“abolic activation during phagocytosis, expressed by
the trazolium nitroblue reduction test, or in cell mi-
gration capability, measured f{n the chemotaxis cest.
3lood biochemical analyses established that a0 sizni-
ficant differences resulted from either heating aeth-
od or were found as a function of sampling time.

5434 DIELECTRIC PROPERTIES COF 3IJLOGICAL TIS-
SUE. (Eng.) Grant, E. H. {Dept. Phvsics,
Queen Zlizabeth Coll., Campden Hill Rd., London «8
7AH, Zagland). In: Biomedical Thermology. Proceed-
ings of an International Sywposium held in Stras-
bourg, France, June 30-July 4, 198l. Sautherie, M.;
Albert, E., eds. (New York: Alan R. Liss, Inc.): pp.
475-484; 1982 (25 refs).

The motion of ions and the relaxation of water mole-
ecules both contribute to the produccion of heat in
bilological material which occurs vhen microwaves (Mw)
or radlo waves are used to trea% cancer. The relative
contribution of these processes is examined in a dis-
cussion of dielectric properties. The four disper-
sion regions that characterize the dielecuric behav-
lor of typical biological material are described and
mechanismas of heat dissipation are discussed. At fre-
quencies below the MW region (3100 MHz-20U GHz), ener-
2y absorption is due amainlv to fonic conductivizv.
Hdowever, at MW frequencies, energy dissipation arising
from the relaxation of water becomes increasinglv ia-
portant, especialily as the water conten: of most dic~
logical tissues {5 so high. For tissues of high wa-
ter content, there !s nothing to bde gained by heating
at frequencies higher :han 2.453 GHz which can achieve
3 penetration depth of several cm. However, because
of the shortaess of wavelength in tissue, 2.43 GHz
radiation can produce standing waves in the subcuta-
neous lavers of fat or other tissue, and the maxima
of 2lectric fleld produce localise “feating or hot
spots. All factors coansidered, it appears that =he
nptimum frequency for cancer treatment is around ~70-
300 MHz. The dominant factor determining the 2nergv
absorption when YW energy interacts w«with bSlological
material {s the water content. Dleposition cf snergy
in free or bulk water and bound water >c water 2f rv-
dration are compared. The dispersion region of bound
water occurs 4t the low=frequencv end »>»f the MW re-
gion while free water relaxation Zakes place it :Ire-
Tuencies about !J times greater. Thus bdound water s
heated differentially at the low-frequencv 2nc I :Ine
MW region, and tissues with high Sound Jater tuntent
will abscrb nore 2nerzv it freguencies "rim a few "
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MHz up to several 3Hz than they would absorb {f all
the water were bhulk water. ifferential heating of
malignant tumors over normal tissue could therefore
be achieved over a certain frequency region if malig-
aant tissue had a higher bound water content. Recent
studies indicate that malignant =issue has a higher
total water content than normal tissue and that the
state of water binding may also be different. If the
indications can be confirmed by using dielectric meth-
ods, it mav be possible to identify a frequency region
where malignant tissue absorbs more energy than normal
tissue.

Ja3s MICROWAVE RADIOMETRY AND THERMOGRAPHY:PRES-

ENT AND PROSPECTIVE. (Eng.) Leroy, Y.
(Centre Hvperfrequences et Semiconducteurs, Lab. As-
socie au CNRS 287, Universite Jdes Sciences et Techni-
jues Lille I, 39653 Yilleneuve D'Ascq Cedex, France).
In: 3lomedical Thermology. Proceedings of an Inter-
national Syvmposium held in Strasbourz, France, June
30-July 4, 1981. Gautherie, M.; Albert, E., ads. (New
Tork: Alan R. Liss, lac.):pp. 485-499; 1982 (80 refs).

A review of microwave (MW) radiometry and thermography
is presented. Physical principles underlving MW ther-
mography are summarized and advances in radiometry and
thermography are described. Studies of clinical ap-
olications of MW thermography undertaken “etween 1974
and (980 in the US and France are tabulated. A method
0 compute thermal patterns based on the antenna reci-
procity principle is presented which permits quantifi-
cation of the subsurface temperature distribucloa for
defined physical conditions (rthe geometric, thermal,
and eiectrical charcateristics of the lossy material,
Sand width of the receiver, and characteristics of the
otobe) when the probe scans the surface of the lossy
aaterial. The use of two (or more) probes zo investi-
Zate overlapping subvolumes may result in better con-
trol over the mneasurement process. This method is
called correlation MW thermography.

2436 MICROWAVE THERMOMETRY IN INTRACRANIAL PATH-

OLOGY. (Eng.) Thouvenot, P. (Laboratoire
de 3{ophysique, Faculte de Medecine, 18 rue Lionnois,
54000 Nancy, France); Robert, J.; Mamouni, 4.; Renard,
C. 1In: Biomedical Thermology. Proceedings of an In-
ternational Symposium held in Strasbourg, France, June
30-July 4, 1981. Gautherie, M.; Albert, E., eds. {New
York: Alan R. Liss, Inc.): pp. 301-508; 1982 (8 rafs).

Results obtained by microwave thermometry for imaging
iatracranial lesions are presented. A radiometer sen-
sitive to 9 GHz and ‘thermographs working at 68, 20,
and 1l 53dz were used to study 9 healthy subjects and
31 patileats with tumors or vascular {ntracranial le-
sions. The —radiometer was formed by a dielectric
loaded waveguide of rectangular cross section (10 x 5
am) placed perpendicularly in contact witd the scalp.
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Measurements Jere made for (3-20 sec at disrtances :&
1-2 cm, 2-4 sec being the theoretical response zize.
Thermographic measurements were performed at i fixed
distance from the scalp unidirectionally and p=rpen-
dicularly to the saggital, frontal, or horizoncal
slane. Recordings were made coatinuously follcwing
sweep lines at a speed of 10-20 cm/win. Resuits ob-
tained in 9 normal individuals showed good right-leI:
synmetry and absence of sharp variations of local -—em-
peratures. <Temperatures gearally ranged from 14-36
C, the higher values corresponding to the postaricr
temporal and parietal regions. 0Of the 31 patieats
with tumors or vascular lesions, 26 showed the follow-
ing types of intracranial thermic distribution anom-
alies: hyperthermia assoclated with the lesion; hy=-
perthermia associated with the lesion and accompanied
by a peripheral hypothermia; hypothermia localized
at the lesion; extended hypothermia. Yo relationsnip
was seen between lesion size and the absence or pres-
ence of thermic anomalies. Thermic distribution was
modified by 21/22 superficlal lesions; 4“owever, only
5/9 deep lesions caused any modification. Ia spite
of the high proportion of lesions detected, the ra-
diometry could not be considered as a diagnostic meth-
od. The technique seems to be jromising for follow-
up of lesions and perilesion edemas and for prognos-—
tic information on vascular pathology.

3437 THERMOGRAPHIC DETECTION OF YUMAN CANCERS 3Y

MICROWAVE RADIOMETRY. (Eag.) Shaeffer, J.
(Radiation Oncology and Biophysics, Eastern Virginia
Medical Sch., 600 Gresham Drive, YNorfolk, VA 23507);
El1-Mahdi, A. M.; Carr, X. L. 1In: Biomedical Therwmol-
ogy. Proceedings of an International Symposium held
in Strasbourg, France, June 30-July 4, 198l. Gauthe-
rie, M.; Albert, E., eds. (New York: Alan R. Liss,
Inc.): pp. 5C9-521; 1982 (l4 refs).

A microwave thermometry system operating at a {requen-
¢y of 4.7 GHz was evaluated in patients with a variety
of biopsy-proven cancers. Temperature differentiails
consistent with known malignancies were found most
often in patients with primary and recurrent breast
carcinoma and lymphoma. Little success was realized
‘n detecting more deeply seated tumors which seem to
be beyond the detection capabilities of an external
antenna.

0438 NEAR-FIELD CHARACTERISTICS OF

SORS FOR MICROWAVE DIAGNCSIS:
RESULTS OF MULTISPECTRAL RADIOMETRIC EXPERIMENTS.
(Eng.) Edenhofer, P. {Institut fur Hoch- und Hochst-
frequenztechnik, Univ. Bochum, 463 Bochum 1, 4. Ger-
many); Gruner, K.; Steiner, d.; Suss, A. In: Biomedi-
cal Thermology. Proceedings of an International 3vm-
cosium held in Strasbourg, France, June 30-July 3,

ANTENNA SEN-
PRELIMINARY

1981. Gautherie, M.; Aldert, Z., eds. (New York: aAlan
R. Liss, Zac.): pp. 323-537; 1982 (13 refs).
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Microwave radiometry is used for remote seansing of D44l FLUOROPTIC THERMOMETRY: A NEW RF-IMMUNE
spatial temperature distribution ian biologic tissue. TECHNOLOGY. (Eng.) “ickersheim, X. A.

Broadband antenna sensors are preferred for deriving
temperature profiles. Computational results based on
a full TE, TM mode analysis ice presented for an aper~
ture antenna sensor modeled 5y an open-ended, rectan—
gular waveguide in direct contact with a multilayer
composite biologic tissue (skin-fat-muscle). An un-
disturbed Hjp mode within the aperture plane is as-
sumed. The spacial distribution of power received by
the sensor was reduced in penetration depth to values
of about 19 mm ac ! GHz and 7 mm at 3 GHz, within the
auscle tissue and within the fat layer, respectively.
These values in a :zypical inhomogeneous biologic me-
dium were significantly less than those known for ho-
mogeneous plane waves, e.g., at | GHz for skin 32 =m
(60%) and fat 6% amm (123). Lateral resolution was
about 20% less than the aperture width and exceeded
aperture height by 303 ac | GHz (fat-muscle interface)
and by 10% at 3 GHz (within the skin layer). The ra-
diation pattern for an alternative antenna sensor sys—
tem consisting of an elliptical offsec-reflector (dis-
tance of foci 1000 mm) and a corrugated horn feed was
calculated for 32 and 90 GHz. The power of resolu-
tion was 20 mm ac 32 GHz and 7 am at 90 GHz with a
focal displacement of 3.75 degrees or 16 am. Prelimi-
nary radiometric images of surface temperature in two
test subjects conformed to predicted values.

2439 AN INTERFEROMETRIC METHOD FOR DETERMINING
THE ELECTRIC FIELD SCATTERED BY AN OBJECT.
(Eng.) ~floyrac, R. (lLab. Bliophysique Medicale, Fac.

Medicine Grenoble, 38700 La Tronche, France); Dubois,
F.; Kom, M.; Baribaud, M.; Bouthinon, M. In: Biomed-
ical Thermology. Proceedings of an International Sym~
posium *neld ian Strasbourg, Trance, June 30-July 4,
1981. Gautherie, M.; Albert, E., eds. (New York:Alan
R. Liss, Inc.): pp. 539-543; 1982 (5 refs).

A method to determine the amplitude and the phase of
a diffracted electric field which is applicable in
aficrowave ifmaging is described. This {nterferomet-
ric method {s based on the application of the equiva-
lence theorem to Maxwell’s equations. In any point
in space, the diffracted electric field is the same
as the field produced by curreats distributed in the
1lluminated object at a given density. However, the
real field that can Ye measured with a network ana-
yzer is the vectorial sum of the diffracted and in-
cident electric fleids which exists at each point when
the object has been removed from the incident field.
Four measurements are recorded: the intensity of the
incident field without the illuminaced object, the
intensity of the total field with the object, and the
intensities obtained by adding the incident field and
the total field to the reference field. The time re-
quired for the four recordings {s abouc ! hr.

«9

(Luxtron Corp., 1960 Terra Bella Ave., Mountain View,
CA 94043); Alves, R. V. Im: iomedical Thermology.
Proceedings of an International Symposium held in
Strasbourg, France, June 30-July 4, 1981. Gautherie,
M.; Albert, E., eds. (New York: Alan R. Liss, Inc.):
pp. 547-554; 1982 {3 refs).

Fluoroptic thermometry 1is an electrically isolatable,
nonperturbing technique for the measurement oOf tem—
perature in strong radiofrequency (RF) environments
using optical sensors. The model 1000A Fluorocptic
Thermometer, developed Sy Luxtron Corp., %s 1 single-
probe system designed for use i{n a variety 3f labora-
tory applications. It is small in diameter and avail-
able in a choice of lengths, with cabling for extra
strength, if required; sterilization of probes Ly au-
toclaving appears practical. An ahsolute iccuracy of
+ 0.1 C is achievable sver the bSiomedical range if a
highly conforming (biomedical grade) probe is careful-
ly calibrated before use. A modification of the 1000CA
for biomedical applications is planned. 9ne or nore
stable high »precision temperature refarences which
can be preset to selected temperatures in the hyper-
thermia range will be added to the instrumenatation
system. An optionmal calibration mode will also be
provided. Availability of a multisensor system that
allows the use of three to six sensors is expected
by late 1982.

J441 THERMAL ©COSIMETRY  DURING HYPERTHERMIA.
{Eng.) Cetas, T. C. (Div. Radiation On-
cology, Univ. Arizona Health Sciences Center, Tucson,
AZ 385724). 1In: Biomedical Thermology. Proceedings
of an Internmational Symposium held in Strasbourg,
France, June 30-July 4, 198l. Gautherie, M.; Albert,
E., eds. (New York: Alan R. Liss, lnc.): pp. 561~583;
(49 refs).

The present clinical status of thermal Jdosizetry is
reviewed. 3tatic phantoms are used for determining
power disposition patteras of various heating modal-
ities and applicators. During actual treatment, only
a few invasive teamperature probes are used to deter-
mine subsurface temperatures; surface temperatures
are frequently measured with a thermographic camera.
Microwave (MW) heating of a surface lesion of nelanoma
and interstitial thermoradiotherapy of advanced tu-
mors are cited as i1llustrations of conventional ther-
mometry methods and iastruments. Inherent problems
with conventional electrical thermometers in the pres-
ence of strong electromagnetic fields have led ta the
development of special thermometer probes designed {or
use {n that environment. Current research activities
include investigation of temperature neasurement ina
tumors ind surrounding normal tissues Hv using a non-
invasive three-dimensional scanning tachnique anaio-
gous to a computed tomography scan but where the de-
pendenz variable is temperature, or by using numerical
analysis %o compute temperatures evervwhere within the
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ield., 3everal studies have iavestigated the appliza-
on of the Pennes »io-heat equation to thermal dosi-
detry problems ia hyperthermia, e.g., thermal cenduc-
tivity and power deposition. Volumetric maps of zem-
perature vs time and specifiic absorption rate vs time
would provide information upon which to base therzal
dose determinations. Good agreement between experi-
aental and aumerical caleculactions was obtained in a
preliminary experiment that involved heating of the
thighs of a mini-pig with 915 and 2450 MHz filelds.
Zquipment required for adequate thermal dosimetry in-
cludes an automared data—acquisition system that can
display i‘nformation 11 real time and record it in com-
puter-readable format for later numerical analysis.
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2342 ZXPERIMENTAL STUDIES OF VARIOUS HEATING
PROCEDURES FOR CLINICAL APPLICATION OF LO-
CALIZED AYPERTHERMIA. (Eng.) Dutreix, J. (Dept. Ra-
diation Therapy, Institut Gustave Roussy, 94805 Ville~-
juif, France); Cosset, J. M.; Salama, A.; Brule, J.
M.; Damia, Z. In: 3iowedical Thermology. Proceed-
ings of an International Symposium held in Strasbourg,
Trance, June 30-July 4, 198l. Gautherie, M.; Albert,
Z., 2ds. {New York: Alan R. Liss, Inc.): pp. 585~596;
1982 (27 refs).

The characteristics of various heating procedures that
are currently in use are reviewed. Their limitations
in clinical hyperthermia are discussed. Thermal con-
tact nethods are characterized by superficial heating
“ith a4 steep temperature gradient. In radiative dia-
thermy, microwave radiation {s usually applied as a
beam arising from a waveguide; the heat distribution
resulting from the beam and {ts low penetration in
tissues {s restricted to a small superficial volume
cocrresponding to the central part of the beam. Im—-
provement of the temperature distiribution can be a-
chieved using multiple beams. In {nductive diathermy,
superficial heating is produced by the the eddy cur-
vents arisiag in tissues exposed to a high f{requency
zagnetic fleld. However, tumors with a low blood flow
have Yeen heated at depth using a powerful generator
operating at 13.3 MHz. In capacitive diathermy, the
conventional method of medical diathermy, two flat
alectrodes are applied on the opposite sides of the
regicn to be treated and supplied with a radiofre-
quency voltage (usually 27 or 13.5 MHz). Tissues be-
t4een the electrodes act as a high-loss dielectric in
which heat is generated by the electric field. Heat
deposition is maximum at the surface under the central
cregion of the electrodes and diminishes at depth and
with distance to the axis. dHear distritmtion is com-—
plicated 5y tissue inhomogeneity. The sc fatty laver
is at risk of overheating. In conductive dlachermy,
heating is produced by local currents passing through
tissues Yetween electrodes appli2d arnund or implanted
within the treated region. For electrodes placed or
fnserted at a short distanca, temperature is fairly
aniform in the volume surrounded by the electrodes.
Ultrasonic heat deposition in the =issues resul:s from
the absorption of ltrasound. Tissue {nhomogeneity
{s a problem. No heating =modality currentlvy Iin use
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meets all of the requirsments
torv nyperthermia.

443 DESCRIPTION AND TEST OF A !.3-GHz MICROWAVE
HYPEXTHERMIA GENERATOR. “ZIng.; Zscanye, J.
M. (Laboratoire de Biophysique, Faculte de Medecine,
18 rue Liomnois, 34C0C rancy, France); Itty, C.; Ro-
bert, J. In: Biomedical Thermology. Proceedings of
an International Symposium held ia Strasbourg, France,
June 30-July 4, !981l. Gautherie, M.; Albert, E., eds.
(New 7ork: Alan R. Liss, Imc.): pp. 597-604; 1982 (8
refs).

A local hyperthermia svstem that can be adapted to a
previous 434~-MHz generator is described. Results of
experiments using the apparatus are preseated. The
apparatus consists >f 31 frequency tripler, ampiiiier,
and applicator. Power input Iomes Zrom an inexpensive
434 MHz/12 W hybrid communication amplifier and oscil-
lator. The continuous dutvy cycle power output »f the
tripler-amplifier unic i{s 20-25 W at 1.3 GHz applving
600-V anode voltage. The waveguide {s entirely filled
with dielectric load for compactness and good tissue
matching. Experiments on tissue equivalent transpar-
ent polyacrylamide zel indicated that the maximum tem-—
perature was more than twice as deep at 433 MHz :than
at 1.3 GHz. A comparison of temperature increases in
tumor-bearing mice placed either parallel or perpendi-
cular to the electric field indicated that there is a
body shape effect. However, effecrive penetration
depths in tumor-bearing rats were affected principally
by vascular and diffusive heat “ramsport.

0444 PRODUCTION AND CONTROL OF Z,+50-¥Hz MICRO~-
WAVE-INDUCED HYPERTHERMIA. (Eng.) Bordure,
G. (Centre d’Etudes d’'Electronique, Univ. Sciences

at Techniques du Languedoc, Place . Bataillon, 354060
Montpellier Cedex, France); Richard, J. P.; Delauzua,

J. P.; Dubeis, J. 3.; Hav, M. Ia: 3iomedical Ther-
mology. Proceedings of an International Svmposium
held {n Strasbourg, France, June 30-July 4, 1381.
Gautherie, M.; Aldbert, E., eds. (New York: Alaa R.

»
Liss, Inc.): pp. 505-610; 1982 (2 refs).

Dogs were exposed to 2450 MHz radlation to determine
whether controlled heat can be delivered to a depth
of 2 ca without risk to superficial tissuye. Hyper-
thermia was applied with a standard generator fitted
with a helicoidal antenna. When theoretical :urves
for the induction of superficial (0.2 cm) and deep
(1.5 cm) temperatures weres obtained for :wo cutput
power levels (100 aW/cm and 200 oW/cm®), consider~
able heating of superficial tissue was seen at the
higher dose. The curves rose linearly, eventually
reaching a steady state. The results of in vivo ex-
seriments in dogs showed that a relatively small in-
crease in beam strength can lead to a surge {n tem~
perature which s difficult to control. Tissue tem-
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perature also varied with applicator posizion. The
results suggest that a 2450 MHz source can be used %o
generate and control hyperthermia for the treatment of
superficial and/or deep tumors up to a depth of 2 cm
if a precise protocol to modulate output power Levels
can be defined.

445 434-MHz MICROWAVE HYPERTHERMIA APPLICATORS:
EXPERIMENTAL RESULTS IN PHANTOM AND PRELIM-
INARY CLINICAL RESULTS. (Eng.) Gaboriaud, G. (Ia-
stizut Curie, Section Medicale, 26 rue d'Ulm, Paris
7221, France); Jaulerry, C.; Bataial, J. P.; Michel,
2.; lJardalhon, M.; Averbeck, 3. In: Biomedical Ther-
201i03y. Proceedings of an International Symposium held
iqa Strasbourg, France, June 30-July %, 198l. Gauthe-
cie, M.; Alberc, £E., eds. (New York: Alan R. Liss,
Iae.): ap. AL1-020; 1982 (7 refs).

The efficacy of heating with 434-MHz microwaves (MW)
was investigared in a phantom and In patients with
relatively supaerficial zumors. A Remy Co. generator
(naxioum power 100 W) connected to external radiating
applicators filled with cooling water was used o in-
duce hyperthermia. MW power was interrupted to per-
Iorm temperature measuraments at sampled intervals.
In gel, peak temperature rise was proportional to MW
incident power for the same water cooling ctemperature.
Peak temperaturz rise moved from 2.5 cm to 2.0 cm and
the superficial lavers were protected from excessive
heating when the cooling temperature decreased Irom 20
to 5 £ for the same incident power. Incident MW pow-—
ar must de increased to maintain the same temperature
level >r to obtain a higher level. Patients present-
ing with {ncurable recurrent zancer or with sc metas~
tatic nodules underwent six sessions of hyperthermia
alone or in combination with radiotherapy. Sessions
were 45 min long with a plateau at 43 to 43 C reached
ia 2-6 min. There was a large variation of MW power
between sessions for the same patients (40-83 W); av-
2rage tenperatures ranged from 40 to 46 C. Tolerance
to hyperchermia treatment varied with tumor localiza-
tion, Partial regression was observed in 3/3 patients
sreated with hyperthermia alone. Among the S ;.tients
treated with combined radlotherapy~hyperthermia, one
Large regreassion was seen. The results suggest that
z0od hyperthermia at 7.5 to 2.0 cm can be achieved by
-eating superficial tumors with 434-MHz MW.

Teub 424-MHz MICROWAVE SENZRAICR FCR LOCALIZED
AYPERTHERMIA. (Zng.) ZIscanye, J. M. {lab.
ioonysique, Faculte Jde Medecine, i8 rue Lionnols,

34009 Nancy, France); Ittv, C.; Robert, J. In: Bio-
zed{cal Thermology. Proceedinzs of an Internacional
Svmoosium held f{a Strasbourg, Trance, June 30-July 3,
1931, Sautherie, M.; Alber=, Z., eds. (Vew York: Alan
2. Liss, Inc.): pp. S21-426; 1982 74 refs).

A low-cost microwave 1vperthermia svsiem {s Jescrided
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which includes a 15=-W «34-MHz generator, 1 150-W pow-
er amplifier, and a1 dlelectric filled TIgy) waveguide
applicator. High-frequency power output {3 {ncreased
Srom 10 to !0 W4 by switching che high voitage frca
600 o 1690 7. A tuner stub is placed between the ap-
plicator and the zenerator. Distance between the s«in
and the applicator could be lncreased to | cm without
affecting *he results. Ia clinical tests, skin rem-
perature was comparable £ tumor teaperatures at . tQ
2 cm in depth, after an {aftrial !5 =in rise, i{a the
10 contact condition. Stravy radlations Jd.d not ex-—
ceed 30 aW/cml when the applicator was 1 ¢3 ‘rom the
skin, at zaximum power; 5 oW/ cmd was the highest wal-
ue recorded i{n a 50 cm radius. Single applicator use
limits the system td sc cr close-to-skin surface tu=
aor positions.

J447 CEEP AND LOCALIZED HYPERTHERMIA WITH A NEW
MICROWAVE SURFACE APPLICATOR. (Eng.) Dict-
war, A. (Lab. Thermoregulation L.A. 181 CNRS, Faculce
de Medecine Lyon-Nord, 3 Avenue Rockefeller, 59373
Lyon Cedex 2, France); Delhomme, G.; Bourdon, L.;
Schmitt, M. In: Bilomedical Thermology. Proceedings
of an International Symposium held in Strasbourg,
France, June 30-July 4, 1981. Gautherie, M.; Albert,
2., eds. (New York: Alan R. Liss, Inc.): pp. %27-533;
1982 (10 refs).

A direct-contact coaxial applicator developed for use
at 2450 MHz is described. The end of cthe coaxial line
is enlarged and shaped like a door knob. The applica-
tor is cooled by water circulating L{n several circuits
that can be nonitored separately. Temperature distri-
bution at the applicator surface can be controlied and
the amount of heat absorbed by the superficial layers
of the model or tissues can be regulated. Temperature
measurenents were performed In 3 model consisting of
polyacrylamide gel exposed to 2450-MHz zicrowave (MW}
radiation emitted by a magnetron generator with vari-
able power output from 0-2C0 W. Locallzed hyperther-
mias that differed in shape, depth, and intensity were
obtained by varying the MW powaer and the cooling Ilow
in the applicator. Maximal hyperzhermia depth >f | to
4 cm from the surface was determined by the MW power.
Surface temperatures did not exceed 36 C with tempera-
tures of 42 or &3 T at depth. The temperature gradi-
ent between the maximal hyperthermia and the surface
depended on YW power and applicator cooiing. Similar
results obtained with iner: biologic tissues suggest
that the applicator is suitable Jor obtainiang focused
hyperthermic areas.

0448 A COAXIAL APPLICATCR 7OR INTRACAVITARY =Hv-
PERTHERMIA 0NF <CARCINGMA OF THE CERVIX.
(Eng.) Hard, J. W. ‘MRC Cveclotron Uniz, Hammersmith

Yosp., Ducane Rd., London Wl1I OHS, Zngland); 3lake, P.
R.; Hopewell, J. W,; Lambert, H. W.; Field, S. 3. Ia:
3iomedical Thermology. Proceedings of an Internation=—
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al Syoposium held ia Strasbourz, Trance, June I
-, 981, Gautherie, M.; Albert, =Z., ads. iYew
Alan R. Liss, Inc.): pp. %35-639; 11382 (7

refsi.

A 915-MHz microwave (Mw) applicacor designed Zo ia-
duce hyperthermia after conventional intracavitary
radiotherapy )f cervical cancer is described. The
complete antenra fits ia a conventional cesium aftar-
loading tube (internal diameter, 0.5 ¢m). Increases
in cervical, rectal, ind urethral temperatures were
aeasured after Insertion of the applicator into the
cervix of anesthetized pigs. A MW power level of 10~
.2 W was requirted o :o achieve peak temperatures of
$3-44 C. Temperatures racorded in the rectum and ure-
tara 3t about [ c¢m Irom the applicator agreed with
the radial fali-off {n temperiture observed ina pre-
vious liquid phantsm studies. No increase in rectal

temperature was observed I za from the applicator.

3449 HYPERTHERMIA 3Y IMPLANTABLE APPLICATORS.

(Eng.) Arcangeli, G. (Dept. Radiation Ther-
apv, Istituto Medico e dif Ricerca Scientifica, 7ia S.
Stefano Rotendo 6, 00184 Rome, Italy); 3arni, E.
“ividalll, A.; Lovisolo, G.; JNervi, (.; Mauro, T,
Ia: 3iomedical Thermology. Proceedings of an Inter-
national Syvmposium held in Strasbourg, Trance, June
30-5uly 4, 198i. Gautherie, M.; Albert, E., eds.
(New York: Alam R. Liss, Inc.): pp. 541-647; 1982 (10
refs).

Thermal dosimetric studies were performed in vivo to
study the temperature distribution obtained with an
implantable applicator operating at 500 MHz. Uniform
temperature distribution was obtained in the thigh of
an anesthetized lamp with a 5.5-cm applicator and a
sower ranging from 7-12 W after 20 min heating. The
area of therapeutically useful heating had a diameter
of approximately 3 cm. Llarger areas were heated ho-
mogeneously by emploving several applicators Lasertad
in different positions at about 3 cm from each other
to encompass different tissue shapes and volumes. A
new needle applicator has been designed with thermo-
couples located in the applicator cavity £for contin-
'1ous temperature monitoring and emploviag a frequency
of 1 to 30 “Hz.

439 LOW-FREQUENCY (J.3~MHz) CONTACT aND INTER-
STITIAL TECANIQUES FCR CLINICAL HYPERTHER-
MIA. (Zng.) Cosser, J. M. (Dept. Radiation Therapy,
lnast. Gustave Roussy, 943805 Villejuif, France); Brule,
J. M.; Salama, A. M.; Damia, E.; Dutreix, J. In: 3io-
medical Thermology. ?roceedings of an International
Svmposium held in Strasbourg, France, June 30=July i,
1981. Sauztherie, M.; Albert, Z., ads. (Mew York: Alan
R. Liss, Iac.;: pp. %69-657; 1982 (3 refs;.
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Siological Effects of Noniomizing Electremagnetic
laciation VIZ-41, July 1383

Heating of tissues by low-frequency :urreats passing
between electrodes placed around or inserzed nto the
treated volume was studied. <Computed values f zhe
electric fileld magnitude and current densitv £or 2ain-
taining a constant temperature in tissue were .a 2ood
13reement with values measured in patients. Prelinmia-
ary clinical results of low-‘requencv contact ind in-
terstitial hyperthermia are presented. Tweaty-six pa-
tients with {ntractadle superficial metastatiz or re-
current tumors were treated with 7.5 MHz techniques;
-1/26 were treated with contact eleztrodes {tubes or
plates, usually with water cooling) and 5 were heated
with !{mplantation of special needles. A ainiaum tum-
ot temperature of +1 € was reached for 13,21 patients
treated with contact electrodes and temperatures of
+3~44 C were obtained frequeatlvy. Sizaificaat “vper=
thermia was not achieved :a 3/2! rarients, probably
because of the thickness of zhe fatty tissues under
the electrodes. “ith the iaterstizial rechnique, a
temperature Of about 44 C was reached easiliy. Hyper-
thermia was combined with chewmotheragy in 3/25 cases.
Analysis of treatment results suggestad that a better
response was obtained in the patlents treated by the
interstitial technique and ia those who recleved com—
bined therapy.

0451 E~ AND H-FIZLD SENSOR SYSTEM. (Eng.) Aud-
one, B. (Equipment OGroup, Aeritalia, Ca-
selle Torinese, 10072 Torino, Izaly); Boila, L.;

Gerbi, G.; Gabriele, P, 1In: Biomedical Thermology.
Proceedings of an Iaternational Svmposium held +in
Strasbourg, France, June 30-July 4, 1981. Gautherie,
M.; Albdert, E., eds. (New York: alan R. Liss, Inc.):
pp. 659-672; 1982 (11 refs).

Characteristics of electromagnetic (EM)
that have been designed, constructed and tested are
discussed and tabulated. Sensors in the develoapment
phase include instruments zhat can cover the ‘requen=
cy ranges of 20 Hz to 18 GHz for electiric field neas-
urement and 10 Hz to !C0 MHz for magnetic field aeas-
urement. Design goals i{nclude accurate measurexzent
of all polarizations, isotropic probes, bSalance, and
sensitivity to continuous wave as well as =odulated
field signals. Improvements I{n repeater units acTe
proposed. A siudy to improve the accuracy of sensor
calibracion techniques is underwav.

field neters

0452 STUDLES €N THE BIOLNGICAL SFFICITNCY OF HY=-
PERTHERMIA PRODUCED 3Y A MICROWAVE APPLICA-
TOR (434-MHz) FOR THERAPEUTIC MEANS USING aN SUCARY-
NTIC CZILL SYSTIM AS INDICATOR. ‘Eng.’ Dardathon, M.
(Inst. Curie, Section Biologijue, 2% Rue d’'Uim, Paris
75231, Trance); Averbeck, D.; Gaboriaud, G.; Michel,
J3.: Jaulerry, C.; 3ataini, J. P. In: 3{omedizal Ther-

nology. Proceedings 5f an Iaternational Svraposium
neld in Strasbourg, France, June 30-lulv 4, 1981,
Sautherie, M.; aAlber:z, 2., eods. {New VYork: Alan R.
Liss, Inc.): pp. A73-686; 1982 (22 refs).




Biological Effects of Nomionizing E'ectromagnetic
Radiation VII(2-4), July 1983

The effects of 434-MHz alcrowave {MW) radiatisn on
biological samples were studied in reast cells. A
MW applicator Jesigned for wmedical use was Iilled
with water; its surface could be cooled with a ther-
aostated pump-driven water circulation svstem. The
frequency of the 434 MHz generator was stable and the
dsower could be varied from Q0 o 100 W. Samples of hy-
perthermia-sensitive Saccharomyces cereviside were
positioned in a block of muscle tissue in a thermo-
stated water bath and exposed for | hr to MW radia-
tion after irradiation with 700 or 1000 Gray (Gy).
Results were not significantly different from those
obtained with conventional hyperthermia treataent for
i hr in a thermostated water bath. When the tempera-
ture of MW-treated samples was increased gradually,
the decrease in cell survival observed was less rthan
with conventional hyperthermia. When the samples were
placed in a pre-heated muscle block, rates of cell
survival and induction of cytoplasmic '"petite" muta-
tions were unaffected by variations in ouput power or
applicator water temperature when sample temperature
remained constant and were comparable to those ob-
tained with conventional heat treatment. Cells were
maximally sensitized at 1.5~1.8 ca with MW or conven-
tional heating.

J453 EXPERIENCE WITH DIATHERMIA-INDUCED WHOLE

80DY HYPERTHER¥IA. (Eng.) Neumann, H.
(Jdept. Hematology and Oncology. Medizinische Klinik
Jer Albert-Ludwig Univ., Hugstetterstrasse 55, 7800
Freiburg, W. Germany); Fabricius, H. A.; Burmeister,
?.; Stahn, R.; voa der Tann, M.; Engelhardt, R.; Lohr,
G. W. In: Bilomedical Thermology. Proceedings of an
International Symposium held 1in Strasbourg, France,
June 30-July 4%, 1981. Gautherie, M.; Albert, E., eds.
(New York: Alan R. Liss, Inc.): pp. 637-704; 1982
(24 refs).

“hole-body hyperthermia was induced in 14 cancer pa-
tients with dissemirsted malignancies using a Siemens
diathermy cabinet. Treatment temperatures of 40-41 C
were induced by 27 MHz radiation; generator output was
300 W. Chemotherapy was administered iv when a tem~
perature of 40 C was reached. Side effects of cyto-
static drugs did not exceed the range observed under
nonthermic conditions. An enhancement of metastasis
rate was not observed. Changes in hormone levels cor-
responding to endocrine system response to exercise or
stress were observed. Immune parameters that appeared
to be affected normalized after treatment; the effects
Jere not correlated with nyperthermia. A patient re-
ceiving Adriamycin showed tachyarrhythmia during the
fourth hyperthermia treatment, confirming previously
reported enhancement of cardiotoxicity of Adriamycin
by ayperthermia.

BINED WHOLE~BODY AND LOCAL HYPERTHERMIA

2454 CCM
FOR CANCER  TREATMENT: OMT SELECTOTHERM
(

Zng.) von Ardeane, M. (Res. Iast. Man-

Current Literature

fred von Ardenne, %05 Dresden, Teppelinstrasse 7, E.
Germany); Xruger, W. In: Biomedical Theraology. ?2ro-
ceedings of an International Svmposiunm held in Stras-
bourg, June 30-Culy 4, 1931. Jautheries, M.; Albert,
Z., eds. {Wew York: Alan R. Liss, Inc.): pp. 795-
713; 1982 28 refs).

The cancer multistep therapy (CMT) concent s based on
a combination of hypertheramia and tumor overacidiiica-
tion. Systemic long-term glucose Infusion causes a
seleczive drop in tumor pH. The excess glucose con-
tributes to a rise in core temperature through zeta-
bolic heat generation which is further elevated bv
whole-body radicfrequency (RF) heating. The tumor is
then heated locally by RF. The liatrations of :onven-
tional RF heating are overcome by the CMT Selectothern
technique which introduces a movable applicator :ail
to deliver RF ro induce whole-body hyperthermia. Af-
ter core temperature is elevated to 41 C by scanning
the body with high RF amplitudes parallel to the boay
surface, the RF power is reduced and energy {ocussed
on the tumor area. Target tissue temperatures are
42.5 C. Draining lymph nodes can also be heated 1o~
cally in a third step, if necessary. Temperacure
courses during CMT Selectotherm treatment »>f a pa-
tient with inoperable lung sarcoma are shown.

0455 MODERATE~TEMPERATURE WHOLE-BODY HYPERTHER-

MIA IN THE TREATMENT OF MALIGNANT DISEASE.
(Zong.) Wallach, D. fF. H. (Dept. Therapeutic Radioi=-
ogy, Tufts-New England Medical Center, 171 Harrison
Ave., Boston, MA 02111); Madoc-Jjones, d.; Sternick, Z.
S.; Santoro, J. J.; Curran, B. In: Biomedical Theraol-
ogy. Proceedings of an International Symposium held
in Strasbourg, France, June 30-July 4, 1981. Jauther-
ie, M.; Albert, E,, eds. {New York: ilan R. Liss,
Inc.): pp. 715-720; 1982 (29 refs).

Results of a Phase 1 trial of whole-body radiofre-
quency (RF) hyperthermia at wmoderate temperature in
the treatment of cancer are reported. The hyperther-
mia unit was constructed aftar the Siemens -rototype.
Core heating to 40~4l C was achieved within :0-40 aia
by deposition of 27-MHz RF energy primarily into the
great vessels of the trunk and abdomen. As heating
is concentrated in the body core, many physiological
compensatory mechanisms are ®inimized and heating is
well tolerated. Nine patients with either Jdisseami-
nated or locally advanced and uncontrollable disease
have been treatad with hyperthermia 3/wk for 3 wk =o=-
gether with conventional radiotherapy 5 days/wk. 3ix
of these patients completed eight or more courses of
hyperthermia. Three patients d4id not complete their
schedule because of complications unrelated o hyper-
thermia. There were no serious side effects.

0456 LOCALIZED HYPERTHERMIA 3Y RADIDFRECUZRD
WAVES IN THE TREATMENT OF JANCER. ‘Eng.!
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Israel, L. <{Oncology Ynit, CHU Avicenne, 115 route
ie Stalingrad, 93000 3obigr., France); Besenval, M.;
Breau, J. L. 1In: Biomedical Thermology. Proceedings
2f an International Symposium held in trasbourg,
Trance, June 30-July 4, 198l. Gautherie, M.; Alber:,
T., eds. {New York: Alan R. Liss, Inc.): pp. 721-729;
1982 (31 refs).

The differential and preferential thermal sensitivity
of malignant tumors and possible mechanisas of action
of hyperthermia are discussed. Methods of producing
radiofrequency (RF) hyperthermia are reviewed. Re-
sults of a ghase I-II study of the efficacy of RF hy-
perthermia in the treatment of large, localized, deep-
seated tumors are reported. Fifty-five patients with
various Jeep-seated i‘noperable, metastatic tumors re-
fractory to conventional treatment were treated by ca-
pacitive hyperthermia at 13.56 MHz generated by two
soft electrodes. Total heating time ranged from ! hr
to 55 hr; sessions were 45 min to 3 hr long, and pa-
tients underwent | to 27 sessions. Available energy
was increased so that a single field rather than the
initial three alternate fields could be used for large
tumors. A complete response was seen in 2 patients,
3 partial response in 15; stabilization for more than
3 10 in 29, and unmodified progressive disease in 18.
No systemic toxicity assoclated with treatment was ob-
served; however, skin burns due to a border effect oc-
curred. It is concluded that localized RF wave hyper-
thermia {s selective, nontoxic, and effective agaianst
large, poorly vascularized, deep-seated tumors not re-
sponsive to standard therapeutic procedures.

D457 RADIOFREQUENCY THERMOTHERAPY (RFTT) IN THE

TREATMENT OF CANCER. ‘Eng.) LeVeen, H. H.
(Jept. Surgery, Medical Univ. South Carolina, 171 Ash-
ley Ava., Charleston, SC 29425); Pontiggia, P. In:
3iomedical Thermology. Proceedings of an Internacion-
al Symposium held in Strasbourg, France, June 30-July
+, 1981, Gautherie, M.; Albert, E., eds. (New York:
Alan R. Liss, Inc.): pp. 731-738; 1982 (7 refs).

A radiofrequency (RF) generator utilizing a frequency
of 13.36 MHz and emploving multiple portals through
which energy (s introduced into the body was designed
for the treatment of cancer. Multiple electrode pairs
are successively energized for brief intervals with
constant heating of the tumor, providing penetrating
heat without aexcessive skin heating. The electrodes
are refrigerated to furcher prevent skin overheating.
Results obtained in a series of about A0 patiencts with
advanced tumors :reated {n Italy with RF thermother-
apy are reported. 2RF thermotherapy was effective in
the treatment of tumors »f different types that were
generally in advanced stages; few complications were
observed.

3458 SHORTWAVE REGIONAL HYPERTHERAIA JF THE PEL-
Y18. {Sng.) 3idi{, J. {(Dept. ~linical Jer-

wr
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Siciogreal Et'ecrs ot Nomomzing Sectremagnens
[acatien 1241, Jury 1583

aatolzgy, Heopital 3aint Louis, Place Alfred Fournier,
73110 Paris, ance); Jasmin, T.; loaverc, J.; Tufwr,
Jei Azam, 5.; Huber, H.; Leger, J. 3icmedical

in
Thermoiogy. Proceedings »f an Iatzarnat
sium held in 3trasbourz, France, June 10
Gautherie, M.; Albert, =T,, eds. (lew Y
Liss, Inc.): pp. 739=T44; 1982 {3 refs).

An apparatus for shortwave regional hypertherala of
the pelvis {3 Jdescribed, and a protocol amploved fin
the treatment of chronic urogenital infections that
resist conventional modalizies is presentaed. The ap-
paratus features a three-electrode capacitive heating
syst:m and a 1200 W generator operatiag ac 27.17 MHz.
Patients with bacteriologically proven chronic uro-
genizal {nfections were treated avery other day for 3
wk; treatment sessions lasted at least I hr. Tempera-
tures slightly higher than 41 © were tolerated at the
rectal and vaginal level level without a significant
increase in buccal temperature and with no risk of cu-
taneous burns. A total generator power of up to .SCO
4 may be needed Zor certain patients Jith a large pel-
vic volume. Zven {n cases where rreatment could not
be completed, a noted painkilling effect was sbserved.
A generator of lower frequency than 27.12 Hz =zay de
used in cases where the patient is resistant %o this
type of heating.

0459 HYPERTHERMIA FOR HEAD AND NECK MALIGNANT

TUMOR. (Eng.) Kiiima, T. {Dept. Gtolaryn=-
gology, Kobe Yniv. Sch. Medicine, 7-5-20 Kusunoxi=cho,
Chuo—ku, Xobe 650, Japan); Hohki, A,; Masuda, M.; Ka-
natani, K. In: 3iomedical Thermoliogy. Proceedinags of
an International Symposium held in Strasbourg, France,
June 30-July 3, (981. Gautherie, M.; Albert, £., eds.
(New York: Alan R. Liss, Inc.): pp. 745=749; 1982 (%
refs).

Results are reported .a the treatment of 15 patients
with head and neck cancer using local radiofraquency
(RF) ayperthermia alone (in 2/l3 patients), with sur-
gery (1.715), chemotherapy (1/15), radiotherapy (4/15)
or combined :* motherapy and radiotherapvy {7/15). Hy-
perthernia was {nduced Sy 13.56 MHz RF applied with a
surface electrode that :ould Ye cooled by circulating
ool water. Treatments toox place 2/wk. Tumor ten-
perature was controlled detween 42 and +5 C. Partial
remission was seen in ! ‘2 patienzs treated with local
hyperthermia alone; complete remission was seen in !
patieat treated with hypertherma ind chemotherapy;
2/4 patients treated with hvpertheraia and radlation
undervent complete remission; 7 patients treated with
combined therapy seem o have rasponded with complete
remission. There was 1o evidence of central nervous
system dysfunction when hyperthermia was applied o
nasopharyngeal and aesopharvngeal cancer, and ao side
affects <Jere reported.
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8iological Effects of Nomomzing Eiectromagnetic
Radiation VII(2-4), July 1983

0460 CLINICAL EXPERIENCES WITH COMBINED HYPER-

THERMIA AND RADIOTHERAPY IN THE TREATMENT
OF CANCER. (Eng.) Friedenthal, Z. (Radiotherapy
Dept., Montefiore Hosp. and Medical Center, Bronx, MNY
10467); Mendecki, J.; Botstein, C.; Sterzer, F.; Pag-
lione, R.; Nowogrodzki, M. In: Biowmedical Thermol-
ogy. Proceedings of an International Symposium held
in Strasbourg, France, June 30-July 4, 1981. Gauther-
ie, M.; Albert, E., eds. (New York: Alan R. Liss,
Inc.): pp. 751-760; 1982 (12 refs).

Clinical experience with microwave (MW) and radiofre-
quency (RF) induced hypertheraia at Montefiore Hospi-
tal and Medical Center in New York City i{s summarized.
Patients with tumors of various histological charac-
teristics in a variety of stages and anatomical sites
have been treated. MW hyperthermia is induced by ap-
paratus operating at 2450 or 915 MHz, which peraits
heating of tissue up to 2-3 cm {n depth. A modified
Burdick MW generator and a Mictron l0-W zenerator are
used as the power sources at 2450 MHz and at 915 MHz,
respectively. For deeper-seated tumors plane-wave RF
heating at 27 MHz is employed. The power source is a
Henry Radio generator containing provisions for meas-
uring incident and reflected power. Standardized ap-
olicator designs do not exist, and variants of appli-~
cators have been developed for particular tumor sites
or treatments. Hyperthermia is administered as soon
as possible following radiotherapy to ensure higher
therapeutic gain (l-hr sessions 2/wk, at 48-72 hr in-
intervals) with tumor temperatures targeted at 42-43
C. 1In general, no systemic ill effects have been ex-
perienced by patients treated with MW-induced hyper-
thermia. At 27 MHz, control of the heated volume is
more difficulc, and systemic effects are more pro=-
aounced. The effect of heating certain vital organs
(e.g., heart, large bowel) must be considered when
hyperthermia is applied. Results of treatment in
over .00 cases are summarized.

3461 PRELIMINARY RESULTS IN THE TREATMENT OF OAT

CELL CARCINOMA OF THE LUNG BY COMBINED AP-
PLICATION OF CHEMOTHERAPY (CT) AND WHOLE-BODY HYPER-
THERMIA. (Eng.) GSngelhardt, R. (Dept. Hematology
and Oncology, Medizinische Klinik der Albert-Ludwigs
Universitat, Hugstetterstrasse 55, 7800 Freiburg, W.
Germany); Veumann, H.; von der Tann, M.; Lohr, G. W.
In: 3iomedical Thermology. Proceedings of an Inter-
national Symposium held in Strasbourg, France, June
30=July 4, 1981. Gautherie, M.; Albert, E., eds. (New
York: Alan R. Liss, Inc.): pp. 761-765; 1982 (12
refs).

Prelininary results are reported for 15 patients with
small cell carcinoma (SCC) of the lung treated by mul-
tidrug therapy and whole body hypertheramia induced by
a Siemens unit. Chemotherapy consisted of Adriamycin
and Oncovin administered L{v on Day | and Cyclophospha-
aide po on Days 2-5, repeated up to 6 x at 3 wk inter-
vals. Two to five cycles of chemotherapy were admin-
istered together with whole body hyperthermia on Day

e o e e g
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1; injections of Adriamvcin and Jncovin were given at
the treatment temperature >f 4J.4% r 9.5 € which was
maintained for | hr. Complete remission (disappear-
ance of all signs of measurable disease for at least
| mo) was obtained in 9 patients, partial remission
(shrinkage of all measurable tumors by at least 50%
for at least | mu without new tumor growth) in S pa-
tients, no change 1a ., and progressive diseise was
observed in 1 patient. Survival rates, calculated
from life table analysis, are 87% at 6 =0, 53X acr 12
mo, 22% at 18 mo, and 22% at 24 mo. A S50Z survival
rate 1s now at 53 wk (12.3 mo). Whole body hyperther-
mia was well tolerated by the patients. There was no
evidence for the accelaration of disease or the sti-
mlation of metastasis by hyperthermia. Given the
poor prognosis for patients with SCC (median survival
time of 6-8 wk without treatment and 7.5 mo with zul=-
tidrug therapy), the results are encouraging.

2462 INTRAARTERIAL INFUSION CHEMOTHERAPY IN COM-

BINATION WITH 2450-MHz MICROWAVE HYPERTHER-
MIA FOR CANCER OF THE HEAD OF THE PANCREAS. (Eng.)
Miura, T. (Dept. Surgery, Hanzomon Gtosp., Tokyo,
Japan); Haida, K.; Haida, S.; Wada, T. In: 3iomedical
Thermology. Proceedings of an International Symposium
held in Strasbourg, June 30-July 4, !98l. Gautherie,
M.; Albert, E., eds. (New York: Alan R. Liss, Inc.):
pp. 767-774; 1982 (no refs).

Results of {ntraarterial infusion chemotherapy in com=~
bination with 2450-MHz microwave (MW) hyperthermia in
the treatment of 25 patients with advanced cancer of
the head of the pancreas are presented. MW radiation
was applied to the primary tumor site of each patient
for a 10-min period. When the tumor site was heated
to a peak local temperature, chemotherapeutlc agents
were infused through an {ndwelling catheter in the ar-
tery. Of the 25 patients, 17 (68%) survived > % mo,
and 362 > 1 yr, and | patient was alive 46 mo after
treatment. These survival rates are uncommon in pa-
tients with advanced pancreatic cancer; patients on
conventional systemic chemotherapy would have had a
2-3 mo life expectancy. The results indicate that
the effects of the {ntraarterial chemotherapy were
potentiated by YW hyperthermia.

0463 MEDICAL USE OF NONIONIZING ELECTROMAGNETIC

WAVES IN THE RADIO AND SUPERHIGH FREQUENCY
RANGE: HAZARDS AND STANDARDS. (%ng.) Stuchly, M. A.
(Radiation Protection 3ureau, Health & Welfare Canada,
Rm. 233 Eavironmental Health Centre, Ottawa, Ontario,
KlA OL2 Canada). In: Biomedical Thermology. Pro-
ceedings of an International Symposium held in Stras-
bourg, France, June 30-July 4, 198l. Gautherie, M.;
Albert, E., eds. (New York: Alan R. Liss, Inc.): pp.
851-865; 1982 (66 refs).

The biophysical “asis of the interactions of radiofre-
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quency (RF) and amicrowave (MW) radiation with living
systems is briefly outlined. The sound base of dosi-
zetric data established since the concept of the spe-
cific absorption rate was adopted allows better quan-
tiftfcation of experimental studies and hazard assess
nent. Studies iavestigating thermogenic, gernetic,
teratogenetic, cardiovascular, endocrinological, im
aunologic, behavioral, auditory, and blood-brain-bar-
rier effects of RF and MW radiation are summarized.
Zpidemiological studies have failed o produce reli-
able evidence of detrimental effects cf occupational
exposure to RF and MW radlation. Exposure levels rec=-
commended iz both the 1979 Canadian exposure standard
and the proposed US standard take into account the de-
pendence of the absorbed dose on frequency. The po-
tential health risk associated with all diagnostic
asedical applications is small. In hazard assessment
for therapeutic uses of RF energy, both the patient
and the operator must be considered. Promising zedi-
zal applications o: RF and MW radiation include can-
cer diagnosis by MW i:1iometry, NMR imaging, and can-
cer treatment. Areas cequiring further research are
outlined.

464 ZFFECT OF LOCALIZED MICROWAVE HYPERTHERMIA
ON PHYSIOLOGICAL RESPONSES. (Eng.) 3ich-
er, #, I. (Div. Radiology, Henry Ford Hosp., 2799 W.
Grand 3lvd., Detroit, MI 48202); Sandhu, T. S.; Vaup-
el, P,; Hetzel, F. W. Natl Cancer Inst Monogr 6l:

217-219; 1982 (21 refs).

Yeasurements of pH, local blood £low, and tissue oxy-
gen tension (Tp02) were perfcrmed in normal cat brain
and in muscle of the hind leg of C3H Sed=-3H mice. De-
terminations were obtained in both controls and in an-
imals bearing an implanted mammary adenocarcinoma.
Modifications in these parameters as a function of
teamperature and the differeatial responses observed
between normal and tumor tissues were also investi-
gated. Microwave radiation (2,450 MHz) was delivered
through a specially-designed applicator loaded with
low-loss dielectric material having a dielectric con-
stant of 5. Responses to hyperthermia were similar
in both normal :issues except that the temperature at
wiich TpOo began to fall (the breaking poiant) was sig-
nificantly lower for the tumor. Blood flow in mice
increased significantly up to approximately 41 C. In
addition, there was a correlation between decreases in
TpO7 and blood flow as the temperature was Lacreased
to 45 C. The mean value of tissue pH was 6.8 £ 0.2 pH
Y {n C3H mammary tumors. With heating for 1l hr at 43
2, pH decreased 0.5-1 U to 5,2 £ 0.,2. It s com-
ciuded that the therapeutic effectiveness of hyper-
thermia may partially result from several {nduced
physiological modifications: moderate (41 C) hyper=-
thermia in combination with fonizing radiation may re-
sult ia {mproved tumor response by increased oxygena-
tion and, hence radiosensitivity coupled with a de~
crease {n tumor pH; hyvperthermia at 4«2 C and above
may Ye directly tumoricidal because tumor aicro blood
flow 1s eliminated and tumor pH s sharply reduced,
whereas normal :issue (s properly perfused.

LI R S
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465 THERAPEUTIC POTENTIATION OF ¢is-DICHLORO-

JIAMMINEPLATINUM(IL AND RADIATION BY IN-
TIRSTITIAL MICROWAVE HYPERTHERMIA IN 4 MOUSE TUMOR.
(Eng.) Douple, E. B. (Norris Cotton Cancer Center,

Dartmouth-Hitchcock Medical T..ter, Hanover, NH
73755); Strohbehn, J. W.; de 3ieves, D. C.; Alborough,
D. P.; Trembly, B. S. Natl Cancer Inst Monogr 5i:
259-262; 1982 (8 refs).

An interstitifal microwave (MW) system £or preducing
local hypertnermia in deep-seated tumors was tested
alone and in cowmbination with cis-dichlorodiazmine-
platiaum(ll) (e¢is-PT(II)) chemotherapy and/or radia-
rion in the <=reatment of nouse =naomary tumors ia-
planted in the thighs of C3H/HeJ <female aice. A
small needle-like coaxial monopnle antenna {J.3-cm
active length) operating at | GH. was inserted iato
the center of 0.5~ to l.0~cm diameter tumors, and
temperatures were monitored and controlled o Dde
aither 44 or 45 C maximum at the anteana for 30-45
aia. Both MW and conventional heating induced Jdis-
tinct histological changes signifving pyknosis, ab-
sence of mitoses, and necrosis. Histological analy-
sis indicated that microwave heating destroyed tumor
cells in the center of tumors, whereas water—bath im-—
mersion produced cell killing only in the perimeter
of the tumor near the skin. Both microwave and water
bath heating resulted in severe damage to the legs,
i.e., swelling followed by desquamation, necrosis,
and eventual 1leg loss. Compared with water bath
heating, less damage to mouse normal leg tissues re-
sulted when microwave heating was used. Analysis of
tumor diameter doubling tfme values for cis-PT(II),
radiation, heat, and combination treatments suggests
that this method of local heating potentiates the ef-
fects of these agents. The results suggest that a
single microwave coaxial antenna aay serve as an ap-
propriate system for producing local hyperthermia in
tumors in small laboratory animals.

0466 FRACTIONATED RADIOTHERAPY AND SHORT-TERM
MICROWAVE HYPERTRERMIA. {Sng.) Diecrzel, F.
(Radiologisches Institut, Stadtische Xrankenanstalit-
en, 8580 Bayreuth, W. Germany); Lirhar:t, G.; Grundei,
3. R. Natl Cancer Inst Monogr 6i: 267-169; 1982 (8
refs).

Zxperimental groups of 30 to 50 female NMRI mice with
solid Erlich neck tumors of l-ml, wera irradiated lo-
cally with 5 Gray (Gy) of X-rays followed immediately
by localized microwave hypertherala to 42 C for 3 min.
Localized hyperthermia was delivered by a 2,450-Hz
Philips generator. Cell loss rate (CLR) was nmeasured
by the loss of radioactivity of [1231] deoxyuridine-
labeled tumor cells. CLR of hypoxic and oxygenated
cells was nearly identical in untreated tumors. Hy-
perthermia alone had little influence on the loss of
oxygenated rells, but it resulted in a significant
loss of hypoxic cells. Hyperthermia in combination
with {rradiacion significantly enhanced cell loss of
hypoxic cells compared with frradiation alone. For
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hypoxic cells, a thermal entancement ratio of 3.3 and
1 super—additive factor of 1.22 was obtained. Repeat-
ed hyperthermia retarded ctumor g3growth onlv for a
few days, whereas fractionated radiation therapy Jde-
layed tumor growth according to the dose applied.
With combined treatment, the tumor was under control
for the complete treatment time and even for a long
period after the last treatment. Eight treatments of
5 Gy each combined with hyperthermia reduced tumor
growth mcre than 8 fractions of 8 Gy alone. Whereas
all animals given radiotherapy treatment died before
day 100, 13.32 of the animals given the combined hy-
perthermia treatment survived more than 100 days with-
out recurrence. Whereas 8 Gy given 8 x leads to se-
vere s3xin reactions, the combination of this amount
of radiation with hyperthermia induced almost no skin
damage. The .hermal. =2nhancement ratio of the frac-
tionated radintherapy combined with microwave hyper-
cthermia was aor2 thaa l.H,

0467 SFFECTS OF HEAT ON WOUND KHEALING [N MICE.

(Eng.) Martinez, A. (Div. Radiation Thera-
pv, Dept. Radiology, Stanford Yniv. Sch. Medicine,
Stanford, CA 94305), Faria, S. L.; Flores, S.; Hahn,
G. M. Natl Cancer Inst Monogr 51:307-309; 1982 (7
refs).

The effects of hyperthermia on wound healing in C3H/K
unice were studied in order to develop an easy and re-
oroducidle aodel of wound healing; to assess the ef-
‘ects of hyperthermia on wound healing; and to com—
pare the effects of water bath and rtadiofrequency
'RF) heating. Skin and underlying muscle from the
right hind thighs of C3H/K male =mice, l1-25 wk old,
Jeighing 30-40 g were excised leaving a surgical de-
fect | ca in diameter. Five minutes prior to exci-
sion, hyperthermia treatments were gziven at a fixed
temperatu-e of 45 T, either in a water bath or with
13.36 MHz rvadiofrequency, for periods of 10, 20, 30,
and +0 ain. Microscopic measurements of the excised
irea were recorded, and the percentage of mice with
50% of the wound healed versus days of follow-up was
alotted for analysig, For controls in which an {n-
cision was performed without prior hyperthermic
treatment, one-nalf of the mice had 50X of their
wounds healed {n 8.5 to 9.5 days. In a water-bath
control group (temperature kept constant at 37 C) the
healing time ranged from 7.5 to 10 days. However, as
the water bath temperature was f{ncreased to 45 C and
<ect constant for 10, 27, 30 and 40 =in, a delayed
healing tiqe was noted as treatment time {ncreased.
In the RF group, no significant difference was ob-
served between the control, 3roup treated at 37 C and
the mice treatad at 45 2.

ran8 INTERSTITIAL THERMORADICTHERAPY. (Eng.)

Manning, M. R. (Div, Radiation Oncology,
Jept. Radiology, Univ. Arizona dealth Sciences Center,
Tucson, AZ B5724); Cetas, T. C.; Gerner, Z. W. Natl
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Cancer Inst “Monogr %1:357-360; 1982 (9 reis).

T

The results of a phase I zlinical trial in whizh heac
“as cowmbined wizh interscitial {low dose rate) radia-
cion are described with =mphasis on response and
technical and physical aspects of heating. Twenty-
five patients (27 lesions) were treated using inter-
stitial implants to locally recurrent, accessidle
tumors heated by 0.5 MHz radiofrequency currents to
43-45 C for 30 min, with needle guides as zlectrodes.
They were subsequently irradiated with either 1921r
or 225Ra. All patients had failed previous conven—
ticnal treatments. In all hut one, a single hyper-
thermic treatment was gziven and the average dose of
low dose irradiation was under 3,000 rad over 50 %r.
No patient falled to respond, 63% achieved a complete
disappearance of tumor in the treated volume, and 377%
had partial response (50%<{volume reduction<id0%).
Duration of response varied from 2-30 mo and no pa-
tient showed regrowth at the site treated. A cumula-
tive summary of responses based on aistology and a
comparison of treatment results obtained using heat
alone, external heat + external radiation, and inter-
stitial radiation are presented. All but one of the
complications observed were considered ainimal; the
one serious complication was a vaginal-rectal fistula
that developed | mo after the implant. Other compli~
cations iacluding soft tissue vaginal necrosis, fatey
liquefaction, and proctitis healed spontaneously. It
is concluded that ianterstitial thermoradiotherapy is
both a safe and an effective means of treatment in
advanced or recurrent accessible disease. The tech-
aique of {mplantation, subsequent heating, and radio-
active after-loading make this procedure appliczable
to lntraoperative approaches in such diseases as un-
resectable pancreatic carcinoma, tumors of the gas-
trointestinal tract, and wunresectable ovarian dis-
ease.

0469 HYPERTHERMIA EFFECTS IN ANIMALS WITH SPON-

TANEOUS TUMORS. (Eng.) Giilette, Z. L.
(Comparative Oncology Unit, Dept. Radiology & Radia-
tion Biology, Colorado State Univ., Ft. Collians, CO
80523). Natl Cancer Inst Monogr 61:361-364; 1382 (i
refs).

Results of investigators who have used spoutaneous
canine tumors for evaluation of hyperchermia are
reviewed {or the purpose of designing appropriate
therapeutic protocols for treatment o>f animal tumors
ot use of that iaformation as a bdasis for human can-
cer therapy.

3470 MICROWAVE HYPERTHERMIA AND ZLECTRON 3EAM

THERAPY OF SUPERFICIAL TUMCORS OF HUMAN ORI-
3IN IN THE NUDE MOUSE. (Eng.) Cunningham, D. E.
{Dept. Radioiogy and Specfalized Cancer Res. Center,
ennsylvania State Univ. Sch. Medicine, Hershey, PA
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17033); Sharkey, F. Z,; Frey, R. A.; Strvker, J. A.;
Velkley, D. E. Natl Cancer last Monogr 51:385-389;
1982 (18 refs).

Seventy-six congenitally homozygous (aus/au) aude NIH
Swiss Webster mice were inoculated sc or id with
3x107 CMV-MJ-HEL-2, T-i1 czells along the dorsal =id-
iine. The cells were a strain of human embryo lung
fibroblasts transformed in vitro by human cytomegalo-
virus. Of the superficiali ctumors that developed
after a 19-day latent period, 25 were treated with
2,450z microwave hyperthermia (42.5 C for 20 my -’
followed by fractiorated electron beam ctherapy (54l
rad/fraction) (Group HE); 16 tumors received radia-
zion alone (Group E), 15 received only hyperthermia
Group H), and 153 served as controls {Group C). A
50% or greater reduction in tumor vol occured in 77%
of Group HE tumors, compared with 12X of Group E, 32
>f Group H#, and 20X of Group C tumors. Complete re-
gression was observed in 30% of Group HE tumors, as
opposed o 6% of Group E, 8% of Group H, and 7% of
Group C tumors. These results coafirm the efficacy
of combined heat and radiation treatment in a moder-
ately radioresistent cell line. The results are sig-
nificant because the cell line {s a virally trans-
formed human strain transformed by a human virus;
noderately radioresistant {n vivo, and in vitro; and
2ot significantly responsive %o heat or radiation
alone, and demonstrates metastatic capabilities typi-
cal of maligznant human tumors.

471 RESPONSE OF SPONTANEOUS ANIMAL TUMORS <TG

HEAT AND/OR RADIATION: PRELIMINARY RESULTS
OF A PHASE III1 TRIAL. (Eng.) Dewhirst, M. W. (Div.
Radiation Oncology, Dept. Radiology, Univ. Arizona
Health Sclences Center, Tucson, AZ 85724); Connor, 9.
G.; Moon, T. E.; Rotk, H. 3. Natl Cancer Inst Monogr
51:395-397; 1982 (10 refs).

Relative differences 1ia control rates and response
durations of spontaneous tumors in 13 cats and <l
dogs treated i{n a phase III randomized trial with
heat alone, irradiation alone, or heat plus irradia-
tion are reported. Animals were assigned to three
treatment groups and were stratified by histological
type of tumor. The histological types :treated in-
cluded melanoma (7), mast cell sarcoma (l3), mammary
adenocarcinoma (6), fibrosarcoma (l0), and squamous
cell carcincma (18). Heat treatments were ziven with
a 500-KHz radifofrequency power source by either za-
pacitive or resisitive coupling. Radiation therapy
was given by either 4- or 10-MV X-ravs, electroas, or
orthovoltage. The total tumor dose was +60 rad/frac-
tion given twice weekly for a total of 8 treatments.
A comparison of response rates among the three treat-
aent aras showed that the fraction of nonresponders
in the heat alone arm (53.3%) was significantly hizh-
er than {n the other 2 arms combined or the heat plus
irradiation arm alone. The relationship between tumor
size and response to therapy showed that heat alone
and irradiation alone resul-ed ian complete responses

Siolcgical Effects of vomon:izing Electromagnetic
Raaraton ViI(2-3) Juy 1383

only ia tumors less than 33 ca3. In contrast, <he
combination of the 2 modalfzles resulted in :zomplete
responses in 4 tumors that were larger than 30 cml.
The medlan response duration Zor neat alone wWwas .2ss
than 2 mo. This was significantly shorter cthan
chat for {irradiation alone or heat plus irradiation.
The ma jor complication was the dlevelcopment »f chird
degree burns f{rom the “eat treatments, which »occurred
in 30% of the sujects i{n both heat aras. YNo late
complications such as necrosis were observed. This
is the first randomized prospective =rial o show
that heat alone s i{neffective for long-term control
of most tumors.

0472 BICLOGICAL RATICNALE FOR 7JPTIMAL S3CHEDULING

OF HEAT AND IONIZING RADIATION: SLINICAL
RESULTS ON NECK NODE METASTASES. (Eng.) Arcangell,
G. (Istituto Medico e di Ricerca Scientifica, Via S.
Stefano Rotondo, 6, 00184 Rome, Iltaly); <Zividalli, A.
Creton, G.; Mauro, F.; Yervi, C. Narl Cancer Inst
Monogr 51:407-409; 1982 (8 refs).

A total of 101 neck node metastases from head and neck
cancer were selected from 47 patients and treated with
different multimodality schedules. Similar lesions
in each patient were treated with at least two modal-
ities. Patients were irradiated according to a muiti-
ple daily fractionated (MDF) protocol with 4 ar inter-
vals between fractions; 30/101 nodes were treated with
MDF alone. Multimodality treatment combined MDF with
the radiosensitizer Misonidazole (MIS: 22 nodes); with
hyperthermia (HT) induced by 500 MHz microwave radia-—
zion {27 nodes); or with MIS and 4T (20 nodes). Ia
the nodes treated by HT, a tumor core temperature of
42-43 C was delivered for 45 min to only sne lesion/
patient on days 1, 3 and 5 of each wk, immediately
after the second daily MDF treatment. Tumor response
at the end of 6 and 12 mo was compared. The best re-
sults were obtained in cases where HT was combined
with MDF or MDF + MIS. 1In these instances, actuarial
local control rates at 12 mo were 73% and and 807 of
the lesions, respectively. Little toxicity was ex-
perienced by patients treated bv HT + MDF. No en-
hanced skin reactlions were seen during ireatment or
follow-up {n patients treated with HT, though skill
and care are required to avoid burning the patient’s
skin.

1473 CLINICAL GEXPERIENCE WITH MICROWAVE AND

RADIOFREQUENCY THERMOTHERAPY IN THE TREAT-
MENT OF ADVANCED CANCER. (Eng.) Abe, M. (Dept. Radi-
ology, Faculty Medicine, Xvoto Univ., 34 Shogoin Xawa-
haracho, Sakyo-ku, 606 Xyoto, Japan); Hiraoka, M.;
Takahashi, M.; Ono, X.; Nohara, 4. Natl Cancer Inst
Monogr ».:wll-df4; (982,

Clinical experience using aicrowave (MW) and radio-
frequency (RF) chermotherapy in the treatment »>{ ad-~
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vanced cancer i3 presented. Hyvperthermia by 2450-MHz
MW radifation {n combination with radiocherapy was de-~
livered to !3 patients with superficial neoplasms and
weeastatic tumors in the reck. Tumors were no more
than 2 c¢m deep and 6 cm in diameter. In 10 patients,
hypertheramia to +1-43.5 € was administered for 20-40
ain vithin 10 min after irradiatiom, l-5/wk; complete
regression {CR) was seen in 3/1) patients, partial re-
agression (PR) ia 4, and no response in 3. In 3 pa-
tients, MW heat (3%2.3-43 C for 15 min) was applied be-
fore and after irradiation 5/wk; CR was seen in 2/3
patients and no response in l. To raise the tempera-
tures in middle and deep-seated tumors, an RF device
with an output >500 W at an inductor-capacitor oscil-
lator-generated frequency of !3.36 MHz was used to
conduct initial clinical trials on 9 patieats who had
idvanced superiicial tumors considered not amenable
o conventional treatment. Six patients who had de-
veloped recurrence after radiotherapy were treated by
RF hyperthermia alone (41-46 C for 30-60 min, &4 to 1J
treatments) and 3 were given radiation plus RF hyper-
thermia (41-44 C for 3-40 min, 2 to 10 treatments).
dnly 1| patient receiving RF hyperthermia alone ex-
perienced PR; no response was seen in 5/6. PR was
seen in 2/} patients treated with radiatioan and hy-
perthermia, and CR was seen in 1/3.

J47 s A PATHOLOGICAL STUDY ON INTRALUMINAL MICRO-

WAVE HYPERTHERMIA 1IN ESOPHAGEAL CANCER.
fZIng.) 2y, S. L. (Pept. Pathology, Inst. Medical
Sciences of Henan, Zhengchow, Henan, People’s Repub-
lic of China); Li, D. J.; 3hao, L. F.; Wang, C. Q.
Natl Cancer Inst Monogr 61:415-417; 1982 (3 refs).

Tissue specimens from 2! esophagectomy patients who
had bYeen treated with intraluminal microwave hyper-
thermia alone or in combination with radiation were
comparad with 20 surgical specimens treated with ra-
diation alone or that had received no treatment be-
fore resection. The main manifestations after hyper-
thermia were necrosis of paracancerous epithelium,
small round cell infilrration around the cancerocus
tissue, and damage of the interstitial vessels. o
speciiic histophathological changes were regarded as
hyperthermia-related, but the degree of tumor damage
“as more severe in the hyperthermia plus radiotherapy
3roup than that of the group receiving {rradiacion
only. While the histopathological changes in the hy-
perthermia and the control groups were different, no
specific reaction has been identified as being a hy-
perthermia-induced one.

2475 INTRALUMINAL MICROWAVE HYPERTHERMIA I[N THE

COMBINED TREATMENT OF ESOPHAGEAL CANCER: A
PRELIMINARY REPORT 3F 103 PATIENTS. (Eng.) Li, D. J.
(c¢/0 G. M. Hahn, Div. Radiobiology Research, Dept. Ra-
di{ology, 3tanford ford Jaiv. Sch. Mediczine, Stanford,
CA 94305); ¥ang, C. Q.; QMu, S. L.; Shao, L. 7. Natl
Cancer Inst Monogr $l:al9-421; 1982 (5 refs).
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Preliminary results of treatment of 1093 patieats with
esophageal cancer using intraluminal microwave hyper—
thermia and surgery (10 patients) or hyperthermia and
radiation (93) are reported. Tuwmor size was 5 cm or
less (36 patients), 5-3.9 cm (74), 9-15 cm (l!). Tu-
mors were localized by endoscopy or fluoroscopy. Hdy-
perthermia was I{nduced wich a 5-2m diameter microwave
antenna with an active length of (25 and 157 mm. The
antenna was 3-4 cm longer than the tumor. Treatment
temperature was above 43 C. Most patients underwent
treatment without discomiort when the 2sophageal tem—
perature was 43 C; they felt warm but had no pain at
45 C. At surgery, a hyperemic zone on the outer wall
of the esophagus and pleura was seen; extensive, small
round cell infiletration with stenosis and sbliteration
of bYlood vessels in t“he muscular layer of the resected
specimens were iadicative of tne effectiveness of the
hyperthermic Lreatment.

0476 COMBINATION OF HYPERTHERMIA WITH RADIATION

IN THE TREATMENT OF CANCER. I. PRELIMINARY
REPORT CON TWENTY-FOUR PATIENTS. (Sng.) Shen, R. N.
(Dept. Radiotherapy, Montefiore Hosp. and Medical Cen-
ter, l11 E. 210 St., Bronx, NY 10467); Wu, d.; Wang,
J.; Ku, H. Natl Cancer Inst Monogr 61:423-425; 1982
(3 refs).

Preliminary clinical resulzs in 24 patients with ad-
vanced cancer treated with 2450 MHz hyperthermia or
radiation therapy (2000-5000 rad) following hyper-
thermia are reported. In most hyperthermia treat-
ments, tumor temperatures reached 43 C or more. No
serious acute coampliciaticns of hyperthermia were ob-
served. An objective response was seen in 20/24 pa-
tients and 23/24 had subjective pain relief. Sever-
al complete tumor regressions were seen. The results
sugzest that hyperthermia enhanced the radiation re-
sponse.

0477 MODERATE WHOLE-BODY HVYPERTHERMIA IN COMBI~

NATION WITH CHEMOTHERAPY IN THE TREATMENT
OF SMALL CELL CARCINOMA OF THE LUNG: A PILOT STUDY.
(Eng.) Neumann, H. (Medizinisches Universitatsklin-
ik, Hugstetterstrasse 55, D-7300 Freiburz, W. Ger-
many); Fabricius, H-A.; Engelhardt, R. Natl Cancer
Inst Monogr 61:427-429; 1982 (19 refs).

Chemotherapy w7as combined with noderat2 whole dody hy-
perthermia (WBH) to treat 18 patients with small cell
carcinoma of the lung. A Siemens unit, which consists
of a Plexiglas cabin preheated with warm air up to 55-
60 C, was used to induce WBH. The patient rested on a
mattress in which a coil field electrode Is connected
to a 17-MHz generator. The target ceamperature (%d.5
+ 2.5 C) was reached in 40-90 min; iv injections of
adriamycin and vincristine were given at the selected
treatment temperature which was maintained for 1 hr.
WBH was administered ! to 5 times per patient -n day
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i of each 3-wk chemotherapy cvcle. Complete remis-
sion was seen in 9/18 patients, partial remission in
7, and no response in l; 1 patient with progressive
disease was 2xpused to WBH only once and was resistant
to chemotherapy and radiotherapy. No cardiopulmonary
complications, metabolic disturbances, skin burns,
aeurological lesions, or excessive bone marrow sup-
pression were seen after treatment. There was no evi-
dence of further distribution or stimulation of growth
of established metastases during combined treatment.
The procedure was well tolerated and appeared to be
safe. Preliminary data concerning duration of remis-
sion appearad to be encouragiag: 8/13 stage C ratlents
treated were In remission at S to 28 mo after treac-
zment (most between 7-9 mo) vs. an average of 6-8 mo
for patients treated with chemotherapy alone.

7478 TEMPERATURE-CONTROLLED CAVITY SYSTEM FOR

MICROWAVE IRRADIATION OF CULTURE CELLS IN
VITRO. {Zng.) Vaguine, V. A. (c/o McEuen, Radiation
Div., Varian Assnclates, Palo Alto, CA 943013); Giebe-
ler, R. 4.; Tanabe, E.; McEuen, A.H,; Hahn, G. M.;
Sapareto, S. A.; Li, G. C. Natl Cancer Inst Monogr
51:457=460; 1982 (b refs).

The effects of %00-1000 Mz electromagnetic fields on
cell cultures wera investigated under controlled tem-
perature using a cylindrical reentrant radiofrequency
(RF) applicacor. The RF applicator {s in the form of
a cvlindrical reentrant cavity, which is similar in
structure to a shorted section of coaxial cable line,
with a narrow gap introduced in the center conductor
near one end. The cavity can be tuned to resonance
by varying fts length; for the frequency range of 400-
1000 ¥MHz, che length is nearly a half wavelength (15—
35 2m). Microwave power (s coupled into the cavity
either by the coupling loop in the floor or by a ca-
pacitive probe inserted through the sidewall near the
top of the cavity. With 60-80 W of input power, the
power density in the sample is 135 to 185 W/cm3; peak
2lectric field intensity in the sample is about 150
V/cm. The temperature cf the sample holders is regu-
lated by circulating water. The experimental setup
for the temperature controlled RF irradiation system
includes an RF power signal source with a frequency
range of 0.2-3.0 GHz, and a saximum output power of
90 W. The system provides differential cooling for
the culture medifum, which i{s contained in the RF ap-
plicator cavity. This technique offers several ad-
vantages over previously published methods with res-
pect to absorbed power density, accuracy of tempera-
ture control and measurement, and efficiency.

J479 MICROWAVE DIRECT-CONTACT APPLICATOR SYSTEM

FOR HYPERTHERMIA THERAPY RESEARCH. (ing.)
VYaguine, V. A. (c/o McEuen, Radiatien Div., Varian As-
soclates, Palo Alto, CA 94303); Tanabe, Z.; Glebeler,
R+ 3+; McEuen, A. H.; Hahn, G. M. Natl Cancer Iast
Monogr Hl:461-464; (982 (3 refs).

A0

3:olcqical Eltects of Nomonmizing Electromagnetic
Raagiation V1112-4), July 1983

A direcc-tontact appli:ator svstem, designed as 2 con-
venient instrument for microwave hyperthermia therapy
research at 430 MHz on large laboratory animals, is
described. Three dielectric-loaded cylindrical ap-
plicator heads provide a range of field sizes from <
to 48 cm in diameter with the use of removable irises.
The polarization of the emitted radiofrequency (RF)
field can be varied continuously from linear to cir-
cular. Coolant i{s circulated through a thin chamber
on the front surface of the applicator; the surface
In contact with the body is a thin flexible membrane
that conforms closely to the skin contour. The RF
power 1s generated by an electronicallv tuned oscilla-
tor driving a 200-W solid state amplifer and Jelivers
energy at 430 MHz. Analysis of the heating pattern
produced in a stati: wmuscle phantom indicated that
the maximum temperature occurred apout 1.3 ca below
the surface, with the 30% maximum temperature point 3
cm below the surface. Maximum mezsurad leakage at a
power level of 100 W under the worst possible condi-
tions (with the applicator unterminated) was <J2.5 aW/
cal at a distance of ! m.

0480 HYPERTHERMIA INDUCTION 3Y 27~MHz PADIOFRE-

QUENCY IN CANCER THERAPY. {Eng.) Mendecki,
J. (Dept. Radiotherapy, Montefiore Hosp. and Medical
Center, Bronx, NY 10467); Friedeanthal, E.; Botstein,
C.; Sterzer, F.; Paglione, R. Natl Caacer Inst Monogr
61:465-468; 1982 (4 refs).

Experimental and clinical trials to induce hyperther=-
nia in deep-seated tumors with 27-MHz ridged waveguide
applicators are described. The open end of the zuide
is covered with a rubber membrane, and the guide is
filled with deionized water which serves to reduce the
overall size of the applicator. The i{nside of the ap—
plicator is divided into Plexiglas compartments that
permit placing the applicator in a horizontal posi-
tion without danger of rupturing the membrane. Ener-
gy is introduced from a 27-MHz generator with a vari-
able power output (0-560 W). Reflections of 27-MHz
power back into the coaxial input port are aminimized
by the use of two capacitive tuners. The applicator
is inserted into a speciaily constructed treatmen:
table. A saline-filled bag with an adjustable cen-
tral aperture is placed on the surface of the appli-
cator to circumscribe the area to be heated. Heat-
ing patterns were determined in pig muscle with nor-
mal bdlood circulation and in an artificial rectal tu-
mor in a dog. Patients with advanced tumors that in-
{included primary carcincma of the uterus, metastatic
carcinoma of the scapula Irom a primary lung carci-
aoma, and carcinoma of the prostate underwen: RF hy-
hyperthermia in conconjunction with or followiag a
course of radiotherapy. Varying degrees of pain re-
lief were reported and ao serious side effects were
noted.

N4l MICROWALS APPLICATNR TOR HYPERTHERMIC
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TREATMENT OF RETINOBLASTOMA. (Eng.) La-
gendijk, J. J. W. (Dept. Radioctherapy, Univ. Hosp.
Utrecht, Cathari jnesingel 101, 3500 CG Jtrecht, Neth-
erlands). Natl Cancer Inst Monogr 51:463-471; 1982
(5 refs).

A special microwave (MW) applicator made of flexible
silicone rubber was designed for hyperthermic treat-
ment of retinoblastoma at 2450 MHz. Power is deliv-
ered by a low impedance amicrostripline that encircles
the eye at a level just posterior to the lens. Only
207 of the power entering the stripline is absorbed
in the eve; 80X leaves the stripline and i3 absorbed
{n the load, which generates a nearly uniform power
absorption {n the eye along the stripline. MW ab-
sorption distribution was measured in eye phantoms.
A thermal, finite difference computer model of human
and rabbit eyes was verified experimentally in rab-
Sit eyes. Satisfactory temperature distributions
7ere obtained (entire retina, 42 C; lens <39 C). The
apparatus allows the entire retina and the vitreous
body to be heated to ctherapeutic temperatures without
heating the lens above 39 C, which (s considerably
lower than the cataractogenic temperature. Pracise
noninvasive measurement of temperaturzs ia the eye
is still a problem.

0432 HIGH-FREQUENCY TRANSMITTER FOR THE LOCAL-
1ZED HEAT TREATMENT OF THE PROSTATE GLAND.
{Eng.) Petrowicz, O. (Insc. CExperimental Surgery,
Technical Univ. Munich, Ismaningerstrasse 22, D-800C
Munich 80, W. Germany); 3cheidlich, J.; Crucius, A.;
Zchardt, W.; Wriedt-Lubbe, I.; Ultsch, 3.; Blumei, G.
Natl Cancer Inst Monogr 61:473-476; 1982 (5 refs).

An apparatus consisting of a 433.9 MHz, 200 W genera-
tor and a water-cooled 2 mm x 40 am cylindrical slot
antenna for localized heat treatment of the prostate
gland was investigated and the morphological changes
induced by the irradiation were characterized. The
cvlindrical cover of the antenna was 20 mm in diame-
ter and the temperature was lowered to 2-10 C by a
cooling system so0 that the maximum heat generated on
the applicator surface could be reduced. The pros-
tate glands of 35 mature dogs were irradiated trans-
rectally for 135-20 min by application of 35 to 75 W,
resulting {n temperatures of 41.5-48 C in the glands.
Yeat-induced damage of varying degrees to the rectum
and surrounding tissues depended on the amount of pow-
ar applied. Most of these effects could be eliminated
by slight modifications »f the transmitting and cool-
ing system. It was concluded that power rates of 30-
+0 W and cooling temperatures of 2-3 C would result
tn effective local hyvperthermia.

7483 MICROWAVE-INDUCED HYPERTHERMIA: AN IXPERI-
MENTAL ADJUNCT FOR 3BRAIN TUMOR THERAPY.
(Zag.) Samaras, 5. M. (Neuro-oncology Res. Labs.,
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MSTF6=~14, Dept. Radiation Therapy and 2iv. Neurologi-
cal Surgery, ‘niv. Maryland Sch. Medicine, Q0 S. Pine
St., Baltimore, MD 21201); Salcman, M.; Cheung, A, Y.;
Abdo, H. S.; Schepp, R. S. Nactl Cancer Inst Moncget
61:477-3482; 1982 (7 refs).

A minjature, implantable alcrowave (MW) antenna and
thermotherapy system was used for interstitial heat-
ing £{a cat and human brain. Adult cats were exposed
to 2450 MHz radiation delivered Yy a surgically-ia-
planted, flexible cable anteana. Heating and cooling
in normal feline brain was rapid. Except in places
of altered blood flow or tissue necrosis, the heating
pattern was nearly radially symmetricz. o remarkable
physiologic alterations were observed during fore-
brain heating. Wwhile controliling rectal temperature
and incre<sing temperature at Tthe antenna up to =3 7,
no significant alterations in >lood pressure, intra—
cranial pressure, or TKG were seen. Pupillary size
remained unchanged. Histological examination of sham
and MW-heated brain showed no significant difference;
in both, surgical edema was present probably due to
antenna insertion. For the most part, the results of
human implantation were similar to those obtained in
animals. Monitored arterial blood pressure, intra-
cranial pressure, and ZKG were virtually unchanged
during the 30 min of heating in the operating suite
and subsequent 60-min heating sessions A and %8 hr
later. Studies of the phvsical performance and phys—
tological impact of focal MW heatting in the foredrain
suggest that the implantation method is technically
feasible and a relatively simple methed for zliosblas-
toma treatment.

0484 SYSTEM FOR PRODUCING LOCALIZED HYPERTHERMIA
IN TUMORS THROUGH MAGNETIC INDUCTION HEAT-
ING OF FERROMAGNETIC IMPLANTS. (Zng.) Stauffer, P.
R. (Div. Radiation Oncology, Dept. Radiology, Univ.
Arizona Health Sciences Center, Tueson, AZ 85723);
Cetas T. C.; Jones, R. C. Natl fCancer Insi Monogr
61:483~487; 1982 (6 refs).

A magnetic induction heating svstem was developed %o
heat small ferromagnetic seeds surgically or stereo-
tactically imbedded in deep seated tumors. induction
fleld frequencies of 1.9 MHz (power, 65 and 300 W),
4.0 MHz (175 W), and 2.0 MHz (200 W) were used to heat
static and dynamic tissue equivalent phantoms, faline
muscle, and canine muscle in vivo, respectively. The
uniform temperature distributions seen in cat and dog
muscle agreed with results obtained in the phantoms.
The data indicated that implant ctemperature differ-
entials can be maintained within 1.3 x that reached
throughout the implanted region, regardless of tis-—
sue iahomogeneities. Implant arrays consisting of 1-
2 am stainless steei rods combined excellent heating
characteristics in a !.5-4.0 MHz wmagnetic Induction
flield with long-term biocompatibility. Power of 100~
300 W was sufficient to raise an implantable region of
any size to therapeutic temperatures safelvy in less
than 10 zin.

[ NP AR R S Ty P ST W N




Lol et Il

.‘ley'w

»
»
»
N

—

Current Literature

0435 EVALUATION CF AN INVASIVE MICROWAVE ANTENNA

SYSTEM FOR HEATING DEEP-SEATED TUMORS.
{Eng.) Strohbehn, J. W. (Thaver Sch. Zngineering,
Dartmouth Coll., Hanover, NH 23755); Tremblv, 3. S.;
Douple, Z. B.; de Sieves, D. C. Natl <JCancer Inst
Monogr 61:489-491; 1982 (6 refs).

A mathematical model was developed to predict temper-
ature distributions for a multiple antenna system in
which rumerous small microwave (MW) antennas are in-
serted into tissue or tissue phantom thrcugh hypoder-
2ic needles. A single MW source attached to a power
splitter usuaily feeds all the antennas simultaneous~
l7. A heat equation based on a two-dimensional model
that ignores heat flow along the axial direction of
the 4antennas w7as solved by the Alternating Direction
Method. Blood flow and metabolic effects were not in-
cluded in the model. Isotemperature concours were
calculated and plotted for a frequency of 1.0 GHz,
and antenna circles with a radius of 1.414, 2.12, and
2.828 ¢m, and 3-5, 4-6, and 3-8 antennas, respective-
ly. TFor an antenna circle with a radius of 1.414 co
and 4 antennas, temperature reached therapeutic levels
7+1-35 £} withia !5 ain; cthe diameter of the heating
volume was 3 cm. Tive and eight antennas, respect-
ively, were required o produce + ana 7 ca heating
volumes within 15 min.

2436 JEEP HEATING OF CYLINDRICAL OR ESLLIPTICAL

TISSUE MASSES. (Eng.) Turner, P. F. (BSD
Medical Corp., 420 Chipecta Way, Salt Lake City, UT
341C8). MNatl Cancer Inst Monogr 51:493-495; 1982 (3
refs).

A new technigue for producing uniform heating to the
center of large tissue magses, f.e., thorax and ab-
domen, i3 described. The prototype BSD applicator is
an annular phased array composed of radiating aper-
tures operated in the transverse electromagnetic (EM)
mode. The patient lies inside a central opening; a
water-filled bolus or biadder placed between aperture
walls and patient Improves energy coupling, stray-
fi{eld level, and surface-temperature control. The
radiation field of the array is a cylindrically con-
vergent transverse tM wave with the electrical field
polarized along the cylindrical axis. Measured cyl-
{ndrical cross-section heating patterans in a homogen-
eous mscle-equivalent phantom are shown, Tempera-
ture rise during rapid heating was monitored at 31
positions within the phantom. Some nonsymmetry was
observed attributed in part to the phantom’s ellipti-
zal shape. Heating experiments with the annular
phased array were conducted on a 240-pound pig with
chest and pelvic Jdimensions simflar to those of an
idult man. A therapeutic temperature of 42.5 C was
aaintained for 30 ain 3-4 cm desp in chest and abdom-
inal regions. Yo resuiting {1l effects were observed
ia the animal for 6 dayvs following the treatment.
The animal was cthen killed to study heating patterns
in the absence of blocod circulation. The thoracic
teating natzern (794 W for 9.3 ain) showed heating in

8i0i0gicai Effects of Noemorizing Electiremagrenc
Radiation VN(Z2-$), Juy 1983

the esophageal region 75 Se twWize rhat 3¢ Tissues
outside the rib cage. In the central lung irea, Ine
heating rate was !.2 times -hat »f the outer -issues.
Rapid heating (2,200 W far 4.7 =min) of the pelvis re-
sulted in a uniform pattern. The lowest entral tem-
perature rise was "0% of the maximum at 3 :m depth. I
{s concluded that therapeutic neating :in bde ichieved
even in deep tumor sites.

T

0487 HYPERTHERMIA INDUCTION B8Y AN ARRAY ©F INVA-

SIVE MICRCWAVE ANTENNAS. {Zng.) Tremoliv,
3. S. (Thaver Sch. Engineering, Dartmouth Coli.
danover, NH 73733); Stronbenn, J. W4.; de 3ieves, D.
Z.; Douple, Z. 3. Natl Cancer Iast Monogr 49::=+97-33C;
1982 (3 refs).

Temperiture distributions produced by an array of four
insulated antennas radiating at 2 GHz were neasured
in brain phantom, human brain at autopsy, and =uscle
tissue of a living dog. A 3~cm (side length) array
was used for the cadaver and dog tissue, and I-, 3-,
and 4-ca arrays were used in the phantom. The Iime
required for the temperature to reach therapeutic
range increased rapidly with increase in array size;
thus square arrays (i.e., & antenna arrays) of zreater
than 3 ¢cm/side may not be clinicalily useful. Although
heating a cadaver bY%rain was similar to neating bBrain
phantom, blood flow in living tissue greacly increased
the power required to produce therapeutic Gtempera-
tures. Steady-state power levels needed o maintain
a 6.5 C antenna temperature were /.3 4 for phantom,
10 W for cadaver, and 2C W Zor living dog muscle.

0488 DOSTMETRY OF INTERSTITIAL THERMORADIOTHERA-

PY. (Eng.) Cetas, T. C. (Div. Radiation
Oncology, Dept. Radiology, Univ. Arizona Health Sci-
ences Center, Tucson, AZ 85724); Hevezi, J. M.; Man-
aing, M. R.; Ozimek, E. J. Natl Cancer Inst Monogr
A51:505~507; 1982 (5 refs).

The dosimetry 1iavoilved in one method of producing
combined insterstitial heat and radiation treatments
for accessible tumors is described. The techaique
employs a modified electrosurgery unit {3500 xHz) with
an appropriate matching network as a power sourze and
conventional catheter-mounted thermistors with a dig-
ital multimeter for thermomet:y. aAn array of Ll7-
gauge hollow needles is inserted througn a Plexiglas
template {nto the tissues ‘up to 15 cm deep) so that
the tumor volume is encompassed. The array, deter-
mined by the template, can be either of circular or
rectangular symmetry. Thermistors also are inserted
through the template. Radicfrequency power i{s ap-
olied to heat resistively the tissue between the nee-
dle a2lectrodes. A typical Ireatzent is 44 T for 30
min. Following the heat treatmert, the needles are
after-loaded with 1921r seeds. The thermal dose is
determined from :temperature zeasurements 4and compatad
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" wizh analvti:zal and phantom models which use measured
thermal and electrical parameters. Cooputed radia-
tion isodose curves are based on actual seed loca-
tions determined from the needle arrangement and from
othtogonal projection radiograohs. It is concluded
that interstitital thermoradiotherapy is safe and er-

fective for treating patients with advanced local

iisease.

Ju89 THERMAL DOSIMETRY DURING HYPERTHERMIA.
{Eng.) Jzimek, 2. J. (General Products

Jiv., IBM Corp., 74B/061-2, Tucson, AZ 85744); Cetas,
T. C. Y¥atl Cancer Inst Yonogr 51:509-512; 1982 (6
refs).

Maximun therapeutic bYenefit from hypertherais in can-
cer treatment requires knowledge of temperature pro-
files throughout the heated tissue volume. The bio-
heat esquation relates internal energy change rates 1o
heat generation and dissipation processes. Energy
deposition and subsequent temperature distribution
can be pradicted if electrical conductivity and per-
aittivicy and effective thermal conductivity are
known. The in wvivo thermal properties of wvarious
normal tissues 1in laboratory minipigs as well as in
humans Jere m@easured. Temperatures were measured
with calibrated thermistor probes at several points
in tissues heated with microwave and with water bath
techalques, and the results were incorporated in a
numerical solution of the bioheat equation. Tempera-
ture profiles determined for minipig thighs heated at
2,350 and 915 ¥Hz showed good agreement between meas=—
ured and sredicited remperatures; blood Zlow was the
only adjustable parameter. At 2,450 MHz, the tissue
blood perfusion rate yielding the best tmeperature
depth profile agreement was 0.0010 g of blood/cm3 of
tissue/sec.

3690 THERMAL DOSIMETRY SYSTEM WITH BLOOD FLOW
SIMULATION. (Eng.) Sandhu, T. 3. (Div.
Radiacion Oncology, Cniv. Utah Coll. Medicine, Salt

Lake City, UT 864132),
513-515; 1982 (7 refs).

Natl Cancer Inst Monogr 6l:

A dynamic phantom system was ‘eveloped for studying
temperature distributions r-o‘uced by external heat
sources in tissue-equivalent iaterials under Jdiffer-
ent 5iood flow conditions. The system 1s designed
for use with noninvasive heat transducers, such as
direct-contact, amicrowave waveguide applicators or
ultrasound transducers. The dynamic phantom consists
of a Plexiglas chamber divided {into three compart~
nents: the top compartment is filled with liquid
saintained at 37 7 to simulate in vivo conditions;
the second contains foam through which the lijuid
ilows; and the third i3 3 thermal insulator. Thermo-
touples aeasure temperature it iifferent poiats in
the foam. Tlow is simlated in 2ne direction {along
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zhe positive x-axis), but zemperature distribution in
the presence of counter flow can be obtained by data
nanipulation. Measurements at three flow rates [0,
200, and 300 wl/min) were made for a 915-MHz applica-
tor (35 W4 for 5 min). The zero {low curve showed 23
slight assymmetry due -0 heat conduction to the cham-
bder’s lower portion, whereas the liquid temperature
was kept at 37 C. At significant flow rates, peak
temperature position was depressed (positive x direc—
tion), and temperatures beyond the applicator dimen-
sions were significantly greater than 37 C. Under
counter flow conditions, temperature distributions
were significantly altered near edges of the applica-
tor field. At depths of 1 =m or areater from the
applicator face, there was a decrease in zemperature
but no change in the pattern. Limitations of the
system are summarized.

0491 PULSED MICROWAVE THERMOMETRY: AN ALGORITHM
FOR THERMAL PERTURBATION. (Eng.) Loshek,
D. D. (Section Medical Physics, Marshfield Clinic,
Marshfield, WI 54449)., Natl Cancer Inst Monogr bHl:

517-520; 1982 (no refs).

A pulsed microwave (MW) diathermy system that uses
ordinary thermistor temperature sensors is presented.
Temperature signals from the thermistor sensors are
sampled under computer control during the "off" state
of the pulsed MW generator. These temperature sig-
rals are compared with the desired temperature, and
the duty cycle of the microwave generator is adjusted
to vield regulation about the preset temperature.
Because blood perfusion produces rapid cooling of
locally heated tissue, the computer has been pro-
graomed to produce a MW pulse lasting from 0 to 300
msec once each second. A residual perturbation of
the temperature signal often interferes with the
measurement during this short period. The nature of
this residual perturbation was investigated by analy-
sis of the temperature signal from a thermistor probe
placed in a piece of plastic tubing through which wa-
ter at a constant temperature was flowing. Altera-
tions of the temperature signal could in this manner
be attributed solely to the microwave perturtation of
the sensor and not to MW heating of the environment.
Perturbation wmagnitude increased with length and
energy of the pulses. The perturbation decayed ex-
ponentially with a time constant that was independent
of pulse length but that increased with water flow
rate through the tubing. The computer algorithm pre-
sented herein in conjunction with sufficiently fast
theraistor probes may enable pulsed temperature mea-
surements with a wider variety of microwave equipment
and clinical situations.

1492 COMPUTER SOLUTICN FOR APPLICATOR HEATING

PATTERNS. (Eng.) Turner, P. F. /3SD Med-
ical Corp., 420 Chipeta wav, Salt Llake <Citv, 7T
34138); Xumar, L. Natl Cancer Inst Monozr Hl:51l-
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523; 1982 74 refs).

A mathemacical solution Is presented to the problen
of predicting heating patterns in tissue located in
3 aicrowave applicator’s near-field region. The sol-
stion was used zo obtain information regarding the
effects of frequency, applicator size, aperture field
distribution, and low-loss bolus materials on pene-
tration depth and heating patterns. The model solu-
rion was extended to both flat surface and cylindri-
cal apertures and to 4 new array aplicator. Heating
satzerns were predicted for each at many different
frequencies. A significant finding was the limited
oenetration depth of radiative applicators. By cor-
recting for non-homogeneous losses, reflection, and
refraction, accurate power absorption rate predic-
tions can be obtained for living systems. When cou-
sled with the blood heat-flow dvnamics of the body,
cemperature rise can be predicted.

3493 RAPPORTEUR SESSION: HEATING TECHNIQUES.

(Eng.) Durney, C. H. (Depts. Electrical
Zngineering and Bloengineering, Univ. Utah, Salt Lake
City, UT 84112)., Natl Cancer Inst Monogr 61:525-528;
1982 (no refs).

3asic problems and the state of the art in hyperther-
mia production and measurement techniques and the con-
tributions presented at the Third International Sympo-
sium: Cancer Therapy by Hyperthermia, Drugs, and Ra-
diation held at Colorado State University, Fet. Col-
lins, Co, June 22-26, 1980 (National Cancer Institute
Monograph 61) are summarized. The material presented
is based on a summary presented by the author in a
session devoted to discussion of the poster papers omn
heating techniques and on cthe resulting discussion
by the audience.

0494 THE FUTURE OF HYPERTHERMIA. Bag.) Tubi~

ana, M. (Dept. Radiation, Institut Gustave-—
Roussy, !6 bis avenue Paul-Vaillant Couturier, 94800
7illejuif, France). Natl Cancer Inst Monogr 61:539-
543; 1982 (19 refs).

Differences in response to heat of human tumors are a
ma jor obstacle to thermotherapy progress. Xenografts
of human tumor {a nude mice or preferably {n nude
rats may provide an effective tool for the study of
those bSiological factors which amay influence the ef-
fect of heat on 3 tumor or a normal tissue. Probably,
shysical factors are the most important sources of
difference. The development of a unit Jose embodying
the amount of heat transferred to the tissues as well
as quality factors {s a goal for the future. However,
the relationships between heating time and tempera-
ture required to produce various blological effects
are open :to discussion, and presentlv there {s 10
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substitute to the recording of both temperacure 'ad
time. The search for optimal scheduling requires
wnowledge of dose-effect relationships for bSoth nor~
mal tissue tolerance and tumor regression. The de-
velopment of small size probes and of aoninvasive
thermodosimetry {is a prerequisite for widespread
clianical use of hyperthermia. Heat alone constitutes
an important modality of hyperthermia but its use as
routine palliative therapy 1is still unwarranted.
Treatments shculd be aimed at the {dentification of
those tumor types which are responsive to hypertherm-
tia, and they must be considered as clinical investi-
gations conducted within controlled clinical trials.
Attention should be given to the reporting of heating
techniques. The rate of h"eating must be precisely
stated. For each patient, the spatial and :temporal
temperature distributions must Ye given as well as
the method used for temperature monitoring., Each
tumor should be described precisely and the treatment
effects assessed quantitatively both on tumor and
normal tissues. Immediate as well as late side ef-
fects should be recorded. Treatment by heat alone
also provides a good opportunity for assessment of
the effects of manipulation of pH or of blood flow.
Znhancement by heat of radiation effects is critical-
ly dependent on the time and sequencing. For an in-
terval between heat and radiation of ! hr or a few
hours, potentiation is obtained. Ar 24 hr, the bio-
logical effects of the two modalities are independent
and purely additive. The combination of heat and ir-
radfation has been used mainly for palliative treat-
ment of large t{noperable tumors ot for metastases.
As soon as an adequate temperature monitoring system
is available, coantrolled trials on potentially cur-
able tumors zan begin. Hyperthermia shows svnergism
with many drugs for both normal and neoplastic cells.
Because heat has no harmful effects on bone marrow,
1t could be delivered bdetween chemotherapy cycles
when leukopenia and thrombopenia prevent extended
radiotherapy. Zven when chemother:py is combined
with local radiotherapy, hypertheraia might allow
reduction of the radiation field and/or Jdose.

0495 CHANGES IN B8LOOD COAGULATION AFTER LUNG

SURGERY AND EXPNSURE TO A CONSTANT MAGNETIC
FIELD. (Rus.) Novikov, lu. A. (Dept. Hosp. Surgerv,
Medical Inst., Ivanovo, USSR). anesteziol Reanimatol
(3):21-23; 1982 (4 refs).

Potentially favorable effects of postoperative expo-
sure %0 a constant magnetic field (CMF) were studied
in 184 patients (146 men, 38 women; 30-50 vr old) sub-
iected to lobectomy or pneumonectomy. The patients
were divided into two zroups: Group ! (130 patients)
received conventional postoperative analgesia with
narcotic substances, while Group 2 {34) received ap-
plications of 2-3 magnetic plates at the site of the
surgical incision and on the thoracic rvteglon of the
spinal column. CMF produced pain relief in 413 of
the patients. Tests of blood coagulation showed mark-
ed inhibiction of fibrinolysis with simltaneous acti-
vation of “lood coagulation in Sroup l. The pati-
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ents in Group 2 showed normalization of the hepa-
rin level, fibrinolytic activity, and time of throm-
boplastin formation. Improvement of blood coagula-
tion indices was not correlated with cthe analgesic
effect of CMF. It was concluded that the negative
charge 3acquired by the bHlood-formed elements after
exposure to CMF naintains cthem in a suspended state
and prevents sequestration and sludging.

Ti%6 MORPHOLOGICAL CHARACTERISTICS AND THE MECH-
ANISM OF 3IOLOGICAL EFFECTS OF MAGNETIC
FIZLOS. (Rus.) Toroptsev, I. V. (Dept. Pathology,

Medical Iast., Tomsk, USSR)}; Taranov, S. V.
Patologii 44(12):3-12; 1982 (96 refs).

Arkhiv

Ziterature data on the mechanisa of diological effects
of magnetic fields are reveiwed. Numerous studies
confirmed the zreater biological activity of alternat-
ing and pulsed magnetic fields compared with constant
aagnetic fields. 3iological parameters of nagnetic
fields include the intensity, gradient, direction of
the vector, duration of exposure, and frequency. Zven
short-term exposure to magnetic fields was shown to
oroduce marked aorphological changes in the nervous
and endccrine svstems. Morphological changes in the
cardiovascular system after exposure to wmagnetic
fields were characterized by circulation disorders,
iancrease in capillary permeabiliry, development of
.aterstitial edema, dystrophy, and necrosis of vascu-
lar walls. CExposure to weak and moderate zTagnetic
fields (intensity of 20 to 7,000 De) produced swell-
ing of Kupffer cells, increase in the proliferative
pool and mitotic activity of eaterocytes {n the small
intestine, and increase in the metabolic activity of
liver ai - small intestine cells. The mechanism of
bSiological action of amagnetic filelds 1is associated
with primary {nteractions between :the magnetic field
and the Yiological substance, reception by the bio~

logical osbject of the magnetic field, and response
of the bilological object to the magnetic field.
3497 MAGNETIC SUSCEPTIBILITY OF SINGLE HUMAN

ERYTHROCYTES. (Rus.) Kondorskii, £. I.
{Physics Dept., M. V. Lomonosov State Univ., Moscow,
USSR); Norina, S. B.; L 'tivinchuk, N. Y.; Shalygin, A.
M. Biofizika 26(6):1104-1106; !981 (8 refs).

A method »f 1easuring the nagnetic suscepeibility of
isoiated human erythrocvtes is described. The move-
3ent of erythrocytes in a hetergeneous magnetic Zleld
3f thin ferromagnetic wire (8 x !9i9 12/23) was moni-
tored by a2 specially designed movie camera. Analysis
of the distribution of erythrocytes and the relation-
ship bSetween the magnetic susceptihility and the ve-
locity of erythrocytes showed that the magnetic sus-
ceptibilities cf ervthrocytes contaiaing methemoglo-~
Sin, deoxyhemoglobin, and oxyhemoglobia were (0.34

=3.05)710%, 0.46 = 2.330/10%, and (=).75 + 0.05)/10°,
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respectively.

0498 MAGNETIC SUSCEPTIBILITY CF RHODOSPLN.

(Rus.) Vilenchik, M. M. [{Inst. Biological
Physics of USSR dAcad. Sclences, Pushchino, Moscow Re-
zion, USSR). Biofizika 27(1):31-36; 1982 (3l refs).

To test the hypothesis that the physical mechanism of
biological effects of a constant magnetic field is as-
sociated with the anisotropy of magnetic susceptibil-
ity of prot2in molecules, the anisotropy of rhodopsin
molecules in photoreceptor membranes was calculated.
Assuming that the anisotropy of rhodopsin is deter=-
ained Sy orientation of aromatic amino acids and pep-
tide bonds, it was calculated that cthe majority of
the external segments of the retina were orlented
along the force lines of the magnetic field with an
intensity of approx. 30 Ges (5.4 x 103 aA/m). Dura-
tion of the orientation of the external segment of
the frog cone was approximately 10 sec for a field of
intensity of 8 x 03 A/m and approximately 24 hr for
fields of threshold intensity (6.4 x 103 aA/m). Po-
tential applications of the observed orientation of
protein molecules in constant magnetic fields include
cancer chemotherapy (administration of liposomes con-
taining an antineoplastic agent and feromagnetic fill-
ar) as well as inhibition of tumor zrowth in the mag-
netic anisotropy of aembrane proteins from normal and
tumor calls.

0499 SFFECT OF HIGH-FREQUENCY ELECTROMAGNETIC
FIELDS ON TETRAPHENYLBORATE TRANSPORT
THROUGH BILAYER LiPID MEMBRANES. (Rus.) Alekseev,

S. I. (Insz. Biological Physics, USSR Acad. Sciences,
Pushchino, Moscow Region, USSR); Tilazhelov, V. V.;
Faizova, L. Kh.; Chertishchev, V. V. Biorizika 27

(1):162~163; 1982 (8 refs).

The effects of high-frequency electromagnetic fields
(7.9 GHz) on the transport of tetraphenvliborate (TPB)
ions through the bilayer lecithin membrane. ‘ere stud-
ied in scdium chloride solution. TPB transport was
established by changes in the saturatin current. The
increise in the membrane saturation current was pro-
portional to the electrolyte concentration and to the
specific absorbed power (up to 200 W/kg), and did not
depend upon TPB concentration (within a 10=3-i07% ™
range). <The increase in the electrolyte temperature
by 10 C resulted ina 1.3-70ld increase in the satura-~-
tion current. These findings indicated that the ef-
fects »f nigh-frequency electromagnetic fields were
associated with local heating of the electrolyte laver
adjacent to the membrane.

n50C THE ABSENCE OF ZFFECT OF MAGNETIZ 7
SN SODIUM, POTASSIUM LON-DEPENDENT AT
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(Rus.) Savich, M. L. (Res. Inst. 3iological Testing
of Cheaical Compounds, Kupavna, Moscow Region, USSR);
Shcheglova, M. V.; Raikhman, L. M.; Xuznetsov, A. N.
3iof{zika 27(3):532-533; 1982 (8 refs).

To evaluate the direct effects of magnecic fields on
sodicam, potassium ion-dependent ATPase, the 7Tembrane
preparation of enzyme isolated from bovine brain was
axposed 0 an electromagnetic Zield (EMF) with in-
ductance of up to .,500 mT. The experizments were con-
ducted 3t 15 C, 20 C, and 37 C. Sodium, potassiunm ion-
dependent ATPase activity was estimated by the amount
ot raleased inorganic phosphate. DJuration >f 2xposure
w“as 15 min., SExposure zo IMF did not affect enzyme ac-
tivizv, Michaelis cornstant Zor ATP, activacion con-
stants for sodium and potassium ions, or Hill coeffi-
cients Zor ATP and ions. It was concluded that ZNF
with inductance of up zo i,500 2T had no direct effect
sn isolated anzyme preparations, and that the changes
in active transport after exposure to IMF were associ-
atad ~with the 2ffect on regulators of sodium, potas-
sium fon-dependent ATPase.

2591 MECHANISM OF MICROWAVE EFFECT ON CONDUC-

TANCE OF BILAYER LIPID MEMBRANES. (Rus.)
Alexseev, S. I. (lnst. {ological Physics, USSR
Acad. Sciences, Pushchino, Moscow Region, USSR); Cher-
tishchev, 7. V.; Kim, Tu. A. Biofizeka 27(3):345=546;
1982 {7 refs).

The eifects of aicrowave radiaclioan (MW) on the con-
ductance >f amodified bSilayer lipid membranes (BLM)
were studied. Changes ia the conductance of 3LM mod-
ified with awmphotericin 3, gramicidin C and tetra-
phenylborate showed a linear relationship with the
specific absorpcion rate (SAR) and was proportional
to the changes in the temperature. Temperatures of
the 3LM equivalent to the changes in the conductance
after exposure to a SAR »of 200 W/kg were 7.2 C for
3LM nembranes modofied with amphotericin B, 6.3 C for
gramicidin C-modified 3LM, and 6.2 C for tecraphenyl-
borate-modified 3LM. It was concluded that the me-
chanism of MW effects was associated with local heat-
ing of 3LM.

502 NONTHERMAL EFFECT OF EXTREMELY HIGH FRE-

QUENCY PULSES OF NANOSECCND DURATION ON
TRANSEPITHELIAL TRANSPORT OF SCDIUM IONS. (Rus.)
Jdeviatkov, N. D. (Inst. Radio Engineering and Zlec-
tronics of USSR Acad. Sciences, Moscow, JSSR); Cher-—
nov, Z. S.; Betskii, 2. V.; Novskova, T. A.; Putvin-
skii, A. Y, Biofizixa 27(3):352-354; 1982 (5 refs).

Nonthernal effects of pulsed microwave (MW) radiation
an the transepithelial traasport of sodium ions were
studied in isolated frog skin. The MW source was a
NS generacor(id nanosec pulses, peak power JJ oW, and

nH
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3 cm wavelength,. Zxposure >f sela 3specizens 3 W
[ 3
- J

oulses resulted in reversibdle iczivat

traasport. The increase in the Zransepiznelial sodi-
um transport could be associiated Jith tne lncrease 1n
sodium, potassium-dependent ATPase 135 well as zhe ia=

crease in membrane permeaoility.

Cs03 HYDROLYSIS 2F GLCBULAR PROTEINS WITH TRYP-~

SIN IN A STRONG MAGNETIC FIELD. (Rus.,
Yazarova, N. M. (Res. Iast. 3iological Testing of
Chemica ! Compounas, Xupavna, Moscow Rezlon, USSR);
Livshits, V. A.; Anzin, V. 3.; Veselago, V. G.; Xuz~

. 3.
netsov, A. N. 3Biofizika 27(4):720-721; 1982 (8 refs;.

To evaluate possible physicn-chemical mechanisms of
siological effects of magnetic Zi{elds, hydrolysis oI
various globular proteins with trvpsin was studied in
a1 strong {up to 19 T nagnetic field. Incubation of
crypsia with serum albumin 5r with cmethemoglobia re-~
sulted {n an approximately +8% vield of the hydrolysis
products. Xinetics of hydrolysis after exposure to a
nagnetic field with inductance of 1.4 or 10 T did not
differ Zrom that in control. The magnetic field also
did not affect the rate of proteolysis with the use
of immobilized trypsin. These findings indicated zhat
strong magnetic “lelds had no effect on the xinetics
of hydrolysis of globular proteins.

0504 THE ABSENCE OF ZFFECT JF A MAGNETIC FIELD

ON OXYGEN SOLUBILITY IN AQUEQUS SOLUTIONS.
(Rus.) Ushakova, T. V. (Res. Inst. Biological Te <~
ing of Chemical <Compounds, Xupavna, Moscow R« -
USSR); Liwvshits, V. A.; Xuznetsov, A. N. 3iot.
27(5):757-761; 1982 (10 refs).

To evaluate whether the potential mechanism of biolo-
gical activity of magnetic flelds (MF) is associated
with changes i{n solubility or molecular mobility of
paramagnetic oxygen the rate of oxygen solubility in
distilled water or in an aqueous solution of sodium
chloride was studied. Zxposure of solutions o per—
manent MF with Inductance of 0.35 T did not change
oxygen solubility in distilled water or in the elec-
trolyte soiution. The absence of an effect on oxygen
solubility was observed for both homogeneous and he-
terngenecus MF with gradient of 10 T<«/m. These find-
ings indicated that the MF of an order of 2.0 T did
not alter the rate of solubilizv and the coefficients
af oxvgen diffusian.

1565 SCAR  3ASALCMA FOLLOWING MIRCOWAVE THERAPY.

(Ger.) Ipoen, H. (Universitats-Yautklinik,
3400 Gottingen, W. ermanv). Derum Zeruf Tawel:z 30
(2):60; 1982 (2 refs).
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A 57-vr-old woman presented with a basal cell carci-

~

noma which had developed in a burn scar on her back.
The burn resulted from exposure of the metal hooks on
her brassiere to microwave radiation during treatment
5 vr earlier. The patient was not aware that the bura
had occurred until the followiag morning when she ex-
serienced slight discomfort. This case serves as a
reminder that skin burns can be caused by therageutic
use of 10-300 MHz and 2430 MHz radiation if the skin
comes into contact with metal during treatment.

iS008 MAJOR RESEARCH ON THE BIOLCGICAL EFFECTS
OF MICROWAVE RADTATION IN THE USSR (Rus.)

Shandala, M. G. (Xiev, USSR); Rudnev, M. I.; Stoiam,
7inogradov, G. I. Gig Sanit (10): 4-7; 1981

. ;
(20 refs).

Studies of the biological effects of low intensiry (l=-
1,900 uwW/cm2) microwave (MW) radiation conducted in
zhe USSR are reviewed. Characteristic features of the
Soviet investigations include prolonged (up to sever—
al 2o0), daily exposure (from several hr/day to 24 hr/
day) of different animals with follow-up examinations
Zor 1-3 mo after completion of the irradfation. Anal-
s8is of adaption reactions after exposure to MW indi-
cate that power Slux densities of 3500 and 50 uW/cm?
zaused certain changes in the central nervous system
and ia the immune system, while MW at 10 uW/cm? stiam-
ulated adaptation reactions (subthreshold levels) and
W at | and 5 uW/cmZ failed to induce any functional
changes. Examinations of humans with occupational
exposure to MW revealed functional and neurological
thanges. The incidence and severity of the observed
zhanges depended upon the duration of exposure, the
wavelengtn, and the type of electromagnetic fileld
{pulsed or continuous).

0507 FUNCTION OF THE HYPGCPHYSEAL~ADRENAL SYSTEM

AFTER EXPOSURE TO DIFFERENT REGIMENS OF
ALTZRNATING MAGNETIC FIELDS OF INDUSTRIAL FREQUENCY.
(Rus.) Udiatsev, N. A, (Medical Inst., Tomsk, USSR);
doroz, V. V. Gig Tr Prof Zabol (12):54-56; 1982 (16
refs).

To determine the maximum permissible levels of expo-
sure to alternating magnetic filelds (AMF: 20 aT) of
industrial frequency (50 Hz), albino male rats were
sybjected to either continuous AMF exposure (for a
period of several sec to 7 days) or to interrupted
AMF exposure (15 ain/day or 6.5 hr/day for 7 days,
ar 15 min with 2-hr Latervals between exposures). The
effects of AMF were estimated by the functional actl-
vity of the hypophysealadrenal svstem. Continuous
exposure to AMF resulted in increased blood levels of
Ii-hydroxsketosteroids, an increase in the levels of
adrenocorticotropic hormone (ACTH) ia the pitultary
zland and in the blood, and {a an i{ncrease of sterotd
levels in the myocardium. The effects of AMF during
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interrupted exposure Jdepended <upon the periodicity
and duration »>f exposure. Prolonged repeated expo-
sures (A.5 hr/day for 7 days) produced marked innhibi-
tion of the corticotropic function of the picuitary
2zland and of steroid hormone synthesis ia the adre-
nal glands.

0508 ELECTRIC POWER TRANSMISSION LINES AS A

SOURCE OF ELECTROMAGNETIC FIELDS AND THE
PROBLEM OF ENVIRONMENTAL HYGIENE., (Rus.) Dumanskif,
Iu, D. {Res. Inst. General & Community Hygiene, Kiev,
’SSR); Andrienko, L. G.; Gordynia, N. P.; Liubchenko,
S. A. Hyglene of Residential Areas (20):18-22; 1981
(no refs).

To evaluate the health hazards associated with elec-
tric power transmission lines, the biological effects
of an industrial frequency (50 Hz) electric field were
studied in albfno rats and human volunteers. Chronic
exposuTe of animals to electric fields with intensi-
cies of 5000, 2000, 500, and 100 V/m produced marked
changes in animal behavior, hyperemta of eye and na-
sal mucosa, decrease in blood cholinesterase activity
and SH-group content, increase in urinary excretion
of l7-ketosteroids, inhibition of oxidative phospho-
rylation, aad changes in braia, nyocardium, liver,
xidney, and thyroid tissues. The minimum effective
intensity after exposure for 24 hr/day for 4 mo was
1000 V/m. The nminimum effective intensity after 2
hr/day exposure for 4 mo was 7000 V/m. Examination
of human volunteers expased to an electric field 2
hr/day for | mo demonstrated the safety of an inten-
sity of 5000 V/m. It was recommended that the maxi-
mum permissible exposure levels shouid be established
at the level of 0.5 kV/m for 24 hr/day exposure, S
¥V/m for short-term exposure (< 2 hr/day), and 153 kV/
m for sporadic exposure.

0509 EFFECT OF 350-Hz LECTROMAGNETIC FIELD
ON FORMATION OF COMPLEX CONDITIONED RE-
FLEXES IN ALBINO RATS, (Rus.) Bezdol ‘naia, I. S.

(Res. Inst. General & Community dygiene, Kiev, USSR).

Hygliene of Residential Areas (29):22-25; 1981 (7
refs).
Potential biological effects of electromagnetic

fields (EMF) of industrial frequency (50 Hz) were in-
vestigated in albino rats. The animals were subjiected
to daily, 6-nr exposure to EMF of 20, 15, and 10 kV/a
iatensity for 4 mo. The effects of the EMF were es-
timated by the latent period of food-motor reflex and
escape reaction. Zxposure %o 50-Hz EMF affected the
interaction of stimulatlion and inhibition processes
in the cerebral cortex. The changes in -he latent pe-
riod of conditioned reflexes depended upon the inten-
sity of IMF and the duration of exposure. During the
first mo of exposure, all animals showed elongation
>f the latent periods, while during the third mo of
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exposur2, only the rats expoused td I10 and !5 kV,/m IMF
showed signif{cant decrease in the ldtent period.

3510 EFFECTS OF AN EXTREMELY HIGH FREQUENCY

ELECTROMAGNETIC FIELD (2,375 MHz) ON VAR~
I0US FUNCTIONAL AND MORPHOLOGICAL PARAMETERS IN ONTO-
GENESIS. (Rus.) Shandala, M. G. (Res. Inst. General
and Community Hygiene, Kiev, USSR); Rudnev, M. 1I.;
Obukhan, E. I.; Akimenko, V. Ia.; Chernen’xii, N. N.
Hygiene of Residential Areas (20):26-29; 1981 (5
refs).

Age-related charactertistics of sensitivity to eax-
sremely-high frequency (EHF) electromagentic <Zields
{EIMF) were studied in voung, mature, and old albino
rats. The ZHF EMF was generated bv a Luch-58-1 ap-
paratus (2,375 MHz, 50uW/cam<). The animals were 1r-
radiated with the EZ-component of the ZIHF IMF. Zxpo-
sure to EHF EMF produced marked physiological changes
indictaive of the stimulation or inhibition of the
central nervous system. Old rats showed a marked in-
crease in the threshold of galvanic skin response.
Old rats also showed the greatest increase of rec~
tal temperature (by 4.1 C, compared with 2.1 C and
3.9 C in young and mature rats, respectively). The
effects of EZHF EMF on the bone marrow included in-
crease in lymphocyte count, release of neutrophils,
and subsequent hyoplasia of immature precursors of
granulocytopiesis. The hematopoietic changes in ma-
ture and old rats were more pronounced than those in
young animals.

ns1i IMMUNOLOGICAL AND  HEMATOLOGICAL Z=FFECTS

OF LOW-INTENSITY =XTREMELY-HIGH FREQUENCY
ELECTROMAGNETIC FIELDS. (Rus.) Vinogradov, G. I.
(Res. Inst. General and Community Hyglene, Kiev,
USSR); Gonchar, N. M.; 3elonozhko, N. G.; Zhelezniak,
A. A.; Vinarskaia, E. I. Hygiene of Residentilal Areas
(20):29-33; 1981 (3 refs).

The effects of low-intensity microwave (MW) radiation
on various Immunological and hematological indices
were studied {n guinea pigs and in random-bred albinoc
rats. The animals were subjected to daily MW {rradi-
aticn (2,375 MHz, wavelength of 12.6 cm, power £flux
density of :5C0, 50, 10, 5, and | uW/cml; 7 hr/day,
for 30 days). MW at 500 uW/cam? and 50 uW/cal caused
inhibiticn of rthe phagocytic function of the neutro-
phils, while MW at a lower power flux density produced
stimulation of phagocytosis. MW at 300 and 50 uW/cml
caused aoarked Inhibition of cellular i{mmunity esci-
mated by ophytohemagglutinin-induced reaction of T-
lymphocvtes Slast-transformation. MW at 50 uW/caml in-
duced formation »f autoant{bodies agailnst the bdrain
and liver. Cytochemical studies showed significant
increase In glvcogen conteat and alkaline phosphatase
activity in the peripheril blood neutropnils of the
animals 2xoosed zo MW at !0 and 50 uW/cmi. MW at 590
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uW/cm resulted in a transient inhiditicn of neutro-
phil cytochemical activity.

3512 HYGIENIC EVALUATION OF A 20-22 xHz ELEZCTRO-

MAGNETIC FIELD (ELECTRICAL COMPONENT).
(Rus.) Kochergin, S. M. (Res. Inst. General and Com~
munity Hyvgiene, Kiev, USSR). Hygiene of Residential
Areas (20):33-36; 1981 (no refs).

To evaluate potentflal health hazards of 20-22 xHz
electromagnetic radiation emitted bHy an EZlextronica
induction furnace {(maximal intensity of 60 V/a was
recorded at a distance of 9..-0.15 = from the edge
of the furnace), random-bred albino rats were exposed
to an electric field of 5, !, and 0.5 «V/m. The elec~
tric field was generated by a parallel-plate capaci-
tor. The animals were subjected to three exposures of
180 and 45 mia each. Zxposure to the electric fileld
at intensities of 5 and ! «V/o caused prograessive in-
hibition nf cerebral cortex activity {(increased la-
tent period of conditioned reflexes, decreased re-
sponse to a positive stimuli), decrease in respoases
to electric stimulation, decrease in muscular eandu-
rance, decrease in blood urea and nitrogen concentra-
tions, decrease in cytochrome oxidase activity, in-
crease in blood glucose level, decrease in liver zgly-—
cogen levels, and increase in ascorbic acid levels.
An electric field with an intensity of 0.5 kV/m failed
to induce changes in the physiological and biochemical
parameters tested. These findings indicated that the
intensity of 3.5 %V/m can be accepted as a maximum
permnissible exposure level.

9513 CONDITIONED REFLEXES IN ANIMALS EXPOSED <O

LOW INTENSITY PULSED G:=SXTREMELY HIGH FRE-
QUENCY ELECTROMAGNETIC fIELDS. (Rus.) Zotov, S. V.
(Res. Inst. General and Community Hygiene, Xiev,
USSR). Hyglene of Residential Areas (20):36-39; .981
(3 refs).

To evaluate the health hazards of modern radiolocation
systems, albino rats were subjected to continuous ex-
posure to pulsed electromagnetic fields (ZIMF) with a
3-cm wavelength and intensities of 40, 25, and 10 uW/
cml. The biological effects of EMF were estimated by
the changes in formation of the conditioned food re-
flex. Exposure to IMF at 40 uW/cm? resulted ia pro-
gressive increase in the latent period of conditioned
reflex. EIMF wita intensities of 25 and 10 uW/cal
fajiled to induce significant changes in the formation
of food reflexes. These findlings indicated that low-
inteasity EMF can have 4n unfavorable effect on the
central nervous system.

514 COMPARATIVE CHARACTERISTICS JF THE 3IGLOGI-
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CAL EFFECTS OF 3-cz AND  B8-um  ZLECTROMAG-
NETIC FIELDS. (Rus.) Los’, I. P. (Res. Inst. Gener-
al and Community Hygiene, Kiev, USSR); Tomashevskaia,
L. A,; Nikitina, N. G. Hygiene of Residential Areas
(20):39-44; 1981 (3 refs).

The results of factor analysis of biological effects
of 3-cam and 8-1 electromagnetic fields (EMF: pulse
duration of 1.2 usec, sample frequency of 800 Hz,
bell-shaped pulses) are reported. Random-bred rats
were irradiated 12 hr/day for 4 mo; the power flux
densities were 5, 60 and 115 uW/cm? for 3-cm EMF and
53, 100 and 140 uW/ca? for 8-am IMF. The biological
activicy of EMF was estimated by an integral D-para-
meter, which characterized the probability of normal
functioning of an organism. The battery of cests con-
ducted ! mo after completion of EMF exposure Lncluded
determinations of skin galvanic response, physical
endurance, emotional stimulation, »lood complement
activity, plaque-formation, residual blood nitrogen
concentration, cholinesterase activity, saturation
of Fe-transferrin, cytochrome oxidase activities in
liver and brain mitochrondria, succinate dehydrogen-
ase activity in brain mitochondria, and ceruloplamin
activizy. Regression analysis indicated that 3-cm
IMF produced more significant biological effacts than
8-mm EMF. At an equal density and an equal duration
of exposurz, the 3-um EMF were approximately sixfold
more effective than the 3-mm EMF. These findings con-
Zirmed the biophysical data on the greater penetra-
cion of 3-cm EMF compared with zhat of 8-mm microwave
radiation.

53153 ZFFECT OF EXTREMELY-HIGH FREQUENCY ELECTRO-
MAGNETIC FIELDS ON BACTERIA. (Rus.) Ped-
enko, A. I. (Dept. Nutrition, Hygiene and Microbiolo-

gv, Inst. Public Nutrition, Kharkov, USSR); Belitskii,
B. I.; Lerina, I. V.; Makeev, lu. V.; Kutashev, V. N.
izv Vyssh Ucheb Zaved Pishchev Tekhnol (5):54~56; 1982
(no refs).

The sterilizing effect of extremely-high frequency
(EHF) =lectromagetic fields (EMF) was studied in sus-
pensions of various bacteria. The EHF EMF were cre-
ated by a continuous wave GZ-10A 2375 MHz generator
w#with output power of 3 W. The viability of the irra-
diated cultures was compared to those of heated and
intact suspeansions. The viability of an Escherichia
coli suspension after 30 sec to 20 min exposure to EHF
EMF was 2-3 x lower than that after conventional heat-
iag to 29-56 C. A complete sterilizing effect was
achieved after 3-min exposure and a tesmperature of 46
C. A similar decrease {n viability i1fter exposure
to EHF EMF was observed {n cultured Staphvlococcus,
Pseudomonas aeruginosa and sporogenous Baciilus sub-
tilis.

2516 ROLE NF POLARIZATION AND REZOMANCE

IN VAL~
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CATINN OF BIOLOGLZAL
NETIC RADIATION., (Rus.)
tion given). Kosm 3iol
1982 (16 refs).

LFFTECTS OF ZLICTRCMAG-
Galkin, A. A. ‘no affilia-
Aviakosa Med 10(2):34-37;

To provide a amore correct approach to the evaluation
of biological effects of electromagnetic radiation
(EMR), the relationships between the absorbed Jlose
and polarization and resonance of the biological za-
rerials were analyzed. It was shown that 4 human bedy
can be considered as a homogeneous ellipsoid of rota-
tion and that this model provides a sufficiently ac-
curate estimate of effective absorption surface. The
parameter of relative absorption coefficient was shown
to reflect the resonant properties sf ibsorbed IMR 2y
biological matertals.

0517 EFFECT OF LOW-INTENSITY ILECTROMAGNETIC

FIELDS ON HUMAN AND ANIMAL EZRYTHROCYTES.
(Rus.) Shabaev, V. P, (no affliation given). Xosao
8iol Aviakosm Med 16(3):91-92; 1982 {7 refs).

Biological effects of low-intensity electromagentic
fields (EMF) were studied in suspensions of human and
rat erythrocytes. The erythrocyte suspensions were
stored in 3 lead housing that provided a 100-200-fold
reduction of the Earth’s EMF. The effects of Earth
EMF were estimated bv oxygen concentration in Ringer
solution and by osmotic hemolysis. Erythrocyte sus-
pensions stored in the shielding housing showed an
increase in oxygen content (by 8% compared with that
{n erythrocytes exposed to the Earth’s EMF). =Zlectro-
phoresis of erythrocyte extracts showed the presence
of three protein fractions, compared with one fracticn
in erthrocytes exposed to Earth EMF. It was suggested
that the mechanism of the shielding effect is associ-
ated with changes in the structural characteristics
of {ntracellular and extracellular water.

0513 CONSTANT LOW-FREQUENCY ZLECTRIC AND
TROMAGNETIC FIELDS (BIOLOGICAL EFFECT, dY-
GIENE EVALUATICN). (Rus.) Davydov, B. 1. (no affil-
iatlon given); Karpov, V. N. Kosm Biol Aviakosm Med

16(5):18-25; 1982 (27 refs).

ZLEC-

In an effort to establish the maximum permissibla ex-
posure levels for atmospheric electric and electzo-
nagnetic fields, literature data on the biological
affects of low-frequency (LF) electromagnetic fields
(EMF) are reviewed with special attention to the expo-
sures of airplane pilots. The degree of bilological
activity of EMF is directly related to its frequency,
the integral power of all sources of radiation, regi-
men of irradiation, duration of exposure, and the dis-
tance from the source of radlation. The dosizetric
approach should bde based upon relative biological ef-
fectiveness of absorbed a2nergy for the entire spez-
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trum. Marked increase of the specific conductivity
of biological tissues after irradiation with {re-
quencies of 10%-105 Hz can be explained by chain-
like involvment of intracellular water into ion form-

ation. The energy of electromagnetic radiation ab-
sorbed by biological <tissues is transformed inato
thermal energy. For frequencies up to 10 MHz, the

size of a human bSody {s small comparad with the wave-
length, so that the human body can be considered as
a aomogeneous ellipsoid conductor. Calculation of
the levels of irradiation with EMF at frequencies of
zp to 3 x 108 Hz indicated that exposure to natural
sources of IMF is relatively safe.

J519 PHYSICAL FACTORS OF THE ENVIRONMENT as A
HYGIENIC PROBLEM. (Rus.) Shandala, M. G.
(A. N. Marzeev Res. Inst. General and Community YHy-

giene, Kiev, USSR).
15; 1981 (23 refs).

Vestn akad Med Nauk SSSR {l):9~-

Potential public health hazards of =mechanical, ther-
2al, optical, electric, magnetic, electromagnetic and
ionizing environmental factors are briefly discussed,
with special emphasis on establishment of maximum per-
nissible exposure levels (MPEL). The biological ef-
fects of a static electric fleld included reduced sen-
sitivity to various stimuli, reduced skin blood sup-
2ly, and inhibition of the reduction-oxidative pro-
cegsses in the skin. The MPEL of static electrical
flelds after chronic exp~sure was recommended at 20
«7/m., Biological activity of microwaves at thermal
(> 1 2W/cm2) and nonthermal levels included changes
in the nervous, cardiovascular, and i{mmunological sys—-
tems. Prolonged exposure to an industrial frequency
2lectromagnetic field (50 H#z) induced changes in the
functional state of the central nervous system, an-
dncrine system, cardiovascular system, and reproduc~
tive svstem. The MPEL for industrial frequency elec~
tromagnecic fields was recommended at < 1,000 V/a.

13520 3IOLOGICAL AND THERAPEUTIC EFFECTS OF MI-
CROWAVES. (Rus.) Obrosav, A. M. (Central
Res. Insz. Balneology and Physical Therapy, Moscow,

USSR); Krylov, O. A. Vopr Kurortol Fizioter Lech Fiz
Kult (2):1-8; 1982 (no refs).

Therapeutic applications and the mechanism of action
of alcrowave (MW) radiation are reviewed. 1a Soviet
literature, both decimeter~band waves (100-10 ca) and
centimeter-band waves (10-1 cm) are classified as ex~-
tremely-high fraquency waves, while ultra~high fre-
quency waves include only electromagnetic fields
#ith 3 wavelength of 1-10 m. The effect of VW on bio-
logical materiais includes a thermaal component, which
jepends upon the power {lux density, and a nonthermzal
ot specific component. 4ost of the therapeutic appli-
cations of MW are based upon their thermal 2ffects.
MW are characterized by significant penetration and

Biologicai Efrocts of Nomomizing Eieciromagnetic
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absorption in the tissues and 7he thermal effects of
MW are measured by total or local specific ibsorpcion
rates. Absorption of MW energy also depends upon the
orientation of the electric field, grounding, and re-
flecting surfaces. Irradiation of animals rthat have
a systen of active thermoregulation (dogs) was shown
to produce less marked increase in brain temperature
than the {rradiation of animals that do not have a
cooling system (rabbits). Decimeter~band waves with
moderate power flux density (80 aw/cml) were Zound to
reduce blood pressure, while MW with a higher power
flux density (400 mW/cm2) were found tc induce gas-
troduodenal uicers. Decimeter-band waves and siae-
aodulated currents were found to stimulate dopamine
content in the cerebral cortex and i{a the caudate nu-

cleus. Local irradiation of the adrenal glands or
whole body Lirradiation at extremely low power flux
density (1l aW/em?) stimulated reiease of glucorti-

coids and thus {inhibited the {mmune response., The
nonthermal effects of MW radiation observed at re-
latively low power flux densities (< L0 =W/cml) were
associated with changes in the structure of intra-
cellular water, and, in turn, with changes in proteia
contormation.

0521 ZFFECT QOF DECIMETER-BAND WAVES ON THE FUNC-
TIONAL STATE OF THE CARDIOVASCULAR SYSTEM
AND VARIOUS IMMUNOLOGICAL AND BIOCHEMICAL INDICES IN
PATIENTS WITH MYOCARDIAL INFARCTICN DURING THE RECU-
PERATION PHASE. (Rus.) Sorokina, Z. I. (Central
Res. Inst. Balneology and Physical Therapy, Moscow,
USSR); Poshkus, N .B.; Tupitsina, Iu. Iu.; Volkova, L.
P.; Shublna, A. V.; Krasnikov, V. €. Vopr Kurortol
Fizioter Lech Fiz Kult (2):9-13; 1982 {9 refs).

Therapeutic efficacy of decimeter-band waves was stud-
led in 142 men with myocardial infarction. The deci-
meter-band waves were produced by a Volna-2 zenerat.r
(output power of 20 and 30 Ww). Of i42 patients, ICl
received i{rradiation of the Dy.y region, 5 >f the
Dxi=Liy region, and 16 of the posterior surface >f the
shins. The patients received dailvy, !C-min radiation
treatment (l0=15 applications per Zreatzeant :ourse).
The recuperation period was complicated by angina pec-
toris attacks (79.86% of the patients) >5r “v sporadic
extrasystoles (75%). Favorable effects o>f decimeter-
band waves included increase in the aerobie capaci:iv
of the heart, decrease ia aypoxia zone {(normalization
of ST segment), improvement of enerzy metabolism, de-
crease in the titer of anticardial antibodies and IzG
level, and decrease in enzyme activities. The best
results were achleved after {rradiation of the J._y
region at 40 W.

1522 IMMUNOSUPPRESSIVE AND IMMUNOSTIMUATING E£F-
FECTS OF DECIMETER-3AND WAVES DURING THE
PRIMARY IMMUNE RESPONSE. (Rus.) Bogoliubov, V. M.
(Central Res. Inst. Balneology and Physical Therapy,

I. M. Mechnikov Res. Inst. Vaccines and Sera, Moscow,
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USSR); Frenkel’, I. D.; Pershin, S. 8.; Ponomarev, lu.
T.; Sokolova, 2. A.; Zubkova, S. M.; Xuz’'min, S. N.;
Salenchik, A. I.; Xozlova, N. ¥. Vopr Kurortol FTizi-
oter Lech Fiz Kule (2):13-17; 1982 (10 refs).

Immunological effects of decimeter—-band waves {DBW)
were studied in zale rabbits immunized with thymus-
dependent ancigen of sheep erthrocytes. The 460 MHz
DBW were zenerated by a Volna-l apparatus with a con-
tact ceramic irradiator (4 cm in diameter) at power
flux density of 120 aW/cm?. The inimals were irradi-
ated for & amin/day for 10 days. Group | was irradi-
ated in the thyroid gland region and Group 2 in the
adrenal gland regions. The animals were immunized
after two or six exposures, or on day 10 after com-
pletion of irradiations. The immune response was es-
timated by the number of antibody-forming cells in
r7e spleen and by a titer of serum hemagglutinins.
The effect of DBW on the primary immune response de—
sended upon the site of irradiation and the time pe-
riod between {rradiation and immunization. Irradia-~
tion of the thyroid gland region during the induction
of immune response had an immunosuppressive effect,
while irradiacion !0 days prior to antigen administra-
zion had an immunostimulating effect. In contrast,
irradiation of the adrenal gland regions produced in-
hibition of the immune response, regardless of the
iming of antigen adaministration.

1523 EFFECT OF DECIMETER-BAND WAVES ON TEMPERA-

TURE OF THE BRAIN AND THE ADJACENT TISSUES
(EXPERIMENTAL STUDY). (Rus.) Malikova, S. N. (Ex-
serimental Dept., Central Res. Inst. Balneology and
Physical Therapv, Moscow, USSR); Malyshev, V. L.;
3alakireva, V. ¥N.; Gorban’, L. G. Vopr Kurortol Fiz-
toter Lech Fiz Kult (2):18-25; 1982 (34 refs).

The effects of dJecimeter-band waves (DBW) on body
temperature regulation were studied in phantoms, rab-
bits, and dogs. The DBW were generated by Romashka
and Ranet apparatuses with contact {rradiators (40 am
in diameter), output power of 5, 15, and 25 W, and
power flux density of 400, 1200, and 2000 mW/cml, re-
spectively. The site of Lrradiation was the parleto-
temporal region. The temperature of the brain and
the adjacent tissues was measured by a thermocouple.
In the nhantom, temperature was azeasured at depths of
5, 15, 20, 25, and up to 50 mm; temperature was found
to decrease with depth. Increased duration of expo-
sure was associated with increased heat emission and
thus with 2 decrease {n the rate of temperafure zala.
“easurements of Yrain and skin temperature in rabbits
and dogs indicated that increases {n temperature de-
sended upon distance from the DBW source, duration of
exposure, and the power flux density. The {increase
{n Srain temperature in rabbits was significantly more
pronounced than in dogs.
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03524 EFFECTS OF DECIMETER-BAND WAVES AND SINE~

MODULATED ~URRENTS 7N NUCLEAR DNA CONTENT
IN BRAIN NEURONS (SXPSRIMENTAL STUDY). (Rus.) Mik-
hailik, L. V. {(Lab. Physiology, Z«perimental Dept.,
Central Res. Inst. 3alneology 2ad Physical Therapy,
Moscow, USSR). Vopr Kurorzol Fizioter Lech Fiz Kult
(2):22-25; 1982 (7 refs).

The effects of decimeter-band waves (DBW) alone and in
combination with sine-modulated currents (SMC) on DNA
content in sensorymotor cortex and caudate nucleus
neurons were studied in male Wistar rats. DBW were
generated by a Volna~l apparatus with a 4-ca irradia-~
tor at a power flux density of l10 mW/cml (3 ain/dav,
for 10 days). SMC were generated by an Amplipuls-)
apparatus (30 Hz, carrier frequency of 5 xHz, 100%
modulation, 2=3 mA current; 20 min/day, for 20 days).
The DBW were applied to the head and SMC were appliad
to the femur ragion. Combined exposure consisted of
irradiations with SMC for the first 13 days, followed
by DBW for 3 min and SMC for 20 min during the next
10 days. DNA content was measured cytospectrophoto-
metrically. Single and repeated applications of DBW
did not affect DNA distribution in the sensorymotor
cortex and caudate nucleus neurons. ingle applica-
tions of SMC also did not affect DNA content in the
neurons. Repeated applications of SMC resulted in a
significant increase in DNA content in the neurons >f
the sensorymotor cortex, while DNA content in the neu-
rons of the caudate nucleus did not differ from zhat
in controls. Combined exposure to JBW and SMC en-
hanced polyploidization of neurcns of the sensorymeotor
cortex (DNA content of 3.96 units, compared with 3.39
units in controls) and to a lesser degree of tne neu-=
rons of the caudate nucleus (3.44 units, comparad with
3.16 unizs In controls).

1525 THE EFFECT CF BRAIN IRRADIATION WITH DECI-

METER-BAND WAVES ON AUTONOMIC SUNCTIONS IN
HYPERTENSION (EXPERIMENTAL STUDY). (Rus.) Golins-
kaia, M. S. (no affiliation gziven). Vopr Xurortol
Fizioter Lech Fiz Kult (2):25-28; 1982 (8 refs).

The effects of decimeter-band waves (LCBW: wavelength
of 65 cm) on the autonomic nefvous system were stud-
ied in Wistar rats with immobilization-induced hyper-
tension. DBW were generated by Romashka and G-4-373
apparatuses (power flux density of 30 and 400 aW/cal).
The functional activity of the autonomic nervous svs-
tem was evaluated by aotor activity, maxioum Slocd
sressure, heart rate, and energy aetabolism. Irra-
diations of the brain region with DBW resulted in de-
creased blood pressure (130 and 108 am Hg after expo-
sure zo 80 and 400 mW/cml, respectively, compared with
158 am Hg {n controls). The decrease in blood pres-—
sure after irradiation at 80 aoW/cm¢ was issociated
with mild inhibition of motor activity, decrease in
energy metabolism, and decrease in heart and respira-
tion rates. Irradiactions at higher power Zlux densi:y
(500 aW/cm?) produced hemorrhages in the ayocarifum,
brain, and small intestine mucosa, disorders of the
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atrioventricular conduction, and marked inhibition of
energy metabolism (7/20 rats died after the seventh
irradiation). These fiadings indicate that the use
of DBW in the treatment of hypertension should be lim-

ited to irradiations at low power ¢lux density.
3526 DECIMETER-BAND WAVES IN COMBINED TREATMENT

OF PATIENTS WITH INSUFFICIENCY OF CEREBRAL
CIRCULATION. (Rus.) Strelkova, N. I. (Central Res.

Inst. Balneology and Physical Therapy, Moscow, USSR).
Vopr Xurortol Fizioter Lech Fiz Kult (2):28-31; 1982
(11 refs).

Therapeutic efficacy of decimeter-band waves (DBW) was
evaluated in patients with Parkinson’s disease (Group
1), in patlents with complications of brain injuries
(Group 2), in patients with spasctic hemiparesis due
to cerabral ischemia (Group 3), and in patieants with
transient cerebral ischemia (Group 4). The DBW were
generated by a Volna-2 apparatus. The output power
was 20-4C W in Group l, 20-30 W in Groups 2 and 3, and
20 W in Group 4. The patients received daily, 10-15-
min irradiacions (10-15 applications per treatment
course). Exposures to DBW resultad ia marked improve-
nent of cerebral circulation, formation of collateral
c¢irculation, and improvement of dopamine metabolism.
irradiations of the cervical region were more effec-
tive chan irradiations of the occipital region.

3527 ZXPOSURE TO CENTIMETER-BAND WAVES WITH SUB-
SEQUENT ELECTROPHORESIS OF NICOTINIC ACID
IN COMBINED TREATMENT OF PATIENTS WITH COMPLICATIONS
OF YIRAL ENCEPHALITIS. (Rus.) Ezhova, V. A. (Res.
Inst. Physical Therapy and Medical Climatology, Yal-
ta, USSR); Xunitsina, L. A.; Kornienko, E. G.; Lesh-
chinskaia, N. P.; Cherfus, I. S.; Guz, S. la. Vopr
Rurortol 7izioter Lech Fiz Rult (2):32-35; 1982 (8
refs).

Therapeutic efficacy of centizeter~band electromagne-~
tic fields alone and in combination with electropho~
resis of aicotinic acid was studied in 200 patients
(80 men, 120 women; 20-40 yr old) with complications
of viral encephalitis. All patients had manifesta-

tions of cerebral circulation disorders. The cen-
timeter-band waves were generated by an apparatus
Luch-58 (output power of 20-40 W). <Electrophoresis

of nicotinic acid was carried out by sine-modulated
current {5000 Hz, (0-15 mA current, 7 modulation):
the active electrode was placed in the region of the
Cyi-ypr: and Dp_pyy vertebrae and the second electrode
was placed on the extensor surface of the right fore-~
arm. One hundred patients were exposed to the centi-
neter-bdand waves {n combinacion with nicotinic acid
alectrophoresis and 50 patients received irradiations
#ith centimeter-band waves alone (controis). Combined
treatment resulted in marked lmprovement of :linical
and neurnliogical syaptons: headache disappeared in
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57% of the patients (comparad wi:zn %67 3f :ontrols),
A5% stopped complaining of iizziness {(versus 532% of
controls), 71% showed normalization of sleep [versus
58% of controls). Normalization of rhecencepnolagra-
phic indices was observed in 30% of -he patients <no
received combined =~reatment and in 53% of controls.
Combined treatment resulzed in normalization of bdlood
heparin level and in normalization of the urinary ex—
cretion of catecholamines.

0528 ZFFECT OF DECIMETEZR~BAND WAVES DN IMMUNOLO-
GIC REACTIVITY OF PATIENTS WITH GSTEOAR~
THROSIS DEFORMANS. (Rus.) Daliaov, Z. A. (Jept. Phys-—
ical Therapy and Balneology, Inst. Advanced Training
for Physicians, Tashkent, USSR); Alimova, M. Tu. Vopr
Kurortol Fizioter Lech Fiz XKulit {2):31-52; :982 {(no
refs).

The effects of decimeter~band electromagnetic field
(DB EMF) on indices of non-specifi: immunity w~ere i{n-
vestigated in 60 patients (22 =men, 38 women; 35-55 vr
old) with osteocarthrosis deformans. The JB :IMF was
generated by a Volna=2 apparatus (output power of +0-
50 W). The patients received daily 3-10-nmin irradi-
ations of the involved joints (a total of 16-10 irra-
diations). The DB EMF treatment produced local anal-
gesic effect 1n 80% of the patients, reduced inten-
sity of inflammation in 72%, and improved the peri-
pheral circulation in 74%. Two-thirds of the patients
showed normalization of blood protein fractions, Jde-
crease of C-reactive protein concentration (from :.347
to 1.02 units), and decrease in ervthrocyte sedimenta-
tion rate (from 28 to 16). Treatment with DB EMF pro-
duced significant decrease {n the titers of autoanti-
bodies to the synovial membranes, to the heart, ton-
sils, kidneys, liver, and spleen. These indings were
indicative of a high efficacv of DB EMF in comuined
treatment of patients with osteoarthrosis deformans.

0529 DECIMETER~BAND THERAPY WITH THE USE OF
TRANSPORTABLE APPARATYSES. (Rus.) Shurik-
hina, L. A. (Central Res. Inst. Balneology and Phys-

ical Therapv, All-Union Res. Center for Motherhood
and Childhood Protection, N. N. Burdeanxo Zhief “ili-
cary Clinical Hosp., Moscow, USSR); Strugatskii, V.
M.; Ushakov, A. A. Vopr Kurortol Fizioter Lech Fi:
Rult (2):68-69; 1982 (no refs).

Therapeutic applications of Romashka and Ranet (DMV-
20) rtransportable apparatuses generiti.g decimeter-
band waves (460 MHz, wavelength 65 :2) are described.
Characteristic features of these ipparatuses include
relatively low autput power (17-20 W) and relativelw
small size of the contact irradiators 1T, 20, and
00 am); the 20-mm {rradiator !s used for latravagi-
nal applications, while the +0-am i1ad [JC-mm (rradia-
tors are ipplied to the skin. The “ransportaple deci-
Detar-band wave generators are effective 10 tne tredt-
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2ent of bronchial asthma, nonspecific bronchopulmo-
nary diseases in children, stomach and duodenal ul-~
cer, neuralgia of the trigeminal nerve, acute neuri-
tis of the facial nerve, lumbosacral radiculicis, sub-
acute and chronic pyelonephritis, subacute and chronic
uterine inflammations, hematoma, tonsillitis, otitis,
inflammation of the maxillary and frontal sinuses, fu=-
runculosis, and prostacitis.

7530 SPECIFIC ZEFFECTS OF MILLIMETER-BAND RADIO

WAVES ON BIOLOGICAL SYSTEMS. (Rus.) Sev=
ast’ianova, L. A. (no affiliati{on given). Ia: Non-
thermal Sffects of Millimeter-band Radiation. Devi-
atkov, N. D., ed. {lioscow: USSR Acad. Sciences): pp.
86-113; 1981 (23 refs.)

Literature data on the specific biological effects of
aillimeter-band radio waves (RW) are reveiwed. 3io-
logical changes Induced after exposure to millimeter-
band RW were found to depend upon the wavelength, the
threshold power flux density, and duration of expo-
sure., Numerous experiments showed the resonant-type
relationship between the wavelength and the biologi-
cal effect. Approximately 707% of the energy of milli-
zeter—band RW was absorbed ia the tissues at a depth
of 300 microns. Millimeter-~band W had a selective
affect on bone marrow cells: exposure to RW prior to
x-irradiation was found to have a radloprotective ef-
fact on medullary hematopolesis, while exposure to
W after x-irradiation was found to have a radiosen-
sitizing effect. Millimeter-band RW in combination
with x~rays and antineoplastic agents enhanced the
inhibdition of tumor growth and reduced radiation in-
jurfes to the bone marrow.

03531 IFFECT OF MILLIMETZR-BAND ELECTROMAGNETIC

WAVES ON BACTERIAL CELLS. (Rus.) Smoli-
anskaia, A. Z. (no affiliation given). In: Nonther~
mal Effects of Millimeter-band Radiation. Deviatkov,

N. D., ed. (Moscow: USSR Acad. Sciences): pp. 132-
146; 1981 (24 refs).

The results of experiments oun che biological effects
of millimeter-band electromagnetic £ields (EMF) on
bacterial cells are reported. Analysis of (nduction
of lethal colicin synthesis in Escherichia coli K12 C
600 after exposure to 5.8-7.l-am EMF showed the reso-~
nant relationship between the waveleagth and the num-~
ber of colicin-synthetizing dacteria. The effect was
directly relaced to the duration of exposure and was
independent of the power flux density. The millime-
ter-band had a similar effect on the inducible syn-—
thesis of beta-galactosidase i{n lysogenic Staphylo-
coccus aureus. These fiandings indicate that the le-
thal effects of millimeter-band EMF were associated
not with Jdirect thermal action but rather with ia-
direct action mediated through resonant stimulation
of bacterial systems.
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0532 ZFFECT OF MILLIMETER~-3AND RADIND WAVES ON

TUMOR SROWTH LN EXPERIMENTAL ANIMALS.
(Rus). Sevast’ianova, L. A. (no affiliation given);
3orodkina, A. G.; Golant, M. B.; Rebrova, T. B. Ia:
Nonthermal Zffects of Millimeter-band Radiation. Dev=
iatkov, N. D., ed. (Moscow: USSR Acad. Sciences): pp.
147-166; 1981 (19 refs).

Therapeutic efficacy of millimeter-band radio waves
(MB RW) in combination with x-rays or antineoplastic
agents was studied in male rats with sarcoma-45, male
random-bred mice with sarcoma-180, and female CBA mice
with transplanted cervix carcinoma CC-2. The aniuals
with sarcoma-45 and CC-) were exposed to MB RW {wave-
length of 7.1l am, power £lux density of 12.5 mW/ca?,
for ! hr) and to x-rays {(total dose 2,100 rads). Ex-—
posure to MB RW following x-irradiation resulzed in
a 2.5-fold increase in the inhibition of sarcoma-45
growth over that after x-irradiation alone. Exposure
to MB RW before x-rays did not enhance the inhibitory
effect of irradiation. Inhibition of CC-2Z growth af-
rer axposure to x-rays followed by MB RW was twofold
greater than after exposure to x-rays alone. Expo-
sure to MB RW before x-irradiation prevented radia-
tion injuries to the bone marrow and the peripheral
blood in the animals with sarcoma-45 and CC-2. MB
RW after x-irradiation failed to provide a radiopro-
tective effect. MB W enhanced the antitumor acti-
vity and reduced the toxicity of cyclophosphamide and
ftorafur in mice with sarcoma-i80.

0533 ENHANCED LIPID PSROXIDATION 1IN LIPCSOMES

AFTER EXPOSURE TO MILLIMETER-BAND RADIA-
TION. (Rus.) Andreev, V. E. (no affiliaticn giv~
en); Betskii, 0. V.; Il’ina, S. A.; Kazarinov, K. D.;
Putvinskii, A. V.; Sharov, V. S. In: Nonthermal Zf-
fects of Millimeter-band Radiation. Deviatkov, N. D.,
ed. (Moscow: USSR Acad. Sciences): pp. 167-176; 1981
(23 refs).

Nonthermal effects of millimeter-band electromagnetic
fields (MB EMF) on biological membranes were investi-
gated. The rate of lipid peroxidation after exposure
to 7.1=4,7-om (42-64 GHz) waves was studied in phos-
pholipid liposomes. Lipid peroxidation was initiated
Sy addition of iron sulfate + ascorbic acid mixture,
by ultraviolet irradiation, and by {rradfation with
visible light. MB EMF resulted in a 20-30% increase
in the rate of lipid peroxidation. The enhanced rate
of peroxidation was observed for all three types of
initiation and for alli wavelengths teszed. The mech-
anism of MB EMF-induced increase in the rate of lipid
peroxidation could be asgsociated with free radical
processes in the membranes, with structural changes
in the liposome membranes, or with changes in diffu-
sion of peroxidation substrates and products.
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2534 NATURAL RADIOFREQUENCY ELECTRICAL OSCILLA-
TIONS IN THE LIVING STATE (MESTING AB-
STRACT). <{(Zng.) Pohl, H. A. (Oklahoma State Univ.,
Stillwater, CK 73078). Abstracts of Papers of the
American Chemical Society 183(March):ald; 1982,

The research of this laboratory has recently shown
that cells emit radiofrequency (RF) electric Ffields,
eéspecially at or during mitosis. This is observed in
2acteria, in veasts, in algae, in avian cells, and in
dammalian fetal, normal, and oncogenic fibroblasts;
and hence is probably "universal". For some vears
we have been using non-unifora electric fields toc ma-
nipulate and examine cells by the phenomenon »f Jdi~
2.ecdielectropnoreric. (The pull of neutral parzi-
cles exerted Sy a non-uniform electric field.) Trom
these zentle dielectrophoresis affects one can obtain
unique dielectric relaxacion spectra and alse sort
cells. In a recent turnabout, we used the phenomenon
of dielectrophoresis to study the oscillating fields
of cells themselves, as evidenced in two fundamental
wavys. We observe that the natural RF fields of cells
sroduce an attraction for tiny and highly polarizable
particles ("magic" particles), and ignore "non-
nagic'' particles of low polarizability. These simple
and direct experiments demonstrating natural RF
fields from cells require little more than a micro-
scope and a knowladge of what to do. In a second
technique, these observations were supplemented by
showing that living cells spin in a resonant aaaner
in response to narrow {requency ranges (Cellular Spin
Resonance). The CSR spectira and the micro-dielec-
trophoresis studies were a direct outcome of the
theories of H. Frohlich. Our modei for these natural
RF oscillations of nucleate cells is that of charge-
density waves arising from the ionic phases of peri-
odic fntracellular reactions, operating in collective
coherance, and collimated by intra-cellular struc-
tures to form the externally observable oscillating
fields.

1535 EFFEZCTS OF INDUCED ELECTROMAGNETIC FIELDS

ON HORMONAL RESPONSIVENESS OF QSTEOBLASTS
IN VITRO (MEETING ABSTRACT). Luben, R. A. (Div. Bio-
nedical Sciences and Dept. of 3iochemistry, Univ. Cal-
{fornia, Riverside, CA 92521); Cain C. D. Abstracts
of Papers of the American Chemical Society 183(March):
AlS; 1982,

Pulsing electromagnetic fields are known to signifi-
cantly lamprove the healing of bone fractures in vive.
The current study was designed to {nvestizate zhe mo-
lecular basis =f the actions of these fields on bone,
by using bone and bone cells cultured in vitro. Mouse
osteoblasts ‘cel!l line MMB-1) were exposed in culture
to fields produced by devices currently approved for
clinical use (3i-Jsteozen™). These fields nroduced

iittle or no change in hasal activities in the zells,
but significantly inhibited the cAMP responses of the
cells to idded sarathvrsid Rormone (PTH) or asteoclast
dctivating Jactor (2AF). The 2ffects of 2TH on svn-

~4
w

thesis of :ollagen were 1lssc »locked by -he fields.
Jowever, the rfields had no effects on activicies of
vitamin O derivatives in the cells, suggesting that
caly hormones icting it the cell membrane were af-
fected. The inhibition of cAMP resporses was mediated
by reducrzions in the activity of PTH-activated adenyl
cyclase in :ell membrane preparations; however, the
fields had no effect on the total fluoride-activated
adenyl cyclase activity in the same fractions, indi-
cating that the eifects were localized either to the
hormone receptor or cthe receptor-cyclase coupling
noieties of the cell membrane. 3Similar effects of the
Zields were observed using intact mouse cranial hones
in organ culture. The resul:s suggest that the ef-
fects of electromagnetic fields on bone are at lLeast
partially mediated by nodification of the responses
of the cells to andogeneocus *"oraones, and that the
stimulation of bone formation in vivo bv these Zields
is the result of locaiized blocking of the osteolvtic
effects of °TH.

J536 EFFECTS OF ELECTRIC FIZLDS 9N NEURITE
GROWTH IN VITRO (MEETING ABSTRACT:. ‘Ing.’
Poo, M.-M. (Dept. Physiology & 3iophvsics, Univ. Ta=-
lifornia, Irvine, CA 92717); Patel, N. abstracts of
Papers of the American Chemical 3Society 133(March):
Al6; 1982 (4 refs).

The effect of DC fields on neurite growth in culzure
has been a coatroversial subject over many decades.
Recent investigations on cultured ganglionic explants
and on dissociated single embryonic neurons have pro-
vided convincing evidence that JC fields on the order
of 0.1 to 10 V/cm could produce at least three tvpes of
effects on neuronal growth: (1) accelarated growth of
the neurites facing the cathode, (2) “ending and ori-
entation of the neurite tip toward the cathode, (3)

general enhancement of neurite outzrowth from the
soma and the survival of the neuron in culture.
Furthermore, the effects are not due to secondary

mechanical or chemical factors in the growth environ-
ment of the neuron. Rather, the electric field ax-
erts its action directly on the neuron. Since simi-
lar fields produced =lectrophoretic iccumulation of
cell surface glycoproteins on the cathodal side of
the neuron, the field~induced reorganization of plas-
ma membrane components could bYe a cellular mechanism
underlying the electric field effects on neuronal
srowth.

2537 SYNERGY OF POLYMER IMMUNCMODULATION AND
PULSATILE ELECTROMAGNETICALLY INDUCED CUR-
INHIBITION OF GROWTH OF MURINE MALIGNANT
(MEETING ABSTRACT). {(Eng.) Norton, L.

RENTS IV
MELANOMA
(Mount Sinai Sch. Medicine, New York
3., Regelson, #.; Geller, S.; Piila
of Papers of the American Chemical 5
ALT; 1982,

A. A. ibstracts
ciety 133(March):
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vestigated with a specific absorption of 220 mWw/g at
the 15th day of embryonic life. In order to compare
some macromolecules :taking part in protein svynthesis,
tRN¥As and aminoacyl tRNA synthetases were isolated
f{rom the brain and the liver of chicken emorvos irra-
diated at the !5th day. tRNAs  acceptor activity and
anzyme activity of synthetases showed a small decrease
in liver, and about 30% increase in brain. The acti-
vity of tRNA seems o be nore sensitive than that of
the synthetases.

3341 RADIOFREQUENCY ZLECTROMAGNETIC

RISK TACTOR IN DIFFERENT PROFESSIONAL
GROUPS 1IN BULGARIA (MEETING ABSTRACT). <(Zag.) Do-
Srev, B. (Inst., Hygiene, 3ul. D. Nestorov N 15, Sofia
1431, Bulgaria); Israel, M. S.; Todorova, L. C. J
Necup Accidents 4(2-4):187; 1982,

FIELDS AS A

The intensitv of electrcmagnetic fields
been zeasured in industrial enterprises, radio and TV
stations, wmedical establishments, high frequency
telecomunication stations, electronic industry, radar
installations, scientific institutes etc., in connec-
zion with the application of new technologies. EMF
intensities (or power density) in the machine and
metal processing industrv, in physiotherapy, in some
of the radio transmitting stations, in the plastics
industrv, i{n some scientific institutes, are higher
zhan the occupational  health norms in Bulgaria.
Zliaicai, funczional, paraclinical, bdiochemical and
imamunological investigations have been preformed on
390 workers in order to define the effect of electro-
nagnetic fields in working conditions. Electromagne-
tic fields have been found to cause a health hazard
ia the machine building industry - 28.6% of the exa-
ained workers, in the plastics industry - 31% (ma-
zhine workers), at higzh frequency telcommunications
stations - 713, in the metal processing and metallur-
zical {ndustries - 15.17 of the workers.

(EMF) hnave

3542 MEASUREMENTS JF THE INTENSITY OF RADIOFRE-
QENCY ZLECTRCMAGNETI FIELDS a8 A RISK
FACTOR IN BULGARIA (MEETING ABSTRACT). (Eng.) Israel,
4. 5. (Inst. Hvgiene and Occupational Health, Bul.
D. Nestorov N 13, Soffa 1431, 3ulgaria). J Occup Ac-
cidents +(2=-4):199; 1982,

ement >f the iatensity of the electromagne-

IMF) in warking rooms is connected with
ficuities: IMFs are verv intensive, the work-
re near o 3rounding netal masses, in the
re 1are reflected surfaces, etc. There are
10 1pparatuses ‘serial production) with the necessary
charicteristics about <he purposes for such measure-
@ents. The atzempt -3 zreate and ccnstruct devices
fr 2easuring zhe IMFs in the ‘requeancy range bdelow

37 "Mz is iescrided in :the report and 3lso the gues-
1308 and orchlens waich should be resolved in the
ol .

- ARV Sa - et A Areis auest e vt uoi e auits JRUL R R N . . e

Meeting Abstracts

future, ‘We construct
tensities of rhe EIMFs
of 10.3=-12%,

intennas Ior aeasuriag the in-
selow 30 Hz with an accuracy

1543 SFFECT OF MICROWAVE-INDUCED WHOLEZ-BODY HY-
PERTHERMIA ON THE MUCOSA OF MOUSE SMALL IX-
TESTINE (MEETING AB3STRACT). (Zng.) Tsubouchi, S.
(Fukui Medical Univ., Matswoka, Nagoya, Japan); Nishi-

moto, Y.; Kano, E.; Nakamura, W. J Radiact Res {(Tokyvo)
23(1):14: 1982.

Effect of microwave-induced whole-bodv *vperthermia
was examined using dJddv/SLC mice for the bPasic under-
standings of the critical organs. The treatment at
43.53 C for 20 min resulted in the mortality rate of
30-40% within day one. The surviving mice showed no
specific diseace, Preliminary autopsv examination
showed that a considerable amount of the body Iluid
had leaked into intestinal lumen due to the transi-
tory denudation of the epithelial cells of zhe small
intestine villi within 3 hr, whereas epithelial cells
of the crypts appeared intact until these cells of
villi were completely denuded. After 4-9 hr, cryp-
tal epithelial «cells regenerated in some of the
animals which probably could have survived for at
least more than one day if they had not been sacri-
ficed. The histology of the mice that died within
one day suggested that the complete deiudation of
the villus epithelial cells might be the initial
cause of death. These preliminary rvresults suggest
the following: l) one of the critical target organs
of the whole-body hyperthermia is mucosa of the
smail intestine; 2) whole-body hyperthermia affects
the epithelial cells of intestinal villi whereas
those of the crypts were not injurad; in contrast,
radiation effect is mainly given on the proliferative
2pithelial cells, i.e., of the crvpts.

0544 CHANGES OF HEMATOCRIT, SODIUM AND POTASSIUM
ION CONCENTRATION 1IN PLASMA INDUCED 38Y
WHOLE-B0ODY HYPERTHERMIA (MEETING ABSTRACT).

(Eng.) Ohtsuka, X. (Aichi Cancer Center Res. Inst.,

Nagova, Japan); Nakamura, W. J Radiat Res (Tokyo) 23

(l):16; 1982.

The physiological effects of whole-body hvperthermia
on animals and normal tissues are not well-xnown. In
this report, we investigated the changes of hemato=-
crit, sodium and potassium concentration ia jliasma
and water content in small iatestine of mouse ia-
duced Yy whole-body hyperthermia (3.5 C; 15, 29, IS,
30 min) with 2450 MHz microwave. Water content in the
small intestine “1creased gradually after the hyper-
thermic treatmen.. It might resul:t from leakage of
blood components into the intestinal =ract and inhi-
bition of reabsorption of water due t» intestinal
lasion by the treatment. Hematocrit aiso increased
after "he treatment; there was a very aizh correla-
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tion bYetween tnhese two vaiues. The longer the time of
zhe treatment, the more the mice died. While the
change of potassium concentration in plasma was small,
sodium 2on concentration of agonal or dead mice were
sore than twice of normal value. Moreover, erythro-
¢vtes of hvperthermia-treatad mice were more f{ragile
than those of non-treated control. From these re-
3uits, it was suggested that abnormally high concen-
zration of plasma sodiuvm, which leaked out mainly
rom ervthrocvtes, was one of the lethal factors.

3543 COMBINED £ CT OF SYSTEMIC HYPERTHERMIA
AND MITOMYC C 9N  INTRAMUSCULARLY TRANS~
PTANTED TUMOR (MEETING ABSTRACT). (Zng.) Nakamura,
4. (Aichi Cancer Center, Nagova, Japan); Nishimoto,
Y.: Yakavama, T. J Radiat Res (Tokvo) 23(l):16;
1982

ce

Tumor cells were of a cloned cell line FMAJ which were
derived ‘rom Furth’s mastocytoma and kept as ascites
=vpe bv serial transplantation into the abdominal
cavity LAF; mice. The cells in logarithmic growth
were :ransplanted inco right hind leg muscles of 9-12
wk=cld mice. Treatments with 2430 MHz-wave alone,
Jith Mitomycin C alone or with both in combination
wera starzed two days after cthe transplantation.
among several protocols examined, the most promising
one was the daily systemic hyperthermia (rectal temp-
erature of 42 C for S min for 5 days) which was used
in combination with a single injection of 20 ug Mito-~
avein C 10 oin prior to the first heat treatment.
Two sessions of the combination carried out with an
interval of one wk significantly suppressed nct only
tunor growth at the site of the <transplantation
but also the metastases in the lungs, liver, spleen
and other tissues.

NSabh ZFFECT NF TRENTAL ON HYPERTHERMIA-INDUCED
THROMBOCYTOSIS IN MICZ (MEETING ABSTRACT).
(Zng.) Nakayama, T. (Aichi Cancer Center, Nagova,

Japan); Vakamura, W. J Radiat Res (Tokyo) 23(1):16;
1982,

Zffect of pre- or post-treatment of mice with 1-3
(oxchexyl) theobromine (Trental) on the hyperthermia-
inducad thrombocvtosis was studied. Systemic hyper-
thermia was induced in aice Sv exposing them to 2450
MHz-wave and Sv controlling the electric power automa=
zically with the use of a thermocouple inserted iato
the rectum as a sensor. The rectal temperature was
kept at 43,5 C for 10 min. In these mice, the throm-
Socyte count decreased gradually reaching its wminimal
level in about 3.5 hr. Thereafter, it increased and
returned o the iaitial level in 2.5 hr and reached
-he maximum -evel 2 or 3 davs after the heating wh’:h
was 2.3 times higher than normal. Injection of T:.:-
ral was carried out iamediately before or after the
“eating and was effactive in preventing the occcur~

Siological Ettects of Noniomizing Electremagret:ic
Ragration v11:2-4}, July 1983

rence of zhrombocvtopenii is well is that of
bocytosis.

1547 TOCUSSING OF THE 915 MKz ZLECTROMAGNETIC
POWER IN OEEP HUMAN TISSUES: A MATHEMATICAL
MODEL STUDY (MEETING ABSTRACT). (Eng.) Arcangeli,
G. (Istituto Medico e di Ricsrca Scientifiza, Jul9l
Rome, ltaly); Lombardini, P. P.; Lovisolo, G.; Marsi-
glia, G,; Piattelli, M. Strahlentherap.e 158(9}:373;
1982.

Most of the external microwave or radiofresuencr ap-
plicators for local aypertharmia induce 2axizmum heat=
ing on the tissue surface with a progressive tempera-
ture decrease with depth. The resulting temperature
gradient does not allcw a homogeneous heating to le-
sions deeper than 3-¢ cm with a single applicator,
even if skin ccoliag is used. However, deep heating
could be achieved Sv an array of applicators. The
difficulty of understanding microwave Dpropogation
within the human body is due to the nuamerous disceon-
tinuities favoring microwave scattering. The result-
ing electromagnetic {ield exhibits 3an intensity, a
phase and a polarization varving dramatically from
point to point. In this work, we have studied the
behavior of the electromagnetic field in an aduit nan
thorax section. This section, cbtained by a CAT scan
at the level of fifth thoracic vertebra, was ideally
subdivided ia 235 sub-volumes with dimensions nacn~-
inferior to the diffraction limit. Values of dielec-
tric constant and conductivity, as measured in the
laboratory, were attributed to each sub-volume. In
our model, a peripheral array of 50 equidistant cool-
ed, water~loaded, contacting antennae at 915 MHz,
having an equal intensizvy and an externally coatroli-
able phase, have been assumed as xicrowave scurces.
The integral equation matricial method has been used
for the calculation. As a result, a system of 3x223
scalar linear complex equations, which have been sol-
ved numerically, was obtained. In this study, the
possibility of focussing ohmic power in a given poiant
deep in the bodv has been tested, ignoring the thermo-
dvnamic problem, and the following resulis have teen
obtained: 1) Focussing of 215 MHz power in deep points
is always possible, but it i{s generally associatad dy
concentration of ohmic power also in other, uawan:ed

points. The unwanted power may =xceed that delivered
in the Ffocus; 2) however, it is possible to find
antenna phase configurations, capable of lowering

the unwanted powers bhelow that it the focussed lavel.
applving

These configurations
pinimization methods.

can be determined Sy

3343 HON-LINEAR SFFECTS
HEATING OF LIVING

STRACT). {Zng.) Bardati,

aica dell’Uaiversita dii Rom

Strahlentherapie 138(%):378;




Biological Effects cf Momionizing Electromagnetic
Radiation VI1i(2-3), July 1983

The problem of electromagnetic heating of living tis-
sues has been considered, with reference to local mi-
crowave-induced hyperthermia for cancer therapv. In
order to investigate theoretically the temperature
distribution, a amathematical model of the living
tissue has been specified defore solving the thermal
boundary value problem. The model takes into account
the complicated thermal phenomena of the living tis-
sue, namely metabolic heat generition and heat ex-
change with bSlood flow. We have assumed a time-inde-
pendent metabolic heat generation to “e preseat. The
cooling effect due to blood flow has been assumed to
be a function of the difference between the local
temperature and the arterial blood tewmpera.ure. In
previous works a linear function has “een considered.
This linear model, however, disregards the local
thermoregulating influence of the blood flow. In this
work the thermoregulation has been taken into account
by assuming the blood flow cooling effect to be a non-
linear function of the difference between local and
arterial blood temperature. The effect of a cooling
fluid forced past the surface of the living tissue
has also been taken into account. The theoretical
ceaperature distribution induced by exposure to elec-
tromagnetic fields has been determined according to
the following steps: at first the non-linear operator
nas been linearized by using the iterative Newton-
Raphson’s method; then a matrix formulation has been
obtained through the moment wmethod. In particular,
the case of a slab simulating living tissues, which
is irradiated by a plane electromagnetic wave, has
bYeen considered. The temperature distribution has
been carr.ed out for various types of non~linear blood
cooling funcrions, in order to evaluate the wmatching
between the assumed mathematical model and the true
5iological phenomena.

7349 RADIOTHRERAPY-HYPERTHERMIA ASSOCIATION: TW

PATIENTS (MEETING ABSTRACT). (Eng.) Bell-
ossi, A. {Centre Eugene Marquis 35000 Rennes, France);
Tleurv, 7.; de la Perelle, A.; Kernec, H. 3trahlen-
therapie 158(6):379; 1982.

Many authors have reported that radiotherapv-~hyper-—
therzmia association potentializes the effect of each
sethod. We present two patients who confiram the fa-
vorable effect of this association. Hyperthermia was
delivered by a 13.356 MHz generator (STAE prototype)
used in capacitive diathermy. Two l-hr sessions
took place a week, every 2 or 3 davs, 3 hr after radio-
therapy. The Iirst patient was treated for cutaneous
recurrence of a cancer of the right opvriform sinus.
n lecember 1980, elecrrontherapy was administered,
issociaced twice a wk with hvperthermia. The result
#%as positive but, in May !981, two permeation nodules
appeared out >f :zhe treated lesion. For 7 wk these
nodules were treated each week by three electronther-
3pvy sessions /3 Gy) and two qyperthernia sessions (I
Ww.ca=2), Ia July, the Llesions had disappeared; in
Jecember, the results were exceilent. The second pa-
tient was bed-ridden by the recurrence of a prostatic
sancer, which had been operatsd on, then treated by

o a
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cobaltotheraoy {n) Gv) 7 wr 3go. Coba rapy (1.2
Gy a session) and hyperthermia (.5 W.cz=l) twice 2
wik nad been ziven foar 5 wk. The results Jere excel-
lent. The patient died of 1 ayocardial infirctien .
vr later.

v

7550 CLINICAL PRACTICE 7F +34 “Hz MICROWAVE HY=-

PERTHERMIA (MEETING ABSTRACT;. (Eng.) 3ev,
?. (Centre Alexis Vautria, Avezue .le 3ourgogne, 3451%
Vandoeuvre les Nancy, France); Marchal, .; Hoffstet-
ter, S.; “etz, R.; EZscanve, J. M.: Roberz, . Strah-
lentherapie 158(5):379; .982.

To determine the efficacy of ~ayperthermia ilone or
combined with radiotherapv, we :compared :he regres-
sions of heated tumors with unheated others in each
patient. Thirty-eight patients with advanced cancer,
mainly local evolutioms of ear-ncse-throat carcino-
mas, TMelanomas or skin metastasis, have deen :zreated
using a 434 MHz microwave hyperthermia 1ipparatus.
Microthermo-couples are placed inside or anderneath
the tumors and temperature is controiled bv a czompu-
ter which automatically shuts off the power Zor ther-
mometry and regulates tumor thermal level Hetween 41
and 45 C. Fortvfive tumors were submitted to micro-
waveinduced hyperthermia /5 sessions of 45 ain, 5 D/7
or 3 D/7). Radiotherapy Zollowed “wwperthermia with a
time interval ranging from 3 zo 0 min. Different
total radiation doses from 12 zo 30 Gy were delivered
every day or thrice a wk. For 5 patients, hyvperther-
mia was assoclated with conventional chemotherapy.
Tumor response was assessed by measuring the tumor
volume. Hyperthernia combined with radiotheracy
sessions seems the most effective for inducing tumor
regressions (>50% cases). This 434 MHz microwave
hyperthermia apparatus is well adapted for recurrent
lymph nodes of head and neck, even those pretreated
with a high radiation dose.

0551 2450 MHz HYPERTHERMIA MONITORIMN SYSTEM;

CLINICAL APPLICATIONS FOR THE TREATMENT OF
SUPERFICIAL TUMORS (MEETING ABSTRACT). (EZng.) 3or=-
dure, G. (Centre d'Etudes d'Zlectronique Zes Solides,
Univ. Sciences et Techniques du Languedoc, 34060 Mcnt~
pellier Cedex, France); Delauzun, J. P.; Richard, J.
P.; Dubois, J. B.; Hav, M. H. Strahlentherapie .38
(6):379; 1982.

Jur studyv deals with a1 hwvperthermia svstem which enm-
plovs open space applicators and computer zonitorin

for the treatment 3f superiiciai >r nearlv sugerfi-
cial tumors. The applicator consists 3f a resctangu-~
lar wave guide coupled with a cooling system Sor su-
serficial tissue which Introduces aic 1loing the zuide
axis. Foilowing an astablished precteoenl, this iprli-
cator rapidlv zsreates a homogeneous temperature 3iis-

tribution (between -2 and 32 1) up =3 %o 1 desth of 3
:m and covering a surface >f 1t me  csmpitable o thae
n ot s _ala e
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results obtained with micrewaves it 33

direct contact waveguide and :Iissue cooli

Hvperthernia was aonizored bdv 1 single

sensor i‘aplanted in the superficial fissue. A micro-
N

program regulates microwave power and racductisn  »f
superficial zemperature. The program wis desizned to
Teach a pradetermined temperature with ainimal delav
ind without overheating of superficial tissue. The

ze hnique {s well colerated bv the patient and is
without risk tc =2ither operator or patient. JJur re-
sults were bdased on our experience with 10 patients
with recurrenc :thoracic wall tumor ‘rom breast carci-
nomds.  Considelation {s ziven to che potencial use
>f 3pen space applicators to treat surfaces on the
rder 3f 1JC 2@l “v a svstem which can be serfectly
ol

ted 19 aurmerous clinical situations.

3332 A 3TUDY 2F RF 27 MHz ZILECTROMAGNETIC FIELD

TECHNIQUES FCR THE LUCALIZED HEATING OF
EAD AND NECK TUMORS (MEETING ABSTRACT). <(Eng.) Car-
ochan, ?. (Roval Marsden Hosp., Fulham Road, London
Ww 3, Zngland); Jones, C. d. 3trahlentherapie 158(6):
73 1982,

The effective use of lncaiized hypercherma in cancer
treitment requires careful optiomization of the heating
techniques 2nployed. To this end useful iaforamation
a4y be obtained about the design of applicators by la-
vestigatiag the Jdistribution of power deposited within
phantoms in vitro, 4nd by e assesszent of applica.or
performance 7ivo using iavasive thermcmetcv and/or
:hernograohyT— lafrared thermazra hy has been uti-
lized to iavestigate tne heating patterns produced by
both czapacitive and inductive short-wave diathermy
1policatars in onantoms having the electrical charac-
maristics of =vplcal tissues. The bdoundaries within
the lavered, cvlindrical pnantoms were chosen to ap=-
crsximate o some 3f the 1ajor iielectric disconti-
auities of the vcervical ragion. The results of these
studies {ndfcace the potential »f the capacitive Jia-
tnerav technisue for heating small voilumes >f subcuta-
Mecus zissue. Farther studies >f excised animal Iis-
sue using this technijue, have suggested that inoma-
i2us Meating of tissues in the region of ~he cervical
7ertebrae is inlikelv. In vitro studies allow inves-
tizatlon of thnse parameters wnich hav- an {nflu-
2n¢e ocn
sues Srom ok leciromagnetic fiald, and

> the thermal properzies Sf tiysues in vivo is a
2ssarv tefare lacalize: Ywoperthermia ~reatment :an e
dptimizad. M\ wetlod 15 lescribed wheredry zhe cuareful
rositioning »f {atiant2d thermocouple probes used in
toniunction wizh 2xternal Reat sodrc2s allows: 1) the
sotiaizatinsa of oarasecers inluencing cthermal {is-
crisyticns sivc, b1 oan 2gtimatisn of <1e thermal
e lell 1 tumer furing heatin and oy 2
Tiantitative iadex »f the "losod anoling @

certioheril tumer Tezioas.

]
e
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Bioicqical Effects of Norionizing Eieciromagneic
Racianon Vil(2-2), July 1583

USSED  MINRCNAVE
(HEETING AB3TRACTY,

L 3h iv. ind Area dealch
ical ites and Zlinical In
snir Glossop Road, S
zland M., Anderson,
Strahlentheraoy 1533:n.:380; (9482,

A techaique o iatroduce aAvpertheraia it d=prn within
che human bdodvy uasing {ocussed microwave irravs has
heen studied. A computer simulation of the power dis-
3ipation within a c¢ylindrical bodv, issunming uniform
permitcivircy and acteruation, indicares that, bv using
1 semi~cirzular or srmi-elliptic geometry 5f cadiitors
and applving appropriate phase and amplicude {llumina-
zion, a sigznificant thermal =nhancenent mav de induced
1t a1 site within cthe body compared with i{fs surround-
ings. A configuration of !l irray elements ‘6 =2le-

vl nts along

y

ments curved ircund the cylinder ind 3 2leme

the cvlinder axis) vields a2 sufficient energy concen-
cration to produce 1 focussed region heated Twice as
much as any other region inside the crass=—section.
Computer simulations indicate =hat the size, shape,
and position of the high temperature regisn should
be approximatelv controilable and that the stabiizv
2f the system is toulerant o typicalliv 107 arrors in
~he phases and amplitudes of the radiators. Measure-
ments nave bean periormed on a simple thorax ghantom
using the same arrangement of iipole =ledents Jdes-
cribed above. The elliptical bYody was Zilled with
water—-saturated sand vielding a permittivaty of 22
and an attenuarion censtant of 1490 4B /m. An ancenna
srobe was utilized to measure the inteasity distribu=~
tion at 49 points within the body. Resulis indicate
1 hizh iatensity peak at a region 5 cm deep into the
thorax phantom, the second high intensitvy region bde-
ing <+0% below and »occurring at . :m deep. These re-
sults agree well with theoretical computer oredic-
“ions. In practice, the focussing effect may be aod-
ified by thermal dissipation due to hiood flow and
netercgeneity of the bodv. However, the relative naz-
nitude of :the focussed region could bSe enhanced by
air cooling of the skin surface. Results obtained so
far indicate that heating of deep seatad tumors with-
in the bodv is possible using a o .—contaczing Io-
ussed A CTHWAvVE arrayv svstem.

2554 ZXPERIENCE WIVH 13-3p MHz RF IN LINICAL
HYPERTHERMIA MEETING ABSTRACT). (Inz.)
Griffiths, 4. (Phvsics Jept., “elindre Hosp., w~hit-

church, Cardiff, Sneland:t. Stranlentheranie [38(n):
182; 19RI.

A seri2s of selected natients with idvanced cancer
have heen :traated dv nvperthermia 1sing a LeVeen R’F
Thermotherapy machine. This machine uses capaciiive
zoupling <o applv  the radiofrequency (RF) psower
£ the tissye. Zaline-villed pillows were placed
hatween tne RF electrode and the skin o enhance
coaziing.  Tooled saline was circulated through =i
2:llows duriag treataent T3 avoid excessive neating

w




iotogical E*fects of Nonmiomizing Electremagnet.c
Raaiation VII{Z-3), July 1983

of the superficial tissue. Tumor t2mperaturss ‘etween

43 2 and 45 T were taken as the obleczive of each
treatment, temperature profilas in the tissue teiny
neasured with zopper-constant thermocounles. 2itient

r2sponsa was

criteria.

issessed using 4 aumber »f Jdifferenc

T833 THE INFLUENCE OF WHOLE=-80DY HYPERTHERMIA 0N
SIDE-EFFECTS OF DOXCRUBICINE AND RADIOTHER-
APY L ATS (MEETING ABSTRACT). (ZIng.) Hinkelbein,

4. J(Zentrum Radiologie,

niv. Freiburg i. Br., Ww.

lerc, W.; Neumann, =
rapie 138(9):382; 13

Abteilung Strahlentherapie,
sermany); Zngzelhardt, R.;

.; wanneamacher, M, Strahlen-—

82,

1
[19
3
o
I

ects 7 two combined treatment modalities (s
sus combination of whole-body hyperthermia and
ioxorubicine treitment, simultaneous combination of
whole=bodvy “wvperthermia and total-body irradiation)
vere studi=c .n rats. whole-body hyvperthermia was
iaduced v UHF (41 CiN.35 C core temperature for
.2 and 17 aini. Doxorubicine was administered in two
injections !n ag/kg »n day O and § mg/xg on day 1&).
Jstal=body irradiation was 3.5 Sy y-rays {Co®d). Hae-
natotoxic /ayelotexic) and cardiotoxic side-effects
Hvperthermia alone produced leu-

were [nvestigatad.
:ceytosis and isolatad sarcolysis. In combined treac-

2d rats iatensified and reduced side-effects »f doxo-
mubicine and irradiaticn were seen depending on heac-
iag tize.
15506 ASSESSMENT NF  THERMOCOUPLE PROBES rOR JSE
IN RF FIELDS (MEZTING xas*a.-xc*) (Zag.)
Joiner, M. C. (Gray Laboratorvy of the Cancer Res.
Zampaign, Mount Vernoan Hesp., Northwood, Middlesex
HA6 IRN, England); Bremner, J.; Yoinovic, B. Stah-

lentherapie 138(6):384; 1982,

In order tc compare different 4eating methods and
quantifv temperature patterns during hypertherala,
Qeasuring probes should be able to accurately resolve
tenperature gradients in heated zissues. Such gra-
dlents can be large (>l C/am) in small experimental
animal tumors heated by RF, nicrowaves or ultrasound
where heated volumes are tvpically less than 2.5 cm3.
Data will be presented showing the extent to which
bare ‘exposed ‘unction) or metal and plastic sheathed
thermucounle probes of varviag sizes “smooth out' 1
sharp temperacture chanze 4cross 4 thin nembrane. TFor
2robes sheathed in hypodermic needles, this effect is
lue to neat conduction along the metal shait from hot
%0 cooler regions and {ncreases as needle diameter
increases. ?ropes sheathed in rlastic mnav read ia-
cerrectly i€ the connecting wires dre large and zhe
sucounding plastic tube has low thermal conductivicy.
The ise >f RF Zar heating generally leads o non-ther-
zal interference Jith electroni: cemperature measurc-
ing 2quipment which necessitates <the heating .d

T8

2
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belore 4 measurement s made. Ho:—
2ver, the use of zmetallic probes in Iirect eleciricai

contact with surrounding tissve alsoy results in an
appdrent temperature rise (n the Immediite vicinlcy
5t the probe whi must be al
RF has been switched off

being turned ofY

1owed to
betfore

;ec;v afzer the
10 ACTurite easure=

Zent of the true tedperature in the tissue bulk can
be made. This effect s not seen witn =2lectric
insulated probes which are eraore preferadle

ase in RF fields.

3557 ZXPERIMENTAL AND CLINIZAL 3TUDIZS OF VARI-

JUS SYSTEMS OF  CSLECTRCMAGNETIC AYPERTHER-
MIA (3.3 MHz, 13 “MHz, 433 Hz, 2350 MHz) (MEETING a3-
STRACT). (Zng.) Lauche, H.-M. (Lab. Thermologie
3iomedicale, Faculze de Medicine, Univ. Louis Pasteur,
11, rue Humann, 57985 Strasbourg ZTedex, Trance); Guer-
quin-Xerna, J. L.; Pi.lement, P.; Movses, 3.; Sauther-
im, M,; Mechlin, G. 3trahlentherapie 138($):235;
1982.

The proper use of eleczromagnetic hyperthermia far
cancer treatment requires cowmprehensive xnowledge cf
numerous parameters concerning the targzet voliunme 4nd
the irradiation svstem (generators aind appiicators).
Before starting investigations on patientsz, experi-
mental studies of several pieces of equipment Jere
effected using two different physical models: 1) ax~
cised anizmal tissues and post operitive specinens,
e.g. after mastectomy (analvsis of deep temperature
with an infrared thermograoh, immediately after the
irradiation); Z) on original phantoms nade of trans=-
parent gels with known electric, dielectric and ther-
mal properties corresponding to those oI b“iological
tissues (analvsis of deep temperature by a1eans 3!
thermosensitive liquid cryscal fiinm) during the irrad-
fation. Additional studies were carried out in ami-
mals, in particular dogs, in vivo arfter anesthesia
and then post mortem, in corder -o investigate the in-
fluence of blood flow and regualtory processes. For
these experiments, dJeep temperature was controliesd
using implanted needle probes, 2ither zetallic or non
interfering. Two categories of methcds were used; a,
capacitive hyperthermia using generators Jne*acing in
the radiofrequency ranga (0.5 MHz, i3 Mhz) with extar-
nal flexible applicators, or implantatle needle orobes
allowing accurate heating in situ; b) radiative hyper-
therwia using generators operating in the microwave
range (434 MHz, 2430 Mhz) with new systems of external
applicators (surface cooling, cross-fire arrangement,
+..)s fFrom these studies it follcws that (i) mocels
2av only bSe used to ﬂesign. improve and compare heat-
ing systems, and (2) the tumor temperature pattara is
largely dependent upon blood “low, histolouy and mor-
phology o»f host and tumor. Protocols of ‘herapeutic
trials mav therefore b2 estabiished on phase I -tudies
on patients in order to taxe the indiv dual changes of
vascular ind thermal conditions into account, To this
purpose, preliminary investigitions have bdeen effecti-
ed on patients with advanced tancer, aainly skin net-
istases 4and breas: {nomas for wnicn Tecorerature
control and tiiaical Tollsw-up i =337,
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Imphasis was laid on combination of hyperthernia with
radiotherapy.

3338 LOCAL MICROWAVE JYPERTHERMIA COMBIMNED WITH

RADIOTHERAPY: ONE YEAR'S EXPERIENCET {MEET~-
ING ABSTRACT). (Zng.) Valdagni, R. (0ncologic Cea—
ter, Istituti Ospedalieri S$. Chiara, 38100 Trento,
Izaly); Amichetti, M. Strahlentherapie 158(5):390;
1982,

rocm Tepruary 1981 to February 1982, 26 patients (32
ields) with thisctologically proven malignancy were
~reated with Ayperthermia combined with radiotherapy.
Most of the patients had failed conventional treat-
Tents. The patients were 19 male and 7 female, and
the median age was 62 years, ranging from 45 to 94.
Jf the 26 patients, 25 had Karnofsky indices greater
chan 30%. Histologically the lesions include: 17
squamous carcinoma, 8 malignant melanoma, 3 adenocar-
cinoma, and 4 chordoma. RT (2-3-3 fractions/wk - dose
oer fraction: 1.80-6.00 Gy T. D.: 8.00-65.C0 Gy) was
appliad usiag 2 linear accelerators (Mevatron Siemens)
it A=12 MV (electron of photon beam). Simultaneous
aicrowave H (209 heat treatment sessions), external
>r incerestitial, {(42.5-44.0 C x 20 to 55 mia 2-3
‘ractions. wk) was delivered by 383D - 1000 unit.
Thermometry was performed by means of non~perturding
srobes placed on the skin and in catheters inserted
i1 the tumors. The Irequency (300-900 MHz) and po-
wer (up to 130 W) used depended on the depth and
size 3 treated lesions (maximum diameter: 3 cm,
ip to 53 <m depth). An analysis of technical data
ind zliaical results will be presented.

X

7839 PRELIMINARY CLINICAL RESULTS OF LOCAL HY-

PERTHERMIA IN COMBINATION WITH LOW DOSE RA-
SIOTHERAPY (MEETING ABSTRACT). <(Eng.) van der Zee,
J. fDept. Exp. Radiotherapy, Erasmus Univ. Rotter-
1an, Rwwrterdamsch Radiotherapeutisch Iastituut, The
Netherlands); wan Rhoon, G. C.; Wike-Hoolev, J. L.;
Reinhoid, H. S. Strahlentherapie 158(6):390-391;
.982.

In the Rotterdam Radiotherapeutic Institute, 80 pa-
t.ents have been treated with 1 :al hyperthermia.
This communication reports on the resul:ts from 28 of
these patients, treatea on 34 fields with local hy-
serzhermia combined with a low dose of radiotherapy,
ind naviang evaluable Zumor responses. Lesions Zreat-
2d were predominantly recurrences in previously ir-
radiated ‘lelds. distolegies included nammary, lung,
3vnecolos.cal, widney, and skin carcinoma. Tumors
vare heated using 2lectromagnetic radiation with Ire-
juencias of 143G, 433 5r 17 MHz. Tenperatures were
1lways neasurad wita thermocouple needles and more
recently also with an optical fiber :emperature nea-
suring svstem. Local hvpertheramia was administerad
tWice weeklv, 30-A) a1a Iollowing radiothecrapy, Zor a

o it B S Sham g E bk i

Biotogical ffects of Nomoniz:ng Eiectromagnenc
Raaiation viI2-4), Juty 1983

mean tr2a4ctment Jurition of A5 a@1a (J-{) zrezaiment
The average radiotherapv dose was 20x3..4 v, A
"yperthermia dose” we selected the aean of naximum
temperatures of all points measured in all zrzac
sessions, the average for all patients xeing <+
.+ T {range 40.5-45.3 2). Tumor resocnse was defin2¢
following WHO criteria (complete response = disappear—
ince of tumor; parzial response = 307 or more decrease
in tumor size). In this heterogeneocus, non-randomized
group of patients we found a response rite o 380X
complete response {n 6/35 fields and partial response
fn 12/35 fields. The separate contributions of both
treacment modalities to response were investigated
ratrospectively. We found no siganificant :ssrrelation
between either the total {-ray dose or the {-rav Irac-
tion size and resporse rate, bu the response rate (CR
+ PR) was found to be correlated with the mean of all
maximum tumor temperatures. This {adicates cthat an
increasing temperature results in an increasing res-
ponse rate. The combined therapy, in this heterogen-
eous 3roup of patients, resulted in 2 07 response
rate at a mean mDaximum Zumor :temperature of 4i.J C
ind an 30% response rate at a zJean laxigum tempera-—
ture of 42.3 C.

0560 INTERFERENCE OF 433 M4z MICROWAVES WITH A

MEGAVOLTAGE LINEAP ACCELERATOR (MEETING AB-
STRACT). (Zng.) van Rhoon, G. C. (Dept. Zxperimen—
tal Radiotherapy, Erasmus Univ., Rotterdam, The Neth-
erlands); van der Poel, J. A. Strahlentherapie i
(6):391; 1982 (1 ref).

A series of experiments was conducted to investizate
the effect of 433 MHz microwaves on the performance
of a megavolrage linear accelerator, the Sagittaire.
The microwave equipment ccasisted of a Sirethera 409
Siemens generator, power 250 W and a standard circular
field dipole antenna. In all experiments the aicro-
wave unit stood ian a room adiacent to that of the ac-
celerator. Microwave power levels were measured with
a Narda broadband radiation monifor, model 3300, and
at levels greater than 200 a W/cad at 5 cm from the
antenna no more than 2 aW/cm? were ever detected in
the control room of the Sagittaire. The elements of
the Sagittaire itself were contained in 3 separate
rooms, i.e., for the accelerator tube, the control
units and the treatment of the patients. Measurements
of the accelerator performance were achieved with the
use of conductor and thermoluminescense {TLD; lithium~
Zlyoride) dosimetrv systems. For the TLD measurements
che rods were situated in a 18x28x25 cm3 water {illed
perspex box. In iaccordance with earlier Iindings by
4. J. Xopecky et al., we also found that :he normal
operation of the Sagittaire was disturbed. GHowever,
our observations do not indicate that =here is a
change in the dose deiliwvered. but only showed that
“he amicrowave [nterference was Jiracted :owards :he
Seam =nergy. For example, a consol set Heam energy
of 15 MeV ircreased to 19 YeV when th2 microwave gen=
2rator operated freelv it naximum »oWwer., When pars
of the microwave cnergy was aibsorbed v a 19 cm zhizk
Juscie phantom in Zront I the antenna :there <as

..
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still an iacrease of the beam energy to 18.9 MeV.
With the measurements »jerformed, no interaction of
microwaves with beam homogeneity cculd e demonstrat-
ed. If the dose xzeasured at the dose maximum in the
water phantom was corrected for the change in energv,
there was no evidence tchat the delivered dose was
differeant from the one set on the control consol.
Interference Setween these two systems is very diffi-
icult to discern. We would therefore like to advise,
in agreement with the -earlier {nvestigators, that
each accelerator/hyperthermia installation be care-
fully checked for possible interference effects, even
when the accelerator appears to be operating normally.

2561 BLOOD TLOW AND OXYGEN SUPPLY TO MALIGNANT

TUMORS DURING HYPSRTHERMIA-EFFECT OF VAR-
IOGS DOSES (MEETING ABSTRACT). (Eng.) Yaupel, P.
(Dept. Physiology, Univ. Mainz, D-0500 Mainz, W. Ger-
many); Jtte, J.; Muller-Klieser, W.; Manz, R. Strah-
lentherapie 158(6):391; 1982 (1l ref).

ince tumor tissue oxygenation seems to play a deci-
ive rolie during heat treatment in vivo, systematic
avestigations concerning the respiration rate of
solated ascites tumor cells, the 02 consumption of
o
4

w W

e or

1id tumors in situ, and both the oxygen partial
essure distribution and the oxyhaemoglobin satura-
ion (HbO~) of single red bilood cells in tumor nicro-
vessels have been performed during and immediately
ifter =levated ‘tissue temperatures. The results
zlearlvy show that changes 1n tumor oxygen supply
during thyperthermaia are predominantly mediated
chrough changes in tumor blood flow which showed the
same directional changes. The present series of ex-
seriments Jas perforzed in order to get some data on
the susceptibility of zumor oxygenation to various
chermal doses is determined by the duration of heat-
ing and the tissue temperature increment during treat-
ment. As a measure of tissue oxygenation, the oxy—
haemoglobin saturation of single erythrocytes within
tumor waicrovessels was determined immediately after
localized microwave hyperthermia (2.45 GHz). For the
present work, tumors of DS-carcinosarcoma implanted
in the hind foot dorsum of SD-rats were used. The ex-
periments were performed oan 70 tumors with a mean
wet wt of J g. Mean tissue temperatures were held
at four levels: control (34 C), 40 C, 43 C and 45 C
for 30 and 60 min. The results obtained {ndicate
that thermal doses below 260 C/amain can evoke an
iaprovement of the tissue oxygenation. At higher
doses 1 deterioration of the oxygzenation status oc-
zurred. A 3)% reduction of the tissue oxvgenation
was Zcund at a thermal dose of approximately 300 C/
2ia. The oresent study provides avidence that tis-
sue dxvgenation during heat treatament (s orobably
dependent >n tne thermal dose. This is {a contrast
ts previous findings of Reinhold and Van dea Berg-
3lox who found comoarable effects of hvperthermia on
afcrocirculaticn at {ifferent rhermal doses. Further
investizitlions ~ill be necessary =2 clarify these
zontroversies.,
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1962 JEVICI TCR (PERATURE  MEASUREMENT USING

LICUID-CRYSTAL 2PROBES DURING  HIGH- ZNERGY
SHORTWAVE HYPTRTHERMIA (MEETING ABSTRACT). {Enyg.)
von Ardeane, M. (Res. Iast. Manired ven Ardenne,
DOR-23)51 Oresden, W. fSermanv}; 3ohme, G5.; ¥ell,
Schliechte, P, 3trahlentherapie 133(»):3%1; i982.

Certain liquid-crvstal mixtures .ir2 kaown zo exhidis
color changes over a limited and adjiustable operating
temperature range. These color changes correspond to
shifts »f intensitv, shape of <he amaxiwmum, and wave-
length of the reflected lLizht. Xnown devices measutr-
ing mainly i .tensity of reflected lignt are affect-
2d by severa artefacts, e.3., variable sensitivity »f
the optoelec:ronic decertor, instability >f the lLight
source and .ts variation with the ambiaent temperature.
We present a measuring device, which exclusively de-
tects and evaluates the temperature-dependent wJave-—
length of the maximum of the light reflected by the
liquid crystals and which is insensitive to external
influences exemplified above. A aminute amount of li-
quid-crystal mixture i{s entrapped iato a sufficiently
small probe which is introduced iato the :tumor fo be
heated or into healthy raference tissue, respectivelv.
The probe is connected with the detector unit by 7eans
of a two-component fibre optic. At the site of nigh-
energy electromagnetic fields there is hence only the
probe, which is indiZferent Lo these fields and vice
versa, whereas the electronic setup is placed in a
shielded room apart from the patient. The recording
unit contains an automatically and periodically tuned
nonochromator with chopped light-sourze and an elec-—
tronic part consisting of the optoelectronic detec—
tor, the noise-limiting amplifier and the data-pro-
cessing unit. The apparatus delivers values repre-
senting temperature. ETach value persists on the dis-
play during ameasuring cvcle of the next value. The
temperatures measured are also available as inalogue
signals at the output for recording. The srototvpe
described has been successfully tested during cliai-
cal trials using the CMT Selectotherm technique Ior
heating human tumors at 27.12 MHz.

3563 UPTAKE OF 99™Tc-MDP AT 4 FRACTURE SITE

TREATED WITH ELECTROMAGNETIC INDUCTION OF
URRENT (MEETING ABSTRACT). (EZng.) ‘McCarthy, I. D.
(Univ. Dept. Orthopaedic Surzery, 2rincess Margaret
Rose Irthopaedic Hoso., Fairailehead, Zdinburgh,
Scotland); Ampan, I. H.; Loudon, T.; Law, 4. T.;
Hughes, S. P. F. In: Transactions of the 3ec¢ond an-
nual Meeting of the Bicelectrical Repair and Srawth
Society, “eld on 10-22 September 1982 ina Ixford,
Eagland; 2:1; 1982,

The uptake of <he bone seexing <racer, 9% Mechnetium-
labelled methvlene diphosphonate (99mTe-MDP), was
juantitativelv neasured <o bjectivelv assess the
effectiveness 3¢ induced =2lectrical currant {n en-
hancing fracture healing., 4 fracture aodel was pro-
Zuced by open osteotomy >f the sheep tibia. Two
delmnoltz coils w~hich were driven “v a zrapezoidal
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wave form in which the rising ana falling siopes wera
approximately equal were placed on either side of the
treataent sire. At weekly intervals, for 5 wx after
the osteotomy, I9mTc-MDP was injected into the sheep

The count rate at the Iracture site was neasured at
1, 3, 13 and 60 ain after the injection bv placing a
collimated scintillation detector an the plates over
the fracture site. In eight sheep studied (% exper-—
izental and =~ controls), the count rate at &9 aia
increased during the 3 wk studied (360 = 90 to 760
=+ 280 for the experimental group, and 230 + 40 to
570 = 200 for the controls). At each of the measure-
nent times, the wvalues ian the experimental animals
Jere relatively "nigher <than in the control sheep,
2.3., .s0 oz .09 compared with 3.2 £ 0.04 ac |
2in after iajection {where the data had been normal-
ized o unity a1t o0 min after injection). This
iiiference was scatistically sigaificant (p<0.85).
The resuits demonstrate that in vivo measurements
:an Jdetect changes in fresh fractures stimulated
with induced electrical currents.

tSna IFFECTS OF ELECTRICAL STIMULATION N CAL-

TICM=45 UPTAKE IN FRACTURED FIBULAE FROM
HORMAL AND THYROPARATHYROIDECTOMIZED RABBITS (MEET~
ING ABSTRACT). (Eng.) Guy, D. K. (Dept. Anatoay,
Health Sciences Center, Univ. Louisville, Sch. Medi-
:i:e, Louisville, XY, 40292); Wwald, H. In: Trans-
1ctiong 3f the Second Annual Meeting of the Biocelec-
rizal Repair and Growth Society, held on 20-22 Sep~
teaber 1382 ia Oxford, England; 2:2; 1982,

n

An invescigation was undertaken to determine whether
electrical stimulacion of fracture healiag enhances
the aptake of calcium inc~ bone and whether the en-
nanced aineralization, i{f present, is independent of
fwormonal i{afluence. A *-ransverse, mid-shaft fracture
of zhe fibula was produced bilaterally in 20 YNew
Zealand white rabbits. The right £ibula of each
animal was electrically stimulated with 18-20 uA of
direct current while the left side served as control.
Ten f the rabbits also underwent thyroparathvroidec=
tomv at the beginning of the experimental period.
These zen animals received cthyroid hormone as ce-
placement therapy but were considered to have an
absolute deficiency of calcitonin and parathyroid
“ormone. All animals received +5Ca iv at intervals
during the healing period. At the 2nd of the ll-day
study, bone samples from toth fibulae and the prox-
imal half of the radius were zaken Irom each 4animal.
The amount sf *2Ca ser uynit wt of bone was determin-
2d 5v anaivzing the samples 5nm 2 liguid scin-
illation :zcunter. The results demonstrated no dif-
erence in *3Ca uptike bYetween stiaulited and non-
timulated fibulae. TFractured bones did exnibit
i
cn

AN

gniff{cant increasa i{n uptake over non-Iractured

es. In the atsence of calcitonin and narachyrosid
drmone, all bone citegories scudied Jemonstrated 3
sratistically significant iacrease in +5¢a uptake.
Siace 4ll Hone <cat2gories were =2quaily afifacted,
these data are believed t> rarlect an increase in
the Turnover rite rather tn4n in 4cTiudl incraase in
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the total amount »f cal:iium -~resent.

335h3 ELECTRIC ACTELZIRATION  .F  THE  2aTC JF
%CTLRE %nALISG z PRIMATE “ETiTARSA
WMEETING %SST 7). fEng.) W~alter, . "Pe WS?l!iuli

Coll. Podiacri Meqxcxne, 3th 1t Race 5t., Fhiladei-
onia, PaA £9107); Harrington, D.; walxer, T.; Chen,
T., 3iack, DJ.; 3odamer, w. In: Transactions of czhe
Second Annuai Meeting of the 3ioselectrical Repair
iad Growth 3ociety, held on 20-22 September 1932 1in
Oxfoord, Znzland; 2:3; 1982,

The primat: Cebus Albafrons (organ gzriander monxszy)
was used o 2xplore the =2ffects of small amounts ot
electric current on acceleration of fracture healing
in the prinate metatarsai. Zoung f{late adolescent)
monkeys were chosen bYecause of the bioslogi:al aad
biomechanical similarities bherween the prizmate and
the human. “ach animal wvas anesthesized and the
dorsal region o>f cthe third metatarsal was zXposed on
each foot. Two XKirshner wires were inserted orox-
imallvy and distallv, perpendiculdr <o the lonz 2xis
of the done, in the Jdorsal aspect of the metatarsal.
Then a third Xirshner wire was placed and ‘ixed hori-
zontally across botn vertical wires, therebv credating
an external fixation device. Next, a l.J0-mm Jsteo-
tomy was nade between :the proximal and distal fixa-
tion pins, ind a stainless steel electrode (teflcn
coated except for the :ip) was placed ian the osteo-
tomy site and fixed in pldace by being attached to the
horizontal por:xons ot the external fixation device.
The incisions were closed and casted, then one foot
Was chosen at randem o ke the experimental side
(active alactrode) waile the other metatarsal sarved
as control (dummy e=lectrode). Anodes were placed in
different sites. Three grcups of animals with 3
animals per group wer2 used for this study. Group A
represented 3 days post=-operative, Sroup 3 was 15
davs post-aperative and Group 7~ ran for 22 days after
surgery. The data indicated cthat the electrically

stimulated osteotomies healed {aster than the controi
groups, that zhe elecirically stimulated bone appear-
ed as normal, woven bone with little or no endochon-
dral formation, and :its ossificaction was more ad-
vanced than control samples. Osteoblastic activity
and vascularization was also greater in experimenzal
samples.

29566 3ICELECTRIC AND HISTOMORPHOMETRI THANGES

JURING FRACTURE HEALING "MEZTING ABSTRACT).
(Zng.) Chakkalakai, D. A. (Orthopaedic Res. Lab., Va
Hedical Zenter and Dept. Jrthopaedic Sur;erv, Jniv.
Nebraska Medical Capter, Jmana, NE »3123;; Lippielln,
L.; Zcnnolly, J. F.  In: Transaztioms of the Second
Annual Meeting :he 31oeleccrical Repair ind Crowth

14
Societv, teld on 20-22 Zectember .82 in xZord, Ia-
3land; l:+; L1982,
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The correlaction detween local electric fields caleula~
ted Irom woltage 7Deasurements ia Sone ind new hone
firzation obrained tn the osteotomized canine radius
<4as L"vestigated. Four Az, AgCl head =2lectrodes were
laplant=2d {a tle done; wo in the cortical region and
WO 10 the medullary regicn. Ynltage nTeasurements
<er=2 fone Ix wx. At 9, 3, 10 and 12 wk post ssteo-
Ttav the doys Jere sacrificed; the radius was sec-
tloned transversely into I-am sections and a poinat
tJuncing nethod was used o quantitate new bone for-
nation. Trom the voltage measur-ments the average
2lectric field strengths in the regions between elec-
trodes were calculated. A correlation was found he-
~wesn the combination of magnitude and duration »f
2lectric field of negative polarity ("field dose")
ind the amount >f new bone formation. In osne Jog
tie amounts of new Sone in the regions proximal and
iistal to the osteotomy were comparable corresponding
23 similarity of the "doses” in the two regions. In
contrast, ia a second dog, considerably more ‘“one
fsrzation occurred in the distal region corresponding
> zhe mucn larger 'dose" theare compared to the
oroximai region. Work is in progress to seek ®urc-her
sorrelations between osteogenesis in specific stages
and the decails of changes in the local electric
“izld.

2567 PRIMARY INDUCED CELLULAR CHANGES AND <CELL

SPECIFICITY IN PULSED CAPACITIVE STIMULA-
TION OF BONE CELLS IN VITRO (MEETING ABSTRACT).
{Z1g.) Korenstein, R. (Weizmain Tns:t., Dept. ‘lew=-
brane Res., Rehovot, Israel); Somjen, D.; Fischier,
H.; 3inderman, T. In: Transactions of the 3econd
Annual Meeting of the 3ioelectrical Repair and Growta
Society, held on 20-22 September 1982 in Oxferd, Eng-
tand; 2:3; 1982,

Resulrts of a study on pulsed capacitive stimulation
>f mixed population of bone ceils in culture are re-
porzed. Sctimulation of bone cells was performed bv a
series of rectangular voltage pulses (25 usec width,
3 dz cepecicion rate) of varying amplitudes, lasting
5 min. Low field strength stimulation (13 V/em pre-
vailing in the culture medium) caused immediarte de-
crease of 30% in intracellular level of cyclic AMP
CcAMP) wnich was followed by a l.3- to l.i-fold in-
trease in ONA synthesis 24 hr later. Middle field
strength (22 V/cm) caused no change both in cAMP and
ONA.  High fleld strength (54 V/cm) caused a 1,.8-fold
increase in cAMP level and a 2.5-fold increase in
ONA svntnesis. These bone ceil cultures, prepared
from rat embrvocalvaria werz shown to respond both

¢ parathyroid toraone {(PTH) and to prostaglandia-Ep
"?GZ3). When done cells were subcultured thev .ost
their responsiveness to z2ither PTH or electiric field

but responded to ?GEs+ by an increase in cAMP produc-
tion. Fyrthermore the subcultures lost their raspon=
siveness to zither PTE or 2GE-~ in teras of DINA syn-
thesis ind naintalined their responsiveness tn low
2lectrie fields onlv “1.3-fold increase 1n 2NA svn-
thesis). It is suggested rthat the cells

spond 7y Low field stimulation ire the PG

itive zells and those =hat ra2spond =5 tizn
are the osteoclast-like, 27 i
different cell <types are sti
rezions of the applied electric ¢
2al stimulation was shown to induce cascade o
chemical events, where the immediate 2iach
changes included c¢yclic nucleotide changes
and ion fluxes (Ca*2 fluxes). This ctransmission
of rhe electric stimulus at the npembrane level
through a second messenger =echanism is :ompared to
che stimulus-signal transmission mechanisms by hor-=
mones and growth faccors.

1568 ALTERNATING MAGHETIC ZLOS  ENHANLC PREN

SYNTHESTS IN  FIBROBLASTIC CELLS "MEEZTING
ABSTRACT). (Zng.) Liboff, A. R, (Dental Res. 3ranch,
Stop #18, Naval Medical Res. 1Inst., 3ethesda, D
2081+); Strong, D. M.; Wistar, R. In: Transaczicns
of the Second Annual Meeting of the 3icelectri:zai
Repalr and Growth Society, held sn 20=12 Sentember
1982 in Oxford, England; 2:3; 1982,

The effect of sinusoidally varying magnetic fialds on
ON¥A synthesis in cells was investigated in vitro. A
pair of matched incubators equally ficted tno2
specially designed set of coils, J.35-m inside diametar
and J.25-m in length. Three-coil configurations were
empioved with spacing equal to half the radius, =
turns on the center coil and 2N oa the end coils, in
ocder to optimize the field uniforaity over a larger
volume zhan could be obtained with a classicai Heln-
noltz arrangzement. Two independent series oI axper-
iments were performed using this set-up. Human fore-
skia fibroblasts (HEM-HFS-13) were seeded {nto 24-
ind 96-well tissue :ulture plates using DMEM and 19%
FCS and the plates distributed =qually becween the
experimental and control iacubators. An amplitude of
7.2 G was used 1s well as frequencies ranging detween
40 and 80 HYz. The relative amounts of thvmidine up-
take in the 2xperimental and control plates were le-
termined using: (1) a l-hr 3JH-thvmidine pulse, {2)
an !8-hr pulse, and (3) an integrated H-thymidine
label introduced with rthe initial inoculation. It
was found that in 45/48 paired plates, the level of
incorporated thvaidine was sigrnificantly higher in
the experimental plates; it was “urther osbservei that
the amount of incorporated thvaidine in exposed cells
peaked at a two~fold ratio over the control cells in
the vicinity of 20 ar after the beginning of expo-
sure. It is concluded that there is a consistent
stimulatory effect of sinusoidal nagnetic fields on
the DNA synthesis o>f "wuman Ioreskia Iibroblasts ia
vitro and that the sgeciiic rulsed electromagnetic
field waveshape i3 not requirad to elizit this af-

fect.

1369 TUE  EFFECT  JF PULSATING  ZLECTROMAGNETIC
FTELDS N PRESTAGLANDLY SYNTHESIS 1N

JSTZIBLAST-LINE CMEETING ABSTRACTD. ‘Zagd)
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Johnson, D. E. (Dept. Jral 3iology,
Sch. Dental Medicine, Farmington, CT Jod32}; Rodan,
G. A. In: Tramsactions of the Second Annual “eetinag
of the 3icelectrical Repair and Grewrh 3Sociery, held
on 20-21 September 1982, ia Oxford, EZngland; 2:7;
1982,

Caiv. Tonnecrticuc,

The effect of pulsating electromagnetic fieics ‘PEMF)
on prastaglandin synthesis was invescigatad in the
rat osteosarcoma-derived osteoblastic cell line ROS

i7/2+3. Cells were grown to confluence in F-12 medium
supplemented with 10% fetal tovine serum and were
2xposed to PEMF for up to 24 hr. Prostaglandin I Jas
me3sured in cell media by radioimmunoas . the re-
lease of l%C-arachidonate {the prostaglandin orecur-
sor) from phospholipids of prelabelled celis and i:s
conversion to ‘“C-PGE. were assessed b5y cthin laver
chromatography of orgéﬁic solvent media extracts; the
activity of cyclooxygenase, zhe prostagiandin svathe-
sizing 2nzyme, was assayed by incubacing living cells
with arachidonate and measuring PGE by RIA. It was
Tound tnat PEMF: (i) had no effect on cyclooxygenase
a-tivity, which had a X5 of 20 uM and 4 Vg, of b9
ng,/10° cells/min; (ii) stimulated the release of
arachidonate from phospholiszids »y about 350%; and
(111} increased PGE productiu~ from 200 pg/hr,culturs
to 350 pg/hr/culture. The PGE concentration in zul-
ture media exceeded 10 M, a level which enhances cy=-
ciic AMP accumulation, graowea and osteoclast activa-
tion in bone explants. The stimulation of PGE syn-
thesis by PEMF in osteoblastic-linreage cells is con-
sistent with aembrane-mediation and cyclic AMP-in-
70lvesent {a the traasduction of electrical signals
and the subsequent effects on growth and z2aturation.

3570 IN VITRO CAPACITIVELY <COUPLZID ELECTRICAL

STIMULATION CF BOVINE ARTICULAR CHONDROCYTE
PELLETS IN VARYING SERUM CONCENTRATIONS (MEETING
ABSTRACT). (Eng.) B3rightom, C. T. {Dept. Jrthopaedic
Surgery, Univ. Pennsvlvania, Philadelphia, Pa 19104);

Cnger, A. S.; Stambough, J. L. In: Transactions of
the Second Annual ‘leecing of the Biocelectrical Repair
and Growsh Societv, neld on 219~22 Seprember 1982, in
Jxfned, Sngland; 2:8; 1982 (2 refs).

A Zfacilitorvy response of
zhondraocvte pellets {s reported
an the concentrition »f newborn calf
ine presence of 1 capacitively coupled fiela.

in vitro bdovine articuiar
which 1is dependent
serum (NBCS) in
Artic=

slar cartildge was obtained in a sterile wmanner Irom
zhe CA..e inints of male Holistein calves {(1-21 wk
d lets were Zormed Irom 4 x lUP isolated ar-

lar -1ondrocv as prepared by selective matrix di-
geshi)n using sequential enzymes {trypsin, hvaluroni-
dase, colligenase) iad grown in tissue culture media
f'”%‘ witn 1I)% NBCS ‘or 72 ar prior to stimulation,
ssue culture media wizh 17 or LOQW NBCS was labelled
~L:1 2i5-sulphate (10 Ju‘ al) or 4-thvmidine (3 aCi
al). The Ireshly labelled svstem was stimulated for

24 ar ia an externallv applied I130-¥ peak-peak, 50
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wiz, sine wave capacizivelr
a current density in eacn
1Az (RMS value). a

densizy of 237 uA/ca</dish
with LU% NBCS,
tein and ONA was significancly increised "5, i,
358-sulphate incorporacion ger ug protein was signilii=
cantly decreased (p<.05). Repeating the same experi-—

ment in 1% NBCS showed 4n incredse ia 2
incorporation per ug protein ind DNA AR
thymidine incorporation was not =15n fican
ed. A current demsity of 37 uA/cm<’disn

peak external signal) {urther enhances :zhese .o
2ffects in a statistically significanc zanner.

Zindings enophasize the lmporzance »J serun

tion in in vitro cellular svstems. *ore ix

this study shows that a capacitivelw :ouple 4
signal can act to nodulate a predetarained cellular

respcnse {71 mammalian articuiir zhondrocyzes.

STIMULATINN OF
SYNTHESIS IN FIBROBLAST CUL
MAGNETIC FIEZLDS (MEETING ABSTRACT). b ‘urray,
C. (Strangeways Res. Lab., Clambridge, and), Ia:
Transactions of the Second aAnnual Meetiag of <he 3io-
logical Repair and Growth Sociery, heid on 20-22 Sep~
tember 1982, in Oxford, Zngland; 2:9; 1982,

CONNECTIVE UE PROTIIN

3¢ PULSED

The effect of the 3i~Nsteogen system (£.3.1., U.X.,
Ltd) on protein syathesis, in particular the svntnesis
of matrix components, Dy embrvenic chicken :tendon
fibroblasts (CETF) ia culture was investigated. Pri-
mary cultures of CETYT were exposed t> pulsed alectro-
magnetic fields (PMF) of the repetizive pulse »ursc
type on a 6 hr-on/6 nar-off cycle through i 9-day
growth period. Cell numbers were ueasured electroni=
cally and protein synthesis studied by incorporation
of 3H-prolxne into non-dialyvseable material. Zolla-
gen was estimated by analysis of conversiosn of 34—
oroline to JH-hydroxyproline. No effect of two dii-
ferent PMFs, varving cnly in negative width, was
observed on cell prolifaration. Protein svnthesis
was not affected during =2xponential ygrowth, 5Sut was
significantly elevated (30U-50%) Yy one parzicular
waveform. Conllagen was also relatively iacreased;
approximately 1T of che zotal proteirn being repre-
sented by collagen in treated cultures, compared with
5% in controls. Tollagen :zvpes were unafiected %V
PMF. 3oth contrel and tvreated svnthesized tvpes I
and IIT in a ratio of 3:l, with trace amounts of
type V. Concurrent this increase .a protain
svnthesis, was an 307 inacrease in the amrount > la-
belied material precipitavle with antiserum to Iibro-
nectia, in treated cultures. These Jdata suzgest that
certain PMFs can alter protein =metabolisa and {n
parzicular the accurulation of connective tissue :om=
ponents Sy teadon fibroblasts in cuitare, “ut Jnlv
during the confluent phas2 >f zrowth. In addi
not 3ll waverorzs have the same »oiological

so 4
ohaney vad




Biological Effects of Nonionizing Efectromagnetic
Raaration VI1(2-4), July 1983

5372 A GENERALIZED THEORETICAL APPROACH TO THE

NDETERMINATICN OF LOCAL FLELD PARAMETERS
JDURING  CAPACITIVELY COUPLED SLECTRIC STIMULATION IN
WIVO (MEETING ABSTRACT). (Eng.) Vresilovie, E. J.
(Sept. 3Biocengineering, Univ. Pennsylvania, Philadel-
ohia, PA 191Q04); Pollack, S. R.; Brighton, C. T. In:
Transactions of the Second Annual Meeting of the 3io-
logical Repair and Growth Society, held on 20-22 Sep-
tember 1982, in Oxford, Zagland; 2:10; 1982 (2 refs).

Jielectric, circuit, and control theory were used to
develop a generalized theoretical approach to the
detarmination of local field parameters during capa-
citively coupled electric stimulation in vivo. A
generalized capacitively coupled in viJg—expetimenc
places the limb of an animal between :zwo stimulation
electrodes to which a driving signal is applied.
These electrodes may bSe on the skin or separated
from it by air or another material. Generally, an
in vivo experiment is found to have a less accurately
defined environment when compared to its in vitro
counterpart. This holds true for modeling geometries
and electrical properties as well. The model must
approximate the actual zeometry and also adeguately
define the boundary conditions needed to solve the
Laplace equation. dowever, animal limbs represent
complex geometries and approximate amodels wust be
used. Additionally, these models are further compli=-
cated by animal to animal variation. The electrical
properties, the conductivity and the permittivity,
aust e Jefined as a function of frequency for each
material., ESlectrode-dermal impedance may be conven-
‘ently thought of as cthe electrode impedance coupled
to the skin impedance. The electrode-dermal impe-
dance for humans is primarily dependent on electrode
type, area, current density, signal frequency, st.mu-
lation location, and sweat gland activicy. Elec-
~rode-dernal impedance has not been fully described
for other species, and the applicability of the
auman impedance model raises questions based on the
species variation in skin morphology. The relation-
ship of the LFPs to the driving signal is esta-
blished by solution of the Laplace equation with
Laplace Transform methods once the system (s modeled.
This results ian a transfer function in the s fre-
quency-domain which (s used to define the LFPs as a
function of :the driving signal in the time domain.
The In vivo theoretical appreoach is illustrated with
in experiment where l,5-ca diameter stigpulation elec-
srodes were placed on the medial and lateral surfaces
over a fi{bular fracture in a rabbit. A 10-V 60-kHz
siznal was applied with 50% aaplitude wmodulation.
Using human electrode-dermal impedance values, the
calcilated maxiaum values >f fleld and current deasi-
ts were 15 V/:m and 1.5 1d/cal, respectivelv.

w

73 TRENUENC?  WINDOWS IN  STIMULATING A CELL

WITH SLECTRIC FIELD: A ZOMPUTER SIMULATIO!
(MEETING ABSTRACT?. (Zng.) Ridella, 5. (Consiglio
azionale Zelle Ricerche, Istitutd Circuiti Elettron-
ici, 7ia Joera Pla, 1l - 16145, Jenova, Italy); Orago,

3. 2., “archesi, M. 1at Trinsactions of the Second
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Annual Meeting of the 3iocelectrical Repair and Growth
Sociecv, neld on 22-22 Seprember (982 in Ixiord, Ing-
land; 2:1i; L9882,

The effects of an electric field on the cell menbrane
wera investizated using a4 computer sizuiation. A
cell, simulated Yy a mulzilayer spherical structursz
>n a3 digital computer, was exposed o an alternating
current electric field. The electrical properties »of
possible biological interest, such as, fields, vol:i-
ages, currents and ion densities were evaluated
throughout the cell to =2lucidate which part of the
cell is simulated and what xind of :harge transper:t
will occur. ZEvery laver was characterized hwy data on
complex dielectric constaat o>r =quivalent lmpedance,
which was obtained through experimental measursments.
The cell nembrane aodel was developed zo obtaln che
ion densities at the surface and the lon=flux 4cross
the membrane. The nucleus was nodelied s0 as :o
account for the binding of divalent Ions to the JNa
fixed charged phosphate groups. With an  appliad
field of 200 V/m it 'as found that: (i) che ion
density variation on cell zmembrane reached 3 naximun
(about 2%) in the frequency rcange 2.i-10 Hz, with
possible consequences on membrane receptors and, con-
sequently, on biological behavior; (2) the wvoltage
on the membrane reached a maximum of I @V in the
frequency range ! xHz-1 MHz: a1 safety -hreshold of |
aV had been suggested; (3) the ion passive rlux and
the vicinal ion concentration reached 4 naximum of
7.8 x 102 a/a and 6.9 x 10~% coulombs/m®, respec-
tively, in the frequency range 0.1 xdz-1 MYHz, the
frequency range used in bone-healing; (%) the ab-
sorbed ion density reached a sharp aaximum »f 137?
coulombs/m2 in the frequency range O.l-1 Hz; the
frequency range in which strong calcium ion efflux/
influx has been observed; (3) current density in the
nuclear membrane pores reached a very high and sharp
maximum of 446 A/md In the frequency range l-10 MHz;
it has been estimated cthat curreats of this order can
modify chromatin; (6) the charge shift inside the
nucleus, which could influence chromatin decondensa-
tion, had a maximum at about 7 kHz. It is concluded
that some electric fields inside the cell are greater
than external ones at particular {requencies and that
each transfer function btetween one of the electrical
quantities of biological iaterest to the external
field shows a maximum in the range 3-10 MHz.

574 INDUCED ELECTRIC POTENTIALS 1IN VIVD PRC-

oUCED 8Y TAPACITIVELY COUPLED  SIGhnALS
‘MEETING ABSTRACT). (Zng.) 3rager, M. J. (Dept Jr-
thopaedic Surgeryv, 3ch. Medicine, Univ. Pennsylvania,
PA 19104); Brightonm, C. T.; Pnllack, S. R. In: Trans-
actions of the Second Annual Meeting of ~he Biologi-
cal Repair and Srowth Societv, neld on 20-22 Septem~
ber 1982, in Oxford, Znagland; 2:i2; 1982 (1l ref).

[nduced electric potentials ia vivo produced bdy cap-
icitively coupled signals were iavestigated. The
subjects for this study were six, 3-3 kg idult male
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New Zealand whize rabbits and four adult nale wmans.
The humans were patients who had electrodes iasertad
Ior treatment of ununited fractures and consente2d oo
participate in these 7aeasurements n1ade 2rior =
connection of the diract current power supplv., The
electrodes were i.l-mm diameter stainless steel Jire
insulated except for 1 l.3-cm tip that was implanted
in bone. Two of the s3ame electrodes Jeére percutan-—
eously inserted through the lateral and medial femoratl
condvles of the rabbit righr hiad liab. These were
then advanced into the femoral canal :in a paraliel
fashion along the lateral and medial endosteal sur-
faces. The implanced tips acted as probes “or =oni-
toring incuced potentials (V). 3are, stainless
steel capacitor plates were applied to =ne skia oan
opposita «ides of the limb wmxternal zo the location
5> the u.lnsulated monitoring tips. The plate if-
ameters were 3.0 cm for hwuman studies and !.7 :m Ior
raboit studies. A function generator supplied sine
wave driving signals (applied voltage, 7,) to the
capacitor plates. Induced potentials in RMS voltage
were measured directly across -he exposed portions
of the electrodes (monitoring electrodes) using 1
digital voltmeter. Increase in Yy always resu.ted
in a linear increase in Y;. Llimb size had no signif-
icant effect on V;. Increasing plate diameter rce-
sulted in no signi.icant difference in Vi. Increas-
ing plate pressure 1gainst the skin in rabbits re-
sulted iu an increase ia V.. Through a sequence
of ¥y 2, 5, 10, 29 and 30 7 peak-peak, loosely ap-
plied plates (determined by minimum stable current
draw in capacitor plate leads) produced a mean Vg
> 15.5 aV. Through the same sequence of V,, tight-
lv appiied platas (determined by maximum stable cur~-
rent draw in the capacitor plate leads) produced a
mean Vi of 531.5 mV. The total range of Vi was 0.5
to 168.0 aV. A monatonic increase ian V; was ob-
served with increasing frequencies of 2.1, 1.0, 10,
20 and h0 xHz. V4, plate size, and plate pressure
were xept coanstant during these measurements. lea-
suremerts of remote V; were made with the capacitor
plates in locations of the body away Zrom the moni-
coring electrodes. In humans the largest falloff of
7y occurred withia 20 cm from the coupling site. In
cabbits, ac Vy of 5.6 V peak-peak the nean local Vg
was 3.9 T1.3 aV wnile the mean remote ¥, {plates on
zhe sppc-.t: nind limb) was .55 .19 av.” Therefore,
the ratio of the mean local Y; to mean remote Vi was
7.l to 1. Tt is concluded that the relationship be-
cween the induced or stimulating signal and the sig-
nal applxed to the capacitor plates i{s influenced bv
a variety of experimental viriables which must be
controiled for definitive exparimentation.

3575 HELMHOLTZ <OIL - ZELL ”Y'ETE}‘[ 32ATTAL RELA-

TIONSHIP AND ELECTRICAL J0SAGE IN THE ZLZC-
TROMAGNETIC MODULATION 0F TISSUE L,RJ'JTH AND REPAIR
(MEZTING ABSTRACT). {Zng.) Mcleod, 3. R. (Dept.
flectrical EZngineering and Computer Science, Montana
State Un:v., 3ozeman, MT 397.7); 2iila, A. A.; 3amp-
sel, M. V. in: Transactions 3f the 3Jecond Annuail
Meeting «f the 3lological Repair and Srowth 3ociaty,
Aeld on 10-22 Seostember 1982, in Ixford, Zngland;

2013 1982,

Biological Effects of Nomoriz'ng Erectromagnetic
Raciation VII(2-4), July 1983

The spatial discridution . pulsiting =ie
{cally—-induced current (PEMIC) in physiol
@as quantitated f{or tnhne most commonly =op
cuirture and peﬂsxon S¥sStem 1S 1
ori ".ar.ion. haor2tical presicziocns wers Sased on
RER Ts EX ld 2quations Jor :rllindrical (:oils hor-
iz ) and ractingular (:5115 verc.icdal) zecmetries.
Comp data were gererafed Jrom the theury so Tieid
plocs could %e Jdone =5 3riphica usirTate oW

current deasitvy “hanges Y Zxperimental
verificacion utilized sgecially zunstriczed electrade
probes with whicn »octh zhe .nduced <lectriz fields,

and :urreat density, O, ectwrs Jere Teasurzd Iin
saline. The resul®s sicwed tnag, for :rlindrical
zeomeITvw, I ana . Wer:  _otcenlris £iags i1bout The

cencer of 2 P2trl iisn osr caltue Tise
- .

“fhere {n the e ion 30 p
field, 3. 3oth I and ]
cadius, r, naving MaxITuT 1
ring, just iqsitde rthe .asulating J/essel
vertical coils, = ;
cion approximately llaear!:
for planes not ad acent
complete iaduced uf.d DaTte

comolax., However, o>n = wnere
most cells reside in 3 tulture =xperiment; the dalor-
ity of J lines Jere perpendicular > 3. E'.ec'ru.:u
dosage in 1 cell cultare zxperiment, therelore,

clearly depends upon 91l orizptation, the Jdinmen-~
sions of the wvessal, ind zhe Rnaeiznt of the culture
nediun. Tor exampie compared to J at any r for
cylindrical geometrv, its wvalue on the bottom jlane
for vertical :oils aiffered bv approximatelvy the
Zactor n/lr. All of =the above considerations are
summarized ising theoretical and 2xperimental current
deasitv-position plots. The asseantial rasults indi-
cate that nearlv uniform electrical dosage is achieved
only when the cell system i3 'elac vely planar (cell
culture - vertical coils)., All ocher czases result in
a spatially variable i{aduced current density, wita
maximum dosages depending on ceil oriencation.

5576 A NEW PROCECURE FCR  ELECTRICALLY STIMULAT-

ING CELLS IN CULTURE (MEETING ABSTRACT).
(Eng.) Liboff, A. R. fNaval Yedi:al Res. Inst., Beth-
esda, 4D I0814); Halverson, 3. A. In: Transactions
of the Second Annual Meeting of the Biological Repair

and Growth Society, “held on 20-22 September (982, in
Oxford, England; 2:l4; 1982,
A novel capacitive, noniavasive procedure for elac-

trically stimulating celis ia culture 1is reported.
The procedure has the «capability of (1) allowing
simultaneous studv of many cluster plates, (2) aim-
icxing the waveshapes induced bv pulsed electiromag-
netic field coils, (3) allowing simple -~ontrsl of
frequencies, and (%) accurately characterizing the
charze density applied to the cell substrate. The
excallent electric permittiviey issociited with tis=-
sue culture (luster plates allows one %0 1ve the wail
capacitance to intriasicailv differentiacs pulses ap-
2lied to the outside of the plates; 71onnlaver cell

hd LA e 4 an
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Biological Eftects of Nomomzing Eiectromagnetic
Radiaticn ViIf2-4). July 1983

cultures plating the faterior of 2ach well are theraby

subjected to precisely the same charge signature. In
chese studies, 2%-well COSTAR rtissue cluster plates
were used which have a well bottom thickness »f ! anm
and a dielectric constant o>f 3.3. These plates were
modified by painting silver electrodes on the outside
bottoms of all wells, experimental and controal.
Pulses from a function generator and a pulse-shaping
circuit were applied to the plates directly in cthe
incubator. Preliminary results have been obtained
for two distinct experiments; one testing the effect
of reperitive (15 Hz) electric pulsing on cell ad-
nesion and the other measuring the effect on cellular
netabolism. Human foreskin fibroblasts (HEM-HFS-15)
were used throughout. Enhanced rates of adhesion and
iacreased uptake of radiolabeled thymidine, uracil and
proline were observed for negative pulses generating
surface charge denstities of 4 pC/cal/pulse.

2377 ON THE TREATMENT OF LOOSENING OF ZNDGPROS-

THESES BY MEANS OF PULSING ELECTROMAGNETIC
IELDS (MESTING ABSTRACT). (Eag.) Xraus, W. (Inst.
edical Physics, Augusteastrasse 3!, D-8000 Munich
, Ww. Germany); Lechner, ¥.; Ascherl, R.; Blumel, G.
n: Transactions of the S2cond Annual Meeting of the
3iocelectrical Repair and Growth Society, held on 20-
2 September 1982 ia Oxford, Eagland; 2:13; 1982.

A clinical multicenter study including 13 osrchopaedic
surgery clinics and 10 private orthopaedists was per~
{ormed to evaluate the use of electrical and electro-
nagnetic stimulation {n the treatment of patients with
loosened endoprostheses. Low frequenecy (12-22 Hz, 30
Je), sinus pulsing magnetic fields were used to treat
462 patients with cemented prostheses and 15 with ce-
ment-free prostheses. All patients were candidates
for reoperation. adjustable and special shaped coils
around the hip joints were applied and the treatment
w7as performed on an average of 2-3 hryday for 15.4 wk
#ith a maximum observation period of 8 yr. Treatment
resulrs were staged according to spontaneous paia,
2ain ia motion, use of crutches, distance of walking,
and dose of analgesics. 1In 122 (26%4) of the patients
exceilent results were recorded, i.e., painless walk~-
ing without ~he use of crutches was obtained, and in
188 (41%) zood results were yielded; 37 (21%) reported
a0 effects.  Ia 55 (12X) of the cases in which treat-
ment failed totallyv, patients underwent further sur-—
gerv with a re-implantation. Thus, in 67% Zurther
surgery could be avoided, evea in intractable cases.
CTomparison with previous studies iadicated that cthe
etf{cacy of the treatment seemed to be significantly
better in cases of loosened <ement-free prosthases.
This treatment should be iimited to cases in an =arly
stige of loosening. Septic lcosening, fractured ce-
qent, oroad radiolucent lines and iisiocation 3{ the
iaplant must Se treated surgzically.
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0578 PULSATILE ELECTROMAGNETICALLY INDUCED

RENTS SYNERGIZZ «WITH POLYMER IMMUNCMCDU-
LATING DRUGS IN THE INHIBITION OF GROWTH COF MURINE
MALIGNANT MELANOMA (MEETING A3STRACT). +Zng.) ? a,
A. A. (Bioelectrochemical Lab. Dept. ipplied Chemistry
and Chemical &Engineering, Zolumbia Uaiv., New York,
NY 10032); YNorton, L.; Tansman, L. In: Transactions
of the Second Annual Meeting of the 3iocelectrical Re-
pair and Growth Society, held sn 20-21 3September 1982
in Oxford, England; 2:16; 1982.

Inhibition of the growth of murine malignant melanoma
with the combined application of osulsatile electro-
nagnetically-induced curreats {(PEMIC) and polvmer ia—
cunomodulating drugs was investizated. “Jne nuandrad
female BDF; or BCF, mice were implanted with ! =m” 315
melanoma. The animals were then divided iato control,
PEMIC alone and PEMIC + Pvran (75 ag,kg, | or 7 davs
after implantation) groups. Mice treated with PEMIC
were placed (Iree roaming) in speciallv -onszructed
cages between horizontal Helmholtz air-zap coils
activated for 12 hr/dav. This coil configuratien
allowed electrical dosage to be relatively indepen=
dent of animal wmovement. The pulsatiag agnetic
field (dB/dt approx. = 0.l G/usec) induced 2 Hz
currents configured of 50 msec bursts of 250 usec
main polarity and 4 usec opposite poiarity asymmetri-
cal rectangular pulses. The average induced carrant
per pulse could be wvaried from approximately J.l-1
uA/cmd (i.e., average pulse current per unit volume
of treated tissue) while maintaining all other sulse
parameters constant. Resulits were obtained by as-
sessing palpable tumor volumes as a function of time
and by observation of survival tixe. The median
survival time for control animals was 7 wk and was
not affected by PEMIC or Pyran alone. dowever,
treataent with PEMIC + Pyran increased survival time
to 10 wk in 100% of treated mice. This represents a
significant reduction in tumor z2rowth rate, possibdly
via enhancement of immune response. These results
provide strong evidence that an effective and non-
toxic anti-cancer treatment modality may be at hand.

1579 THE SIDE EFFECTS TO THE INTERMNAL JRGANS OF

PULSING ELECTRO-MAGNETIC FIELDS <{MEETING
ABSTRACT). (Eng.) Ohashi, T. (Dept. Orthopaedic Surg~
ary, Murakami Memorial Hosp., Gifu Coll. Dentistryv,
1-6 Wakamiya-cho, Gifu, Japan 500); Inoue, S.; Sasaki,
H.; Ashihara, T. In: Transactions of the Second Anau-
al Meeting of the Bloelectrical Repair and Growth Soc-
ietv, held or 20-22 3eptember .982 Ia Jxford, Znzland;
2:17; 1982,

Complications involving internal organs were investi=-
gated following exposure > pulsing elec:romagnetic
fields (PEMF). One group of rats was expoued to> PIMF
while housed in a plastic cage while a second 3zroup,
which served as control, wvas maintained in an identi=-
cal cage without exposure. Following sacrifice, the
abdominal organs of the rats were examined “Yisctslogi-

cally and the tesults were compared iccording o the
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age of the animal, i.e., voung, voung adult and adul:c.
Yacuolar degeneration was observed in the xidney and
liver of rats stimulated continuously Zor 2 days with
PEMF; the effect was age-dependent with the severest
degeneration found among the vounger rats. The same
degree of vacuolar degeneration was observed in the
liver, hut not the kidnev, of animals exposed 12 and
L6 hr’/davy, resp., for 1| wk. Liver degeneration ina
rats exposed for 3 days was not reversed after 1l days
of non-stimulation. The spleen, testis, and skin were
not affected by PEMF. The results indicate that great
care should be observed when applying PEMF to the
spine or pelvis.

2530 TREATMENT OF AVASCULAR NECROSIS OF THE FE-
MORAL HEAD WITH ODIRECT CURRENT: A PRELIM-
THARY REPORT (MEETING ABSTRACT). (Eng.) Steinberg,
M. . 7Dept. Orthopaedic Surgervy, Univ. Pennsylvania,
Sch. Medicine, Philadelphia, PA); B8righton, C. T.;
Tooze, 5. E.; Havken, G. D.; Steinberg, D. R, In:
Transactions of the Second Arnual Meeting of the Bio-
electrical Repair and Growth Society, held on 20-22
Septeaber 1982 in Oxford, Eagland; 2:18; 1982,

The erfectiveness of direct current stimulation as a
supplemeat to surzical decompression and bone graft-
ing in the treactment of avascular necrosis of the
Zemoral head was investigated. Imitially, 250 cases
of avascular necrosis, including 48 hips rtreated non~-
operativelvy, 7 treated with driiling/decompression,
and 9 treated with decompression and grafting, were
reviewed. 3eventeen hips were treated by decompres-
sion and grafting with either of two techniques of
alectrical supplementation. In one, &4 wire cathodes
were inserted around the central graft and connected
0 an external power source. .n the other, a single
cathode was coiled about the graft and connected to
a subcutaneous power pack; 20 uA were delivered to
each electrode. Hips were evaluated preoperatively
at 3, 6, 12 and 18 ao. Nf 48 hips treated non—-oper-
atively, 44 showed progression. All 7 hips rceated
with drilling/decompression and 7 of 9 treatad with
grafting progressed, although these groups did better
than the non-operative group. To dacts, none of the
“ips treated with electrical stimulation have pro-
gressed and 5 have shown healing of cvstic areas.
Most nave noted pain relief and one has achieved a
siznificant increase in motion. Electrical stimula-
tion as a supplement to decompression and grafting,
zives a gignificant Improvenment ian the results ob-
taired 3y surgerv 1lome. Although this is a orelim-
inary report and longer follow-up will be needed for
definizive conclusions, the present results are grom—
ising and may have Lamportant clinical iaplicatioms.

7331 SELECTIVE IN-VIVO CELLULAR STIMULATION WITH
A DIRECT CURRENT = 4 PRELIMINARY REPORT
MEETING ABSTRACT).  Zng.) 3chmidr, R. 5. (McKay

lrthiopaedic Surgerv Res. Lab., Jept. Jrzhopaedic Sur-
¥ P f

Bic ygical Effects of Noniorizing Eleciremagnetic
Raaiation VIil(2-4), Juiy 1383

gzerv, Univ. Pennsylvania, Philadelpn
berg, Z. B.; Brighton, C. a: T
Second Annual Meeting of
Groweth Societv, 1eld on
ford, Zngland; 2:i3; 1952,

Results obtained using 1 novel Jesizn for electrical
stimulation in vivo <o determine 1Y 1 selectively
applied direct current could induce bone formation in
muscle >r cause any other cellular =2ffects are re-
ported. Selective in wivo stimulation was appliad by
securing a 26-gauge multistiranded cathode wire inside
a diffusion chamber ‘Millipore Zorp., volume 130 i,
pore size .45 microns) Iaoolanted ip in adul: lew Zea-
land rabbits. Zach rabbit cortained I sc implanted
battery packs, 2ach of which supplied I separate cath-
odes with a constant direct current of 5 uA. Auto~
genous muscle was instilled into each of the zhambers
at the same celluldar concencratiosan of 3.106 cells per
chamber in the form of a cellular suspeasion. Three
rabbits for a ctotal of 36 chambers were studied.
Rabbits were sacrificed at 7, 13, and 1% <dav inter-
vals. Two chambers from each animal (1 stimulated,
! control) were processed histologically while the

remaining 10 chambers were analized biochemically.
Of the six chambers analyzed histologicaily (3 con-

trol, 3 stimulated) no difference could bde detected
in cell a=morphology cr in the amount of mJuscle re-
generation. None of the chambers demonstrated any
osteoblastic activitvy on hematoxylin-eosin, saffra-
nin-0, or alkaline phosphatase stains. 0f the 30
chambers analv:zed biochemicallv, ao difference couid
be detecrad ia protein or JINA content between stimu-
lated and control chambers. <Zoatrol and stimulated
chanbers demonstrated the same Jjegree of cell gzrowth
with tine. This new technigue for electrical stimu-
latinn allows for cthe in vivo determination of the
effects of a direect current on anv isclatable cell
type.

0582 SIMILARITY OF PIEZOELZCTRIC PROPERTIZS OF
DRY BONE AND POLEZD POLYMERS MEETING AB-
STRACT). (Zng.) Williams, %. S. (Dept. Zeranic
Sagineering, Univ. Illinois, 05 3. Goodwia Ave.,
Urbana, IL 6$18Cl) In: Transactions 37 the Second An-
nual Meeting of the Biocelectrical Repair and Grawth
Society, held on I0-12 September 1982 ia ‘xiord,
England; 2:2C; 1982 (6 refs).

The objiective of this study was to understand whv
the signals produced =y cantilever bending >f dry
bone ire so large, independent of orientation of the
specimen, iinearlv Jependent on the bYending moment
about the electrodes, and not predictable from a
piezoelectric d-matrix which adequately describdes
the response to uniixial compression; an sxplanation
was also sought is o whv »soled sheets often have a
iarger than expected converse 2f{fact ‘bending defl

tion with applied electric field) and als> display
the lirect respcnse Zeatures Zescrived adove o .
Bone. It has recentlv bYeen shown that the »iezoelec—
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Radiation V!I(2-4), Juiy 1983

tric response of dry bone to cantilever bending caa
e understood on the basis of a spatially-varzing

value of the approporiate d-coefficient, within the
‘ramework of the classical third rtensor theory of
piezoelectricity: Py = dj s (x,v,2)t . This spatial

variation is justified bv the fiading of a radial
ccmponent of the spontaneous polarization. The rect-
angular zeometry of a beam cut from a radially poled
cvlinder {(whole bone) requires a spatial variation of
the polarization between :he electrodes placed on
either side of the beam in the cantilever bending
apparatus. Integration of che electric field, now a
function of position, bdetween the electrodes yields a
sredictad voltage that has =the characteristics ob-
served. A spatiailv-varving wvalue »f the converse-
eifect coefficient has been shown <o explain the
large deilections observed Jith polvmer ‘'henders."
It was found that with electrically-ichomogeneous
specimens, bimorph behavior can be duplicated with
"zonomorphs.' (The bdimorph analogy was invoked ear-
tier to explain %“one behavior, and cthe walidity of
the equations produced was coniirmed with these
ceramic devices.) Thus the puzzling piezoelectric
response of synthetic polymers (PVF2) and natural
solvmers (collagen) to inhomogeneous stress can be
2xplained on the basis of specimen inhomogeneity.

2583 N VITRO MEASUREMENTS OF BIOLOGICAL IM-

PEDANCES (MEETING ABSTRACT). (Eng.; Tuer~
linckx, 3. {Electricite Generale CP. 165; Cniv. Libre
3ruxelles, Ave. F-D. Roosevelt, 350, 3-1050 Brussels,
Zelgium); Henrotte, J-L.; Rybowski, L.; Dierickx, M.;
dinsenkazmp, f.; 3durny, F. In: Transactions of the
Second Annual Yeeting nof the Bioelectrical Repair and
Srowth Society, heid on 20-22 September 1982 in Ox-
ford, Zngland; 2:21; 1982.

The induced currents and fields ia the area adjacent
o 3 btone subjected to =2lectromagnetic stimulation
were calculated. 1Ia order o obtain rtealistic re-
sults, accurate and rveliable impecance values for
bone and muscle {both transverse and longitudinal)
and fatty =issues over the same frequency range as the
stimulation signal had to be obrained. A sophisti-
cated measuredzent Ctechnique was therefore daveloped,
which features: fast measurement (less than a asec)
for "quasi in vivo" conditions; low amplitude, wid:
spectrum ingut current signal (34-27 uaA, 130 Hz to 2
MHz); well-defined current flow 3zeometry; a w-—elec-
trode svstem, canceliing the =2ffects of electrode
iapedance; a 4aigh-perioramance output voltage differ-
ential amplifier; iiscrate-time domain transfer func-
tinn analysis; and, microcomputer controlled measure-
aent and data acguisition. The collacted data are
processed by a CDC-Zvher computer, using a 2axioum

likelihood method, and resul:s are wvalidated Sy sa2v-
aral statistical nvpotteses zasts, giving 31 “igh de-
2-2e of confidence ian zhe final

dent was ]
showing excellent
ranging “rom .3 to 3

values. The aequip-
Iirst :ested with reference R-T necworks,
sversil reliabilizv 1ind accuracy
%.  Measurements >n s3zli water

Meeting Abstracts

and phvsioclogical sali-e »roved :ne
asizic electrode effects, and confirmed
dccuracy. Impedance values for several
zaterials were then obtained, inclu
ind bone, and compared with oreviouslv publisned
values. The results include: optipum order :r trans-
fer function; transfer function paraimeters ‘Laplace
and Z-transform); 2quivalent neswork parameters;
standard Jdeviations and confidence intervals Zor one
measurement; standard deviations between diiferent
samples; ind evolutisn of paramecers in zime.

Siologlical
g Hlood, musciz

3584 ON THE STRESS  GENERATZID ?20TIN-
TIALS IN WET 3CNE  IMEETING ABSTRACT).
(Zng.) Salzstein, R. {Dept. Bioengineering, ‘niv.

Pennsvlvania, Philadelphia, P& i9104); Pollack, 5. 2.
In: Transactions of the Second Annual Meeting 2f the
Bivelectrical Repair and Growth 3Societv, held an 20-
22 September 982 in Oxford, Zagland; 2:22; 1937 (2
refs).

The origin of stress-generated potentials /SGP) in

wet bone was investigated with particular reference
to the fluid influence on the form, magnitude and
time dependence of the neasured SGP. SGP measure-
ments were made as a function of time on 6 cortical
bovine femoral samples in step-loaded four-point bend-
ing., From classical streaming opotential cheory,
the zeta potential of bSone was properticnal to -
(SGP)(fluid vicosity)(conductivity)/(dielectric per-
mittivity)(outer fiber strain) for four-point bend-
ing of bLone. For the o6 samples, the value zeta=)
occurred in a range between ¥=.132 and .337 g-mol/L,
the crossover range. Bone is oporous, »possessing
Hdaversian and Volkmann’'s canals, canaliculi, and 2a
porous matrix. Therefore, the zeta potenzial oI
bone mav not be a single-valued parameter, bSut mav
be a function of the local composition of the bone
and the fluid at their interface. Accordingly, the
zeta potential will wvary spatially and with fluid
ion concentration. At low concentrations (zeta<l),
component 4 is observered at high concentrations
{zeta<d), component D is observed. For concentra-
tions near the croassover range, both

and 3 mav Ye expectad. A spiked component, perhaons
plezcelectric in nature, is expected at the exact
crossover concentrition fzeta=d). The observed 3GP
will be composed »of these 3 components each of 1
given magnitude, depending upon the Sone architecture
and the fluid dvnamics <ithin the bene.

1585 FACTCRS  INFLUENCING HEALING IN THE TREAT-

MENT JF NON- GN WILTH ZCTRICITY (MEETING
ABSTRACT). (Eng.) Brizntom, T. T. {Jept. ODrthopiedic
Surzerv, “niv. Pennsvlvania, Sch. of Medicine, P-ila-
delrhia, PA 19104). Friedencerz, Z. 3.; Black, J.:
Heppenstall, R. 3.; Isterhai, J. L. In: Transactions
of the Second Annual Meeting of the 3icelectrical
Repair and Growth Societv, -~eld on I7-12 3September

1932 in Jxford, Ineland:; 2:2I; 1987,
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The cases of 382 patients with non-union secondary to
“rauma treated with constant direct current were
reviewed to determine those factors that influenced
che healing racts. The patient populdtion consisted

231 males and 1531 females of average ige J2.7 wvr
and with an average duration of the naon-union of 2.5
vr. There were 392 non~unions in the 382 patients.
Forty-three percent of the original f“ractures were
open, hb6i of the non-unions had been been operited on
oreviously, and 22% had a history of osteomvelitis ac
the aon-union site. Forty-seven percent of the non-
unions were hypertrophic and 12% atrophic, 49% were
neither or were mixed; <he "classical” mortar and
sestle configuration was uncommon {2%); (2% of the
ton-uricns contained a svnovial pseudarthrosis ‘th
humerus showed the highest incidence or this, 4l13)
3 non-uynion "scar" remained in the naedullary canal i
t2% »>f :zhe healed patients; and the majority of zi-
hial and Zemoral non-unions were sclerocic or of nor-
2al density, and the majority »>f humeral non=-unions
ware ostaoporotic. Factors that adverselv affected
healing were: (1) presence 5 synovial pseudarthrosis
(healing rate 03%); (2) interfragmentarv gzap zreatec
than one-half the diameter of the bone (healing rate
2% combined thickness of the cortices f(either 2ro-
<imal or disral to the non—union site) of less than
1545 »f the total width of cthe bhone it that level
{healing 25%); osteoporosis of the =nds of both frag-
—ents at the non-union sice (healing rate 29%); and
(5} nsceomyelitis at the “racture site (healing rate
21%). The age of the patient, the duration of the
non-union, 4nd the presence of pre-existing metallic
Zixation devices did not affect the heal rate. The
cverall heal rate for those patients treated ade-
quately with direct current was 81%. Heal rates for
the individual bYones were as follows: metatarsal,
aallaolus, fibula, and and zalus - 100%; racius =
93%; widbia = 36%; carponmavicular and ulna - 827%;
femur ind clavicle = 71%; aad humerus 54%. Complira-
tions were few and consisted maialy of aild i-- -a-
zicn around the cathodes at the skin level 1 . .se
satients who were too active with the castea . .tre-
zizy. Yo deep infections occurred {n this series.
It is concluded that the treatment of non-union with
4irect zurrent is as effactive 3s bone graft surgery
wizh 1 much lower risk/benefit ratio.

-

3384 TREATMENT OF NON-GNION WITH CONSTANT DIRECT

CURRENT  (MEETING ABSTRACT). fZng.) Ahl,
T. ‘Depnt. drthopaedic Surgery, DJandervds Hosp., S$-i82
38 Candervd, Sweden); Andersson, G.; Herberts, °2.:
¥alen, R. In: Transactions of the Second Annual Meet-
ing >f the 3toelectrical 2epair and Growth 3ociet)
aeld sn 20-2I September 1987 in Ixford, Eagland; I
1982,

A serias Y I don=unisn cases ara nresanted whizh
4ere zraated with constant Jdiracet urrent at Sahlgran-
s«a Hospital and Tstra Hospival in Jothendurz iand it
Zandervds Hospital 12 3Stockhola, Sweden. Three o
faur zeflon=coated {irscnner sires, Jhich icted as
ratr.odes, wWera . agerted neriuzinemsus.y {ato 1 on=

»

<

Biological Effects of Noemomzing Electremagnet:c

Raciation /11(2-4), Juty 1983

unicn arei. A small nortable hatterv deliverad 4 oon-
cant dire u of 20 uA/cathode. DJariag 12 wk
f elacurd ::ea:ment the non—unicns »f the lower
xtre lized ia 1 non-weight Searin

claster casc.
tremity except in 3 cases wizh aen-uriosns of %he hum—
2rus whera a Hofiman aexternal apparatus was :sed.

Zasts were alsc used Zour the upper

a
i

he

“nly fractures that were not clinical nealed within
a2 minioum of » mo and that had not shown any further
signs of healing on x-ray during the lasz 3-m¢ period
were included. The bones involved included the tibdia
in 12 patients, the scaphoideum ia two, the femur in
one and the humerus in four patients. One unsuccess=
ful fusion of rhe ankie was ilso included. The dura-
Z“ion of non-unions ranged from 5.3 o %3 1o, with a
mean Jduration of 7 20. Two of the non-unions were
originally open fractures. Four non—:nicns had deen
operated on earlier in unsuccessful atcempts to
achieve union, and three patients had a pgrevious his-
tory sf deep infection. Of 20 patients treated, 9
achieved solid bone wunion. However, most of the
non~unions of the long bones did not heal until /=12
mo after <the beginning of electrical stimulaticn.
The tibia was the easiest bone o treat, whilz the
humerus seemed to be the nost difficult, an experi-
ence which agreed with other reports. Minor compli-
cations such as broken and dislocated Kirschner-wirss
and superficial skin irricatisn were observed in 9
cases. One patient with a previsus deep infection
2xperienced a recurrence of osteomyalitis and one
patient with a non-union of the scapheoideum without
previous infection develoced a deep infection alfter
9 wk of treatment. =Zlectrical stizulacion »f non-
unions is considered to be a promising complement to
accepted surgzical therapy, especially In cases not
suitable for surgery. This stndy also indicates
that all types of non-unions Jdo not respond well :o
electrical treatment.

A

n587 ROENTGENCGRAPHIC  OBSERVATION OF ELECTRICAL
CALLUS FORMATION IN CLINICAL CASZS (MEETIN
ABSTRACT). (Zng.) Inoue, S. ‘Dept. 7rthopaedic Sur-
gerv, Murakami Memorial Hosp., Gifu 7oll. Dentistrv,
i=6 Wakamiva-cho, Gifu, Japan 300); “hashi, T.; Xaii
vawa, K.; Tada, “.; Saito, Y. Ia: Transactisns o
the Second Annual Meeting of the 2iocelectirical Rena
and Growth Society, held on 29-22
Txford, England; 2:25; 1982.

£
ir
3eptember 1332 in

Appreximately 40 cases of non-union or delaved
were treated with electrical stimulation
L2ss steel cathodes and stainless steel or o
fiber inodes. Roentgenograohic analvsis 3 the
rical zallus formation in these cases iadicated :n
“he shape and site of the =allus were naot unifsrn.
Some cases showed zallus f>rmation 4ll ireund inserc-
i1g and srojecting areas of the cathode. 7Tther cases
snowed callus Iormation in 2ither part »f insertiag
and prodecting areas 5f fhe cathode.  3ome "\owefa no
ificant cailus formaticn it zhe :athode size, but
dgal “illing aippeared it the Ifracture si:e ind
43 farzation was found a1t the oin site 50 cne ex-
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8rological Effects of Nonionizing Electromagnat:c
Ragiation VII(2-4), July 1983

crernal skeletal fixation apparatus. It is not xnown
why the diiferent <ypes of eleczrical callus are
Zorned. The electric potential distribution and cur-
rent between cathode and anode are too complicated
in vive to clarify even with a ccmputad simulator.
Results of experiments usiag rats indicate that the
callus is Zormed by proliferation ind differentiaticn
2{ periosteum and endosteum promoted with elec:ric
stimulation. It is postulated that =lectrical czllus
is foraed at the most proper area of electric current
and potantial distribution.

FIZLDS USED IN THE TREAT-
FRACTURES 9F THE RADIUS
(MEETING ABS*RAC') {Zng.) Wahlstrom, 0. (Dept.
Jrthopaedic Surgerv, “niv. 4Yosp., Linkoping, Sweden)
In: Transactions of the Second Anaual Meeting of
zae 3inelectriczal Repair and Growth Society, held on
20-22 September (982 in Jxford, Zagland; 2:26; 1982,

The effect of extremely low frequency (ELF) electro-
magnetic fields (EZMF) on the healing dctivity of
fresh fractures was investigated. Thirty women (50-
70 vr old) with extra-articular, disiocated fractures
of the distal riadius underwent routine treatment with
closed reduction 2and immobilization in a cast for &4
wk, and were thea randomized into a therarv and a
control 3roup. The therapy group was treated during
immobilization with EMF in the EILF range (1-1000 Hz)
hy means of a copper wire coil and a “attery-powered
current-genserator. Scintimetrical examinations wete
performed 1, 2, 4 and 3 wk after the initial trauma,
w‘th 99m-Tc- dzphosphonate 1sed as a tracer. The re-

ults obtained after I wk showed a significantly (p<
7.01) higher increase in scintimetric activity cver
the fracture area in the EMF~-treated group compared
to the control group {p<N.J1). The serial scinti-
zetric examinations indicated that IMF-treatment gave
a significantly higher increase at the beginning of
che heaiing process {p<D.0l) and there was probably
1lso a ratrogression coward normal values faster in
the therapy 3zroup than i{n the controal group. The re-
sults indicate cthat treatment of fresh fractures
with ZMF of +nhis tvpe is efficacious.

35893 THE USZ OF THE DJENHAM EXTERNAL FIXATOR IN

CONJUNCTION WITH  ELZCTRCMAGNETIC INDUCTION
SF FRACTURE  HEALING CAEETING  ABSTRACT). (3ng.)
Siaonis, R 3. (Rowlay Bristow Orthopaedic Hosp.,
Pvrfard, Woking, Surrvev, ZIngland); Good, C.; Cowell,
T. X. In: Transactions of rthe Second Annual Meeting
of the 3ioelectrical Repair and Growth Societv, held
on 20=21 Septesmber 1982 ia Oxford, Eagland; 2:27;
1982

Results are oresented using pulsed elactromagnetic
fieids (PEMFs) :ombined with Denham extarnal fixat:ion
fcompressed =5 »srovide rizidity) i{n the -reatzent of

Meeting Abstracts

Sone fractures. Zl¢ven pazi=snc; iad mon-unisn 2f the
tivia, I »f cthe forcarm and . 1 failed ‘usion of
the xnee. The average -ize ~{ ~on-union was 17 20
{id to S5 =o). e Stimuldtor eonsisted 3f 31 wave~
forn genmeratsr, hizh zurceat output stage ind traat-
ment coil. The coil wis ia =wo <lat :ircular sec—
tions of diameter 18 c¢m, mounted so tnat the spacing

could Se adfusted from 1 few <@ to apgroximately 25
cn maximua. The wavelornm generator provided a1 pulse
train of prf + Mz, Jduty cvcle aonrcximately 0%
modulated sy 1 second pulse zrain of prf 235 Hz, duty
avele 7.5%. This provided a composite waveform con-
sisting of 3 msec Jduration bursts of the < «Hz Hulses
at intervals of 47 3sec. DJuring =ach cvcle o»f the 4
xEz pulse train, the output stage sroduced 4 1agnetic
eld in the coil rising linearly %o a peak value of
around 3 al in 230 usec, followed Sy lecay ro zero ina
approximately 2C usec. All the cases, =2xcept one,
unitad within an average of % 20 (3 to 3 mo). The
one failure was due %o hwuman =rror in over cowmpress-—
ing the Ifixatoar and refracturing the non-union. The
use of an extarnal fixactor 3llews adjacent ‘oints o
be kept mooii2 ind the skin *o de =reated, while the
patient undergoes PEMFs. Subsequent to this report
the tachnique has deen used successfullv for nonuninns
in most long bones including the femur and the humer-
us. This method has become the bisis of a double
blind controllied trial to determine the =2ifectiveness
of PEMFs,

0590 THE COMPATIBILITY OF METALLIC FIXATICN WITH
PULSED ELECTROMAGHETL TIELDS (MEETING A3-

TRACT). (Eng.) B8asset:z, C. A. L. (930 W. !b8th St.,
New York, NY 1i0032); Schink, M. M.; Yitchell, S. ¥.
In: Transactions of the Second Annual Mezting of the
ioelectrical Repair and SGrowth Societv, ~eld on
20-22 September 1982 in Sxford, Zngland; 2:29; 1982,

The compatibility of naetallic Iixation with zulsed
electromagneric fields was investigated in 340 czases
of non-union. Zach patient =rzated with pulsed 2lec~
tromagnetic fields (PEMFs) had a history of at least
one failure to achieve union aiter the use of plates,
screws, intzamedullary rods, or opins. N pa:ien:
had a concomitant surgical attempt at repair. The
series included lsosened, broken and distracting ne-
tallic devices. PEMFs, .lone, or in combinatior with
plaster casts and non-weight-bearing were used by
the nearlvy 200 surzeons who contributed patients.
The overall success .ate wis 5% and ranged ‘rom 367
for *he rtibia o A% Ior the humerus. Iwenty-aine
oerzent had 1 historv »f ianfection and inion occurred
in 70% of these. Parients with a long disability
time (2 vr, and atrophic lesions had the lowest suc-
cess rate {except for the tidbia). Unlion was deter-
mined, in part, “v 2atient nanagement. When hardware
was 1cose or Sroken ind a2 souni tastzr ast was
zsed, (and 1tcn-weight-bearing Yor lower axtremities
the success rate for ill le-ions .except humerus, was
33%. In the humerus, 3zood managemen: ~rincin~les iz-
stnved the cercentage H>f :aion “rzam ~0% sralls

.
to TS%. Turth lernnre, catilents, 1 -how
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graphic evidence 2f lcosening ippeared, 1rsund sor2Ws entirelr conasistent with %he "vpathesis Indl cd-oinm ____
>r rods (e.3., radiolucent zones), mainfested in in- tevels in the z2ells are Heing 217%ected. The result-
creasing radiodensitv in these regions of done re- in2g change in CAMP wmetabolism ina che inferreg change
soratisn. No <cliad avidence 02f corsosion  was ium lavels ire 1lso consistent with the cre-
found and devices removed ifzer union appearad 7iously reported eifmcts  Of PMF wn chick  embryo
"zlean.” The median tize =0 inion for all anatcmical tivie.
sites was 3 mo, 2ssentiallv equal to that in a series
of 1078 non=inions in ~hich only 200 patients had
metal in place during PEMF :treatment. This study
confiiras the prapesal rthat PEMFs and non-zagnetic
devices are compatible. 7592 ZLECTROMAGNETIC MODULATION OF  TALCIUM TP-
TAKE IW EMBR‘:’C.\IC HICK TIBIA IN VITRO: DE-
PENDENCE N INCUCZD NAVEFCRM  PARAMETERS
{MEETING ABSTRACT). iila, A. A. (3{gelec~
wrochemistry Lao., Dep d Themistry and .
1391 THE TFFECT  OF  PULSED MAGNETIC FISLDS oM 23l Tagiaeariag, Jolumdia Univ., tlew Torx, N7 .
cAMP .".E.".‘AB’JLISM IN  CHICK =SMBRYO TIBIAE Tolaciczo, J. In: Transactions Jf <he Second annudl
{MEETING ABSTRACT). <{Zng.) Jones, D. 3. (Strangewavs Meeting of the 3iocelectriczal Repair ind JSrowth 3oci-
Res. Lab., Cambridge, Zngland) In: Transactions of aty, held »n 10=17 3eprtember (982 ia 7Txford, Iagland;
the Second Annual Meeting of zhe Biocelectrical Rapair 2:30; 1982,
and Growth Sociezv, held on 20-21 September 1982 in
Oxford, Zagland; 2:29; 1982 [l ref).
The relationshio bhetween {nduced current pulse zara-
aetars and short time Ta nptake in osteochrandro-
The effect of julsed aagnetic Zields (PMF) on cAMP genic tissue was investigated. Paired zidbiie were
metabolism was studied as a mechanism of transducing dissected from 9 dav white Leghorn chizken embrros
electrical stimulation iato cellular ametabolic ef- and placed ia ! =233 of a simpiified culture =edium
fects. cAMP was oxtracted from the separated shafts consisting of ‘aM) NaCl, 90; KCi, »; caCl., 1.I:
and cartilages of whole rudiments which were cultured MgS0y,, 1.2 glucese, 120; NalCCa, 83 Nado?04, 34
in serun free medium for up to 8 days. PMF were oH adjusted o 7.n, containing .3 uCl of +3Ca.
applied, after the first 24 hr, in a cycle of A hr One of the tibiae of =ach pair was placed (act 38 C)
ON, 6 hr OFF. Alcthough PMF had no effect on the DNA between Helmholtz coils and =2xposed for b3 =in to
content of shafts or cartilages, PMF treated cAMP several induced ourreat waveforas. Ca wuptake was
7alues showed large Iluctuations when measured half assessed by scintillation counting »f the <zedium PR
way through the OFF period. When PMF switched OFF after exposure. All induced current waveforms were -
afrer 186 nr of culture, cAMP levels in shafts rose bipolar and approximately reczangular hnaving pjulse .hvu
by up to 200% withian 5 min, dropping to i50% over widths of 1-400 usec. The signals were periodic -
control by 30 min, and then fluctuated widelvy around consisting of repetitive single or sulse bdurst pat-
control values for the rest of the OFF cycle. Car- terns. The peak induced current per pulse varied
tilage responded to PMF OFF by dropping sharply in between 0.1 and !0 uA/:m3 3s measured in the nedium
SAMP content to H0X of control By 5 min and then using specially constructed electrode probes. Ca
returning to a wide fluctuation around control values uptake in the :reated tidiae ranged to a peax of 0t
over the rest of the 0OFF period. “hen PMF swithed 7% above controls and was clearly dependent upon
IN at 192 hr, shaft :AMP values rose 150% by 5 ain signal parameters. A dose effecr existed versus
and then fell rapidly ifter !5 amin to 30% of control pulse amplitude and/or repetition rate. For example,
content at 30 min, arfter which cAMP coatent flucuated the peak response was cbserved Zor a 3 asec burst of
wldely around control values. Zartilage showed a 200 usec main, 29 usec opposite polarity pulses re-
reverse response, droppiag below control at 5 min peating at 15 Hz, €falling off below and above this
and then {ncreasing to 1 fluctuation averaging above repetition rate 4t a comnstant i{nduced 2urrent ampli-
control after 10 =min. Inhibitors of phosphodiester- tude of 2 uaAscmd. In addition, pulse width could
ase {(PD) were used to calculate the relative acti- be predictably wvaried within the range of rhis study
vizies of PD and adenylate cvclase (Ac). These provided amplitude and repetition rate were appro—
studies showed that although in shafts at 30 ain priately modiZied with little effect on the peak
intos the IN period cAMP content was at 307 of con- response. All >f the results obtained i{n this study
=tol, Ac activity rtad risen from 9.l pmole ain per showed a remarkable degree of :snrrelation with {re-
ug WA o J.5 pmoies amin ag DNA, Buc this activity quency analysis of the induced current waveform based
233 exceeded »v the rate of ?D activity, resulting ugon the ion binding oathwav.
in a2 net loss of cAMP. Other changes {n cAMP content
could de axplained in terms of the relative activi-
ties of Ac and PD. Trifluoperazine, an inhibitor of
calmodulin was wused to study the action of PMF on
:almodulin {n the 4ctivation of Ac and PD, and indi- 3593 PUYSICAL FTACTORS ""l')'”ED M 3TTLOGTIAL RE-
zated that the activation of Ac and PD was calmodulin SPTONSES TO PULSED MAGN IZLos MEETING
lependant. These results indicate that PMF affects A3STRACT). ({Zng.) Jackson, 3. ?. ’. trangewavs 3es.
:AMP metabolisam through the activatfon of adenylate _ab., Worts lausewawvw, Cambridee <IBl -3N, Znglind;;
cvrclase ind onhosphodiesterase, and affect cthat is Marsiand T. ?.; FTarndale 2. w.; 3cutle, a. 2, In:
-1
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Biological Effects of Nonicrizing Electromagretic
Radiation VI1(2-4), Ju'y *983

Transactions of the Second Annual Meeting of the Bio-
electrical Repair and Growth Societv, held on 20-22
September 1982 in Oxford, Sngland; 2:31; 1982.

Data accumlated <from studies of tiblae grown in
organ culture under the influence of various PMF were
correlated with information about (a) time responses
and (5) aaplitude and frequency content cof the sig-
nals as defined by classical Fourier analysis. The
processes used as vardsticks of the effects on osteo-
Zenesis and chondrogenesis included wmorphology, DNA
Jetabolism/cell proliferation, changes in amounts of
collagen and proteoglvcan constituents and minerali-
zation. Studies of the oeffect of treatment time
have shown two tvpes of response: linear increase-
decrease with :=ime, indicating a1 cumulative eoffect;
or a discontiauous effect in that proionged treatment
reduced 1increases obtained with shorter exposure
times. When dJifferent pjuise train waveforms were
applied under the same experimental conditioms, dif-
ferent levels »>f response of one process were obtain-
ed. This finding mavy be related to the different
energy and,/or <Irequency content of the waveforms
used. A najor difference lay in the range 15-65 «kHz
(3 4B 5Sand width), while both 15 Hz and 3.4 kHz
harmonics were common to all signals used. Compar-
ison of che effects of repetition rates 1in the
range of 6-133 Hz with SP waveforms, in which the
signal level was maintained at a constant value,
showed that a 15 Hz rate achieved the best balance
tetween the various processes measured. Since the
frequency content of the signals was similar, the
observed cnanges nay be related to differences in
the harmonic spacing of the signal and/or changes ia
amplitude, resulting in veductions of enerzy. Con-
sideration has also been given to possible £ieid
effects, so as to provide information about the
relative importance of pjolarization phenomena versus
the effects of small diffusion currents. Results
also suggest that the organization/nature of the
tissue may play an important role.

3594 ZFFECT OF PULSED ELECTROMAGNETIC FIELDS ON

CELLULAR INFILTRATION AND COLLAGEN FORMA-
TION IN IMPLANTED VISCOSE SPONGES (MEETING ABSTRACT).
(Eng.) Jollev, W. B. (1329 Pacific St., Redlands,
7A 92373); Kaierim, K.; Ham, J. M.; Hdinshaw, D. 3.
In: Transactions of the Second Annual Meeting of the
Bioelectrical Repair and Growth Society, hneld on
20~22 September 1982 in dxford, Eagland; 2:32; :982.

The effect of pulsed electromagneric fields (PEMF)
sn :ellular {afiltracion and collagen formation was
{avestigat2d {n viscose sponges implanted sc in the
rat living in PEMF for a period of 7 davs. The PEMF
was generated in bursts »f pulses, each burst lasting
5 msec with a repetitive rate of .5/sec. The pulse
rate within each Surst was 3 KAZ. Individual pulses
nad 3 duration cf 200 usec {a their principal deflec-
tion followed bv a smaller deflection of opposite
onlarizy lasting (3 usec. These pulses were applied
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to two Helmhoitz coils. The coils Jere spaced 7.3 :
aparet and each “adé 5 rurns with a4 circuzference o
) cu. The induced current Jdensicv was about ..
uA/cal and established an 2lectrical gradienc of ip-
proximately 3.) 2V cm. Four viscose spornges of near-—
ly eguivalent wt ind size were implanted sc it 10
rats, The rats were randomiy iivided in two groups
A (controls) and 8 (field, experimental). The rats
were placed in plastic tube restrainers for periods
of 10 hrs-’day. Group 3 rats were placed between the
coils of the pulsed fiold. Sroup A was Xept under
identical conditions except for :he fleld. Seven
days later, the rats were weighed and sacrificed.
The sponges were removed and weighed. ‘iistoilogical
reactions of the sponges were compared 7or the zuaper
of macrophages, neutropnils ind fidreblast; present
9y counting 10 high power oil immersion Iields in
each section. 3Both 3roups of animals showed ldeati=-
cal weight loss of 5% g during che experiaoent.
There were no statistically siznificant changes in
the weight of the sponges (control = I5.- =i0.3;
field on 2%.945.1). A statfistically sigaificant
(p.< 05) increase in the number of fibroblasts in the
PEMF (71.7 wvs 54.8) was observed. The number f
neutrophils 4and wmacrophages showed no statistical
difference. Spectrophotometri: scanning showed a
qualitative difference in the collagen present us-—
ing trichrome stained sections. The resuits of
these experiments confirm data obtained by others
that PEMF affect certain cells which are involved in
wound healing and/or <collagen formation. Further
studies are in progress to define the exact nech-
anisms involved.

0595 MEASUREMENT OF SKIXN POTENTIAL PATTERNS

(MEETING ABSTRACT). {(Eng.) MacDonald, N.
(Dept. Electrical Engineering, Univ. Wales, Swansea,
SA2 8PP, England); Watson, J. In: Transactions »of
the Second Annual Meeting of the Biocelectrical Repair
and Growth Society, nheld on 20-22 September 1982 :in
Oxford, England; 2:33; 1982 (3 refs).

Very low drift direct curreat silver/silver chloride
electrodes were used to produce a quasi-three-dimen-
sional display, with the axes of voltage, position,
and time. An indifferent electrode was referencad
to a position over the mid-diaphvysis of the tibia,
and eleven other electrodes were positioned proximal
and distal to it. All the electrodes were interfaced
to a microprocessor-controlled electrometer-tvpe nea-
suring instrument, and every 15 min, *he set >f read-
ings was sampled. The microprocessor then plotted
each point using an X-Y olotter, and interpolated
continuous lines from each point in the previocus set
to produce the quasi-three-dimensional format. The
cholice of the skin surface over the aid-diaphysis
as the reference or indifferent point, was wnade »n
the empirical grounds that potentials bota proximal
and distal o this point were normallvy positive,
The potential pattern itself appeared o consist »f
"electrobinlogical noise” some 3 o 10 aV high, with
slowlv=-~hanzing peaks up zo 35 2V superimpcsed. It
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has “een noted that this pattern can  Se markedly
alzered (even Zo0 polarity reversal) Dy both physical
and mental disturbances on the part of zhe subjiect.
Flots ircam healthy volunteers aind others are pre-
sented.

1596 THE PULSEZD  ZLECTRCMAGNETIS
SYNTHESIS AND MEMBRANE
TRANSPORT IN RAT 3KIN {MEETING ABSTRACT).
{Eng.) Delport, P. H. (Faculty Medicine, Univ. Lou-
vain, Louvain, 3elzium); <Cheng, N.; Hoogmartens, 4.
Je; Mulier, J. C.; Sansen, ¥.; De Lcecker, W. in:
Transactions of the 3econd Annual Meeting of the 3io=
2lectrical Repair and Growth Societv, 2eld on 20=21C
September 1982 in Oxford, Ingland; 2:34; 1982 (. zef).
The effects of pulsed electromagnetic fields (PEMF
>n protein svuthesis and membrane transport in the
sein of rats was investigated. Skin from the back of
Locally inbred male Wistar R rats, during the rest
shase of the hair-growth cvele at 21 gcays of age was
used after plucking of the hair. Duriag incubation
at 37 2 for S amin to 120 min a PEMF was applied o
one skin sample of each rat while the other half was
tdentically incubated outside the reach of the elec—
tromagnetic field. Oriving voltage varied from 5 ¥
£2 29 ¥, pulse frequency from 50 Hdz to 10 kHz, pulse
width from 10 usec to 153 usec, pulse burst frequency
from ! 3z zo 70 Hz and the aumber of pulses from 20
to 100, The in vitro stimulation of the skin by PEMF
resulzed {n an increased incorporation of [2-14C]
Zlycine and of L-[U~i4C] alanine into the proteins
onlv with a specific combinatior »f parameters. The
incorporation of [2~14C] glycine or L-{Ul4C] alanine
inco the protein was incredased by 40% to 90% with the
PEMF characteristics: 10 7, 3 kHz (pulse Zrequency),
i) usec; 20 Hz (pulse Surst frequency) and 20 pulses
per Surst. Increasing either the pulse width to 20
usec or the pulse burst Zrequency to 20 Hz, equally
stimulated protein synthesis. The amino acid zrams-
port was enhanced by 30 =o 60%. A related time zurve
(3120 ain) was established. Only gpecific combina-
ticns of pulse parameters resulted in stimulatory ef-
f2czs on setabolism. Thvmidine incosrporation to eval-
uate ONA metabolism Jdid not show any clear evidence
of stimulation by PEMF nor did ATP generation in-
crease. These observations suggest that the metabo-
lic effects of electromagnetic stimulation are proba-
bly based on mechanisms different Zrom those observed
<ith the Jirect =lectric currents.

3597 THE ZFFECTS OF TIRECT SLECTRIC CURRENTS ON
z cd  AND TRANSMEMBRANE POTEN-
TIALS IN RAT SKIN (MEETING ABSTRACT). {Zng.) Cheng,
“. ‘Faculty O>f Medicine, Univ. Louvaln, 3Selgium);
Prenen, J.; Zarzeliet, %.; Hoogmartens, M. J.; Mullier,
7. $.; Sansen, 4. M., Je Loecker, W, In: Transactions
of the Second Annual “eeting of rthe 3izelectrical
Sepair ind Srowth Societwv, neld on 1C=22 September
2382 ia xford, Zngland; 1:35; 1932,
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The effects 2f iire:
lular pH and c:ransne
were investigated. Af
plucking, the s«in
wistar R rats was
One half served

Lestriz cfurrents
rane ~otentials
ar the ramoval »f Zhe hair
‘rom the %ac< >f ll-fav-old wale
solated and longitudindallvy halved.
15 2 rol and zhe ocher aall Jas
stimulated by co direct electric
varving from 17 ua o 10,000 A,  The ssue lavs
were clamped bdetween two idiustadble stainiess steel
electrodes and placed i ahs=Ringer DHicarbonate
buffer to be incudated for 2 hr at 37 C with and
without direc” electric currents supplied tv 1 sZfa-
bilized power supply. By cutting zhe skin in strios
parallel to the electrodes, protein synthesis, A57?
generation. intracellular pH and tramsmemdrine oucen~
tials were measured as 3 Zunction > tne ilstances
from the cathode and the inede nd is 4 2l 4
the current intensities. Wwith direc: el : sur-
rents of 100-750 uA, protein svathesis was stimulated
by up to 75% (p<C.001) and AT? zeneration increased
4=5% about the non-treated controls. The nigzhes:
levels of stimulation were obtained adjacent to the
czathode. Near the anode the stimulatory effects »n
protein and on ATP synthesis were decreased 5dv ©°%
{(p<0.01) and by 58X, respectively. After electra-
stimilation with 500 uA for 2 hr, a »H gradient was
measured from 7.53 =z 3.4 near :the <cathode :2
7.05 £ <3.001) near the anode. When currents nass-
ed through the tissue, the restiag mezbrdane joten-
tial was depolarized at the cathodic area, while a
hyperpolarizaction occurred at the anode. The change
on transmembrane potencial was a function of the
distance from the electrodes iand the iatensities of
the current. During treatment of skin with a direct
electric current, 2 higher anabolic activity nearer
the cathodic interface appeared to bYe conditioned
by a proton gradient and a nembrane potential 3radi-
ent. Proton transfer leading to AT? generation seem~
ed to occur by a repetition of =2lementdry zroton
jumps resulting in a charge transpor:.

Currants

97598 CHANGES IN MEMBRANE PSERMEABILITY AND INTER~

ACTIONS 3ETWEEN CCNNECTIVE TISSUE MACRO-
MOLECULES INDUCED 8Y AN APPLIED GELECTRIC FUPRENT
(MEETING ABSTRACT). (Eng.) Zisenberg, S. R. (Contin-
uum Electromechanics Lab., Dept. Electrical Zngineer-
ing and Computer Science, Massachusetts Insz. Techno=
logy, Cambridge, MA J2139); Grodziasky, A. J.; Fech-
ner, P. Y. In: Transactions of the Second Aannual
Meeting of the Biocelectrical Repair and Srowth Soci-~
ety, held on 20-22 3Septeaber 1982 in Oxford, IZagland;
2:36; 1982 (4 refs).

Changes in membrane permeability and interactions Se-
tween connective tissue macromelecules induced bdv an
applied electric current were investigated. Coriunm
collagen membranes, approx. 150 aicron thick, were
placed in a tramsport cell with gradients in NaCl or
pH. Collagen is nearly isoelectric at neutral pH and
has (+) charge at low pH. Applicatisn of approx. 4o
2V (applied current densitv [J] = 6.6 ma/cml) across
the membrane produced a change 1n taterdo.ecular
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Siological £'ects of Nonicmzing Electromagretic
Raaiation VII12-4), July 1983

swelling Zorces and concomitiant isometric tensile
force medasured by :he load ceil. The possibili:zy
that macrix swelling is linked to changes in solute
perdeability was :qsced via neasurement of radionu-
clide ctracer flux ‘4,0 and !®C-sucrose double tracer)
Sefare and after nembrane oH or ionic strength was
changed directly or bv means of J. The force kinetics
and polarizy observed suggested that an electro-dii-
fusion process czontrols intramembrane NaCl concentra-
cion. Hence, changes in iarermolecular spacing which
affect permeability occurred in approx. 10 sec for a
aembrane thickness of approx. 150 um. The fact that
“450 permeability was not significantly altered bv
J suggests that =lectroosmotic entrainment of solutes
could not Ye the only cause Ior observed changes in
sucrose flux. Rather, small changes in matrix inter-
nolecular spacing can have a significant effect on
the diffusivity of a larger solute (sucrose) whose
size is not small compared to Tmembrane pore radius.

1529 NERVE REGENERATICN IN VITRO: CORRELATION O
CURRENT/POTSNTIAL LEVELS WITH NEURITE OUT-

SROWTH, NEURONAL CELL NUMBER AND AREA (MEETING AB-

STRACT). (Eng.) Sisken, 3. F. [Wenner Gren Res. Lab.
and Jeont. Anatomy, Univ. Xentucky, Lexington, XY);
3arr, 2. In: Transactions of the Second Annual Meet-

ing of the 3ioelectrical Repair and Growth Society,
neld on 20-22 September 1982 in Oxford, Zngland; 2:38;
198z,

Zs/idence is presented that correlates the morphologi=-
cal parameters of neurite outgzrowth (NO) and mainte~-
nance of the neuronal population (neuronal cell areas
ind numbers of cells) with different direct current
levels. Trigeminal ganglia, obtained from 8-day-old
chick embryos, were placed Iin 60 mm tissue culture
dishes /Talcon 3002) containing 6 ml culture media.
The tops of these dishes were modified to hold ei-
ther platinum electrodes, tantalum electrodes, or
agar salt bridges. Potentials of =200, =400, =600,
and =300 =V were imposed on dishes by eamploying an
1gar salt bridge to a saturated calomel reference
2lectrcde connected o a potentiostat. Current/volt-
age curves were first obtained for each metal elec-

trode and curreat values alone for the agar salt
electrode in the tissue culture medium. [n vitro
experiments on the ganglia (control cultures, cul-

tures treated with various levels of direct current,
or culsures :treated with NGF, 10-83 M) were conducted
for 3 days. VNeurite outgrowth was determined semi-
quantitatively in all cultures. Neuronal preserva-
tion was assessed quantitatively by counting the
suaber of neurons in 2 micron sections of the ex-
olants on three levels and determining neuronal cell

Meeting Abstracts

~izher ~uabers <sith larger :ell 1teas. A coamparison
f each  treatment o 3-dav  uncuitured trigeminal
zanglia is presented grapnicallv. it is czoncludeld
that current levels of =10 aA gsiag iny electride
tem ‘platinum, fiaatilum, Or agar sa.t electrades

derve regenaration in vitro.

0600 SLECTROMAGNETIC INDLCTION OF NEUROTRANS~
MITTER RELEASE FROM A NEURONAL CELL LINE IN
TISSUE ZULTURE (MEETING ABSTRACT). ¥ng.) Rein, G.
(St. Bartholomew’s Hoso., “ept. Medical Zlectronics,
dest Smizhfield, lLondon, Zngland); Dixey, R.; watson,
3, In: Transactioas Jf the Second Annual Meeting of
the Bivelectrical Repair and Growth Societv, held con
20-22 September 1982 in Jxford, Eagland; 1:39; 1982,

The effect of low frequency electromagnetic (LFEM)
fields on calcium—dependent neurotransmitter release
w7as {nvestigated using a neuronal cell line. Pheo-
chromocytoma (PCL2) cells grown in monolaver culiure
were placed in a CO2 incubator between two concentric
coils connected in parallel to a driviang circuit and
sulse generator producing a train of square wave
pulses. A pulse width of Q.6 nsec with a 1.4 =msec
gap Yetween each pulse was used for all experiments,
giving an overall frequency of 500 Hz. The magnitude
of the resulting magnetic field applied to the cells
varied from 1.5 to 8.5 G with the electric field
strength {n the mediuam ranging from +0.238 to -0.019
V/m. Noradrenaline ‘NA) release was 3Zeasured i{n log-
arithmic phase PClII cells by preloading synaptic stor-
age vesicles with ‘H-NA taken up “rom the uzedium.
After an extensive washout period to reduce cytoplas-~
mic stores of NA, the spontaneous efflux curve was
determined by measuring radioactive NA in the medium
for 12 sequential 15-min periods. For the experi-
mental runs, two culture dishes were removed from
their protective MNumetal shield and placed between
the colils in the fincubator during the 7th and 8th
time periods. Release values were expressed as a
percentage of total vesicular stores and normalized
for direct comparison between dishes. Release values
observed during LFEM field stimulation were 28% high-
er than control values obtained at the corresponding
time points (p<0.00l). This elevation was attributed
to increased release of NA from the cells since addi-
tional experiments have ruled out the possibility
that LFEM fields cause cell detachment. The addition
of 15 aM Mg*™ to the medium during the experimental
periods completely inhibited the LFEM field induced
release. Since magnesium is xnown to be a specific
calcium antagonist and inhibits depolarization in-
duced release in PCl2 cells, LFEM field induced re-
reiease is likely to be dependent on extracellular

irea on these sections. Neurite outgrowth was corre- calcium. However, it remains unknown whether the re-
M iated with current levels rather than potential dif- lease observed occurred via the same exocvtotic mech-
ference, if.e., daximum N0 with tanctalum was at =400 anism as conventional depolarization induced release.
av (10 nA) while platinum was at =200 av (12 aa). Monetheless, the magnitude of the effect was of the
‘lumbers of <cells in ganglia treated with current same order of magnitude as release previousiy shown
N {1=20 ny, a2av elecrtrode) and mean neuronal zell areas to be induced in these cells bv certalia tvpes of
R wvere all comparadble. Increased levels =of current cholinergic stimili. The results indicare that ?ClI
. decreased both parametars. NGF :reatment producad cells can e used as a nodel svstem Ior studviag Ine
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effects of electromagnetic field on neuronal funccicn
ind more specifically for studving their effects on
neurotransmitter release mechanisms.

3601 THE ZFFECTS QF IMBRYONIC NERVE TISSUE AND
OIRECT  CURRENT ON AMPUTATED RAT LIMBS

(MEETING ABSTRACT). (Zng.) Sisken, B. F. (Wenner
Grea Res. Lab. and Dept. Anatomy, Univ. Kentucky, Lex-—
ington, XY); Fowler, I. In: Transactions of the Sec-
ond Annual Meeting of the Bicelectrical Repair and
Srowth Society, held on 20-22 September 31982 in Jx-
ford, Ingland; 2:40; 1982.

The use Of neural tissue implants combined with :he
application of direct current using bimetallic elec-
trades o induce partial limb regeneration {n a non=-
regenerating vertebrate specles was investigated.
The right fore-limbs of male rats (inbred Harlan
Tisher T344, 21-28 days old) were anoputated ar the
2id-humeral level. Zxperfmental animals received ia-
slants of fetal (14 day) brain or spinal cord obtain-
2d Irom pregnant Harian Fisher F344 zothers. Twenty-
si% animals received nervous tissue implants alone;
10 snimals received implants strung on tantalum wire,
and 11 animals received implants strung on piatinum/
silver Simetallic electrodes that generated direct
curreat. Control animals received no implant or im=-
plants of heart tissues obtained from the same rat
J2tuses. After implantation, the animals were housed
separately. At intervals of 1, 2 and 3 no, anizals
rom each group wvere sacrificed and the ligbs were
x-rayed to detarmine the presence of new bone struc-
tures and prepared for histological examination. 1In
the experimental groups, L3 of 26 rats which received
che neural tissue alone demonstrated a positive re-
sponse (presence of accessorv bones with epiphyseal
plates). Of the 10 rats that received the implant
with tantalum wire alone, only 3 contained new bones
ad jacent to the original humerus. O0Of the 1! rats
with bimetallic electrode plus neural tissue implant,
aone contained new bones, but 7 axhibited excessive
growth of the humerus consisting of bone and carti-
lage. In all cases, increased amount of host nervous
tissue was observed. In the control animal without
aeural tissue or electrodes, neither excessive growth
of the host humerus or peripheral nerves, nor acces—
sory bones were observed. The preliminary results
indicate that the addition »f bimectallic electrodes
wizh neurai tissue implants appears to stimulate ex-
cessive bone {ormation of the amputated humerus.

1602 ZFFECT OF ELECTROMAGNETICALLY INDUCED PUL-
SATING CURRENTS ON THE GROWTH CYCLE OF
CHICY EMBRYO CHONDROCYTES 1IN CULTURE (MEETING AB-

STRACT). (Zag.) <Zorvol, M. T. (Unite de Recher:che
sur les Maladies du Metabolisme chez 1'enfant Insera
C. 30 Hop. Infants Yalades, .49 rue de Sevres, 73515
Paris, France); Monet, J. 3.; Dautigny, N.; Assaillv,

J« In: Transactions of =he Seccnd Annual Meeting of
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Sioloqucal E*'ects of Nomonizing Eiectromagreric
Raz.aton Vil(2.-8), Juy 1983

tne 3icelectrical Reprir ind Srowrt oot
22=22 September 1982 ia xford, Engla

1 oref).

The eifects of a2lectromagnaeticallw=-inducad sulsating
currents (EIP2C) on  chondrocvze =2uleiplication were
studied in vitro using cuitured cartilage cell
!5=dav old :hick embrvos. The zetaphvseal :ar
of zibial =2piphysis ~as {solated bv alcrogissect:ion
ander sterile conditions and submitted o 2n
Jdigestion. The subsequent chondrocvte suspensisn 20~
rained was idded to 25 ml wculture flasks, edch con-
raining 122,200 czells in % =3l Dulbecco’s =medium sup=-
olemented with (3% fetal oalf serum. At =2ach step
5f the growth cvcle 1 group of ° flasks was =xpnsec
to EIPC (mean induced currant deasitv = 2
bYetween two air zap 2l2ctrical coils for I or
3etween Jay J and Jdav 10, chondrocvte number
content was not nmodified by a 2-dav 2xposurs
compared to cJontrols. In the contrary, «hen
between day !2 ind day 20, chere was a 135 inc

in cell number and 337 increase in DNA per Ilasx.
The ratio of DNA per cell was not changed as :ompdared
to control Zlasks. Three-day as well as two-day 2x-
posure to ZIPC gave a similar stimulating effec:.
However, this increase in the two paramet=2rs studied
was never observed when the cells were continuously
exposed to ZIPC during the last !0 days of culture.
It is concluded that short exposure t> EI?C cun in-
crease cell oaumber and DNA content {n  ezbrvoaic
chondrocytes in culsure only after zhese cells have
initiated their DNA svnthesis. No such erfezt is
observed i{a non-dividing cells.

2603 SELECTED ELECTROMAGNETIC FIELD =ZFFHECTS ON
CELLULAR REGULATORY PRCCEZSSZS (MEETING AB-
STRACT). (Eng.) Goodman, R. (Dept. Pathology, Col-
umbia Univ., Coll. Physicians and Surzeons, lew York,
NY 10032); 3assett, C. A. L.; Henderson, A. S. Ta:
Transactions of the Second Annual Yeetiag of the 3io-
electrical Repair and Growth Society, neid on 20-22
September 1982 in Oxford, Ingland; 2:42; 198I,

The relationship of the functional and temporal pat-
tern of bYiological events in <he cell to changes {2
the cell’s electrical environment were investigated.
Both biochemical and cytological methods were used o
follow alterations in the pattern of genetic activicy
resulting Srom the use of pulsing electromagnetic
fields (PEMFs) alone or 1in combination with other
conditions iacluding hormonal i{nduction of »oufls,
elevated temperatura (heat shock) and variation (=
the ifonic environment. Alterations in tramscription
and translartion were observed. These were mcaitored
oy sucrose zradient centrifugation, el 2lectrophore-
sis, isopvenic centrifugation, cytological ‘'aick-

translation” and “ranscrigtion autoradiograms. 3se-
cificallv, both single pulse (SP) and pulse =rain 'F
used over a serizs »f time points, induced =ven
1ssociared with <ranscription. The effect of 2T Is
1 general increase in 11l RNA classes fallowing «3-50
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ain of pulse. The =ost Jramatic effect was voserved
using SP, where approxizately 1 ten-fold increase in
the specific activity of fractions of mRNA size was
induced in a biphasic manner at 15 and 43 ain of
sulse. This was reflected in the electrophoretic
tattern. <These data were suppor:ied by cvtological
studies using either transcription autoradiograms cr
"aick-transiation' >f DNase I-sensitive regions of
chromosomes. A svrerzisii: effect was observed when
37 or PT were used .u Iuabination with heag shock or
hormonal induction. The results suggest that the two
signals evoke distinctly different cellular re-
sponses. The role of Ca*™ on RNA :ramscription pat-
cerns induced »y PEMFs was decermined since PEMFs
ire used clinically in treating avascular necrosis
and non-unions. Salivary gland chromosomes lacubated
in Cat* ree media Juring 3P or PT induction showed
i1 dramatic increase in RNA transcriptional activity
1s :compared with identical preparations containing
la*=. The »oresence of Cavr had no effect on RNA
sranscription in coantrol preparations. The results
suggest the =Ifect of PEIMFs can be directly relaced
ty zranscriptional events. The induction was influ-
2nced Dv the tvpe of pulse administered, as well as
the cellular environment. The recognition of media-
=ing factors in the use of PEMFs should allow a more
specific determination of those conditions which are
acst beneficial <or clinical use, as well as lead
=5 aa increased understanding of the effect of elec-—
srizal ‘ields in the normal function of the cell.

604 ACTIN POLYMERIZATION INDUCED 3Y PULSED

ZLECTRIC STIMULATION OF BONE <CELLS 1IN
VITRO (MEETING ABSTRACT). (Eng.) Laub, F. (Dept.
Membrane Res., Weizmann Tns:z. Science, Rehovot, 76100
Israel); Korenstein, . In: Transactions of the Sec~
ond Annual Meeting of the Bioelectrical Repair and
Srowth Society, held on 20-22 September 1982 in Ox-~
Iord, Zngland; 2:43; 1982 (7 refs).

Aczin polymerization induced by pulsed electric stim=
ulation of bone cells was studied in vitro. fells
were stimulited after reaching confluency, with a
series of rectangular voltage pulses (25 usec width,
3 Hz-reperition rate, 54 V/cm-amplitude in the medium)
lasting for S5 min. Three types of actin could bde
detected on the basis of CNase I inhibition: nonmeric
3-aczion, polvmeric F-action and 4 form not accessibdle
to DNase I, which was issumed zo be actin filaments
integrated fato some higher supramolecular aetwork.
This form is -entatively :termed 'N'-actin (network-
actin). In unstimularted cells, the following were
obtained: 55% G-actin; 8% F-actia; and 37% ‘N’-actin.
Upon stimuiation, this distribution changed to: «J%
G=1ction; 12% F-actin; aad 48% "N'=-actin. T'a2se cy-
toskeletal changzes were rtelated £o the early .harnzes
in Cad* and cvelic AMP and suggest 1 possible role
S3r the cvtoskeletan ia the procass >f stimulus trans-
aission.
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CEJS ROMAGNETIC  MACULATION

s APPLICATION TO
ERYTHROCYTES (MEETING ABSTRACT). TZag.ey
A. (Bioelactrochemitsrvy Lab., Coluwdia ni
York, NY 10032); Garv, K. Ia: Transactions »f :the
Second Annual Meeting of <the 3icelectrica. Reparr
and Srowth Sociaty, held on 20-27 3eprember (331 :ia
Ixford, Zngland; 2:44; 982,

’
Ty

The relationshi, tetween the e.ectrcchesical zathwavs
at a cell surface and the necessary signal tarameters
of sulsating electromagnetic current (PEMIC) =o affect
the rate >f active transport in human red bSlocd cells
{4RBC) was gJuantitated. A previsuslwy reported elec=
crochemical technigue for the Jdirect evaluation =f
cell membrane {mpedance has revealed the =xistence 9
an ion binding pathway haviang a1 Ziae constant {2 the
range »f 10 usec. The dependence of this upon extar-
X+ concentration strongly suggested that this relaxa-
zion process involved Na-K ATPase. These results sro-
vided guidelines for PEMIC configuration via the con-
sideration that a pulse width of 20 uysec would be suf-
ficient to excite (i.e., get enough current inco) the
Na or X ion binding pathwavs. A current deasity of
1-10 uA/cml was chosen on the basis of real-time cell
response. The repetition rate selected was based :pon
the actual Na/’'K exchange transport race which is with-
in J.1-1 sec. Zxperimental measurements using liavel-
flux efflux rates from Iresh HRBC into Na-{ree saline
at 37 C showed that the pulse width and the amplitude
range were sufficient to modulate Na-K ATPase activityr
with a peak increase in Na efflux of 25% at approxi=-
mately 2 Hz. This enzyme is clearly the target since
che PEMIC effect is ouabain inhibitable. The final
correlation between the PEMIC effect and cell membrane
impedance studlies was achieved using frequency analv-
sis. The results showed that all PEMIC signals con-
structed on the basis of a desired power into the ion
binding pathway are effective for Na-K ATPase modula~
tion. The generality of this approach was suggested
by similar correlations for many in vitro and ia vivo
studies, including the clinical application to ununic-
ed fracture repair.

T

0606 STIMULATION OF MATRIX PRODUCTION 3Y PUL3SED

MAGNETIC FIELDS (MESTING ABSTRACT). (Eag.)
Farndale, R. W. {(Strangeways Res. LlLab., <Zambridge,
England) In: Transactions of the Second Annual Meet-
ing of the 3ioelectrical Repair and Growth Society,
held on 20-22 September 1982 in Oxford, England; 2:43;
1982 (3 refs).

Pulsed dagnetic fields (PMF) were applied to two »io=
logical systems to 2xamine their potential sffects on
matrix turnover in skeletal tissue. Pig articular
cartilage, wihich has served as a model of degradative
srocesses {n skeletal tissue, was maintained ia orzgan
culture for up to 14 davs. Generailv, PMF had no ei-
fect on givccsaminoglycan (GAG) release from the tis-
sue, estimated spectrophotometrically in the used cul-
zure mediuxm and the tissue, »r osn the i{acorporation
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of 35304 into GAG. However, when depletion of AU
srom the tissue was induced by catabelic factors {n
the sheep serum used to supplement the culture medium,
the application of PMF substantially orevented \pu.Jl)

‘

the reiease of GAG into the medium. This effezt :ould
a0t Ye stimulated by zhe acdition »f xnown catadoiic
factors, 2.3., retinol, 3 zhe culture gsedium, and i:
appears that 2?MF has enabtled the :issue to osvercome
GAG depletion bv increased synthetic activityv. A
second series of experiments used “one zarrow stromal
fibroblasts to detarmine Jsteogenic events could dSe
induced by PMF in vitro. PMF d4id not induce these
avents “ut did scimulate the production of J3AG ia
these cells also. Controals produced 382 uz ia 5 wk,
comparad wizh 433 =3 from PMF-treated cells {(p<.ons).

% JF  PULSED ZLECTRCMAGNETIC
c PERICSTIZAL AND OSTEOBLAST-LIKE
L] JRE

CULTURE (MEETING ABSTRACT).

4anlev, X. J. (Univ. Connecticuz, Sch. DJental
ine, Tarmiagton, 2T J)A032); Norten, L. A.; Rodan,
Ia: Transa:ztions of the 3econd Annual Meetinag
5% zhe 3ioelectrical Repair and Growth Society, held
on 10-1Z 3eptember 1981 in Jxford, Zngland; 2:46;
1982,

The dependence of the pulsed electromagnetic field
(PEMF) effect on the cellular aake-up of differing
calvarial cultures was examined. Cell cultures were
obtained through three 30-mia sequential digestions of
19-21 day fecal Sprague-Dawley rat calvaria. Through
horaonal analysis, those cells obtained in the first
dizestion were found to be periosteal in nature,
while those cells from the third digestion were osteo-
Biast-like in nature. The periosteal and osteoblast-
-iike cells were grown in culture in F-12 medium
supplemenzed with 10X serum and !% antibiotic anti-
avecotic. Upon reaching confluency, the cell cultures
<ere axposed for 24 hr to one of two PEMFS: Field C,
1 5-asec train of I00-usec pulses, 3] usec apart re-
Jeating avery 66 msec at !5 Hz, or Field D, a 5-msec
crain of 225 usec pulses, 28 usec apar: repeating
averv bb asec at 13 Hz. The two fields diifered
aainiv in the duration and depth of the negative
poiarity of the signal zeneracted, Field T having the
Jeeper negative polarity and shorter duration. DNA
svathesis 7as estimated by JH-thymidine (3H-Tdr) in-
corporation. Neither ?2EMF had any effect upon the
pericsteal zell cultures. In osteoblastlike cell
cultures under identical condizions, Field C enhanced
%A synthesis by 32-i00% {p<.0l). Field > had no
2ifect ypon "osteoblasz-like" cell cultures. Further
2xperimentation suggested =hat this effect may be
ise o differences in the endogenous growth rates.
In "osteoblast-like” cells exposed to the PEMF under
growth=lizizing conditions (serum starved 48 hr prior
%o axposure to the PIMF), w-Tar incorporation was
2npanced from 565 o 1285 cpm/ug DNA (p<.)l). In :he
same cell population z2xposed zo the PEMF under rowth
scimulazary condizions ’serum fed immediately oprior
©3 exposure =o the PEMF), JHTdr ‘acorporatica de-
crzased Srom 1133 o 360 :pmiug ONA (p<¢.I2). From
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these =Xperilents LI «as  onc.aded: L) the welec-
trical perzurbation »f PEMF O nas a direct effelt
upon osteoblast-like cells ia :u 2) tne PRWF
Jerturbations i 1S secondary Jrowtl regulators; (3)
the 2rfects ippear =3 ¢ cel. 1nd 3r.wth state spe-
cific; and - the PEMFs can =2xert 21m0ddl =ffielts
upon DNA svathesis.
2n08 MICROENVIRONMENTAL CHANGES AS37CIATEL ~1T
TLECTRICAL  STIMULATION 2F (3TELGENESIS 37

DIRECT CURRENT /MEETING ABSTRACT ). ‘Zayg.) 3arancws<l,
T. .. (McKay lab. Jrthopaedic Surgery Res., Zent. I
thcpdedic Surgery, Jniv. Pennsvlvania, Philadelznia,
PA 19104); 2lacex, J.; 3Brighton, ©. T. In: Transac-
tions of the Second Annual “eeting 9f <he 3ivcelectri-
cai Renair ind Jrowth Society .

, held o lu=ll jenten=~
bSer 1982 in IxIocd, Zngland; 2:s7; 13892,

The possibilizy of correlating cthe Jegree 20 Jsteo-
genesis stimulated by diraet = ant D) with soe-
cific faradic changes i{n the aicroenvironaenf 2ear
the cathode was investigated in vivo. New Iealand
White adult =male rabbits (a=3s4) underwent Silateral
implantation of a lb-guage, i=-cm, bara, PTFE-coated,
7-stranded 304 stainless steel Jire cathode within
each tibia, a 1.5 cm on edge, scuare, 104 stainiess
steel mesh anode near each shoulder, %wo Ag/AgCl ref-
erence electrodes, and a constant JC power supply.
The electrodes and DC power supply were connected o
a percutaneous multi-pin assembly that permitted in-
terruption of the circuit and monitoriag of =he var-
ious electrical parameters. Finally, a1 device--the
Multi-Puncturable Silastic Closure (MPSC)--was im—
planted rranscortically at each ti®ial cathode %0 ai-
low for insertion of needle =nicroelectrodes thrcugh
the skin and into the medullarv canal. All electrondes
remained for 4 wk to reduce the influence of surzical
trauma. Then, the pcwer supply was connected Lo one
cathode and anode pair as the experimental :in each
animal. Three direct currents were select2i: | ud
(a=10), 50 uA (a=13), and 29 uA (n=il) o 2xamine
effects of, respectivelv, currents bSelow, ibove, ind
within the optimum range of 5 to I9 uyA previously
found to stimulate osteogenesis with stainless=steel
electrodes. The needle microelectrodes were coupled
with an Ag/AgCl reference to produce 1 potential for
pH and a polarization current for p0» Zeterminacions.
The results are expressed as the ratio of experimentzal
to control mean pd and p05 for wk i, 2, a2ad 3 and the
final day of monitoring. Significant 2levaticn of 3d
(p<N.J5) onccurred at 30 uA ia 31l time periods and,
o a lesser extent, 45 20 4A in wk 3 and on the fina

day. 3ignificant reducion of pdn (p<D.05) occurrad
at 20 uA In ail periods and, to a lasser degree, At
5C uA in wk 3 and on the final day. No sigznifican:
changes >f pH or p0s were found 1% { 4A. The large
reduczion of 907 was 2ssociated with »ostengenesis it
20 uA while significanct elevaticn of pH was :supled
with necrosis 1t 359 uA. This i{avestigzation verifies
in vive a strong 1ssociation detween pd~ ind od levels
1nd »steogenesis stimulated 2v 2C,
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IN-DEPTH SCAN.\'I.\'G ZLEZCTRON MIJROSCCPY
STUDY OF ELECTRONICALLY 3STIMULATE 30NE
GROWTH (MEETING ABSTRACT). (E. .) Chen, T. i‘Penpr~

sylvania Coll. Podiatric Medic;ne, 3th and Race 3ts.,
?hiladelphia, PA 191¢7); Harrington, D. B3.; Frasca,
P.; Walter, T.; WYalter, J.; Darigan, M. ia: Trans-
ctions of the Second Anaual Meeting of the 3iocelac~

trical Repair and Growth Society, held on 20-22 Sep-
tember 1982 in Oxford, England; 2:48; 1982.
Results of a scanning electron microscopy study of

electronizally-stimulated bone growth are presented.
Tissues were taken Irom axperimentally iaduced non-
anion canine Iractures and from freshlvy osteotomized
arimate neracarsals. Some had received elec
stimulation 719 uad) ind some had juammy electrodes
tlazed at the Jracture site. The electronicalivy-
stimulated samples showed a greater amount of osteoid
than contrsl samples. lLewly developed Sone contained
2ore calcium and other inorganic matrix componeats
in experimental samples than in contrsl groups. Goid
aad zinc appeared in greater abundance in experimen-
ta. samples than in controls. 3Bone appears %o devel-
29 intramembraneously from existing boney traebecu-
lie, or in situ Irom Iibroblasts within the internal
fracture callus. In sections taken through the elec-
trode, =lectrically stimulated bone appears to bdegin
lavdown in areas away from the electrode, and sub-
sequent osteogenesis takes place In a pactern moving
toward the 2lecztrnde.

tical

Y610 IN VIVO  GROWTH PLATE STIMULATION IN A CA-
DRC'TIT:LY COUPLED ELECTRIC FIELD (MEETING
A3STRACT). (Zag.) Brightom, C. T. { Dept. Orthopaedic
Surgerv, Tniv. Pennsvlvania Sch. Medicine, 425 Medical
Zducation 31ldg., 36th and Hamiliton Walk, Philadeiphia,
P8 19134); Pfaffer, G. 8. In: Transactions of the
Second Annual Meeting of the 3iocelectrical Repair and
Growth Society, held on 20-22 September 1982 in Ox-
forZ, Zagland; 2:-9; 1582 (! ref).

In vivo growth plate stimulation in a capacitively
coupled electric field was invest{zated. Seven-wk-
5ld Yew Zealand white rabbits (n=20) were selected

for uniform growth and were randomly distributed iato
40 equal groups. A palr of (.3 x 1.8 cm stainless
steel capacizsr piates was placed in parallel over
the shaved right proximal tibial epiphyses of %oth
2xperizental and control rabbits. All animals re-
zeived 3 ag kg iv oxytetracvecline at the onset of the
2xperiment ‘dav ) and again exactiy 2 days later.
Tomoencing with the second {niection of >xytetracy-
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i distance
veline labels ‘davs U=1) and the seloand oxe
ine ladel ind rhe Hune-cartilige  unctl

jaant s
Tirst anl second

Was Tedsured 1 hoth cantoal 1ng exfer:
INITALS. Zach distance Jas  calliulat=d Yroa
T nWelve  separate measurements  taken
2qual intervals 1cross The Jrowtn slife, AR v
2rid was -ised to =asurs nifora speciTen alig
Ratios of rigni-to-ler: leyg growtn - f.r lavs

fa3r each
Tdavs l-ei
t-rast)  «as

A Dean .00

l-4, respectiveiv) were =stiblisned
During the l-dav stizulation period
increase in length <. )2, n=4d, group
demonstrated {n the axperimental zroun.
increase in length was seen p<,U5, =2,
test! «hen stimulated zrowth ‘lavs

o non-stimulazed zrawen (davs !=1) ia the
af each animal. Although several rabeits
peda.l edema chere was correlation Setween the amount
of edema and the 1cceleration »f growth. In conclu=
sion, this was the Iirst z2vidence =haz 1 caoar;:i.e
toupled electric field <can accelerite longitudinal

~4 ., ~a5

saze lex
teveliped

s

growth {a vive. The optimal volzage, frequEACJ ana
current parameters of the sigznal remain =0 de deter-

mined. It remains clear, nhowever, that the low vol-
tage requirement {sr stimulation is promising for
both safe and efficient clinical applization.

D61t INFLUENCED 3BY

PROPERTIES AND LICATION IF N3-
S (MEETING ABSTRACT). f:Eng.) La-
(Univ, Hosp., Catharwvnesiagel! 101,
31500 CG, Urrecht, Holland); Roelofs, 2. M., M.; Visser,
4. J.; Lentfarink, R.; Duursma, S. A. In: Transac-
tions of the Second Annual Meeting of the 3{oelectri-
cal Repair and Growth 3Society, held on 20-22 3Septem-
ber 1982 :in Jxford, 2:50; 1982 (I refs).

ZXPERIMENTAL
ELECTRICAL

TEOSYNTHETIC DEVICE
2ev, C. L. R. S,

30NE  HEALING

England;

The results of 4 study to determine whetiher Jsteosvn-
thetic devices (i.e., stainless steel, or other elec-
trical conductors or insulatoars) can influence :allus
formation are presented. White Wistar rats (79) un-
derwent operations upon both femora. In order o
avoid problems Ln reproducibility and reduction »>f a
diaphyseal fracture, the bYone lesi{on was realized hy
drilling four holes, one axial, bv condvlar approach,
and three sagittal holes at l!, 14 and i7 2m from zhe
intercondylar line. The diameter of each hole was
.7 am axcept for the main hole which had a diameter
5f I mm. The =lectriczal perturbations czused bv this
special wvpe of f{racture were ucomparable ©o normal
fracture potentials. A nuamber of conductors and insu-
lators were tested. Axial rods of stainless stzael,
platinum, polvvinyl chloride {PVC) and 3zlass were iao-

:line the experimentil animals received a continuous planted in 47 rats. Transversal transcortical sieces
217 pulse=-pulse, U <Yz gsymmetric sine wave signal af PVC and stainless steel of Jdifferent dimensions
Isr I davs [davs l1-4). The contro. animals received were i[apianted in 3 other rats. Callus “osrmation
~o electrical stimulation. Jurreat MS across each ~as evaluated after the operation sn Iine 3rara X-rays
2air of pidates was 7,34 = .44 mA (D,382.40) at che 2f the nrelevated femora and on andecalcified (00 um
stare of stimulation and (.29 £ 0.2 a2A ‘(.«2-1.33) siices. Callus formation was enhanced by zhe sressure
6 ar later. All ininals were sacrificed on dav +. of =ach tested mactarial {n the nedullarv cavisv., How-

2ot adinal growzh  in 199 micro thizk  sagittal ever, the Sone 2ain ~as 1or2 pronounczd «nen lnsulas
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tors were lmplanted. Tor the trinscortical iaplaats,
however, the conduc:ors aused more stimulaction.  An
electrical explaration 15 proposed wizh raeference )
the xknown stimulating effe ¢ of depolarizaction of bone
sortex versus fracture potentials.

4512 PREVENTION OF DENERVATION,DISUSE OSTEQPORO-
SIS IN THE RAT WITH A CAPACITIVELY COUPLE
ELECTRICAL FIELD (MEETING ABSTRACT). (Zng.) 3righton,
C. 7. (Dept. Crthopaedic Surzery, S5ch. Medicine, Univ.
Penns.lvania, Philadelphia, 2A 19174); Xatz, M. J.;
?sllack, S. R. Ia: Transactions of the Second Annual
Meering of the 3iovelectrical Repair and Growth Soci-~
e*v, qeld on 20-22 September 1932 ia Jxford, Eagland:
51; 1982,

Inhibiztion of the development of denervation/disuse
osteoporssis in the rat with a capacitively coupled
2lectrical field was investigated. Forty (125 g2)
male wiscar rats underwent right-sided sciatic neur-
eczoay {2.3-cn segment Was excised) under Neabutal
inesthesia. On the second post-operative day, stain-—
.ess steel capacitor plates (l.3 cm in diameter) were
s5laced over the medial and lateral aspects of the
vignt aid-calf in each rat and held ian place with
“3ipe. L_ead wires ‘rcm the capacitor plates were se-
tured to the right hind liamb and the abdomen by means
3f Velero. The lead wires were brought out through
the zop of the cage and connected to a function gen-
2rator in 37 of the rats and were not connected to a
cower source in eizht control animals. The experi-
Jental aninais were divided iato four groups of aight
rats =ach: group . was subjected to a b0-kHz, 2.5-V,
seak-%o-neak, svametrical sine wave signal continu-
susly for 12 davs; groups 2, 3, and 4 were subjlected
te 3 similar signal act 3, 7.3, and 10 V, peak-to-
peax, respectively. At the end of 12 days che ani-
aals wer2 sacrificed and the tibiae and femora of
2ach animal was excised. Results indicacted that the
control (neurectomized, non~-stimulated) tiYiae exhib-
ited 2 197 decrease in dry wt and a !7% decrease in
ashed wt and control femora exhibited a 137 decrease
in dry wt and 2 154 decrease in ashed wt Experinen—
tal tiblae (neurectomized, stimulared) exhibited a
5=-19% increase ia dry wt and a 2% decrease to 197%
increase in ashed wt when subjected to signals of 3,
7.5, and 10 Y, peak-to-peak. ZIxperizental Zemora
2xhibited inconsistent prevention of osteoporosis.
fean rotal porosity of the tibia of non-neurectomized
anima’s was .+%; for neurectomized, non=stimulated
aniuvals Lz was 317%; aad for neurectomized, stimulated
“13 7, peag-to-peak) inimals it was 26%. It is con-
cluded that a capaci:tively ccupled eiectrical field
zaa significantly {anibit zhe development »f denerva-
tion. disuse osteoporosis in the rat.
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deaic Hosp., Cept. rinopaedics, isl, Pellenbery,
3elgiumj; Delport, F.; Mulier, . T.i Nils, J.; Wouls
25, J.; Sansen, w. M.; Van Raendonck, W.; Oucherne,
5, Ia: Traasaczions or the second Annual Meeting Y
she Bioveleccrical Repair and Srewth 3ocietv, held on
20=22 Septeaber 932 1a dxford, England; 1:3%; Al N

The effect of =lectrical stimulation on: L) the rite
ind =Xxtent i new 2one Iaraatien; (o) dole growth
into porous implant; and, {3} =he w=arlv stability of
the interface Setween the implanted mat=rial and done
was investizated. Three groups of 3 sheep  Jere
created with comstant Jdirec: current I .0 udA, 30 A
and 250 uA, respectivelvr. A cathodic ioplanc  was
staced in a 3.5-am hoie driiled in The corti meta=
chysis of the :istal femur, while in inodic iamplanc
was inserted ! c¢m oroximallv. The aon-stimuiated
control plug was iwmpiantaed in the proximal :ibdial
necaphysis of the same leg. An insulated power pack
connected to %he cathodic and anodic Llmplants by
Teflon-coated Wwires was placed sc. The animals Jere
sacrificed at the end »f 4%, 2 and 12 wk. The osteo-
genic responses to 10-ui, 50-uA and I50~ua cathodes
were significantly ennhanced above that »f the inac-—
zive controls and the 2xostosis was more pronounced
than the enostosis. 1In nost instances, osteonecrosis
was observed at the anodic area. The jreatest catho-

dic osteogenesis and anodic osteonecrosis was at
250 uA. The cause of osteonecrosis was due to th
aytotoxic effect of metal ioms which were released
‘rom the anodic electirode after reduction {n an

acidic environcent. A gradient »f new Sone Iormatisn
on the periosteal and mwedullary surface was observed.
This was related to the distance from the electrodes,
and the osteogenesis was aiways more pronounced at
the cathodic area at 8 and 12 wk. Simiiar results
vere obtained when specinens were analyzed for bone
aineral content. Although the =®maximal osteogenic
response was at 250 ud, the interfacial strengtd
Jetween bone implant was reduced significantly when
compared o the contrnis. The early stability of
the interface was not increased bv iny electrical

treatment, as confiraed by mechanical testing.
Porous alectrodes offar a large surface area and
*hus provide a4 lower current density for 1 given
sarrent. 1t enables the use of a current higher

=han the conventional dose of 25 uA, and thus stimu-
lates nore bone formation over a wider area.

J6la JIRECT SURRENT STIMULATION 2F 30NE INGROWTH
IN  TITANIUM  IMPLANTS (MEETING A3STRACT)
(Zng.) Albraktsson, T. flLab. Zxperimental 3iology,

Jept. Anazomv, Box 33031, Taiv. Gotheaburg, 3$-+00 22

ZJothenburz, Sweden); 3uch, F.: Herbst, Z. In: Trans-
actions of zhe Second Annual Meeting of the Blcelec-
trical Repair and Growth Societv, neld on 20-22 Sep-
tember 1982 in Oxford, Ingland; 2:53; 1981,

@
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nll THE ZFFECT OF DIRECT CZURRENT MEDIATED 37 The 2ffact of direct current siizulation »n bone in-
PORCLUS  ZLEICTRGDES N 3ONE GROWTH (MEET NG grawth into two zanals >t 1 titanium implant sas ia-
3572ACT). TEIng.. heng, M. 'c/o DJr. Mulier, Aca- vestigited. Th bSore rowth chamber, a1 dividable
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tizanium iaplant, was inserted iato che tidia of rab-
bits aad a platinum anode and a titanium cathode were
anchored in the bore on either side of the ‘aplant’s
Juter perinherv. 3oth electrocdes (screws »>I 2 am
diameter, inserted length - am) were inserted at i
distance of 5 mm Irom the chamber. Thev were con-
nected via cc-~placed electrsce cables 2o 1 stimuia-
tor under the skin on the bacxk of the rabbit. The
same procedure was rerformed on the contraloteral
side except that the electrode cables were not con-
nected to the stimulator. Five chambers were stimu-
lated with 5, 20 and 50 uA, resp., wnile 135 :chambers
served as controls. ZEvaluaction of :zhe microradio-
zrams, using an I3AS I+11 Computer indicated that
there was zmore bone :in the test iaplants comparad 2.
the control ones in 13 of (5 cases. The increase in
Sone formation or the stimulated side was significant
at the p=0.05 level. In the 3 uA-group, >n the aver-
ige average, there was a /9% increase of bone. All
test implants contained more bone than did controls.
In the 20 uA-group, four >f the test implants had more
hone than did the controls in the same animal. The
average bone contents in the 5 animals stiaulatad with
13 uA was 202% of chat of controls. In the 350 uaA-
zroup, on the average, there was .3% aore bone on
the test side. In this zroup two of the anodes were
Zound poorly anchored in the bYone, two were found
loose immediately outside the bone and vne anode was
r2located in the =tuscular :=issue at some distance
‘rom the insertion place. The latter animal showed
iess bore ian the test side compared to the control.
The remaining (D electrodes on the test side and all
15 electrodes on the control side were quite stable
in the "Sone 2 wk after insertion. 1In conclusion,
stimulaticn with 3 to 50 uA gives a significant
iacrease of bSone formation in implants at 5 am dis-
tance Irom the electrode surfaces. The experimental
scpulation was too small to determine which stimula-
tion level zave the optimal Sone response.

JA13 30NE FORMATION AT PLATINUM, CO-CR, AND

OTHER CATHODES (MEETING ABSTRACT). (Eng.)
5padaro, J. A. (Depr. J2rthopaedic Surgery, State Univ,
“ew 7orx, Upstate Medical Center, Svracuse, NY 13210)
Ia: Transactions of the Second Annual Meeting of the
3iocelectrical Repair and Growth Society, held on 20-

22 September 1982 i{a Oxford, England; 2:55; 1982.

The meduilary Sone response to six zetal cathodes at
two dirsct current {3C) levels was zeasured <o inves-—
zigates the raported netal-dependence of electrical
>stengenesis. Seventv-four NZW rabbits were ilmplant-
2d with JC zathodes of Pt, Co-Cr(F-90), aAg, stainiess
steel (31AL3, Au or Ti. At least H animals received
2ach tvpe with current sources giviag 3.02 and 0.2
Azl current densitv. Zach animal received an ia-
active controi cathode of :the same material on the
iontralataral side. The cathodes were inserted into
che zedullary canal of :the femoral diaphvsis sia a
small hole in the distal aetaphysis. frer 3 wk,
“he in{mals were sacrificed, radisgraphed ind the
=eduilary new none <zeasurad by 2eint-zounting in

Meeting Abstracts

microscopic 2rdss-sectisns, Resulzs whicnh give
soint counts for each ase are presented griphical
Statistical analwvsis student’s -«

Jata showed the aost significant 2nhancement of
bone growth near 11l ictive sathodes ind specsifically
for Co=Cr at .22 uA.aml for staialass steel and Ti
at 7.2 uAS amd  (p<0.35). The activitv of Pr
and Az at .02 [3<0.1) was also noteworthy as was
the growth near «ccntrols {n  several cases. The
activity at stainless steel ar higher :urrent agrees
with previous reports, but cthe behaviors of Pt and
Zo-Cr seem to be new observarions. In general, bone
formation at the lcwer current seemed to he inverselw
proportional to the electirode potencial ‘as deterained
rom polarization curves), whereas this correlation
was less evident at the higher level. The results
strongly suggest that current—-dependent, metal spezi-

ficities for electricallv-enhanced bone formation 4

exist; expansion and repetition of this initial study
is needed to verify and iacerpret Ihis benavior |

bone and other tissues.

D616 THE RCLE OF ZLECTRCDE MATERIAL AND CURRENT

DENSITY IN ELECTRICAL STIMULATION OF 35TEO-
GENESIS (MEETING ABSTRACT). (Zng.) Black, J. {Mckay
Zab. drthopaedic Surgery Res., Dept. drthopaedic Res.,
Univ. Pennsylvania, Philadelphia, PA (9104); Norg,
D. S.; Jones, S. 3.; Dymecki, S. M.; Baranowski, T.
J.; Brighton, <. T. In: Transactions of the Second
Annual Meeting of the 3icelectrical Repair and Growth
Societv, held on 20-22 3September 1982 in Oxford,
England; 2:56; 1982.

The role of eiectrode material and current density in
electrical stimulacion of ostengenesis was investi-
gated. Twelve adult male Vew Zealand white rabbits
received bilateral implantation »f constant current
power supplies previously adjusted to produce 20 =
1 uA. Each animal received a 26 AWG, 1 cam, bare, 7
strand 304 stainless steel cathode in one tibial
medullary canal and a 2.25 ca- 304 stainless steel
zesh anode {n the back as an active control. Group
! (n=6) received the same power supply with a 2.38
om diameter, 1 cm bare platinum cathode in the con-
tralateral canal, coupled to a 2.5 ez’ platinum sheet
anode. Group 2 (n=6) received 0.8] mm diameter, ! cm
bare platinum cathodes and anodes identical to group
l. Current (I), interelectrode potential (IP), and
anodic as well as cathodic poteantials (CP) with re-
ference to an implanted Ag/AgCl elecirode wers moni-
tored 3x/wk untll sacrifice on dav 2l. At sacrifice,
the =ibial medullarv contents were decalcilZied, and
the percentage of new bone ia the canal was quanti-
rated. Statistical analysis (student’s :t-test) indi-
cated that bone growth on the control side was not
significantly different in the two groups (p<0.7)
and the grand mean (2%4.1%) was not significantlv dif-
farent from the historic mean for this model (18.33%,
2<0.25). In group I, wizn equivalent geometric cur-
rent densities, the platinum electroces stimulacted
28% nmore new bone 3rowth chan the controls (p<D..6,
paired) supporsing the osbservazions 37 sthers of cthe
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~genic efficiency of electrodes more 1oble
3one growth with olatinum in

w7as significantly less rhan thac for the son-

cls p<0.32, paired). More important, group 1 place
1tud z2lectrodes eliczited 41,47 less bone than those

zzoup i. This follows the ‘bange in the geometric

current density (=53.1%) rather th in the :athodic

sotential 1 =37), sugges::ng that curreant Jensizy Jom—

inates osteogenic erfficiency of a particzular elec-
trode metal, 3iven thaz the cathodic peteatial is be-
Low the limit for cellullar aecrosis.

ALt IFTICTIS OF PULSED ELECTRCMAGNETIC FIELDS 7N
CULTURED CHICK ZMBRYONIC FEMORA (MEETING
ABSTRACT). <(EZng.) Noda, N. (Dept. Dental Technology,

Tokvo Medical and Dental Uaiv., 3-45, 1 chome, Yu-
shina, 3Zunkvo-Xu, Tokyo il3, Japan); Sato, A.; Isobe,
Y.y Turmuva, : ishida, A. In: Transactions of the
Second Annual Meeting of the 3ioelectrical Repair and
srowth Society, held on 20-22 Seoctember 1982 in Ox-
Isrd, Zaglaad; 2:37; 0982

sulsed electromagnetic fields (EMF) on
cultured chick embrvonic femora were investigated to
elucidate the mechanisms and biological effects of
2lectromagnetic stimulation. One~hundred and twenty-
w0 pairs of femora were excised from 10- aor ll-day~
5ld chick embryos and cultured at 37 C in an atmo-
sonere of 5% TO0p and 95% air. One of each paired fe-
zora was axposed to EMF, with the other used as a
control. The medium adopted was modified F~12 sup-
slemented with 107 calf serum. On day 10 of cul:ti-
vation, femora wera measured, weighed, and examined
nistslogically. At the end of the culture period,
several “emora were pulse-labelled with 3H-thymidine,
l4-2roline, or 35Ssodium sulphate supplemented to cthe
2ediun and radioactivities were analyzed by liquid
scintillation counter. The EMF were characterized
v a pulse train signal composed of 13-20, 200 usec
Lorng, quasitrianguiar pulses lasting accumulatively
3 msec and repeated at !l Hz with magnetic flux den-
sity of .3 2o 30 G. Exposures to IMF were perforaed
zontinuously except {n cases of 3u- thymidine incor-
soration. In those experiments, three different ex-
sosure 1odes were zompared: 1) continuous; (2) 5 hr
on 2ff; and 73) 24 ar on/off Incorporation of 3JH-
<hymidine and JHproline was preomoted significantly
19<5.05), whereas incorporation of 30, was unaffect~
24. imong the three modes, Lincorporation of 3H-
thyaidine was promcted more in the continuous and 6 hr
. off group than in the 24 hr on/off gzroup. 1t is
zoncluded that pulsed electromagnetic fields promote
3%A 1nd protein synthesis when appliied contiauousiy.
thar results suggest that continyous or iateraittent
stizuiations with shorter (6 hr) on/o0ff Liatervals
2av oromoze OVNA svathesis more =han those with longer
(24 ary cnooff latervais.

8:cicgqicat S'tecrs of Nomemzng Siesircmagnenc
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R ING ABSTRALT .
Rinaidi, R. A, {louisiana Jtate 'niv
Medizine at Shreveport, Anatomy Jept., P.0. Zox 31712

2
Shreveport, L& Ti130); Soodrich, . la: Transactions
>f the Second Anntual Meerting of tne 3ioelectrial Ze-
palr and Growech Society, held on 23-22 Septenmber 1982,

in dxford, Zngland; 2:33; 1981,

The electrical parameters of rabbit femur bone {aclud=~
ing resistivicy were studied. Polarization of plarzi-
nur electrodes embedded in bSoth cortical and medul-
lary bone was performed. A four-point method was 1sed
wherein the cuter electrodes incroduce current (J..1 2O
L aernating current it selected Irequencizs from
2 to 3200 Hz) intd the bones wnile the two inner =2lel

trodes moni:ior zhe Jurrent. The el  ~odes Jere  =a-
bedded in bdone cement {Surgica' Tax) with Ine
2lectrodes insulated from Zluids st iading the bone
with Neoprene 0" rings The elec ‘es JeTe piati-
num (2.5 =am diameter). Measuramen ‘e made with

irrent amiet

a high impedance wvoli:tzeter and a !l

which utilized ainimal amounts o>f y in the 1nea-
surements. 2olarization of the out rode rieldi-
ed resistance values cthat were arr . - different
electrode configurations. 3Studies ac2d that the

ohmic resistance of Soth cortical and medullarv feour
bone performed it 13507 Hz and <7 V ainimized capaci-
tive reactance and Taradaic reactions at the polar-
izing electrodes. Cell constant aeasurezents (at
1000 Hz) before and after death of rabbits circum-
vented the geometry difficulty and allowed a reason-
able ohmic resistance value {minimum capacitive re-
actance) to be obtained. The ormic resistance of
both cortical and medullary bSone was approxiazately
900 ohms/cm3. Phase angles of % degrees at =0 Hz de-
creased o J.8 degrees at !000 Yz and remained cons-
tant to 200 Hz belore increasing. This corrasponded
to 95 ohas i1t 4 Hz, an error of <iT of the :otal
impedance between polarizing electrades a: (200 Hz.
Resistance values obtained for both cortical and
zedullary Sone resulted in an increase of aear 0%

fter post mortem. 8cne resistivity for both z2orzi-
cal and nedullary tone increased following death of
the rabbiz. During anesthesia there was a sligh:
decrease in reslstance, However, wupon sacrilice,
heart and bSreathing cessation, the resistivity values
:linbed to :the values sf the live subiect. Within =+
hr of death and with temperature of the animal nain-
tained at 29 there was a notable (20%) increase in
bone resistivizv. The results indicate the =xistence
of a physiologizal state wnich is ipportant ia deter-
aining bone resistivity.

9619 SROWTH OF THICK ZMBRYD  MODULATED BY PUL3ED
ILECTROMAGH ETIC STIMULATIONS  (MEETING A3~

S”RACT). {Zng.) Saha, S. (3iomechanics Lab., Dept.

thovedic 3urgery, Lcouisiana State U"niv. Medicai Zen-
tar, Shrevepcrz, LA  71130); 2al, A.: Reddv, G. N.:
Aldrighet, 2. A. Ia: Transaztioms af :he 3zcand An~
nual Meeting of the 32ivelectrical Repair ind Jrowth
Sccietv, 1eld on 10-22 September 982 in 2xiord, Ing-
land; 2:39; (982 "2 rerg).

Lyt
[




F
|

v

vy v Y Ty

) 0.
®

Biological £ects of Noricrizing Siectromagnetc
Rad:iatron VI1i2-4!, Juty 1983

Iacubating T2
evaluarion of the
tromagnetic fiel
was chosen due ¢
compared 2o in aniral zodel.
Jose-response curve Ior
elds based on the criterion of ske‘.etll Jrowst
chick edmbrvo., Pulsing electromagnetic Ji2ld P
>f several desired shapes, amplirtudes, and repetici
frequencies could bde produced with three specially
designed and fabricated tunable pulse zenerators. A
pulse gZenerator was uased tO supply current -0 4 Tect-
angular coil (39 cm x 31 ¢m, 90 turns of 214 AWG coat-
23 copper #ire} surrouading i zest group o7 04U fertil-
ized chicken eggs in an incubatsr., These 2ggs were
exposed =5 1 zarticular pulse shape «(measured 2y a
sansizive probe) zhrcughout zheir {ncubatiosn perioad.
The control group consisted 3f in equal number of Ier-
tilized 23235 incubated separatz2lv in an adjiacenat room.
Jeveral embrves ZIrom both groups wers examined ftom
iavs 7 =9 2! of incubation. The embrvos were nea-~
sured, weighed and their bones stained. Altogether,
seven barches ¢f eg2gs were examined, =ach bdatch ex-
zosed To a Jiffereat pulse shape. One pulse shape
éizh pulse width of J.7 msec, a duty cvele of 49% and
1 zeperizion race of 205/sec oroduced an increased
rate of zrowth for the embryo and its skeleral system.
However, for all other pulse shapes examined, the :test
zroud in general showed a Jecreased rate »f growth.
3ones Srom these test gZroups of embryos were also
smaller compared %o controls. Similarly, the bYending
szreng of tidiae and femora from these electromag-
~eticallvy stimulated embryos was less than that of

zhe controi group. The results indicate that embrye-
aic Zrowth can bYe mnodified by electromagnetic stiau-
lation,

2620 OBSERVATICNS ON THE ZIFFECTS OF 2EMFS oM IN

JITRO  MACRCMOLECULAR MODELS /MEETING AB-
STRACT). {(Ing.) Anderson, A. M. (3io-Medical iIngi-
neering "Ai:, ¢ The YMedical Inst., Hartshill, Stoke
on Treat, 3Staffordshire, Zngland); Hastings, G. W.
In: Transactions of zhe Second Annual Meeting of the
3ioelectrizal Repalir and Growth Society, held on 20-

-

22 September (982 in Oxford, EZngland; 2:63; 1982,

An in vizro macremolecular system developed to model
collagen at a Ffracture site ’.n bone 1is described.
The aim was to¢ studv the effect »f static and pulsed

zagnetic m the orlencacion of simple, well-
characteriz d zacromolscules during polrmerization
and therebvy investigate this aspec: of ncn-uninon
tr2actaent. Thi cudy will be extended %o more com-

slete synthezlc collagens, and %o regeneratad collagen
5el:- acrylamide or mixtures with methyl methac
Late, stvrene osr dizethvlamino =thvimethacrvlate, in
aqueous »¢ alcochol solution, were cast <o give =hin
filams of homo >r zopolvmers on glass slides following
inftiation of oolvmerizarion 3Sv ulitraviolet radia-
niosn. The samples were sublected Ty static or pulsed
alactropagzreric fi2lds (PESMFs) wefore and during the
soiraerization pracess. Tonventional izt mfcros-

- Attt i i i A
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srientation an
i TOr2noLlg:
hign, and  the re  iaterpreticion
complex. jever, there aav be i
zhange ia low  ingle x-rav
samples exposed o

152! JGMPUTER  ANAL:SIS
TL,I00 TASEIS CF

TED  FOR O TREATMER wiTH
ZLDS (MEETING aABSTRACT.

lectro-3isiogy .n:ernatx nal

Southampton 5t., Reading, Z2erkshi
laad); Gaston, S. R.; Rvabv, .. :
»f che Second Annual Meeting f the 3t tal Y-

NG

pair iad Growth Societv, held i
in Dxford, Engiland; Z:nl; (982

A study inmiciated >7 yr ago m
derailed information on the
magnetic fields (2EMFs) int :
is presented. The treatment Jrotol

application of 2 plaster cast to coatrai =ovement; -he

"‘ \
re
Al
w
w
I
i
m
o)
ot

selection of appropriate coils and dri ‘nirtage;
correct placement of the non-union within the rsesulz-
ant fleld; treatment periaeds of 10-12 hr dfailw; stroict
non-weight bearing for lower 1iab fractures i :
initial stages of :herapy, and 1 graded exerzise 2
gram once signs of “ealing were evident. roatl
on every case treated with PEMFs was stored oHn comdu-
ter to permit subsequent regular an Ilvsis of 3 vari-
ety of functions. Data are presented sn ool h, ol
dnunited frectures which have N
rently being treated with 31 = ap

The accumulation of data »n a se2ries this
orovided a unique apportunitv 3 p
the overall success rate of this treatoen
(75%), but to examine in Zeptn che influenc
factors as reactivitvy 3f zhe lesion, infe
the presence »of rardware >n ~eaiing rates, 2an
ultimate outcome »>f 2EMF Irneranv. The success Tat2
in the subgroup of patisnts w~ho Rad ot

[
anyv operative iatervention arior o the Inftiatiosn
of PEMF therapvy was sompared with that Iia r2parted
series of aon-unions treasted solelv dv surzical delh-

ods and erctabiished 1 case f£or the iniczial appilca-
tion of TiMFs s 31 r2asonable alternative Ty sulh
srocedures.

7622 CLECTRCOMAGNETIC REATMENT TF
A IUROPEAN MU ,T:C"‘I SR 3STUDY
3TRACT). {Eng.: dinsenkamp, . “Serwi

die=Traumatcio
Lennick 308,
av, T. In:
iag
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. The Zurcpgeaa experience using sulsed electromayneltl:

{n the treatment H>I nonunion Ls iis-

- 1977, amore than 30 cases >f non-union
- have Seen treated with PEMFs var: us rogean oJr-
thopedic ceaters. One € che nmcst siznificant fac-

tyrs atfeczing tr2atment Huicome (s the zvpe f aon-

union, with a success rate of 37.3% raported for av-

pertroghic nonunicn as compared with 33..% for atro- A method of treating congenital ~seudartnr:
ohic nonunion. Also, the anatomical locati{osn and sex Tidia 1sing 3 constant :lrect urrent
3% zhe patienr 1ppeared to have a detarminart =2¢fe:s, scrided. Suriag surzery the pseudarthrosis and ab-
The age >f tne patient or other Wistorical data, how- neraal hone are excised leaviayg some shortening.  The
2ver, had 12 important eifect on freatment jutzome. tibia fs alizned ind neld with an iatri-zeduilare
4 comparison of the =reatzent response 3¢ the non- “ail (3terman 2?in), passing througn the inkle oint
.aion poouiation of the U.S. with znat of Zuropean ints the os :alils. The catnode of 3 DC batzery i3
suntries iadiciates few differences. inserced {10 the rseudarthrosis site which L35 chen
Jone zrafted. The implantabdle battery supplizs 1D

A for 1 ainioua 3f 3 mo, after which it s reaoved.
¥ <he 1D cases treated so far, l<4 nave unized ind »
are still undergoing creatment. Ia several of the
patients T has proved necessary ty faplant 2, and
in one patienc, 3 batterfes bYefcre union could de

) .nl3 AND PROBLEMS OF THE SUPPLEMENTARY icnieved. 7Tne :zhild refractured after the intri-me-
- JF  CONGENITAL PSEUDARTYRCSES OF iallarv nail was removed 1t [ vr; Lt 13 now recom~
! T LECTRIC AND ELECTROMAGNETIC SIELDS mended that the nail be lefr in situ for 1t laeas: §
> NG ABST2ACT). Zag.) Ascherl, R, (Iast. Ex- vr. The shorteaing 97 the 1affected leg coutrects
a serimental 3Surgerv, Tachnizal Tniv. Munizh, Ismaniag- spentanesusly once inidn ads deen :beiined.
t. 2r Strasse 12, D-3000 Munich 30, W. Germanv); von
- Tiakanstein, A.; Lechner, T.; 3lumel, G. In: Trans-
} ictions of the Second Annual Meeting of the Bioelec-
: tvizal Repair and Growth Society, held on 20-22 Sep-
tamber 1982 in Oxford, Zngland; 2:63; 1982, 0625 SLECTRIC RESISTANCEI aND IMPEDANCE IF DOG
TISSUES (MEETING ABSTRACT). (Zag.) Ohasai, @
T. (Dept. Crthopaediec 3Surgerv, Murakami IMemorial -
Hosp., Gifu Coll. Dentistrv, .=-o Wakamiva-cho, %5i7u,
The denefits of 2lectric and/or electromagnetiz stim- Japan 320); Inoue, 35.; Xajilkawa, X.: Ibaragi, ¥%.;
:lation in :ases of congeni:al sseudarthroses of the Sasaki, H. in: Transactions of the Second Anzual
zidia are evaluated. Zight catients with congenizal Meeting of the 2lcelectrical Repair ind Growth Soci-
Jseudarthrases were :reaced bv means of electric aty, held on 2012 September 1981 in Oxford, England:
stiauiation. The :ases were considered to Ye true 2:653; 1982,

zongenital pseudarthroses; naone of the patients suf-~
Ilered from neurniidromatosis or fidrous dysplasia.
Ia seven of these cases the Xraus-Lechner system was Zlectric resistances of tissues of “one, wuscle ind
appliad in addicion o surgervy. Jne patient had bSeen blood of adult dogs were deter=zined By =xeasuring

created with pulsed electrcmagnetic ffelds. The leg interelectrode potentials in vivo using a I0-uA con-
of one of the patients aJreratad on by iaternal Sixa- staat electric current stimulataor wnich had Seen used
tion {electrified I.M.-rod) had »een amputated; after in clinical cases for non-union. The resistance of
an Inizial satisfying callus formation pseudarthrosis bone was 52 «Ohm “1.l3 V), muscle +) xOhm (J.78 V),
recurred again. Jne f2male patient was also retreated and bloed 31 «Chm :.24'. The interelectrode ;oten-
because 9f a recurrence of the pseudarthrosis. In tial using skin electrodes was much higner than that
swo further cases a hHezinning ost2o0lvtic reaction was using bhone electrodes. The iapedances f tissues
chserved 2xactly in the cegion of the Sormer pseudar- were obtained with 1 ¥ohlirauschn bridge of 300 ‘iz,
=hrosis, although after zhe faiti{al zceatment the bone The lapecance of 2one was !+ Chm/:m, Tuscle (D Oho:
was siadle iad consolidated. These satients are under ca, bSlcod 72 Tham ca, ¥idney -2 Chamsca and liver 33
~heraoy 5v n1eans of the e:<tet’\ai pulsing magnetic Sha/es. Zleciric stimulator =lectirodes  should ‘e
..--d Wnich seems to be able oo prevent progressing inserted ints hHone and i{nsulated Irzm scit tissues

tapresorstion, Usually the electric treatnment such as muscles £o avoid short zircui:, since muscle
riakes 3such longer than ia cases of scaquired pseudar- has a higher uconductivity than done. In this wav,
“hrnses. Tour ~ises healed after only one further 2lectric currant :in e obtiined ilong she hone, iod
surgerv Soilowed v =lectric "cimliti'on. In ~ases the curient is effective for new Sone Sorzation.
>f ongenital pseudarthroses additicnal treatmeatr Sy when the skin =2lectryde is ised, it should ce large
2lactric flelds s2ems to e aeloful, Sut is not as 2ncugh and also should hnave 2cod :dntac: 13 Teduce
suczessiul 13 in zases >f non—:inlons. electric resistince and {ateralectrcce  dotentials.
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.
Jarink, R.; Akkermans, . M. AL ;.mssez:. e A M.
iztedol, ?, In: Transactisns of che Second Annual
Meezing »f the 3iselectrizal Renair iad jrawth Socie-

LRV

v, held on 21)-11 Sepzember 1331 :n °xiord, Engluand;
. 5

The influence of direct currencr (2C) =2nerzgy on bone
remodelling was studisd {a o white 2Jutca rapbics
using ZC currane of wvarving iatensi:s .es ind polari-
“ies. The currencs were applied b»Hv 2latinum elec
srades, the Tirst in, the second either 4rcund th
‘amoral diapnysis, or implanted it some distances.
Tarzents of 20 or 3 uA were used, with potentials
zerween 1.3 and 3.2 V. The maximum current
v was 2alculated at 5.3 uA/omd 2lectrode sur-
Zace. The results were evaluated on fine zrain X-
v I and on decalcified histological slices of
= (X thickness by an image analyzer. The amount
>f bonme fcund at the stimulated side was expressed
s percentage of its heterolateral control. In the
roup of zedullary anodes faced by circular cathodes
2 significanc increase of the amount of total bone
i1 zne stimulated femur was Zound in the vicinity of
zhe elestrodes and also more proximally, especially
Z>r zhe low current densi:zy. Pariosteal and endo-
sz2al bone JIormation were stimulated equally. How-
2ver, in the groups of medullary cathodes faced by
seriosteal anodes, an 1insignificant inhibition was
aotad. The group of medullary anodes with distant
:athodes showed no significant difference. Again a
significant {p<0.05) stimulation of Dboth =ndosteal
ind periosteal bone formation was observed in the
3toup with 3 medullarv cathode in combination with a
iistaat anode, as well as in the group of circuilar
cathodes wizh distant anodes. It is concluded that
che orientation cof the electrical field versus the
solaricy of the electrodes was not an exclusively
iete-minMg factor in DC bone stimulation because
both stimulation and inhibition were observed adja-
teat o the cathode depending on the location of the
inode. However, stimulation never occurred with the
tathode at a distance. The tested potentials and
current intensities stimulated ia a siailar way.
The densitometric evaluatlion was in accordance with
~he nistological findings. The latter had the advan-
zage >f allowing a precise location »f the bhone re-
node.l{ng.

Q

3627 SLECTRICAL STIMULATINN OF FREZZE-DRIED 3ONE

ALLOGRAFTS {MEETING ABSTRACT). (Eng.) 3ran-—
(2ental Res. 3ranch, Stop #13, Naval Medi-
tal Res. Ins:., Bethesda, D 178la); Triplett, R. G.;
o7 Ziboff, A, R,; Yeandi2, S. S. Ia: Transactions
2f the Second Annual Meeting of the 3icelectrical Re-
zair and Srowth Soctetv, held on 20=22 September 1382

a
ia Uxfsrd, Zagland; 2:47; 15

“am, 5. 3.
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STalAtiun Was SN IS4

@ TerdlT L ITeez c-"-;.:: 1..ogenell

Ce tae Coompledic
Two=:3 full-thiikness

lat2rally tn the mandibular hody 3r .2 adultl 2a 4
gle Jogs (Can 1"8 familiaris). The hone griits con-
d 2f 2 reeze=-driea 1.ldgenell U=shaped
{ eeze-dried allogeneic :rusheg ccrel
cles L. =1.3 mm in 3lameter. In one sile an
ve rlatinum electrode was ioplanted wnich deli-
ed 10 uA supplied by a constant current 2eneratsr
lanted beneath the skin on the Zlorsal surface I
e neck. The contralateral side ra2ceived a lummy
azinua alectrode without current. futput Ircm the
wer pack was recorded lx/wk through 1 percutanesus
ead. 3ore repair was assessed by seguential sub-
aento-occlusal radicgraphs and quantitative riaionuc-
tide imaging witn 99mTc-merhviene  diphosphonate
interfaced with a medical computer at i
and 8 wk. Zad-point evaluation of repair includad
quantitative and subjective w@obiiity deteraination
and histology. Zight of 12 animals were Iree ¢
complications and sultable for data analiysis. Al-
though the overall Jdegree of healing, 15 =2videncec
by the uptake of radio-labeled diphosphondte, was
only marginally inproved for the electrically stimu-
lated defects as compared to the controls, there was
1 clear tread in the dacta suggesting 4 jeax in the
effacciveness of the electrical stimulation post-2p—
eratively at 4 wk. This effect was also sbserved (o
sharges in the =2ffective resistance »f the defect,
which reached a aminimum Setween 3 and + wx followiag
surgerv. .t should be stressed :that the use ot
Yo uptake in bone Jdefects, coupled with computer-—
aided analysis to obtain relative levels »f diphos-
shonate uptake, may represent cthe most precise zethod
vet developed to assess the effects of electrical
stimulation ia bone.
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3628 FLUCRESCENT MICROSCOPIC INVESTIGATICNS INTO

THE BONE HEALING UNDER STIMULATION WITE 31I-
POLAR PULSE CURRENTS AND INTERFERENCE CURRENT In THE
ANIMAL EXPESRIMENT (MEETING ABSTRACT). (£ag.) Schtu-
bert, Th. (drthopadische Klinik der Medizinischen
Akademie "Carl Gustave Carus', DDR-8C19 Jresden, Tets-
cherstrasse 74, £. Germany); Kleditzsch, J.; Woli, 2.;
3eer, L.; Hellinger, J. In: Transactions of the Sec-
ond Annual Meeting of the Biocelecrrical Repair and
Growth Society, held on 20-22 September 1982 in Jx-
ford, England; 2:68; 1982,

The effect of stimulation with bipolar pulse currants
and interference current on bone heailng was invest:i-
gated. Cross-bred rabbits of =ither sex were osteo-
tomized on the left proximal third of the tibia. The
animals were stimulated usiag the bipolar sguare-
topped pulse current procedure (! Hz and iJ Hz, re-
spectively + 25 and = 30 A, respectivelv, inten-
sitv, permanent stimuiation} or the iaterierence cut-
rent procedure {c¢scillation frequencvy (00 Hz, i1ntans-
ity 1 @A, 4 hr dailvY.  An cstezotomized grous served
as control. The indecalc ed bHone seciions wers:
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Juanzicaeiv 2easurad in the areax o7 he
ad endosteal aiccumuliacion seams 15 well
2 I the Haversian :anals 1inc :conaparad 3Iv 2eans
L@ variance 3nalvses. A consensua. reactiun
i1 all animals within the rexion of the
side inrracorticailv., A delav in the Haver-

lling within the first 2 wk was found iz
s <hich ~ere osceotvomized onlv. This de-
not he detected ia all electrically stimu-
sups. 1a the interference current procedure,
saving reactions withia the region of the
and endosteal 3areas »f the opposite side
massively increased accumulation within the
stimulatiag region. The alectrical stimulation lead
3 1 shortealng of the ;'ac:ure healing period bHv
seipoing the phrsiologically curring deiav of the
daversian cemecdelling in frac:ures ind  osteotomies.

29 TECHNICAL PRO3LEMS OF THE IMPLANTABLE 30ONE
TIMULATORS IMEETING A3STRACT). (Zag.)

Juitler, 2. (MTE, Medizinische Akademie "Carl Gastav
Zarus, " CDR-ICI9  Drasden, Fetscherstrasse 7a, T,
anv); Kleditzsch, J.; Hellinger, J. In: Trans-
cns of the 3Second Annual Meeting of the 3iselec-
ical Repair and Zrowth Societv, held on 20-227 Sep-
amper 1932 in Ixford, Zngland; 2:69; 1932

Tecnhnical problems encountared in the use of implant-
aple bone stimulators are discussed. Implanzable
stimulators and the electrodes attached therets aust
Je -issue~tolerated aad corrosion proof. The geome-
izal zomstruction of stimulators and electrodes is
vervy important as well as the optimal construction
of zhe isolation of tha fixing plates and screws when
~hev are applied. Problems in the choice of suitable
sattaries are discussed.

MR THE ZLECTRICAL ENVIRONMENT 2RODUCED AT 30NE
TRACTURE SITEZS 37 INDUCTIVE COUPLING (MEEZT-
ING A3STRACT). {Zng.) Harz, 7. X. (Dept. Physic
“niv. South, Sewanee, TX 37373; Marine, A. A. In:
Transactions of the Second Annual Meering of the 3io-
alectrical Repair and Growth Societw, heid on 20-I1

September 1982 in Oxford, Sngland; 2:797; 1982,

esui=s 3% a calculacion to vield the dependence
e alectric field and <current densi:zy upon the
rical »roperties of the Sone and adjacent sof:

a

bone ind soft tissue zeometry, and character—
of che applied magnetic field are presented.
ion of Taraday s Law >f Induction and the re-
t »f continuity »>f =he :ntal current der Ity
ion plus displacement) az the bone sof'-*i sue
fice 7i=2.ds an 2xpression for the 2lectr field
form, Z = Asin.t - 3¢os.t, for the case of an
sinuscidal .4, and, I = Zf(expi-t’'7}), for
Ju-ae‘-.‘n d appiications, where A, 3, and T are com-
clizated Iunctions 3f =he conductivitiss ind perait-

Ld IC A I Clal . ® T TN

sIotne hope, ST lissue, I03 veril. tlisue
, and T is the pulse rise o
tion of the electric fiele, 1ine =
v have heen calculated
re:xc fields, The ata

2ffact OF zquency and nulse2
trical eavironment it 'Hc frac:'
2f the changes {n zhe =lect
d treatment psrocedur=; a3 .he NArTiws Wit

he
[
Ig}
be
w
(ol

hea-ing will also be descrihed.
the results will lead t> 1 hHettar anderstanding

how the =2lectrical eavirsonaeat i1t the fractite <1t
depends o the paramet2rs > the uapp i
thus =0 improved tredtient procedures ST patienti.

o
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631 LoW TREQUENCY

FIELDS IN THE 5

AND ACGUIRED PSEUCO~ %RTH
3TRACT). {Znz.) Cadossi, R.

Hematology, Univ., Modena, Poiicli

<1130 Yadena, Italv); Glaancecchi,
Ia: Transaccions of the Second Ar
3iocelectrical Repair and Srowtn S
22 Sectember 1982 ia Jxford, Zagland;
refs ).

The use of low frequency pulsing ’;e::rJGAg"e--u
fields (LFPEF) for the ctreatment »f delaysd unloms,
acquired pseudo-arthrosis and trophic ulcers i3 iis

cussed. The unit utilized has high impedance ccils
supplied with 200-V electrical :tension. The wave
shape used has the following characteristics: »> or
7S Hz frequency, 3 msec impulse leng:h, sgquare wave
shape, rising edge in the order of magnitude f !
usec. Jatieats were admitted o the protocwl study
only 1 the <fracture lasted ar least 5 mo with no
nealiag. Home tre2atment was periorned .2 hr dav.
The mean length of treatment was 3 mo. £ 45 pa-
tients who completed the treatzment, <! nealed whila
4 nad no benefiz. LFPEF therapv can bSe considered
very useful in traumatology, »particularly in ne
case 2f delaved unions and acquired DSequ-it:hr‘SLS
Jo significant side effects wer2 observed. ‘“e
ing process appears to Se 7edliated d>v a strang

lation of periosteal callus foramation.

n

3632 SLECTROMAGNETIC STIMULATION OF FR
CORTICAL 30ONE  GRAFTS 1IN RABBIT
7). iEag.; Zehner, J. 3. (34 Salex-:
Rd., ?.0. 3ox 137, Salem, NJ 28079). Ia: T
of the Second %1nual Meeting »f zhe Ziselac
pair and Growth Scciecv, neid osn 21)-I1
1982 in 2xford, Zagland; 2:72; 1982,

The effects of 2lectromagnetic stimulation of ‘reeze=
dried corzical bYone grafts Were studied (7 rasaic

The cortical Sone of rabbir Yemurs 4as 5%ain
vivo with tefracvaeline, zhen harvesteld nd v
e b G o WP, S P S G P A Aol St dhntathosncdna

ol
Ponae yud
. —d
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, T Siciogical Ettects of Nomonizing E.eciremagnetic
Y. Ragiation VIIi2-4i, July 1983 Meeting Abstracts
.,
AT
-—-. dried and ised =0 maxke matched  cortical grafrs. Srowth Jocletw, =12 Rentemner 22l i N
jralt wersa surgically implanted into adult YNew ford, Zngland,
Zealand rabbits and Tin-laved" sver the lateral cor-
tex 2f the uninfured ‘emocral diaphysis. In che con-
trol group, the animals were placed Ia dummy coil Resules in five conmgenizal ing 32 acyuized :an~inisns
tages 3 davs wik for 5 nr day for 10 4k. In the treat- of bone, stimulated 1sing 17 .avisive levice, iTe
Aaent roup, the ininmals were pla;ed in cages with reported. The unit celiivered 1 unszant "ut Culsed
ictive eleciTomagnetic stimulation coils calibrated right-angled current of positive p2laristy Jedsullng
o zive 1 :standard wave form to the area of the fe- 20 to 25 uwA (TS50 mV) a1z a1 frequency > JU dz.  The
moral diapnysis. The animals were treated for the power nack encapsulated in epoxy resin was .mplanted
same -ime period as controls. The grafts were har- at the time of operative Ifragment stabillzatisn. The
vasted and studied histologicalliy by light a=icro- :athode was {nserted at the site 2f the noi—inicn 23z,
scopy, ultraviolet microscopy and scanning electro- After 2 to il mo, 2ll but =wo of :the icsuired non-
L aicroscooy If non-decalcified cross sections I the daions ind one of the :ongenital aseudarthroses heal-
L - recipient Zemurs with attached cortical grafts. “Zom- ed. In the unsuccessfal :ases, <he dore 2nds Jer2
parison >I =atched pairs revealed a significant in- sften totally necrotiz. Tour zases f:quireg r2implaa-
E, rease in done >Sridges Srem the cortex of the reci- tation because 37 Sroken ~ires Ir exzizatian of
- plent o the endostea’ surface of rhe cortical zrafts battery, ind tweo cases failed swing o surulent iaf
E and 1 >1.gru>-hanc advanceszent of the stages of "creep- tion. Tlectrostimulatisn Is n adiluvant Iredrtw
ing invasion” and "osteogenic regenerarion” of the to fragment stabilization Ia nvporeactive ind "-."?
corsical grarts. vascular or congenitai oseudar:tiiroses. Tlect
stimuli 2av be assumed %o sizuiace :onditd
] ar2 essential for bone healing.
- o032 IN VIVO SKELZTAL MOCIFICATIONS OF CHICKEN
IMBRYOS INDUCED BY ZLECTROMAGNETIC FIELDS
(MEETING A8STRACT). (Zng.) Rooze, M. (Laboratoire 2635 SLECTROSTIMULATION  AND  BONE LENGTHINING
. d’Zabryologie 2t d’Anatomie Humaine, Hopital Univer- (MEETING ABSTRACT). (Zng.) Scale, D.
sitaire Zrasme, oute de Lennick 308, 1070 3russels, (Dept. drthopaedic Surzerv, Tniv. Tranxfurt, Marien-
. 3elzium); Hinsenkamp, M.; Duchateau, J. In: Transac- Surgstrasse 2, 9000 Frankfurt, W. Germany); Zichner,
. tions of the Second Anaual Meetiag of the Biocelectri- L. In: Transactions of the Second Annual Meezing of
) cal Repair and Grewth Societv, held on 20-22 Septem— the 3icelectrical Repair and Srowth Sociesty, held on
N ber .982 in Oxford, Zagland; 2:73; (982, 25-22 September 1982 in Nxford, Zagland; 2:75; 1982,
3xeletal modifications »>f chicken embryos induced by Clinical and experimental Zfindings concerning elec-
electromagnetic fields were investigated in vivo. Af- trostimulation of bone gzrowth 2are reviewed and pre-
ter 4 davs incubatiosn, chicken eggs were_;cposed o 3 liminary results of one ongoing study, which assumes
permanent pulsed electromagnetic field for 1CO or 130 polarity to be the active principie underlying elec-
“r. Both wing and leg ossification patterns were ex— trostimulation, are pjresented. In an ilavestigzation
amined. On calibrated pictures :otal length and employing rabbits, the inode was inserted into the
length of primary ossification points of the stylopo- epiphysis and the cathcde iato the netaphvsis and
dal and zeugopodal bones were measured. The results vice versa. Retardation of bdone zgrowth (7/1C rabbits)
indicated: (1) no edema 4and no malformation in embry=- was observed in both experiments, while two animals
- . s submitted to electromagnetic fields; (2) electro- showed accelerated bone growth and one, 10 difference.
' zagnetic-Iield-induced increase of the embryonic wt
s, #ith more pronounced wt gain in cases of prolonged
. 2xposure; (3) increase in bone length, 2specially of
the more distal segments mainly in the leg; (%) ear-
lier onset of infection in activaced embrvos coumpared 162k TREATMENT  OF  NON-UNION  OF THE FEMUR WITH
with controls; and, (5) larger ossification points PULSED ELECTROMAGNETIC FIELDS (MEETING AB-
. 2f the activated embryos. The results also indicate S‘QA..,. "Eng.; Delpart, ?.; (Uaiv. sn., B3 3041
:', that the posizion of the eggs Yetween :the cuils is Pellenberz, Balzium): Muliar, M.; Thenz, N.; Muliar,
N iaportant and seems to Illustrate a specific effect J. 2. Ia: Transaccions of <he Second Annual eetfing
. ’f the electric field. 3f the Bioelectrical Recair and %Greowth 3ociety, Reld
on 20=22 September 1982 {a Sxford, Zagland; 1:75%;
.- 1982 (2 refs).
Th3L REPALR TF NON-UNIONS 3Y ZUZCTRICALLY PULSED The results of a3 studv asing pulsed 2lectromagnetic
c CURRENT STIMULATION  (MEZTING  ABSTRACT]. fields 1n the treatment i n ion :f the femut are
. "Zng.)  Zishaer, L. /lept, Orthopaedic 3urgery, Univ. ctesented. Two Helzholtz :oils were placed cn the
Trancfurz, Marianburys 2, 2 2307 Trancfurs 3.4, cuter surfice Of 1 sast.  Traatment was appiled Ioc
7L, W. Germacv i 3:1le, T. Ia: Transacriocas of tre 1=l 4 wridaw ind radisiogical avidence
c. Second Annal Mearing »f tne 3icelectrizal Recair and ;€ i was ntrallad axial Ioopression
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es with orogressive lvadiag starzed when os-
N ridzang of the 3ap was observed radiolcgi-
cal Treatment was appliad zo 5 difficul: fraic-
cares 3 tne femur in which non—union had bSeen pra-
sent Sor it least 3 mo with an average duration of

. Sepsis was present i{n six patients and most nad
undergone the osperztions. 'nisn was ichieved both
liaically and radinlogically in 13 of the 15 femur
ractures with a mean time of 10 mo treatment with
?E!F. Two were failures (! amputation and 1 after
otherapy). Iz is concluged that PSMF therapy is
safe and avoids hospitalization. This method
rred in cases of recalcitrant non-unions of

T3l PHYSICAL ASPECTS F PULSED MAGNETIC FIE

3TIMULATION (MEZTING ABSTRACT). (Eag.
Marsland, T. 7. (Strangeways Xes. lLab., wort's Cause-
wayv, Zambridge CB8! 4RN, Zngland). In: Traasactions

’f the 3econd Annual Meeciag of the Biocelectrical Re-
s4ir ind Grow:zh 3ocietv, held on 20-22 September 1981
ia 2xfed, Zagland; 2:77; 1382,

The 2lectric and nagnetic fields generated sy Jield
:oils driven by pulsing currents were investizated.
itady 9f the ZIree space field problem divides into
w0 areas: spatial dependence and time dependence.
The sparial dependence of the magretic and electric
Ii2lds was studied theoretically using a vector potan-
zial treatment. The resulting Linregral equations
wera 2valuated with a computer program, and zhe fields
slotzad for various <coil gzeometries. Ixperimental
Jeasurements of the magnetic rfilelds were made with a
Hall probe. Thev are in close agreement with =he
salculiated values--of the order of !-20 amTesla (peak).
Zlectric field values were derived from search coil
2easurements on Helwmholtz~aiding field coils which
als0 are in good agreement with calculated values.
The tizme dependence of *the voltages iaduced ia a
small search coil were studied, and the waveiorns
Jere Iurther charactarized dv their frequency demain
rapresentation via classical Fourier analvsis. This
anaivsis has iorazed the basis for the design of a
searies of new pulsed field generators, whose tiologi-
cal zffects are curreatly uader investigation. The
Zundamental question of the interaction bYetween the
fields and the bioiogical material was approached.
Small perturbation models were used fto approximace
the induced current iscribuytion within materials
2xposed to nulsed magnezic fields.

Thl8 SEM QN C”RREVT ACTIVATZD SUR-
3ICAL WITH STLVER AND SILVER

STZARATE %O“OLAV"RS WE‘T'%G ABS.RACT) (Zng.) Col-
naro, G. {(Vetarinary Medicine Res. Zeater, VPI & SU,
3-acxsaurg, VA 24061 Faiater, L. X.; Zdwards, S. S.;
3arranco, S. 3. In: Transactions of the Second Annuai
“eeting of the 3ioelectrical Repair and Ilroweh Soci-
ety, ne.d > 10-22 September 1982 in >xford, Zngland;
2:79; 1982,

PPN AP S X -~ .

Bioioqical Effecrs of Nemormzing Eleciromagnet:c
Raaiation VII(2-4), July 1983

aureus (3 ¢ Y colony fopemiag anits), wnich nad
[')uugdl in ‘he femurs I rabbits on the sur-
ceel pins coated ~ith monomolecu-

o

(Ag: stearate activatec ov 2 A
r=nt. im- for L ohr, were <..led.
2 ‘blsod agar) sn contrsl, ad9si-
gative current treited pins and surround-
soserved bv 1 scanning electron mliro-
(SEM) and showed that: (1) Ture Hacieria were
present on positive thdn negative current-treated
stainless steel =2lectr.des; however, more hacteri
appeared in the negative =han in the positive cur-
rent-treatad agar; () Cfewes: nunbers I Hacteri:
Jere on the negative curreac-cr2atad solid Ag =1
trode and agar; bdacterii Hn pesitive zurrvenc-trea
agar were in passible arvthrocvte pifs; ind on <
positive elacrrode surfice zhe dactz2ria 1ppeared de
formed; (1) bacterial groweh was teavy o contral and
negative current-treated solid taraisned ioxidized)
Ag electrodes and agar: zhe 3jrowth «as less heavy 2n
the positive current-treated electrode ind igar; =,
bacterial growth was unifcraly low on all Ag stearate-
coated (by 2vaporation) eleczrodes and agar ’Ireatast
on control); bacteria on negative currant-treated
electrode appeared swollen tur 1oz in nezative cur-
rant treated agar; (5) 2redatest reductiosn >f Hacta-
tial zrowth was seen on :he pesitive current--reated

2

5

Ag stearate monomolecular {ilms~coated =2lectrode ind
igar; (6) zrowth was sparse on all Az electroplated
2lectrodes (no agar saaple avai.ablej; (7, 2acterial

growth was heavy on :ontroal Ag electiroplated chiosrided
electrodes and agar; pitted irzas >f posicive zurrent-
treated elecivode were fres of hacteria wrnile gzrowth
an agar was heavy; bSoth negative current-treated 2.iec-
irode and agar showed minimal grawth.

Eage)

1629 SPECIFIC UHF FREQUENCIES 70R ST

LATION aAND HEALING PROCISS ¢ ING AB-
STRACT). 7Zng.) Fellus, Y. M. (13 rue du Doczeur
Arnaudet, 32190 Meudon, Trance)., In: Transaczions Jf
the Seccnd Annual Meeting of the Biselectrical Repair
and Growth Society, neld on 20-20 September 1382 1in
JxZord, Zngland; 2:80; 1982,

A new 2lectric current and/or electric field gzenera-
tor was developed, which emplovs the highest fraquen-
cy compatible with international specifications, bdodv
tolarance Zuring repeated long-<ernm 2xposure, and op-
tinal effectiveress. The apparatus was Jdesizned <o
deliver =2nergzy at J.35 =W 'cml, which is well withia the
aspacive safetv standards »f =he U.S. and ~.35.S5.R.
The machine empiovs a UHF antenna and Zeatures i Jou=
>le spiral antenna whi:h can e ipplied directiv to
“he 3kin.

7640 ZLECTRICAL STIMULATION OF THE 3PINAL I7RD
ER TORLDGTCMY TN INCREASZI 3SURFACE TEMUPER-

ATURE  /MEZTIN AB3T2aCT,. TIng. Rinaldl, R. A,
o a P Sy 1 ~ ‘44’4 S Py 3
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Biological Effects cf Nomomzing Electromagnetic
Ragiation Vili2-4), July *983

{Louisiana State Tniv. Medical Sch. it Shreveporz, P.
3. 3ox 3392, Shrevepor=z, LA T!130). In: Tranmsactions
2f the Second Annual Meeting of the Bloelectrical Re-
cair and Growth 3ociety, Reld on 20-22 Sentember 1982

i3 3xford, Ingland; 2:81l; 1982 (2 refs)

The increase in surface temperature following electri-
cal stimulation of the spinal cord was investigated.

lomplete cordotomies were pecformed at L2 in four
adult rats (2 male, 2 female). One wk was allowed
for animals to recover Irom surgery dnd hair was re-
aoved with a commercial depilatory agent from lower
Limbs and ventral bdody surface. Ten sites were se-
tected for surface ctemperature "easurements. The
electrical stimulation was with platinum electrodes
‘).5 am ia diameter) activated by a watch battery
olus 1 resistor which produced a current of 2.5 to 4

2A at J.5 to 3 V direct current. All selected tem—
terature? ireas were measured with the stimulator on
S off “ith a 30-min iaterval between to allow for
ad ‘ustments of the subject to experimental or control
:snditions. A thermistor probe (YSI #4098) designed
3 e taped on the skin measures temperature change.
This thermistor had a time constant of l.l sec, the
cizme required for the thermistor to read 632 »f a
newly impcsed temperature change. Approximately 5
"-ime constants' Jere vequired for the probe to de-
cermine 99% of the tctal temperature change. This
~heraistor was atrtached to a tele-theimometer (YSI
#337TK) to obtain temperature readings. FEach reading
required apporoximacely 5 min. The results are pre-
sented grapnically. There was an average {ncrease
of zemperature of the body surfaces measured from
2.27 to 0.91'C. This was the first study to measure
direct electrical stimulation of the spinal cord and
the resultant temperature changes on the body surface
in aninals.

BLY 3¢ A PILOT S3TUDY OF A CASE NF LONG STANDING
DEGENERATIVE 2.A. (OSTEO-ARTHRITIS) OF BOTH

HIPS (MEETING ABSTRACT). (Zag.) Rakshiz, A. K. (12

Harlev 3t., London Wl, Zagland). In: Transactions of
the Second Annual Meeting of the Bioelectrical Repair
ind Srowth Societv, 1eld on 20-22 September 1982 in
xford, Zngland; 2:32; 1982,

The use of verv low frequency pul.sating electromagnet-
ic [EM) 2nergy in the :zreatzent of a case of osteoar-
taritis of both aips is presented. IM energy (field
incensizy, 100 G; 30 Hz) was applied initially for 17
ain on alternate javs, then 2x/wk, and -oward the end
of the course of :=reatzent, lx/wk. The radiological
appearance of the .eft hip, which was the =ore affect-
ed, was siznificantiv improved. 1Ia the rignt hip, the
radinlogical appearance was almost norzal. It Ls ccn-
xluded zhat M irradiation helps reverse the pathoiog-
ical :hanzes »f oasteocarthrizis in =he early stage of
its deve.ooment.
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2SEUDARTHROSES «» wndl,
2. J. (Infall: “L'urgzsche <linik Allgemeines *rinsen=
haus, 3-4h0) Bamberz, W. Jerwmanv). ta: T'Jﬂsa"ians
>t che Second Annual Meering i the Zicelectrical Re-
pair and Growth Socizcvy, Reld un 17-I2 <Serptember 1331
in Jxford, Zagland; 2:43; 133>,

Zxperience {n the application > nostoperit.ve stia-
ulation with electromagnetic lrernazing fields in
67 cases of pseudarthroses >f long tudular Sones ind
in 4 cases of osteotomies bv use :F an agad zoll

according to the Xraus-L
The cases include:
neck, 12 of the

acnner 7vethod :
12 nseudartirnses :f 1o
femur, 30 of the zibdbia, 5 f zne
merus and 8 of radius or ulna. Ia about a 7

the cases there were infected pseudarthro
with larger defects. A pre:ondL:Lon of '1< e
Was a regular osteosynthesis with olaces, nail or
ateur externe in the 3zreater part combined with
ilogous bone graft. Postoperative lation
elactromagnecic field was oerformed osn the iverage
2f 0-3 wk for % hr daily, and iz some cases longer.
The 4 osteotomies heaied quickly without probleas.
In m0st of the pseudarthrosis cases there was .om-
plete consolidation of bone, especiallv in the zrob-
lem cases such as pseudarthroses of the femoral neck
or defect-pseudarthroses with iaflammation. Saventv-
six percent of all patients had previously underzone
one or wore operations without success. In 90.37 of
the patients application of alsctromagnetic stimula~
=ion after surgery resulted in complete bone H>ridg-
ing., In 4.7% of the cases success was osbtained 1fter
changing the procedure once nore with renewed stimui~
ation. Only in 3 ecases (4.7%) was the treatment
affectual,

(l.
d.'m'-

gie
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0643 THE EFFICACY OF ELZCTRICAL STIMULATION O"

EXPERIMENTALLY INDUCED NON~UNION FRACTUR
OF THE CANINE TIBIA (MEETING ABSTRACT). ;ng.)
Harrington, D. (Pennsylvania Zoll. Pediatric Medi-
cine, Philadelphia, PA 19107); Walzer, J.; Wwalter,

T.; Chen, T.; Bodamer, W.; Black, 2. 1Ia: Transac:tions

of the Second Annual Meeting of the Bionelectrical
Repalr and Growth Society, held on 20-12 September
1982 in Oxford, EZngland; 2:84; 1982.

A new method of creation of an experizeatal non-union
racture nodel is presented and “he results »>f an ia-
vestigation of the biological =2vents in electricallv-
stiaulated closure of 2 non-unisn fracture are report-
ed. Forty-five mnature adul:t pure-bdred 3eagle dogs
were divided into three groups: Sroup A consisted of
animals receiving bilateral :tibial nsteotomies where-
in one leg served as 1 contrnl and the other leg serv-
ed as experimental, Groups 3 and 7 each raneived uni-
lateral osteotomies with Group 3 sarviag as experi-
zental animals and Sroup C serving is a contzal. An
inirial surgical procedure (Phase 1) was Jesigned s
sreate a non—inion -racture, wnile i1 a seansnd srace-
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dure (Phase I1), contral ot 2xperimencta. electrides
were inserted into the non=:nivn gap. The post-surgi-
cal duration of Phase I was 36 days, and the post-
surgical period for Phase I[I was 18 davs. Zach sur-
3ical area was x-raved immediately ifzer creation of
the non-union, at the end of Phase I, it the degzgianinyg
and at the end of 2hase I, Samples were retrievecd
at the end of Phase II and prepared for histoiogy or
scaaning electron aicroscopy. Samples were studied
microscopically tao deteraine he qualizy and nature
of the tissue-Ivpes appearing ia the surgically
reated defect, degree »f vascularity and the quali-
tative assessment of new »>Jsteoid and bone. Control
sections showed oniv small amouats of bone Zformation,
wWhnereas new Sone 1ippeared =xiensively ia the electri-
zally sticmlaced samples. Samples prepared for scan-
111z electron nicroscopy were observed for tissue
aorphology, type of new Sone, .evel of ossiftcation,
and specific mineral concentracion and localization.
These studies confirned a greater rate of ostaogenic
activity and wossification in eoxperimental samples
versys controls. X-ray studies throughout ?2hase I
and 17 :zoncurrad wizh the histological and scanning
alectroa micrescopy data.

PLIT2Y THE ZFFECT CF CROSS-LINKING ON STRESS-GEN
ZRATED POTENTIALS (SGPs) 1) TLNDON (ME;.Iu

ABSTRACT . (Ing.) Steinberg, M. E. {Dept. Drthopae-
dic Surgery, Univ. Penasylvania Sch. Medicine, Phil-
adelphia, ?a [9104); Vnger, A, S.; Jimenez, S. A.;
3ashev, R. L.; Pnllack, S. R. Ia: Transactions 2f the
Second Annual Meeting of the 3iocelectricai Repalr and
Growth Society, teld on 20=-22 September 1982 ia 3x-
Zord, England; 2:33; 1982,

The effect of cross-linking on stress-zenerated potan-
rials (3GPs) in :endon was investigated using dry
syecimens 0 eliminate *he role of streaming pcten-—
zials. Thirty-two sections »f canine Ilexor tendon
were di{vided into two 2xperimental and two control
groups and treated for 14 nr at 12 T with f{ormaide-
nvde ‘ad 7.3) or glutaraidenhyde [pH 9.3), bdoth active

ss-.inking agents. Controls were .reated with the
approapriate duffer 1lone. Afe thorough dryiag,
specizens ~ere sublezted o a-point bending ia an
electrically shielded ciimate <chamber with serial
ieformations 2f 75 to 1753 microms. Potentlials were
aeasured Srom opposite surfaces with platinum elec~
srades and wera cacorded simultaneously with load
and deformation., Thare were no Jdifferences bdetween
she aiecrrical waverfsrms o>r :he oJolarirty generated
ind sontral specl~ens, Soch of which wera
=3 1oist Jhcle Sore. The voltages, however,

re si icantlr el2vatad by ctreatzent ~ith both
farnaidenvde and zlutarildehvde. Analvsis of load/
le zucves snewed  that treated specimens
we " :han :oatrois. Increasing the nunmber
F :ro8slinks {1 zendon coollagzen v reitment with

stmalienvde sr zlutariidehyZe zaused a siznificant
inzrease in 5GP, I: aav  therefore Se postulated
Zaat nhe natirally CceaTring 33.1axs of zollagen
alav 3 T3.e 17 the genericion screntials by tendon

s a_m A
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EQUENCY  DEP
DANCE PROPZRT
ABSTRACT). *fEnz.) Saha,
Dept. Orthopaedic Surgerv, lLouisiana 3tate: "niv, Medi-
cal Center, Shreverort, La ~1:20); Zedew. . N. Ia:
Transactions of the Second innual

electrical Repair and Srowen Societv, held on 1.-220
September .982 in Ixforz, Zagland; 36 LEBT 3
rets).

A differential technique was =2aploved 7sr iccurate le-
termination of the specific resistance 1nd zapacilance
properties of compact bone for a wide Irequency range.
A zain-phase neter {Hewlet: Packard, ‘focel 35735A) was
used in 1 reference reading t> estimate the wiring
and cable :apacitance. A second measurement was aade
with a bone specimen. From the Jdifference of the two
readings {maynitude and phase »f in outpul O input
voltage), it was vossible to calculate the resistive
and reactive componeats of Hone iapedance. These
values were verified bYv taxing another sec of inde-
pendent readings with dan LCR nmeter (Hewlet: Packard,
Modei %152A). The measuremencts were repeated it sev-
eral frequencies starting from i <Hz zo | Mz. For
nigher frequencies, the impedance values showed 1 ie-
crease with increasing frequency. The speci
tance (R) was 7.56 «Ohm/cm and the specific capaci-
trance (C) was N.166 nfarad/ca for Iresh Sovine longi-
tudinal compact bone specimens. The lmpedance prop-
erties were direction dependent showing the inisctro-
sic nature of bone. The calculated iapedance wvalues
based on R and C values mpeasured at one Irequency
azreed well with the measured values for sther Ive-
quencies. The result indicates that by using the
differential technique, errors due o stray caraci-
tance can te eliminated while nmeasuring the ivnanmic
impedance propercies of bone.

¢ resis-

PLTY) ON THE MECHANISM OF 3IOLOGICAL IONDUCTION
EETING ABSTRACT). {Zng.) Then g, N. {Dept.
Biochemiscry, CUniv. Zouvain, 300, Llouvain, Belgium);
Hoogmartens, M. J.; Mulier, J. T.; 3ansen, W. ‘.3 Ze
Loecxer, W. Ia: Transactions of the Sezsnd Annual
Yeeting of the Ziocelectriczal Repair and Srowth S5oci-
etv, held on 20-22 Sepracber 1982 {a Oxford, Zagland;
2:37; 1982

The oechanism 2f bYiological ZJonduction Jas Iavesti~
zated bV examining the dirsct 2urrent (DC) =2nductiv-
ity of rat skian. Tresh skin strips from the back o
rats wers isolated, weighed and clamped it 2oth 2nds
with a pair »of stairless steel electrodes. Resis

tance and vnltage 7Teasursments were aade iamegiately

with an 2leciromec2r. Toilowing the inizial neasura-

o~ b S - .Y 4 a A & s oaalslmoaa A el
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_ ' aents 1 ew ser of readiqgs LT the skin strips were
~——

taken after drviag and veighing. 3Siatlarl the sud=
sequent readings at diiferent nive ‘“cerva~s lurin

drring were recorded. The resistivity of che skin
«as thus measured as 1 Zunction of Jat=ar content. The
Ilow of current (charge transfer) was rougnly esti-
natad by zhe change of proton concentration (the ratz
5>f zrotonation ind deprotonation? which was monitored

v the 2H change of cellular homogenate. Tt was
Zound that rthe resiscivity of the skin {ncreased al-
mcst linearly as the wet wt of the tissue Jdecreased.
The DC czonductivicy observed was a function of water
content >t the skin. Protons were produced at cthe
inodic irea and consumed at the cathodic area during
2 nassage of DC. The rate of proton productlon
w1s equdal o the rits OF proton coasumption as con-
raed Sv pH measuremeni. The results of OC cenduct-
ivity as a Iunction of water content and the change
5t protoa concentration after oxidation or raduction
3¢ 493 at the incerfaces suggest that water molecules
ir2 the nmost predominant electron donors or dcceptors
undergoing charge :ransfer reactions. It is lixely
that the conduction process following alectrochemi-
cal re3ctions it the electrodes depends on cthe avail-~
ability of water molecules. With the application of
i1 weak direct gdrtﬂﬂt, water molecules are protonated
(220 + 37 = 450%) after donating electroms :o the an-
cde and eproconated (4.0 - 3T = OHT) after accepting
2lectrons ‘rom the cathode. Juring a reaction at the
the cathodic interface electrons are added and »ro-
tons redoved in equal numbers. Similarly protons are
idded and electrons removed at the anodic interface.

Al A GENERALIZED THEORETICAL APPROACH T9 THE

DETERMINATION OF LOCAL FIELD PARAMETERS
JCRING CAPACITIVELY COUPLED ZLZCTRIC STIMULATION IN
JITRO (MEETING ABSTRACT). (Eng.) Vresilovie, 2. J.
\Jept. 3ioengineeriag, 1.9 Towne 31ig.,/D3, Univ. Pen-
nsvlvania, Philadelphia, 243; Pollack, 3. R.; Bright-
n, . 7. In: Transactions of the Second Annual Meet-~
ing of the 3inelectrical Repair and Growth Society,
neld on 20-22 September 1982 in Oxford, Zngland; 2:
38; 1982 (I rels).

A theoretical approach s presented, which allows the
jetermination »f the local Zield parameters (LFPs),
2lectric field and current density, in vitro and in
vivo, respectivelv. Tundamental electrical enginee?:
ing orinciples from dielectric, circuit, and control
theory were appiied in the 3development. A zeneral-
ized in vitro experiment includes a biological sampie
itured in 1 vessel containing azedium. Generaily
*nis vessel is pilaced dSetween metal electrode plates,
o wnich 3 driving signal {s applied. While the driv-
ing signal is commonly given as the electrical stimu-
Lation zarameter, the apparatus zeometry and the elec-
zrical svnperties, +he conductivity and ~he permitti-
iny >f the matarials 1s 1 functicn of Irequency nave
i leferainiag 2f€act on the actual values > the LFPs3
during 1t exceriment. To calculate 'Hese LFPs, Ine
2xperizenzal svstem Must e qodeled %o allow solution
37 the Laplace z2quation with properly defined Scundary

Meeting Abstracts

ditions. “bviosus., 1T eLecfirical forIes are o
ffect ce.l functiom, 1T i3 thelir iatericsion
jRas tscal =2navir.uament
f the cell. LFPs are zhe ¢ anctifianle
sarameters, and they 1re fhe paradeters > which i
ell snould have a predicrable response. )
sideration of the Zeometry and the electric
ties, the relaclonship between :the Iri: T
and the LFP is established bv solution of <he time
dependent Laplace Zquation using Laplaca T

charze ia the cell Hr

Transiorn
aethods enabling simpler frequency {s) domaia solu-
tions. This results in the definition 2f 1 transfer
:;nc..on, T(s), such chat F(s) = LFP(3),DS(s) where
LFP’s) is the local field parameter of interest and
287s) is cthe driving siznal. The zize Jomalx solu-
zions of the L3Ps are readilv »btained 9y inverse
Laplace Transformation. This theoretical 1pornach
was applied =0 in experizent shere chick chondrocvez2
cell cultures are stimulated with a  17SC-V  5-Hz
square-wave. The rasuliting riaid and Jdeasity have
maximum values of S50 uV.ca and .73 uA/cze, respece
civelv. A second application to the exderiment .0
which rat costochonér juncerion tissue
were stimulated with 3 3-% 2U-xHz signal resulted 1in
a 150 uV/ca field and a 2.3 wA/cal v oat a0 xHz.
xHz. Although the iriving voltages in these %wo ex-
ceriments were separated by sver 4o nrders or nagni-
tude, the calculated _FPs agreed %o within 1 Zictor
of 3 alzhouzh their =ime dependences 4

saitures

Jous THERMAL CONSIDERATIONS IN  ZLECTRICAL STIM~
ULATION (MEETING ASSTRACT). (Zng.) Libdoff,
A. R. (Oakland %Yniv,, Dept. Phvsics, Rochester, ™[

48063). In: Transactions of ~he Second Annual Meer-
ing of the 3iocelectrical Repair and JSrowth 3ociety,
held on 20-22 September 1982 ia Ixinrd, Zagland; 2:
89; 1982,

Attempts are underway :o determine the =2nergy iis-
sipation per unit volume J.-Z and the issnciated temp~
arature increase using 1 commercially available stia-
ulator (EBI/OSTEOGEN system; =hat zenerates 1 sulsed
signal. In the initial series of =xperizents polv-
styrene flasks in diferent orientations contaiaing
25 ml of culture medium (DMEM) were irradiated Zor
periods of up to !0 =3in., The entire apparatus was
tntally enclosed in stycofoam. The temperature was
monizored continuously using a fine fluoropcic probe
which was completaly non-metallic, therebv preventing
any chance of direct magnetic induction, as may occur
with thermocouples or thermistors. Results <©o date
indicated t.at the temperature increase Lin the {rra-
diated medium was ro wore than .05 7 (the present
temperature resolution) but that the iaduczive colls
theaselves were »eing heated to at least 2.1 &, {or
signal repetition rates of 25 4z, It is expected
that the temperature resolution will sherily be im-
oroved to better than .01 . AddiCiona; 2xperiments
ire planned on rats. It should Ye noted, hcwever,
that in vitro substances offer the possibilitr =t a
nore neasuradble change than aight occur :n vive, 3iv-
2n the addizinnal tandencv %o femmeriture fegu.acion
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resulting frem the vascular svstea. B T O S R -
Tares,
B3 THE SFFECT OF ORIENTATICN F HELMHOLTZ it Ry T

14
COIL3S ON NEURITE CGROWTY OF NERVE GaNGLIA IN
TITRO (MEETING ABSTRACT). ({(Eng.) Sisken, B. F. {(Wwen-
rer-Gren Res. lab., Tniv. Kentuckyv, ULexington, KY
+0306); Mcieod, 3. In: Transactioms of the Second
Annual Meeting of the Bioelectrical Repair and Growtn
Society, neld on 20-22 September 1982 in Oxford, En-
zland; 2:90; 1982.

The effecz of orientation of Helmholrz coils on neur-
ite growth of nerve ganglia was investigated in vitro.
Since the current density is ainimal in the ceater of
the culture dish in zhe horizontal orientation {(iHO)
but maximal for vertical arientation (VN), data was
collected comparing neurite outgrowth of zanglia lo-
cated near the ceater of each dish with the ganglia
in zhe peripnery. The "center" was arbitrarily de-
‘ined as the center one-third of the dish. It must
e recognized that the discribution of the current
lensity changes dramatically from #0 <o VO due to
different boundary conditions, but on the bottom of
the culture dish, some general comparisons can be
1ade. For the 30 zhe current density varied in a
Linear fashion from zero in che center of the disnh to
a maximum at che outer edge, while for the V0 it
varied nonlinearly from maximum in the center to zero
az che adge. Dorsal root ganglia (5-7/dish) Zrom 3
day chick embryos were placed in gelatinized culture
dishes which were set hetuween Jelamholtfz coils in the
following manner: in the Y0, five dishes were set one
on top of the other; ia the HO, two levels of four
ishes each were set between the colls. The dishes
vera exposed to i single pulse waveforam (15 av, 325
usec positive, 20 usec negative, 72 Hz) Zor 2ither 2
davs (constant 2xposure) or fgr 2 days (12 hr on/off).
After 3, 4, ané 7 days in vitro the neurite outgrowth
fNC) Zrom the cultured ganglia were scored on a basis
2f 2 to +3 max. The results obtained appeared to
derend not only on the orientation of the coils "ut
1187 on the toctal time +f exposure. After 3 days in
vitro (3 DIV) gamglia ia the center o>f the disnes ia
che V0 experiments /where the current density is high-
2s2) had a higher NO score than zanglia locatad else-
<here. At 5 DIV, this situation was reversed, i.e.,
teurite outgrowth score of ganglia {n the center de-
:reased to a lower score than the rest of the ganglia.
In the HO experiments, i1t 3 DIV, ganglia in the centar
2% the disnes {where the current density i{s the low-
¢st) exhibited a lower score there than found else-
shere. At 3 DIV this situation changed so that cern-
crally lncated ganglia outscored those lccated {n
sther areas. The data suggest that ganglia located
{1 areas receiving high levels of current density
from pulsatile =2lectromagnetically-ianduced currents
are stimulatad o produce in {amedlate response which
~han le~reases with =ime, while areas receiving lower
laveis of ~curraat demomstrate a slowly increasing
response iae, 72 is concluded chat both curreat
lensity and :ime serve as {mportant paramecers

TION TMEUTING

(Dep. 3iommdica
27706 Wachtel,
Annual Meatinz 3f the 3iselectriial
Societv, hel'd o 20-12
zland; 2:91; 1392,

SacreTder

The lmpiaatuble nerve cufd e
he erffects of appli=d direct orTen
sulsed currents on regeneration . the rabbli sciitie
aerva., ZTach nerve cutf was construsted 3v sewing an
array of 2t-Ir electrodes {ato silastic tubing. 3°1°-
longitudinally, the cuff wias surgicallvy iaplanted
iround the sciatis nerve. The cuffs were normallyv Iu-
100% larger in diameter than the lerves = 1llow o
nerve swelling as a resul:t of dissectisn zriuma.
Stainless steel, tellon coated cables ran Irom the
cuffs to percutaneous cornectors wnich emerged
through the skin on the animal’s back. Zach sciazic
nerve was crushed bSefore being loaded iato the cuff.
The point of crush was usuaily within the irrayv of
electrodes so that jeriodic (every 3-17 davs) stimu=-
lation and recording from the nerve csuld raveal elec~
trophysiological changes associated with regenerition
both proximal and distal to the crush site. Due 2o
the low ‘mpedance of nerve zissue, the system allowed
delivery of the current to the entire perzion of the
nerve within the insulating sleeve of the cuff, which
eiliminated much damage to the nerve, Battery packs
were plugged into the percutineous icanectors ot var-
ious lengths of Zime to allow Jdirect curran: [l3 aA,
i00 aA, 1 uA) to run from an 2lectrode (anode) beneath
the connector to one of the electrodes in the array
surrounding the nerve. The contralateralL netve served
as a control with a dummy battery pack. Typically,
the nerve was stimulated to elicit a maximal compound
action potential. The electrophysiological data were
correlazed with a muscle function test and histology.
To date no significant difference in regeneration was
detected between experimental nd controi nerves.
This systzm can be used to study the effects on nerve
regeneration of fnduced currents from externallv ap-
plied fields. The use of such induced currents subd-
stantially decreases contamination <rom eleczrode
products that occurs using jirect current.

3651 SFFECT °F GAMMA-RADIATION AND HYPERTHERMIA
ON DNA REPAIR AND NAD+ TURN 2VER IN ZULTUR-

ZD U7MPHOCYTES (MEETING ABSTRACT) /Zng.) Jonsson,
3. G. (Zept. Oncology, Uni Hosp., $-221 3% Taund,
Sweden); Pero, . ¥.; Ir n, 3. In: Transactions
of ~he Seccnd Annual “eet 3i %he Ficeleecnrical le-
pair and Scowth Jocrecy, sn 10=ll Sentenmber (332
in Jxford, Ingland; 1:92; 3 orefs).
0
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zneduled INA 353 and
15 were iavest igated 4fter 2xposing human lvapho-
es Lo avpertheraia and gamma-radiation separately
{1 combination. UDS was deasuraed using SH-thy-
ine, which {s <incorporated into the ONA during
palr synthesis. ‘uclz2otides were extracted using
perchloric acid- metﬁano; srocedure followed by KOH
eu'rak.zatlon and dnalveic isotachophoresis with th
aid of an altraviolet detector. DNA repair synthesis
<as related to ™ ocools via the chromosomal enzyme
polv {(ADP-ribose) polvmerase which was fouad to have
1 fundamental role i{a recognition and repair of DNA
lanage. TDS declined with (increasing temperature.
Az +2.3 I the DS was reduced to about 30% of the
valaes deterained at 37 7. Following gamma-radia-
N camage :he NAZT nools ropped o very low
vels, Sut ra2covered o the )rigxnal level with-
3 kr. doderate typertnerma (22,3 <) alrered
e <inetics rasulting 1 slower and less effective
recoverv. Heat-treatuent it s orior o radi-
12ion killed the cells.

AND ANTIINFLAMMATORY ACTI-
D 17 MHz WAVES (MEZTING AB-
STRACT'. (Zng.) ecca, L. ‘Dept. Pharmacology and

“rzhopaedics Clintc, 5. Raifiele Hosp., Univ. Milan,
Zosti, P.; Cai

Th32 IMMUNE RESPONSE
JITYGF '3E

[ 4

lralyv); tonte, G. Ta: Trans-
1zzions 3f the Second Annual Meeting of the 3iocelec-
trical Repair and Srowth Societv, held on 20-22 Sep-

tomber 1942 in Dxford, 23, .982.

£ngland;

an bSlcod, itamune respounse and antiianflammacory
were evaluated {n rats and mice after expo-~
o pulsed electromagnetic radiation at 27 MHz
oL aW cmc).  In rars trzated 127 ain per day for 20
days an Inacrease in white cells (p<.305) and gamma-
globulin concencration (9<.J!) was observed. The
sercentage of lvaphocvtes decr2ased while thar of
reatrapnils {ncreasad. 4hen mice were exposed to
zamma-ravs (750 rad) only, the animals pretreated with
the above-mentioned waves and those posttreated showed
1 substantially lower death rate as compared with con-
ra.s.  In zice treated bSefore and after being sub-
jectad o gamma-ravs, 358% survived >30 days. In an-
sther 2xperizent, the {1flammatory response to elec-
tromagretic radilation was investigated. A group of
aninals w<as adminiscered phenylbutazone, the other
>re was axposed o 27 MHz energy. In the irradiated
iroup inizals evidenced an iahibition of the inflam-

2atisn rate “p<.)Gl versus controls) compared with
the oheavibutazone-treated roup. These results Jde-
famunossimulatosry and antiinflammacory

aonstrate the
fazt of tnis low=ilntensity radiation.

nI3 3 RECT

JRRENT 1N THE  TREATMENT OF NON-
SNION (MEZTING  ABSTRACT). Eag.) Regling,

5. flept. Jrthovaediss Zravize], Humboldt-Urniv.,
3charahorststrasse 3, .oe) 3derlin, . Germany); lip-
sel, 4. In: Transaczisns f Ine Iecond Annual Meet-
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Clinical resclss obtained

15112 1 self-made electrical
ipparitus {or constant iirect currenr stimulation of
non-union .3 lescrited. A power source containing 1
9-V battery delivered a constant curreat from 1-29 uA.
As a3 cathode one to four Teflon-coated stainless
steel Kirschner wire electrndes were inserted into
the pseudarthrosis region. The stainless steel anode
was fixed epicutane. The applied current was [2-17.5
uA Ifor !I wk. Ten patients with compiicated pseud-
arthrosis who "ad inderzone wvariable pratredtment
(3 tibia; 3 femur; 1 humerus) were treated with direct
current stimulacion. At L vr post-rtreatment, 3/5
cases of pseudarthrosis were nealed. Two large defect
pseudarthroses were Ireated >therwise. Five cases of
stimulaced pseudarcthroses ire in progress. 2a4sed on
the authors’ experience, dJdirect current stiam’ ation
appears to de an effective, inexpensive, and uncompli-
cated method of pseudarthrosis treatment.

1634 PULSING ELICTROMAGNETIC FIZILD ZFFECTS ON
CULTURED FIBROCYTES (MEETING ABSTRACT).
(£ng.) Loyd, R. 3. (Bavior Cniv. Medical Centar,

3600 Gaston Ave., #3023, Dallas, TX); Matthews, J. L.;
Vewman, J. T.; Roa, R. In: Transactions of the Sec-
ond Annual Meeting of +the 3iocelectrical Repair and
Growth Society, held on 20-21 Septeaber 1982 in Ox-
ford, Zngland; 2:95; 1982

The effect of nulsing electromagnetic fields on cul-
tured fibrocytes was iavesrigated. For a preliminary
study »f zhe responsiveness of fibrocvtes to pulsed
fields, a fibrocvte cell line that produces collagen
in culture was selected for evaluation of the effect
of pulsed electric fields on the amitoctic activity of
these cells for varying time periods using two units
that generate different signal coanfigurations. Stim-
ulator Unit 1 had a repetitive pulse burst signai.
The primary (positive) pulse portion was a quasi-rect-—
angular slope with a time duration of 100 usec and a
positive peak amplitude of 1.3 aV/cm. This was Zal-
lowed by a secondarvy pulse of oppesite polarity with
a pulse duration of 15 usec and an inducted peak vnl-
tage amplitude of %4.5 aV/cm. Znit 2 had a repetitive
pulse signal with the primary (positive) pulse bdeing
1 quasi-rectangular slope with a time duration of 3I5

usec and a positive peak anplizade of 2.2 aVv za, fol-
lowed by a secondary pulise (negative) with a pulse
duration of 3.2 usec ind an induced peax voitage of

.3 aV/cm. The fields c¢f both uniis were mapped with
a2 search coil and were found to be honcezeneous. lells
were cultured in flasks which were positioned 2itner
parallel to or transverse t> the coils within zhe cen-
ter of the field. <Contrel Zilasks of aliguots of zhe
same cells were cultured (n the same incubator it
leasz 3 2 Zistance from the coils. Tlasks were seed-
24 with 4 x 104 cells. “itotic ictivity was deter-
zined =v :ounting ium latelea thrvaidine lneurpo-
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ration i1 cells 18 hr after thymidiae
asks. Proliferazion was determined
>r 13 davs of coatinuous axpaosure to
Aiter 7 lays, Units ! and 1 showed a posi:
#1317 aad 7%, respectivelv). Afrer 12 davs, H
showed 1 lesser response to Ynit I (=3.03%) ind 1
slighely posizive response zo Unit 2 (1U0.943%). The
iiiferences in response indicats that siznal config~
urations play 3 significant role in ieterainiag :he
responsiveness of Zibrorvrtes.

Siciogical E¥ects of Nenvomzing £ectremagneric
Raaqigtion /11(2-4), suty "333
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