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Preface

Biological Effects of Nonionizing Electromagnetic Radiation is
a publication researched and prepared by 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) is 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 literature 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-
I -M4 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.
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Abbreviations and Acronyms

SA - amp, ampere m - milli-
" ANSI - American National Standards M - mega-

Institute u - micro-
C - centigrade min - minute(s)
cm - centimeter(s) mo - month(s)
cps - cycles per second n - nano-
dB - decibel(s) NIH - National Institutes of Health
EPA - Environmental Protection Agency NIOSH - National Institute for Occu-
eV - electron volt pational Safety and Health
F - fahrenheit NTIS - National Technical Information
FAA - Federal Aviation Administration Service

. FDA - Food and Drug Administration Oe - oersted(s)
- g -gram(s) OSHA - Occupational Safety and Health
- G gauss Administration
- GHz - gigahertz rad - radiation absorbed dose(s)

HHS - Department of Health and Human R - roentgen(s)
Services rpm - revolutions per minute

hr - hour(s) sec - second(s)
Hz - hertz sc - subcutaneous
ip - intraperitoneal V - volts
ISM - industrial, scientific, medical VA - Veterans Adminstration
IU - international unit(s) W - watt(s)
iv - intravenous WHO - World Health Organization
J - joule(s) wk - week(s)
k - kilo- wt - weight
1 - liter(s) x - times

m - meter(s) yr - year(s)

vii



NEWS ITEMS

TERMINAL TEDIUM: CERTAIN CLERKS searchers attached small electrodes to each side of a
ARE DENUNCING THEIR COMPUTERS microscope slide that held blood taKen from people

with sickle-cell disease. Once a second, a small

generator delivered a 200-volt electrical pulse last-
(J. Andrew, The Wall Street Journal, May 6, 1983) ing one-thousandth of a second. After three r four

Workers in automated offices are frequently bothered minutes, the sickle-cell's shape changes to .1 normal
by backaches and headaches from sitting in front of a round shape. The researchers believe that the elec-
terminal for long hours. Such physical complaints trical field punches holes in the red blood cells'
seem to be caused by a combination of improper light- membranes allowing water molecules to seep into the

ing, uncomfortable seating arrangements and insuffi- cells and puff them up. They also say there is pre-
cient rest periods. Also at issue is whether micro- liminary evidence that the treatment partially re-
wave radiation emitted by the cathode-ray tubes in- verses the aggregation of the hemoglobin inside the
side terminals might cause illnesses - cancer and cell. The researchers say It is not clear whether
cataracts in particular. The tubes generally emit the technique will work on humans. The body may not
less radiation than television sets, but one sits be able to withstand the very large voltage required
closer to :hem. Studies so far have failed to estab- to treat large amounts of blood. Further, the elec-
lish any health hazard, although VDTs haven't been in trical field may cause irreversible swelling or even-
general use long enough for health issues to be re- tually lead to hemolysis.
solved conclusively. At least two states, Maine and
Massachusetts, are consideruig 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 CATTLE SEEM UNAFFECTED BY HIGH-VOLTAGE POWER LINE
soonsor of the Maine legislation, predicts further

controversy over the health effects of video display
terminal usage. She believes that in four or five
years it will become a workers' compensation issue. (K.M. Reese, C&EN News, January 3, 1983)

A study of dairy cattle living near a high-voltage
power line in Minnesota showed no significant effects
on milk production and reproduction. The 400,000-
volt line cuts across 180 miles of farmland, from

3OOK REVIEW: Environmental Health Criteria 16: Radio- Delano to the North Dakota border. The Minnesota
frequency and Microwaves. World Health Organization, Environmental Quality Board authorized the $89,000
G . eneva, 1981. 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-

A critical review of this document (see abstract 0066 sociation and the United Power Association. Chief
of SENER Digest vol 6, number 1) is presented. The investigator on the project was statistician Frank
reviewer comments that the publication is rather un- Martin of the University of Minnesota. Martin and
halanced and does not come up to the high scientific his colleagues studied the records of the Dairy Herd
calaber and accuracy of the usual WHO publications. Improvement Association. The data covered 500 herds

S. M. Michaelson, Radiat Res, 92:217-219, 1982 within 10 miles to either side of the power line and

extended from October 1976, two years before the line
went into operation, to September 1982. Dairy farms
within 10 miles of the line were divided into six
zones. Zone I included farms within a quarter mile

TWO SICKLE-CELL RESEARCHERS of the line; zone 6 included those six to ten miles
STUDY ELECTRICAL TECHNIQUE 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
(L. Herskowitz, Philadelphia Inquirer, May 3, 1983) within a quarter mile of the line showed "an accep-

Researchers at Children's Hospital of Philadelphia table 8% increase in milk production." Times between
and the University of Pennsylvania have developed the births of calves, rates of removal of cows from herds
first nonchemical approach to treating sickle-cell because of reproductive problems, and the incidence
anemia. The technique uses very short, pulsing elec- of recorded abortions "were no higher near the power
trical charges to alter the shape and consistency of line than at six to 10 miles away." The study as-
sickle-shaped red blood cells. The technique was re- sumed that any harmful effects of the power line
ported in the April 22 issue of Science magazine by would exist throughout the zone closest to it. If
Dr. Toshio Asakura, a member of the Children's Hospi- the power line affected only a very few of the farms
tal department of pediatrics and of Penn's depart- within a quarter mile of the line, this study would
ments of biochemistry and biophysics and by Dr. Shiro not have caught it. Farms having serious problems
Takashima, a member of Penn's department of bioengi- were found both close to and far from the power line.
neering and its school of engineering and applied Farms showing excellent increases in production also
science. To apply electricity to the cells, the re- were found in both areas.
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.ALHl HAZARDS AND PSYCHOPHYSIOLOGICAL EFFECTS FROM CENTER RESPONDS TO INQUIRES iN
LOW-LEVEL ELECTROMAGNETIC RADIATION SYSTEMS (such as: EFFECTS )F VDT'S ON PREGNANCY JUTCOMES
Video Display Terminals (VDTs/VDUs), Computer pro-
grams, Advanced Aeronautics, ELF Transmitters, High-
Voltage Transmission Systems). A Transcript of an
:nternational Forum. $45.00 (post-paid). Planetary The National Center for Devices and Radiological
Association for Clean Energy, Inc., 100 Bronson/Ul01, Health (NCDRH) recently has been receiving inquiries
Ottawa KiR 6G8, Canada; 613/236-6265. as to whether "clusters" of adverse pregnancy out-

comes among women who work at video display :erminals
(VDT's) could be caused by radiation from VDT's. The
inquiries have been prompted by news media accounts

The 1982 Learned Societies Conference in Ottawa pre- such as one from Canada which reported that ince
sented a discussion by distinguished researchers on VDT's were installed in the offices of a Vancouver
the state of advanced knowledge in low-level EM radi- hospital in 1978, only one of six pregnancies among
ation eftects on living organisms. Emphasis was on women working at the machines resulted in a normal
VDTs but their remarks covered research into other full-term birth. Over the past several years, ':CDRH
similar human/technological interfaces. The subjects has tested more than 100 VDT's for radiation leakage.
discussed included stress symptoms, biologically sig- Results of NCDRH's current testing support the con-
nificant frequency-intensity "windows", pulsed elec- clusion that VDT's should not pose a radiation risk
trostatic ftelds, magnetic ELF fields, comparative to those who operate them; no evidence has been found
scientific methodology between East European and Wes- that the levels of radiation from VDT's are responsi-
tern Laboratories, and malignant pregnancy clusters ble for adverse pregnancy outcomes. The National Re-
among female VDT operators. Participating in the search Council of the National Academy of Sciences
transcript were: James 3eal/Martin Marietta Aero- and the National Institute for Occupational Safety
space; Dr Robert Beck/Alpha Metrics, Inc.; Dr. Robert and health have reached similar conclusions. Epidem-
Becker/SUNY-Syracuse; William Bise/Pacific Northwest iologists and statisticians at the NCDRH and at the
Center for the Study of Non-ionizing Radiation; Dr. U.S. Centers for Disease Control have noted that some
Eldon Byrd/U.S. Naval Surface Weapons Center; David "clusters" of adverse pregnancy outcomes would nor-
Eisen/American Newspaper Guild; Claire-Marie Fortin/ mally be expected on the basis of chance alone. In
Canadian Labour Congress; Dr. E. Stanton Maxey/Ameri- fact, evaluation of some of the reported "clusters"
can Board of Surgery; Dr. Russel Jaffe/senior health indicated that they did not establish a general pat-
consultant; Robert DeMatteo/Ontario Public Service tern associating the use of VDT's with problem preg-
Employees Union; Dr. Glen Rein/St. Bartholomew's Hos- nancies. Therefore it has been concluded that the
pital-London; Louis Slesin/Microwave News; Professor reported "clusters" of problem pregnancies among VDT
William Kuhns (moderator) / Communications-University users would be expected from chance alone, and it is
of Ottawa. highly unlikely that they have been caused by the low

radiation emissionn levels from the machines.
Radiological Health Bulletin, 17(2):3-4, 1983

VDTs -- A NEW SOCIAL DISEASE
FDA COMPLETES SEIZURE OF

"POCKETDOC" RF SIGNAL GENERATORS

*Health problems that have so far been associated with
'DTs fall into four broad categories: alleged radia-
tion hazard, visual disturbances, musculoskeletal The Food and Drug Administration has seized a number

* - difficulties, and Job stress. A brief essay is pre- of medical devices called "Pocketdoc," manufactured
sented on the above based on information supplied by and distributed by Igon Corporation of Minden, Nevada.
Dr. Michael j. Smith of the National Institute of Oc- The Agency requested the seizure because the devise
cupational Safety and Health. In summary, there ap- was found to be misbranded under the provisions of

*pears to be no radiation hazard from VDTs. Visual the Federal Food, Drug, and Cosmetic Act. FDA offl-
difficu'.ties include irritation, fatigue, or diffi- cdals determined that the device was being promoted
culty with focus or accommodation. Minimal criteria for treatment of such diverse iilments as asthma,
for the visual display are: the image should not hemorrhoids, chronic headache, chest pain. arthritis,
flicker; the entire display should be in sharp focus; insomnia, and whiplash. Analysis of the device show-
the contrast between light and dark areas should be ed it to be a very low power ELF (extremely low fre-
at least 8 to 1; the characters should be formed in a quency) generator. A search of the scientific liter-
5x7 matrix of dots at the very least; all VDTs should ature by the National Center for Devices and Radiolog-
have brightness and contrast controls that the opera- ical Health's Division of Risk Assessment revealed no
tor can find and adjust. Most potential health prob- published data to substantiate the labeled claims for
lems caused by VDTs can probably be averted by plan- the frequencies and power levels at which the device
ning that takes account of the operators' needs. operates.

.k The Harvard Medical School Health Letter, April 1983 Radiological Health Bulletin, 17(2):4-5, 1983

J."
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DEVELOP EDUCATIONAL GUIDELINES AND AUDITORY MAGNETIC EVOKED FIELDS
RECOMENDATIONS FOR HYPERTHERMIA OPERATORS

.ontract N00014-79-C-0383. The Office of Naval Re-
The Food and Drug Administration is seeking a contrac- search has contracted with the University of Colorado
tar to interview hyperthermia equipment operators, Medical Center, Denver, CO 80220 for the above study.
develop methodology, analyze information and develop Commrce Business Daily, May 10, [983
recommendations and guidelines for the hyperthermia
equipment operators. FP 223-83-6032 is expected to
be available o/a June 20, 1983.

Commerce Business Daily, June 20, 1983
CONTINUATION OF RESEARCH ENTITLED "MICROWAVES,

ELECTROMAGNETIC THEORY & INFORMATION PROCESSES (JSEP)

F SURVEYS OF RADIOFREQUENCY SEALER Contract F49620-82-C-0084-P0003. The Air Force Of-
EQUIPMENT AND OPERATOR EXPOSURE fice of Scientific Research his contracted with Poly-

technic Institute of New York, 333 Jay St., Brooklyn,
NY 11201 for the above study.

Sol 223-83-4260. Response date 7/28/83. Radiofre- Commerce Business Daily, April 18, 1983
quency (RF) sealers and heaters have been used for
more than 30 years, but there are no reliable, docu-
menred estimates of the number of units in present
use or of the number of workers operating RF sealers.
FDA and other government agencies are concerned about ULTRA LOW FREQUENCY FIELDS IN NONHOMOGENEOUS MEDIA
the potential health hazards to workers exposed to
radiofrequency energy emitted from RF dielectric heat-
-o" rs (more widely known as RF sealers and heaters). -lie Office of Naval Research is conducting negotia-FDA is seeking additional information about the use tions with Pacific Sierra Research Corp., 12340 Santa

and means to locate this equipment at the state level, Monica Blvd., Los Angeles, CA 90025 for the above
and assess the need at each site for effective control study.
t technology. The agency is also seeking the identifi- Commerce Business Daily, April 6, 1983
cation of suitable populations of exposed persons and
is interested in feasibility studies to assess practi-
cable epidemiologic studies. Competition will be lim-
ited to "state government agencies having the regula-
tory authority to accomplish the project. The project EXAMINE THE EFFECT OF RADIO ENERGY
includes visits to user facilities to conduct measure- ON THE OXIDATION OF ORGANIC SUBSTANCES
ments of electromagnetic radiation from RF sealers
where access to the premises can only be obtained by
a duly authorized governmental representative. The office of Naval Research is conducting negotia-

Commerce Business Daily, May 19, 1983 tions with SRI International, 333 Ravenswood Ave.,

Menlo Park, CA 94025 for the above study.
Commerce Business Daily, April 6, 1983

SURVEY AND TECHNICAL EVALUATION OF
A' 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

r- EFFECTS OF LOCAL MICROWAVE
EXPOSURE ON LOCAL TISSUE BLOOD FLOW

Contract 68-02-3782. The EPA has contracted with the
Univ. of Illinois, 809 South Wright Street, Champaign,
:L 61820 for the above study.

Commerce 3usiness Daily, May 18, 1983

3



MEETINGS AND CONFERENCES

SHORT COURSE Jones, MIT, and M. A. ?athak, ?h.D., Harvard Medi-
HYPERTHERMIA FOR CANCER TREATMENT cal School.

Date: August 8-10, 1983
Place: Tropicana Hotel, Atlantic, City
Feee: S500 (includes lecture notes, instructional EIGHTH ANNUAL CONFERENCE OF THE
materials, refreshment breaks, and completion cer- AUSTRALIAN RADIATICN ?ROTECTION SOCIE1Y
tificate; hotel accommodations not included)
Requests for Information: Dana Carpenter, Course
Coordinator, Cheung Associates, Inc., 5026 Herzel Date: August 15-17, 1983

" PI., Suite 101, Beltsville, MD 20705; (301) 937- Place: Adelaide, Australia
. 567'. Requests for Information: Mrs. j. Fitch, Convenor,
• Content: A short course on the principles and prac- 1983 ARPS Conference, Private Bag 97, Glenside, SA

tice of radiofrequency, microwave, and ultrasound 5065, Australia
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 SHORT COURSE
treatment of cancer. The course will be taught by ENGINEERING TECHNIQUES FOR :LINICAL HY, "MIA
Dr. Augustine Y. Cheung. The text to be used is
"Physical Aspects of Hyperthermia", AAPM Monograph
8, G. Nussbaum, ed., American Institute of Physics, Date: August 29-31, 1983
Nvt, 1983. Place: Washington, DC 20052

Requests for Information: Continuing Eni .ng
Education Program, George Washington University,
(800)424-9773
Fee: $685

SHORT COURSE: NON-IONIZING RADIATIONS:
BIOPHYSICAL AND BIOLOGICAL BASIS, APPLICATIONS

*-. AND HAZARDS IN MEDICINE AND INDUSTRY.

T.ECHNIQUES IN STUDIES OF BIOLOGICAL EFFECTS OF

fO Date: August 8-12, 1983 LOW-LEVEL MILLIMETER WAVES
Place: Cambridge, MA

Fee: 3850
Requests for Information: Dir. of Summer Sessions, Date: September 4-6, 1983
Room E19-356, MIT, Cambridge, MA 02139 Place: Hotel Alba, Herrsching am Ammersee, West
Content: Topics covered include lasers, microwaves, Germany (near Munich)
ultraviolet radiation, magnetic fields, and ultra- Sponsor: URSI Commission A "Working Group" on mea-
sound. A detailed reading list and other pertinent surements Related to the Interaction of Electromag-
materials will be provided. Practical demonstra- net.c Fields with Biological Systems"; cosponsored
L tions will be given of the instruments and tech- by the Bioelectromagnetics Society, Gesellschaft
niques used for measurement of the intensity level fur Strahlen- und Umweltforschung, and the Max-
of each form of energy for Implementation of safety Planck-Institut fur Festkorperforschung

. programs in the workplace. The discussion on micro- Requests for Information: Dr. Fritz Keilmann, Sym-
- waves will include physical characteristics and posium Chairman, Max-Planck-Institut fur Festkorper-

field measurement, dosimetry, electrical properties forschung, 7000 Stuttgart 80, Germany; Tel.: (0711)
of biological tissues in constant and varying 6860/603 or 6860/651; Telex: 7-255 555.
fields, absorption, thermal effects, non-thermal Subject Matter: The symposium will provide a dis-
effects; results and mechanisms in blood, eye, cussion platform for scientists studying biological

. testes, malignant tumors, growth; applications in effects of low-intensity millimeter microwave radi-
diathermy, and in cancer therapy; health hazards of ation. Emphasis will be on experimental approaches
radar, microwave ovens, industrial RF heaters and and on experimental details. Specific goals are:
sealers, Eastern and Western safety standards and (i) which biological systems (which biological end-
their biophysical basis. The discussion on magnetic points) may be of use, and which requirements do
fields will include geomagnetic environment, static they impose on the microwave system, and (ii) which
and varying magnetic fields, biological effects; irradiation configurations may be of use, and how
potential hazards and safety in IM imaging. The can the microwave fields as well as the microwave-
course will be taught by Padmakar P. Lele, M.D., induced temperature fields be controlled.
Ph.D., Professor of Experimental Medicine, Depart- .anguage: English

ment of Mechanical Engineering, Harvard-MIT Divi- Estimated Attendance: 40
sion of Health Science Technology. Guest faculty Symposium Publications: No publications of proceed-
include J. j. Galli, Food & Drug Administration, W. ings; main results of the symposium will probabi

" P. Hansen, Ph.D. Ortho Diagnostic Systems, J. L. be summarized in the form of a detailed report ror

IS BLANK
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publication in a journal like Bioelecrrcmagnetics. nt :GiRSE
BIOLOGICAL EFFECTS AND ,SMETRY )FNCN-CNIMNG
RADIATION: STATIC kND ELF ELECTRGM.GNET:, ?LDS

FIFTH EUROPEAN CONGRESS ON RADIOLOGY Date: November li-25, :983
Place: Erice, Italy
Reauests for Information: Persons from Zur pe 4ish-

Date: September 5-10, 1983 ing to attend the course should write to Professor
Place: Bordeaux, France Martino Grandolfo, Instituto Superiore di 3anita,
Requests for Information: Mme. N. Hargous, Hospi- Viale Regina Elena 299, J0161 Rome, Italy; persons
tal Pellegrin, Service de Radiologie, Place Amelie from other continents s.ould write to Professor Sol
RabaLeon, F-33076, Bordeaux, France N. Michaelson, The University of Rochester, Medical

Center, 601 Elmwood Avenue, Rochester, NY >642.
Closing date for application is September .5, 1983
Fee: $500 (covers full noard and lodgingj
Content: Part )f the course will be devoted to
studies, both )f a theoretical ind experinental na-

36TH ANNUAL CONFERENCE ON ture, relating to potential mechanisms of :nterac-
ENGINEERING IN BIOLOGY AND MEDICINE tion of static and ELF electromagnetic fields with

biological systems. After a detailed review of the
fundamentals of physics and biology connected with

Date: September 12-14, 1983 the interaction of these fields 4itn living matter,
Place: Hyatt Regency Hotel, Columbus, OH the lectures will provide an updating of the tech-
Soonsor: Alliance for Engineering in Medicine and niques developed for the detection and the Iosimetrv
Biology, 4405 East-West Highway, Suite 210, Bethes- of these energies and a critical analysis of :heir
*a, MD 20814; 301/657-4142 biological effects in relation to the establisnment
Reouests for Information: Mrs. P. I. Homer, AEMB; of safety standards.
Conference Chairman is Prof. Herman R. Weed, The
*hio State University; Program Chairman is Baxter
* Womack, Ph.D., University of Texas
Content: In addition to the traditional topic
areas, special sessions will include the following
categories: Instrumentation; Bloelectric Phenomena; SIXTH INTERNATIONAL CONGRESS )F -HE
Medical Imaging; and Standards & Regulations. The RADIATION PROTECTION ASSOCIATICN
deadline for receipt of abstracts is April 15, 1983.
Short courses will be held 11 September 1983.

Date: May 7-12, 1984
Place: International Congress Center, Berlin,
Germany (DFR)
Sponsor: Int. Radiation Protection Assn. !RPA)

OHIRD ANNUAL "EETING OF THE BIELECTRICAL Requests for Information: R. Neider, Sec General,
REPAIR AND GROWTH SOCIETY Bundesanstalt fur Material Prufung, Unter Den

Eichen, 87, D-1000 Berlin 45, Germany (DFR)
Content: The scientific sessions of the congress

Date: October 2-5, 1983 and the exhibit cover all aspects of radiation
?lace: Gateway Holiday Inn, San Francisco, CA protection from basic research to practical appli-
Reauests for Information: Executive Secretary, cations with special emphasis on the risk assess-
BRAGS, 425 Medical Education Bldg., 36th and Hamil- ment from ionizing and non-ionizing radiation as
ton Walk, Philadelphia, PA 19104; (215) 898-8653 compared to risks derived from all other man-made

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

SHORT COURSE
CURRENT ISSUES AND TRENDS IN CONTROLLING

ICCUPATIONAL EXPOSURES TO RE/MICROWAVE RADIATION SIOELECTROMAGNETICS SOCIETY
SIXTH ANNUAL MEETING

Date: October 11-13, 1983
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TRANSLATIONS FROM FOREIGN LITERATURE tioned that the system showed i 'igh sensitivitv to
the wavelength: a shift of .)2 Tm resulted .i the

From time to time, Information Ventures, Inc. will aisappearance of the effect (5).
prepare full-text translations of foreign research
efforts on the biological effects of nonionizing Secondly, the effect was direct' related to the
electromagnetic fields for publication in this Di- duration of irradiation: maximum effect was )b-
gest. The first of these translations is presented served after 2-hr irradiation; the effect was slg-
below. We welcome your comments and suggestions nificantlv lower after irradiation for 1 hr, while
for future translations. 30-min irradiation failed to produce the effect.

And, thirdly, the effect was relatively independentEFFECT OF MILLIKETER-BAND ELECTROMAGNETIC RADIATION of the radiation power within a wide range. After
. ON BACTERIAL CELLS. (Rus.) A. Z. Smolianskaia. In: reaching a threshold power of 0.01 mW/cm-, a :00-

Non-Thermal Effects of Millimeter-Band Radiation, fold change in the power flux density 'from 0.,)1 mW
N. 0. Deviatkov, Editor, published by the USSR cm to I mW/cm

2
) did not affect signliicantl! the

Academy of Science, Institute of Radloengineering & biological effect (Fig. 2).
Eectronics, Research Council on a ?roblm cf
"Physical Electronics", Moscow, pp. 132-146, 1981. The data obtained in the experiments with colicino-

genic bacteria were of paramount importance since
they indicated that the lethal effect of millimeter

Development of millimeter-band generators of the band electromagnetic radiation of nonthermal inten-
" backward-wave-tube type created a natural Interest sit:: can be caused not by direct action of the en-

-in the biological effects of this type of electro- ergy of this radiation which is too low to produce
=agnetic radiation. From the early 1960's, under such effects (see below), but rather by the indi-
the leadership of academician N. D. Deviatkov (1), rect action due to resonant stimulation of the bac-
a number of organizations started to study the ef- terial systems and mechanisms of lethal synthesis.
:ects of this radiation on biological materials and

. initially on bacterial cells. This conclusion was confirmed in a study of the ef-

fects of similar radiation on the ysogenic strain* :nitial interest was associated primarily with an of Staphylococcus aureus No. 962. In our labora-
. antimicrobial effect. This effect, during the in- tory, A. V. Suslov showed that irradiation with
. teraction of an electromagnetic field with biologi- 6.55-mm electromagnetic waves (45.79 GHz) resulted

cal materials, can be caused by either thermal ac- in a 2.2 fold increase in the synthesis of phage
tlon or by the specific action of radiation on the particles lethal for the host cell. The critical
structure. The specific effect is of greatest in- effect with respect to wavelength was 0.005 mm
crest. Various researchers (2,3) showed that the (Fig. 3).
use of low-intensity radiation that did not cause
heating of bacterial cells produced the lethal ef- These findings thus indicated that the induced gen-
fect. In addition, it was shown that after expo- etic systems which regulate lethal synthesis in
sure to low-intensity radiation in the 6.3-6.9-mm bacteria, are sensitive to certain wavelengths in
range, some of these waves had an antibacterial ef- the millimeter range and that this effect is of a
fect while others had not. markedly resonant nature.

The data on the antibacterial effect of millimeter- The observed characteristics of the effect of mill-
band radiation of nonthermal intensity were used as imeter-band electromagnetic radiation of nonthermal
a basis for the study of the effects of these waves intensity on functional activity of genetic systems
on bacterial systems responsible for lethal synthe- of bacteria cells shed, in our opinion, some light
S3 (4). The first experiments with induction of on the multiplicity of effects of millimeter-band
lethal synthesis of colicii in Escherichia coli K12 waves on various metabolic processes in bacteria
C 600 (EI) produced interesting results. Irradia- detected by various researchers. It was shown, for
tion of this strain with waves in the 5.8-7.1-mm example, that certain millimeter-band waves change
range indicated various interesting characteristics protein metabolism in bacteria (7,8). In other ex-
of the interaction of millimeter-band waves with periments, 6-7-mm waves increased the yield of
bacterial cells. Firstly, these experiments showed thrombolytic proteases in Aspergillus and in Nocar-
the existence of active and inactive wavelengths, dia (9,10). The same researchers have found that
..e. wavelengths which increase the number of coli- changes in wavelength and number of irradiations
cin-synthesizing cells and wavelengths which do not. causes changes in functional activity of various
A detailed analysis of Ii neighboring wavelengths systems of bacterial cells producing either casein-
with the aid of a special wavemeter capable of mea- olysime or finrinolysine. The researchewrs from
suring wavelengths with a resolution of 0.01% was the Leningrad Institute of Antibiotics and Enzymes
conducted. The curve obtained (Fig. 1) indicated have found changes in the enzymatic activity of
the markedly resonant type of relationship between Basidiomyces after exposure to millimeter-band
the number of colicin-synthesizing bacteria and the waves (11). We have studied the effects of milli-
wavelength. The resonant type of the effect was meter-band waves on beta-lactamase (penicillase)
confirmed later after irradiation of numerous bac- synthesis in penicillin-resistant strains of Staoh-
terial and mammalian :ells. It should also be men- lococcus aureus and Escherichia coli. It was found

PREVIOUS PAGE
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that certain wavelengths (6.468 and 6.473 mm) in- ph fter irradiation wtth a wavelength ,f . -
hibited the inducible enzyme synthesis in Staph. and a power flux densit of J.25 MW,'cm-. Similar
aureus and did not affect the constitutive enzyme changes were observed after irradiation o Asper-
synthesis in F. coli. It is important to note that gillus avam, cy and Indomycopsis fibuliger. In the
irradiation did not affect penicillase activity, latter case, the authors noted certain changes in
This phenomenon was verified in experiments with biochemical properties of the culture (9,1Q). Di-
irradiation of exogenous enzyme. The relationship rect observations of the culture growth in a speci-

$"- between inhibition of enzyme synthesis and wave- ally designed microscope attached to a generator .f
%. length was of a markedly resonant type: a t 0.005- millimeter waves showed changes in the intensity of

mm change in wavelength resulted in a disappearance replication of Rodotorulla rubra (15).
of the effect (Fig. 3). Another interesting detail
was observed in this system: a tenfold decrease in Attempts to induce bacterial mutations by means of
bacterial multiplicity resulted in a fourfold in- aillimeter-band radiation failed. We could not
crease in the effect. Since a characteristic mor- find convincing data in the available literature,
phological feature of a staphlococcal colony is although various researchers tried to obtain the
3rape-lke clustering, the observed data may Indi- vaccine strains. But they admitted that the milli-
cate a shielding effect, meter-band radiation induced very snort-term loss

of virulence. In certain cases the loss of vi-u-
Comparing these data with the results obtained af- lence could be explained by selection of pre-exist-
ter exposure of colicinogenic strain of E. coli and ing variants, since in addition to irradiation, the
lysogenic Staphlococci indicated that the most pro- strains were subjected to culturing.
bable application site of millimeter-band radiation
energy was the repressor system that blocked the in- Thus, the results of experiments conducted by diff-
duction of certain metabolic cycles. Since the in- erent researchers on different microorganisms Indi-
ducible metabolic processes are widely spread among cated the presence of biological activity of milli-
the living organisms, the possibilities of electro- meter-band electromagnetic fields of nonthermal in-
magnetic field effects are also diversified (12). tensity. The type of wavelength-effect curves and

relative independence from the intensity of radia-
The observed effects of millimeter-band radiation tion after reaching a certain threshold value were
on enzymatic systems of bacteria can lead to indicative of the markedly resonant nature of the
changes in cell division. Webb and Booth (13) stu- effect.
died the effects of millimeter waves in the 4.68-
3.94-mm range on division of Escherichia coli BR The resonant type of response observed in the indu-
cells. Radiation of wavelength 4.41-mm stimulated cible bacteria explained and confirmed the data ob-
cell division, while 4.54-mm, 4.19-mm, and 4.11-mm tained in other biological materials. Simple and
waves inhibited cell division. It was found that isolated bacterial cells are an extremely valuable
radiation of wavelength 

4
.5

4
-mm inhibited assimila- test system for the study of biological effects of

tion of amino acids and thiamine by Escherichia millimeter-band electromagnetic fields of non-cher-
coli cells. Waves of wavelength 4.22-mm caused a mal intensity. The clear-cut data obtained during
significant decrease in accumulation of all labeled the study of the effects of this type of radiation
metabolites, the 

4
.19-mm waves caused slight de- on the extrachromosomal, and therefore on relative-

crease in thiamine and amino acid accumulation, and ly autonomic, inducible bacterial systems (colicin-
4.11-mm waves corresponded to the maximum of protein ogenic factor, temperate phage, penicillase gene)
accumulation. All these waves inhibited cell divi- provide a basis for certain generalizations and
sion. Irradiation of this strain with 

4
.
4
1-mm waves theoretical models of the mechanisms of this phe-

increased accumulation of 
14
C-uracil and of amino nomenon.

acids and enhanced cell proliferation. It should
be mentioned that thiamine assimilation remained It is known that ultraviolet radiation with a wave-
unchanged and this can and does lead to the appear- length of aproximatel:' 22,550 A and energy of ap-
ance of morphologically altered variants, proximately 4.9 ev is the most effective inducer of

colicin synthesis or of prophage release. It is
The changes in growth rate and appearance of morpho- also known that this is the energy of the same or-
logical variants after exposure of bacteria to mil- der of magnitude as the energy of C-N, C-C and C-C
limeter-band radiation were observed in numerous bonds in protein and nucleic acid molecules (2.L

" studies. V. F. Kondrat'eva et al (14) showed the ev, 2.5 ev, and 4.4 ev, respectively). It ts also
changes in morphology of colonies and cells as well known that photons with energies of 4-6 ev are sel-
as the changes in biological properties (spore for- ectively absorbed by proteins and nucleic acids.
mation, saccharolytic, proteolytic and antigenic This phenomenon prooably causes the biological ef-
properties, pathogenicity) of a number of anaerobic fecta of ultraviolet radiation. Ultraviolet radla-
(Clostridium) and aerobic (Prodigiosum) bacteria tion can lead to excitation of valent electrons in
after irradiation with 7.2-mm waves. Changes in the atcms, i.e., to be conducive to their Jump into
morphology of bacterial cells were also noted by higher energy levels. The molecules with excited
other researchers (6). The most frequent morpholo- electrons enter readily into photochemical reac-
gical changes after exposure to millimeter-band tions. These reactions can cause various biologi-
electromagnetic radiation were observed in fungi. cal effects: changes in the genetic code mta-
These changes occurred in saccharomyces cerevisae tions), breaks and subsequent repair of DNA and ;A

10
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molecules, which in turn lead to excitation (In abroad.
case of repressor damage) or Innibition of func-
tional activity of various genetic systems. In 1977, Grundler, Keilman and Frohlich (18) showed

i resonant change in the growth rate of yeasts
But the energy of a millimeter-band electromagnetic which increased or decreased depending upon the
field is significantly lower than that of ultravio- frequency of radiation (approximately .2 3Hz) after
let radiation, irradiation with VhF fields at a power of several

MW/cm2. Careful regulation of temperature condi-
:t is known that E hv-h'c/l, where tions excluded the trivial thermal effect of radia-

h - 6.62x10
-27 

erg/sec tion. Next year, Grundler and Frohlich (19) con-
c = 3x10

0 
cm/sec firmed the independence of the effect from tempera-

I - 6.5x10- cm or 7.1 m. ture and showed that the critical frequency was
0.01 GHz. In 1977, Webb, Stoneham and Fronllch

Therefore, (20) studying the Riman spectra of actively repli-
-(6.62xO-

27
)'(3xlO1O)!b.5x1O

-
1 cating synchronous E. coli culture showed that the

3."6xlO-
16
erg - 1.9xiO-'ev, excitation levels of spectra of a markedly resonant

since 1 ev - 1.60xO
- 12 

erg. type corresponded to the metabolic cycles of oac-

terial cells. These data indicated a relationship
Therefore, the energy of the millimeter-band elec- between coherent millimeter waves and biological
tromagnetic field is approximately 0 times lower effects.
than the energy of chemical bonds in biological
molecules. Energy of this order of magnitude can Italian researchers Dardanoni, Torregrosso, et al.
only cause intramolecular oscillations or rotation (21) showed that irradiation with UHF waves pulse-
of the entire molecule. This was shown by L. G. modulated at 72 GHz reduced the viability of cell-
Koreneva and V. I. Gaiduk (16) for histidine in the ular suspension of Candida albicans, while irradia-
hemoglobin molecule. But if these oscillations tion with continuous waves failed to produce such
resonate with the intrinsic oscillations of intra- an effect.
cellular molecules, the resultant effect can be
equal to that observed after exposure to such pow- A group of U.S. researchers (22) observed an effect
erful agents as ultraviolet radiation or chemical similar to that detected in our experiments after
agents, which damage the DNA structure and induce irradiating for 1-hr cells of the colicinogenic
various biological processes. It is possible that strain of E. coll containing colicinogenic factor
the absence of a mutagenic effect from millimeter- El. Maximum induction of colicin synthesis was ob-
band radiation is due to the absence of direct dam- served after irradiation at a wavelength of 5.8 mm
age to the DNA molecule. and a power flux density of 0.5 MW/cm

2
. Similar

data on induction of colicin synthesis were obtain-
A. M. Makhov (17) calculated the power of electro- ed by other researchers.
magnetic radiation required for the resonant effect
on one cell of Staphylococcus aureus to inhibit the French scientists Dardalhon, Averbeck and Berteaud
inducible penicillase synthesis. Stabilization of (23) showed that millimeter-band radiation can af-
the effect was achieved with power of approximately fect the growth rate of bacteria. The effect de-
7
xO

- 
W/cm

2 
for 1-micron medium layer and 5x1O

-[  
pended upon the trequency of radiation. The radia-

W for a single cell. Since the energy of a quantum tion did not cause damage to cellular DNA. These
of electromagnetic radiation is equal to 10

- 4 
ev, researchers did not observe nuclear-chromosome mut-

then the number of quanta per one cell per I sec ations (experiments with DNA repair-deficient bac-
under the condition of saturation of the biological tera) or cytoplasmic mutations (in mitochondrial
effect is approximately equal to 5xl0

9
. The relax- DNA from diploid yeasts). This confirms our opin-

ation time for the resonating cell structures at a ion that the basic mechanism of the effect of mill-
given power flux density can vary from 2xO

-1 0 
to imeter-band radiation is not associated with gross

2xO-' sec, depending upon the resonating structure. damage to DNA structure but rather with changes in
Therefore, the resonant absorption of the millime- configuration of the functional molecule without
ter-band electromagnetic field can cause changes in breakage of intramolecular bonds but with changes
the activity of various functional cell systems. in functional activity. In addition, these authors
These results showed good agreement with the data have found that the increase in the number of zy-
on the effects of electromagnetic fields of the gotes between two haploid yeast strains was acheiv-
same frequency on induction of colicin synthesis. ed only after irradiation 'or at least 330 sin at a
This can indicate the similar mechanism of resonant frequency of 70.5 GHz, a power flux density of at
interactions in different biological systems. .east 60 MW/cm

2
, and a distance from the horn to

the culture of 2 mm (at a distance of even 10 mn,
The present communication summarizes the results of the effect could not be observed). Iomparlng this
experiments of Soviet scientists who initiated the effect with the effects observed after the heating
studies of the effects of millimeter-band radiation indicated that it corresponded to the heating from
on bacterial cells. 20 C to 23 C. Therefore, irradiation at these par-

ameters was equivalent to heating by 3 C. These
In recent years, intensive studies of the effects results confirmed our data and the data obtained by
of millimeter-band radiation have been conducted 0rundler and KeiLman indicating that induction 3:

• . .L.
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colicin synthesis, release of phage, inhibition of lethal and modification effects. We bserved, for
beta-lactamase synthesis and bacterial cell growth example, a situation in which the Inducible system
required significantly higher temperatures (approx- of col factor El in E. colt responded by an in-
"ately, 40 C). Such increase in temperature can crease in colicin synthesis, while the inducible
not be achieved ac powers lower than I MW'/cm

2
. synthesis of beta-galactosidase in Staphylococcus

aureus was inhibited. But in both cases, :he genes
Since the effect of millimeter-band waves is assoc- regulating these syntheses were localized in the
Laced with the resonant response of the biological plasmLids and showed similar response to such in-

- system, its detection required a large number of ducers as ultraviolet rays and mitomycin . In the
coincidences. It was necessary that the wave hit a case of Staphylcoccus aureus containing the temper-
cell, that the cell was in an appropiate stage of ate phage, the release of free phage after irradla-
development, that the wave hit the cellular struc- tion with a millimeter-band field could be observed
tures which could resonate with the given wave- in a very narrow wavelength range.
length, and finally, that the irradiated population
contained a sufficient number of cells meeting all Therefore, we believe that the development of mill-

- these requirements. imeter-band generators provided us with a :ool for
analysis of fine biological processes on a molecu-

In our opinion, this determines the multiplicity of lar level. But the mechanism of these interactions
the effects observed by one and the same authors. still requires a detailed analysis.

* For example, Athey and Krop (24) initially observed
Induction of colicin synthesis in Escherichia cold
3110 Col El after irradiation with millimeter-band

" radiation. But in subsequent experiments, all at-
-" tempts to induce prophage in lysogenic strain of
" Escherichia coli BR-475 (l, lac

+
) failed. In the

latter case, the authors tried to detect production
of a free phage not boy a conventional plaque method,-
but rather colorimetrically by lactamase production
(in the test strain, lac

+ 
gene transcribed together

with 1 gene). Since these authors did not observe
".. the radiation-induced increase in the enzyme yield, ii

they doubted the possibilty not only of prophage il
induction but also of induction of colicin synthe-
sis. They argued that induction of temperate phage
and of col factor have similar mechanisms. This LA
statement can not be accepted for several reasons. 16A
Firstly, the similarity of the mechanism of induc-
tion of temperate phage and that of col factor is
quite relative and is limited to observations that ts

f.6
such inducers as ultraviolet rays, nalidixic acid, 10
mitomycin C, etc., Induce both temperate phage and
colicin synthesis. But we have reason to believe
that in contrast with the abovementioned inducers, LI io 6." 6.fl 6'M 6.56 6.? iso6 Ei
the mechanism of the effect of millimeter-band rad-
.at-on is not associated with damage to the DNA FIGURE 1r. " molecule.

Secondly, the simlarity of derepressors does not
mean a similarity in the structure of repressor

S~molecules, which play an important role in response
to the effect of millimeter-band radiation. At 'sA
present we have some data on the protein nature, U

molecular weight and some other parameters of phage U"
repressor, but nothing is known about the repressor L.
3f col factor.

U_""And, :hir£1"/, the detection of similar effects and U-

especially the denial of their existance requires kt /

uimilar experimental conditions. It is especially A.
true for studies of the effects of millimeter-band
radiation. in our experiments on the effects of t.

, illimeter-band THF-radiatIon on bacterial cells we
* "," encountered various manifestations of the effect: -

acceleration and inhibition of the growth rate, po- .I L.
tentiation and inhibition of the functional activi-
t'/ 3f different organells in bacterial celts, andL ' FIGURE 1

I°
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NON-IONIZING RADIATION: HEALTH AND SAFETY ISSUES Potential Health Effects of P and MW Radiation
IN THE 98TH CONGRESS. Dodge, C. H. and Kainz, R.;
Library of Congress, Congressional Research Service At sufficiently hign levels of field intensity, the
Major Issues System, May 9, 1983. effects of RF/MW radiation are thermal in nature.

* (The following is excerpted from the above source.) The denaturation or "cooking" of biomolecules can
be induced only at field intensities that are so
high the temperature :f the target tissue is sig-
nificantly increased. Thus the absorption of MW

ISSUE DEFINITION field intensities on the order of 100 mW/cm re-
sults in rapid tissue heating. if the exposure is

New technologies and advancements in the electron- long enough, there is irreversible tissue dammage.
ics, communication, and other industrial and scien-
tific fields have provided many benefits to society. In humans, the two organs at greatest risk of RF/.MW
The development of these technologies has also re- injury are the eye and testicle, because of their
sulted in an increased exposure of the general pop- inability to dissipate heat via circulatory system
ulation to low-level non-ionizing radiations, mechanisms. Accordingly, chronic exposure to high

intensities of RF/'W radiation can result in male
This mini issue brief provides a short background sex cell destruction and thermally-Induced cata-
on non-ionizing radiation, identifies the common racts. At very high intensities of RF/MW radia-
sGurces of low-level non-ionizing radiations and tion (i.e., greater than 100 mW/cm

2
) skin burns can

summarizes available information on the known human be induced. However, such burns are reversible in
health effects associated with non-ionizing radla- nature.
tion exposures.

Epidemiological studies of human populations in the
The effects on human health from these low-level Soviet Union, Czechoslovakia, Poland, and Sweden
exposures are not well understood. in the 96th and exposed occupationally to low-level RF/MW radiation
97th Congresses, two hearings were held on health (i.e., below I mW/cm

2
) have yielded indications of

issues related to occupational exposure to micro- changes in human nervous system and cardiovascular
wave and radiofrequency radiations. Concerns per- function after prolonged exposure (one year or
sist in the 98th Congress about the possible health more), but these may be reversibly altered. A num-
effects of chronic exposure on non-occupational ber of behavioral changes have also been reported.
populations to very low-level RF/MW radiations and These studies are subject to controversy in this
low-level electric and magnetic fields near power country because no comparable data exists for simi-
lines. The fact that there remain no formal stan- iarly exposed occupational populations.
dards for either occupational or non-occupational
exposure to RF/MW radiations is of continuing con- ht present, the manor ananswered question is whe- ti.
gressional concern. Currently, there is concern in ther there are other mechanisms of interaction be-

" committees of the House and Senate with oversight tween RI/MW radiation and biological systems that
authority over the EPA that the Administration has can cause reversible or irreversible alterations at
proposed zeroing out the EPA's Health Effects Re- field intensities, but that do not result in de-
search Laboratory (HERL) in Research Triangle Park, tectable tissue heating (i.e., below 10 mW/cm).
North Carolina. That laboratory houses the largest
non-defense Federal research program on the biolog-
ical effects of non-ionizing radiations. Microwave and Radiofreouencv Radiation Standards

Exposure standards for microwave and radiofrequency
" Sources of Microwave and Radio-frequency Radiations radiation are usually expressed in terms of the

rate at which energy flows through the human body.
" Microwave and radio-frequency radiation sources This rate is called power density and is commonly

have continued to come closer to major population expressed in units of milliwatts or microwatts per
centers. These sources include a) comunication square centimeter.
sites; b) navigation devices; c) medical dIathermy
units; d) food ovens; e) commercial radio; f) tele- Title 21, Chapter 1, Subchapter J of the Code of
vision broadcast stations; g) generators; and h) Federal Regulations defines the power density limit
titizen Band (CB) radios. The Task Force on Re- for microwave ovens. Ovens shall not exceed I mW/
search Planning in Environmental Health Sciences cm

2 
exposure at the oven surface prior to sale or

has concluded that these microwave sources are re- initial use. Those ovens which are in active use
sponsible for an estimated half of the U.S. popula- can not exceed an exposure limit of 5 mW/cm

2
.

tion living in some measureable microwave environ-
ment. The level of exposure reported by the Task In 1971, OSHA adopted the 1966 version of the Amer-
Force is far below the recomended safe level of ican National Standards institute (ANSI), C95.4
exposure (10 mW/cmZ) for most normal circumstances. Committee, 10 mW/cm

2 
exposure standard for workers.

The most rapidly increasing source of public expo- More recently, ANSI has proposed a reduction of
sure to R radiation has been the CB radio. The this standard to 1 mW/cm

2 
for the frequency range

hazard associated with the CB radio is due to the between 20 and 200 MHz. A new OSHA criteria docu-
close proxImity of the antennas to the individual. ment on occupational microwave and radiofrequency
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- radiation exposure may be issued in the near future. REFERENCES
Currently, the EPA has announced plans to issue
guidance to other Federal agencies to limit expo- Baranski, S. and ?. Czerski. Biological effects of
sure of the general public to radiofrequency radia- microwaves. Stroudsburg, PA. Dowden, Hutchinson
tioe (Federal Register 47(247):57338-57340, Decem- & Ross, Inc., 234 p., 1976.
ber 23, 1982). The EPA guidance will not address
occupational exposure or classes of microwave and Cleary, S. F. Microwave radiation effects on hu-
radiofrequency sources that can best be controlled mans. Bioscience 33(4):269-273, 1983.
by existing performance standards.

Dodge, C. H. and Z. R. Glaser. Trends in nonioniz-
Of congressional concern is the fact that the U.S. ing electromagnetic radiation bioeffects research
remains the only country for which there is no for- and related occupational health aspects. journal
mal occupational exposure standard for RF!MW radia- of Microwave Power 12(4):319-334, 1977.

" tion. Occupational exposure standards in most West-
ern countries, which range from I mW/cm

2 
to 10 mW/ Glazer, Z. R., P. F. Brown and M. S. Brown. Bibli-

cM-, limit the amount of heat generated when radia- ography of reported biological phenomena ("'Ef-
tion is absorbed in human tissue. Most of these fects") and clinical manifestations attributed to
standards do not contain special provisions for ex- microwave and radio-frequency radiation: compil-
posure of the public. However, Canada has proposed ation and integration of report and seven supple-
tc. limit exposure of the public to one-tenth of its ments. Bethesda, MD, Naval Medical Research In-
occupational exposure limit of 10 mW/cm

2
. stitute, 179 p., Sept. 1976.

In 1979, the Federal Communications Commission (FCC) Glaser, Z. R. and C. H. Dodge. Biomedical aspects
came out with a Notice of Inquiry (NOI) into possi- of radio frequency and microwave radiation. A
ble health hazards of RF at FCC facilities (FR vol. review of selected Soviet, East European, and
44, p. 37008, June 25, 1979). Responses to the NOI Western References. In Biological Effects of
culminated in a Notice of Proposed Rule Making Electromagnetic Waves. Selected papers of the
(NPR!M), in 1982 (FR vol. 47, o. 8214, Feb. 25, 1982; USNC/URSI Annual Meeting, Boulder, CO. Vol. 1,
FR vol. 47, p. 10871, March .2, 1982; FR vol. 47, p. p. 2-34, Oct. 20-23, 1975.
27384, June 24, 1982). The NPRM allows FCC to as-
seas possible RF hazards at new FCC facilities. Stenick, N. H. (Editor) Risk/benefit analysis: The
Existing FCC facilities are exempt. There is no microwave case. San Francisco Press, Inc., San

. standard associated with the NPRM. Francisco, CA 231 p., 1982.

The countries of Eastern Europe, including the USSR, U.S. DOE. Office of Energy Research. Compilation
Poland, and Czechoslovakia have lower exposure stan- and assessment of microwave bioeffects. Final
dards for most occupational situations, for example, report. A selective review of the literature on
0.01 mW/cm

2 
for microwave frequencies. Exposure biological effects of microwaves in relation to

standards for the public at these frequencies are the Satellite Power System (SPS). (PNL-2634) 65
even lower (i.e., 0.005 mW/cm

2 
in the USSR). These p., May 1978.

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.

50-60 Hz ISSUES: CONGRESSIONAL PERSPECTIVE.

HEARINGS Christopher H. Dodge, Specialist in Life Sciences
Science Policy Research Division, Congressional Re-

U.S. Congress. House. Committee on Science and search Service Library of Congress, Washington, DC
Technology. Subcommittee on Investigations and 20540
Oversight. Potential Health Effects of Video Dis-
play Terminals and Radiofrequency Heaters and Seal-
ers. Hearings, 97th Cong., Ist Sess. May 12-13, Presented at 5th Annual Bioelectromagnetics Society
1981; Washington DC. U.S. Govt. Printing Office Meeting, Boulder, CO. June 12-17, 1983.
No. 13, 764 p., 1981.

The Issue
U.S. Congress. House. Committee on Science and
Technology. Subcommittee on Natural Resources and Sharply increased congressional concern about the

. Environment. Research on Health Effects of Nonion- significance of reports listed in Tables I and 2
izing Radiation. Hearing, 96th Cong., lst Sess. reporting increased incidence of cancers in certain
July 12, 1979; Washington, DC. U.S. Govt. Printing public and occupational populations exposed to weak
Office, 457 ?., 1979. 50-60 Hz electric and magnetic fields.
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Questions Addressed in )O Hiz. Power Frequency, and QUESTIONS AND .N5WERS A3OUT BIOLOGICAL EFFECTS
Cesok sse nweAND POTENTIAL HAZARDS DF RADIOFREQUENCY RADIATION
COMAR Workshops (Office of Science and Technology Bulletin No. 56)

1. How significant are the studies epidemiologi- 12 p. July 1982 (3 References)

cally?

2. How should CRS evaluate the studies for :he The Federal Communications Commission (FCC) regu-
Congress and its constituency? lates the use of radiowaves ind microwaves for com-
C e n se munications. Because of its responsibilities in

3 How creditable are the experimentors (is there this area the Commission often receives inquiries
experimental bias? concerning potential hazards to hunan health and

safety from radiofrequency (RF) and microwave radi-
'ere the studies adequately designed? ation. In recent rears there has been a noticeable
-. sereuthesudiestadequate ind? increase in public awareness and concern over this
- "control" populations? (what s a control issue. Increased publicity about new uses of RE

population?) and microwave technology has generated much discus-

- other factors contributing to the effects re- sion and speculation concerning the alleged "elec-

ported (ionizing radiations; toxic substances tromagnetic pollution" of the environment. This
4: the air, water and food; personal health short publication is designed to provide informa-

histories; personal health habits etc.) tion on some of the most commonly asked questions

- prospective and retrospective peer review of about RF and microwave radiation. Included are rc-

epidemiological studies (i.e. New York Power sponSes to the following questions:
Line epidemiological and experimental studies)

- does recent experimental work in the 0-100 Hz 'What is Radiofrequency Radiation?

range compliment the epidemiology' (i.e. T- - 4hat is Radiofrequency Radiation Used For?
- 'What Is Microwave Radiation?

lymphocyte responses to pulsed RF/-W fields; Are Some Forms Of Radiation More Hazardous Than
germ cell changes etc.) Others?

- What Biological Effects Can Be Caused By RF Radi-
5. What posture should the concerned Federal regu-oI

postureation?
latory and research agencies (EPA, DOE, NIH,
NAS, US/USSR Working Group etc.) assume in the What Are Safe Levels For Exposure To RE and Mi-

wake of the epidemiology studies reported in crowave Radiation?

Tables I and 2? (i.e. is it time to hit the - How Safe Are Microwave Ovens.
pani buton r soul inceasd fudin be - Is It Safe To Use AN Electronic Cardiac Pacemelcerpanic button or should increased funding be

provided for additional epidemiological and ex- Near An RF Source Such As A Microwave Oven?
- How Safe is The Radiation Emitted By Radio andperimental studies!

Television Broadcasting Towers? .-

* 6. In general, where do we go from here? - Is There Any Danger From Microwave Point-To-Point
Relay Towers? What About Microwave Dish Antennas

'- (Note: Responses regarding the above should be Used For Satellite To Ground Communication?
to C. H. Dodge) - Is There Any Hazard Associated With Hand-Held

Walkie-Talkies?

TABLE 1. - Which Federal Agencies Are Responsible For Pro-
tecting The Public From Hazardous Levels Of RF

PUBLIC EXPOSURE AT 50-60 HZ Radiation?
- What Is The Role Of The FCC In Controlling Poten-

tial RF Hazards?
Reported Effect - Where Can I Go For Helo If I Have A Complaint Or

* Author (incidence) Question Regarding A Pcssible RF Hazard?

VERTHEI: R AND - LEUKEMIA, NEOPLASMS

LEEPER, 1979 (children)

FULTON IT AL, 1980 NO CHANGE IN LEUKEMIA
"NCIDENCE

PERRY T AL, ,981 - SUICIDES

TOM7NIUS ET AL, 1982 - TUMOR CASES
"i (children)

MSRTHEIMER AND - LEUKEMIA, NEOPLASMS
2EPER, 1982 (adults)

Table 2 is presented on the following page

I
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ABLE 2.

OCCUPATIONAL EXPOSURE O E AND R FIELDS OF VARIOUS FREQUENCIES

Relative Field Reported Et±ect
Author Occupation Strength (freq.) (incidence

MILHAM, 1979 ALUMINUM WORKERS >100 gauss (?) LUNG CANCER:

LvMPHATIC ,ND
HEMATOPOIETIC
CANCER: BENIGN
BRAIN TUMORS:
EMPH. S SENA

U.S. NAVY .MAINTENANCE PER- WEAK (50-75 '1z) * 3LOOD CR1-

(Sanguine, SONNEL; LINE :LYCERIDES
Seafarer, ELF) WORKERS
1970-1980

MILHAM, 1982 VARIOUS (electri- STRONG TO WEAK * LYMPHATIC AND
cal workers) (60 Hz-various) HEMATOPOIETIC

CANCERS civmpno-
ma); LUNG CANCER

" WRIGHT IT AL, VARIOUS (electri- WEAK
1982 cal workers) (60 Hz-various LEUKEMIA

McDOWALL, 1983 ELECTRICAL WORKERS WEAK (50 Hz-various) - LEUKEMIA

COLEMAN, 1983 ELECTRICAL WORKERS WEAK (60 Hz-various) - LEUKEMIA

NORDSTROM ET SWITCH YARD WORKERS; STRONG TO WEAK - FREQUENCY OF
AL, 1983 LINE WORKERS (50 Hz-various) "NORMAL PREG-

NANCY";
FREQUENCY OF
CONGENITAL
MALFCRMAT C NS
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0337 MORPHOLOGICAL EFQECZ OF ELECTROMAGNETIC Baillon, J. M.; Danis, A.; de Marneffe, R.; Dozinel,
STIMULATION ON THE SKELETON OF FETAL OR R.; Tondeur, G. Acta Orthop Scand 53(3196):63-79;

NEWBORN MICE. (Eng.) Hinsenkamp, M. G. (Service de 1982 (20 rets).
Chirurgie Orthopedique et de Traumatologie, Hopital
Erasme, Brussels Univ., Brussels, Belgium); Rooze, M.
A. Acta Orthoc Scand 53(S196):39-50; 1982 (25 refs).

Results of electromagnetic treatment of six non-unions
are reported. Home treatment was Derformed for 12-15

Morphological effects of electromagnetic (EM) stimu- hr/day for 3.5 to 12 mo to sites (2 tibia, 2 femur, 1
lation on skeletogenesis were studied in Swiss mouse humerus, and I scaphoid) in which non-union had been
limb buds grown in vitro. Developing limb buds from present for 12 to 66 mo. Mean length of treatment was
fetal or newborn mice were incubated in a semi-synthe- 6 mo. The patients (5 male, 1 female, 21-56 yr old)
tic culture medium and exposed to an EM signal (dura- had undergone I to 3 operations before treatment; in
tion 63 asec, peak amplitude 16 mV, burst width 4.8 3/6 cases, spongeous bone grafts were carried out.
msec) generated by Electro-Biology Inc. coils for 4-6 None of the patients had undergone surgery within 7
d days. Contralateral limbs served as controls. Skel- mo prior to the beginning of electric stimulation by
etal staining with red alizarin and alcian blue showed Electro-Biology inc. apparatus. Characteristics of
that EM stimulation selectively influenced the meta- the electromagnetic signal were 5 msec width; 13.5 mV
physeal area; distal limb parts were most sensitive, amplitude; and 66 msec period (15 Hz). Radiologic
Hematoxvlin-eosin staining of paraffin-embedded sec- evaluation during treatment revealed softening of non-
:ions revealed a thicker proliferative layer of chon- union sclerotic edges followed by increasing fuzziness

* - drocytes, better cartilage configuration, and better in the non-union line and formation of trabecular bone
trabecular alignment in stimulated limbs than in un- bridges. In two atrophic and two hypertrophic non-
stimulated controls. Differences between stimulated unions, clinical progress was faster than radiological
and control limbs were more pronounced in distal than healing. Clinical results suggest that electromag-
in oroximal limb segments, but the differences were netic treatment is indicated for patients who have un-
not statistically significant. The results indicate dergone several unsuccessful surgical procedures or
chat EM stimulation can influence the structure of the patients for whom surgery is contraindicated.

* developing skeleton la mouse limb buds grown in vitro.

0340 RESULTS OF NON-UNIONS TREATMENT BY PULSED
)" 338 NISTOCHEMICAL MODIFICATIONS INDUCED IN ELECTROMAGNETIC FIELD STIMULATION. (Eng.)

____VITRO BY ELECTROMAGNETIC STIMULATION OF Sedel, L. (Service de Chirurgie Orthopedique, Hopital
GROWING BONE TISSUES. (Eng.) Rooze, M. A. (Labora- Saint-Louis, 40, rue Bichat, 75010 Paris, France);
toire d'Anatomie et d'Embryologie Humaines, Brussels Christel, P.; Duriez, J.; Duriez, R.; Evrard, J.; Fi-
.niv., Brussels, Belgium); Hinsenkamp, M. G. Acta cat, C.; Cauchoix, J.; Witvoet, J. Acta Orthop Scand
Orthop Scand 53($196):51-62; 1982 (3 refs). 53(S196):81-91; 1982 (6 refs).

' iistochemical effects of electromagnetic (EM) stimu-

lation on mucopolysaccharide (MPS) content were in- Bone non-unions in 39 patients (10 females and 29
vestigated in mouse embryo limb buds grown in vitro males, 7-81 yr old) were treated with pulsed elec-

. for 4-6 days. Toluidine blue, colloidal iron, and tromagnetic fields delivered through Helmholtz coils
. alcian blue (pH 1.0 and 2.5) staining demonstrated (Electro Biology Inc. apparatus) placed on each side

that epiphyseal content of carboxylated or sulfated of the non-union site for 12-14 hr/day for a period
S acid MPS was higher in stimulated than in contralat- of 50 days to 9 mo (average treatment duration, 3 io).
" eral control limbs. This difference was most pro- The delays between the initial injury and treatment

. nounced in more distal lImb segments, i.e., in the ranged from 2 mo to 25 yr (mean, 11 mo). The number
youngest structures. Enzyme analysis showed an in- of previous operations was 0 to 6 (mean, 2). Types
crease in beta-glucuronidase activity and a decrease of non-union were 17 atrophic, 5 hypertrophic, 4 con-
in acid phosphatase activity in stimulated limbs, genital, and 13 infected. The predominant site was
The enzyme differences suggested that EM stimulation the tibia (20 cases), followed by the femur (11). in
induces cellular changes that modify matrix acid MPS 6/37 patients available for follow-up, non-unions did
content, possibly by affecting membrane permeability not heal; in 4 of these cases, treatment was applied

Sor the biochemical mechanism of transmembrane trans- incorrectly (insufficient immobilization or stimula-
er. tion for less than a 2 mo period). Healing occurred

between 3 mo to I 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

.339 TREATMENT OF NON-UNIONS 3Y ELECTROMAGNETIC may have caused healing in 15/31 unions is considered.
STIMULATION. "Eng.) 4insenkamp, M. G. (Ser- However, pulsed electromagnetic field stimulation ap-

vice de thirirgie Orthopedique et de Traumatologie, pears to have played a real role in achieving 16/3:
" Hooital Erasme, 3russels Univ., Brussels, Belgium); unions.
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034. IMPACT IF LOCAL:ZED MICROWAVE YPERTHERMIA ture measurements. Thermostatically continled cr-
ON THE OXYGENATION STATUS )F MALIGNANT 7U- culating water was used for surface cooling. Water

MORS. (Eng.) Ot:e, j. (Dept. ?hvsiology, Univ. temperature was maintained at 44 C for tumors with no
Mainz, D-6500 Mainz, ... Germany); Manz, R.; Thews, G.; overlying tissue. To spare the skin while increasing
"'aupel, P. Adv Exp Med 3iol 157:49-55; 1982 (14 the power output, colder water temperatures were uti-
res). lized for tumor deposits that were subcutaneous or be-

low. Complete response (CR: absence of all visible
and palpable tumor) was seen in 8/15 evaluable mela-

Oxygenation changes in tumors during hyperthermia in- noma patients, and partial response (PR: 50% or more

duced by microwave (.MW) radiation were investigated, tumor regression) in 3/15. For carcinomas, CR was ob-
DS carcinosarcoma cells implanted in the hind limbs served in 13/48 evaluable patients and PR in 15/48.
of Sprague-Dawley rats were exposed to localized 2.45 When tumor response was analyzed by anatomic region,
GHz MW heating at 40, 43, or 45 C for 30 min when tu- skin overlying chest wall had CR and PR rates of 70%
mor volumes had reached 1.5-5.0 ml. A cyrophotomet- and 60% respectively. it was concluded that 2450 .l1z
ri: micromethod was used to measure the oxyhemoglobin MW hyperthermia is quite effective for tumor deposits
:!b C) saturation of single red blood cells within of melanoma and carcinoma when tumor thickness does

tumor microvessels. During control conditions (mean not exceed 2.5 cm ; skin rooling by circulating water
tumor tissue temperature of 35 C) the HbO 2 data ob- prevents serious skin complications and aids in im-
:ained in tumors were scattered over the whole satu- proving the therapeutic ratio; previous therapies do
ration range. Heating at 40 C resulted in signifi- not prevent the application of effective combined heat
cant improvement of tumor oxygenation, as evidenced and radiotherapy since no serious late skin effects
by a shift to higher HbO2 saturation values. In con- were seen in these patients.
trast, heating at 43 C resulted in decreasing satura-
:ion, and heating at 45 C was followed by a drastic
fall in HbO, values. No substantial changes were ob-
served in the core temperature of the rats during
..W application to the hind foot. Therefore, systemic 0343 LOCAL IONIZING RADIATION WITH AND WITHOUT

changes did not mask or enhance alterations in tumor MICROWAVE INDUCED HYPERTHELMIA IN SUPERFIC-
blood flow or tissue oxygenation status. Changes in CIAL MALIGNANT TUMORS IN BRAIN. (Eng.) Lindholm. C.
tumor oxygenation during hyperthermia are apparently E. ILund Univ. Hosp., Lund, Sweden); Kiellen, E.;
tediated through changes in tumor blood flow, which Landberg, T.; Mercke, C.; Nilsson, P.; Persson, 3.
is increased by moderate hyperthermia, but which de- Adv Exp Med 3iol 157:145-146; 1982 (no refs).

* clines at temperatures higher than .2 C, and ceases
- almost completely after 45 C. Microcirculaton may

be affected by heating time as well as by tissue tem- Patients with superficial brain tumors (less than 7
perature levels. When the heating time was tcreased cm diameter and less than 3 cm deep) were treated O
from 30 min to 60 min, deterioration of the microcir- with x-rays, electrons, or i37Cs gamma rays (3.00
:ulation, and thus of the tumor oxygenation, occurred Gray units in 10 fractions) alone or in combination
at .0 C. with 2, 50-iz microwave hyperthermia (42.5-43.5 C

for 45 min, 1/wk or 2/wk for 2 wk) delivered by a
computerized system using a 90 mm diameter circular
direct contact applicator. The automatic control
system uses a pulsed irradiation technique and reads

334 ADJUVANT HYPERTHELMIA IN THE IRRADIATICN OF tumor and normal tissue temperature via thermistor
METASTATIC TUMOR MASSES UTILIZING 2450 Yaiz probes. Results of combined vs single modality treat-

MICROWAVES. (Eng.) Fazekas, J. T. (Dept. Radiation treatment were evaluated in four patients with more
Therapy and Nuclear Medicine, Thomas Jefferson Univ. than one superficial tumor. More rapid and more last-
4osp., Philadelphia, PA 19107); Nerlinger, R. E.; ing tumor regression occurred in patients treated with
Waterman, F. M.; Leeper, D. 3. Adv Exp Med 3iol 157: the combined modalities than in patients treated with
q9-137; 1982 (14 refs). radiotherapy or hyperthermia alone.

Microwave (MW) hyperthermia was administered adjuvant
to modest doses of radiotherapy to study the response
obtained among 37 patients with carcinoma (57 adeno )34- EFFECTS OF WEAK AMPLITUDE-MODULATED MICRO-
3r squamous), melanoma (21), lymphoma (6), and sar- WAVE FIELDS ON CALCIL EFFLUX FROM CAT
coma (3). Direct contact (MW) applicators operated CEREBRAL CORTEX. (Eng.) Adey, W. R. ,Res. Service
at 2450 MHz with a maximum power of 100 W were used (151), V.A. Hospital, I201 3enton Street, Loma Linda
to deliver hyperthermia treatment (tumor temperature CA 92357); Bawin, S. M.; Lawrence, A. F. 3ioeiectro-
of 42.5-44.5 C in 6-8 40-50 min heating sessions, 2/ magnetics 3(3):295-307; 1982 (33 refs).
wk for 3-3.5 wk) prior to electron beam radiotherapy.
Effective hyperthermia conditions (42.5 C or beyond)
required 5-10 min at an applied power of 30-50 W de- The effects of a sinusoidallv modulated microwave
:ending on blood flow, tumor size, and other pnysio- field on the efflux of brain zalcium SCa ,- were
logic factors. Nonperturbing intralesional Luxtron studied in awake, intact cats immobilized under local
or 7.tek probes were used to monitor tumor tempera- anesthesia. The cats were exposed for ti min -o
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3.3-mW/cm2 450-.M1z field in a horn radiator. A :6-Hz -o investigate the interaction of microwave ?F14) ra-
sine wave was used to amplit:ude modulate the signal co diction witn lipi4 'oilaver vesicles, muiti-lameiiar
a depth of 35Z and its output was applied to a broad- dimyristoylphosohatidylcholine (DMPC) vesicles were

band linear power amplifier with a maxi-mum ,urput of exposed to continuous wave :.0 3Hz .Wf energy in a tem-

S0 W. Tissue dosimetry showed a field of 33 V'm in perature controlled rectangular 7TEM cell. Before ex-

:he interhemispheric fissure (rate of energy deposi- posure, a fluorescent lipid-seeking molecular probe,
tion 0.29 Wikg). By comparison with controls, efflux diphenvlhexatriene kDPH), was introduced into the ZMPC
curves from field exposed brains were disrupted by membranes. Since chloroform is known to shift phase
waves of increased 

4
5Ca

2
' efflux. These waves were transition to a lower temperature, DMPC vesicles were

irregular in amplitude and duration, but many exhib- a!., treated with chloroform to serve as positive con-
ited periods of 20-30 min and continued into the post- trols. Fluorescence depolarization measurements were
exposure period. Binomial probability analysis in- made as a function of temperature on control samples
dicates that the field-exposed efflux curves consti- and on DMPC suspensions exposed to 1.) 3Hz at speci-
tute a different population from controls at a confi- fic absorption rates (SAR) of 1, 5, 75, or 30 4ikg.

dence level of 30.96. In about 70% at cases, initia- Measurements were also performed aver a series of oow-
tion of field expcsure was followed by a transient in- er levels while the temperauure was -aintained it 13.5
creased end-tidal CO, excretion for about 5 =in. How- and 25.5 C; these temperatures represent the points at
ever, hypercapnea induced by hypoventilation did not which shifts in the phase transition could be detected
elicit increased 45Ca2t efflux. Thus this increase easily. Semilog plots of microviscosity versus tem-
with exposure does not appear to arise as a secondary oerature showed that phase transition temperature in
effect of raised cerebral CO2 levels. Radioactivity chloroform-treated vesicles was 5 C lower than in -n-
measurements in cortical samples after superfusion treated controls. No shift of the phase transt:ion

showed 45CaZ+ penetration at about 1.7 mm/hr, consis- was found during exposure to 1.0 GHz '!W radiation at
tent with diffusion of the ion in free solution. SARs between 1-30 W/kg. No statistcal> significant

difference was found between exposed and control iam-
ples as SAR was increased. These results ire in con-

trast to those of others using laser Raman snectros-

copy to measure the phase transition in similar nuL-
-345 LOW FREQUENCY AMPLITUDE MODULATED MICROWAVE tilamellar vesicles exposed to .W radiation.

FTELDS CHANGE CALCIUM EFFLUX RATES FROM
* SYNAPTOSOMES. (Eng.) Lin-Liu, S. (V.A. Hospital,

11201 Bencon St., Loma Linda, CA 92357); Adey, W. R.
- Bioelectromagnetics 3(3):309-322; 1982 (24 refs).

0347 POSTRESONANCE ELECTROMAGNETIC ABSORPTION: BY

.MAN AND ANIMALS. (Eng.) Massoudi, q. Dept.
Calcium (

4 5
Ca

2
+) efflux from preloaded rat synapto- Electrical Engineering, Univ. Utah, Salt Lake City,

somes was studied with a continuous perfusion tech- UT 84112); Durney, C. H.; Barber, P. W.; Iskander, M.
- nique and the rate constants of a biphasic efflux pro- F. Bioelectromagnetics 3(3):333-339; :982 (10 refs).

tess calculated. When synaptosomes were exposed to
* 16-Hz ainusoidally amplitude modulated 450-MHz micro-
* wave (MW) fields (maximal incident intensity 0.5 mW/ A surface integral equation (SIE) method Is used to

cm-, modulation depth 75t) during the second (slow) calculate the specific absorprion rate (SAR) in spher-
phase, the rate constant increased by 38%. Exposure ically capped cylindrical models of man irradiated by
to continuous wave or 60-Hz modulated fields did not an axially incident electromagnetic (EM) plane wave
produce similar results. The MW field-induced change (K polarization) in the frequency range B0-00 MlHz.
can be distinguished frtm 4

5
Ca2 efflux stimulated by In the SIE method, the EM field equations are formu-

calcium chloride injection which is most probably de- lated in terms of the electric and magnetic currents

% rived Intr-acellularly. These data suggest that the MW induced on the surface of the body and the resultant
fleld-induced change in calcium efflux probably did integral equation is solved by the method of moments.
not Involve Intracellular calcium. Moreover, the sen- The forward scattering theorem is used to calculate
sitivtv exhibited by synaptosomes, which can be re- the average SAR from the far scattered EM fields. SAR
garded as subcellular neuronal elements, provides evi- data calculated by the SIE method show good agreement
lence that whole cells or organized tissue are not re- with data calculated by the extended boundary condi-

- juired as essential anatomical substrates for field- tion method (EBCM) for frequencies up to 30 MHz (the
tissue interaction, upper frequency limit of the EBCM) for man models.

For rat models exposed to 1-3 GHz radiation, reason-
able agreement was also obtained with the limited ex-

perimental data available. The upper frequency limit

for SIE is 400 Mlz for man models and 3 0Hz for rat
3346 FLUORESCENCE DEPOLARIZATION STDIES OF THE models. When calculated average SAR values for the 7

_ PHASE TRANSITION IN MULTILAMELLAR PHOSPHO- and H polarizations were plotted with the data for tte
LIPID VESICLES EXPOSED TO 1.0-GHz MICROWAVE RADIATION. K polarization, It was found that the three curves zn-
(Eng.) Allis, 2. W. $MD-74, Experimtntal Biology Div., tersect just above the E polarization resonance. This
Health Effects Research Laboratory, EPA, Research Tri- information may be useful in designing experiments
angle Park, NC 27711); Stnha, B. L. 3ioelectromag- where average EAR -ust be indeoendent of animal pesi-
netics :(3):323-332; 1992 (16 refg). tcon.
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34d LFECTS F )C-H Esl7CTR:C -i1Z'LZS ON SPEC'- glob n. inJ t- ct , xiiiL.el s
E:C :-1l0ICRAL AND C:ELLUL.AR COMPONENTS ')F T1iE t ne o xvgen i r:nitv L e, r. a n c e,- t).1 e r a d atoo'.-

:MMUNE SYSTEM. 'Eng.) Morris, J. E. (Biology DepL.,
Pacific Northwest 'aboratorv, P.O). 3ox 999, Richland,
W~A 9935)- ?i lios, R. D. 3ielectromagtics 3(3):

335o U-CCAL -UMCR CiY?-RTHEPXMIA '_SING U, CMIPUTER-
CONTROLLED C -RCWA;E SYSTEM. Eng. j Iaeto,

The fuinctional aspects of humoral and cellmdae I. (Dp.Eetta niernCi. lioois,
imuiyin Sws-Webster mice exposed to 60-Hz 1400 West -,ree itreet, Uraa, L iO; u

electric fields at 100 kV,/m (20 hr/day for 30 to 50 Beard, R. E.; Cain, C. A. 3ioect:romagnetics 3( 3
days) were investigated. Mice were housed in olas- 363-370; 1982 (9 refs).
-ic cages between parallel-plate electrodes (3 ani-
mals'cage). The mice were in electrical contact with
:ne wire mesh floors of the cages which constituted A minicomputer-based iystem d4esigned to Provl~le local

* .tnereereceground electrode. After 60 or 90 days, 'etn o:mr nlbrtr f1l s :,escr:bed.
exposed, sham exposed, and cage control mice were Lm- The system was used to -reat transplanted subcutaneous
munized i:) with 'Keyhole limpet hemocyanin (KLH); as IAA- fibrosarcomas in female golden Svr _an >,amste-rs
says fo r precipitating antibodies were taken 14 dave without occurrence )f skin burns. A1 computer was or0-
after challenge. No significant differences were ob- grammed to control the average microwave pM) ower

*served in primar' antibody response to KLH among the delivered to each of four local -vnertner-da applica-
*three groups of mice after 30 or 60 days of exposure. tore in accordance with intratumor temperaiture meas-

Responses of spleen cells from exposed, sham-exposed, urements perfortzed at the end )of -a specified inter-:al
an-d cage contr'ol mice were compa .red for three m~ito- of time when no M4 oower was applied. MW ower-
gene (concanavalin A, pokeweed mitogen, l'ipopolysac- GHz) was delivered through .ielectr'cal', Loaded '1W

* ch~aride) at various concentrations after exposure pe- aplctr cope to he uosbya emrtr-
niods of 90 and 150 days. No s igniiatdifrne regulated water-coupling :uff. Temperature 4n each
were observed among the three groups of mice in the tumor was measured by thermocouoles threadec through
90-day and 150-day exposure. Mean stimulaticn indexes the center of the tumor. A temperature-scanning ao-
obtained for oDhvtohemagglutinin-treated spleen cells paratus was used to determine the steady-state temper-
appearsed to be higher for the exposed group than for ature distribution in tumors. After an initai rapid

*sham exposed controls; however, statistical evalua- heating period of 2-3 mmn when MW4 cwer was 29 ',, an
*tion of the data indicated that the difference was average power of 4 W was required to maintain a steady

*not statistically significant. state temperature of .3 C at the tumor center for i
min; duty cycle was 03.78 and ci rculating water temper-
sture in the water coupling cuff -was :,i C. Us.e of
the circulating water cuff -educed intratumor temper-
ature gradients and eliminated skin burns.

'39 OSBL EFCSOF 1011 Hz RADIATION ON

THE OXYGEN AFFINITY OF IEMOGLOBIN. (Eng.)
Kondepudi, 0. K. (Center for Studies in Statistical
' Mechanics, Dept. Physics, "niv. Texas, Austin, T
78712). Bioelectromagnetice 3(3):349-361; 1982 (19 0351 HEASUREMENT 'IF 3LCOD-BRAHN 3ARREER PEL'!EA-
refs). TION IN RATS DURING EXKPOSURE TO >'5-Hfflz

MICROWAVES. (Eng WadT.R.(A, MD-, Experi-
mental Biology Div., Research Triangle Park, NC

The possible effect of electromagnetic radiation on 27711); Elder, J. A.; Long, M. D.; Svendsgaard, D.
th hemoglobin molecule is examined and a simplified Bioelectromagnetios 11(3):-17t-8 18 (4rf)
model for hems plane oscillations is developed. The
biniding of oxygen to one of the subunits of hemoglo-
bin greatly enhances the oxygen affinity of the other Adult :"D albino rats were in~ected with a mixture or
subunits. This cooperative interaction of the sub- two radiolabeled saccharides (sucrose and inulin) and
a-nita is initiated by the movement of the heme plane exposed for 30 min to 24S0 Mliz continuous wave mcro-* oadthe proximal aide when oxygen binds to the wave (MW) radiation in the far . ield 3f an anechoic

*heme. This motion is transmitted to the surface of exioosure facility at 2' -. at power densities of 0J, C
-te ,lo bin through a "reaction path" consisting of 20, or 30 mW,'cm

2 
or to an environment at temperatuires

* - a g roup o f atoms whose motion is well correlated, of 22, 30, or 40C Following exposure,thbriwa
A simple model for the heme plane oscillations is perfused and sectioned into eight regions, and the -a-
oresented based on detailed geometry and x-ray dif- dioactivity in each region was counted. Data were

ractiocn data of t.he mean square displacement of the analyzed both by a series of individual regression
0atoms surrounding the heme. Using this model, the analyses to dete'rmine the response of each brain re-

naitural freo.iencv of oscillations is approximately gion to each tracer ard by profile analysis to test
Hz. This result, along with recent experi- for general changes. When tne data were inalyzed by

me a.ets on the kinetics of the *tonformational 16 independent regression analyses and 3onferroni's
a-~nges to"e neme, points to the possibility that method was applied to prevent false positie results

rid13t4 n 7.a, nljlence the ox-9en affinitv of hemo- frcm numerous analyses, no statistical>1 significant
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4ncrease in permeation was found for either tracer veloped lowered membrane resistivities, e!ectreeniz
n 'ny brain region of MW-exposed rats. When a pro- ind nonelectrogenic Chara braunii and nonelectrgenc

ci-e analysis was used to test for a general chanie Nitella flexillis cells were exposed in the =icrostr~p
4n tracer .ptake across all brain regions, a signif'- apparatus for I hr it 2450 MHz and 230 ',;,. m emorane
cant Increase in permeation was found for sucrose but resistivity decreased :9.3, 16.91, ind 7.3L, res-
not for inulin. However, no significant increase n pectively, for each cell type.
permeation due to MW exposure was found after a ccr-
rectlon factor derived from the warm-air experiments
was applied to the data for the MW-exposed rats. The
results suggest that the increase In brain permeation
to sucrose observed at higher SAR was due to the ther- 0354 SYSTEMS FOR EXPOSING MICE TO C45,)-Miz ZLEC-
nalizing effect of MW exposure. TROMAGNETIC FIELDS. 'Eng.) Thou, C.-K.

(RJ-30 Univ. Hosp., Seattle, WA 98195); Cuv, A.
3ioelectromagnetics 3(4):401-4i2; :982 7:3 refs).

352 £LECTRA=.AGNET:C DOSI tETRY ZN A SITTING :.jHE- wo systems for exposing mice to -45,j-Mlz microwave
SUS MODEL AT 225 MHz. (Eng.) Olsen, R. G. (MW) fields are described. Dosimetry data 3n the two

Naval Aerospace Medical les. Lab., Code 41, Pensa- systems are also presented. Laboratory animals are
zoia, FL 12508); Jriner, T. A. 3ioelectromagnetics placed in individual holders made of i polypropylene
3(3:385-389; 1982 17 refs). beaker inserted into a low-loss Styrofoam cage for ex-

posure. Since the systems are designed for short-term
exposure, food and water are not provided. Xnima1s

A 9.5-kg tissue-equivalent rhesus model with an over- are maintained in a constant temperature and humidi-
all sitting height of 73.5 cm was exposed to continu- ty environment maintained by forced-air ventilation.
3us wave microwave MW) power at 225 %ftz in a horn and A circular waveguide system is used to expose four
waveguide assembly placed inside an anechoic chamber. mice simultaneously to circularly polarized electro-
The model faced the horn at a distance of 228 cm. A magnetic fields. For I-W input power to the wave-
7nonperturbing temperature probe and a gradient-layer guide, the average specific absorption rate (SAR) was
calorimeter were used to determine localized and whole determined by twin-well calorimetry to be 3.0 ,
body specific absoprtion rates (SAR). Normalized SARs W/kg in 27-g mice. The maximum SAR at the skin sur-
hased on temperature probe measurements showed deep face determined thermographically was 3.36 W/kg in
Denetration of MW energy, and calorimeter experiments the head of the mouse. A miniature anechoic chamber
showed an average SAR of 0.285 W/kg per mW/cm

2
, a val- is used to expose six mice simultaneously to far-

'e much higher than the 0.107 W/kg per mW/cm
2 

calcu- field plane waves. The inside ot the chamber was
'ated for the same model at 1.29 GHz. lined with copper shielding and high-temperature ab-

sorbing material to accommodate high input power.
The air ventilation at the location of the mice was

separately controlled so that an: heating in the ao-

sorber would not affect the animals. For -W input
,'53 THE VACUOLAR POTENTIAL OF CHARACEAN CELLS power, and when the animals were irradiated with body

SUBJECTED TO ELECTROMAGNETIC RADIATION IN axis parallel to the £ field, the average SAR was ).I7
THE RANGE OF 200-8200 sIfz. (Eng.) Barsoum, Y. H. (c/o ± 0.01 W/kg and the maximum SAR at the skin surface
Pickard, Dept. Electrical Engineering, Washington was 0.41 Wikg; when the animals were irradiated per-
.niv., St. Louis, MO 63130); Pickard, W. F. Bioelec- pendicular to the E field, the SARa were . * ,.l
tromagnetics 3(4):393-400; 1982 (C4 refs). W/kg and O.b4 W/kg, respectively. Although multiple

scattering among the animals in the circular wave-
guide system is larger than in the anechoic chamber,

Single giant cells of Chara braunii and Nitella flex- the circular waveguide system offers some advantages
ills were placed in a microstrip exposure apparatus over the anechoic chamber system: it is more energy
and subjected to bursts of electromagnetic radiation efficient and lesp orientation dependent than the
[carrier frequencies from 200 to 8,200 M}z) at a nom- miniature chamber and it takes up less space.
tial power level of 100 W/m

2
. The vacuolar potential

was monitored with a micropipette, and offsets as low
as I uV could be resolved in real time by suitable
filtering and signal averaging. At the 100 .4/m

2 
pow-

er level, no visible resting potential offset was de- '3355 EVIDENCE FOR ELECTROSTATIC E;_NCEMENT OF
,ected. However, when the power was increased to a ODOR RECEPTOR FUNCTION 0Y WORKERMCNEYBEE
iominal 200 kW/m

2 
(i.e., 400 mW delivered to the mi- A4TENNAE. (Eng.) Erickson, E. H. (Bee Management

crostrip or roughly 2.2 V rms on the line), the slow vestigations, US Dept. Agriculture, Science Education
hyperpolarlzlng ramp reported at lower frequencies Admin., Russell Lab., Univ. Wisconsin, Madison, [.
could be seen but -ould nor be accurately measured 53706). 3ioelectromagnetics 3(-):-13-"2C; :98-^

hecause of insufficient power. It appeared to decay refs).
nevond 500 M!lz and to be absent at and above 950 MiHz.
To investigate reports that snail neurons irradiated
*-or "r at 150 M/iz and approximately 15.5 Wikg de- Pore plates pacoid ohenosens' e n e intunac

23
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of dead worker honeybees (Apis mellifera L. ippar- pectivelv. Temperature was neasured iio " cat0cns
en:lv retained a static electric charge that was sig- in the body. Dosimetric data were taken -it -he front
lificantly different Irom :hat of the surrounding zu- surface of each location and at I cm deoths directly
t Rcle. Residual charge resulted in the concentration behind each location to give a profile of absoortion.
f airborne particulate matter 3ver the rim of exposed Relatively high SAR values were found in he limbs

pore plates to -he virtual exclusion )f such deposi- compared to the axis of the trunk of model. Five
:1on on surrounding cuticle. Postmortem integrity of whole body calorimetric determinations were made. The
)ooar -ioids associated with the pore plate and adja- calorimeter ?xperiments yielded an average SAR 3bout
cent sense cells is hypothesized as the source of the 3-fold higher than that estimated theoretically for a
static potential. Such a lipoidal matrix, if func- prolate spheroidal model of man. It is suggested chat
tioning as an electret and if attracting odorous mol- resonant interactions involving the limbs may be re-
ecules to receptor cells from outside the odor stream sponsible for the disparity between theory and exper-
of individual receptors, would greatly enhance recep- iment.
tor efficiency of living bees.

)356 -N *'IVO AND IN VITRO DIELECTRIC PROPERTIES 0358 A BEHAVIORAL RESPONSE OF SWINE TO A 60-Hz
OF AIIMAL TISSUES AT RADIO FREQUENCIES. ELECTRIC FIELD. (Eng.) Hleresen, D. L.

(Tng.) Kraszewski, A. (c,'o M.A. Stuchly, Non-Ionizing (c/c Phillips, Biology Dept., Battelle Pacific North-
Radiation Sect., Environmental Health Centre, Health west Lab., Richland, WA 99352); Miller, M. C.; Kaune,
and Welfare Canada, Ottawa, KIA 0L2, Ontario, Can- W. T.; Phillips, R. D. 3ioelectromagnetlcs 3(4):443-
ada); Stuchly, M. A.; Stuchly, S. S.; Smith, A. M. 452; L982 (13 refs).
3ioelectromagnetics 3(4):421-432; 1982 (12 refs).

Hanford miniature swine that had been exposed to a 60-
The dielectric properties of cat tissues in vivo and Hz electric field at 30 kV/m for 20 hr/day, 7 days/wk
in vitro were measured and compared in the frequency for up to 3438 ± 45 hr, were tested for their prefer-
range between 100 MCiz and 8 GHz. The permittivity of ence for the presence or absence of the field during a
rat tissues in vivo is also reported. An open-ended 21-hr period. During behavioral testing, 4/17 exposed
coaxial line and an improved measurement method em- swine and 9/15 sham-exposed swine were pregnant. The
-loving a computer-controlled network analyzer were swine were tested in a shuttlebox system consisting of
used. In vivo measurements were performed on four a shielded and an unshielded stall connected by a pas-
anesthetized cats; various tissues (muscle, spleen, sageway. The location of the pig within the shuttle-
kidney cortex, liver, and brain cortex) were surgi- box was monitored with two light-beam scanners in the *
cally exposed for dielectric measurements. The cats passageway. Each of the 32 pigs was subjected to a
were euthanized and submerged in a normal saline bath; single 21 hr test, which included 2 light periods and
individual tissues were raised just above the saline a 12-hr dark period (from 5 PM to 5 AM). Known modes
bath surface and blotted dry i~mediately before the of indirect interaction between swine and 60-Hz fields
measurement probe was applied to the same tissues, were eliminated or reduced to very small values. Data
the differences between in viva and in vitro (less were analyzed within the two light periods, the dark
than -. hr after death) measurements of the dlelelec- period, anc the entire 21-hr period. Swine spent sig-
tric constant and the conductivity of all cat tissues nificantly more time in the region shielded from elec-
were found to be smaller than the experimental uncer- tric field exposure during the sleeping period of the
tainty limits of 2% for the dielectric constant and diurnal cycle (5 PM-5 AM); when active, they moved be-
3% for the conductivity. these results provide an ex- tween shielded and exposed regions fairly frequently
perimental confirmation of the predicted behavior of and showed no significant preference for either side.
tissues. The response of pregnant and nonpregnant 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 preferences.
the behavioral response of swine in a 60-Hz electric

)357 FAR-FIELD DOSIhETRIC .ASUREMENTS INA field is similar to that in rats. it is suggested
FULL-SIZED MAN MODEL AT 2.0-GHz. (Eng.) th the response is a result of a direct interaction

OIsen, R. G. (Naval Aerospace Medical Res. Lab., Code between the electric field and the animals.
41, ?ensacola, FL 32508). Bioelectromagnetics 3(4):
* 33-4,42; 1982 '11 refs).

.Eectromagnetic dosimetry was conducted in a tissue- 0359 EFFECTS OF X-BAND MICROWAVE EXPOSURE ON
euivalent full-sized (1.74 m, 70 kg) model of man RABBIT ERYTHROCYTES. (Eng.) Cleary, S. F.
irradiated at 2 GHz inside a microwave-anechoic cham- (Dept. 3iophvs., Med. Coll. Virginia, Virginia' Common-
ber. A nonperturbing temperature probe and a gradi- wealth Univ., Richmond, VA 23298,; Garber, 7.; Liu,
"nt-layer calorimeter were :ised to letermine local L. M. Bioelectromagnetics 3(4):453--66; 1981 11
.nd wnole-body specific absorption rate (SAR), res- refs).

-...
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The effects of continuous wave (CW) and pulsed micro- !3bI COMPA.RISCN OF BACTERIAL GROWTH 70 ,IGH-
wave 'MW) heating on the permeability of erythrocyte INTENSITY MICROWAVE EXPOSURE AND CONVEN-

(REC) plasma membranes were studied. RBC from adult TIONAL HEATING. (Eng.) Hossaln, M. A. (co 2utta,
Dutch rabbits were exposed as whole (heparinized) Dept. Botany, Howard Univ., Washington, DC 20059);
blood suspensions or as washed cells in 1:1 isotonic Dutta, S. K. Bioelectromagnetics 3(-):-71-474; 1982
buffered K+-free saline suspensions in waveguide ex- (4 reis).

" posure chambers or in a temperature-controlled circu-
lating water bath within 20 min after the blood sam-
ples were taken; duration of exposure was 2 hr. Tem- Escherichia coli pol A' and pol A- strains were ex-
perature distributions aithin the samples were ueas- posed in the far field to 8.8-GHz microwaves (MW)
ured with either a Vitek electrothermia probe or a pulsed at 1000 Hz (1-usec pulse width) and an SAR of
thermocouple. Statistically significant increases in 40 Wikg, which increased the temperature of a 3-ml
K+ efflux compared to water-bath-heated controls were bacterial suspension by 7 C. Two-way analysis of
detected when RBC were exposed in whole blood suspen- variance showed no significant dIfference between
itons to either 2W or pulse-modulated 3.42-GHz MW en- the growth rates of .W-irrsdlated and thermally ex-
ergy at specific absorption rates <SAR) resultlng in posed cells beyond that sssociated with a temperl-
sample temperatures )f 24.o and 24.- C, respectively. ture increase.

* Pulsed MW exposure '5 usec pulses, equivalent peak
power density of 1-.5 W, cm at the center of the wave-
guide, pulse repetition rates of 138, 13, or 555 Hz;
SAR, 21.6 mW/g) resulted In a small but consistent en-
hancement of K+ efflux in 1:1 red cell susoensions and 0362 ATTEMPTS TO ALTER 4

5
CA

2  
BINDING TO BRAIN

to a lesser extent in whole blood, compared with CW TISSUE WITH PULSE-MODULATED MICROWAVE
exposure (SAR, 21.7 mW/g). No statistically signi- ENERGY. (Eng.) Merritt, J. H. (USAF,'SAM, Brooks F3,
ficant K

4 
efflux occurred in the case of ':I red cell San Antonio, TX 78235); Shelton, W. W.; :hamness, A.

suspensions under the same exposure conditions. Mes- F. Bioe lectromagnetics 3(4):475--78; 1982 (3 refs).
sured differences in sample heating rates and temper-
ature gradients between MW-exposed and heated control

" suspensions may account in part for the differential Experiments were designed to test the effect of both
effect 3f MW exposure, but such effects do not appear in vitro and in vivo exposure to pulse-modulated mi-
to fully explain the results of this study. crowave (MW) energy on 5CAZ+ binding In rat brain

tissue. SIx individual samples loaded with 45Ca2 by
intraventricular in'ection were exposed to MW at I
GHz (16 Hz pulse repetition rate, 20 msec pulse width,
power densities of 1 or I0 mW,/cm

2
, specific absorption6? rates [SARI of 0.29 or 2.9 W/kg), or 2.45 GHz (16-Hz

0260 ASSESSMENT OF THE IMIUNE RESPONSIVENESS OF pulse repetition rate, 20 msec pulse width, power den-

MICE IRRADIATED WITH CONTINUOUS WAVE OR sity of I mW/cm
2
, SAR - 0.3 W/kg), or sham radiation

PULSE-MODULATED 425-MHz RADIO FREQUENCY RADIATION. for 20 min. No significant differences between ir-
(Eng.) Smialowicz, R. J. (Experimental Biology Div., radiated and sham-irradiated tissues with respect to
Health Effects Research Lab., EPA, Research Triangle 45Ca

2
+ efflux were found. For whole animal exposures,

?ark, NC 27711); Riddle, M. M.; Well, C. M.; Brugno- rats were injected intraventricularly with 
4
5Ca2 and

lottI, P. L.; Kinn, J. B. Bioelectromagnetics 3(4): exposed for 20 min to 2.06 GHz in one of 17 different
.67-470; 1982 (7 refs). combinations of power density and pulse repetition

rate. Pulse width was held constant at 10 msec; SAR
was 0.24 W/kg per mW/cm

2
. There was no significant

difference in efflux of 
45
CAZ+ between MW- and sham-

- Groups of four female BALB/C mice (8-10 wk old) were irradiated groups. The data indicate that net 45Ca
d
Z

. irradiated with either continuous wave (CW) or pulse efflux in rat brains exposed either in vitro or in
* modulated (PM: 1-msec pulse width, 250 pulses/sec) vivo is not altered by pulse-modulated MW radiation

-425-.3z radiofrequency (RF)radiation. Mice were ir- under the conditions used in this study.
radiated for I hr on each of 5 consecutive days in a
rectangular strip-transmLission line at average for-
ward powers of 78, 17.7, or 5 W for CW and 17.7, 5,
or 1.25 W for PM. The 7mean specific absorption rate,
as measured using twin-well calorimetry was 7.7 W/kg 0363 MICROWAVE ABSORPTION 3Y FOLDED DNA CHAINS.
for a forward power of 70 W. No differences in the (Eng.) Kohli, M. (Dept. Physics, Purdue
mitagen-sttmlated response of lymphocytes or in the Univ., West Lafayette, IN 47907); Van Zandt, L. L.
primary antibody response to sheep erythrocytes or Biopolymers 21(7):1399-1410; 1982 18 refs).
apolvvinyloyrrolidone were observed between irradiated

and sham-irradiated mice, nor between mice exposed to
either CW or PM 

4
25-M1z RF radiation. The failure to The absorption of microwave radiation by a DNA mole-

detect a change in the immune response does not dl- cule is calculated for a segment of a straight, semi-
rectly answer the question as to whether or not a infinite polymer chain with abrupt, localized bends.
] .ualitative difference in biological effectiveness The power absorbed by a segment of chain between two
exists between -W and PM modes, bends is calculated first. Every length of pol'.-mer
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*chain is then regarded as lying between bends and :he t)_ac,.body -heor.. i xtnv o; tnt 'I power 4eicrt~te *'

.alculated absoprtion can be integrated over the dii- a bodv region _',umirated Inv '1W energy awtr ::.e
tribution of interbend distances. Contributians "a c ower generated ')v an externa. source results .n an
cross section absorption from base pairs outside the intermodulation ipectrum that can be meas-ired jitn
bends are estimated separately. Vibrational proper- -in intermediate frequency r.±d±.metar tuned :o .a cre-
ties of the bends were oarameterized by a transmis- determined difference 5requenc-: or isum fr-: ec
siorn and a reflection coefficient. A general ;reenas of the intermoduLatton spectrum. Prelmlnar: X)er:-

* function expression far power absorption was studied mental results are presentpc. A ria!ucneter .nrtn
*for different damping rate values and for transmis- at '__' 'Mz with a 1? 'tz bandwidth was 'use d n xaeri-
*sion and reflection coefficients. Detailed exurea- ments conducted on rabbits, humins, MW absoroc rs, aind

sions for absorption cross sections for longitudinal dielectrics exposed to 9.3 G1!z raciaton at 7ower Jen-
and optical modes are presented in an appendix. The sity levels of 10 mW/,cm

2 
(less for h uman .et.

.specific system for which absorption estimates were .4o increase in tne _25-s.-1iz isgnal tock place from
*made is poly dG)-poly(dC) in B-conformation. Cj rve s specimens illuminated n toe 9.3-GHz fiel' -- iltive

_of absorption vs frequency '5.0-30.0 GHZ) are shown tothe same specimens in the aibsence tie
cf3r various damping parameters and reflection zondi- Results were 7-mited b,, nadecuate iens.-tt a: ne
ti:ons. radiometer; however, t was possible to . stanlsrn in

upper quantitative limit for effec:ive iemicon-
ductor mixing parameters. E-xtens.:on of the technin:ue
to tumor localzcton .s discussed and deicrib*ed *by
a mathematical -model. Raciometric scarni-.g should ie-

oh4, .13SORPTION OF MICROWAVE RADIATION BY :14A tect differences in semiconductive iropert:es at :he
DOUBLE H{ELIX IN AQUO. (Eng.) Van Zandt. boundarv of -lhe tumor and surrounding normal tse

L.(Dept . PhVs ics , Purdue Uni v. , West lafayette,
* l~-7907); Kohli, M.; Prohofsky, E. E. 3iooolvmers

_1(7):1-65-1468; 1932 (9 refs).

The microwave absorption by DNA double helix in aque- 0366 HYPERTHER IIA AS A TREATMENT FCR NEOFLASIA.
alsolution was calculated, and theoretical results (Eng.) Dreznik, A. (c/o Fralk, 1-1-40 G3er-

were compared with experimental data. Elastic proper- rard Wing. :oronto General Hoso., Toronto, Ont. 145G
ties of the isolated, dry molecular chain were deter- IL aad) alk, R.E.HowarV;M~wa .

*mined and organized into distinct normal modes char- Venturi, D. Can J' Surg .5(b):503-608; 1982 f88 rets..
*acterized by wave number and by one of four eigenvec-

tors in the microwave portion of the spectrum. -he
beha vior of water was treated as a viscous, elastic,

* inertial continuum extending radially from the sur- A review isa presented of the historical backgro~nd and
*face of a long cylindrical core to infinity. A gen- experimental and clinical results of hypertnermia ,n

eral expression was obtained for fluid field velocity cancer therapy. The reaction of tumor tsu tohv-
*in the form of a series of independent vector fields. perthermla differs from that of normal tissue. Tumor

Calculated absorption values agreed strikingly with cells are more sensi~tive to heat than normal :ells at
experimental values for the relative absorption of 42-44 C. Selective heating creates a core tumur tem-
water and DNA solution at 8-12 GHz. In contrast to perature of 45-50 C with demonstrable tumor a7nd ias-
simple relaxation time models of molecule-solvent in- cular necrosis. 'he differences in heat accumul'ati.on
taraction, the theory predicts decreases in absorption in normal and malignant tissues are atoparentlv e
at higher frequencies. Data for the narrow frequency lated to tumor blood supply. 7Thermothersoy can be

*range suggest that the drop may be even stronger than administered by whole body, regional, ind loa iv
predicted, suggesting that additional mechanisma may perthermia. Methods of production of nvpertermias

-be involved in the absorption process. for the treatment Of malignant tumors include the
use of the whole electromagnetic spectrum. 5 ce ef-
fects of microwave and radiofrequencv 'iyoertoermia
are summarized. Experimental studies suggest that
hy.erthermia produces an immunologoal response -,at

3 363 A MICROWAVE RADIOMETRIC METHOD FR~ plays a prominent role in tumor destruction. 71'.e
STUDY OF THE SEMICONDU'CTOR ?ROPERTIES OF mechanism of this effect is not known, out t mav n

* LVING TISSUE: ITS POTENTIAL ALPPLICATION TO TUMOR volve increases in cell membrane mmunnzenicztv
'EOATO. nlg.) 3g.C (lliot Lake Lab., Min- limited number of clinical trials of ':pert-.er-.ua

*ing Res. Lab., P0 Box 100, Elliot Lake, Ont., Canada). alone or in combination with :nemotherat )r 7a...
3iotelem Patient Monit 9(2):98-114; 1982 (26 refs). therapy have been reported. Hvperthermia .i ivnergi-

tic with several chemotherapeutic agents, and there
is evidence that it reduces the radiatlcn dJose neces-

A microwave (MIW) radiometric technique to enable in- sary to cause tumor necrosis. 7Thrmoth-eracv -.i -tec-
vteatigation of the semi-conductive properties of bio- tive with different histologic tumor t/pes inc aith

*logical tissue is described. The technique makes use deep-seated as well as superficial tumors. Re g 1 ns.
of the nonlinear electric properties of tissue in con- hvperthermia induced by radiofrequency offers the - st
4 unction with its radiative properties as described by and most controlled form )f therapy.
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7367 CLINICAL rYPERTHEILMIA: RESULTS OF A PHASE I A survey is presented of European cases of congenital
TRIAL EMPUCYNG HYPERTHWRMIA ALON.E OR IN pseudarthrosis of the tibia treated with pulsing elec-

:OMBINATION WITH EXTERNAL BEAM OR INTERSTITIAL RADIO- tromagnetic fields (PEMF) using the Bi-Osteogen System
THERAPY. (Eng.) Manning, M. R. (Univ. Arizona Health of Electro-Biology, Inc. Prior disability time of the
Sciences Center, Radiation 3ncoloey Div., Tucson, AZ 49 children (1-16 yr old, mean, 6.7 yr) was > 2 yr in
S572-); Cetas, 7. C.; Miller, R. C.; Oleson, J. R.; 78% of the cases and > 5 yr in 35 '. of the cases. All
Connor, W. G.; Gerner, E. 4. Cancer 49(2):205-216; but 5 patients had undergine at least one unsuccessful
.982 (35 refs). surgical procedure (mean, '.76 operations) before PEMF

therapy was instituted. Of the 49 patients, a defi-

nite endpoint was reached in 37, and a successful out-
come (union and progression to full wt bearing with

Results of a Phase I trial of hvperthermia HT) alone protective orthosis) was achieved in 26 (70.2%). Of
or in combination with high-dose-rate external beam or the 37 children who reached a definite endpoint, 28
low-dose-rate interstitial radiotherapy in the treat- patients with 30 fractures received an initial course
ment of -3 patients with advanced, locally accessible of PEMF therapy alone; there were 15 successes (aver-
neoplasms refractory to conventional therapies are re- age treatment time, 7.7 mo) and 15 failures (average
ported. iT alone was used in eleven patients who had treatment time, 12.4 mo). Of the 15 failures, 7 re-
reached radiation tolerance levels or were not can- sponded to a bone graft and a atcond PEMF course
didates for radiation for other reasons. Seventeen (average treatment time, 8.6 and 8.b6 mo, respective-
patients with accessible lesions (who could tolerate ly, for the first and second treatment courses); 4
general anesthesia) were treated with interstitial patients were awaiting surgery and further ?EMF treat-
thermotherapy in which iridium or radium implants com- ment. In 9 patients, initial PEMF therapy and sur-
bined with HT produced by localized radiofrequency gery were carried out concomitantly; union occurred
(RF) current fields using the implant guides or nee- in 6 cases (average treatment time, 6.0 mo vs. 6.3
dle casings as electrodes. The remaining 15 patients mo for 3 unsuccessful cases). Analysis of the re-
were treated with externally produced HT and radia- suIts showed that PEMF therapy alone effected union
tion. For all tumor types, HT alone (2-22 fractions, in 60% of cases of Bassett Type i and 57% of Type II
-2.5-44 C for 40 min) resulted in complete response cases. An average treatment period of 6 mo is indi-
(CR) in 2/1 patients (18%), partial response (PR) cated before determining whether the coils will suc-
in 3/11 (27%); 6/11 patients showed less than 50% re- ceed in a given case. Although Type III cases with
duction in tumor volume. Of the nonresponders, 4/6 extreme atrophy and gross mobility do not respond to
experienced growth arrest during treatment concomi- PEMF therapy alone, initial preoperative priming with
tant with pain relief. Duration of response was 1-24 PEMF is recommended. Because of the importance of
mo. Of the patients treated with MT (43-44 C for 40 effective immobilization and a strict, non-weight-
min at 72 hr intervals) followed by radiotherapy, 8/ bearing status, the applicability of PEMF therapy in
15 (53%) displayed PR, 4/15 (27%) showed CR, and 3/15 young children (less than 33 mo old) is questionable.

showed no response other than pain relief and central
necrosis of tumor. Of the patients treated with in-
terstitial thermotherapy, 5/17 (29%) showed PR last-

ing 2-3 mo and 12/17 (71%) displayed CR with no tumor
regrowth within the treated volume for a 2-12 mo fol- 0369 REWARMING MICE FROM HYPOTHER.MIA BY EXPO-
low-up period. Total response rates based on tumor SURE TO 2450-MHz MICROWAVE RADIATION.
histology were 1/2 malignant fibrous histiocytoma, (Eng.) Gordon, C.J3. (Physiology Section, Biological

3/5 sarcoma, 11/14 squamous cell carcinoma, 11/14 Engineering Branch, Experimental Biology Div., Health
adenocarcinoma, and 818 melanoma. Complications were Effects Res. Lab., EPA, Res. Triangle Park, NC 27711).
minimal for all treatment groups and included 1 third- Cryobiology 19(4):428-434; 1982 (12 refs).
degree burn and 3 second-degree burns from fringing
IF fields, 1 vaginal-rectal fistula, a superficial
focal soft tissue necrosis, and some minor blistering. Effects of whole-body 2,

4
50-Mlz microwave (MW) heat-

- he results demonstrate that HT alone or in combina- ing on survival of hypothermic male AJ and CD-L al-
tion with radiotherapy can be safely applied in the bino mice (25-40 g) were assessed. Body (colonic)
treatment of malignant disease. The data also suggest temperatures were measured with a Vitek probe that
that MT, especially when combined with interstitial provides unperturbed measurements in a radiofrequency
thermoradiotheraoy, can yield remarkable results in radiation field (30-3000 MHz). The mice were cold-ex-
the eradication of local cancers. posed in a cold waveguide system until body tempera-

ture decreased to an average of 25.7 C (range, 17-30

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 _04-
0.65 C/sec. MW exposure caused tail burning hot

336A THE TREATMENT OF CONGENITAL PSEUDARTHROSIS spots) in [2/19 animals, but the treatments apparently
IF THE TIBIA WITH PfJLSIr'G ELECTROMAGNETIC had no other ill effects. The one death that occurred

FIELDS: A SURVEY OF 52 CASES. (Eng.) Sutcliffe, M. was probably due to cold exposure (body temperature,
L. (Orthopaedic Dept., Royal Hallamshire Hosp., Shef- 16.9 C). A warming rate of 0.65 C/sec is 17-200 times
Iteld, 510, ZJF, England); Goldberg, A. A. U. Clin higher than rates achieved with external heating tech-
?rtnop (166):'5-57; 1982 (15 refs). niques such as immersion in warm water. Thus, inter-
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nal deposition of electromagnetic radiation permits value indicating 'hat the propensity to su'c;.de at a
far faster recovery of experimental animals from [ty- given field value presumabiv either rises with the -
pothermia. field, if the ipparent oscillation .s illusory, or

does indeed oscillate. lore itudy Is ieeded.

0370 FIOD FORAGING OF HONEY BEES 7N A MICROWAVE
FIELD (2.45 GHz CW). (Eng.) Gary, N. E. J372 ABSORPTION CHARACTERISTICS F ?ROLATE

(Dept. Entomology, Univ. California, Davis, CA 95616); SPHEROIDAL M.ODELS EXPOSED T0 THE ';EAR
Westerdahl, 3. 3. Environ Entomol [1(i):95-99; 1982 FIELDS OF ELECTRICALLY SMALL APERTURES. (Eng.)
(15 refs). Lakhtakia, A. (Dept. Electrical Engineering, Univ.

Utah, Salt Lake City, UT 34112); 1skander,". F.; Dur-
ney, C. H.; Massoudi, H. 1EEE Trans 3iomed Eng 29(8):

The effect of exposure to 2.45 CHz continuous wave mi- 569-576; 1982 (20 refs).
crowaves (MWl) on the foraging behavior of honey bees
* as investigated. A population of cordovan honey bees
was :rained to fly 400 m from their colony to foraging Normalized average specific absorption rate (SAR) val-
arenas in an Indoor laboratory containing identical ues were calculated for prolate spheroidal models of
treatment and sham M1 chambers. The MW chamber simu- humans exposed to electrically small aperture sources.
lated conditions anticipated within and surrounding The incident electromagnetic fields in the ioerture
proposed solar power satellite (SPS) rectennae. A 3- were replaced by those produced by equivalent elec-
hr MW treatment was carried out on 5 consecutive days tric and magnetic dipoles, depending on the character

. at 5 power densities (0, 5, 10, 20, and 40 mW/cm:). of the fields incident on the aperture. The induced
Sees made approximately 20-30 round crips during the fields within the spheroid produced by each dipole
3-hr observation periods and were in the chambers for were determined using the extended boundary condition
about half of the time. Mean daily foraging popula- method (EBCM). The orientation of the induced elec-
tions did not differ significantly for the MW and sham tric field created by the dipoles at large distances

. chambers. Mean round trip times and foraging time from the aperture was parallel to the spheroid major
-were similar for control and MW-treated bees at all axis. From the induced fields, the average SAR for

* power levels. MW-treated bees experienced no detect- the spheroid was calculated. All results were given
* able alterations in orientation and navigation be- in terms of aperture impedance, which is defined as

havior. The results provide evidence that honey bees the ratio of the incident normal electric field to
readily enter MW fields at power densities similar the incident tangential magnetic field at the aper-
to and exceeding those expected to be present in the ture. For all calculations, the aperture radius and
rectennae of the proposed SPS system (23 mw/cm

2 
at incident power density were equal to .31 wavelength 9--

the antenna center to I mW/cm 2 
at the edge) and that and 1 mW/cm

2
, respectively. As the aperture location

their behavior is not adversely affected by these (the ratio of aperture-to-spheroid distance to wave-
fields, length) was increased at 27 M/z, the normalized aver-

age SAR decreased to approximately the same limiting
value for different values of the aperture impedance.
Calculations of the SAR were made at 10, 27 and 40
MIz and at an aperture location of 0.15, while the

0371 CONM ENTS ON THE PAPER "ENVIRONMENTAL POWER- aperture impedance was varied in magnitude and phase.
FREQUENCY FIELDS kND SUICIDE." (2 LET- t is demonstrated that the nature of the near fields

TERS TO THE EDITOR). (Eng.) Smith, C. 1. (Dept. of the aperture source is more complex than that of
Electrical Engineering, Univ. Salford, Salford M5 4WT, elementary sources but that a qualitative understand-
England); Baker, R. D. Health Phys 13(3):439-a-l; ing obtained from the study of the irradiation ef-
1982 (2 refs). fects of an elementary source accounts for the near-

field absorption characteristics of models irradiat-~ed by small aperture fields.

According to Smith, recent work 
on the effects of low-

frequency magnetic fields on bacteria growth rates
suggests that there might be a critical onset magnetic
field strength or a periodicity in propensity to sui-
ctde as a function of magnetic field strength iPerry 0373 .4N ACCURATE PROBE FOR MAPPING STRONG HF
* t a!; lealth ?hys -1:2b7-277; 1981). Statistical MAGNETIC FIELDS. (Eng.) Oleson, U. R.
inalysi3 of Perry's raw data confirmed the basic ef- (Div. Radiation Oncology, Arizona Health Services Cen-
fect, but it neither confirmed nor ruled out the pres- ter, Univ. Arizona, Tuscon, AZ 85724). IEEE Trans
ence of oeriodicities. If there is any causal rela- Biomed Eng 29(8):581-583; 1982 (11 refs).

4 tionshio between suicide and field strength, the size
the structural entity which should be sought for

molication will be at least 360 uM in liameter; lo- The design and use of a high frequency magnetic field
ra. :ircuit neurons fall within this range. 3aker's probe with an accuracy of ± 5 percent ind precision
inalvsIs )f ?errv's data confirms that the ratio of of ± I percent are described. The probe was 4esigned
-utc-ides to controls appears to oscillate with field for measuring magnetic fields over small areas and at
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relatively high field strengths such as those useu In no blood flow. Temoerature distributitns for f-
hvperthermia treatment. The probe consists of a -.b ferent frequencies are shown. For high blood flow
cm diameter wire loop sensor constructed from the rates, more antennas were needed to create an ares
leads of a subminiature incandescent lamp. Light from of therapeutic temperature large enough to be effec-

6. the lamp is transmitted through a 2 m length of multi- tive in treating the tumor.
fiber-optic cable. The probe measures the average or-
thogonal magnetic field components over a 2 cml area.
The probe does not allow for simultaneous measurements

* of orthogonal field amplitudes and relative phases.
Since the probe is frequency dependent, its use with- )375 NICROSTRIP LOOP RADIATORS FOR MEDICAL AP-
out frequency spectrum analysis is only possible in PLICATIONS. (Eng.) Bahl, I. J. (Interns-
fields of a well-defined single frequency such as the tional Telephone and Telegraph, Electro-Optical Pro-

field produced by the Magnetrode (13.56 MHz). An ex- ducts Div., 7635 Plantation Rd., Roanoke, VA :40>9);
!ression was derived to relate the lamp intensity to Stuchly, S. S.; Lagendi'k, J. J. W.; Stuchly, H. A.
=agnetic field intensity, frequency and loop impedance IEEE Trans Microwave Theory Tech T0(7;:190-'-93;
and radius. For calibration purposes, the impedance 1982 (9 refs).
of the wire loop was measured with the Hewlett-Packard
-31;A Impedance Bridge. To test the calibration of
the probe, calorimetry experiments were performed and Three nicrostrip loop radiators designed for medical
field values were obtained from measurements with a applications are described. Two of them were desicoed
Holiday Isotopic Field Probe at a frequency )f 13.36 for inducing local hyperthermia at 433 and 915 HHz,
MNz using the Magnetrode body electrode. Both compar- and the third was constructed for the detection of
isons agreed to within the t 5 percent accuracy of breast cancer using microwave radiometry at 1300 MHz.
the probe. The design principles of the loop radiators and their

dimensions under various loading conditions are pre-
sented together with a diagrammatic representation of
their geometry. Return loss measurements with a net-
work analyzer indicated that the radiators were well

300370 BDD FLOW EFFECTS ON THE TEMPERATURE DIS- matched in a relatively broad range of frequencies,

TRIBUTIONS FROM AN INVASIVE MICROWAVE AN- when placed in contact with the human female breast,
TEN;;A ARRAY USED IN CANCER THERAPY. (Eng.) Stroh- a muscle phantom, and a distilled water bolus fol-

"d behn, J. W. (Thaver Sch. Engineering, Dartmouth lowed by a muscle phantom. Heating patterns of the
.ill., Hanover, NH 03755); Trembly, 3. 5.; Douple, 433 and 915 Mlz radiators investigated by thermography
E. 3. IEEE Trans Biomed Eng 29(8):549-66; 1982 (39 as well as by liquid crystal films indicated that the
refs), heating patterns of these radiators placed in direct

contact with the muscle phantom were assvmetrical with
respect to the axis of the radiator. This was attri-

The effects of variations in blood perfusion rates and buted to the near-field effect created by the higher

:issue electrical properties on temperature distribu- order modes. Temperature distribution in the phantom
tions in homogeneous tissues produced by an array of along the main axis, after irradiation by a CO-W, 30
invasive microwave antennas was studied by numerical usec pulse at frequencies of 433 and 915 MHz showed
simulations. The bioheat equation was solved numeri- an exponential decrease with the distance from the
cally for a number of symmetrically-spaced antennas surface. With the water bolus, the heating pattern
forming a circular array in a homogeneous two-dimen- of the radiators was symmetrical with respect to the
sional tissue model. The electric field produced by axis. The penetration depth of the heating depended
each antenna was expressed as the field at the mid- on the frequency of operation and the size of the ra-
point of a bare half-wave dipole embedded in a conduc- diator: it was 1.6 cm for the 433-MHz radiator and
tive medium. A constant heating of the tissue adja- 1.1 :m for the 915-MHz radiator.
cent to the antenna of .5 C was assumed. The elec-
trical properties of the modeled tissue were varied

" to simulate muscle, brain, and fat with the same an-
tenna distribution. For a tissue model with the prop-

erties of muscle tIssue, four antennas equally spaced '1376 CLINICAL RF HYPERTHERMIA BY MAGNETIC-LOOP
* about a 1.414 cm radius circle, a frequency )f I GHz, INDUCTIfN: A NEW APPROACH TO HLAN CANCER

and blood flow rates equal to or less than that in THERAPY. :Eng.1 ltorm,F. K. (Div. Ontology, Lent.
resting muscle tissue, steady state temperatures were Surgery, UCLA S~n. Medicine, Univ. California, Los
reached within .5 min and temnerature distributions Angeles, CA 9C024); EllIott, R. S.; Harrison, W. H.;
were governed by heat conduction and were not signi- Morton, D. L. Tcc rans Microwave Theory Tech 3,3
ficantly different f-om temoerature distributions for '8):1149-1982; 1982 '"3 refs).
no blood flow. For blood flow rates I) times that
in resting muscle tIssue, steady state temperature
distributions were reached within 5 min and the Iao- :1assical methods for raisins tissue temperatures are
Therm plots for tle theraneutic temoeratures were can- reveiwed and the develooment ind clinical se of ahe-
centrated around the antenna. Temperature distribu- netrode magnetic-Looo induction hyperthermia for
tions were !etermined by blood flow and were signi- cancer therapy ire described. he magnetrode was ie-
-icantlv' different from temperature :istrltutlons f)r signed so that the C-lines run carillel to tissue n-
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terraces and overheating of fat and skin layers is three ditferent ': shaped 3tbjects ind for different

minimized. The magnetrode is constructed from a con- Reynolds numbers Df flow. An optimum flow rate be-

ducting sheet rolled so that the two ends overlap but vond which no more effective zooling of the sample is

do not touch. The overlap area and distance between possible exists for each situation and depends on the

the ends determine the capacitance of the applicator, thermal conductivity of the object ind coolant, and

For homogeneous -issue phantoms placed within the mag- ?randtl number. 3ounds were formulated for the max-

netrode, peripheral heating of the phantom Is much imum temperature difference produced within a samne
creater than the zentral heating. When high-dose 'y- that are possible for various flow situations as a

perthermia was quickly applied to anesthetized dogs, function of sample size and thermal conductivit-i. The

temperature distributions within the abdominal cavity results are of general applicability and are also val-

were similar to those in homogeneous phantom models. id where the coolant is a gas or liquid different from

Moderate dose hyperthermia heated the central and pe- water with the only restriction being the Reynolds

ripheral tissues more evenly with a temperature gra- number of flow.

dient of less than I C. The effect of blood flow was

demonstrated by ;nolying moderate dose hyperthermia
to the same dog when alive and dead which resulted in

even heating and preferential peripheral heating, res-

oecti/elv. Deep heating with li:tle surface heating 037i HLMA HOLE-BODY RADIOFREOUENCY ABSCRPTION

wsa produced in a human thigh placed within the mag- STUDIES USING A TEM-CELL EXPOSURE SYSTEM.

netrode. Of 89 tumors treated in clinical trials, (Eng.) Hill, D.A. (Radiation Biology Section, De-

,8 were heated to temperatures equal to or greater fence Res. Establishment Ottawa, Ottawa, Canada KIA

than 42 C, 36% to temperatures over 45 C and 25t to 0Z4). IEEE Trans Microwave Theory Tech 30(.1):2847-

temperatures over 50 C without raising normal tissue 1854; 1982 (31 refs).

temoeratures beyond physiological limits. Success

rates for reaching therapeutic temperatures are also

given according to malignancy type and tumor size. A transverse electromagnetic (TEM)-cell exposure sys-

-arger tumors had greater success rates whica -jay re- tem constructed for the measurement of whole-body ab-

flect a decrease in their vascularization and chermo- sorption in humans of radiofrequency radiation at fre-

regulation. The clinical trials indicated that in- quencies of 3 to 20 MHz is described. Human volun-

creasing the treatment time, temperature, and number teers were exposed to 1i uWicm
2 

for up to I hriday,

. of treatments increased the chance of tumor necrosis. and never absorbed more than 1 W. The exposure cham-

Magnetic-loop induction hyperthermia producing 500- ber was a large (6.1 x 7.3 x 13.0 m) low-loss rect-

1"00 W of absorbed power resulted in physiological angular-coaxial TEM mode transmission line sharply

"hanges which did not exceed physiologically tolerable tapered at each end to form a cell. The cell allows

'imits. Surface tissue injury occurred in 0.3% of the irradiation of subjects in any orientation with res-

of the treatments. pect to the propagating TEM mode under simulated free

space or grounded conditions. The absorbed power, de-

termined from 3-min signal-averaged measurements of

incident, reflected, and transmitted power, was meas-

ured to a precision of 0.06% of incident power (0.03

H2.7 MEAT TRANSFER IN SURLFACE-COOLED OBJECTS dB in insertion loss). Analysis of systematic er-

SUBJECT TO MICROWAVE HEATING. (Eng.) Fos- rors in the method showed that a directional-coupler

tr, K. R. (Dept. 3ioengineering, Univ. Pennsylvania, directivity approaching 50 dB is necessary for high

-hiladelphia, ?A 19104); Ayyaswamy, P.; Sundarara
4
an, accuracy in absorbed-power measurements and that any

Ramakr sna, K. IEEE Trans Microwave Theory Tech dielectric-loading effect of the subject on the cell

30(8):1 5 -l166; 982 (15 ref3). absorption is undetectable. The total systematic er-

ror in determining absorpt!on rate per unit exposure
rate was about ±35% of the measurement. Operating

A model to predict the thermal chariccertst.cs of a frequencies are currently limited to 3-20 MHz due to

biological sample uniformly heated by an elfctromag- occurrence of the first cell resonance, associated

* netic (IN) field and cooled by an jabouneed, laminar with the TEOl mode, at 20.7 MHz. The first set of hu-

fluid flow around the samole is described. -he homo- man whole-body absorption results is presented for 3

geneous blo ogital sample was initilly at a tempera- subjects exposed in free space to 11 uw/cm2 at 18.5

tre equal to that of the coolant before EM heating MHz in six different body orientations with respect to

began. The coolant was sssumed not to be heated by the the TENH wave. The measured absorption rates for the

-M fIeld. Obiects of three geometries Csphere, cylin- two principal E orientations are larger than the pub-

-er, and rectangular slab) were Analzed. For each lished predictions by a factor of 2-3.

:ase, the solution of the appropriate non-dimensional

differential ecuation for heat conduction with con-

,ective boundary conditions was presented. Actual

4tenperature can be found assuming that the sample den-

iltv, material thermal properties ir the sample and 0379 A BROAD-BAND TEMPERTURE=CNTROLLED SYSTEM

the 3tot and Reynolds numbers that tharacterize the FOR THE STUDY OF CELLULAR 3ICEFFECTS OF M4-

" fow and :onvect:ie coollng, are known. Plots 3f non- CROWAVES. KEng.) Riazi, A. (Dept. Electrical Engi-

!imensional temerature as a funcr 'n of nondimension- neering, Univ. Utah, Salt Lake lity, UT 94112); Hill,
" ci tIme are shown for different .ocations within the 4.; Magmann, M.J.; Oandhi, ).?.; D"Andrea, J.A. :EEE
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Trans Microwave Theor; Tech 30'11):1996-1998; 1.38 5 ?exiglass cylinder filleJ with water. This method
refs). .lIowed measurements of the field in a easurement

ilne within one-half sec and calculation of c - :mage

n 50 sec. Inctient power levels were less than :
. A broad-band temperature-controlled microwave (MW) mW/cm

2 
and a spatial resolution of 1/

2 
was ossibie,

exposure system designed for the study of cellular where k is the wavelength of the nicrowave energy _n
bioeffects of MW radiation is described. The dual- water (1.16 cm at 3 Gz).

circuit apparatus allows simultaneous testing at fre-
quencies in the S-band (65-75 GHz) and in the U-band
(38-"8 3z). A waveguide switch is used in both cir-

cuits to allow accurate measurement of incident power

levels with thermistor detectors. Cuntinuous moni- 331 NUMERICAL AND EXPERIMENTAL RESULTS FOR
toring of both incident and reflected power is done NEAR-FIELD ELECTROMAGNETIC ABSORPTION
with SW R meters connected to the broad-band diodes at- MAN. (Eng.) Chatterlee, I. (Dept. ilectrical Ingi-
,ached to directional couplers in the two circuits. neering, Univ. 'itah, Salt Lake City, UT 34112); Gan-
A schematic of the irradiation system is presented dhi, 0. P.; Hagmann, M. J.; IEEE Trans Microwave The-
together with diagrams of the system's thermally in- ory Tech 30(1i):2000-205; 1982.

sulated housing and sample holders. The system cou-
pling efficiency is greater than 99% over all usable
frequencies, which allows use of relatively inex- An empirical formula for the mass-normalized wnole-

- - - pensive low-power sources, and it is simple to oper- body-average electromagnetic energy (SAR) was derived
ate. Opposing thermocouples allow measurement of tern- for a 180-cell block model of man exposed to near
perature differences as small as ±0.01 C. Compensa- fields with N-oolarization (E-field directed arm to

- " tory heating of the control sample holders suggests arm). A similar formula for P-polarizatlon (no com-
that temperature differences over the course of 30 min ponent of the E-field directed arm to arm) had el-

. exposures can be kept within =0.02 C by appropriate ready been derived. The SAR predicted from the empir-
feedback circuits. The system has been successfuly ical formulas agreed well with experimental results

- used to investigate the effects of MW radiation oil obtained by exposing reduced-scale models of humans
cell suspensions of several bacterial strains. A lim- to leakage fields similar to those from an RF sealer.
itation of the apparatus is that it exposes biological Saline-filled figures were exposed to fringing fields
samples during their time of transit past the wave- from two metal parallel plates separated by Styrofoam

guide. and connected to a RF power generator producing 43-80

W of power at simulated frequencies of 71-176 M z.
The SAR was determined from the average temperature

rise in the figure. In another set of experiments,
a tissue phantom made of water, polyethylene powder,

1)380 MICROWAVE DIFFRACTION TOMOGRAPHY FOR 310- Superstuff (a gelling agent) and salt was placed

MEDICAL APPLICATIONS. (Eng.) Bolomey, J. in the figure. The internal E-fields in the figures
C. (Laboratoire des Signaux & Systemes, Ecole Su- measured with an implantable probe at three simulated
perior d'Electricite, Plateau du Moulon, 91190 Gif- frequencies (77, 110 and 150 Mlz) were an order of

- Sur-Yvette, France); Izadnegahdar, A.; Jofre, L.; Pi- magnitude less than the incident E-field and agreed
chot, C.; Peronnet, G.; Solaimani, M. IEEE Trans well with the calculated I-fields. For 180-cell block
Microwave Theory Tech 30(1i):1998-2000; 1982 (l models of man exposed to a 1 7/m RMS and 27.12 MHz
refs). vertical electric field, the model in contact with tfe

ground plane had an SAR that was 8.5 times larger thin

the SAR for a model isolated by 5 cm from the ground
A method for rapid microwave tomography for biomedical plane.
imaging applications is described. Electromagnetic

.- energy scattered from the target was measured using
a modulated scattering technique, which employed an

*_ " array of probes that were loaded by nonlinear ele-
ments. Modulating the load resulted in a diffracted 3382 MICROWAVE POWER A.BSORPTION IN A BIOLOGICAL
signal that was proportional to the field being meas- SPECIMEN INSIDE A STANDING-WAVE IRRADIATION
ured and was collected by an auxiliary antenna. The WAVEGUIDE. (Eng.) Fujtwara, 0. (Dept. Electrical

image was calculated as the convolution product of Engineering, Faculty of Engineering, Nagoya Univ.,
the pointspread function of the focusing system and Furo-cho, Thikusa-ku, Nagoya 464, Japan); Amemi'a. Y.
the eq uivalent current distribution function induced mE Trans Microwave Theory Tech 30(1):2008-2012;
by the target which in turn was related to the scat- 1982 (15 refs).

tered field Intensity distribution. The experimental
- equipment consisted of a 10 mW generator with standard

0 S-band waveguide, a linear probe array of 64 dipoles Expressions for the total absorbed power and the spa-
loaded by diodes and separated from each other by , tial distribution of absorbed power were derived for
5 at 3 GHz, a network analyzer, a minicomputer and a prolate spheroidal model of a biological sample

* a .ow-noise amplifier. Results were given for a tar- irradiated by standing waves in a rectangular wave-
get consisting of two plexiglass reds surrounded by guide. Three orientations of the spheroid were exam-

* water, a plexiglass rod surrounded by sponge end a ined: the major axis of the spheroiJ parallet ti tre

. o, •-: -. 31

_-.



Biological Effects of 'onicrizng EJecromagnr,
Current Literature Radiaticn .1II(2-4J, .uy 7983

electric field, parallel to the magnetic field ioc The .::fecti of :hronX: e×x4sure to 3AW nower '
perpendicular to the electric and magnetic fields. ,-ontinuous wave microwave W..) ridiatizn . A :z,

The power absorption due to electric and magnetic mWcm-, 3 hr/day, ) daysiak for 2 .c) in rabbi:tert-
fields were analyzed separately. Calculations from pheral leukocytes were studied. Blood ilampl s from .
the -heoretical expressions were made for a spheroidal irradiated and 5 control animals were :ollec:ed
nodel of a pupa with a major axis and radius of 13 radiation ?R ), at I nd 2 o, at he termination )r

* and 5 mm, respectively, and a relative permittilvy of the irradiation period, and L wK for 2 wK. -he mean

"4- . at a frequency of 2450 M0{z. For all irienta- re:tal temperature was measured before and ater each
- oions of the spheroid, the power absorption produced 1W exposure during the entire 2 mo period and jid ict
* by the electric field was larger than that produced increase sore than an average .8 - after each :ime.

by the magnetic field. The largest occurred when the After 3 mo exposure, total leukocvte counts increased

electric field was parallel to the major axis of the 50% from ?R1 values of 6621 to 9825, and Jiferett ai
soheroid. For all cases, the absorbed power was much leukocyte counts revealed a threefold increase 'from

less than the forward waveguide power. Exposure to 5.7" to 14.13) in large lymphocytes and a significant

electric fields did not create any spatial variation decrease 'from 53.5 to 45.25) in small ':Imphocytes.

:n power absorption, but exposure to magnetic fields Mowever, the -ounts returned to normal acthin Z 4K 3f
3id. The theoretical results for total absorbed power termination of exposure. MW irradiation for 2 mo r:-

were coupared with experimental results from pupa of duced significant ieutropenia 4hich was corrected af-

'7enebrio molitor irradiated in a WRJ-2 waveguide (for- ter exposures were contInued for another mo. A sig-
ward power, 10 W; frequency, 2485 .1 z). The tempera- nificant but reversible leucocytosis was nbserveO in
ture increase of the pupa was measured with a chromel- rabbits after chronic exposure to low level M'W radi-

alumel thermocouple to find the total absorbed power. ation. In the absence of a thermal effect, the pos-
The calculated values for total power absorption sibility of a specific cumulative effect :t M W at *ow
agreed well with the experimental values. levels is .considered.

1383 EFFECT OF CHRONIC MICROWAVE ADIATION ON 0385 LOCALIZED HYPERTHERMIA 'N 7EE :REA7Y1:;T ,F

3ABBIT ERYTHROCYTES. (Eng.) Nageswarl, K. CANCER. (Eng.) Storm, F. K. (Div. Tnccl-
S. (Dept. hysiology, GSVM Medical Coll., Kanpur 208 ogy, Dept. Surgery, OCLA Sch. Medicine, Univ. Call-

02, India); Tandon, H. C.; Varma, S.; Bhatnagar, V. fornia, Los Angeles, CA 90024); Morton, D. l. nt
'!. :ndian J Exp Biol 20:13-15; 1982 (11 refs). Adv Surg Oncol 5:261-275; 1982 (58 refs).

The effects of chronic microwave (MW) exposure (2.1 Experimental and clinical 9tudies of localized hyper-
GHz, continuous wave, 5 mW/cm

2
, for 3hr/day, 6 dav/wk thermia in cancer therapy are reviewed. Localized by-

for 3 mo) on peripheral blood were investigated in 13 perthermia techniques include hot water bath, isolated
rabbits. Blood samples from 8 irradiated and 5 con- limb perfusion, low frequency current fields, ferro-
trol animals were collected preirradiation, at I and magnetic coupling, ultrasound, microwaves (43, 915,
2 me, at the termination of the irradiation period, and 2,450 MH/z), and radiofrequency waves (13.56-27.1

and 1/wk for 2 wk. The mean rectal temperature which 'g/z) using capacitive electrodes, induction coil, and
was measured before and after each %W exposure during magnetrode magnetic loop applicators. Recent clini-
the entire 3 ma period did not increase more than an cal trials suggest that potentially effective hyper-
average 0.8 C after each session of MW irradiation. thermia can be achieved in most superficial and vis-

Ery.throc.te counts declined 4.27%, 8.08%, and 8.46% ceral solid human tumors regardless of histopathologic
following L, 2, and 3 mo exposure, respectively. Al- type, although it is most effective for large tumors.

though recovery was seen in the 2 wk post-irradiation Local toxicity depends on the heat dose and the neth-
period, the cell count did not return to its initial od of hyperthermia. Future hyperthermia potential as
value. Decreases In erythrocyte number were parallel- adjuvant therapy in surgery, and in combination with
ed by increases in mean corpuscular volume and hemo- radiotherapy and with chemotherapy is summarized.

globin which became statistically significant at the
end of 2 and 3 ma of MW exposure. These findings sug-

gest that the animals may have been protected from

hypoxia by the increases in size and hemoglobin con-
tent of the red cells. 0386 DEMONSTRATION OF A THERMAL £FFEC- OF MI-

CROWAVES DURING SOW-LEVEL RADIATION.
(Eng.) Klein, M. S. (Div. de Neurophysiologie App-

liquee, Centre D'Etudes et de Recherches de Medicine
Aerospatiale, 26 boulevard Victor, 75996 Paris Armees,

) 0384 EFFECT OF PROLONGED LOW POWER MICROWAVE RA- France); Steru, L.; Milhaud, C. L. IRCS Med Sci 1

DIATION ON PERIPHERAL LEUCOCYTE COUNTS IN (6):455-456; 1982 (10 refs).
RABBITS. (Eng.) Nageswari, K. S. (Dept. Physiology,

"S' 4 Medical Coil., Kanpur 208 002, India); 7andon, H.
C.; ',arma, S.; 3hatnagar, V. M. Indian J Med Res 75: Effects of low-level microwaves (MW) on hypothermia
-53--59; 1982 (15 refs). induced by oxotremcrine (OX: 125 mg/kg) or by ipomor-

I
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phine .kP: 16mg/kg) and on the blood-brain barrier Brent, R. L. Am Coll Toxi:ol I(3):73-90; 1982 C31

(BBB) were studied in male C57BL mice. In one exper- refs).

Iment, the anti-cholinergic agent methylatropine

'which nomally does not pass through the BBB) was in-

*ected simultaneously with OX. The mice were irradi- The effects of chronic prenatal continuous wave mi-

ated for 30 min at 2,450 GRz (continuous wave; 2 and crowave (MW) exposure (915 Hz, 10 mw,'cm
2
, f~r 6 hr/

5 mW/cmZ). MW exposure resulted in significant heat- day, days 1-21 of gestation) on postnatal neurological

ing of mice made hypothermic by OX or AP; rectal tem- and neurobehavioral development were studied in Wistar

peratures in irradiated mice were significantly high- albino rats. Animals delivered and raised their off-

er than those of control mice. MW did not antagonize spring (Fla) until weaning at 30 days of age. Ten

OX-induced hyperthermia and, therefore, could not have days after weaning, the mothers were rebred and al-

crossed the EBB. These results are inconsistent with lowed to deliver again (Fib offspring). Irradiated

the existence of nonthermal MW effects at power den- neonates (Fla) were given four perinatal reflex tests

sties lower than 10 mW/cm
2
. (surface righting, air righting, auditory startle,

visual placing) and a physiological test (eye open-

ing). At 60 days of age, Fla offsprIng were given
behavioral tests And at 90 days half )f them were

bred to determine reproductive capability and half

J287 AUDITORY PERCEPTION OF RADIO-FREQUENCY were killed for histopathological studies. Prena-

ELECTROMAGNETIC FIELDS. (Eng.) Chou, C.- tal irradiation significantly accelerated onset of

K . (Bioelectromagnetics Res. Lab., Dept. Rehabilita- reflex achievement. However, eye opening did not

tion Medicine, Sch. Medicine, Univ. Washington, Seat- differ in experimental and control groups, suggest-

tie, WA 98195); Guy, A. W.; Galambos, R. J Acoust Soc Ing that the acceleration may not have been simply

Am 71(6):13ZI-1334; 1982 (55 refs). a whole-body acceleration. Auditory startle was ac-

celerated by 4.2 days. There were no significant

differences between irradiated and control animals

Research on radiofrequency hearing, including psycho- in 5/6 behavioral tests (water T-maze, open field,

logical studies of human subjects, physiological and activity wheel, forelimb hanging, swimming); results

behavioral observations ,n animals, and physical mea- of conditioned avoidance response tests revealed a

surements on materials is summarized. Humans with decrease in long-term memory in exposed animals, but
normal high-frequency hearing experience an auditory the variation in individual animals was quite high.
sensation when exposed to pulsed microwaves (MW) of Irradiation did not significantly affect maternal or-

sufficient energy content. A clicking, buzzing, or gan wt or organ-body wt ratios, and it did not alter

hissing sound is heard, depending on modulation char- neonatal and young adult growth rates. The results

acteristics of the MW. The perceived sound (for pul- indicate that chronic prenatal exposure to low power

ses less than 50 usec) seems to originate at the cen- density levels of 915 MW radiation did not result in

tral, posterior aspect of the head. The threshold en- any significant alterations of postnatal behavior or

ergy density per pulse is very low (2-40 uJ/cm
2
) and of growth and development.

the maximal rise in temperature of the exposed tissue

is 10-5-10-6 C for exposure of an individual pulse at

the threshold energy density. Experimental data on

cochlear potentials, single-unit nerve fiber re-

sponses, and brainstem evoked responses suggest that 0389 TREATMENT OF THERAPEUTICALLY RESISTANT NON-

pulsed MW radiation produces cochlear microphonic re- UNIONS WITH BONE GRAFTS AND PULSING ELEC-

sponses similar to those elicited by other stimuli. TROMAGNETIC FIELDS. (Eng.) Bassett, C. A. L. (Dept.

Results of single unit recording of extra-cellular po- Orthopaedic Surgery, Columbia Univ. Coll. Physicians

:entials in cats are consistent with human perceptions & Surgeons, 630 West 168th St., New York, NY 10032);

when pulse widths are long. Electrophysiological re- Mitchell, S. N.; Schink, 4. M. J Bone joint Surg

cordings from mainals have confirmed the mechanical [Am] 648):1214-!220; 1982 (18 refs).

nature of the MW hearing effect and are consistent

with a mechanism of hearing based on thermoelastic

expansion. Behavioral studies indicate that rats can The results of the combined and concomitant use of

perceive pulsed MW energy; results may be attributea bone grafts and pulsing electromagnetic (EM) fields

to the hearing effect. However, the low threshold of as a means of achieving bone union in 83 adults are

the MW hearing phenomenon makes it essential to dif- reported. The patients consisted of 38 individuals

ferentiate the hearing effect from other biological with wide gaps, synovial pseudarthosis and malallgn-

* effects of pulsed MW radiation. 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-

0388 ?OSTN ATA.L FUNCTIONAL ANALYSIS OF PRENATAL ity time, 17 mo; 101 previous operations, including

EXPOSURE OF RATS TO 915-M]Oz MICROWAVE RAI- 38 bone grafting procedures). The majority of the

ATION. (Eng.) jensh, R. P. (Dept. Anatomy, Jeffer- lesions in both groups were tibial (45/83) and fem-

* son Medical Coll., Thomas Jefferson Univ., 1OZO Lo- oral (25/83) non-unions. Rome treatments (10 hr/day)

- cust ~3t., Philadelphia, PA 19107); Vogel, W. H.; using a pulse generator that produced a 3 msec wide

3
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burst of 200 usec wide (positive-going) pulses, re- to MW irradiation for 320 days '50 passages) at in en-
peating at 15 ?z began 2-4 wk postoperatively. Suc- ergy absorption dose rate of 15.2 = 1.82 =W/g. Cells
cessful bone healing was seen in 33/38 (37%) patients were then returned to a conventional incubator and al-
without prior EM treatment and in 42/45 (93%) patients lowed to grow for another 30 passages. M-W-incubated
exposed to EM fields before and after grafting. The and control cells were examined for chromosome abet-
median time from start of EM-fieid treatment to heal- rations at about 10, 20, 30, -0, and 50 passages of
Ing was 4 mo in both groups. No complications of sur- subculture. MW incubation resulted in a significant
gery or of pulsing EM fields were reported. Pulsing reduction of cell growth rates and an increase in cell
EM fields should receive strong consideration as an doubling time. These effects appeared to be cumula-
adjunct to any bone graft of the extremities, whether tive, with I5-passage irradiated cells exhibiting
in a primary or a salvage situation. greater growth retardation and longer cell doubling

time than 7-passage cells. Chromosome aberrations ap-

peared after 20 passages (124 days) under irradiation.
The number of chromosome breaks/cell reached a maximum
of 0.84 in RH5 cells and 0.10 in RHI6 cells. The for-

-390 THE TREATMENT OF FIBROUS NON-UNION OF FRAC- mer was hypoploid at the beginning of the experiment,
TURES BY PULSING ELECTROMAGNETIC STIMULA- which may have contributed to the greater susceptibil-

T:ON. (Eng.) Sharrard, W. J. W. (Royal Hallamshire ity of this cell line to MW exposure. After the cell
Host., Glossop Rd., Sheffield SIO ZJF, England); Sut- cultures were returned to the conventional incubator
cliffe, M. L.; Robson, M. J.; MacEachern, A. G. J and maintained for 30 passages, the number of chromo-
Bone Joint Surg [Br] 64(2):189-193; 1982 (15 refs). some breaks was greatly reduced. MW irradiation al-

tered the chromosome number of the cells. After the
irradiation, RH5 and RH16 cell cultures had 35% and

Results of pulsed electromagnetic (SM) stimulation in 31% polyploid cells, respectively. After long-term
the treatment of 53 fibrous non-unions in 52 patients irradiation, 41% of RH5 cells wnich originally had 11
(25 male, 17 female, 13-79 yr old, mean age 37 yr) are chromosomes became 10-chromosome cells. When the it-
reported. Median time from Injury to start of treat- radiated cells were returned to the conventional incu-
ment was 2S.2 mo (range 1-25 yr). The tibia was the bator, the percent of 10-chromosome cells reached 59%.
most commonly affected bone. An electric current of The missing chromosome was usually chromosome 4.
highly specific shape, magnitude and repetition rate
was generated in the bone by a pair of externally-
placed oval air-cored electromagnets driven by a small
portable generator producing a 5-msec burst of quasi-
rectangular assymetrical pulses repeated at 15 Rz. 0392 EVIDENCE FOR GENETIC CONTROL OF MICROWAVE-
Patients were instructed to use the equipment for 12 INDUCED AUGMENTATION OF COMPLEMENT RECEP-
to 16 hr/day. Union was achieved in 38/53 cases TOR-BEARING B LYMPHOCYTES. (Eng.) Schlagel, 0. J. 9.
(71.7%) including 26/30 (86.7%) tibia fractures. The (Armed Forces Inst. Pathology, Washington, DC 20306);
median time taken to reach union was 6 mo (range 3-16 Ahmed, A. J immunol 129(4):1530-1533; 1982 (14 refs).
mo). The results were not affected by patient age,
previous or active sepsis, presence of plates or
nails, or the time since injury. Inadequate immobil- The genetic control of microwave (MW)-induced increase
ization, a gap between bone ends in excess of 5 mm, in complement receptor-bearing B lymphocytes (CRL) was
or a screw in or very near the fracture non-union site studied in congenic, backcross, and recombinant inbred
were the most important factors in the 15 failures. (RI) strains of mice. Mice were exposed to 2450 MHz
The results indicate that EM stimulation applied in MW radiation (0.6 W; 10-14 W/kg) in an environmentally
conjunction with adequate immobilization promotes controlled waveguide and assayed for CRL on days 3 or
bone union in a high proportion of extremely refrac- 6 postexposure. Genetic studies of responder X non-
tory cases of ununited fractures or surgical insults, responder F1 mice and backcross analysis of nonrespon-

der X (responder x nonresponder)F1 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

3391 CYTOGENETIC CONSEQUENCES OF MICROWAVE IRRA- dichotomy in MW susceptibility between two strains
DIATION ON MA%4MALIAN CELLS INCUBATED IN congenic at the H-2 Tla region on chromosome 17 (AKR-

* VITRO. (Eng.) Yao, K. T. S. (Bureau Radiological responder and B.6-H:2k) confirmed the noninvolvement

Health, FDA, Rockville, MD 20857). J Hered 73(2): of the Crl-I gene and indicated that the essential
i33-138; :982 (33 refs). gene was located outside the H-2 region. The strain

distribution of MW responsiveness in the BXH RI lines
demonstrated that the MW-induced increase in CR1 was

A 2
4
50-/Hz microwave (MW) oven was converted Into an controlled by a single regulatory gene located on

incubator that also served as a MW exposure chamber. chromosome 5. MW responsiveness was studied in two
The effects of continuous MW exposure on growth and congenic strains of mice which possess different C3H/
on chromosome structure of rat kangaroo RHI6 cells HeJ segments of chromosome 5 inserted into a C57BL/bJ
t
normal euploid chromosome number) and RH5 cells (hy- background. The JGBF/LeTy strain exhibited an in-
poplaid) were investigated. The cells were grown in crease in CRL indicating possession of the segment
the Incubator at 35-37 C and simultaneously exposed of C3H/HeJ chromosome 5 that controls MW responslve-
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hess. The C57BLbJTv-e train remained nonrespon- 0394 EVIDENCE FOR MICROWAVE-1-DUCED Z'3:IAL

sive. This places the essential regulatory gene to RESONANCES N BIOLOGICAL MA:ER.L. .

te right of the PgM-1 locus and to the left of the Olsen, R. G. (Naval Aerospace Medizal Res. L ?b., en-
rd locus on chromosome 5. The data confirm the genet- sacola, FL 32508); Hammer, W. C. 2 Microwave Power :o
4c control of the transitory increase In CRL frequency (3&4):263-259; 1981 (7 refs).
induced by a single exposure to 2450 MHz radiation and
demonstrate that genetic control was due to a single
regulatory gene that was functional in the heterozy- Resonant stress waves were induced by lc:rcwave M";
gous as well as the homozygous state. energy in two biological models: a rectanjular _uule

eauivalent mass of 15 kg and a nherical brain equiv-
alent model of 5 cm radius. The rectangular usc e
model was irradiated using a horn antenna at S.o55 0Hz
energy with a peak power )f 200 %W and DuLse separa-
tion of 380 usec. Pulses were repeats> t prodoce re-

-393 A GENERALIZED MODEL FOR THE INTERACTION OF inforcing. The spherical model waF -rraoisted tv sin-
MICROWAVE RADIATION WITH BOUND WATER IN gle pu' -es or short bursts )f. C ;Hz nergy di:h

-" - 30LOGICAL MATERIAL. (Eng.) McClean, I. E. R. (?hy- peak power of kW and pulse durations )r (K-nQ sec.
sics Dept., Queen Elizabeth Coil., London U8 7AH, En- Stress waves were monitored by hydrophone transducers
gland); Sheppard, R. J.; Grant, E. H. J Microwave at the center of each model. In the rectangular model
Power 16(l):1-7; 1981 (17 refs). the amplitude of the induced stress wave was 3-fold

greater for four properly spaced radiofrequency ulses

than for a single pulse. in the spherical model a
single pulse of energy produced a resonant response

Calculations of the deposition of microwave (MW) ener- which decayed exponentially with a time constant of
. gy in bound water surrounding a biological macromole- about 500 usec. A burst of three pulses .nduced

cule are based on a previous model of a hydrated mac- stress waves of greater peak amplitude than those 4n-
romolecule consisting of a spherical core surrounded duced by a single pulse. A burst frequency of lo -Hz

by a concentric shell of bound water immersed in a generated the largest effect with a doubling of the
continuum of free water with dissolved ions. Ideally amplitude of the induced stress waves compared to that
the dielectric properties of the bound water would be from a single pulse. These experiments showed the im-
considered to vary smoothly across the shell, ranging portance of pulse width and pulse repetition rate In

from the water most tightly bound to the relaxation the generation of sonic energy in biological materials

time of free water; however, to facilitate the calcu- with MW energy. The specific absorption rates in the

lations, the change is considered to take place in 5 spherical model were determined calorimetrically to

steps for most cases. The average energy deposited be 824 W/kg at the center and 653 W/kg at the surface

per unit volume of the bound water shell was calcu- closest to the MW source.

lated from 100 MHz to 10 GHz for various assumed re-

laxation frequencies. Sub-shells were assigned the

- 1 following frequencies: 100-900 M}fz in increments of
200; 5-50,000 MHz in multiples of 10; a homogeneous

laver of bound water of relaxation frequency 500 MHz; 0395 LOCAL HYPERTHERMIA USING MICROWAVES FOR

- 000-9000 MHz in increments of 2000; 10-90 MHz in in- THERAPEUTIC PURPOSES - EXPERIMENTAL STUDIES
crements of 20; 100-1000 .Ez in increments of 100; OF VARIOUS APPLICATIONS. (Eng.) Guerquic-Kern, J. L.

and free water with a relaxation frequency of 26 GHz. (Lab. Thermologie Biomedicale, Faculte de Medicine iI,
The calculations were carried out for a low value of rae Humann, 67085 Strasbourg Cedex, France); Palas,

tonic conductivity of 0.001 S/m for both the free and L.; Priou, A.; Gautherie, M. j Microwave Power 16(3&

* the bound water. Calculations 4sre also carried out 4):305-311; 1981 (5 refs).
for the first three cases (all which assume a cen-

tral relaxation frequency of 500 M.z) for conductiv-
ities of I S/m. At equal but low conductivities, MW The electromagnetic heating of biological tissue was

energy deposition was greater in bound -ater (some- studied uaing physical models and infrared liquid

times by at least one order of magnitude) than in free crystal, or thermistor probe thermography. A prelim-

water at frequencies of a few hundred MHz to a few GHz. inary study was also reported in which the transient

This effect decreased with increases in ionic conduc- heating of a one-dimensional tissue slab Is calculated

tivity; and at conductivities equal to those of phys- subsequent -o hieating by 2,450 MHz or 434 .z plane

lological saline, specific energy deposition in bound wave radiattor. The models consisted of excised adi-
water was no more than twice that in the electrolyte pose and , ..cu.ar tissue from animals, human adipose

-. continuum over the same frequency range. The results tissue frow a surgical procedure, and phantoms com-

show that the biological effect of MW radiation at a posed of a Z_. and a polyester resin to simulate adl-
given power density is enhanced in tissues with a high pose and muscle tissue. The effects of surface cool-

bound water content. For tissues of high Ionic con- Ing and use of ult1ple apertures on the heating pat-

ductivity and containing 20% bound water, overall en- tern were examined asing these models and two tvpes

ergy absorption would be 25% greater at certain fre- of applicators operasing at 2,450 and .24 MHz. The
quencies than if all the water were in the free state. experimental results are consistent with the calcu-

For tissues of low ionic :onductivity, the increase lated values and demonstrate the need for surface

would be more than one order of magnitude. cooling and the advantage of a "cross-fire" configur-
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at lon in procuc ng localI nype rtne rIV. i an -)d~ c:an resonate a,:i e21ec-ri, .elds. A max-
.- um iverage specific absorptio.n rate SAR) occurs

iroundj 31) MSiz for Man. :n the resonance range, the
.ibsorojtion :an quadruple if :he direction -:r the elec--

- eld is "arlllel to the long axis of the body.
)396 RA PEL7RE :RFI N -*?PtE iS 7rE %r. exposure standard of less than >2mW/cMZ is nec-

7* EL 7.C1-RCM'AGiETIC HEATING. -n,;.: Kr, t s, essarv in this frequency region. Above the resonance
i. N~. 'Dept. Electrical Zngineering, *n,i. Penns,!- rag oobu Hz, hot spots may be produced la

*vania, Philadelphia, ?A 191,)4); Foster, K. R.; icnwin, :',rtlons o3f the body. 'emperature elevations in thne
H.P irwve ?wr>3i:3-4; ~ 2 ead of up to 0.5 C at power densities Orf m>2 _m

reis). nave been predicted from numerical :-alculations. 7or
frequencies below the resonance range 1'0 3) 4Hz) ind
above the hot spot range () 3 GHz ), .onl-, surface neat-

The steady state temperature increase i a tssue 'ng is produced. The 10 mwcm- standar.d Dro)VIIesI
spee(odeling the human head) irradiated by 'plane iare margnfrteefeunis oerable h.et

,jave microwave energ das estimated for diffrn o.2ds are functions of envirornmencal zonditions ii
frequency regions. The heat transport 41 the tissue iell ss of incident radiation intensity - posure
was modeled by a differential equation to in-.ide time. Recent studies support a tim',e constnt -ir
neat conduction, heat ccnvection by blood "low And *,r as the limit separating short and long term expo-
heat :ransport froo the tissue surface into space. sures.
For each1 frequency range, the heat transport equat'-on

* was solved using an analytic approximation of the
heating potential. The steaoy state increase in tia-

* sue temperature ind the specific absorption rate (SAR)
are plotted as functions -f distance from the cent~er .2393 THE DVELOPMtEN -,F MICROWAVE ?0)W-rR APFLICA-
of the sphere. The steady state temperature increase TIONS 7N CHINA. (Eg. -hen, H.-K. Mi1-
resembles the SAR but, for physiologically resnbecrowave Res. Lab., E. Cha lormal Iv. hnhi
:alues of 'blood flow, the temperature inicreases are China); Shen, Z.-Y.; Fu, C.-S.; Wu, 2. l icrowave

*averaged over approximately : cm. The convection Power 17(j):11-15; 1982 (3 refs).
length is defined as a function of blood flow. This
quantity estimates the distance over which temperature
, ariations occur and allows for an approximation of Applications of microwave CMW) power in China have in-
the Jistance over which the fine structure of the SAR creased gradually since Chineaea manufacturing con-
mnay be averaged, The maximum steady state temperature tinuous wave (CW) magnetrons in 2973. The largest CW

inras nd its location are summarized for each magnetrons made in China are 10 kW at Z45.2 M.Hz and 30
frequency range and a field intensity of L0 mWlcm-. kW at 915 I1z. Principal appications are MIW heatIng
ror c requencies less than 500 Miz and'a sphere radius in food Processing, timber drying, paper drying, mg

* of abou.t 10 cm, the maximuri steady state temperature neric tape drying, and drying of tradit~ional Chi-
increase is less than 0.03 C and is located close to nemdins. heoteavrernwith empha-

thefrot urfce of hesphere. For fr' ece a is on combining local VW heating with cancer chemo-
: ess than 500 MIft and a sphere radius of about 5 cm, therapy or radiotherapy, is being conducted in several
no significant temperature is produced. For frequen- hospitals. Other research areas include the combine-
ce-:s of around I GHz and a sphere radius of 5 cm, the tion of MW therapy at 1000 .M1iz and traditional acu-
aa-ximum steady state temperature Increase is 0.6 C puncture, male birth control, silkworm bDreeding, and
and is 1lated at the center of the sphere. For fre- plant germination (using 3-cm, 30-cm, and I-n W).
iuencies above 5 GHz, only surface heating is pro- Theoretical work has involzed box-type MW applicators,
duced. The maximum steady state temperature is prto- uniformity of temperature distribution In applicators

*duced at the front surface of the sphere and is about and improvement of magnetron performance. :- 978,
1 .3 C. the following standards were recommended in _nina: a

power density of 50 uW/cm2 
(6 hr/day) as the provi-

sional safety standard for MW exposure and 300 uW/cm,
as the maxiumum allowable dosage per day.

* >297 MICROWAVE AND RE HRAZARLD STANDARD CONSIDER-
ATIONS. (Eg. Schwan, H. ?. (Dent. 31o-

engineering, Univ. Pennsylvania, Philadelonia, PA
*191,4). ; M~crowave Power i(71):i-9; 1982 (49 refs). 0399 ERROR SOURCES AFFECTING 7HER.MIOCOUFLE 7NER.M-

OYETRY 1N REF ELECTROMAGNETIC F171lDS. (Eng.)
Chakraborty, D. ?. (Dept. Radiation Oncology. Univ.

Microwave (MW) and radiofrequency exposure safety haz- Alabama in Birmingham, Birminghaem, AL 35233); Brezo-
*ards are reviewed. Considerations for establishing a vich, 1. A. J Microwave Power 17(l):17-28; 1982 (20

1mjclstanoard for M"W radiation are outlined. Re- refs).
cent results are surveyed and basic mechanisms and
appropriate exposure limits exaamined for four fre-
quenicy rarges: below resonance, resonance, hot spot, The errors resulting from -ise -of ther-nocouioles tar
and surface hetn. 3elow several hundred 101z, hu- measuring temperature In the )f~ec -ne radIo-
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L f:ecuency (R-) electromagnetic fields used for dlin- tor, is radiating a 'f; signal. Computed thermal i-
ical hyperthermia are analyzed. RE currents capaci- nals were verified in experiments with a ' r7adiomecr
:ively or inductively coupled into the thermocouple- including a low noise preamplifier, a heterodyne re-
detector circuit produce incorrect temperature read- ceiver, and a microprocessor for numerical filtering,
ings called "pick-up" errors as well as errors due to operating at a cencral frequency of 3.2 GHz and band-

* RF heating at the junction of the thermocouple. A width 1.0 GHz. The resultant data can be considered
filter between the thermocouple and detector and an as thermal signatures of a given thermal structure
aluminum foil shield around the detector eliminate which is defined by a set of parameters describing
the pick-up errors. The heating effects at the ther- its shape, position, depth, and temperature. Ouanti-
mocouple Junction were divided into three categories: tative determination of temperature distribution in
4unction current heating, tissue heating, and eddy tissues can be obtained if experimental and computed
current heating. The magnitude of each error was es- thermal signatures are identical.
timated and necessary conditions for minimizing er-
rors were outlined. At 13.56 MHz and voltage levels
below '00 V rms, errors are shown to be less than 0.1

if the thermocouple is properly insulated and rec-
ommendatlons for reducing e' or are followed. 0402 OBSERVATIONS OF SYRIAN MSZR ?ETUSS

TER EXPOSURE TO 2450-MHz MICROWAVES. (Eng.)
Berman, S. (EPA, MD74C, Res. Triangle Pk, NC 277111;
Carter, H. 3.; House, D. J Microwave Power !7(2":
107-112; 1982 (I refs).

)41C0 ?ECAN WEEVIL CG.4TROL BY DIELECTRIC HEATING.
(Eng.) Nelson, S. 0. (U. S. Dept. Agricul-

tu ra. Res. Service, Richard B. Russell Agricultural The teratogenic potential of microwave (MW) radiation
Res. Center, Athens, GA 30613); Payne, J. A. J Micro- was investigated in Syrian hamsters exposed to 0
wave Power 17(1):51-55; 1982 (13 refs). .[hz continuous wave MW energy (power densities of 20

or 30 mW/cm
2
) for 100 min/day on gestation days

Exposure to 20 mW/cm
2 

at a specific absorption rate
The use of 43 or 2450 MHz electromagnetic energy was (SAR) of 6 mW/g caused no significant changes in fe-
examined for killing pecan weevil larvae in intact tal survival, body wt, or skeletal 7-aturity. Expo-

pecans or in pecan pieces. Samples were irradiated sure to 30 mW/cm
2 

(EAR of 9 mw/g) resulted in signifi-
for various periods between the parallel plates of a cant increases in fetal resorption and in decreases
power oscillator at 40 or 43 Mfz with an average elec- in body wt and skeletal maturity. Incidences of =a-

* - tric field intensity of 1.0 or 1.3 kVcm or in a mLi- jor and minor anomalies in the two exposure groups did

lir crowave oven operating at 2450 M0Hz with 800 W total not differ significantly. After exposure to 20 mv/cm2
power output. The temperatures were measured Immedi- and 30 mW/cm

2
, rectal temperatures of pregnant ham-

ately after exposure. Pecan weevil larvae in intact sters increased 0.4 C and 1.6 C, respectively, over
pecans were all killed after 25 sec of parallel plate those of sham irradiated dams. However, maternal tox-
exposure at 40 MHz after which the temperature of the icity was not observed at either exposure even though
pecans was 62 C. Germination of the pecans with a 3% maternal rectal temperatures rose to almost 40 C at
moisture content was uct significantly reduced by -3 30 mW/cm

2
. Thus, the loss of body wt observed in te-

.. z tresaent until the kernels were heated to 50 C; tuses irradiated at 30 mW/cm
2 

was not secondary to
a temperature of 75 C completely prevented germina- general maternal toxicity. Fetotoxic effects of !4
tian. The differences in moisture content for the irradiation were compared in mice and hamsters. :n

whole pecans and the pecan pieces and its effect on mice, decreased fetal body wt and skeletal immaturity
neat conductivity and larvae mortality are discussed. were not observed at an SAR lower than 16 or 22 mW/g.

in hamsters, an SAR of 9 mW/g causes similar changes

and also causes a significant increase in fet7I death

(resorptions). The results suggest that the hamster

fetus is more susceptible to IV radiation than the
" 01 MICROWAVE TFERMOGRAPHY - CHARACTERISTICS OF mouse fetus.

WAVEGUIDE APPLICATORS AND SIGNATURES OF

THER!MAL STRUCTURES. (Eng.) Robillard, M. (Centre
Hyperfrequences ec Semiconducteurs, Univ. Sciences et

[echni*ues de Lille I., B t P4, JER :EEA, 59655 Ville-
neuve, D'ASCQ Cedex, France); ,hive, H.; Leroy, Y.; 0-03 ASSESSMENT OF I50IUNE FUNCTION DEVELOPMENT
Audet, J.; Pichot, C.; Bolomey, j. -. 2 Microwave IN MICE IRRADIATED IN UTERO WITH 2450-1-z
Power 17(2)97-105; 1982 (29 refs). MICROWAVES. (Eng.) Smialowicz, R. J. (Immunobiolo-

gy Section, Cellular Biophysics Branch, Health If-

fects Res. Lab., EPA, Res. Triangle Pk, NC 27711);
A method based on the antenna reciprocity principle Riddle, M. M.; Rogers, R. R.; Stott, !. A. J Micro-
permits computation of thermal signals emittea by bio- wave Power 17(2):121-126; 1982 (17 refs).
logical tissues measured by microwave ,'f ' thermogra-
phy. The computation requires knowledge of the tem-

oerature distribution and the electrical field distri- Immune responses at age 3 and 6 wk were studied in

'utLon in the lossy medium when the probe, or applica- male mice born to time-bred 03-1 mice irradiated -in

-'7
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2,-IC-Hz microwaves (MW) at an incident power density 0405 EFFECTS OF AUIENT TEMPERATURE AND EX?:'URE "
of 28 mW/cm

2 
for 100 min/day from day 6 to day i8 of TO 250-MiHz MICROWAVE RADIATION EVAPORATIVE

1regnancy. The average specific absorption rate (SAP) MEAT LOSS !N THE MOUSE. (Eng.) Gordon, C. J. (Sic-
was >..5 W'kg, more than twice the basic metabolic engineering Branch, Experimental Biology Div., Health
rate of the mouse. In contrast to recent reports of Effects Res. Lab., EPA, Res. Triangle Park, NC 27711).
MW-induced stunting in mice, no consistent growth re- J Microwave Power 17(2):145-150; 1982 (25 refs).

tardation was observed. Primary antibody responses to
L sneep red blood cells (SRBC) were similar in irradi-
L ated and sham-irradiated mice. There was also no dif- Effects of ambient temperature and microwave (TW) ex-

ference in hemagglutination or hemolysin titers to posure on physiologic heat dissipation were studied in
SRBC. In utero NN exposure did not increase blasto- 4 mo old male CBAIJ mice. Whole-body evaporative heat

genic responses of T or B lymphocytes to mitogens. loss (EHL) was measured as whole-body evaporative wa-

Natural killer (NK) cell activity against YAC lympho- ter loss (EWL) in mice exposed individually to contin-
ma cells was reduced in 6-wk-old mice, but there was uous wave 2,450 Mlz MW radiation for 90 man and an am-

considerable variability in NK activity among mice bient temperature of 20 C and in nonexposed mice main-

in a given ;rouo. Differences in NK activity between rained at ambient temperatures of 20-35 C. The ambl-

irradiated ~nd control mice were not marked. Further ent temperature threshold for increasing E.L was 30-
studies are needed to corroborate growth-retarding ef- 33 C. At an ambient temperature of 20 0, a specific
fects of M exposure and to determine whether neonatal absorption rate (SAR) of 29 A/kg was required for a
stunting is related to impaired development of NK cell significant increase in EHL. Above 29 W/kg, a linear
activity, elevation in EHL was seen with increasing SAR. The

mouse dissipated 65% of the total absorbed heat by wa-

ter evaporation; the remainder was dissipated passive-
ly. Extrapolation f a threshold SA in a laboratory

animal to man necessitates a logarithmic scaling fac-

tor. Thus, a SAR of 29 Wikg in a 0.0034-kg mouse is

040& COAXIAL NONMETLLIC THER4MOCOCPLE WIT ELEC- equivalent to an SAR of 0.25 W/kg in a 70-kg man.
TRONIC ICE POINT FOR DOSIMETRIC USE IN

ELECTROMAGNETIC ENVIRONMtENTS. (Eng.) Olsen, R. G.

(Naval Aerospace Medical Res. Lab., Pensacola, FL
* -32598); Hammer, W. C.; Taylor, J. C. J Microwave Pow-
* er 17(2):137-143; 1982 (11 refs).

0406 TWO-DIMENSIONAL TECHNIQUE TO CALCULATE THE
EM POWER DEPOSITION PATTER, IN THE HUMMAX

BODY. (Eng.) iskander, H. F. (Dept. Electrical En-
An improved nonmetallic thermocouple (NMT) that can gineering, Univ. Utah, Salt Lake City, IT 84112); Tut- -

provide multiple simultaneous temperature measure- ner, P. F.; DuBow, J. B.; Kao, . 2 Microwave Power
ments in irradiated subjects at modest cost is de- 17(3):175-185; 1982 (15 refs).

".- . scribed. The INT is relatively non-perturbing, eta-

ble, and linear in output in microwave (MW) environ-
ments. The temperature sensitive portion of the co-
axial 'NT is the tip junction between a carbon-bearing A numerical procedure using the method zf moments to

" . fluorocarbon wire and an outer coating of conductive determine the heating patterns in two-dimensional mo-
elastomer. A slightly modified, commercially availa- dels of human cross sections irradiated by aperture
ble electronic ice point provides compensation for the sources is described. X-ray computerized axial toco-
effects of changes in ambient temperature. Specific graphic scans are used to determine the size, shape,
absorption rates (SAR) measured by the NMT and the and location of internal tissues for the two-dlmen-
more sophisticated VItek probe in tissue-equivalent sional model. The incident electrIc field is assumed
materIal were compared In two IW irradiation tests. to be directed perpendicularly to the cross sectional
A n-cm diameter muscle-equIvalent sphere was exposed area and to be a half wavelength cosine function with
for 60-300 sec periods to 5.655 GHz MW energy produced its maximim at the aperture center. The cross-sec-
by a military type radar transmitter with a peak out- tional model is divided into cells of a size < 1/10
z;ut power of 200 kW (0.5 usec pulses at 240 pulses/ of the wavelength inside the dielectric. The size of
3ec). A 4-kg mass of muscle-equivalent material was each cell was chosen according to the permittivity of
i laced in a large '1W irradiation chamber and exposed the tissue; it was smaller for high permittivity tis
In the far field of a horn antenna to continuous wave sues (heart and muscle) and larger for low permittiv-
2.3 0Hz MW energy generated by a Singer 6600 sweeper/ ity tissues (bone, fat and lung). The electric field

.scillator and amplified :o 3(0 W by a MCL Model :0270 and power density distribution at 70 MFz is shown :or
Klystron. Essentially no difference was seen in the a human thorax divided into 201 cells and irradiated
SAR determined by either probe at 5.653 GHz. At 2.2 by eight aperture sources in an annular array. High
9Hz, a small difference was seen which was probably power deposition is ,hown in the central area where
the result of the two probes being 3lightly misplaced tne heart is located. Experimentally measured tem-
lurlng Irradiattcn. The results show that :he coax- perature increases in a homogeneous tissue phantom ex-
-al NMT offers a useful alternative to more sophlsti- posed to over 1,000 W for 10 min and a sacrificed pig
cated and costly temperature probes _n certain MW do- exposed to 1,500 W for 10 min agreed with theoretical

*.-. simetric conflrratlons. results from the two-dimensional model.

|.-.j
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• ". 407 AN EMPIRICAL '-I.TSTNS IT I '.RELAT IONSH1P mLia of 'he prsat an b=Achievea iaaei wth the

FOR THERMAL BIOELECTROMAGNETIC EFFECTS. new fpplicatntr.4Eng.) Miller, T. M. (Dept. Civil Engineering,

Northwestern Univ., Evanston, IL 60201); 3rodwin, N.

Z '.ember, H. J Microwave Power 17(3):195-202; 1982
(26 refs).

An empirical formula relating the exposure time needed 0409 EXPOSUKE OF ATS O .25-MIiz D) PIOFRE-
to induce a biological effect to the specific absorp- QUENCY 3RAIAT:ON: £FFEZTS ON LYMIPOCYTES.
tion rate (SAR) was based on an analysis of published (Eng.) Smialowicz, R. J. (Experimental Biology Div.,
experimental data on laboratory animals and on pain Health Effects Res. Lab., Enviromental Res. Center,
threshold studies on humans. The bioelectroagnet.ic EPA, Res. Triangle Park, NC 27711); weil, C. '.; Kinn,
effects considered were lethality, cataractogenesis J. 3.; Elder, J.A. .Microwave ?Pwer ,7(3):Zj-221;

" and threshold pain sensation in a frequency range from 1982 (31 refs).
2. 5 :Hz to that of visible light. 7or eacn effect,

a critical organ was chosen as the anatomical loca-

tion where absorbed radiation produces the specific
effect. The critical organs for lethality, cataract-

ogenesis, and threshold pain are the whole body, the The effects of chronic low-level exposure to 425 Hz
crystalline lens of the eye, and skin, respectively, continuous wave (CW) radiofrequenc? kRF) radiation 3n
The exposure :lme needed to induce an effect is re- lymphocyte response in rats were studied. Four exper-
ciprocally related to the exposure intensity as mea- iments were performed in which six time-bred pregnant

sured by the SAR for the critical organ. From regres- rats were irradiated from day 12 of pregnancy to par-
sian analysis of each set of data, a general relation- turition for 4 hr/day in a temperature controlled ex-
ship was found giving exposure time as an inverse pow- posure system consisting of a rectangular strip trans-
ar function of the SAR. The exponent of the power mission line. An A:L 135 power generator capable of
function is different for each type of experiment, supplying 80 W output was used to excite the system.
Te SAR values of the experimental data ranged from Temperature was maintained at 22 C during irradiation.
:.6 to 4700 W/ikg, while the exposure time ranged from Four male pups born to each dam were subsequently ir-
3.25 to 18,000 sec. it is suggested that these empir- radiated under the same conditions for 20-21 or 40-4
ical relationships may prove useful in representing days and euthanized. in 3/4 experiments, forward pow-
time-intensity relationships for thermal/harmful bio- er was 20 W; irradiated dams were inadvertently ex-

logical effects. Dosed at 6.6 W forward power in the fourth experiment.
In a fifth experiment, pregnant rats were exposed for
16 hr/day from day 6 to day 19 of gestation to 425 M-Hz

CW RF radiation at a forward power of 20 W. Pups were
not irradiated. At 22 and 42 days, two pups from each

308 RADIOFREQUENCY-IN0UCED HYPERTHERMIA IN THE litter were euthanized. No difference was observed

PROSTATE. (Eng.) Scheiblich, J. (Medikon- in the wt of irradiated compared with sham irradiated
zept Ltd., PB 1629, D-5190 Stolberg/Rhld., W. Germa- rats. Specific absorption rates for rats of differ-

ny); Petrowicz, 0. J Microwave Power 17(3):203-209; ent ages derived by twin-well calorimetry or extrapo-
*92 :7 refs). lated from power meter readings ranged from 3.1 to o7.

mW/g. No consistent change in the peripheral blood

picture was observed between irradiated rats and con-
A microwave applicator developed for heat treatment trols. In the first two experiments, a consistently
of prostate cancer is described. The 20-mm diameter significant increase in the mitogen-stlmulated re-
applirator is insertable into the rectum (insertable sponse of lymph node lymphccytes of irradiated rats
length of 175 mm). A high frequency (432.9 MHz, maxi- was observed. The blood lymphocyte response of 40-41
mum output power, 120 W) slot antenna inside the ap- day old irradiated rats displayed an increased re-
plicator is cooled with distilled water. To avoid sponse to stimulation by phytohemagglutinn (PHA) as
gaps filled with air between the inserted applicator compared with controls in experiments 3 and .. No
and the rectum, a balloon is filled with water as soon change was seen in the hematologic pictures of pups
as the applicator is placed correctly. Protective irradiated in utero for 16 hr/day at 22 or 42 days of
circuits cut off radiation when preselected limiting age. However, node lymphocytes from 42-day-old rats
temperatures (e.g., 41 C on the surface and 46 C in irradiated only in utero incorporated significantly
the prostate) are reached. This control system pre- greater amounts of tritiated thymidine than controls
vents damage to tissue around the prostate, especial- following stimulation by PHA and concanavalin A. This
ly the rectal mucosa and tissue between rectum and increased responsivens-, was similar to that seen in
prostate. Short-term (20 min) and long-term (several rats irradiated boz e- and postnatally. The re-
treatments in a few wk) experiments were conducted in sults suggest that preTata exposure of rats to 4Z5
male dogs at mean power rates of 55 W and 51 W and MHz RF radiation may be a factor in the !ymphooroli-
cooling-liqutd temperatures of 2.5 C. Rectoscopic, ferative responses of older rats. The possibility
macroscopic, and micromorphologic examinations showed that the increased activity of lymphocytes from Ir-

no damage to the canine rectum, and local heat damage radiated rats was due to a chermally induced stress
in prostate tissue demonstrating that local 6yperther- reaction is n,-ted.
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341 A RADIO-FR.E:UENCY MONITOR FOR ?ROTECTION Since most fractures with delayed uni'ns ieal spontan-
AGAINST )VEREXPOSURE FROM RF HEATERS. eously with time and adequate immobi1lzatton, 1rvine -

(Eng. Bini, M. (I.R.O.E., National Research Coun- advocates a double-blind controlled study to =valuate
cil, Florence, Italy.); :gnesti, A., Millanta, ..; Ru- the efficacy of pulsing electromagnetic flel PEMF),
bino, N.; Vanni, R. ' Microwave Power L7(3):223-229; treatment described by 3assett ec al. [See IENER 7'')
1982 (5 res). abstract ' 0068]. Bassett et al. point out that 332

of the patients treated with FE. IF could not he classed
as having delayed union: they had an average disatil-

A simplified radiofrecuency 'RF) hazard monitor Ia de- ity time of 4.7 yr (range, 2-22 vr) and an average
scribed that meets the requirements of isotropy, flat number of 3.4 unsucessful surgical procedures prior
frequency response, simplicity and ease of use, low to PEMY treatment; more than one third of these pa-
cost, and includes three indicator lIghts correspond- tients were or had been actively infected and at least
ing to existing safety standards. A green lignt in- one recommendation for amputation had Deen made in 29%
ditcates a field lower than the limit allowed for ex- of the cases. Of these patients, 

7
5o were heated by

* posure during an entire working day; a red light indi- PEtFs without further operative intervention. : is
cares a lImit beyond whicn exposure is not permitted; agreed that a double blind approach would be useful

-nd a ' ellow light is actIvated at intermediate lev- to fuliv substantiate claims for PE, erricacy ' cuf-
els where part-time exoosure is allowed. In the 3-30 ficient numbers of matched or paireo cases can be
"!Hz band, toe monitor has been calibrated to switch found for statistical significance to be established;
from green to yellow at 20 'I'm (which corresponds to such a study is in progress in the "iited Kingdom.
the t'SSR standard) and from yeLlow to red at 15i3 Vm is also pointed out that the method Ia appropriate

'which corresponds to a value where ; min of exposure only for delayed or non-inited fractures, as opposeo
is allowed in the USA according to ANSI and NIOSH). to fresh fractures.
The :ilts ppear to be compatible with any RF heat-
o machine tnat ia performing reasonabl' well. The

PP monitor tas a wide range of potentIal ap,l ications
.n electromagnetic pollution control.

j4L3 MAGNETIC AND ELECTRIC FIELDS FRODUCED DUR-
ING PULSED-MAGNETIC-FIELD THERA2Y FOR NON-

''UNION OF THE -BIA. (Eng.) Lunt, M. 2. Dept. Medi-
cal Electrcnics, -t. Satholomew's 3osn., London ECIA

i LTRASTRUCTUR. CHANGES AND DIFFUSION jF 7BE, England). Med 3iol Eng Comput ZO(42:301-511;
ACETYLCHOLINE IN RAT dRAIN AFTER MICROWAVE 1982 '83 refs).

IRRADIATION. ,Eng.) Kasa, P. (Central Res. Lab.,
'edical 2niv., Szeged, Hungary); Bansaghy, K,; Gulya,
K. U Neurosci Methods 38(3):749-752; :982 (10 refs). A theoretical model is described that can be used to -

predict magnetic and electric fields produced in bcne
during pulsed-magnetiz-fleld ?MF) treatment )f non-

Neuron altrastnuctare In different regions of the crn- nnited fractures. The electric field induced by cur-

:ral nervous system was investigated tn ) control and rent 7ilses through two square coils separated by the
0 microwave-(MW) irradiated rat braIns. CFY rats length of their sides is proportional to the rate of

were sacrificed by decapitation (controls) or by fo- change of magnetic field. A calculation of the charge
cused high power 2450 1-hz 'I'd Irradiation to the head density at points along the bone/tIssue interface in-
for 3.8, 3.3, or 1.3 sec (output power 5 .W, reflected dicates that the insulating boundary has modifle-' the
power, 130-150 W). Acetylcholine (ACn. diffusion was field, especially near the coil axis. In the conduc-
examined in criostat and 'ibratome-prepared :issue tor, the field lines circulate; at the insulating sur-
sections 'cortex, criatum, hippocampus, nucleus 'n- face, they are parallel to the interface. While the

• terpaeduncularis, arcnicerebellum). Little change in model is based on the assumption that bone acts as an
neuron altrastructure was seen after ).4 sec Irra- insulator It can be extended to allow for the finite
distion. However, the fine structure f neurons was resistivity of bone as the effect of resistivity on

- markedly affected by 3.8- and 1.3-sec irradiation. the surface charge density is small. When a slab of
Surface membranes were ruptured and rough endoplasmic rectangular cross section immersed in a conductor mid-
retIculum was disorganized in the perlkarva. Synaptic way between two coils is used as a model of the 3eom-
vesicles were aggregated, and mitocnondria were badly etry of bone in tissue, field lines are parallel to

. famaged in axon termnaLs. Cortex and striatum ACh the boundary but in opposite directions on each side
levels were lower in ,ibratome than in cryostat eec- of the slab; further from the boundary, currents cir-
tions. This reduction was attributed to diffusion -f culate in the tissue, again in opposite directions on
Ch into the Krebs-Ringer buffer solution, each side of the slab. A comparIson )f theoretical

,nd experimental results (measurements of magnetic
fields in air and ia tissue, electric fIelds near ap single interface, around a slab, and around a bone)
showed good sgreement. While the model cannot be

PULSING ELECTROMAGUETI F.IEL ZREAThZNT '0 used iuantitatively t) oredlct the magnitue if toe
Letters to the Editor). Irvine, R. D. H i- fields produced In a -l1nicaL ituation, it -an pre-

lo, 3I); Bassett, C. A. I.; Mitchell, S. I.; asron, dicrt tie effect of changtng coiL etre snd separation
i S. R. jA-iA 2'8'8":92; 19821 ref,. and ,can be ised !o compare the :ields rom different

. ,. 8 .9.*-1
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current waveforms. The model may also help to eluci- A model system Is described for studying effects of

date the physical and biochemical mechanisms involved extremely low-frequency (ELF) magnetic fields n teu-
in the healing effects of PMF. ronal functions. Clonal PC12 cells, derived from a

transplantable rat pheochromocvtoma, 4ere exposed to
a pulsing low-frequency magnetic (LFM) field aenerated
between a pair of concentric coils wired in parallel
to a pulse pulse generator and driving circuit similar

)414 ..SE OF MICRCWAVE TECHNIQUES .0 INACTIVATE to one used in clinical trials for treatment f non-
BRAIN ENZYMES RAPIDLY. (Eng.) Galli, C. union fractures. For these experiments, pu'se width

(No affiliation given); Racagni, G. Methods Enzymol of 0.6 msec was used with 1.4 msec between each pulse
86: 635-642; 1982 (33 refs). giving an overall frequency of 500 Hz. Maximum and

minimum fields applied to the sample were 63.5 0' and
1.6 G. Release of 

3
M-noradrenaline (

3
H-NA) from PC.'2

A technique for sacrificing small laboratory animals cells was monitored for 12 sequential 1
5
-min periodsusing high-intensity microwave (To) radiation is de- in 10 trials. Values obtained st 105 and 120 min wnen

scribed, which allows rapid inactivation of mecabolic cell cultures were exposed for 13 min t LFM fIelds
brain enzymes. MW instrumentation has been designed were always higher than values obtained 'rom the two
to control the intensity and duration of the incident preceding 15-min time periods. Expressing the stimu-
power and to minimize the reflected power. General lated release as the difference between the control
soecifications are: current, 15 A; power consumption, and experimental ,alues relative to the control value
3500 W; power output, 1300 W; frequency, 2450 MOz. for a given time period, a stimulation of 27.5% t 4.9
-For adult rats (body it - 150-300 g), irradiation pe- was obtained for both experimental time )eriods. :n
riods of 2-- sec are adequate, while for adult mice 9 further trials in which 15 mM Mg

2
+ was included in

(body wt - 20-40 g), the values should be 0.7-1.5 sec. the medium at the 105 and 120 min time periods, the
-or newborn animals the irradiation times should be rate of release in control washout curves was not a!-
about 0.5-1.0 sec. The use of focused MW irradiation tered, but the stimulated release was abolished. The
for animal sacrifice prevents postmortem changes of stimulated release values in the presence of elevated
various neurochemical paramet.rs and gives virtually Mg

2
+ were not significantly different from the con-

the same results as the freeze-blowing technique. trols. The results indicate that PC12 cells can be
"hen samples obtained from animals sacrificed by MW used as a model system f-r studying the effects of

. irradiation were compared with those obtained by de- LFM fields on neuronal fut tions.
capitation, increased levels of cyclic AMP, 3-meth-
oxvtyramine, normetanephrine, GABA, and choline and
decreased levels of DOPA were seen in the samples ob-

Stained by decapitation. Levels of free arachidonic
acid (FAA) in brain areas of animals sacrificed by fo- 3416 DIELECTRIC PROPERTIES OF ANIMAL TISSUES IN
cused MW irradiation were much lower than those mea- VIVO AT RADIO AND MICRQWAVE FREQUENCIES:
sured by decapitation followed by a time interval be- COMPARISON BETWEEN SPECIES. (Eng.) Stuchly, .. A.
.ore analysis; they were not statistically different (Nonionizing Radiation Section, Radiation Protection
from levels measured after decapitation and immediate Bureau, Health and Welfare, Ottawa, Canada); Kraszew-
analysis ((30 sec between decapitation and homogeniz- ski, A.; Stuchly, S. S.; Smith, A. M. Phys Med Biol
ation in organic solvent), or analysis after decapl- 27(7):927-936; 1982 (17 refs).
tation and immediate freezing. Levels of proscaglan-
din (PG) F and thromboxane (Tx), derived through PCH An open-ended coaxial line sensor was used to measure
synthase, and HETE, derived through lipoxygenase, were the dielectric properties of various tissues of anes-
much lower in the brain of animals sacrificed by MW thetised cats and rats at frequencies between 0.1 and
irradiation than in those sacrificed by decapitation 10 GHz. The measurement method is based on deterina-
followed by a time interval before analysis and were tion of the input reflection coefficient of the coax-
of the same order as those measured In brain tissue ial line when placed against the test tissue. This co-
frozen in liquid nitrogen immediately after sacri- efficient depends on tissue permittivity, frequency,
fice. In synthesis, the use of focused MW irradia- and dimensions of the coaxial line. Dielectric con-
tion prevents both the release of FAA occurring after stants and conductivities are reported for skeletal
decapitation followed by a time interval before anal- muscle, brain cortex, spleen, and liver and compared
vsis and the accumulation of ?G and Tx observed in with previously published in vivo data for cats and
the brain even if the interval between decapitation rats and for dogs. The difterences in the dielectric
and analysis ia less than 30 sec. properti-q of the same tissue for these species were

found to be very small (less than 10%) in the frequen-
cy range from 0.1 to 10 GHz, suggesting that lower
nonaquatic animals can be used for modeling human be-
ings in developing microwave hyperthermia techniques.

* 
3
H-NORADRENALINE RELEASE POTENTIATED IN A At frequencies above 1 GHz, tissue properties corre-
CLONAL NERVE CELL LINE BY LOW-INTENSITY lated well with water content. A comparison of cal-

P LSED MAGNETIC FIELDS. (Eng.) Dixev, R. (Dept. Med- culated and measured tissue water content indicated
Ical Electronics, St. Bartholomew's Hosp., West Smith- that the tissue water in muscle has the dielectric
field, London ECIA 73E, England); Rein, G. Nature 296 properties of free water while a varied but consider-
(5854):253-256; 1982 (25 refs). able amount of water in other tissues Is n a form of
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bound water. eye resulting from absorbed MW power distribution -al-
:ulated with a thermal finite difference computer nod-
e! were :erified experimentally on rabbit eyes. Accu-
racy! was better than 0.3 C when the anterior part of
the eye was heated to 43-44 C. Accuracy was lower in

0417 THE COMPLEX PERMIT-1rVITY OF HUM.AN :ISSUE AT the posterior half of the eye because of differences
MICROWAVE FiREQUENCIES. (Eng.) Hey-Shipton, in blood flow, but was still better than (.5 C. Two

*. I. (c/o Mathews, Dept. Electrical and Electronic retinoblastoma patients were treated with x-radiation
Engineering, Leeds Univ., Leeds, Yorkshire, England); followed by hyperthermia up to !4 C for I hr. 3oth
Matthews, P. A.; McStay, J. Phys Med Biol 27(8):'067- tumors regressed and no cataracts were induced by MW
:071; 1982 (8 refs). heating. The complete computer-controlled MW hyper-

thermia system is described.

The complex permittivity and emissivity of the human

body and attenuation coefficient of skin were deter-
mined from simple measurements made on living tissue
5ver the frequency range 8 to 18 GHz. The experiment- )419 MICROWAVE IMAGING OF CEREBRAL EDEMA. (Eng.)
al setup consisted of a rectangular waveguide termin- Lin, J. C. (Bioengineering program, Univ.
ated by a semi-infinite flange. The medium inside the Illinois, Chicago, IL 60680); Clarke, X. J. Proc IEEE
waveguide was considered to have a permittivity value 70(5):523-524; 1982 (2 reis).
identical to that of free space. To create a flat
geometry in the plane of the waveguide flange, a plug
of expanded polystyrene 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
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 10 mW/cm

2
. The VSWR and were simulated by a -.4 cm radius glass sphere filled

phase shift of the reflected wave were measured using with 1150 m! of ethanol containing a rubber balloon
a precision slotted line, the phase being compared filled with 550 ml of water to simulate 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 2.4 GHz MW
lues of VSWR and phase angle for the biological sam- energy (at a power level <10 uW/cm

2
) 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 measured
the sample necessary to produce such a VSWR and phase by vector voltmeter. The phase change in the MW sig-
angle. Measurements of real permittivity were about nal was correlated with changes in fluid volume in
a factor or two lower than those predicted by theory, the head model. It is shown that volume changes of
while the measurements of imaginary permittivity cor- less than one percent of the total fluid volume could
related well with existing measured values at about be detected.
10 GHz. Emissivity values agreed closely with calcu-
lated emissivity values at 8-18 GHz for skin of in-
finite thickness. Possible sources of error in the
measurements of complex permittivity included accu-
rate determination 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 BY DIELECTRIC OB-
sumption that the skin could be considered infinitely JECTS. (Eng.) Iskander, M. F. (Dept. Electrical
:hick in the area of measurement. Engineering, Univ. Utah, Salt Lake City, UT 84112);

Lakhtakia, A.; Durney, C. H. Proc IEEE 70(1):1361-
1362; 1982 (4 refs).

a* )418 A MICROWAVE HEATING TECHNIQUE FOR THE MY- A new technique, the Iterative Extended Boundary Con-
PERTHERMIC TREATMENT OF TUMOURS IN THE EYE, dition Method (IEBCM), is presented to calculate the

ESPECIALLY RETINOBLASTOMA. (Eng.) LagendiJk, J. J. scattering and absorption of electromagnetic energy
W. (Univ. Hosp. Utrecht, Dept. Radiotherapy, Catha- by homogeneous highly conductive dielectric objects.

* rilnesingel 101, 3500 CG Utrecht, The Netherlands). This method increases the solution stability of the
Phys Med 3iol 27(1i):1313-1324; 1982 (12 refs). Extended 3oundary Condition Method which may become

-unstable at resonant and postresonant frequencies.
The IEBCM begins by replacing the lossy dielectric ob-

A 2450- Hz microwave (MW) stripline applicator for hy- ject with a perfect conductor and calculating current
perthermic treatment of eye tumors, especially retino- densities on the surface; the surface current is used
blastoma, is described. The applicator is placed di- to compute the internal fields inside the dielectric
rectly on the eye beneath the eyelids so that the ge- body. The interior of the object is partitioned in-
ometry can be fixed. The only parameters influencing to overlapping spherical subregions to produce a more
t temperature distribution which cannot be regulated are efficient convergence. To ob-ain internal field ex-
differences between patients in eye diameter and blood pansion coefficients, the surface currents obtained
flow. Temperature distributions In human and rabbit from the solution of the external problem are point

.42



aiological Effects of .Vononizng Eiectromagnetc

,aoiation VII(2-4). JLuly 1983 Current Literature

matched with the surface currents obtained from the capitated, inc blool samples were coil.cted t)r je-

internal expansion, while maintaining the continui:y ermination ;f hnmatocrit, hcmoglobin, reu blood -ell

of the magnetic field in the overlapped regions. This IRBC) and white blood cell (WBC) counts, and differen-

procedure yields a zero-order estimate of the internal :ial '4BC percentages. No differences in deep coloniz

'ields. Further iterations are ;sed to improve the temperature, which iveraged 38 C for all three groups,

initial estimate o3f the surface current density. 3a- were noted when measured laediately ater termination

:ulations are presented for the Internal field in a )f exposure. Serum levels of protein, beta-glucuroni-

spheroidal model of man zomposed of nine :verlapping dase, alkal'ne phosphatase, cholinesterase, and lac-

3;heres at 27 MHz. tic dehydrogenase 4ere not itered by exposure to ei4-

ther MW power density. in addition, MW radiation had

no effect on sodium and potassium levels. No changes

In the hematocrit or RBC number were notd for either

exposure group. There were no differences between

12 I RADIG-FREQUENCY AZARDS :N THE VLF TO ME the sham and either group of MW-exposed rats in the

BAND. Eng.) ;anchi, 0. P. (Dept. 11ec- total number of circulating WBC or percentage of 3C

:rical Engineerlng, Univ. Utah, ialt Lake City, UT types. It is postulated that the differences in ie-

- Ii-); Chatzer'ee, I. Proc :I7E (.):-o2-i46,; matologic effects between this study and that found
* >4o2 $.o refs), by previous investIgators most likely resulted from

differences in frequency, mode of delivery (pulsed

versus CW), and duration if exposure.

The external electric (E) fields necessary to generate

thresnold perception and let-go currents f)r a human

in conductive finger :untact with ungrounded metallic

bodies (car, station wagon, truck, fence, and roof)

were calculated for frequencies from 10 <Hz to 10 MHz.

The calculated external E-fields for threshold per-
-eption were below the proposed ANS: guideline of 100 3423 PULSE MICROWAVE EFFECTS ON NERVE VITAL:TY.

mW/cm
2 

(E - 615 V/m for 0.3 to 3.0 MHz). The human 2Eng.) McRee, D. 1. (Lab. Environmental

body was modeled as .a resistance which varied with Siopnysics, Natl. Inst. Environmental Health Sci-

frequency and a capacitance which was assumed to be ences, P.O. Box 12233, Research Triangle Park, NC
C o F at all frequencies. The current through the 27709); Wachtel, H. Radiat Res 91:212-218; 1982 (9

human body in conductive contact was calculated as a refs).

function of resistance, capacitance, frequency, and
the short circuit current induced in the metallic ob-

lo - ect by a vertical E-field. The calculations assume

that the E-field lines terminating in the human body The effects of pulsed microwave (MW) radiation on the

and the ungrounded metallic object were not affected vitality of frog sciatic nerves were investigated and

by the presence of the other and that object length compared with effects of continuous-wave (CW) MW ra-

was smaller than 1/15 or 1/10 of the free space wave- diation. Isolated sciatic nerves of frogs (Rana pL-

length. Experiments on reduced scale models of a car aliens) were exposed to 2.45-GHz pulse-MW radiation in

and a jeep using a 0.1 wavelength monopole-aboce- a waveguide exposure system. In previous studies of

ground antenna produced results comparable to the cal- CW MW radiation at a specific absorption rate (SAR) of

culated values for a simulated frequency of 0.765 MHz. 10 mW/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 ex-

periments were carried out using 10-usec-wide pulses
at 50 pulses/sec, with an average SAR of 10 mW/g: (1)

J422 STUDIES ON ACUTE IN VIVO EXPOSURE OF RATS asynchronous pulsing wherein the MW pulse was deliv-
TO 2450-M4z MICROWAVE 1RADIATION. 11. BIO- ered at varying times in the firing cycle; (2) syn-

CHEMICAL AND HEMATOLOGIC EFFECTS. (Eng.) Galvin, M. chronous pulsing during the peak of the nerve action

J. (Nati. Inst. Environmental Health Sciences, P.O. potential; and (3) synchronous pulsing during the qui-
Box 12233, Research Triangle Park, NC 27709); Ortner, escient period between nerve firings. In all cases
M. J.; McRee, 0. 1. Radiat Res 90:558-563; 1982 (22 a significant decrease occurred in the survival time
refs). 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-

The hematologic and biochemical effects of acute mi- cant compared with that of the control nerve. iowev-

crowave (MW) radiation were examined at incident pow- er, the magnitude of this effect was essentially the

er levels resulting In undetectable thermal stress same in all three cases and was also comparable with

(as determined by colonic temperature). Male Charles the effect seen earlier with CW MW radiation of equiv-

liver rats were divided Into three groups of 8 animals alent SAR. it is suggested that the MW effect on

each (wt - 300 ± 35 g, 10-k-old) were exposed for nerve vitality may result from an interference with

. hr to continuous wave (CW) 2450 MHz MW radiation in long-term regulator, processes (such as interfering

the far field at intensities of 0, 2, and 10 mW/cmZ with maintenance of adequate ionic concentration gra-

(estimated average specific absorptIon rates of 0, dient across the membrane) rather than interference

".4 , and 2.2 mW/g, respec:ively). Rats were chen de- with the mechanism for action potential firing.
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- _ CHAING ZS IN 7'-' 0 )XYCGENAT 1'3 AFTER '-CAL trn atition. 7 imor ho Iw s ri~
:ZED M.ICRCWAVE qTEATING. ,Ens.) Vaupel, P. .:enon .33 :ilearance, d1ezresd 4nen tumor 44ameter n

(Dept. ?hvsio o gv, Univ. Mainz, Saarstrasse 21, D-bIJO Creased. 31>od -Low in -he normal righ: nh-,l was
'!ainz, W4. termany); Otte, '.; Manz, Rt. in: Biomedi- cOmparable -) that in thie tuo-or-bearcg :.-ftth
23., 7Termclog!. Proceedings i1f an international Svm- ;nen tum~or c;iamete2r was .'I.:m. However, i.t 1
Dosiumn held in Strasbourg, France, June 30-Julv 4, -reased percetotiblvi is tumo ere increased. Rectal
:9s:. Cau the rie, M.; Aler, . ds (ewYr:Aa temperature an, temperature it toie tumror iurface, at
R 9. .iss, Inc.): o. 65-74; 1982 (,27 refs). rta center, arrd ic in the -rormal rmgr.t thigh ;as re-

corded. A significant -decrease was seen .n intra-
-ind extrarumoral temperatures in tuosmeasuring :~

MIicrowave-MW.) induced changes in tumor oxygenation.. cm; the decrease was ess s:gnu-icant in turnors
wiere investigated by determining the oxyhemoglobin larger than 2-1 cm. Temperature at the tumor center
saturation (Mba,) of single red blood cells within was about 1 degree higher than it the surface. Rec-

-tumor carill'aries after MfW hvperthermia. Local hv- ti. temperature -was consistent.r .ither toan tnmer
r erthermla was induced fir 30 mmin : umor-bearing measured temperatures. Rectal and , orma', :ssue -tm-

*Sorag'ae-Dawley rats (-170-400 3) of both sexes using nerature decreased i s tumor iLze LnCreased z i n
CI-Iz !W radiation delivered through a special ap- .~to 2.0 cm and 2'.5 i s tumor ize increase e. from

*plicato)r (15 mm outer diameter). Three hype rthe rmia 2. to 2.5 cm. Th e results suggest that :-.e tiermo-
e ves were employed: -0 C, 43 C, and 45 C. M!ean regulatory system of the mice was not altered ov MW1,

*tissue temperature for controls was about 35 C. The irradiation )f small. tumors 'diameter =. cm) while
inrasplary qb0i was studied during respiratory mice bearing big tumors (diameter 20and 2.5 cm)

i ormmox;ta b y a zryoohotometric micromethod. 'Upon appeared to loose t.het.r thermoregulatory mnechanisms.
*heating at 4.) C, oxygenation of tumor tissue improved Observed changes are .a function if measurement tech-

3!sgnificantly (p <O.0OCOS). Directly after 40 C hy- nique, tumor age, existence and extent of previcus
perth ermia, the mean saturation increased to 66 sat,' hyperthermia tramet, and of measurement time.
(median, 70) sat'). However, tumor oxygenation de-
creased significantly after 43 C hyperthermia com-
oared with control conditions (p <0.02). After a
-urther rise of the mean tumor temperature to 45 C,
tumor oxygenation decreased drastically (p <0.00005). 0)426 EFFECTS OF LOCAL MICROWAVE iYPERTHERMIA )N

7 he results were thought to reflect changes caused by LIVER TUMORS : ANi EXPERIMENTAL STUDY N
-Localized hynerthermia within the tumor tissue itself RATS.- (Eng.) Hafatrom, L. 0. (Dept. Surgery,Unv
*since no host systemic effects were detected and all Lund, S22185 Lund, Sweden); Hugander, A.: Tonsson,
*tumor biopsies were taken at comparable values of mean 7.I. olmsJo, M.; ?ersson, B.; Stenram, '.. In:

arterial blood pressure and of respiratory gas para- Biomedical Thermology. Proceedings o)f an Internation-
maeters in arterial blood. These results clearly in- a. Symposium held in Strasbourg, France, .'une 30-
dicate that local hyperthermia has profcund effects July 4, 1981. Gautherie, It.; Albert, E., eds. (New
o n tumor tissue oxygenation. York: Alan R. Liss, inc. ): pp. 97-102;, 19S2 (4

refsa).

An experimental model for local microwave-induced
* 45 BLOOD FLOW AND TE.MPERATURE EVOLUTION OF hyperthermic (HT) treatment of liver tumors is pre-

RHABDOMfYOSARCOMKA- BEAR ING MICE DURING NORMHAL sented. Inbred Wistar rats h)earing transplanted,
GROWTH AND DURING SEQUENTIAL IYPERTHELMIA TREATMEYNT. chemicallyinduced hepatic adenocarcinoma were divided
(Eng. ) Robert, J. (Lab. Biophysique, Faculte Medicine, by size of tumor into five separate groups that were
1.8 r'ae Lionnois, 54000 Nancy, France); Escanye, J. M.; subdivided into a control group and ine sub'ected to

* archal, C.; 7houvenot, P. In: 3iomedical Thermology. local NT induced by a 2.45 GHz Siemens magnetro ra-
*?rn)ceedi-igs of an international Symposium held in diotherm 305 generator operating at 20 W4. The tem-

Itrasbourg, France, June 30-July 4, 1981. Gautherie, perature for NT treatment was preset at 42_ C. Tumor
.;Albert, E. , eds. (New 'fork: Alan R. Lies, Inc.): size was measured 6-8 days after treatment. Noa dif-

op. 35-95; 1982 (B refs). ference in growth ratio (,size at day of measurement
divided by size at day of treatment) was seen 4n con-
trol :ind treated tumors smaller than ;0 mmZ. Tuimors

Thie effects )f microwave (M)idcdhprhri n between 50 and 1.50 mm
2 

treated with iT exhibited a
-umor -)lood circulation were investigated in male 03H slower growth rate t.han controls. For timors between

*mice with chemically-induced rhabdomyosarcomas trains- 150 and 200 mm- there was no difference in tumor sire
ol)anted in the letthigh. Hyperthermia treatment between the two groups. M4icroscopic 2xamination of
(23 mmn/day, 5 davi/wk for 2 wk) began on day 15 after the tumor-bearing lobe 14 days after local HT reveal-
tumor transplantation when mean tumor size was 1.4 cm ed an increase in tumor necrosis with increas ing -ru-
and ended on day 29 wnen mean tumor size was 2.3 cm. mor size, indicating that thie Tumoricidai effect 't

* vperthprmia was induced by a a 434-H_4z M4W generator KT was increasing although the difference n tumor
* w~.itt, a high frequency upto 4,dlvrdb size between treated and control tumors decreased.

-coaxial-type anplicator with a contact diameter of 5 Thsthe edema and osmotic eiffect if nccrcsis ma';
mm on the tumor surface. Blood flow and temperature disguise good tumor response to HT fte eooe
neasurements dere maade rn days 15, 22, ind 29 after is expressed as change in tumor iie.
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0427 BOLOGICAL EFFECTS ,F MICRGWAVES AND THE inside the cytoplasm. Thermal stress induced by MW
QUESTION )F COHERENCE. (Eng.) Frolich, H. irradiation has been detected by cytoplasmic micr:vis-

(Dept. Physics, The Universitv, P.O. Box 147, Liver- cosity measurements based on fluorescence depolartza-
pool 19 3BX, England). in: Biomedical Thermology. tion. Possible molecular effects of exposure to -ow-
Proceedings of an Tnternatinnal Symposium held in intensity EM fields have been proposed. At radio and
Strasbourg, France, June 30-July ., 1981. Oautherte, MW frequencies, a permanent excitation of metastable
'.; Albert, E., eds. (New York: Alan R. Liss, Inc.): states due to thermal noise is present. Long range
pp. 189-195; 1982 (8 refs). interactions of EM fields and biomembranes may modify

the equilibrium in cooperatively bonded systems exist-

ing in periodic structures such as cellular membranes.
Nonthermal biological effects of microwave (MW) radia- Direct effects of EM fields on synthetic or natural
tion at fields that are weaker than those which give membranes have been postulated. Mechanisms involved
rise to thermal effects and their prediction from the- in dielectric losses at radio and MW frequencies are
ory are discussed. Two possibilities for the trigger outlined. For water molecules with different chemical
action of external electromagnetic waves are pre- bonds at room temperature, dielectric loss can vary as
sented. One theory refers to coherent electrical vi- a function of frequency. Heating and thermalization
brations excited by metabolic energy. A small exter- mechanisms in hydrated media such as living matter are
nal energy supply may be sufficient to trigger the ex- discussed. Hydration water bound to specific biopoly-
citation and the subsequent biological effects. An- mer substrates absorb more energy from incident EM
)ther refers to a metastable state of large molecules fields than free water regardless of the frequency.
(such as enzymes) with a very high dipole movement. Additional research on the mechanisms of interaction
Interaction between the dipoles of activated enzymes of EM radiation with living systems at cellular and
ay lead to oscillations with a definite frequency molecular levels is needed.
and amplitude. :his so-called limit cycle may be de-
stroyed 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 lower than in the first case. The
observed nonthermal effects from MW radiation ampli- 0429 ACTION OF 2.45-GHz MICROWAVES ON THE SY.,-
tude-modulated at low frequencies may result if the THESIS OF PROTEINS IN SACCHAROMYCES CEREVI-
two frequencies work together to yield a stronger bi- SiAR. (Eng.) Dardalhon, M. (Institut Curie, Section
ological response than each one individually. This Biologique, 26 Rue d'Ulm, Paris 75231, France); Aver-
suggests simultaneous application uf high and low fre- beck, D.; Berteaud, A.-J. In: Biomedical Thermology.

-uency fields that would arise if the MW energy trig- Proceedings of an International Symposium held in
gered the excitation of the high frequency vibration Strasbourg, France, June 30-July 4, 1981. Gautherie,
while the low frequency acted on the limit cycle. M.; Albert, E., eds. (New York: Alan R. Liss, Inc.):

I ' • Specific investigations should be performed to deter- pp. 209-218; 1982 (20 refs).

mine at which stage in cell development a particular
frequency becomes effective. It is speculated that
carcinogenesis could occur if foreign chemicals or
electrons caused a cell to lose its correct frequency. Protein synthesis was examined in yeast exposed to mi-
The vibrational properties of tissues will have to crowave (MW) radiation to investigate the existence
be studied to investigate this speculation. of specific thermal effects. The haplofd 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,

•428 THERMAL ASPECTS OF BIOLOGIC EFFECTS OF 170, 220, 270, 330, and 400 W, incident power values
ELECTROMAGNETIC FIELDS AT THE CELLULAR AND were 10, 20, 30, 40, 50 and 60 mW/cm

2
, respectively.

MOLECULAR LEVEL. (Eng.) Berteaud, A.-J. (CNRS GR 35, Protein synthesis was determined after treatment at
2 -te Henri Dunant, 94320 Thiais, France). In: Bio- different MW power levels. After 30 min, the rate
medical Thermology. Proceedings of an International of protein synthesis (measured by [

3
H]-leucine incor-

Symposium held in Strasbourg, France, June 30-July 4, poration) in MW-irradiated cultures did not differ
1981. Gautherie, M.; Albert, E., eds. (New York: Alan significantly from that of cultures grown under con-
R. Liss, Inc.): pp. 197-208; 1982 (20 refs). ventional heating methods. No significant difference

was seen in the rate of protein synthesis after 1-hr

exposure to either conventional or MW-induced hyper-
- 7arious mechanisms involved in thermal energy transfer thermia, taking into account a temperature equilibra-

into living systems from electromagnetic (EM) fields tion period of 30 min for the sample. These results,
are reviewed. Cell suspenslons have been used to com- which are consistent with previous findings, suggest
oare the effects of microwave (MW) and conventional that MW action at higher power levels may produce hy-
heating. Results of studies using zygote formation perthermia that is not different from that produced
in Saccharomyces cerevisiae to determine global tem- by conventional means. The possible contribution of
-erature resulting from MW irradiation indicate that specific MW action to the overall thermic effect was
heating was due mainly to the dielectric absorption relatively small, if at all present, in these expert-
i f 'MW energy by free )r loosely bound water molecules ments.
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0430 INTERACTIONS OF NONIONZING RADIATION WITH mia; and alterations in natural, nonspecific >antlbac-
THE NERVOUS SYSTEM. (Eng.) Albert, E. N. terial, antiviral, antineop-astic) resistance fn MW -

(Dept. Anatomy, George Washington Univ. Medical Cen- exposed animals. Tabulated experimental data include
ter, 2300 1 St. N.W., Washington, DC 20037); Sherif, details of irradiation conditions and periods. The
4. F. In: Biomedical Thermology. Proceedings of an literature does not contain any convincing evidence
International Symposium held in Strasbourg, France, that metabolic and/or functional alterations occur in
June 30-July 4, 1981. Gautherie, 4.; Albert, E., eds. imminocompetent cells irradiated in nonthermal fW/RF
(New York: Alan R. Liss, Inc.): pp. 219-225; 1982 (35 fields in vitro, until thermal effects occur. Short
refs). term irradiation of animals in low level and thermo-

genic MW fields may enhance immune response as evi-
denced by increased antibody levels, faster matura-

Literature dealing with the effects of nonionizing tion of B lymphocytes, and enhanced delayed hypersen-
electromagnetic radiation (EMS) on the nervous system sitivity reactions. The observed effects are trans-
is reviewed. Russian and Eastern European literature tent and inconsistent and may be exolained in aerms
includes reports of a neurasthenic syndrome in indi- of nonspecific stress reaction and/or therma- 'oad
viduals occupationally exposed to EM. Early animal after irradiation at higher power densities. tong
experiments performed to assess the effects of EMR term irradiation in nonthermal MW and EF fields Toes
on the nervous system were carried out at high inten- not provide any convincing evidence for specific m-
sities of E4R which resulted in increased body temper- mune system response to nonionizing radiation. There
ature and death. Observed effects could be attributed may be slight and transient immunosuppression that is
to thermal stress. However changes have also been re- not directly related to interaction with MW energy but
7orted in the nervous system and brain of experimental is explainable in terms of chronic, nonspecific stress
animals exposed to lower power densities which appear reaction. An increase of field power density that is
to be well tolerated and which probably do not produce sufficient to increase body temperature by 2 to 3 C
hyperthermia. Ristopathologic changes in the brains evokes distinct responses of hematopoiesis and lympho-
of experimental animals subjected to acute exposures poiesis. Results of MW hyperthermia experiments are

to microwave radiation at low power densities (10 and reported. A biphasic reaction was observed in mice
25 mW/cm

2
) have been reported. However, unpublished exposed to daily sessions of 2450 [Hz MW hyperther-

studies showed that chronic exposure to EYR (2450 MHz mia: stimulation of cell-mediated immnity during

at 10 mW/cm
2 

for 14 hr/day for 10 wk) did not induce the first 4 days of treatment was followed by trans-
any remarkable morphologic changes in most of the ex- ient but pronounced immunosuppression. Reduced re-
posed animals. Increased blood-brain barrier permea- sistance to staphylococcal infections was observed
bility has been reported after exposure to Eif at low in mice exposed to low-level or thermal MW fields.
power density. Most of the research on the effects Significantly lower clearance of 

32
P-labeled staphy-

of Z£R on the developing brain has dealt with gross lococci from peripheral blood of rabbits treated
observations on brain. There is very little litera- with 2-hr daily sessions of MW hyperthermia was seen.
ture on the effects of low-level EMR on changes in After iv injection of viable cancer cells, mice ex-
brain cells during development. Similar changes in posed for I to 3 mo to 2450 OH (2 hr/dav, at 5 or

* cerebellar Purkinje cells have been reported after 15 mW/cm
2
) and mice treated with daily sessions of

prenatal and neonatal exposure to different EnR Ire- MW hyperthermia for 14 days developed significantly
quencies (100 and 2450 M z) at similar specific ab- more cancer nodules than controls. Accelerated de-
sorbed energy levels. The literature in general sup- velopment of spontaneous breast tumors and 3,4-ben-
ports the observation that low-level EM produces re- zopyrene-induced skin cancer has been reported in
versible morphologic changes in the nervous system. MW-irradiated mice. The results suggest that under
However, the significance of such morphologic changes the tested conditions MW radiation lowers both anti-
is not known at the present time and more research bacterial and anttneoplastic. resistance and that MW
is needed. radiation may possess cocarcinogenic properties.

,431 I1MUNOLOGICAL RESPONSE OF MAKtIALS TO MICRO- 0432 INFLUENCE OF THE NEOFOLMATION OF BONE TIS-
WAVES. (Eng.) Szmigielski, S. (Center for SUE BY MEANS OF LOW-FREQUENCY PULSED AG-

Radiobiology & Radioprotection, 128 Szaserow, 00-909 NETIC FIELDS. (Eng.) Haimovici, N. (Dept. Hand Sur-
Warsaw, Poland). In: Biomedical Thermology. Proceed- gery & Operative Rheumathology, Herder Clinic, Am

. ings of an International Symposium held in Strasbourg, Dobben 103, 2800 Sremen L, W. Germany). In: Siomedi-
.rance, June 30-July 4, 1981. Gautherie, M.; Albert, cal Thermology. Proceedings )f an International
E., eds. (New York: Alan R. Liss, Inc.): pp. 227-246; Symposium held in Strasbourg, France, June 30-July
1982 (42 refs). 4, 1981. Gautherie, M.; Albert, 7., eds. (New

York: Alan R. Liss, Inc.): op. 247-255; >82 (15
* refs).

Data on the effects of microwave (MW) and radiofre-
quencv (R) radiation are grouped into the following
categories: alterations in immunocompetent cells ir- To determine the effect of 1xw-frequency pulsed mag-
radiated in vitro; response to low-level, short-term netic fields (PMF) on bone healing, a comparative
exposure in vivo; response to whole-body MW hyperther- study was performed in 32 patients Aith a severe bi-
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lateral metatarsus primus varus who underwent simul- temperature elevation by 6 C and by 9 C were 450 and

taneous osteotomies on both feet. The left foot of 650 W, respectively. Blood samples were taken from
all the patients (2 male, 30 female; 15-55 yr old) was both groups of dogs at TI= O) min, Ti=30 min and Ti-

subjected to two daily P.F treatments (0.5 hr/day for 90 min; T 1 was taken 20 min after the start of TCC.
12 wk; at 10 Hz and 50 G), using low frequency pulsed A fourth blood sample was taken after 5-8 wk. Blood

magnetic field equipment supplied by ELEC. The right flow rates used for the dogs were about 1000 mlnmin.
foot was not subjected to electrophysical therapies Biochemical and hematologic investigations were car-
and was shielded from electromagnetic fields. Clini- tied out. No significant differences between the two
cal, radiographic, tomographic and scintigraphic ex- heating methods were seen in polynuclear neutrophiles,
aminations were performed after 1,2,4,6, and 12 mo. average globular value, leukocytes, hematocytes, and
The average time for clinical and biologic bone heal- hemoglobin. No significant variation occurred in me-

ing was 16 wk for magnetic field-treated cases and 26 tabolic activation during phagocytosis, expressed by
wk for the untreated cases. Macroscopically, a solid the trazolium nitroblue reduction test, or in cell mi-

osseus callus with regenerated bone structure was ob- gration capability, measured in the chemotaxis test.
served in the magnetic-field treated cases 4 mo after Blood biochemical analyses established that no signi-
surgery. with the exception of a single case, no com- ficant differences resulted from either heating meth-

* plete and definitive bone regeneration was observed in od or were found as a function of sampling time.
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 cases treated with
PMF. Formation of bone units, stratification, osseous j434 DIELECTRIC PROPERTIES OF BIOLOGICAL T!S-

lamellation, ossification, and calcification of the SUE. (Eng.) Grant, E. H. (Dept. Physics,
callus were accelerated in ?MF-treated cases and im- Queen Elizabeth Coll., Campden Hill Rd., London W8

proved blood distribution was observed. No tempera- TAH, England). In: Biomedical Thermology. Proceed-
ture increase in joints, bone or adjacent tissue was ings of an International Symposium held in Stras-
induced by PMF treatment and there were no signs of bourg, France, June 30-July 4, 1981. Sautherie, M.;
irritation or side effects. 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-

HEATING BLOOD IN EXTRACORPORAL -IRCULA- ecules both contribute to the production of heat in
TION WITH A HIGH-FREQUENCY ELECTROMAGNETIC biological material which occurs when microwaves (M)r FIELD: EFFECT OF MICROWAVES ON BLOOD. (Eng.) Andre, or radio waves are used to treat cancer. The relative

( r -Centre de Technologie Biomedicale, INSELM SCN contribution of these processes is examined in a dis-
13, Toulouse, France); Barthelemy, R.; Lefeuvre, S.; cussion of dielectric properties. The four disper-

?rtou, A.; Morucci, J. P. In: Biomedical Thermology. sion regions that characterize the dielectric behav-
Proceedings of an International 3ymposium held in ior of typical biological material are described and
Strasbourg, France, June 30-July 4, 1981. .autherie, mechanisms of heat dissipation are discussed. At fre-
M.; Albert, E., eds. (New York: Alan R. Liss, Inc.): quencies below the Mw region (200 .11z-!

00 
3Hz), ener-

pp. :57-268; :982 (13 efa). gy absorption is due mainly to ionic conductivity.

However, at MW frequencies, energy dissipation irising
from the relaxation of water becomes increasingly Im-

Microwave (MW) blood heating devices are considered portant, especially as the water content of most bic-
-as an alternative to the heat exchangers currently logical tissues is so high. For tissues of high wa-
used to heat blood during heart surgery and in some ter content, there is nothing to be gained by heatr.g

cancer treatments using general hyperthermia. The ef- at frequencies higher than 2.45 GHz which can achieve
fect of MW heating during extracorporal circulation a penetration depth of several cm. However, because

" (ECC) was studied in 12 40-kg dogs. One group of 6 of the shortness of wavelength in tissue, 2.45 GHz
dogs was treated by conventional techniques for ECC radiation can produce standing waves in the subcuta-
blood heating; a second group of 6 dogs was used for neous layers of fat or other tissue, and the maxima
MW blood heating tests. The MW device consisted of of electric field produce localise heating or hot
a 2450 Mz generator capable of delivering a maximum spots. All factors considered, it appears that the
steady power of I kW. The standing wave ratio was optimum frequency for cancer treatment is around "'."-
1.02 over a O-4ihz frequency range centered at the 900 'giz. The dominant factor determining the energy
working frequency of 2450 kfiz. A rectangular wave- absorption when MW energy interacts with biological
guide coupled the irradiation cavity to the MW gener- material is the water content. Deposition of energy
ator. In the conventionally treated dogs, blood tem- In free or bulk water and bound water or water of 'v-
perature was lowered to 29 C at the begining of the dration are compared. The dispersion region of bound4 treatment and was returned to 38 C after 30 min by water occurs at the low-frequenc end ,f the MW re-
-se of a 41 C thermostated bath and maintained at a gon while free water relaxation takes place it :re-

constant temperature thereafter. 'n the dogs -sed 7uencies about 10 times greater. Thus bound water :s
for MW blood heating tests, blood was heated to 38 C heated differentially at the low-frequency enc :: :e
after being cooled to 32 C (4 dogs) or 29 C (2 dogs). 4W region, and tissues with ig h bound wat-er Lrent
The input power levels (continuous wave) required for will abscrb more energy it frecuencles ;n - few -
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Mffz up to several 3Hz than they would absorb if all Measurements were made for :3-20 sec at distances or
the water were bulk water. Differential heating of 1-2 cm, 2-4 sec being the theoretical response time.
malignant tumors over normal tissue could therefore Thermographic measurements were performed at a fixed
be achieved over a certain frequency region if malig- distance from the scalp unidirectionally and perpen-
nant tissue had a higher bound water content. Recent dicularly to the saggital, frontal, or horizontal
studies Indicate that malignant :issue has a higher plane. Recordings were made continuously follcwIng

" total water content than normal tissue and that the sweep lines at a speed of 10-20 cm/min. Results ob-
. state of water binding may also be different. If the tained in 9 normal individuals showed good right-left
" indications can be confirmed by using dielectric meth- symmetry and absence of sharp variations of local tem-

ods, it may be possible to identify a frequency region peratures. Temperatures genrally ranged from 34-36
where malignant tissue absorbs more energy than normal C, the higher values corresponding to the posterior
tissue. temporal and parietal regions. Of the 31 patients

with tumors or vascular lesions, 26 showed the follow-
ing types of intracranial thermic distribution anom-
alies: hyperthermia associated with the lesion; hy-
perthermia associated with the lesion and accompanied

--435 MICROWAVE RADIOMETRY AND THELMGGRAPHY:PRES- by a peripheral hypothermia; hypothermia localized
ENT AND PROSPECTIVE. (Eng.) Leroy, Y. at the lesion; extended hypothermia. No relationship

(Centre yperfrequences et Semiconducteurs, Lab. As- was seen between lesion size and the absence or pres-
socie au INRS 287, Universite des Sciences et Techni- ence of thermic anomalies. Thermic distribution was
ques Lille 1, 59655 Villeneuve D'Ascq Cedex, France). modified by 21/22 superficial lesions; however, only
In: Biomedical Thermology. Proceedings of an Inter- 5/9 deep lesions caused any modification. In spite
national Symposium held in Strasbourg, France, June of the high proportion of lesions detected, the ra-
30-July 4, 1981. Gautherle, 4.; Albert, E., eds. (New diometry could not be considered as a diagnostiz meth-
York: Alan R. Liss, Inc.):pp. 485-499; 1982 (80 refs). od. The technique seems to be promising for follow-

up of lesions and perilesion edemas and for prognos-
tic information on vascular pathology.

A review of microwave (MW) radiometry and thermography
is presented. Physical principles underlying MW ther-
mography are summarized and advances in radiometry and
thermography are described. Studies of clinical ap-
plications of T thermography undertaken between 1974
and 1980 in the US and France are tabulated. A method 0437 THELMOGRAPHIC DETECTION OF HUMAN CANCERS BY
:o compute thermal patterns based on the antenna reci- MICROWAVE RADIOMETRY. (Eng.) Shaeffer, J.
procity principle is presented which permits quantifi- (Radiation Oncology and Biophysics, Eastern Virginia "
cation of the subsurface temperature distribution for Medical Sch., 600 Gresham Drive, Norfolk, VA 23507); ..
defined physical conditions (the geometric, thermal, El-Mahdi, A. M.; Cart, K. L. In: Biomedical Thermol-
and electrical charcateristics of the lossy material, ogy. Proceedings of an International Symposium held
band width of the receiver, and characteristics of the in Strasbourg, France, June 30-July 4, 1981. Cauthe-
probe) when the probe scans the surface of the lossy rtie, M.; Albert, E., eds. (New York: Alan R. Liss,
material. The use of two (or more) probes to investi- Inc.): pp. 509-521; 1982 (14 refs).
gate overlapping subvolumes may result in better con-
trol over the measurement process. This method is
called correlation MW thermography. A microwave thermometry system operating at a frequen-

cy of 4.7 GHz was evaluated in patients with a variety
of biopsy-proven cancers. Temperature differentials
consistent with known malignancies were found most
often in patients with primary and recurrent breast

3426 MICROWAVE THERMOMETRY IN INTRACRANIAL PATH- carcinoma and lymphoma. Little success was realized
OLOGY. (Eng.) Thouvenot, P. (Laboratoire in detecting more deeply seated tumors which seem to

de Biophysique, Faculte de Medecine, 18 rue Lionnois, be beyond the detection capabilities of an external
54000 Nancy, France); Robert, J.; Mamouni, A.; Renard, antenna.
C. In: 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. 501-508; 1982 (8 refs).

0438 NEAR-FIELD CHARACTERISTICS OF ANTENNA SEN-
SORS FOR MICROWAVE DIAGNOSIS: PRELIMINARY

Results obtained by microwave thermometry for imaging RESULTS OF MULTISPECTRAL RADIO1ETRIC EXPERIMENTS.
intracranial lesions, are presented. A radiometer sen- (Eng.) Edenhoier, P. (Institut fur Hoch- und Hochst-
sitive to 9 GHz and thermographs working at 68, 30, frequenztechnik, Univ. Bochum, 463 Bochum 1, W. Ger-
and 11 3Hz were used to study 9 healthy subjects and many); Gruner, K.; Steiner, R.; Suss, H. In: Biomedi-
31 patients with tumors or vascular intracranial le- cal Thermology. Proceedings of an international Sym-
sions. The radiometer was formed by a dielectric posium held in Strasbourg, France, June 30-July 4,
loaded waveguide of rectangular cross section (10 x 5 1981. Gautherie, M.; Albert, S., eds. (New York: Alan
mm) placed perpendicularly in contact witn the scalp. R. Liss, Inc.): pp. 523-537; 1982 (13 refsa.
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Microwave radiometry is used for remote sensing of 0440 FLUOROPTIC :HER.MOMETRY: A ;EW RF-2YUNE
spatial temperature distribution in biologic tissue. TECHNOLOGY. (Eng.) Wickersheim, K. A.
Broadband antenna sensors are preferred for deriving (Luxtron Corp., 1360 Terra Belle Ave., Mountain Clew,

temperature profiles. Computational results based on CA 94043); Alves, 1. V. in: Biomedical Thermology.
a full TE, TM mode analysis ace presented for an aper- Proceedings of an International Symposium held in
ture antenna sensor modeled by an open-ended, rectan- Strasbourg, France, June 30-July 4, 981. Gautherie,
gular waveguide in direct contact with a multilayer M.; Albert, E., eds. (New York: Alan R. Liss, Inc.):
composite biologic tissue (skin-fat-muscle). An un- pp. 547-554; 1982 (3 refs).
disturbed HO mode within the aperture plane is as-
sumed. The spacial distribution of power received by
the sensor was reduced in penetration depth to values Fluoroptic thermometry is an electrically isolatable,
of about 19 mm at I GHz and 7 mm at 3 GHz, within the nonperturbing technique for the measurement of tem-
muscle tissue and within the fat layer, respectively. perature in strong radiofrequency (RF) environments
These values in a typical inhomogeneous biologic me- using optical sensors. The model :OOOA Fluoroptic
Mium were significantly less than those known for ho- Thermometer, developed by Luxtron Corp., is a single-
mogeneous plane waves, e.g., at I GHz for skin 32 mm probe system designed for use in a variety :f labora-
:60%) and fat 164 am (iZ7). Lateral resolution was tory applications. It is small in diameter and avail-
about 20% less than the aperture width and exceeded able in a choice of lengths, with cabling for extra
aperture height by 30% at 1 GHz (fat-muscle interface) strength, if required; sterilization of probes by au-
and by 10% at 3 GHz (within the skin layer). The ra- toclaving appears practical. An absolute iccuracy of

* diation pattern for an alternative antenna sensor sys- ± 0.1 C is achievable over the biomedical range if a
tem consisting of an elliptical offset-reflector (dis- highly conforming (biomedical grade) probe is careful-

. tance of foci 1000 mm) and a corrugated horn feed was ly calibrated before use. A modification of tne :0OO0A
calculated for 32 and 90 GHz. The power of resolu- for biomedical applications is planned. One or more

" tion was 20 mm at 32 0Hz and 7 mm at 90 GHz with a stable high precision temperature references which
focal displacement of 0.75 degrees or 16 mm. Prelimi- can be preset to selected temperatures in the hyper-
nary radiometric images of surface temperature in two thermia range will be added to the instrumentation
test subjects conformed to predicted values, system. An optional calibration mode .ill also be

provided. Availability of a multisensor system that
allows the use of three to six sensors is expected
by late 1982.

)439 AN INTERFEROMETRIC METHOD FOR DETERMINING 0441 THERMAL DOSIMETRY DURING HYPERTHERMIA.
THE ELECTRIC FIELD SCATTERED BY AN OBJECT. (Eng.) Cetas, T. C. (Div. Radiation On-

(Eng.) Floyrac, R. (Lab. Biophysique Medicale, Fac. cology, Univ. Arizona Health Sciences Center, Tucson,
Medicine Grenoble, 38700 La Tronche, France); Dubois, AZ 85724). In: Biomedical Thermology. Proceedings
F.; Kom, M.; Baribaud, M.; Bouthinon, M. In: Biomed- of an International Symposium held in Strasbourg,
ical Thermology. Proceedings of an International Sym- France, June 30-July 4, 1981. Gautherie, H.; Albert,
poiium held in Strasbourg, France, June 30-July 4, E., eds. (New York: Alan R. Liss, Inc.): pp. 561-583;
1981. Cautherie, 4.; Albert, E., eds. (New York:Alan (49 refs).
R. Lisa, Inc.): pp. 539-545; 1982 (5 refs).

The present clinical status of thermal dosimetry is
reviewed. Static phantoms are used for determining
power disposition patterns of various heating modal-

A method to determine the amplitude and the phase of ities and applicators. During actual treatment, only
a diffracted electric field which is applicable in a few invasive temperature probes are used to deter-
microwave imaging is described. This interferomet- mine subsurface temperatures; surface temperatures
tic method is based on the application of the equiva- are frequently measured with a thermographic camera.
lence theorem to Maxwell's equations. In any point Microwave (MW) heating of a surface lesion of melanoma
in space, the diffracted electric field is the same and interstitial thermoradiotherapy of advanced tu-
as the field produced by currents distributed in the mors are cited as illustrations of conventional ther-
illuminated object at a given density. However, the mometry methods and instruments. inherent problems
real field that can be measured with a network ana- with conventional electrical thermometers in the pres-
lyzer is the vectorial sum of the diffracted and in- ence of strong electromagnetic fields have led to the

- cidene electric fields which exists at each point when development of special thermometer probes designed for
4 the object has been removed from the incident field. use in that environment. Current research activities

Four measurements are recorded: the intensity of the include investigation of temperature measurement in
incident field without the illuminated object, the tumors and surrounding normal tissues by using a non-
intensity of the total field with the object, and the invasive three-dimensional scanning technique analo-
Intensities obtained by adding the incident field and gous to a computed tomography scan but where the de-
the total field to the reference field. The time re- pendent variable is temperature, or by using numerical
quired for the four recordings is about I hr. analysis tao ompute temperatures everywhere within the

l
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field. Several studies have investigated the ippliza- meets all )r te equrement, :r ic i::n-e ;a:: ic-
tilon of the Pennes bio-heat equation to thermal dosi- tory! hvperthermia.
metry problems in hyperthermia, e.g., Lhermal conduc-
tivity and power deposition. Volumetric maps of tem-
perature vs time and specific absorption rate vs time
would provide information upon which to base thermal
dose determinations. Good agreement between experi- )443 DESCRIPTION AND TEST OF A 1.3-rHz MICROWAVE
mental and numerical calculations was obtained in a HYPE(THERMIA GENERATOR. 'ng.) Escanye, J.
preliminary experiment that involved heating of the M. (Laboratoire de Biophysique, Faculte de Medecine,
thighs of a mini-pig with 915 and 2450 MHz fields. 18 rue Lionnois, 54000 nancy, France); Itty, C.; Ro-
Equipment required for adequate thermal dosimetry in- bert, J. In: Biomedical Thermology. Proceedings of
cludes an automared data-acquisition system that can an International Symposium held in Strasbourg, Fr~nce,
display information in real time and record it in com- June 30-Jul 4, 1981. Gautherie, H.; Albert, E., eds.
puter-readable format for later numerical analysis. (New York: Alan R. Liss, inc.,: pp. 597-604; :982 (3

refs).

A local hyperthermia system that can be adaoted :o a
EXPERIMENTAL STUDIES OF VARIOUS HEATING previous 434-MHz generator is described. Results of
PROCEDURES FOR CLINICAL APPLICATION OF LO- experiments using the apparatus are presented. The

CALIZED RYPERTHERMIA. (Eng.) Dutreix, J. (Dept. Ra- apparatus consists of a frequency tripler, amplifier,
diation Therapy, institut Gustave Roussy, 94805 Ville- and applicator. Power input comes from an inexpensive
juif, France); Cosset, J. 4.; Salama, A.; Brule, J. 434 Mz/12 W hybrid communication amolifier and oscil-
M.; Damia, E. in: Biomedical Thermology. Proceed- lator. The continuous duty cycle power output of the
ings of an International Symposium held in Strasbourg, tripler-amplifier unit is 20-25 V at 1.3 0Hz applying
France, June 30-July 4, 1981. Gautherie, M.; Albert, 600-V anode voltage. The waveguide is entirely filled
E., eds. (New York: Alan R. Liss, Inc.): pp. 585-596; with dielectric load for compactness and good tissue
.982 (27 refs). matching. Experiments on tissue equivalent transpar-

ent polyacrylamide gel indicated that the maximum tem-
perature was more than twice as deep at 434 Mz than

The characteristics of various heating procedures that at 1.3 GHz. A comparison of temperature increases in
are currently in use are reviewed. Their limitations tumor-bearing mice placed either parallel or perpendi-
in clinical hyperthermia are discussed. Thermal con- cular to the electric field indicated that there is a
tact methods are characterized by superficial heating body shape effect. However, effective penetration
with a steep temperature gradient. In radiative dia- depths in tumor-bearing rats were affected principally
thermy, microwave radiation is usually applied as a by vascular and diffusive heat transport.
beam arising from a waveguide; the heat distribution

*resulting from the beam and its low penetration in
tissues is restricted to a small superficial volume

Scorresponding ro the central part of the beam. im-
* provement of the temperature distribution can be a- 0444 PRODUCTION AVND CONTROL OF Z,450-z MICRO-

chieved using multiple beams. In inductive diathermy, WAVE-INDUCED HYPERTHELML. (Eng.) 3ordure,
* superficial heating is produced by the the eddy cur- G. (Centre d'Etudes d'Electronique, Univ. Sciences

rents arising in tissues exposed to a high frequency at Techniques du Languedoc, Place Z. Bataillon, 34060
magnetic field. However, tumors with a low blood flow Montpellier Cedex, France); Richard, J. P.; Delauzun,

. have been heated at depth using a powerful generator J. P.; Dubois, J. 3.; Hay, M. In: Biomedical Ther-
operating at 13.5 .iz. In capacitive diathermy, the mology. Proceedings of an International Symposium
conventional method of medical diathermy, two flat held in Strasbourg, France, June 30-July , 1981.
electrodes are applied on the opposite sides of the Gautherie, I.; Albert, E., eds. (New York: Alan R.
region to be treated and supplied with a radiofre- Liss, Inc.): pp. b05-610; 1982 (2 refs).
quency voltage (usually 27 or 13.5 M1z). Tissues be-
tween the electrodes act as a high-loss elelectric in
which heat is generated by the electric field. Heat Dogs were exposed to 2450 M-z radiation to determine
deposition is maximum at the surface under the central whether controlled heat can be delivered to a depth
region of the electrodes and diminishes at depth and of 2 cm without risk to superficial tissue. Hyper-
with distance to the axis. Heat distribution is com- thermia was applied with a standard generator fitted
plicated by tissue inhomogeneity. The sc fatty layer with a helicoidal antenna. 'When theoretical urves
is at risk of overheating. n conductive diathermy, for the induction of superficial (0.2 cm) and deep
heating is produced by local currents passing through (1.5 cm) temperatures were obtained for two ;utput
tissues between electrodes applied around or implanted power levels (100 mW/cm2 and 2C0 mW/cm

-
), consider-

within the treated region. For electrodes placed or able heating of superficial tissue was seen at the
inserted at a short distance, temperature is fairly higher dose. The curves rose linearly, eventually
uniform in the volume surrounded by the electrodes, reaching a steady state. The results of in vivo ex-
Ultrasonic heat deposition in the tissues results from periments in dogs showed that a relatively small In-
the absorption of ultrasound. Tissue Inhomogeneity crease in beam strength can lead to a surge in tem-

a problem. No heating modality currently in use perature which is difficult to control. Tissue tem

50
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perature also varied with applicator position. The which includes a -5 -3--OTz generator, a 15Q-W pow-
results suggest that a 2450 f{z source can be used to er amplifier, and a dielectric filled TEg1 wavegulde
generate and control hyperthermia for the treatment of applicator. High-frequency power output is Increased
superficial and,or deep tumors up to a depth of 2 cm from 30 to '.0 W by switching the high voltige frcm

if a precise protocol to modulate output power levels OO0 to 1600 7. A tuner stub is placed between the ap-
can be defined. plicator and the generator. Distance between the ain

and the applicator could be increased to 1 cm without
affecting he results. In clinical tests, skin tem-

perature was comparable to tumor temperatures at : to
2 cm in depth, after an initial 15 min rise, in the

3445 434-M1Hz MICROWAVE HYPERTHERMIA APPLICATORS: no contact condition. Stray radiations 1id not ex-

EXPERIMENTA RESULTS IN PHANTOM AND PRELIM- ceed 30 mW/cm
2 

when the applicator was I cm from the
INARY CLINICAL RESULTS. (Eng.) Gaborlaud, G. (In- skin, at maximum power; 5 mWcmZ was the highest .,al-
ititut Curie, Section Medicale, 26 rue d'Ulm, Paris je recorded in a 50 cm radius. Single applicator -se
7-231, France); Jaulerry, C.; Bataini, J. P.; Michel, limits the system to ic cr close-to-skin surface tu-
D.; Zardalhon, M.; Averbeck, D. In: Biomedical -her- mor positions.
mology. Proceedings of an International Symposium held
n Strasbourg, France, June 30-July 4, 1981. Gauthe-

rie, M.; Albert, E., eds. (New York: Alan R. Liss,

:nc.,: op. 6iL-62o; 1982 (7 refs).
0447 :EEP AND LOCALIZED HYPERTHERMIA '4W71 A NEW

MICROWAVE SURFACE APPLICATOR. (Eng.) Ditt-
The efficacy of heating with 434-MHz microwaves ',MW) mar, A. (Lab. Thermoregulation L.A. 181 CNRS, Faculte
was investigated in a phantom and in patients with de Medecine Lyon-Nord, 3 Avenue Rockefeller, 69373
relatively superficial tumors. A Remy Co. generator Lyon Cedex 2, France); Delhomme, G.; Bourdon, L.;
(maximum power 100 W) connected to external radiating Schmitt, M. In: Biomedical Thermology. Proceedings
applicators filled with cooling water was used to in- of an International Symposium held in Strasbourg,

duce hyperthermia. MW power was Interrupted to per- France, June 30-July 4, 1981. Gautherie, M.; Albert,
form temperature measurements at sampled intervals. E., eds. (New York: Alan R. 'iss, Inc.): pp. 627-633;
In gel, peak temperature rise was proportional to MW 1982 (10 refs).
incident power for the same water cooling temperature.

Peak temperature rise moved from 0.5 cm to 2.0 cm and
the superficial layers were protected from excessive A direct-concact coaxial applicator developed for jse

heating when the cooling temperature decreased from 20 at 2450 MHz is described. The end of the coaxial line
A to 5 C for the same incident power. Incident MW pow- is enlarged and shaped like a door knob. The applica-

er must be increased to maintain the same temperature tot is cooled by water circulating in several circuits
level )r to obtain a higher level. Patients present- that can be monitored separately. Temperature distrl-
ng with incurable recurrent cancer or with sc mete- bution at the applicator surface can be controlled and

taric nodules underwent six sessions of hyperthermia the amount of heat absorbed by the superficial layers

alone or in combination with radiotherapy. Sessions of the model or tissues can be regulated. Temperature
were 45 min long with a plateau at 43 to 45 C reached measurements were performed in s model consisting of
in 2-6 min. There was a large variation of MW power polyacrylaaide gel exposed to 2450-MHz microwave 1MW)
between sessions for the same patients (40-83 W); av- radiation emitted by a magnetron generator with vari-
erage temperatures ranged from 40 to 46 C. Tolerance able power output from G-20C W. Localized hyperther-
to hyperthermia treatment varied with tumor localiza- mias that differed In shape, depth, and intensity were
:ion. Partial regression was observed in 3/4 patients obtained by varying the 1W power and the cooling flow
treated with hyperthermia alone. Among the 5 :tients in the applicator. Maximal hyperchermia depth of I to
treated with combined radiotherapy-hyperthermia, one 4 cm from the surface was determined by the MW power.
large regreassion was seen. The results suggest that Surface temperatures did not exceed 36 C with tempera-
good hyperthermia at 1.5 to 2.0 cm can be achieved by tures of 42 or 43 C at depth. The temperature gradi-

heating superficial tumors with 434-MHz MW. ent between the maximal hyperthermia and the surface
depended on MW power and applicator cooling. Similar
results obtained with inert biologic tissues suggest

that the applicator is suitable for obtaining focused

hyoerthermic areas.

1-6 43
4
-4P.z MICROWAVE OENERATCR FCR LOCALIZED

HYPERTHERMIA. 'Eng.) Escanye, ;. M. 'Lab.
31)ohysique, Faculte de Med~elne, 18 rue Lionnois,

3 Nancy, France); itty, C.; Robert, 2. In: Bio-
medical Thermology. Proceedings of an International
S 'imoosium held In Strasbourg, France, tune 30-July 4, C448 A COAXIAL APPLICATOR FOR INTRACAVITARY HY-

.981. 3autherie, M.; Albert, E., eds. (!ew York: Alan ?ERTHERMIA OF CARCINGMA )i THE CERVIX.
R. Liss, Inc.): pp. 421-626; 1982 '4 refs). (Eng.) Hand, J. W. (MRC Cyclotron Unit, Hammersmith

Hosp., Ducane Rd., London WI2 OHS, England); Blake, P.
R.; Hooewell, J. W.; Lambert, H. W.; Field, S. B. In:

. A lw-cost microwave ypertnermla system is described Biomedical Thermology. Proceedings of an Internatlon-
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al ymosumhed 4n .rab g France, June SOLo eat:ing of tissues by o-f requency :-irreits passing
:91.Gathr~,M.; A'brE d.jwYr between electrodes placed around or in'serted Intote

*Alan R. Liss, Inc.): pp. 535-639; 9 82 7rfi treated volume was studi.ed. Computed values or tne
electric field magnitude and current densit' 43r main-
taining 3 constant temperature "n tl-ssue were in good
agreement with values measured in patients. Pre~l in-

* A ~915-MHz microwave (M applicacor designed to I- arv cinical. results of Low-trequecc otc o o
'uce hvperthermia after conventional intracavit3rY terstitial byper-hermia are presented. 7.4entyi-six ?a-
ridiotheraoV of cervical cancer is described. -he tients with intractable superficia' metastatic or re-
complete antenna -its in a conventional cesium after- current tumors were treated with ).5 HHztenqe;

loain tbe ineraldiameter, 0.5 cm). I.ncreases c12 wr reated with contact electrodes rtubes or
In cervical, rectal, and urethral temperatures were plates, usually with water cooling) and 5 were heated
measured after insertion of the applicator into the with implantation of special needles. A min-imum turn-

*cervix of anesthetized pigs. A ' power level of 10- or temperature of 2 C was reached for 16,21I patients
:2 W was required :o to achieve peak temperatures or treated with contact electrodes and temoeracrures of
-3-4 C. 7emperatures recorded in, the rectum and ure- .3-44 C were obtained frequentl>. Significant 'ivoer-

*thra at about cm from zhe applicator agreed iith thermia was nlot achieved to 3n patients, probably
:he radial 4all-off In temperature observed in pre- because of the thickness of the fatty tissues under
vious liquid phantsm situdies. No increase in rectal the electrodes. With the interstitial technique, a
temperature was observed : m From the applicator. temperature of about 44 C was reached easily. Hiyper-

thermia was combined with chemotherapv in 5,25 cases.
Analysis of treatment resuAlts suggested that a better
response was obtained in the patients treated by the
interstitial technique and in those who recieved com-
bined therapy.

14-49 HYRERX'IA 3Y IMPLANT ABLE APPLICATORS.
(Eng.) Arcangeli, G. (Dept. Radiation Ther-

apye, Istituto Medico e di Ricerca Scientifica, Via S.
*Stefano Rotondo 6, 00184 Rome, Italy); Barni, E.;

ivC~idalli, A.; Lovisolo, G.; Nervi , C.; Mauro, F. 0451 E- A ND H-FIELD SENSoR SYSTEM. (Eng.) Aud-
* n: 31omedical Thermology. Proceedigs of an Inter- one, B. (Equipment Group, Aeritalia, Ca-

national Symposium held in Strasbourg, France, June selle Torinese, 10072 Torino, Italy); Bolla, L.;
*30-J;uly 4, 1981. Gautherie, M.; Albert, E., eds. Gerbi, G.; Gabriele, P. In: 31omedical T1hermology.

' New York: Alan R. :.!ss, Inc.): pp. 541-647; 1982 (10 Proceedings of an International Symposium held In
refs). Strasbourg, France, June 30-July 4., 1981. Gautherie,

'A.; A~lbert, E., eds. (New York: Alan R. Liss, Inc.)*
pp. 659-672; 1982 (11 refs).

.nermal dosimetric studies -were performed in viato
study the temperature distribution obtained with an Characteristics of electromagnetic (EM) field meters

*implantable applicator operating at 500 MHz. Uniform that have been designed, constructed and tested are
temperature distribution was obtained in the thigh of discussed and tabulated. Sensors In the development
an anesthetized lamp with a 5.5-cm applicator and a phase include instruments that can cover the frecuen-
power ranging from 7-12 W after 20 min heating. The cy ranges of 20 Hz to 18 Gi~z for electric field mess-
area of therapeutically useful heating had a diameter urement and 10 Hz to 100 MHz for magnetic field meas-
of approximately 3 cm. Larger areas were heated ho- urement. Design goals include accurate measurement
mogeneously by employing several applicators inserted of all polarizations, isotropic probes, balace and
in different positions at about 3 cm from each other sensitivity to continuous wave as well' as modulated

tencompass different tissue shapes and volumes. A field signals. Improvements in repeater units a.-e
new needle applicator has been designed with thermo- proposed. A study to improve the accuracy of sensor
couples located in the applicator cavity for contin- calibration techniques is underway.

uostemperature monitoring and employing a frequency
Of I to 30 MHz.

0452 STUDIES CN THE 3IOLOGICAL -FFICIENCY F HY-
?ERTHERMIA ?RODUCED 3Y A MICRoWA;E XP?L_:CA-

*450 LOW-FREOUENCY ().5-111iz) CONTACT AIND 1NTER- 7OR (434-111iz) FOR T:HERAPEUTIC MEANS USING AN EVC3LRY-
STITIAL TECHNIQUES FOR CLINICAL HYPERTH1ER- OTIC CELL SYSTEM AS INDICATOR. 'Eng.)1 Dardalhon, M.

MIA. (Eng.) Cosset, J. M. (Dept. Radiation Therapy, (Inst. Curie, Section giologique, 26 Rue d"Ulm, Paris
* nst. Gustave loussy, 94805 Villejuif, France); Brule, -5231, France); Averbeck, D.; Gaboriaud, -,.; Mi c~el,

J. M.; Salama, A. M. ; Damia, E,; Dutreix, J. in: 3io- D.; Jaulerry, C.; 3ataini, J. F. In: 3iomjedica. :her-
medical Thermology. ?roceedings of an International mology. Proceedings of an International Symposium
3 ,mposium held in Strasbourg, France, June 30-July , held in Strasbourg, France, June 3C-:ulyi , 1981.
i 981. lautherie , M. ; Albert , I-. , eds. (NJew York: Alan 3autherie, !. ; Albert, --. , to-d. 'New York: Alan R.
1 . Liss, :nc.;: pp. 549-657; 1982 .3 refs,. Lisa, Inc.): pp. 673-686; !992 (22 refs).
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The effects of 434-MHz microwave (.W) radiation on fred ion Ardenne, 105' Dresden, 'eppelinstrasse 7, E.
biological samples were studied in yeast cells. A Germanv); Kruger, W. In: 3iomedical Thermology. ?ro-
MW applicator designed for medical use was filled ceedings of an international Symposium held in Stras-
with water; its surface could be cooled with a ther- bourg, June 30-Julv -, 1961. Gautherie, M.; Albert,
mostated pump-driven water circulation system. The Z., eds. 'New York: Alan R. Liss, Inc.): pp. 705-
frequency of the 434 MHz generator was stable and the 713; 1982 '23 refs).
power could be varied from 0 to 100 W. Samples of by-
perthermia-sensitive Saccharomyces cerevisiae were
positioned in a block of muscle tissue in a thermo- The cancer multistep therapy (CMT) concept is based on
stated water bath and exposed for 1 hr to MW radia- a combination of hyperthermia and tumor overacidifica-
tion after irradiation with 700 or 1000 Gray (Gy). tion. Systemic long-term glucose infusion causes a
Results were not significantly different from those selective drop in tumor pH. The excess glucose con-
obtained with conventional hyperthermia treatment for tributes to a rise in core temperature through meta-
i hr in a thermostated water bath. When the tempera- bolic heat generation which is further elevated by
t,-ure of MW-treated samples was increased gradually, whole-body radicfrequency (RF) heating. The tumor ;i
the decrease In cell survival observed was less than then heated locally by RF. The limitations of conven-
with conventional hyperthermia. When the samples were tional RF heating are overcome by the CMT Selectotherm
placed in a pre-heated muscle block, rates of cell technique which introduces a movable applicator _oil
survival and induction of cytoplasmic "petite" muta- to deliver RF to induce whole-body hyperthermia. Af-
:ions were unaffected by variations in ouput power or ter core temperature is elevated to 41 C by scanning

applicator water temperature when sample temperature the body with high RF amplitudes parallel to the booy
remained constant and were comparable to those ob surface, the RF power is reduced and energy focussed
tained with conventional heat treatment. Cells were on the tumor area. Target tissue temperatures are
maximally sensitized at 1.5-1.8 cm with M or conven- 42.5 C. Draining lymph nodes can also be heated lo
tional heating. cally in a third step, if necessary. Temperature

courses during IMT Selectotherm treatment 3f a pa-
tient with inoperable lung sarcoma are shown.

3453 EXPERIENCE WITH DIATHERMIA-INDUCED WHOLE
BODY HYPERTHERMIA. (Eng.) Neumann, H.

(Dept. Hematology and Oncology, Medizinische Klinik 0455 MODERATE-TEMPERATURE WHOLE-BODY HYERTER-
Jer Albert-Ludwig Univ., Hugstetterstrasse 55, 7800 MIA IN THE TREATMENT OF MALIGNANT DISEASE.
Freiburg, W. Germany); Fabricius, H. A.; Burmeister, (Eng.) Wallach, D. i. H. (Dept. Therapeutic Radiol-
P.; Stahn, R.; von der Tann, M.; Engelhardt, R.; Lohr, ogy, Tufts-New England Medical Center, 171 Harrison
G. W. In: Biomedical Thermology. Proceedings of an Ave., Boston, MA 02111); Madoc-Jones, q.; Sternick, E.
International Symposium held in Strasbourg, France, S.; Santoro, J. J.; Curran, B. :n: Biomedical Thermol-
June 30-July 4, 1981. Gautherie, M.; Albert, E., eds. ogy. Proceedings of an International Symposium held
(New York: Alan R. Tiss, Inc.): pp. 697-704; 1982 in Strasbourg, France, June 30-July 4, 1981. Gauther-
(24 refs). le, M.; Albert, E., eds. .New York: Alan R. Liss,

Inc.): pp. 715-720; 1982 (29 refs).

Whole-body hyperthermia was induced in 24 cancer pa-
tients with dissemirqted malignancies using a Siemens Results of a Phase I trial of whole-body radiofre-
diathermy cabinet. Treatment temperatures of 40-41 C quency (RF) hyperthermia at moderate t.mperature tn
were induced by 27 Mz radiation; generator output was the treatment of cancer are reported. The hyperther-
400 W. Chemotherapy was administered iv when a tem- mia unit was constructed after the Siemens 3rototype.
perature of 40 C was reached. Side effects of cyto- Core heating to 40-41 C was achieved within 0-40 min
static drugs did not exceed the range observed under by deposition of 27-MHz RF energy primarily into the
nonthermic conditions. An enhancement of metastasis great vessels of the trunk and abdomen. As heating
rate was not observed. Changes in hormone levels cor- is concentrated in the body core, many physiological
responding to endocrine system response to exercise or compensatory mechanisms are minimized and heating is
stress were observed. Immune parameters that appeared well tolerated. Nine patients with either dissemi-
to be affected normalized after treatment; the effects nated or locally advanced and uncontrollable disease

were not correlated with hyperthermia. A patient re- have been treated with hyperthermia 3/wk for 3 wk to-
ceiving Adriamycin showed tachyarrhythmia during the gether with conventional radiotherapy 5 days,'wk. 5x
fourth hyperthermia treatment, confirming previously of these patients completed eight or more courses )f
reported enhancement of cardiotoxicity of Adriamycin hyperthermia. Three patients did not complete their
by hyperthermia. schedule because of complications unrelated to hyper-

thermia. There were no serious side effects.

3454 CCMBINED WHOLE-BODY .AD LOCAL HYPERTHELMIA
FOR CANCER TREATMENT: CMT SELECTOTHERM i-456 LOCALIZED HYPERTHERMIA BY 1AD'3FRECUNCY

TECHNIQUE. (Eng.) von Ardenne, M. (Res. Inst. Man- WAVES IN THE TREATMYNT ,F ZACE?. ng.
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Israel, L. (Oncology Unit, CHU Avicenne, I25 route at)L:', -op:s ;ant ' , - lace AI:red ,rnzer,
ie Stallngrad, 93000 3obigr, France); Besenval, M.; 5:') ?Iris, France); asmin, -. ; Conver-, ;.; :uf.'arr,
Breau, J. L. In: Biomedical Thermology. Proceedings J.; Azam, '.; 'uber, H.; eger, J. In: 31,med :a7
of an international Symposium held in Strasbourg, 7hermology. Proceedings )f in :nternationa. Snmpo-
France, June 30-July 4, 1981. Gautherie, M.; Albert, sium held in Strasbourg, France, June 30-:uI7 -, '98..
S., eds. (New York: Alan R. Liss, Inc.): pp. 721-729; Gautherie, I.; Albert, -., eds. (New York: Alan R.

1982 (31 refs). Liss, Inc.): pp. 739-74-; '982 (3 refs).

The differential and preferential thermal sensitivity
of malignant tumors and possible mechanisms of action An apparatus for shortwave regional hyperthermia of
of hyperthermia are discussed. Methods of producing the pelvis is described, and a protocol employed in
radiofrequency (RF) hyperthermia are reviewed. Re- the treatment of chronic urogenital infections that
sults of a phase I-i study of the efficacy of RF hy- resist conventional modalities is presented. The ap-

perthermia in the treatment of large, localized, deep- paratus features a three-electrode :apacitiie hea-ing
seated tumors are reported. Fifty-five patients with iys:zm and a :00 W generator operating at Z".17 a1z.
various deep-seated inoperable, metastatic tumors re- Patients with bacteriologically proven chronic jro-

fractory to conventional treatment were treated by ca- genital infections were treated ever- other day for 3
pacitive hyperthermia at 13.56 MHz generated by two wk; treatment sessions lasted at least 2 hr. Tempera-
soft electrodes. Total heating time ranged from 1 hr tures slightly higher than 41 C were tolerated at the
to 55 hr; sessions were 45 min to 3 hr long, and pa- rectal and vaginal 7evel level without a significant

tients underwent I to 27 sessions. Available energy increase in buccal temperature and with no risk of cu-
was increased so that a single field rather than the taneous burns. A total generator power of up to .500

initial three alternate fields could be used for large W may be needed for certain patients with a large pel-
' tumors. A complete response was seen in 2 patients, vic volume. Even in cases where treatment could not

a partial response in 15; stabilization for more than be completed, a noted painkilling effect was obser-.ed.
3 mo in 20, and unmodified progressive disease in 18. A generator of lower frequency than 27.12 'Ol/z may be
No systemic toxicity associated with treatment was ob- used in cases where the patient is resistant to this

served; however, skin burns due to a border effect oc- type of heating.
curred. it is concluded that localized RF wave hyper-

thermia is selective, nontoxic, and effective against

large, poorly vascularized, deep-seated tumors not re-
sponsive to standard therapeutic procedures.

0459 HYPERTHERMIA FOR HEAD AND NECK HALIGNANT

TUMOR. (Eng.) Ki'ima, T. (Dept. Otolaryn-
0457 RADIOFREQUENCY THERMOTHERAPY (RPTT) IN THE gology, Kobe Univ. Sch. Medicine, 7-5-20 Kusunoki-cho,

TREATMENT OF CANCER. (Eng.) LeVeen, H. H. Chuo-ku, Kobe 650, Japan); Hohki, A.; Masuda, M.; Ka-
(Dept. Surgery, Medical Univ. South Carolina, 171 Ash- natani, K. in: Biomedical Thermology. Proceedings of

ley Ave., Charleston, SC 29425); Pontiggia, P. In: an International Symposium held in Strasbourg, France,
Biomedical Thermology. Proceedings of an Internation- June 30-July 4, 1981. Gautherie, M.; Albert, E., eds.

al Symposium held in Strasbourg, France, June 30-July (New York: Alan R. Liss, :nc.): pp. 745-749; 1982 (6
4, 1981. Oautherle, M.; Albert, E., eds. (New York: refs).
Alan R. :.iss, Inc.): pp. 731-738; 1982 (7 refs).

A radiofre'uency (WF) generator utilizing a frequency Results are reported 'n the treatment of 15 patients

o of .3.36 Mfz and employing multiple portals through with head and neck cancer using local radiofraquency
which energy is introduced into the body was designed (RF) hyperthermia alone (in 2'15 patients), with sur-
for the treatment of cancer. Multiple electrode pairs gery (1'15), chemotherapy (1/15), radiotherapy (4,115)

are successively energized for brief intervals with or combined :- motherspy and radiotherapy (7/15). Hy-
constant heating of the tumor, providing penetrating perthermJa was induced by 13.36 MHz IF applied with a

- heat without excessive skin heating. The electrodes surface electrode -hat could be cooled by circulating
. are refrigerated to further prevent skin overheating. ool water. Treatments took place 2/wk. Tumor tem-

R Results obtained in a series of about 60 patients with perature was controlled between .2 and *5 C. Partial
-. advanced tumors treated in Italy with RF thermother- remission was seen in 1 2 patients treated with local

apy are reported. RF thermotherapy was effective in hyperthermia alone; complete remission was seen in I
the treatment of tumors of different types that were patient treated with hyperthermia ind chemotherapy;
generally In advanced stages; few complications were 2/4 patients treated with hyperthermia and radiation
observed, underwent complete remission; 7 patients treated with

combined therapy seem to have risponded with cotaplete

remission. There was no evidence )f central nervous
system dysfunction when hyperthermia was applied to

'453 SHORTHAVE REGIONAL AYPERTHER4IA 7F THE PE- nasopharyngeal and mesopharyngeal cancer, and no side
VIS. (Eng.) Sidi, J. (Dept. -linical Der- effects were reported.
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0460 CLINICAL EXPERIENCES WiTH COMBINED HYPER- 1; injections of Adriamvcin and Oncovin were given ac
THERMIA AND RADIOTHERAPY IN THE TREATMENT the treatment temperature )f 40.4 r 0.5 C which was

OF CANCER. (Eng.) Friedenthal, S. (Radiotherapy maintained for I hr. Complete remission (disappear-
Dept., Montefiore dosp. and Medical Center, Bronx, M ance of all signs of measurable disease for at least
10467); Mendecki, J.; Botstein, C.; Sterzer, F.; Fag- I mo) was obtained in S patients, partial remission
lione, R.; Nowogrodzki, N. In: Biomedical Thermol- (shrinkage of all measurable tumors by at least 50%
ogy. Proceedings of an International Symposium held for at least 1 mu without new tumor growth) in l pa-
in Strasbourg, France, June 30-July 4, 1981. Gauther- tients, no change in 1, and progressive disease was
ie, M.; Albert, E., eds. (New York: Alan R. Liss, observed in 1 patient. Survival rates, calculated
:nc.): pp. 751-760; 1982 (12 refs). from life table analysis, are 87% at 6 mo, 53% at 12

mo, 22% at 18 mo, and 22% at 24 mo. A 50% survival
rate is now at 53 wk (12.3 mo). Whole body hyperther-

Clinical experience with microwave (MW) and radiofre- mia was well tolerated by the patients. There was no
*quency REF) induced hyperthermLia at Montefiore Hospi- evidence for the accelaration of disease or the sti-
tal and Medical Center in New York City is summarized. nulation of metastasis by hyperthermia. Given the
Patients with tumors of various histological charac- poor prognosis for patients with SCC (median survival
teristics in a variety of stages and anatomical sites time of 6-8 wk without treatment and 7.6 mo with =ul-
have been treated. MW hyperthermia is induced by ap- tidrug therapy), the results are encouraging.
paratus operating at 2450 or 915 MHz, which permits
heating of tissue up to 2-3 cm in depth. A modified
Burdick MW generator and a Mictron 10-W generator are
used as the power sources at 2450 MHz and at 915 MHz,
respectively. For deeper-seated tumors plane-wave RF 3462 INTRAARTERIAL INFUSION CHEMOTHERAPY IN COM-
heating at 27 MHz is employed. The power source is a BINATION WITH 2450-MHz MICROWAVE HYPERTHER-
Henry Radio generator containing provisions for meas- MIA FOR CANCER OF THE HEAD OF THE PANCREAS. (Eng.)
uring incident and reflected power. Standardized ap- Miura, T. (Dept. Surgery, Hanzomon Fosp., Tokyo,
plicator designs do not exist, and variants of appli- Japan); Haida, K.; Haida, S.; Wada, T. In: Biomedical
cators have been developed for particular tumor sites Thermology. Proceedings of an International Symposium
or treatments. Hyperthermia is administered as soon held in Strasbourg, June 30-July 4, 1981. Gautherie,
as possible following radiotherapy to ensure higher K.; Albert, E., eds. (New York: Alan R. Liss, Inc.):

* therapeutic gain (1-hr sessions 2/wk, at 48-72 hr in- pp. 767-774; 1982 (no refs).
intervals) with tumor temperatures targeted at 42-43
C. In general, no systemic ill effects have been ex-
perienced by patients treated with MW-induced hyper- Results of intraarterial infusion chemotherapy in com-S - thermia. At 27 M4z, control of the heated volume is bination with 2450-MHz microwave (MW) hyperthermia in
more difficult, and systemic effects are more pro- the treatment of 25 patients with advanced cancer of
nounced. The effect of heating certain vital organs the head of the pancreas are presented. Md radiation
(e.g., heart, large bowel) must be considered when was applied to the primary tumor site of each patient
hyperthermia is applied. Results of treatment in for a 10-mn period. When the tumor site was heated
over 100 cases are summarized, to a peak local temperature, chemotherapeutic agents

were infused through an indwelling catheter in the ar-
tery. Of the 25 patients, 17 (68%) survived > 6 mo,
and 36% > 1 yr, and 1 patient was alive 46 mo after
treatment. These survival rates are uncommon In pa-

3461 PRELIMINARY RESULTS IN THE TREATMENT OF OAT tients with advanced pancreatic cancer; patients on
CELL CARCINOMA OF THE LUNG BY COMBINED AP- conventional systemic chemotherapy would have had a

PLICATION OF CHEMOTHERAPY (CT) AND WHOLE-BODY HYPER- 2-3 mo life expectancy. The results indicate that
THERMIA. (Eng.) Engelhardt, R. (Dept. Hematology the effects of the intraarterial chemotherapy were
and Oncology, Medizinische Klinik der Albert-Ludwigs potentiated by 1W hyperthermia.
Universitat, Hugstetterstrasse 55, 7800 Freiburg, W.
Germany); Neumann, H.; von der Tann, N.; Lohr, G. W.
in: Biomedical Thermology. Proceedings of an Inter-
national Symposium held in Strasbourg, France, June
30-July 4, 1981. Gautherie, M.; Albert, E., eds. (New 0463 MEDICAL USE OF NONIONIZING ELECTROMAGNETIC
York: Alan R. Liss, Inc.): pp. 761-765; 1982 (12 WAVES IN THE RADIO AND SUPERHIGH FREQUENCY
refs). RANGE: HAZARDS AND STANDARDS. (Eng.) Stuchly, M. A.

(Radiation Protection Bureau, Health & Welfare Canada,
Rm. 233 Environmental Health Centre, Ottawa, Ontario,

Preliminary results are reported for 15 patients with KIA 012 Canada). In: Biomedical Thermology. Pro-
small cell carcinoma (SCC) of the lung treated by mul- ceedings of an International Symposium held in Stras-
tidrug therapy and whole body hyperthermia induced by bourg, France, June 30-July 4, 1981. Gautherie, M.;
a Siemens unit. Chemotherapy consisted of Adriamycin Albert, E., eds. (New York: Alan R. Liss, Inc.): pp.
and Oncovin administered iv on Day I and Cyclophospha- 851-863; 1982 (66 refs).
mide 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 The biophysical basis of the interactions of radiofre-
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quency (RF) and microwave (MN) radiation with living 0465 THERAPEUTIC POTENTIATION OF cis-DICHLORO-
systems is briefly outlined. The sound base of dosi- DIA.QINEPLATINU.M() AND RADIATION BY iN-
metric data established since the concept of the spe- TERSTITIAL MICROWAVE HYPERTHERMIA iN A MOUSE TUMOR.
cific absorption rate was adopted allows better quan- (Eng.) Douple, E. B. (Norris Cotton Cancer Center,
tification of experimental studies and hazard assess Dartmouth-Hitchcock Mediosl _.ter, Hanover, NH
ment. Studies investigating thermogenic, genetic, 03755); Strohbehn, J. W.; de Sieyes, 0. C.; Alborough,
teratogenetic, cardiovascular, endocrinological, c- D. P.; Trembly, B. S. Natil Cancer Inst Monogr 51:
"unologlc, behavioral, auditory, and blood-brain-bar- 259-262; 1982 (8 refs).
rier effects of UF and M(W radiation are summarized.
Epidemiological studies have failed to produce reli-
able evidence of detrimental effects of occupational An interstitial microwave (MW) system for producing
exposure to RF and MW radiation. Exposure levels rec- local hyperthermia in deep-seated tumors was tested
commended in both the 1979 Canadian exposure standard alone and in combination with cis-dichlorodiammine-
and the proposed US standard take into account the de- platlnum(II) (cis-PT(Il)) chemotherapy and/or radia-
pendence of the absorbed dose on frequency. The po- 'ion in the treatment of mouse mammary tumors im-
tentlal health risk associated with all diagnostic planted in the thighs of C3H/HeJ female mice. A
medical applications is small. In hazard assessment small needle-like coaxial monopole antenna .3-cm
for therapeutic uses of RF energy, both the patient active length) operating at I GH. was inserted into
and the operator must be considered. Promising medi- the center of 0.5- to 1.0-cm diameter tumors, and
Zal applications o RF and MW radiation include can- temperatures were monitored and controlled to be
cer diagnosis by MW t liometry, NMR imaging, and can- either 44 or 45 C maximum at the antenna for 30-45
cer treatment. Areas cequiring further research are mmn. Both MW and conventional heating induced Jis-
outlined. tinct histological changes signifying 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

0464 EFFECT OF LOCALIZED MICROWAVE HYPERTHERMIA of the tumor near the skin. Both microwave and water
ON PHYSIOLOGICAL RESPONSES. (Eng.) Bich- bath heating resulted in severe damage to the legs,

er, H. I. (Div. Radiology, Henry Ford Hosp., 2799 W. i.e., swelling followed by desquamation, necrosis,
Drand Blvd., Detroit, MI 48202); Sandhu, I. S.; Vaup- and eventual leg loss. Compared with water bath
el, P.; Hetzel, F. W. Natl Cancer Inst Monogr 61: heating, less damage to mouse normal leg tissues re-
217-219; 1982 (21 refs). sulted when microwave heating was used. Analysis of

tumor diameter doubling time values for cis-PT(12),
radiation, heat, and combination treatments suggests

Measurements of pH, local blood flow, and tissue oxy- that this method of local heating potentiates the ef-
gen tension (TpO2) were performed in normal cat brain fects of these agents. The results suggest that a
and in muscle of the hind leg of C3H Sed-BH mice. De- single microwave coaxial antenna may serve as an ap-

* terminations were obtained in both controls and in an- propriate system for producing local hyperthermia in
* imals bearing an implanted mammary adenocarcinoma. tumors in small laboratory animals.

Modifications in these parameters as a function of
temperature and the differtotial responses observed
between normal and tumor tissues were also investi-
gated. Microwave radiation (2,450 Mz) was delivered
through a specially-designed applicator loaded with 0466 FRACTIONATED RADIOTHERAPY AND SHORT-itEM
low-loss dielectric material having a dielectric con- MICROWAVE HYPERTHERMIA. 'Eng.) Dietzel, F.
stant of 6. Responses to hyperthermia were similar (Radiologisches Institut, Stadtlsche Krankenanstalt-
in both normal tissues except that the temperature at en, 8580 Bayreuth, W. Germany); rinhart, G.; Grundel,

. which TpO2 began to fall (the breaking point) was sig- 3. R. Natl Cancer Inst Monogr 61: 267-269; 1982 (8
nificantly lower for the tumor. Blood flow in mice refs).
increased significantly up to approximately 41 C. In
addition, there was a correlation between decreases in

* TpOo and blood flow as the temperature was increased Experimental groups of 30 to 50 female NMRI mice with
to 45 C. The mean value of tissue pR was 6.8 x 0.2 pH solid Erlich neck tumors of 1-ml, were irradiated lo-

* " In CMI mammary tumors. With heating for 1 hr at 43 cally with 5 Gray (Gy) of X-rays followed immediately

C, pH decreased 0.5-1 U to 6.2 * 3.2. It is con- by localized microwave hyperthermia to "2 C for 3 min.
cluded that the therapeutic effectiveness of hyper- Localized hyperthermia was delivered by a 2,450-MHz
thermia may partially result from several induced Philips generator. Cell loss rate (CLR) was measured
physiological modifications: moderate (41 C) hyper- by the loss of radioactivity of j[-51] deoxyuridine-
thermia in combination with Ionizing radiation may re- labeled tumor cells. CLR of hypoxic and oxygenated
sult in improved tumor response by increased oxygena- cells was nearly identical in untreated tumors. Hy-
.ion and, hence radiosensitivity coupled with a de- perthermia alone had little influence on the loss of

" crease in tumor pR; hyperthermia at '2 C and above oxygenated cells, but it resulted in a significant
may be directly tumoricidal because tumor micro blood loss of hypoxic cells. Hyperthermia in combination
flow is eliminated and tumor pH Is sharply reduced, with irradiation sIgnificantly enhanced cell loss of
whereas normal tissue is properly perfused. hypoxic cells compared with irradiation alone. Tor
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hypoxic cells, a thermal enhancement ratio of 3.3 and Cancer Inst 'onogr 61:357-360; 1982 (9 refs).
a super-additive factor of 1.22 was obtained. Repeat-
ed hyperthermia retarded tumor growth only for a
few days, whereas fractionated radiation therapy de- The results of a phase I clinical trial in which heat
layed tumor growth according to the dose applied, was combined with interstitial 'low dose rate) radia-

With combined treatment, the tumor was under control :ion are described with emohasis on response and
for the complete treatment time and even for a long technical and physical aspects of heating. Twenty-
period after the last treatment. Eight treatments of five patients (27 lesions) were treated using inter-
5 Gy each combined with hyperthermia reduced tumor stitial implants to locally recurrent, accessible
growth mcre than 8 fractions of 8 Gy alone. Whereas tumors heated by 0.5 MHz radiofrequency currents to
all animals given radiotherapy treatment died before 43-45 C for 30 min, with needle guides as electrodes.
day 100, 13.3t of the animals given the combined hy- They were subsequently irradiated with either 1

9 2
1r

perthermia treatment survived more than 100 days with- or 
2
2
6
Ra. All patients had failed previous conven-

out recurrence. Whereas 3 Gy given S x leads to se- tional treatments. In all but one, a single hyper-
vere skin reactions, the combination of this amount thermic treatment was given and the average dose of
of radiation with hyperthermia induced almost no skin low dose irradiation was under 3,000 -ad over 60 hr.
damage. The .hermal enhancement ratio of the frac- No patient failed to respond, 63% achieved a complete
rionated raditherapy combined with microwave hyper- disappearance of tumor in the treated volume, and 37%
thermia was more than .6. had partial response (50%<volume reduction<iOO%).

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 histology and a
comparison of treatment results obtained using heat

0467 EFFECTS OF NEAT ON WOUND HEALING IN MICE. alone, external heat + external radiation, and inter-

(Eng.) Martinez, A. (Div. Radiation fhera- stitial radiation are presented. All but one of the
py, Dept. Radiology, Stanford Univ. Sch. MedicIne, complications observed were considered minimal; the

Stanford, CA 94305), Farla, S. L.; Flores, S.; Hahn, one serious complication was a vaginal-rectal fistula
G. -. Natl Cancer Inst Monogr 61:307-309; 1982 (7 that developed I mo after the implant. Other compli-
refs). cations including soft tissue vaginal necrosis, fatty

liquefaction, and proctitis healed spontaneously. It
is concluded that interstitial thermoradiotherapy is

The effects of hyperthermia on wound healing in C3H/K both a safe and an effective means of treatment in
mice were studied in order to develop an easy and re- advanced or recurrent accessible disease. The tech-

oroducible model of wound healing; to assess the ef- nique of implantation, subsequent heating, and radio-
l fects of hyperthermia on wound healing; and to com- active after-loading make this procedure applicable

pare the effects of water bath and radiotrequency to Intraoperative approaches in such diseases as un-
IRF) heating. Skin and underlying muscle from the resectable pancreatic carcinoma, tumors of the gas-
right hind thighs of C3H/K male mice, 11-25 wk old, trointestinal tract, and unresectable ovarian dis-
weighing 30-40 g were excised leaving a surgical de- ease.
fect I cm in diameter. Five minutes prior to exci-
sion, hyperthermia treatments were given at a fixed
temperatu-e of L5 ,I, either in a water bath or with
13.56 MHz radiofrequency, for periods of 10, 20, 30,
and -0 min. Microscopic measurements of the excised 0469 HYPERTHERMIA EFFECTS IN ANIMALS WITH SPON-
irea were recorded, and the percentage of mice with TANEOUS TUMORS. (Eng.) Gillette, E. L.
50% of the wound healed versus days of follow-up was (Comparative Oncology Unit, Dept. Radiology & Radia-
plotted for analysis. For controls in which an in- tion Biology, Colorado State Univ., Ft. Collins, CO

* cision was performed without prior hyperthermic 80523). Natl Cancer Inst Monogr 61:361-364; 1982 12
treatment, one-half of the mice had 50* of their refa).

wounds healed in 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 Results of investigators who have used spontaneous
the water bath temperature was increased to 45 C and canine tumors for evaluation of hyperthermia are
kect constant for 10, 22, 30 and 40 min, a delayed reviewed for the purpose of designing appropriate
healing tIme was noted as treatment time Increased. therapeutic protocols for treatment of animal tumors

* In the RF g-oup, no significant difference was ob- or use of that information as a basis for human can-
served between the control, group treated at 37 C and cer therapy.
the mice treated at 45 C.

3470 MICROWAVE HYPERTHELMIA AND ELECTRON EAM
'8 INTERSTITUAL -HELMORADIOTHERAPY. (Eng.) THERAPY .F SUPERFICIAL TUMORS OF HLUAN ORI-

Manning, M. R. (Div. Raoiation Oncology, 31N IN THE NUDE MOUSE. (Eng.) Cunningham, D. E.
Dept. Radiology, Univ. Arizona Health Sciences Center, (Dept. Radiology and Specialized Cancer Res. Center,
Tucson, AZ 85724); Cetas, T. C.; 3erner, I. W. Natl ?ennsylvania State Univ. Sch. Medicine, Hershey, PA
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17033); Sharkey, F. E.; Frey, R. A.; Stryker, J.A.; only in tumors less than 35 cm
3
. :n contrast, the

Velklev, D. E. Natil Cancer Inst Monogr il:385-389; combination of the 2 modalities resulted in complete
1982 (18 refs). responses in 4 tumors that were larger than fO cm

3
.

The median response duration for heat alone was less
than 2 mo. This was significantly shorter than

. Seventy-six congenitally homozygous (nu/nu) nude NIH that for irradiation alone or heat plus irradiation.

. Swiss Webster mice were inoculated sc or id with The major complication was the development )f third
3x1O

7 
CMV-Mj-HEL-2, T-1 cells along the dorsal mid- degree burns from the heat treatments, which iccurred

line. The cells were a strain of human embryo lung in 30% of the sujects in both heat Irma. No rate
fibroblasts transformed in vitro by human cytomegalo- complications such as necrosis were observed. This
virus. Of the superficial tumors that developed is the first randomized prospective trial to show
after a 19-day latent period, 25 were treated with that heat alone is ineffective for long-term control
2,450- liz microwave hyperthermia (42.5 C for 20 mi. of most tumors.
followed by fractionated electron beam therapy (641

* rad/fraction) (Group HE); 16 tumors received radia-
- :ton alone (Group E), 15 received only hyperthermia

(Group H), and 15 served as controls (Group C). A
50% or greater reduction in tumor vol occured in 77% 0472 BIOLOGICAL RATIONALE FOR OPTIMAL 3CHEDULING
of Group HE tumors, compared with 12% of Group E, 3% OF HEAT AND IONIZING RADIATION: -LINICAL
of Group H, and 20% of Group C tumors. Complete re- RESULTS ON NECK NODE METASTASES. (Eng.) Arcangeli,
gression was observed in 50% of Group HE tumors, as G. (Istituto Medico e di Ricerca Scientiflca, Via S.
opposed to 6% of Group E, 8% of Group H, and 7% of Stefano Rotondo, 6, 00184 Rome, Italy); CIvidalli, A.
Group C tumors. These results confirm the efficacy Creton, G.; Mauro, F.; Nervi, C. Natil Cancer Tist
)f combined heat and radiation treatment in a moder- Monogr 61:407-409; 1982 (8 refs).
ately radioresistent cell line. The results are sig-
nificant because the cell line is a virally trans-
formed human strain transformed by a human virus; A total of 101 neck node metastases from head and neck
moderately radioresistant in vivo, and in vitro; and cancer were selected from 47 patients and treated with
not significantly responsive to heat or radiation different multimodality schedules. Similar lesions
alone, and demonstrates metastatic capabilities typi- in each patient were treated with at least two modal-
cal of malignant human tumors. ities. Patients were irradiated according to a ulti-

ple daily fractionated (MDF) protocol with 4 hr inter-
vals between fractions; 30/101 nodes were treated with

MDF alone. Multimodality treatment combined MDF with
the radiosensitizer Misonidazole (MIS: 22 nodes); with

3471 RESPONSE OF SPONTANEOUS ANIMAL TUMORS TO hyperthermia (HT) induced by 500 MHz microwave radia-
HEAT AND/OR RADIATION: PRELIMINARY RESULTS tion (27 nodes); or with MIS and HT (20 nodes). In

OF A PHASE III TRIAL. (Eng.) Dewhirst, M. W. (Div. the nodes treated by HT, a tumor core temperature of
Radiation Ontology, Dept. Radiology, Univ. Arizona 42-43 C was delivered for 45 min to only one lesion/
Health Sciences Center, Tucson, kZ 85724); Connor, W. patient on days 1, 3 and 5 of each wk, immediately
G.; Moon, T. E.; Roth, H. 3. Natl Cancer inst Monogr after the second daily MDF treatment. Tumor response

"6 1:395-397; 1982 (10 refs). at the end of 6 and 12 mo was compared. The best re-
sults were obtained in cases where NT was combined
with MDF or MDF + MIS. In these instances, actuarial

Relative differences in control rates and response local control rates at 12 mo were 73% and and 80% of
durations of spontaneous tumors in 13 cats and 41 the lesions, respectively. Little toxicity was ex-
dogs treated in a phase III randomized trial with perienced by patients treated by HT + MDF. No en-
heat alone, irradiation alone, or heat plus irradia- hanced skin reactions were seen during treatment or
tion are reported. Animals were assigned to three follow-up in patients treated with HT, though skill
treatment groups and were stratified by histological and care are required to avoid burning the patient's
type of tumor. The histological types treated in- skin.
cluded melanoma (7), mast cell sarcoma (13), mammary
adenocarcinoma (6), fibrosarcoma (10), and squamous

*" cell carcinoma (18). Heat treatments were given with
a 500-KHz radiofrequency power source by either ta-
pacitlve or resisitive coupling. Radiation therapy 0473 CLINICAL EXPERIENCE WITH MICROWAVE A.ND
was given by either 4- or 10-MV X-rays, electrons, or RADIOFREQUENCY THERMOTHERAPY IN THE TREAT-
orthovoltage. The total tumor dose was 460 rad/frac- MENT OF ADVANCED CANCER. (Eng.) Abe, M. (Dept. Radi-
tion given twice weekly for a total of 8 treatments. ology, Faculty Medicine, Kyoto Univ., 54 Shogoin Kawa-
A comparison of response rates among the three treat- haracho, Sakyo-ku, 606 Kyoto, dapan); Hiraoka, M.;
ment arms showed that the fraction of nonresponders Takahashi, '.; Ono, K.; Nohara, H. Natl Cancer Inst
in the heat alone arm (53.3%) was significantly high- Monogr i::.1l-a14; :982.
er than in 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 Clinical experience ising microwave --MW) and radio-
and irradiation alone resulted in complete responses frequency ,RF) thermotheraoy in :he treatment cf ac-
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" "-" vanced cancer is presented. Hvperthermia by 2450-MHz Preliminary results of treatment )f 103 patients with
MW radiation in combination with radiotherapy was de- esophageal cancer using ntraluminal microwave hyper

livered to 13 patients with superficial neoplasms and tnermia and surgery (10 patients) or hvperthermia and
CLItastatic tumors in the neck. Tumors were no more radiation (93) are reported. Tumor size was 5 cm or

than 2 cm deep and 6 cm in diameter. In 10 patients, less (36 patients), 5-8.9 cm (74), 9-15 cm (11). 7u-
hyperthermia to ,1-43.5 C was administered for 20-40 mors were localized by endoscopy or fluoroscopy. Hy-
min within 10 min after irradiation, 1-5/wk; complete perthermia was induced with a o-mm diameter microwave
regression (CR) was seen in 3/10 patients, partial re- antenna with an active length of :05 and 157 mm. The
gression (PR) in 4, and no response in 3. In 3 pa- antenna was 3-4 cm longer than the tumor. Treatment
tients, MW heat (42.3-43 C for 15 min) was applied be- temperature was above 43 C. Most patients underwent
fore and after irradiation 5/wk; CR was seen in 2/3 treatment without discomfort when the esophageal tem-
patients and no response in 1. To raise the tempera- perature was 43 C; they felt warm but had no pain at

. tures in middle and deep-seated tumors, an RF device 45 C. At surgery, a hyperemic zone on the outer wall
with an output >500 W at an inductor-capacitor oscil- of the esophagus and pleura was seen; extensive, small
lator-generated frequency of 13.56 MHz was used to round cell infiltration with stenosis and obliteration
conduct initial clinical trials on 9 patients who had of blood vessels in the muscular layer of the resected
advanced superficial tumors considered not amenable spec-mens were indicative of the effectiveness of the
to conventional treatment. Six patients who had de- hyperthermic :reatment.
veloped recurrence after radiotherapy were treated by
RF hyperthermia alone (41-46 C for 30-bO min, 4 to 10

treatments) and 3 were given radiation plus RF hyper-
thermia (41-44 C for 3-40 ain, 2 to 10 treatments).
Only I patient receiving RF hyperthermia alone ex- 0476 COMBINATION OF YPERTHERMIA 4ITH RADIATION

perienced PR; no response was seen in 5/6. PR was IN THE TREATMENT OF CANCER. I. PRELIMINARY
seen in 2/3 patients treated with radiation and hy- REPORT ON TWENTY-FOUR PATIENTS. (Eng.) Shen, R. N.
perthermia, and CR was seen in 1/3. (Dept. Radiotherapy, Montefiore Hosp. and Medical Cen-

ter, III E. 210 St., Bronx, NY 10467); Wu, H.; Wang,
J.; Ku, H. Natl Cancer Inst Monogr 61:423-a25; 1982

(3 refs).

*474 A PATHOLOGICAL STUDY ON INTRALUMINAL MICRO-
WAVE HYPERTHERMIA IN ESOPHAGEAL CANCER. Preliminary clinical results in 24 patients with ad-

ting.) Oiu, S. L. (Dept. Pathology, Inst. Medical vanced cancer treated with 2450 MHz hyperthermia or

Sciences of Henan, Zhengchow, Henan, People's Repub- radiation therapy (2000-5000 tad) following hyper-
lic of China); Li, D. J.; 3hao, L. F.; Wang, C. Q. thermia are reported. In most hyperthermia treat-
Natl Cancer Inst Monogr 61:415-417; 1982 (3 refs). ments, tumor temperatures reached 43 C or more. No

serious acute complications of hyperthermia were ob-
served. An objective response was seen in 20/24 pa-

STissue specimens from 21 esophagectomy patients who tients and 23/24 had subjective pain relief. Sever-
had been treated with intraluminal microwave hyper- al complete tumor regressions were seen. The results

5, therm~ia alone or in combination with radiation were suggest that hyperthermia enhanced the radiation re-
compared with 20 surgical specimens treated with ra- sponse.
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 infiltration around the cancerous

tissue, and damage of the interstitial vessels. No 0477 MODERATE WHOLE-BODY HYPERTHERMIA IN COMBI-
specific histophathological changes were regarded as NATION WITH CHEMOTHERAPY IN THE TREATMENT
hyperthermia-related, but the degree of tumor damage OF SMALL CELL CARCINOMA OF THE LUNG: A PILOT STUDY.
was more severe in the hyperthermia plus radiotherapy (Eng.) Neumann, H. (Medizinisches Universitatsklin-
group than that of the group receiving irradiation ik, Hugstetterstrasse 55, 0-7800 Freiburg, W. Ger-
only. While the histopathological changes in the hy- many); Fabricius, H-A.; Engelhardt, R. Natl Cancer

perthermia and the control groups were different, no Inst Monogr 61:427-429; 1982 (19 refs).
specific reaction has been identified as being a hy-

perthermia-induced one.

Chemotherapy was combined with moderate whole body 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-

)475 INTRALUMINAL MICROWAVE HYPERTHERMIA IN THE 60 C, was used to induce WBH. The patient rested on a

COMBINED TREAT.4ENT OF ESOPHAGEAL CANCER: A mattress in which a coil field electrode is connected
PRELIMINARY REPORT OF 103 PATIENTS. (Eng.) Li, D. J. to a 27-MHz generator. The target temperature (40.5
(c/o G. M. Hahn, Div. Radiobiology Research, Dept. la- ± 0.5 C) was reached in 

4
0-oO min; iv injections of

diology, Stanford ford Univ. Sch. Medicine, Stanford, adriamycin and vincristine were given at the selected
CA 94305); Wang, C. Q.; Qiu, S. L.; Shao, L. F. Natl treatment temperature which was maintained for I hr.
Cancer Inst Monogr 61:-19-421; 1982 (5 refs). WBH was administered I to 5 times per patient -n day
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1 of each 3-wk chemotherapy cycle. Complete remis- A direcc-:ontact appli:ator system, designed as a con-
sion was seen in 9/18 patients, partial remission in venient instrument for microwave hyperthermia therapy
7, and no response in 1; 1 patient with progressive research at 430 MHz on large laboratory animals, is
disease was axposed to WBH only once and was resistant described. Three dielectric-loaded cylindrical ap-
to chemotherapy and radiotherapy. No cardiopulmonary plicator heads provide a range of field sizes from 4
complications, metabolic disturbances, skin burns, to 48 cm in diameter with the use of removable irIses.
neurological lesions, or excessive bone marrow sup- The polarization of the emitted radiofrequency (RF)
pression were seen after treatment. There was no evi- field can be varied continuously from linear to cir-
dence of further distribution or stimulation of growth cular. Coolant is circulated tnrough a thin chamber
of established metastases during combined treatment. on the front surface of the applicator; the surface
The procedure was well tolerated and appeared to be in contact with the body is a thin flexible nembrane
safe. Preliminary data concerning duration of remis- that conforms closely to the skin contour. The RF
sion appeared to be encouraging: 8/13 stage C patients power is generated by an electronically tuned oscilla-
treated were in remission at 5 to 28 mo after treat- tor driving a Z00-W solid state amplifer and delivers
ment (most between 7-9 mo) vs. an average of 6-8 mo energy at 430 MHz. Analysis of the heating pattern
for patients treated dith chemotherapy alone, produced in a static muscle phantom indicated chat

the maximum temperature occurred about 1.5 cm below
the surface, with the 50% aximum temperature point 3
cm below the surface. Maximum measured leakage at a
power level of 1,00 W under the worst possible condi-

0478 TEMPERATURE-CONTROLLED CAVITY SYSTEM FOR tions (with the applicator unterminated) was <0.5 mW/
MICROWAVE IRRADIATION OF CULTURE CELLS IN cm

2 
at a distance of I m.

VITRO. (Eng.) Vagulne, V. A. (c/o McEuen, Radiation
Div., Varian Associates, Palo Alto, CA 94303); Giebe-
ler, R. H.; Tanabe, E.; McEuen, A.H.; Hahn, G. M.;
Sapareto, S. A.; Li, G. C. Natl Cancer Inst Monogr
61:457-460; 1982 (6 refs). 0480 HYPERTHERMIA INDUCTION BY 27-MHz P.ADIOFRE-

QUENCY IN CANCER THERAPY. (Eng.) Mendecki,
J. (Dept. Radiotherapy, Montefiore Hosp. and Medical

The effects of 400-1000 .hz electromagnetic fields on Center, Bronx, NY 10467); Friedenthal, E.; Botstein,
cell cultures were investigated under controlled tem- C.; Sterzer, F.; Paglione, R. Natl Cancer Inst Monogr
perature asing a cylindrical reentrant radiofrequency 61:465-468; 1982 (4 refs).
(RF) applicator. The RF applicator is in the form of
a cylindrical reentrant cavity, which is similar in
structure to a shorted section of coaxial cable line, Experimental and clinical trials to induce hyperther-
with a narrow gap introduced in the center conductor mia in deep-seated tumors with 27-MHz ridged waveguide
near one end. The cavity can be tuned to resonance applicators are described. The open end of the guide
by varying its length; for the frequency range of 400- is covered with a rubber membrane, and the guide is
i000 MHz, the length is nearly a half wavelength (15- filled with deionized water which serves to reduce the
35 cm). Microwave power is coupled into the cavity overall size of the ipplicator. The inside of the ap-
either by the coupling loop in the floor or by a ca- plicator is divided into Plexiglas compartments that
pacitive probe inserted through the sidewall near the permit placing the applicator in a horizontal posi-
top of the cavity. With 60-80 W of input power, the tion without danger of rupturing the membrane. Ener-
power density in the sample is 135 to 185 W/cm

3
; peak gy is introduced from a 27-MHz generator with a van-

electric field intensity in the sample is about 150 able power output (0-500 W). Reflections of 27-MHz

7.(cm. The temperature of the sample holders is regu- power back into the coaxial input port are minimized
lated by circulating water. The experimental setup by the use of two capacitive tuners. The applicator
for the temperature controlled RF irradiation system is inserted into a specially constructed treatment
includes an RF power signal source with a frequency table. A saline-filled bag with an adjustable cen-
range of 0.2-3.0 GHz, and a maximum output power of tral aperture is placed on the surface of the appli-
90 W. The system provides differential cooling for cator to circumscribe the area to be heated. Heat-
the culture medium, which is contained in the RF ap- Ing patterns were determined in pig muscle with nor-
plicator cavity. 'This technique offers several ad- mal blood circulation and in an artificial rectal tu-
vantages over previously published methods with res- mor in a dog. Patients with advanced tumors that in-
pect to absorbed power density, accuracy of tempera- included primary carcinoma of the uterus, metastatic
.ure control and measurement, and efficiency, carcinoma of the scapula from a primary lung carci-

noma, and carcinoma of the prostate underwent RE hy-
hyperthermia in conconjunctlon with or following a
course of radiotherapy. Varying degrees of pain re-
lief were reported and no serious side effects were

3479 MICROWAVE DIRECT-CONTACT APPLICATOR SYSTEM noted.
FOR HYPERTHELMIA THERAPY RESEARCH. (Eng.)

Vagulne, V. A. (c/o McEuen, Radiation Div., Varian As-
sociates, Palo Alto, CA 94303); Tanabe, E.; Giebeler,

I % R. .; McEuen, A. H.; Hahn, G. M. Nail Cancer 'nat
Monogr 61:461-464; 1982 (3 refs). 0481 MICROWA',E APPLICATOR FOR HYPERHER.MIC
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STREATMENT OF RETINOBLASTOMA. (Eng) a- MSTF6-34, Dept. Radiation Therapy and Div. Neurologi-

gendijk, J. J. W. (Dept. Radiotherapy, Univ. Hosp. cal Surgery, UIniv. Maryland Sch. Medicine, :0 S. ?ine

Utrecht, Catharijnesingel 101, 3500 CG Utrecht, Neth- St., Baltimore, MD 21201); Salcman, M.; Cheung, A. Y.;

erlands). Nati Cancer Inst Monogr 61:.69-471; 1982 Abdo, H. S.; Schepp, R. S. Nati ancer Inst Monogr
(5 refs). 61:477-482; 1982 (7 refs).

A special microwave (MW) applicator made of flexible A miniature, implantable microwave (MW) antenna and

silicone rubber was designed for hyperthermic treat- thermotherapy system was used for interstitial heat-

ment of retinoblastoma at 2450 .iz. Power is deliv- ing in cat and human brain. Adult cats were exposed

ered by a low impedance aicrostripline that encircles to 2450 MHz radiation delivered by a surgicaily-im-

the eye at a level just posterior to the lens. Only planted, flexible cable antenna. Heating and cooling

20% of the power entering the stripline is absorbed in normal feline brain was rapid. Except in places

in the eye; 80% leaves the stripline and is absorbed of altered blood flow or tissue necrosis, the heating

in the load, which generates a nearly uniform power pattern was nearly radially symmetric. No remarkable

absorption in the eye along the stripline. MW ab- physiologic alterations were observed during fore-

sorption distribution was measured in eye phantoms. brain heating. While controlling rectal tenperature
A thermal, finite difference computer model of human and increising temperature at the antenna Ip to -5 C,

and rabbit eyes was verified experimentally in rab- no significant alterations in blood pressure, intra-

bit eyes. Satisfactory temperature distributions cranial pressure, or EKG were seen. Pupillary size

were obtained (entire retina, 42 C; lens <39 C). The remained unchanged. Histological examination of sham

apparatus allows the entire retina and the vitreous and MW-heated brain showed no significant difference;
body to be heated to therapeutic temperatures without in both, surgical edema was present probably due to

heating the lens above 39 C, which is considerably antenna insertion. For the most part, the results of
.ower than the cataractogenic temperature. Precise human implantation were similar to those obtained in
noninvasive measurement of temperatutas in the eye animals. Monitored arterial blood pressure, intra-

is still a problem. cranial pressure, and EKG were virtually unchanged

during the 30 min of heating in the operating suite
and subseauent 60-min heating sessions 6 and 48 hr
.ater. Studies of the physical performance and phys-

iological impact of focal MW heatting in the forebrain

0482 HIGH-FPEQUENCY TRANSMITTER FOR THE LOCAL- suggest that the implantation method is technically

IZED HEAT TREATMENT OF THE PROSTATE GLAND. feasible and a relatively simple method for glloblas-

" . - (Eng.) Petrowicz, 0. (Inst. Experimental Surgery, toma treatment.

r Technical Univ. Munich, ismaningerstrasse 22, D-8000
ii  Munich 80, W. Germany); 3cheiblich, J.; Crucius, A.;

Erhardt, W.; Wriedt-Lubbe, I.; Ultsch, B.; Blumel, G.

.. Nat Cancer Inst Monogr 61:473-476; 1982 (5 refs). 0484 SYSTEM FOR PRODUCING LOCALIZED 4YPERTHEF-MIA

IN TUMORS THROUGH MAGNETIC INDUCTION REAT-

An apparatus consisting of a 433.9 MHz, 200 W genera- ING OF FERROMAGNETIC IMPLANTS. (Eng.) Stauffer, P.

tor and a water-cooled 12 mm x 40 mm cylindrical slot R. (Div. Radiation Oncology, Dept. Radiology, Univ.

antenna for localized heat treatment of the prostate Arizona Health Sciences Center, Tucson, AZ 35724);

gland was investigated and the morphological changes Cetaq T. C.; Jones, R. C. Natl Cancer :nst Monogr

Induced by the irradiation were characterized. The 61:483-487; 1982 (6 refs).

cylindrical cover of the antenna was 20 mm in diame-
ter and the temperature was lowered to 2-10 C by a

N "cooling system so that the maximum heat generated on A magnetic induction heating system was developed to

the applicator surface could be reduced. The pros- heat small ferromagnetic seeds surgically or stereo-

tate glands of 35 mature dogs were irradiated trans- tactically imbedded in deep seated tumors. induction

rectally for 13-20 min by application of 35 to 75 W, field frequencies of 1.9 MHz (power, 65 and 300 W),

resulting in temperatures of 41.5-48 C in the glands. 4.0 MHfz (175 W), and 2.0 MHz (200 W) were used to heat

Heat-induced damage of varying degrees to the rectum static and dynamic tissue equivalent phantoms, feline

and surrounding tissues depended on the amount of pow- muscle, and canine muscle in vivo, respectively. The

er applied. Most of these effects could be eliminated uniform temperature distributions seen in cat and dog

by slight modifications of the transmitting and cool- muscle agreed with results obtained in the phantoms.

ing system. It was concluded that power rates of 30- The data indicated that implant temperature differ-

40 W and cooling temperatures of 2-3 C would result entials can be maintained within 1.5 x that reached

in effective local hyperthermia. throughout the implanted region, regardless of tIs-
sue nhomogeneities. :mplant arrays consisting of
2 mm stainless steel rods combined excellent heating
characteristics in a 1.5-4.0 Mliz magnetic induction
field with long-term biocompatibility. Power of 200-

0483 MiCROWAVE-INDUCED qYPERTHERKMIA: AN ZXPERI- 300 W was sufficient to raise in implantable region of
MENTAL ADJUNCT FOR BRAIN TUMOR THERAPY. any size to therapeutic temperatures safely in less

• (Eng.) Samaras, C.M. (Neuro-oncology Res. Labs., than 70 min.
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3485 EVALUATION OF . N INVASIVE MICROWAVE ANTENNA the esophageal region. be :uice that or tssues
SYSTEM FOR HEATING DEEP-SEATED TUMORS. outside the rib cage. :n the central 1Lung area, tno

(Eng.) Strohbehn, J. A. (Thayer Sch. Engineering, heating rate was 1.2 tines that of the ,urer ttssues.
Dartmouth loll., Hanover, NH 03755); Tremblv, 3. S.; Rapid heating (2,'00 W for m.7 tin) of the pelvis re-
Douple, E. B.; de Sieves, D. C. Nati Cancer inst suited in a uniform pattern. Te lowest -entral tem-
Monogr 61:489-491; 1982 (6 refs). perature rise was "0% of the ma~tmum at 3 -m depth. i.

is concluded that zherapeutic -eatIng -in be ichIeved
even in deep tumor sites.

A mathematical model was developed to predict temper-
ature distributions for a multiple antenna system in
which numerous small microwave (MW) antennas are In-
serted into tissue or tissue phantom through hypoder-
mic needles. A single MW source attached to a power 0487 IYPERTHERM!A INDUCTION SY AN ARPAY CF :N'A-
splitter usually feeds all the antennas simultaneous- SIVE MICRCWAVE ANTENNAS. 7Eng.) Tremoiy,
!7. A heat equation based on a two-dimensional model 3.S. (Thayer Sch. Engineering, Dartmouth oi.
that ignores heat flow along the axial direction of Hanover, NH '33735); Strohbenn, J. .. ; de Sieyes, D.
the antennas was solved by the Alternating Direction C•; Douple, E. 3. Narl -ancer inst Monogr 5[:,97-530C;
Method. Blood flow and metabolic effects were not in- 7982 (3 refs).
cluded in the model. Isotemperature contours were
alculated and plotted for a frequency of 1.0 GHz,

and antenna circles with a radius of 1.414, 2.12, and Temperature distributions produced by an array of four
2.828 cm, and 3-5, 4-6, and 4-8 antennas, respective- insulated antennas radiating at 2 GHz were measured
I yl. For an antenna zircle with a radius of 1.414 cm in brain phantom, human brain at autopsy, and muscle
and - antennas, temperature reached therapeutic levels tissue of a living dog. A 3-cm (side length) array

2-a5 C within 15 mm;t the diameter of the heating was used for the cadaver and dog tissue, and -,

volume was 3 cm. Five and eight antennas, respect- and !-cm arrays were used in the phantom. The time
ively, were required to produce . ano 7 cm heating required for the temperature to reach therapeutic
volumes wthin 15 mmn. range increased rapidly with increase in array size;

thus square arrays (i.e., 4 antenna arrays) of greater
than 3 cm/side may not be clinically useful. Although
heating a cadaver brain was similar to oeatlng brain
phantom, blood flow in living tissue greatly increased

3486 DEEP HEATING OF CYLINDRICAL DR ELLIPTICAL the power required to produce therapeutic tempera-
TISSUE MASSES. (Eng.) Turner, F. F. (BSD tures. Steady-state power levels needed to maintain

Medical Corp., 420 Chipeta Way, Salt Lake City, UT a 6.5 C antenna temperature were 7.5 W for phantom,
34 IC8). Natil Cancer Inst Monogr 61:493-495; 1982 (3 10 W for cadaver, and 20 W for living dog muscle. 9. J
refs).

A new technique for producing uniform heating to the
center of large tissue masses, i.e., thorax and ab- 0488 DOSIMETRY OF INTERSTITIAL THERMORADIOTHERA-
domen, is described. The prototype BSD applicator is PY. (Eng.) Cetas, T. C. (Div. Radiation
an annular phased array composed of radiating aper- Oncology, Dept. Radiology, 2niv. Arizona Health Sci-
tures operated in the transverse electromagnetic (EM) ences Center, Tucson, AZ 85724); Hevezi, J. M.; Man-
mode. The patient lies inside a central opening; a ning, M. R.; Ozimek, E. J. Natil Cancer Inst Monogr
water-filled bolus or bladder placed between aperture 61:505-507; 1982 (5 refs).
walls and patient Improves energy coupling, stray-
field level, and surface-temperature control. The
radiation field of the array is a cylindrically con- The dosimetry involved in one method of producing
vergent transverse EM wave with the electrical field combined insterstitial heat and radiation treatments
polarized along the cylindrical axis. Measured cyl- for accessible tumors is described. The technique
Indrical cross-section heating patterns in a homogen- employs a modified electrosurgery unit 500 kHz) with
eous muscle-equivalent phantom are shown. Tempera- an appropriate matching network as a power sourze and
ture rise during rapid heating was monitored at 31 conventional catheter-mounted thermistors with a dig-
positions within the phantom. Some nonsymmetry was ital multimeter for thermometry. An array of !7-
observed attributed in part to the phantom's ellipti- gauge hollow needles is inserted through a ?lexiglas
-al shape. Heating experiments with the annular template into the tissues (up to 15 cm deep) so that
phased array were conducted on a 2

4
0-pound pig with the tumor volume is encompassed. The array, deter-

chest and pelvic dimensions similar to those of an mined by the template, can be either of circular or
adult man. A therapeutic temperature of 42.5 C was rectangular symmetry. Thermistors also are inserted
maintained for 30 min 3-. cm deep in chest and abdom- through the template. Radiofrequency power i ap-
inal regions. no resulting ill effects were observed plied to heat resistively the tissue between the nee-
in the animal for 6 days following the treatment. die electrodes. A tvpical treatment is 4 C for 30
The animal was then killed to study heating patterns min. Following the heat treatment, the needles are
!.n the absence of blood circulation. The thoracic after-loaded with i92!r seeds. The thermal dose is
.earing pattern (794 W for 9.3 mn) showed heating in determined from temperature measurements and compared
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with analytical and phantom models which use measured the positive x-axis), but :emperature distribution zi
thermal and electrical parameters. Computed radia- the presence of counter flow can be obtained by data
ton isodose curves are based on actual seed loca- manipulation. Measurements at three flow rates "J,
tions determined from the needle arrangement and from 200, and 300 ml,'min) were made for a 915-MHz applica-
othtogonal projection radiographs. It is concluded to. *35 W for 5 min). The zero flow curve showed a
that interstitital thermoradiotherapy is safe and et- slight assymmetry due 'o heat conduction to the cham-
fective for treating patients with advanced local ber's lower portion, whereas the liquid temperature
disease. 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

2489 RTHERHAL DOSI.ETRY DURING HYPERTHELMIA. were significantly altered near edges of the applica-
Eng.) Ozimek, E. J. (General Products tor field. At depths of I cm or greater from the

Div., IBM Corp., 74B/061-2, Tucson, AZ 85744); Cetas, applicator face, there was a decrease in temperature
T. C. Nati Cancer Inst Monogr 61:509-512; 1982 (6 but no change in the pattern. Limitations of the
refs). system are summarized.

Maximum therapeutic benefit from hyperthermis in can-
cer treatment requires knowledge of temperature pro-
files throughout the heated tissue volume. The bio- 0491 PULSED MICROWAVE THERMOMETRY: .i ALGORITHM

heat equation relates internal energy change rates to FOR THERMAL PERTURBATION. (Eng.) Loshek,
heat generation and dissipation processes. Energy D. D. (Section Medical Physics, Marshfield Clinic,
deposition and subsequent temperature distribution Marshfield, WI 54449). Natl Cancer Inst Monogr 61:
can be predicted if electrical conductivity and per- 517-520; 1982 (no refs).
mittivity and effective thermal conductivity are
known. The in vivo thermal properties of various
normal tissues in laboratory minipigs as well as in A pulsed microwave (MW) diathermy system that uses
humans were measured. Temperatures were measured ordinary thermistor temperature sensors is presented.
with calibrated thermistor probes at several points Temperature signals from the thermistor sensors are

* '% in tissues heated with microwave and with water bath sampled under computer control during the "off" state
techniques, and the results were incorporated in a of the pulsed MW generator. These temperature sig-
numerical solution of the bioheat equation. Tempera- nals are compared with the desired temperature, andST ture profiles determined for minipig thighs heated at the duty cycle of the microwave generator is adjusted
2.450 and 915 101z showed good agreement between meas- to yield regulation about the preset temperature.
ured and predicited temperatures; blood flow was the Because blood perfusion produces rapid cooling of

* only adjustable parameter. At 2,450 MHz, the tissue locally heated tissue, the computer has been pro-
blood perfusion rate yielding the best tmeperature grammed to produce a MW pulse lasting from 0 to 300
depth profile agreement was 0.0010 g of blood/cm

3 
of msec once each second. A residual perturbation of

tissue/sec. 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-

)490 THERMAL DOSIMETRY SYSTEM WITH BLOOD FLOW ter at a constant temperature was flowing. Altera-
SIMULATION. (Eng.) Sandhu, T. S. (Div. tions of the temperature signal could in this manner

Radiation Oncology, 'niv. Utah Coll. Medicine, Salt be attributed solely to the microwave perturbation of
t ake City, UT 84132). Natl Cancer Inst Monogr 61: the sensor and not to MW heating of the environment.
513-515; 1982 (7 refs). Perturbation magnitude increased with length and

energy of the pulses. The perturbation decayed ex-
ponentially with a time constant that was independent

A dynamic phantom system was leveloped for studying of pulse length but that increased with water flow
temperature distributions rrolAced by external heat rate through the tubing. The computer algorithm pre-
sources in tissue-equivalent iaterials under differ- sented herein in conjunction with sufficiently fast
ent blood flow conditions. :he system is designed thermistor probes may enable pulsed temperature mea-
for use with noninvasive heat transducers, such as surements with a wider variety of microwave equipment
direct-contact, microwave waveguide applicators or and clinical situations.
-Itrasound transducers. The dynamic phantom consists
of a Plexiglas chamber divided into three compart-
ments: the top compartment is filled with liquid
-maintained at 37 C to simulate in vivo conditions;

the second contains foam through which the liquid 1492 COMPUTER SOLUTION FOR APPLICATOR HEATINIG
flows; and the third is a thermal insulator. Thermo- PATTERNS. (Eng.) Turner, P. F. (3SD Med-
-ouples measure temperature it cifferent points In ical Corp., 420 Chipeta -ay, Salt Lake City,
tne foam. Flow Is simulated in one direction (along 34108); Kumar, L. Natil Cancer Inst Monogr o1:5[-
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523; '982 '. refs). substitute to the recording of both temperature nd
time. The search for optimal scheduling requires
knowledge of dose-effect relationships for both nor-

A mathematical solution is presented to the problem mal tissue tolerance and tumor regression. The de-

of predicting heating patterns in tissue located in velopment of small size probes and of noninvasive
a microwave applicator's near-field region. The sol- thermodosimetry is a prerequisite for widespread

ution was used to obtain Information regarding the clinical use of hyperthermia. Heat alone constitutes
effects of frequency, applicator size, aperture field an important modality of hyperthermia but its use as
distribution, and low-loss bolus materials on pene- routine palliative therapy is still unwarranted.

tration depth and heating patterns. The model solu- Treatments shculd be aimed at the identification of
tion was extended to both flat surface and cylindri- those tumor types which are responsive to hypertherm-
cal apertures and to a new array aplicator. Heating is, and they must be considered as clinical invesri-
patterns were predicted for each at many different gations conducted within controlled clinical trials.
frequencies. A significant finding was the limited Attention should be given to the reporting of heating

penetration depth of radiative applicators. By cor- techniques. The rate of heating must be precisely

rectlng for non-homogeneous losses, reflection, and stated. For each patient, the spatial and temporal
refraction, accurate power absorption rate predic- temperature distributions must be given as well as
tions can be obtained for living systems. 1hen cou- the method used for temperature monitoring. Each

pled with the blood heat-flow dynamics of the body, tumor should be described precisely and the treatment
temperature rise can be predicted. 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.

)493 RAPPORTEUR SESSION: HEATING TECHNIQUES. Enhancement by heat of radiation effects is critical-
(Eng.) Durney, C. H. (Depts. Electrical ly dependent on the time and sequencing. For an in

Engineering and Bioengineering, Univ. Utah, Salt Lake terval between heat and radiation of I hr or a few
City, UT 84112). Nati Cancer inst Monogr 61:525-528; hours, potentiation is obtained. At 24 hr, the blo-
1982 (no refs). logical effects of the two modalities are independent

and purely additive. The combination of heat and ir-

radiation has been used mainly' for palliative treat-
3asic problems and the state of the art in hyperther- ment of large inoperable tumors or for metastases.
mia production and measurement techniques and the con- As soon as an adequate temperature monitoring system

" tributions presented at the Third International Sympo- is available, controlled trials on potentially cur-
sium: Cancer Therapy by Hyperthermia, Drugs, and Ra- able tumors can begin. Hyperthermia shows synergism
diation held at Colorado State University, Ft. Col- with many drugs for both normal and neoplastic cells. Rz..
lins, Co, June 22-26, 1980 (National Cancer Institute Because heat has no harmful effects on bone marrow,
Monograph 61) are summarized. The material presented It could be delivered between chemotherapy cycles
is based on a summary presented by the author in a when leukopenia and thrombopenla prevent extended
session devoted to discussion of the poster papers on radiotherapy. Even when chemotherapy is combined
heating techniques and on the resulting discussion with local radiotherapy, hyperther-aia might allow
by the audience, reduction of the radiation field and/or dose.

0494 THE FUTURE OF YPERTHERKIA. (Eng.) Tubi- 0495 CHANGES IN BLOOD COAGULATION AFTER ZUNG

ana, M. (Dept. Radiation, Institut Gustave- SURGERY AND EXPOSURE TO A CONSTANT MAGNETIC
Roussy, 16 bis avenue Paul-Vaillant Couturier, 94800 FIELD. (Rus.) Novikov, Eu. A. (Dept. Hosp. Surgery,

" Villejulf, France). Natl Cancer Inst Monogr 61:539- Medical Inst., Ivanovo, USSR). Anesteziol Reanimatol
543; 1982 (19 refs). (3):21-23; 1982 (4 refs).

. Differences in response to heat of human tumors are a Potentially favorabla effects of postoperative expo-
. major obstacle to thermotherapy progress. Xenografts sure to a constant magnetic field kC!F) were studied
" of human tumor in nude mice or preferably in nude in 184 patients (146 men, 38 women; 30-60 yr old) sub-

rats may provide an effective tool for the study of iected to lobectomy or pneumonectomy. The patients
those biological factors which may influence the ef- were divided into two groups: Group 1 (130 patients)
fect of heat on a tumor or a normal tissue. Probably, received conventional postoperative analgesia with

physical factors are the most important sources of narcotic substances, while Group 2 (34) received ap-
difference. The development of a unit dose embodying plications of 2-3 magnetic plates at the site of the
the amount of heat transferred to the tissues as well surgical incision and on the thoracic region of the
as quality factors is a goal for the future. However, spinal column. CMF produced pain relief in 41% of
the relationships between heating time and tempera- the patients. Tests of blood coagulation showed mark-
ture required to produce various biological effects ed inhibition of fibrinolysis with simultaneous acti-
are open to discussion, and presently there is no vation of blood coagulation in Group 1. The pati-

[0"
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ents in Group 2 showed normalization of the hepa- respectively.

in level, ftbrinolytic activity, and time of throm-
boplastin formation. Improvement of blood coagula-

tion indices was not correlated with the analgesic
effect of CMf. It was concluded that the negative

charge acquired by the blood-formed elements after 0498 MAGNETIC SUSCEPTIBILITY OF RHODOSPIN.
exposure to 17 ff maintains them in a suspended state (Rus.) Vilenchik, M. M. (Inst. Biological
and prevents sequestration and sludging. Physics of USSR Acad. Sciences, Pushchino, Moscow Re-

gion, USSR). Biofizika 27(1):31-36; 1982 (31 refs).

To test the hypothesis that the physical mechanism of
'L96 MORPHOLOGICAL CHARACTERISTICS AND THE MECH- biological effects of a constant magnetic field is as-

ANISM OF BIOLOGICAL EFFECTS OF MGNETIC sociated with the anisotropy of magnetic susceptibil-

FIELOS. (Rus.) Toroptsev, I. V. (Dept. Pathology, ity of protein molecules, the anisotropy of rhodopsin
Medical :nst., Tomsk, USSR); Taranov, S. V. Arkhiv molecules in photoreceptor membranes was calculated.
?atologii 44(12):3-12; 1982 (96 refs). Assuming that the anisotropy of rhodopsin is 4eter-

mined by orientation of aromatic amino acids and pep-

tide bonds, it was calculated that the majority of
Literature data on the mechanism of biological effects the external segments of the retina were oriented
of magnetic fields are reveiwed. Numerous studies along the force lines of the magnetic field with an
confirmed the greater biological activity of alternat- intensity of approx. 80 Oes (6.4 x 103 A/m). Dura-
ing and pulsed magnetic fields compared with constant tion of the orientation of the external segment of
magnetic fields. Biological parameters of magnetic the frog cone was approximately 10 sec for a field of
fields include the intensity, gradient, direction of intensity of 8 x 105 A/m and approximately 24 hr for
the vector, duration of exposure, and frequency. Even fields of threshold intensity (6.4 x 103 A/m). Po-
short-term exposure to magnetic fields was shown to tential applications of the observed orientation of
produce marked morphological changes in the nervous protein molecules in constant magnetic fields include
and endocrine systems. Morphological changes in the cancer chemotherapy (administration of liposomes con-
cardiovascular system after exposure to magnetic taining an antineoplastic agent and feromagnetic fill
fields were characterized by circulation disorders, er) as well as inhibition of tumor growth in the mag-
increase in capillary permeability, development of netic anisotropy of membrane proteins from normal and

- nterstitial edema, dvstrophy, and necrosis of vascu- tumor cells.

lar walls. Exposure to weak and moderate magnetic
fields (intensity of 20 to 7,000 Oe) produced swell-

ing of Kupffer cells, increase in the proliferative

pool and mitotic activity of enterocytes in the small
intestine, and increase in the metabolic activity of 0499 EFFECT OF HIGH-FREQUENCY ELECTROMAGNETIC
liver at small intestine cells. The mechanism of FIELDS ON TETRAPHENYLBORATE TRA.NSPORT
biological action of magnetic fields is associated THROUGH BILAYER LIPID MEMBRANES. (Rus.) Alekseev,
.with primary interactions between the magnetic field S. I. (Inst. Biological Physics, USSR Acad. Sciences,

and the biological substance, reception by the bio- Pushchino, Moscow Region, USSR); Tiazhelov, V. V.;
logical object of the magnetic field, and response Faizova, L. Kh.; Chertishchev, V. V. Biofizika 27

of the biological object to the magnetic field. (1):162-163; 1982 (8 refs).

The effects of high-frequency electromagnetic fields

(0.9 GHz) on the transport of tetraphenylborate (TPB)
0497 MAGNETIC SUSCEPTIBILITY OF SINGLE HUMAN ions through the bilayer lecithin membrane .re stud-

ERYTHROCYTES. (Rus.) Kondorskii, E. I. ied in scdium chloride solution. TPB transport was
(Physics Dept., M. V. Lomonosov State Univ., Moscow, established by changes in the saturatin current. The
USSR); Normna, S. B.; Lt vinchuk, N. 7.; Shalygin, A. increase in the membrane saturation current was pro-
:. Biofizika 26(6):1104-1106; 1981 (3 refs). portional to the electrolyte concentration and to the

specific absorbed power (up to 200 W/kg), and did not
depend upon TB concentration (within a 0-4-i0

-
O M

A method of measuring the magnetic susceptibility of range). The increase in the electrolyte temperature
iaoiated human erythrocytes is described. The move- by 10 C resulted in a 1.3-fold increase in the satura-

.ent of erlthrocytes in a hetergeneous magnetic field tion current. These findings indicated that the ef-
:f thin ferromagnetic wire (8 x 10

1 9 
A /m) was moni- fects of high-frequency electromagnetic fields were

tored by a specially designed movie camera. Analysis associated with local heating of the electrolyte layer
of the distribution of erythrocytes and the relation- adjacent to the membrane.
ship between the magnetic susceptibility and the ve-
locity of erythrocytes showed that the magnetic sus-

ceptibilities of erythrocytes containing methemoglo-

bIn, deoxvhemoglobin, and oxyhemoglobin were (0.54 0500 THE ABSENCE OF EFFEC- OF MAGNETZ, FIELDS

'0.25)1 , 5.-6 0 9. 0,and 3-).75 t 0.05)/10, 'N SODIUM, POTASSIUM :ON-DEPENOENT A PSE.
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(Rus.) Savich, M. L. (Res. inst. Biological Testing 2 cm wavelength). Exposure f s i. secn-ens t "4

of Chemical Compounds, Kupavna, Moscow Region, USSR); pulses resulted in reversible activitn;n t sodium -

Shcheglova, M. V.; Raikhman, L. M.; Kuznetsov, A. N. transport. The increase in the transeoi:nellal iodt-
Biofizika 27(3):532-533; 1982 (3 refs). um transport could be associated with toe ncrease tn

sodium, potassIum-dependent ATPase is ware is t-e in-

crease in membrane nermeaoilttv.
To evaluate the direct effects of magnetic fields on
sodium, potassium ion-dependent AT~ase, the membrane
preparation of enzyme isolated from bovine brain was

exposed to an electromagnetic field (EMF) with in-
ductance of up to :,500 mT. The experiments were con- 0503 HYDROLYSIS -F GLOBULAR PROTEINS WITH TRYP-

ducted at 15 C, 20 C, and 37 C. Sodium, potassium ion- SIN IN A STRONG MAGNETIC FIELD. (Rus.)
dependent ATPase activity was estimated by the amount Nazarova, N. M. (Res. Inst. Biological Testing of
of released inorganic phosphate. Duration )f exposure Chemica L Compounos, Kupavna, Moscow Region, USSR);
was 15 min. Exposure to EMP did not affect enzyme ac- Livshits, 7. A.; Nnzin, V. B.; Veselago, V. G.; Kuz-

tivitv, Michaelis constant for ATP, activation con- ietsov, A. N.. Biofizika 27(4):72.0-721; 198. (9 rets).
scants for sodium and potassium ions, or Hill coeffi-

cients for ATP and ons. it was concluded chat -.F
with inductance of up to 1,500 mT had no direct effect To evaluate possible physico-chemical mechanisms of
on isolated enzyme preparations, and that the changes biological effects of magnetic fields, hydrolysis of
in active transport after exposure to EMF were associ- various globular proteIns with trypsin was studied in
ited dith the effect on regulators of sodium, potas- I strong (up to 1O T; magnetic field. Incubation of
sum in-dependent ATPase. trypsin with serum albumin or with methemoglobin re-

sulted in an approximately "8% yield of the hydrolysis
products. Kinetics of hydrolysis after exposure to a
magnetic field with inductance of 1.4 or 1) T did not
differ from that in control. The magnetic field also

0501 MECHANISM OF MICROWAVE EFFECT ON CONDUC- did not affect the rate of proteolysis with the use

TANCE OF SILAYER LIPID EMBRANES. (Rus.) of immobilized trypsin. These findings indicated that
A'ekseev, S. I. (Inst. Biological Physics, USSR strong magnetic fields had no effect on the kinetics
Acid. Sciences, ?ushchino, Moscow Region, USSR); Cher- of hydrolysis of globular proteins.
tishchev, V. V.; Kim, Iu. A. Biofizeka 27(3):545-546;

i982 (7 refs).

The effects of iLcrowave radiation OW on the con

ductance of modified bilayer lipid membranes (B1.5) 0504 THE ABSENCE OF EFFECT OF A MAGNETIC FIELD
were studied. Changes in the conductance of BLM mod- ON OXYGEN SOLUBILITY IN AQUEOUS SOLUTIONS.

, tied with amphotericin 3, gramicidin C and tetra- (Rus.) Ushakova, T. V. (Res. Inst. Biological T,0
- phenylborate showed a linear relationship with the ing of Chemical Compounds, Kupavna, Moscow R,

specific absorption rate (SAR) and was proportional USSR); Livshits, V. A.; Kuznetsov, A. N. Bior.
to the changes in the temperature. Temperatures of 27(5):757-76L; 1982 (10 refs).
the 3L11 equivalent to the changes in the conductance

after exposure to a SAR of 200 W/kg were 7.2 C for
-.. 3LM membranes modofied with amphotericin B, 6.3 C for To evaluate whether the potential mechanism of biolo-

gramicidin C-modified 3LM, and 6.2 C for tetraphenyl- gical activity of magnetic fields (MF) is associaced
- borate-modified 3L. It was concluded that the me- with changes in solubility or molecular mobility of

chanism of MW effects was associated with local heat- paramagnetic oxygen the rate of oxygen solubility in
ing of 3.1. distilled water or in an aqueous solution of sodium

chloride was studied. Exposure 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 solution. The absence of an effect on oxygen
)502 NONTHELMAL EFFECT OF EXTREELY HIGH FRE- solubility was observed for both homogeneous and he-

OUENCY PULSES OF NANOSECOND DURATION ON terogeneous MF with gradient of 10 7-,m. These find-
* TA2SEPITHELIAL TRANSPORT OF SODIUM IONS. (Rus.) ings indicated that the YS of an order of 2.1 T did
*'1' Deviarkov, N. D. (Inst. Radio Engineering and ntc- noalter the rate of solubility and :he coefficients

tronics of USSR Acad. Sciences, Moscow, USSR); Cher- of oxygen diffusion.

nov, Z. S.; Betskii, 0. V.; Novskova, T. A.; ?utvin-

skii, A. 1• Biofizika 27(3):552-354; 1982 (5 refs).

Nonthermal effects of pulsed microwave (MW) radiation )505 SCAR 3ASALOMA FOLLOWING MIRCOWAVE THERAPY.
on the transepichelial transport of sodium ions were IGer.) tpnen, 4. (Jniversitats-Hautklinik,
itudied in isolated frog skin. The MW source was a 3400 Gottingen, W. Cermany). Derum -eZerf Umwelt 30
NS generator(i0 nanosec pulses, peak power 30 mW, and (2):50; 1982 (2 refs).

6. '°.
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A 57-yr-old woman presented with a basal cell carci- interrupted exposure depended spon the periodicity
noma which had developed in a burn scar on her back. and duration )f exposure. Prolonged repeated expo-

The burn resulted from exposure of the metal hooks on sures (6.5 hr/day for 7 days) produced marked tnhibi-
her brassiere to microwave radiation during treatment tion of the corticotropic function of the pituitary
6 r earlier. The patient was not aware that the burn gland and of steroid hormone synthesis in the adre-

had occurred until the following morning when she ex- nal glands.
?erienced slight discomfort. This case serves as a
reminder that skin burns can be caused by therapeutic

use of 10-300 MHz and 2450 hJz radiation if the skin
comes into contact with metal during treatment.

0508 ELECTRIC POWER TRANSMISSION LINES AS A

SOURCE OF ELECTROMAGNETIC FIELDS AND THE
PROBLEM OF ENVIRONMENTAL HYGIENE. (Rus.) Dumansktl,
lu, D. (Res. Inst. General & Community Hygiene, Kiev,

- .6 MAJOR RESEARCH ON THE BIOLOGICAL EFFECTS USSR); Andrienko, L. G.; Gordynia, N. P.; Liubchenko,

OF MICROWAVE RADIATION IN THE USSR (Rus.) S. A. Hygiene of Residential Areas (20):18-22; 1981
Shandala, M. G. kKiev, USSR); Rudnev, M. I.; Stoian, (no refs).
I. F.; Vinogradov, G. i. Gig Sanit (10): 4-7; 1981
(20 refs).

lo evaluate the health hazards associated with elec-

tric power transmission lines, the biological effects
Studies of the biological effects of low intensity (1- of an industrial frequency (50 Hz) electric field were
i,D)O uW/cm

2
) microwave (MW) radiation conducted in studied in albino rats and human volunteers. Chronic

the USSR are reviewed. Characteristic features of the exposure of animals to electric fields with intensi-
Soviet investigations include prolonged (up to sever- ties of 5000, 2000, 500, and 100 V/m produced marked
al mo), daily exposure (from several hr/day to 24 hr/ changes in animal behavior, hyperemia of eye and na-
day) of different animals with follow-up examinations sal -icosa, decrease in blood cholinesterase activity
for 1-3 mo after completion of the irradiation. Anal- and SN-group content, increase in urinary excretion
/sls of adaption reactions after exposure to MW indi- of 17-ketosteroids, inhibition of oxidative phospho-
cate that power flux densities of 500 and 50 uW/cm

2  
rylation, and changes in brain, myocardium, liver,

zaused certain changes in the central nervous system kidney, and thyroid tissues. The minimum effective
and in the immune system, while MW at 10 uW/cm

2 
stim- intensity after exposure for 24 hr/day for 4 mo was

dlated adaptation reactions (subthreshold levels) and 1000 V/m. The minimum effective intensity after 2
-.. -. W at I and 5 uW/cm

2 
failed to induce any functional hr/day exposure for 4 mo was 7000 VI/m. Examinationr changes. Examinations of humans with occupational of human volunteers exposed to an electric field 2

exposure to MW revealed functional and neurological hr/day for I mo demonstrated the safety of an inten-
changes. The incidence and severity of the observed sity of 5000 V/m. It was recommended that the maxi-
changes depended upon the duration of exposure, the mum permissible exposure levels should be established
wavelength, and the type of electromagnetic field at the level of 0.5 kV/m for 24 hr/day exposure, 5

pulsed or continuous). kV/m for short-term exposure (< 2 hr/day), and 15 kV/
m for sporadic exposure.

0507 FUNCTION OF THE HYPOPHYSEAL-ADRENAL SYSTEM

AFTER EXPOSURE TO DIFFERENT REGIMENS OF 0509 EFFECT OF 50-Hz ELECTROMAGNETIC FIELD
ALTERNATING MAGNETIC FIELDS OF INDUSTRIAL FREQUENCY. ON FORMATION OF COMPLEX CONDITIONED RE-
(Rus.) Udintsev, N. A. (Medical Inst., Tomsk, USSR); FLEXES IN ALBINO RATS. (Rus.) Bezdol'naia, I. S.
Moroz, V. V. Gig Tr Prof Zabol (12):54-56; 1982 (16 (Res. Inst. General & Community Hygiene, Kiev, USSR).
refs). Hygiene of Residential Areas (20):22-25; 1981 (7

refs).

To determine the maximum permissible levels of expo-

sure to alternating magnetic fields (AMF: 20 mT) of Potential biological effects of electromagnetic
industrial frequency (50 Hz), albino male rats were fields (EMF) of industrial frequency (50 Hz) were in-
subjected to either continuous AMP exposure (for a vestigated in albino rats. The animals were subjected
period of several sec to 7 days) or to interrupted to daily, 6-hr exposure to EPF of 20, 15, and l kV/m
-M exposure (15 miniday or 6.5 hr/day for 7 days, intensity for 4 mo. The effects of the EMP were es-
or 15 min with 2-hr intervals between exposures). The timated by the latent period of food-motor reflex and
effects of AMF were estimated by the functional acti- escape reaction. Exposure to 50-Hz EMF affected the
vity of the hypophysealadrenal system. Continuous interaction of stimulation and inhibition processes
exposure to AMF resulted in Increased blood levels of in the cerebral cortex. The changes in the latent pe-
I1-hydroxyketosteroids, an increase In the levels of riod of conditioned reflexes depended upon the inten-

* adrenocorticotropic hormone (ACTH) in the pituitary 3ity of EMF and the duration of exposure. During the
gland and in the blood, and in an increase of steroid first mo of exposure, all animals showed elongation

".'. levels In the myocardium. The effects of Am! during uf the latent periods, wnile during the third mo of

)7
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exposure, only the rats expused to 20 and 15 kVfm IMP uW/cm resulted in a transient inhibiticn of neutro-
showed significant decrease in the latent period. phil cytochemical activity.

0510 EFFECTS OF AN EXTREMELY HIGH FREQUENCY 0512 HYGIENIC EVALUATION OF A 20-22 kflz ELECTRO-
ELECTROMAGNETIC FIELD (2,375 >VHz) ON VAR- MAGNETIC FIELD (ELECTRICAL COMPONENT).

*OUS FUNCTIONAL AND MORPHOLOGICAL PARAMETERS 2N ONTO- (Rus.) Kochergin, S. M. (Res. Inst. General and Com-
GENESIS. (Rus.) Shandala, M. G. (Res. Inst. General munity Hygiene, Kiev, USSR). Hygiene of Residential
and Community Hygiene, Kiev, USSR); Rudnev, M. I.; Areas (20):33-36; 1981 (no refs).
Obukhan, E. I.; Akimenko, V. Ia.; Chernen'kii, N. N.
Hygiene of Residential Areas (20):26-29; 1981 (5
refs). To evaluate potentIal health hazards of 20-22 kHz

electromagnetic radiation emitted by an Elektronica
induction furnace (maximal intensity of 60 V/m was

Age-related characteristics of sensitivity to ex- recorded at a distance of 0.1-0.15 m from the edge
:remely-high frequency (EiF) electromagentic fields of the furnace), random-bred albino rats were exposed
(ZMF) were studied in young, mature, and old albino to an electric field of 5, 1, and 0.5 kV/m. The elec-
rats. The EHF EMF was generated by a Luch-58-1 ap- tric field was generated by a parallel-plate capaci-

* paratus (2,375 Mlz, 50mW/cm). The animals were is- tor. The animals were subjected to three exposures of
radiated with the E-component of the EHF EMF. Expo- 180 and 45 mZ each. Exposure to the electric field
sure to EHF 2MF produced marked physiological changes at intensities of 5 and I kV/m caused progressive In-
indictaive of the stimulation or inhibition of the hibition of cerebral cortex activity (increased la-
central nervous system. Old rats showed a marked in- tent period of conditioned reflexes, decreased re-
crease in the threshold of galvanic skin response. sponse to a positive stimuli), decrease in responses
Old rats also showed the greatest increase of rec- to electric stimulation, decrease in muscular endu-
tal temperature (by 4.1 C, compared with 2.1 C and rance, decrease in blood urea and nitrogen concentra-
3.9 C in young and mature rats, respectively). The tions, decrease in cytochrome oxidase activity, in-
effects of TaF EMF on the bone marrow included in- crease in blood glucose level, decrease in liver gly-
crease in lymphocyte count, release of neutrophils, cogen levels, and increase in ascorbic acid levels.
and subsequent hyoplasia of immature precursors of An electric field with an intensity of 0.5 kVm failed
granulocytopiesis. The hematopoietic changes in ma- to induce changes in the physiological and biochemical
ture and old rats were more pronounced than those in parameters tested. These findings indicated that the
young animals. intensity of 0.5 kV/m can be accepted as a maximum

permissible exposure level.

0511 IMMUNOLOGICAL AND HEMATOLOGICAL EFFECTS
OF LOW-INTENSITY EXTREMELY-HIGH FREQUENCY 0513 CONDITIONED REFLEXES IN ANIMALS EXPOSED TO

ELECTROMAGNETIC FIELDS. (Rus.) Vinogradov, G. I. LOW INTENSITY PULSED EXTREMELY HIGH FRE-
(Res. Inst. General and Community Hygiene, Kiev, QUENCY ELECTROMAGNETIC FIELDS. (Rus.) Zotov, S. V.
USSR); Gonchar, N. I.; Belonozhko, N. G.; Zhelezniak, (Res. Inst. General and Community Hygiene, Kiev,
A. A.; Vinarskaia, E. I. Hygiene of Residential Areas USSR). Hygiene of Residential Areas (20):36-39; 1981
(20):29-33; 1981 (3 refs). (3 refs).

The effects of low-intensity microwave (MW) radiation To evaluate the health hazards of modern radiolocation
* on various immunological and hematological indices systems, albino rats were subjected to continuous ex-

were studied in guinea pigs and in random-bred albino posure to pulsed electromagnetic fields (2MF) with a
rats. The animals were subjected to daily MW irradi- 3-cm wavelength and intensities of 40, 25, and 10 uW/

ation (2,375 Mz. wavelength of 1.2.6 cm, power flux cm
2
. The biological effects of EMF were estimated by

density of 500, 50, 10, 5, and 1 uW/cm
2
; 7 hr/day, the changes in formation of the conditioned food re-

* for 30 days). MW at 500 iW/cm
2 

and 50 uW/cm caused flex. Exposure to IMF at 40 uW/cm
2 

resulted In pro-
inhibition of the phagocytic function of the neutr-- gressive increase in the latent period of conditioned
phils, while MV at a lower power flux density produced reflex. EMF witn intensities of 25 and 10 uW/cm

2

stimulation of phagocytosis. MW at 500 and 50 uW/cm
!  

failed to induce significant changes in the formation
caused marked inhibition of cellular immunity esti- of food reflexes. These findings indicated that low-
mated by phytohemagglutinin-induced reaction of T- intensity EMI can have en unfavorable effect on the

Slymphocytes blast-transformation. MW at 50 uW/cm- in- central nervous system.
duced formation of autoantibodies against the brain
and liver. Cytochemical studies showed significant
increase in glycogen content and alkaline phosphatase
activity in the peripheral blood neutrophils of the
animals exzosed to MW at 10 and 50 uW/cm

2
. MW at 500 0514 ZOMPARATIVE CHARACTERISTICS )F THE 31OLOGI-

-"
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CAL EFFECTS OF 3-c= AN'D 8-mm ELECTROMAG- UATION OF BIOLOGICAL zFFECTS (F EZECTRCMAG-
NETIC FIELDS. (Rus.) Los', 1. P. (Res. lnst. Gener- NETIC RADIATION. (Rus.) Galkin, A. A. 'no afi"ia-
al and Community Hygiene, Kiev, USSR); Tomashevskaia, tion given). Kosm 3iol Aviakosm Med H(2):34-37;
L. A.; Nikitina, N. G. Hygiene of Residential Areas 1982 '16 refs).
(20):39-44; 1981 (3 refs).

To provide a more correct approach to the evaluation
The results of factor analysis of biological effects of biological effects of electromagnetic radiation
of 3-cm and 8-m electromagnetic fields (EMF: pulse (C-MR), the relationships between the absorbed dose
duration of 1.2 usec, sample frequency of 800 Hz, and polarization and resonance of the biological ma-
bell-shaped pulses) are reported. Random-bred rats terials were analyzed. It was ihown that a human bcdy
were irradiated 12 hr/day for 4 mo; the power flux can be considered as a homogeneous ellipsoid of rota-
densities were 5, 60 and 115 uW/cm

2 
for 3-cm EMF and inon and that this model provides a sufficiently ac-

60, 100 and L,0 uW/cm for 8-mm EMN. The biological curate estimate of effective absorption surface. The
activity of EMF was estimated by an integral 0-para- parameter of relative absorption coefficient was shown
meter, which characterized the probability of normal to reflect the resonant properties of absorbed ZLR by
functioning of an organism. The battery of tests con- biological materials.
ducted I mo after completion of EMI exposure Included
determinations of skin galvanic response, physical
endurance, emotional stimulation, blood complement
activity, plaque-formation, residual blood nitrogen
concentration, cholinesterase activity, saturation 0517 EFFECT OF LOW-INTIENSITY ELECTROMAGNETI'
of Fe-transferrin, cytochrome oxidase activities in FIELDS ON HUMAN AND ANIMAL ERYTHROCYTES.
liver and brain mitochrondria, succinate dehydrogen- (Rus.) Shabaev, V. P. (no affliation given). Kosm

ase activity in brain maitochondria, and ceruloplamin 3iol Aviakosm Med 16(3):91-92; 1982 (7 refs).
activity. Regression analysis indicated that 3-cm
E. produced more significant biological effects than
8-mm EMF. At an equal density and an equal duration Biological effects of low-intensity electromagentic
of exposure, the 3-mm EMF were approximately sixfold fields (EMF) were studied in suspensions of human and
more effective than the 8-mm EMF. These findings con- rat erythrocytes. The erythrocyte suspensions were
firmed the biophysical data on the greater penetra- stored in a lead housing that provided a 100-200-fold
tion of 3-cm EMF compared with :hat of 8-mm microwave reduction of the Earth's EMF. The effects of Earth
radiation. EMF were estimated by 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
in erythrocytes exposed to the Earth's EMF). Electro-

3513 EFFECT OF EXTREMELY-NIGH FREQUENCY ELECTRO- phoresis of erythrocyte extracts showed the presence
MAGNETIC FIELDS ON BACTERIA. (Rus.) Ped- of three protein fractions, compared with one fracticn

enko, A. :. (Dept. Nutrition, Hygiene and Microbiolo- in erthrocytes exposed to Earth EMF. It was suggested
gy, Inst. Public Nutrition, Kharkov, USSR); Belitskii, that the mechanism of the shielding effect is associ-
B. I.; Lerina, I. V.; Makeev, lu. V.; Kutashev, V. N. ated with changes in the structural characteristics
:zv Vyssh Ucheb Zaved ?ishchev Tekhnol (5):54-56; 1982 of intracellular and extracellular water.
Cno refs).

The sterilizing effect of extremely-high frequency
(EHF) electromagetic fields (EMF) was studied in sus- 0518 CONSTANT LOW-FREQUENCY ELECTRIC AND ELEC-
pensions of various bacteria. The EHF EMF were cre- TROMAGNETIC FIELDS (BIOLOGICAL EFFECT, HY-
ated by a continuous wave GZ-IOA 2375 Mlz generator GIENE EVALUATION). (Rus.) Davydov, B. I. (no affil-
with output power of 3 W. The viability of the irra- iation given); Karpov, V. N. Kosm Biol Aviakosm Med
diated cultures was compared to those of heated and 16(5):18-25; 1982 (27 refs).
intact suspensions. The viability of an Escherichia
colt suspension after 30 sec to 20 min exposure to EHF
EMF was 2-3 x lower than that after conventional heat- in an effort to establish the maximum permissible ex-

ing to 29-56 C. A complete sterilizing effect was posure levels for atmospheric electric and electro-
achieved after 8-mm exposure and a temperature of .6 magnetic fields, literature data on the biological
C. A similar decrease in viabilit after exposure effects of low-frequency (LF) electromagnetic fields
to EHF EM? was observed In cultured Staphylococcus, (EMF) are reviewed with special attention to the expo-
Pseudomonas aer'ginosa and sporogenous Bacillus sub- sures of airplane pilots. The degree of biological
tills, 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 radiation. The dosimetrtc

approach should be based upon relative biological ef-
7516 ROLE OF POLARIZATION AND RESONANCE :. N'VL- fectiveness of absorbed energy for the entire spec-

* '- t 59
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trum. Marked increase of the specific conductivity absorption in the tissues and the thermal effects of
of biological tissues after irradiation with fre- 4W are measured by total or local specific obsorpcion
quencies of 104-105 Hz can be explained by chain- rates. Absorption of MW energy also depends upon the
like involvment of intracellular water into ton form- orientation of the electric field, grounding, and re-
ation. The energy of electromagnetic radiation ab- flecting surfaces. Irradiation of animals that have
sorbed by biological tissues is transformed into a system of active thermoregulation Kdogs) was shown
thermal energy. For frequencies up to 10 MHz, the to produce less marked increase in brain temperature

- size of a human body is small compared with the wave- than the irradiation of animals that do not have a
length, so that the human body can be considered as cooling system (rabbits). Dec'meter-band waves with

* a homogeneous ellipsoid conductor. Calculation of moderate power flux density (80 mW/cm
2
) were found to

the levels of irradiation with EMF at frequencies of reduce blood pressure, while MW with a higher power
•cp to 3 x 10B Hz indicated that exposure to natural flux density (400 mw/cm

2
) were found to induce gas-

sources of EMF is relatively safe. troduodenal ulcers. Decimeter-band waves and ine-
modulated currents were found to stimulate Jopamine
content in the cerebral cortex and in the caudate nu-
cleus. Local irradiation of the adrenal glands or
whole body irradiation at extremely low power flux

*? ,3519 PHYSICAL FACTORS OF THE ENVIRONMENT AS A density (1 mW/cm
2
) stimulated release of glucorti-

HYGIENIC PROBLEM. (Rus.) Shandala, M. G. coids and thus inhibited the immune response. The
(A. N. Marzeev Res. inst. General and Community Hy- nonthermal effects of MW radiation observed at re-

* giene, Kiev, USSR). Vestn Akad Med Nauk SSSR (1):9- latively low power flux densities (< 10 mW/cm-) were
16; 1981 (23 refs). associated with changes in the structure of intra-

cellular water, and, in turn, with changes in protein
conformation.

Potential public health hazards of mechanical, ther-
mal, optical, electric, magnetic, electromagnetic and

,- ionizing environmental factors are briefly discussed,
with special emphasis on establishment of maximum per-
missible exposure levels (.MEL). The biological ef- 0521 EFFECT OF DECIMETER-SAND WAVES ON THE FUNO-
fects of a static electric field included reduced sen- TIONAL STATE OF THE CARDIOVASCULAR SYSTEM
sitivity to various stimuli, reduced skin blood sup- AND VARIOUS ISMUNOLOGICAL AND BIOCHEMICAL INDICES IN
ply, and inhibition of the reduction-oxidative pro- PATIENTS WITH MYOCARDIAL INFARCTION DURING THE RECU-
cesses in the skin. The MPEL of static electrical PERATION PHASE. (Rus.) Sorokina, E. 1. (Central
fields after chronic expsure was recommended at 20 Res. Inst. Balneology and Physical Therapy, Moscow,
kV/m. Biological activity of microwaves at thermal USSR); Poshkus, N B.; Tupitsina, Iu. Iu.; Volkova, L.
(> I mW/cm2) and nonthermal levels included changes P.; Shubina, A. V.; Krasnikov, V. E. 'Vop: Kurortol 1
in the nervous, cardiovascular, and immunological sys- Fizioter Lech Fiz Kult (2):9-13; 1982 (9 refs).

* tems. Prolonged exposure to an industrial frequency
electromagnetic field (50 Hz) induced changes in the
functional state of the central nervous system, en- Therapeutic efficacy of decimeter-band waves was stud-
docrine system, cardiovascular system, and reproduc- ied in 142 men with myocardial infarction. The deci-
tive system. The HEPEL for industrial frequency elec- meter-band waves were produced by a Volna-Z generat~r
tromagnet-c fields was recommended at < 1,000 V/m. (output power of 20 and 40 W). Of '42 patients, 11I

received Irradiation of the DIV region, 25 )f the
DXI-LIV region, and 16 of the posterior surface )f the
shins. The patients received daily, 0-min radiation
treatment (10-15 applications ppr treatmqnt :ourse'.

- 0520 BIOLOGICAL AND THERAPEUTIC EFFECTS OF MI- The recuperation period was complicated by angina pec-

CROWAVES. (Rus.) Obrosov, A. N. (Central torts attacks (79.6Z of the patients) or by sporadic
Res. Inst. Balneology and Physical Therapy, Moscow, extrasystoles (75%). Favorable effects of decimeter-
USSR); Krylov, 0. A. Vopr Kurortol Ftzioter Lech Fiz band waves included increase in the aerobic capacIt'
Kult (2):1-9; 1982 (no refs). of the heart, decrease in hypoxia zone (normalizatton

of ST segment), improvement of energy metabolism, de-
crease in the titer of anticardial antibodies and "gG

Therapeutic applications and the mechanism of action level, and decrease in enzyme activities. The best
.%- of microwave (MW) radiation are reviewed. In Soviet results were achieved after irradiation of the 

3
I-v

literature, both decimeter-band waves (100-10 cm) and region at 40 W.
centimeter-band waves (10-1 cm) are classified as ex-
tremely-high frequency waves, while ultra-high fre-
quency waves include only electromagnetic fields
with a wavelength of 1-10 m. The effect of MW on bio-
logica materials includes a thermal component, which )522 IM.MUNOSUPPRESSIVE AND 1> MUNOST:MUATING IF-
depends upon the power flux density, and a nonthermal FECTS OF DECIMETER-3AND WAVES DURING 71E
or specific component. Most of the therapeutic appli- PRIMARY IMM4UNE RESPONSE. (Rus.) Bogoliubov, V. M.
cations of MW are based upon their thermal effects. (Central Res. Inst. Balneology and Physical Therapy,
Ifd are characterized by significant penetration and I. I. Mechntkov Res. Inst. Vaccines and Sera, Moscow,

70
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USSR); Frenkel', Z. D.; ?ershin, S. B.; Ponomarev, Iu. 0524 EFFECTS OF DECIMETER-32.t WAVES AND SINE-

T.; Sokolova, Z. A.; Zubkova, S. M.; Kuz'min, S. N.; MODULATED CURRENTS ON NUCLEAR DNA CONTENT

Galenchik, A. I.; Koz.ova, N. N. Vopr Kurortol Fizi- IN BRAIN NEURONS (EXPERIMENTAL STUDY). (Rus.) Mik-

oter Lech Fiz Kult (2):13-17; 1982 (10 refs). hailik, L. V. 'Lab. Physiology, Experimental Dept.,
Central Res. Inst. Balneologv and Physical Therapy,

Moscow, USSR). Vopr Kurortol Fizioter Lech Fiz Kult
(2):22-25; 1982 -7 refs).

,. Immunological effects of decimeter-band waves (DBW)

% 'were studied in male rabbits immunized with thymus-
dependent antigen of sheep erthrocytes. The 460 MHz The effects of decimeter-band waves (DBW) alone and in

DBW were generated by a Volna-1 apparatus with a con- combination with sine-modulated currents (SMC) on DNA

tact ceramic irradiator (4 cm in diameter) at power content in sensorymotor cortex and caudate nucleus

flux density of 120 mW/cm
2
. The animals were irradi- neurons were studied in male Wistar rats. DBW were

ated for 6 min/day for 10 days. Group I was irradi- generated by a Volna-1 apparatus with a 4-cm irradia-

'ted in the thyroid gland region and Group 2 in the tor at a power flux iensity of 1 mW/cm
2 

(3 min,'day,

adrenal gland regions. The animals were immunized for 10 days). SMC were generated by an Amplipuls-3

after two or six exposures, or on day 10 after com- apparatus (30 Hz, carrier frequency of 5 kHz, 100%

pletion of irradiations. The immune response was es- modulation, 2-3 mA current; 20 min/day, for 20 days).

timated by the number of antibody-forming cells in The DBW were applied to the head and SMC were applied

the spleen and by a titer of serum hemagglutinins. to the femur region. Combined exposure consisted of

The affect of DBW on the primary1 immune response de- irradiations with SMC for the first 10 days, followed

pended upon the site of irradiation and the time pe- by DBW for 3 min and SMC for 20 min during the next

riod between irradiation and immunization. Irradia- 10 days. DNA content was measured cyrospectrophoto-

tion of the thyroid gland region during the induction metrically. Single and repeated applications of DBW

of immune response had an immunosuppressive effect, did not affect DNA distribution in the sensorymotor

while irradiation .0 days prior to antigen admLinistra- cortex and caudate nucleus neurons. Single applica-

-j -% :ion had an immunostimalating effect. In contrast, tions of SMC also did not affect DNA content in the

irradiation of the adrenal gland regions produced in- neurons. Repeated applications of SMC resulted in a

hibition of the immune response, regardless of the significant increase in DNA content in the neurons )f

timing of antigen administration, the sensorymotor cortex, while DNA content In the neu-
rons of the caudate nucleus did not differ from that

in controls. Combined exposure to DBW and SMC en-

hanced polyploidization of neurons of the sensorymotor

cortex (DNA content of 3.96 units, compared with 3.39

units in controls) and to a lesser degree of tie neu-
roas of the caudate nucleus (3.44 units, compared with

. 0523 EFFECT OF DECIMETER-BAND WAVES ON TEMPERA- 3.16 un:ts in controls).
TURE OF THE BRAIN AND THE ADJACENT TISSUES

(EXPERIMENTAL STUDY). (Rus.) Malikova, S. N. (Ex-
perimental Dept., Central Res. Inst. Balneology and
Physical Therapy, Moscow, USSR); Malyshev, V. L.;

Balakireva, V. N.; Gorban', L. G. Vopr Kurortol Fiz- 0525 THE EFFECT OF BRAIN IRRADIATION WITH DECI-

ioter Lech Fiz Kult (2):18-25; 1982 (4 refs). METER-BAND WAVES ON AUTONOMIC FUNCTIONS IN

HYPERTENSION (EXPERIMENTAL STUDY). (Rus.) Golins-

kaia, M. S. (no affiliation given). Vopr Kurortol

Fizioter Lech Fiz Kult (2):25-28; 1982 (8 refs).
. The effects of decimeter-band waves (DEW) on body

temperature regulation were studied in phantoms, rab-
bits, and dogs. The D'W were generated by Roashka The effects of decimeter-band waves (DBW: wavelength

. and Ranet apparatuses with contact irradiators (40 mm of 65 cm) on the autonomic nervous system were stud-

in diameter), output power of 5, 15, and 25 W, and ied in Wistar rats with immobilization-induced hyper-

power flux density of 400, 1200, and 2000 mw/cm
2
, re- tension. DBW were generated by Romashka and G-4-37A

spectively. The site of irradiation was the parieto- apparatuses (power flux density of 30 and 400 mW/cm
2
).

temporal region. The temperature of the brain and The functional activity of the autonomic nervous s!s-

the adjacent tissues was measured by a thermocouple. tem was evaluated by motor activity, maximum blood

:n the phantom, temperature was measured at depths of pressure, heart rate, and energy metabolism. rra-

5, 15, 20, 25, and up to 50 mm; temperature was found diations of the brain region with DBW resulted in de-

to decrease with depth. Increased duration of expo- creased blood pressure (130 and 108 mm Hg after expo-

sure was associated with increased heat emission and sure to 80 and 400 mW/cm
2
, respectively, compared with

thus with a decrease in the rate of temperature gain. 158 mm Hg in controls). The decrease in blood ores-

"easurements of brain and skin temperature in rabbits sur, after irradiation at 80 mW/cm
2 

was associated

and dogs indicated that increases in temperature de- with mild inhibition of motor activity, decrease in

pended upon distance from the DBW source, duration of energy metabolism, and decrease in heart and respira-

exposure, and the power flux density. The increase -ion rates. Irradiations at higher power flux density

In brain temperature in rabbits was significantly more (400 mW/cm
2
) produced hemorrhages in the myocarlium,

pronounced than in dogs. brain, and 3mall intestine =ucosa, disorders of the

*-1 .°-
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atrioventricular conduction, and marked inhibition of 57% of the patients (compared wi:n 46,. if -ontrols),
energy metabolism (7/20 rats died after the seventh 65% stopped complaining of dizziness (versus 52% of
irradiation). These findings indicate that the use -ontrols), 71Z showed normalization of vleep ('ersus
of DBW in the treatment of hypertension should be lim- 58% of controls). Normalization )f rheoencepnolagra-S. ited to irradiations at low power flux density. phic indices was observed in 80%. o.f -he patients .4ho

received combined treatment and in 68% of controls.
Combined treatment resulted in normalization of blood

naheparn level and in normalization of the rinaPe ex-
• .. cretion of catecholamines.

'"0526 DECIMETER-BAND WAVES :N COMBINED TREATMENT

OF PATIENTS WITH INSUFFICIENCY OF CEREBRAL
CIRCULATION. (Rus.) Screlkova, N. 1. (Central Res.
Inst. Balneology and Physical Therapy, Moscow, USSR).

Vopr Kurortol Fizioter Lech Fiz Kult (2):28-31; 1982 05Z8 EFFECT OF DECIMETER-B3AND WAVES ON :IfUNOLO-
(11 refs). GIC REACTIVITY OF PATIENTS dITH OSTEO.AR-

THROSIS DEFORMANS. (Rus." Dalimov, Z. A. (Dept. ?hys-
ical Therapy and Balneology, Inst. Advanced Training

Therapeutic efficacy of decimeter-band waves (DBW) was for Physicians, Tashkent, USSR); Alimova, M. !u. Vopr
evaluated in patients with Parkinson's disease (Group Kurortol Fizioter Lech Fiz Kult (2):51-52; .982 (no
1), in patients with complications of brain injuries refs).
(Group 2), in patients with spastic hemiparesis due
to cerebral ischemia (Group 3), and in patients with
transient cerebral ischemia (Group 4). The DBW were The effects of decimeter-band electromagnetic field
generated by a Volna-2 apparatus. The output power (DB E,-F) on indices of non-specific immunity were in-
was 20-40 W in Group 1, 20-30 W in Groups 2 and 3, and vestigated in 60 patients (22 men, 38 women; 35-65 it
20 W in Group 4. The patients received daily, 10-15- old) with osteoarthrosis deformans. The 3B EMS was
min irradiations (10-15 applications per treatment generated by a Volna-2 apparatus (output power if 40-
course). Exposures to DBW resulted in marked improve- 50 W). The patients received daily S-10-min irradi-
oent of cerebral circulation, formation of collateral ations of the involved joints (a total of 16-20 irra-
cirzulation, and improvement of dopamine metabolism. diations). The DB EMF treatment produced local anal-
irradiations of the cervical region were more effec- gesic effect in 80% of the patients, reduced inten-
tive than irradiations of the occipital region. sity of inflammation in 72!, and improved the peri-

pheral circulation in 74%. Two-thirds of the patients

showed normalization of blood protein fractions, de-
crease of C-reactive protein concentration (from.7
to 1.02 units), and decrease in erythrocyte sedimenta-

0527 EXPOSURE TO CENTIMETER-BAND WAVES WITH SUB- tion rate (from 28 to 16). Treatment with DB EMF pro-
SEQUENT ELECTROPHORESIS OF NICOTINIC ACID duced significant decrease in the titers of autoanti-

!N COMBINED TREATMENT OF PATIENTS WITH COMPLICATIONS bodies to the synovial membranes, to the heart, ton-
OF VIRAL ENCEPHALITIS. (Rus.) Ezhova, V. A. (Res. sils, kidneys, liver, and spleen. These findings were
Inst. Physical Therapy and Medical Climatology, Yal- indicative of a high efficacy of DB EMF in comjined
ta, USSR); Kunitsina, L. A.; Kornienko, E. G.; Lesh- treatment of patients with osteoarthrosis deformans.
chinskaia, N. P.; Cherfus, I. S.; Guz, S. Ia. Vopr
Kurortol Fizioter Lech Fiz Kult (2):32-35; 1982 (8
refs).

0529 DECIMETER-BAND TFERAPY WITH THE USE OF
Therapeutic efficacy of centimeter-band electromagne- TRANSPORTABLE APPARATUSES. (Rus.) Shurik-
tic fields alone and in combination with electropho- hina, L. A. (Central Res. Inst. Balneology and Phys-
resis of nicotinic acid was studied in 200 patients ical Therapy, All-Union Res. Center for Motherhood
(80 men, 120 women; Z0-40 yr old) with complications and Childhood Protection, N. N. Burdenko Chief Mili-
of viral encephalitis. All patients had manifests- Zary Clinical Hosp., Moscow, USSR); Strugatskii, V.
tions of cerebral circulation disorders. The cen- M.; Ushakov, A. A. Vopr Kurortol Fizioter Lech Fi.
timeter-band waves were generated by an apparatus Kult (2):68-69; 1982 (no refs).

. Luch-58 (output power of Z0-40 4). Electrophoresis
of nicotinic acid was carried out by sine-modulated
current '5000 Hz, 10-15 mA current, 0 modulation): Therapeutic applications of Romashka and RAnet (OMV-
the active electrode was placed in the region of the 20) transportable apparatuses generit..g decimeter-

" CVVIV l and :II I vertebrae and the second electrode band waves (460 4Hz, wavelength 55 :m) are described.
was placed on the extensor surface of the right fore- Characteristic features of these apparatuses inc'de
arm. One hundred patients were exposed to the centi- relatively low output power (17-20 w) and relativel:,
-ieter-band waves In combination with nicotinic acid small size of the contact Irradiatirs '2, -, and
electrophoresis and 50 patients received irradiations :0O mm); the 20-mm Irradiator is ised for intravaqi-

• with centimeter-band waves alone (controls). Combined nal applications, while the -(.-mm and :Yo-mm irradia-
Streatment resulted in marked improvement of clinical t.rs are applied to the skin. The transportaoe ieci-

and neurological symptons: headache disappeared in meter-band wave generators are effezlive t .: ne treat-
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ment of bronchial asthma, nonspecific bronchopulmo- 0532 EFFECT )F MILLIMETER-BAND RADIO ;AVES ON
nary diseases in children, stomach and duodenal ul- TUMOR GROWTH IN EXPERIMENTAL .tIMALS.
cer, neuralgia of the trigeminal nerve, acute neuri- (Rus). Sevast'ianova, L. A. (no affiliation given);
tis of the facial nerve, lumbosacral radiculitis, sub- Eorodkina, A. G.; Golant, H. B.; Rebrova, T. B. I :
acute and chronic pyelonephritis, subacute and chronic Nonthermal Effects of Millimeter-band Radiation. Dev-

. uterine inflammations, hematoma, tonsillitis, otitis, iatkov, N. D., ed. (Moscow: USSR Acad. Sciences): pp.
- inflammation of the maxillary and frontal sinuses, fu- 147-166; 1981 (19 refs).

runculosis, and prostatitis.

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

* 0530 SPECIFIC EFFECTS OF MILLIMETER-BAD RADIO random-bred mice with sarcoma-180, and female CBA mice
WAVES ON BIOLOGICAL SYSTEMS. (Rus.) Sev- with transplanted cervix carcinoma CC-2. The animals

ast'ianova, L. A. (no affiliation given). In: Non- with sarcoma-45 and CC-Z were exposed to MB RW (wave-
thermal Effects of Millimeter-band Radiation. Devi- length of 7.11 mm, power flux density of 12.5 mW/cm

2
,

atkov, N. D., ed. (Ioscow: USSR Acad. Sciences): pp. for I hr) and to x-rays (total dose 2,100 rads). Ex-
86-113; 1981 (23 refs.) posure to MB RW following x-irradiation resulted in

a 2.5-fold increase in the inhibition of sarcoma-
4
5

growth over that after x-irradiation alone. Exposure
Literature data on the specific biological effects of to MB RW before x-rays did not enhance the inhibitory
millimeter-band radio waves (RW) are reveiwed. 31o- effect of irradiation. Inhibition of CC-2 growth af-
logical changes induced after exposure to millimeter- ter exposure to x-rays followed by MB RW was twofold
band RW were found to depend upon the wavelength, the greater than after exposure to x-rays alone. Expo-
threshold power flux density, and duration of expo- sure to MB RW before x-irradiation prevented radia-
sure. Numerous experiments showed the resonant-type tion injuries to the bone marrow and the peripheral
relationship between the wavelength and the biologi- blood in the animals with sarcoma-45 and CC-2. MB
cal effect. Approximately 70% of the energy of milli- RW after x-irradiation failed to provide a radiopro-
meter-band RW was absorbed in the tissues at a depth tective effect. MB RW enhanced the antitumor acti-
of 300 microns. Millimeter-band RW had a selective vity and reduced the toxicity of cyclophosphamide and
effect on bone marrow cells: exposure to RW prior to ftorafur in mice with sarcoma-80.
x-irradiation was found to have a radioprotective ef-
fect on medullary hematopoiesis, while exposure to
RW after x-irradiation was found to have a radiosen-
sitizing effect. Millimeter-band RW in combination
with x-rays and antlneoplastic agents enhanced the 0533 ENHANCED LIPID PEROXIDATION IN LIPOSOMES
inhibition of tumor growth and reduced radiation in- AFTER EXPOSURE TO MILLIMETER-BAND RADIA-
juries to the bone marrow. TION. (Rus.) Andreev, V. E. (no affiliaticn giv-

en); Betskii, 0. V.; Ii'ina, S. A.; Kazarinov, K. D.;
Putvinskii, A. V.; Sharov, V. S. In: Nonthermal Ef-
fects of Millimeter-band Radiation. Deviatkov, N. 3.,
ed. (Moscow: USSR Acad. Sciences): pp. 167-176; 1981

0531 EFFECT OF MILLIMETER-BAND ELECTROMAGNETIC (23 refs).
WAVES ON BACTERIAL CELLS. (Rus.) Smoli-

anskaia, A. Z. (no affiliation given). In: Nonther-
mal Effects of Millimeter-band Radiation. Deviatkov, Nonthermal effects of millimeter-band electromagnetic
N. D., ed. (Moscow: USSR Acad. Sciences): pp. 132- fields (MB EMF) on biological membranes were Investi-
146; 1981 (24 refs). gated. The rate of lipid peroxidation after exposure

to 7.1-4.7-mm (42-64 GHz) waves was studied in phos-
pholipid liposomes. Lipid peroxidation was initiated

The results of experiments on the biological effects by addition of iron sulfate + ascorbic acid mixture,
of millimeter-band electromagnetic fields (EMF) on by ultraviolet irradiation, and by irradiation with
bacterial cells are reported. Analysis of induction visible light. MB EMF resulted in a 20-30% increase
of lethal colicin synthesis in Escherichia coli KL2 C in the rate of lipid peroxidation. The enhanced rate

S- 600 after exposure to 5.8-
7
.1-mm EMF showed the reso- of peroxidation was observed for all three types of

nant relationship between the wavelength and the num- initiation and for all wavelengths tested. The mech-
ber of colicin-synthetizing bacteria. The effect was anism of MB EM.F-induced increase in the rate of lipid
directly related to the duration of exposure end was perosidation could be associated with free radical

. independent of the power flux density. The millime- processes in the membranes, with structural changes
ter-band had a similar effect on the inducible syn- in the liposome membranes, or with changes In diffu-
thesis of bets-galactosidase in lysogenic Staphylo- sion of peroxidation substrates and products.
coccus aureus. These findings indicate that the le-
thal effects of millimeter-band EHF were associated
not with direct thermal action but rather with in-
direct action mediated through resonant stimulation
of bacterial systems.

73



MEETING ABSTRACTS

' 534 NATU'RAL RADIOFREQUENCY ELECTRICAL OSCILLA- thesis of *:ollagen were als1c blocked by the fields.
TIONS IN THE LIVING STATE (MEETING AB- Mowever, the fields had no ertects on activities of

STRACT). (Eng.) Pohl, H. A. (Oklahoma State Univ., vitamin D derivatives in the cells, suggesting that
Stillwater, OK 74078). Abstracts of Papers of the oniy hormones acting at the cell membrane were af-
American Chemical Society 183(March):A14; 198Z. fected. The inhibition of cAMP responses was mediated

by reductions in the activity of PTH-activated adenyl
cyclase in -ell membrane preparations; however, the

* ." The research of this laboratory has recently shown fields had no effect on the total fluoride-activated
that cells emit radiofrequency (RF) electric fields, adenyl cyclase activity in the same fractions, indi-
especially at or during mitosis. This is observed in cating that the effects were localized either to the
bacteria, in yeasts, in algae, in avian cells, and in hormone receptor or the receptor-cyclase coupling
mammalian fetal, normal, and oncogenic fibroblasts; moieties of the cell membrane. Similar effects of the
and hence is probably "universal". For some years fields were observed using intact mouse cranial bones
we have been using non-uniform electric fields to ma- in organ culture. The results suggest that the ef-
nipulate and examine cells by the phenomenon of di- lects of electromagnetic fields on bone are at least
elecdielectrophoretic. (The pull of neutral parti- partially mediated by modification of the responses
cles exerted by a non-uniform electric field.) From of the cells to endogeneous hormones, and that the
these gentle dielectrophoresis effects one can obtain stimulation of bone formation in vivo by these fields
unique dielectric relaxation spectra and also sort is the result of localized blocking of the osteolvtic
cells. In a recent turnabout, we used the phenomenon effects of ?TH.
of dielectrophoresis to study the oscillating fields
of cells themselves, as evidenced in two fundamental
ways. 'e observe that the natural RF fields of cells
oroduce an attraction for tiny and highly polarizable
?articles ("magic" particles), and ignore "non- 0536 EFFECTS OF ELECTRIC FIELDS ON ;EURITE
magic" particles of low polarizability. These simple GROWTH IN VITRO (MEETING ABSTRACT. lEng.)
and direct experiments demonstrating natural RF Poo, M.-M. (Dept. Physiology & 3iophysics, Univ. Ca-
fields from cells require little more than a micro- lifornia, Irvine, CA 92717); Patel, N. Abstracts of
scope and a knowledge of what to do. in a second Papers of the American Chemical Society 133(march):
technique, these observations were supplemented by AI6; 1982 (4 refs).
showing that living cells spin in a resonant manner
in response to narrow frequency ranges (Cellular Spin
Resonance), The CSR spectra and the micro-dielec- The effect of DC fields on neurite growth in clture
trophoresis studies were a direct outcome of the has been a controversial subject over many decades.
theories of H. Frohlich. Our model for these natural Recent investigations on cultured ganglionic explants
RF oscillations of nucleate cells is that of charge- and on dissociated single embryonic neurons have pro-

"- density waves arising from the ionic phases of pern- vided convincing evidence that DC fields on the order
- odic intracellular reactions, operating in collective of 0.1 to 10 V/cm could produce at least three types of

zoherence, and collimated by intra-cellular struc- effects on neuronal growth: (1) accelerated growth of
tures to form the externally observable oscillating the neurites facing the cathode, (2) bending and ori-
fields. entation of the neurite tip toward the cathode, (3)

general enhancement of neurite outgrowth 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-)535 EFFECTS OF INDUCED ELECTROMAGNETIC FIELDS ment of the neuron. Rather, the electric field ex-

ON HORMONAL RESPONSIVENESS OF OSTEOBLASTS erts its action directly on the neuron. Since simi-
IN VITRO (MEETING ABSTRACT). Luben, R. A. (Div. Bio- lar fields produced electrophoretic accumulation of
medical Sciences and Dept. of Biochemistry, Univ. Cal- cell surface glycoproteins on the cathodal side of
"fornia, Riverside, CA 92521); Cain C. D. Abstracts the neuron, the field-induced reorganization of plas-
of Papers of the American Chemical Society 183(0arch): ma membrane components could be a cellular mechanism
AI5; 1982. underlying the electric field effects on neuronal

growth.

% Pulsing electromagnetic fields are known to signifi-
cantlv improve the healing of bone fractures in vivo.
The current study was designed to investigate the mo-
lecular basis -f the actions of these fields on bone,
by using bone and bone cells cultured in vitro. Mouse 0537 SYNERGY OF POLYMER I.MUNOMODCLATIGN AZ
osteoblasts 'cell line fMB-1, were exposed in culture PULSATILE ELECTROMAGNETICALLY INDUCED CUR-
to fields produced by devices currently approved for RENTS IN INHIBITION OF GROWTH OF MURINE MALIGNANT
clinical use (Bi-Osteogen'). These fields produced MELANOMA (MEETING ABSTRACT). (Eng.) Norton, L.
little or no change in basal activities in the cells, (Mount Sinai Sch. Medicine, New Y3rk, NY); Tansman,
but significantly inhibited the c.AP responses of the S.; Regelson, W.; Seller, S.; Pilla, A. A. kbstracts
cells t) sdded oarathvroid hormone 'PTH) or osteoclast of Papers of the American Chemical Society I3(Marcn:
activating factor JAF). The effects )f ?TH on svn- Al7; 1982.
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vestigated with a specific absorption of 220 mW/g at future. We construct antennas ror measuring tire in-
he 15th day of embryonic life. In order to compare tensities of the EFs below 20 Mhz with an accuracy
some macromolecules taking part in protein synthesis, of !1..5-1J%.
tR.NAs and aminoacyl tRNA synthetases were isolated
from the brain and the liver of chicken emoryos irra-
liated at the 15th day. tRNAs" acceptor activity and
enzyme activity of synthetases showed a small decrease
in liver, and about 50% increase in brain. The acti- D5 3 EFFECT OF MICROWAVE-ICDUCED W'HOLE-BODY HY-
vitv of tRNA seems to be more sensitive than that of PERTHERIIA ON THE MUCOSA OF MOUSE SMALL :N
the synthetases. TESTINE (MEETING ABSTRACT). (Eng.) Tsubouchi, S.

(Fukui Medical Univ., Matseoka, Nagoya, Japan,); Nishi-
moto, Y.; Kano, S.; Nakamura, W. J Radiac Res (Tokyo)
23(l):14; 1982.

2541 RADIOFREQUENCY TLECTROMAGNETIC FIELDS AS A
RISK FACTOR IN DIFFERENT PROFESSIONAL Effect of microwave-induced whole-body hperthermia

CROUPS IN BULGARIA (MEETING ABSTRACT). (Eng.) Do- was examined using ddy'SLG mice for the basic ;nder-
brev, B. (inst. Hygiene, Bul. D. Nestorov N 15, Sofia standings of the critical organs. The treatment at
1431, Bulgaria); Israel, M. S.; Todorova, L. C. 3 43.5 C for 20 min resulted in the mortality rate of
Occup Accidents 4(2-4):187; 1982. 30-40% within day one. The surviving mice showed no

specific diseace. Preliminary autopsy examination
showed that a considerable amount of the body fluid

The intensity of electromagnetic fields (EMF) have had leaked into intestinal lumen due to the transi-
been measured in industrial enterprises, radio and TV tory denudation of the epithelial cells of the small
stations, medical establishments, high frequency intestine villi within 3 hr, whereas epithelial cells
telecomunication stations, electronic industry, radar of the crypts appeared intact until these cells of
installations, scientific institutes etc., in connec- villi were completely denuded. After 4-9 hr, crv-
tion with the application of new technologies. EMF tal epithelial cells regenerated in some of the
intensities (or power density) in the machine and animals which probably could have survived for at
metal processing industry, in physiotherapy, in some least more than one day if they had not been sacri-
of the radio transmitting stations, in the plastics ficed. The histology of the mice that died within
industry, tn some scientific institutes, are higher one day suggested that the complete dei.udation of
:an the occupational health norms in Bulgaria. the villus epithelial cells might be the initial
Clinical, functional, paraclinical, biochemical and cause of death. These preliminary results suggest
immunological investigations have been preformed on the following: 1) one of the critical target organs
390 workers in order to define the effect of electro- of the whole-body hyperthermia is mucosa of the
magnetic fields in working conditions. Electromagne- small intestine; 2) whole-body hyperthermia affects
tic fields have been found to cause a health hazard the epithelial cells of intestinal villi whereas

. in the machine building industry - 28.6% of the exa- those of the crypts were not injured; in contrast,
mined workers, in the plastics industry - 31% (ma- radiation effect is mainly given on the proliferative

" chine workers), at high frequency telcommunications epithelial cells, i.e., of the crypts.
itations - 71%, in the metal processing and merallur-
ic:al industries - 15.1% of the workers.

0544 CHANGES OF HEMATOCRIT, SODIUM AND POTASSIUM
ION CONCENTRATION IN PLASMA INDUCED BY

MEASUREMENTS OF THE INTENSITY OF RADIOFRE- WHOLE-BODY HYPERTHERMIA (MEETING ABSTRACT).
"UENCY ELECTROMAGNETIC FIELDS AS A RISK (Eng.) Ohtsuka, K. (Aichi Cancer Center Res. Inst.,

FACTOR IN BULGARIA (MEETING ABSTRACT). (Eng.) Israel, Nagoya, Japan); Nakamura, W. J Radiat Res (Tokyo) 23
:4. S. (Inst. Hygiene and Occupational Health, Bul. (1):16; 1982.
9. Nestorov N 15, Sofia 1431, Bulgaria). J Occup Ac-
cidents 4(2-4):139; 1982.

The physiological effects of whole-body hyperthermia
on animals and normal tissues are not well-known. In

The measurement of the intensity of :ne electromagne- this report, we investigated the changes of hemato-
ttz 5ields EMF) in working rooms is connected with cr11, sodium and potassium concentration in 7iasma

many difficulties: E-IFs are very intensive, the work- and water content in small intestine of mouse in-
:lacs ire near to grounding metal masses, in the duced by whole-body hyperthermia (43.5 C; 15, 20, 25,
riom tere sre reflected surfaces, etc. There are 30 min) with 2450 MHz microwave. Water content in the
mo aparatuses 'serial production) with the necessary small intestine 'ocreased gradually after the hvper-
staracreriatics about the purposes for such measure- thermic treatmer.. It might result from leakage of
cents. The ittempt to create ana ccnstruct devices blood components into the intestinal tract and inni-
Sr measuring the 7MIFs in the frequency range below bition of reabsorption of water due to intestinal

I ,- z -s :escr.bed in the report and also the cues- lesion by the treatment. Hematocrit ilso increased
ti ms ana drr)ea wnicn should be resolved in the after the treatment; there was a very high .,orrela-
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tion bet ween roese two values. The ringer the tiue of rence of :>ronboc.toena is jell Is :hat f :hrfn-

the treatment, the more the mice died. While the bocytosis.

change of potassium concentration in plasma was small,

sodium -on concentration of agonal or dead mice were

more than twice of normal value. Moreover, erythro-
-tes of hyperrhermia-treated mice were more fragile

than those of non-treated control. From these re- 054. FOCUSSING OF THE 915 Hz ELECTROMAG.NETIC

iults, _t was suggested that abnormally high concen- POWER TN DEEP HUMAN TISSUES: A MATHEMATICAL
traCion of plasma sodium, which leaked out nainly MODEL STUDY (MEETING ABSTRACT). (Eng.) Arcangeli,

from erythrocytes, was one of the lethal factors. G. (Istituto Medico e di Ricerca Scientifiza, )u191

Rome, Italy); Lombardini, P. P.; Lovisolo, C.; Marsi-

glia, G.; Piaccelli, M. Strahlentherap-e i5d(6):373;

1982.

C5 5 COMY-NED FFECT )F SYSTEMIC YPERTHERMIA
AND MITOMC:N C ON INTraMUSCULARLY TC-S- Most of the external microwave )r radiofreouenc' ap-

PLANTED TUMOR (MEETING ABSTRACT). (Eng.) Nakamura, plicators for local hyperthermia induce maximum heac-

". (Aichi Cancer Center, Nagoya, Japan); Nishimoto, ing on the tissue surface wi:h a progressive tempera-

Y.; Nakavama, T. i Radiat Res (Tokyo) 23(1):16; ture decrease with depth. The resulting temperature

1982. gradient does not allow a homogeneous heating to le-

sions deeper than 3-. cm with a single applicator,

even if skin cooling is used. However, deep heating

Tumor cells were of a cloned cell line FMA3 which were could be achieved by an irra; of applicators. The

, derived from Furth's mastocytoma and kept as ascites difficulty of understanding microwave propogation
type by serial transplantation into the abdominal within the human body is due to the numerous disccn-

cavity LAF, mice. The cells in logarithmic growth tinuities favoring microwave scattering. The result-

were transplanted into right hind leg muscles of 9-12 ing electromagnetic field exhibits an intensity, a
sk-old nice. Treatments with 2450 MHz-wave alone, phase and a polarization varying dramatically from

.ith Mitomycin C alone or with both in combination point to point. In this work, we have studied the

w4ere star:ed two days after the transplantation. behavior of the electromagnetic field in an adult man

Among several protocols examined, the most promising thorax section. This section, obtained by a CAT scan

one was the daily systemic hyperthermia (rectal temp- at the level of fifth thoracic vertebra, was ideally

erature of 42 C for 5 min for 5 days) which was used subdivided in 235 sub-volumes with dimensions ncn-

in combination with a single injection of 20 ug Mito- inferior to the diffraction limit. Values of dielec-

mycin C 10 min prior to the first heat treatment. tric constant and conductivity, as measured in the

Two sessions of the combination carried out with an laboratory, were attributed to each sub-volume. In

interval of one wk significantly suppressed not only our model, a peripheral array of 50 equidistant cool-

tumor growth at the site of the transplantation ed, water-loaded, contacting antennae at 915 MHz,

but also the metastases in the lungs, liver, spleen having an equal intensity and an externally controll-

and other tissues, able phase, have been assumed as microwave sources.

The integral equation matricial method has been used

for the calculation. As a result, a system of 
3
x12

5

scalar linear complex equations, which have been sol-

ved numerically, was obtained. In this study, the

05.6 EFFECT OF TRENTAL ON HYPERTHERMIA-INDUCED possibility of focussing ohmic power in a given point
THROMBOCYTOSES IN MICE (MEETING ABSTRACT). deep in the body has been tested, ignoring the thermo-

(Eng.) Nakayama, T. (Aichi Cancer Center, Nagoya, dynamic problem, and the following resul:s have been

Japan); Nakamura, W. J Radiat Res (Tokyo) 23(1):16; obtained: 1) Focussing of 915 MHz power in deep points

1982. is always possible, but it is generally associated by

concentration of ohmic power also in other, unwan-ed
points. The unwanted power may exceed that delivered

Effect of pre- or post-treatment of mice with 1-5 in the focus; 2) however, it is possible to find

(oxohexyl) theobromine (Trental) on the hyperthermia- antenna phase configurations, capable of lowering

induced thrombocytosis was studied. Systemic hyper- the unwanted powers below that at the focussed level.

thermia was induced in mice by exposing them to 2450 These configurations can be determined by applying

. z-wave and b controlling the electric power automa- minimization methods.

tically with the use of a thermocouple inserted into

the rectum as a sensor. The rectal temperature was

kept at 43.5 C for 10 min. In these mice, the throm-

bocyte count decreased gradually reaching its minimal

level In about 3.5 hr. Thereafter, it increased and

returned to the initial level in 2.5 hr and reached 543 NON-LINEAR EFFECTS IN IHE ELECTROMAGNETI-

the maximum level 2 or 3 days after the heating wh' .h HEATING .F LIVING TISSUES 2oEETINC AB-

was 2.3 times higher than normal. Injection of T: :- STRACT). (1mg.) Bardai, F. &Istituto di Elettro-

tal was carried out immediately before or after the iica dell'Universita 4i Roma. :tal-; erosa,

, heating and was effective in prev!enting the cccur- Strahlentherapie 158(6):378; 1982.

,.S
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" . The proolem of electromagnetic heating of living tis- cobaltotheraov (o) Gv) 7 yr ago. Tobaltotheraov 2.2
sues has been considered, with reference to local mi- Gv a session) and hyoerLhermia f).5 W.cm-') twice 3
crowave-induced hvperthermia for cancer therapy. In wk had been given for 5 wk. The results jere excel-

order to investigate theoretically the temperature lent. The patient died )i a myocardial nirztion

distribution, a mathematical model of the living yr later.

tissue has been specified oefore solving the thermal

boundary value problem. 7he model takes into account

the complicated thermal phenomena of the living tis-
sue, namely metabolic heat generation and heat ex-
change with blood flow. We have assumed a time-inde- 0550 CLINICAL ?PRCTCE OF 34 '.!Hz MICROWAVE HY-
pendent metabolic heat generation to be present. The PERTHERmIA (MEETING ABSTRACT). )Eng.1 3ey,

cooling effect due to blood flow has been assumed to P. (Centre Alexis Vautrin, Avenue ie 3ourgogne, 5451!
be a function of the difference between the local Vandoeuvre les Nancy, France); Marchal, -. ; Moffstet-
temperature and the arterial blood tempera.ure. :n ter, S.; Metz, R.; Escanye, J. M.; Robert, 1. 5trah-

. previous works a linear function has been considered. lentherapie 158(6):379; :982.

This linear model, however, disregards the local
thermoregulating influence of the blood flow. In this

work the thermoregulation has been taken into account To determine the efficacy of hypert:ermia lione or

by assuming the blood flow cooling effect to be a non- combined with radiotherapy, we compared the regres-

linear function of the difference between local and sions of heated tumors with unheated others in each
arterial blood temperature. The effect of a cooling patient. Thirty-eight patients with advanced cancer,

fluid forced past the surface of the living tissue mainly local evolutions of ear-nse-throat ,carcino-

has also been taken into account. The theoretical mas, melanomas or skin metastasis, have been treated
temperature distribution induced by exposure to elec- using a 434 SOlz microwave hyperthermia apparatus.
tromagnetic fields has been determined according to Microthermo-couples are placed inside or underneath

the following steps: at first the non-linear operator the tumors and temperature is controlled by a zompu-
has been linearized by using the iterative Newton- ter which automatically shuts off the power for ther-
Raphson's method; then a matrix formulation has been mometry and regulates tumor thermal level between -I
obtained through the moment method. In particular, and 45 C. Fortyfive tumors were submitted to micro-

the case of a slab simulating living tissues, which waveinduced hyperthermia (5 sessions af 45 min, 5 D/7
,s irradiated by a plane electromagnetic wave, has or 3 D/7). Radiotherapy followed hyperthermia with a
been considered. The temperature distribution has time interval ranging from 3 to 30 min. Different
been carried out for various types of non-linear blood total radiation doses from 12 to 30 Gy were delivered

. cooling functions, in order to evaluate the matching every day or thrice a wk. For 6 patients, hyperther-

between the assumed mathematical model and the true mia was associated with conventional chemotherapy.

biological phenomena. Tumor response was assessed by measuring the tumor
volume. {Hyperthermia combined with radiotheravy

sessions seems the most effective for inducing tumor
regressions (>50% cases). This 434 MLqz mcrowave
hyperthermia apparatus is well adapted for recurrent

"549 IADIOTHERAY- YPERTHERMIA ASSOCIATION: TWO lymph nodes of head and neck, even those pretreated
PATIENTS (MEETING ABSTRACT). (Eng.) Bell- with a high radiation dose.

ossi, A. (Centre Eugene Marquis 35000 Rennes, France);

Fleury, F.; de la Perelle, A.; Kernec, I. Strahlen-

therapie 158(6):379; 1982.

0551 2450 5flz HYPERTHERMIA MONITORING SYSTEM;

Many authors have reported that radiotherapy-hyper- CLINICAL APPLICATIONS FOR TME TREATMENT IF

:hermia association potentializes the effect of each SUPERFICIAL TUMORS (MEETING ABSTRACT). (Eng.) Bor-
method. We present two patients who confirm the fa- dure, G. (Centre d'Etudes d'Ilectronique des Solides,

vorable effect of this association. Hyperthermia was Univ. Sciences et Techniques du languedoc, 34060 Mont-
delivered by a 13.56 "liz generator (STAg prototype) pellier Cedex, France); Delauzun, J. ?.; Richard, J.

used in capacitive diathermy. Two 1-hr sessions P.; Dubois, J. B.; Nay, M. H. Strahlentherapie 158
" took place a week, every 2 or 3 days, 3 hr after radio- (6):379; 1982.

therapy. The first patient was treated for cutaneous

recurrence of a cancer of the right pyriform sinus.

in December 1980, electrontherapy was administered, Dur study deals with a hvperthermia system which em-
associated twice a wk with hyperthermia. The result ploys open space applicators and computer monitoring

was positive but, in May 1981, two permeation nodules for the treatment if superficial or nearly suerti-

appeared out )f the treated lesion. --or 7 wk these cial tumors. Thle aoolicator consists trarctnu
nodules were treated each week by three electronther- lar wave guide courled with 3 :coling iystem for si-

spy sessions (3 Gv) and two hyperthermia sessions (I perficial tissue which introuuces air along the duide
W.cm-

2
). vn ul", the lesions had disappeared; in axis. Following an established protocil, this ,rtl-

December, the results were excellent. The second pa- cator rapidly -reates a homogeneous temperature di-
tient was bed-ridden by the recurrence of a prostatic tribution (between -2 ind -3 ) up to to a deoth of 3
lancer, which had been operated on, then treated by :m and covering a surface )f :t :-I cmparable to : e

-. - *-*------ - 79
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results obtained with microwaves at *c .0Hz :st i 1 7553 PuCUSSED Mi ?WA,
'  

i'.-RTM.., "T "
direct contact waveguide and ::ssuc cooling sstem). nZ ESTING ABS Th'T. ina
Hvperther-aia was monitored by a single temperaturs ohef field U:ni'.. and Ara Reat Xuthority, Dept. 'tea-
sensor implanted in the superficial tissue. A micro- :cal Physics and -.jnica" Ung'neer-_n, RoyAm iillam-
program regulates micr)wave power and recucri)n or shire Hoso., Glosson Road, Sheffield Sd' -
superficial temperature. The Program was designed _and); Melek, M.; A rerson, A. P.; 3row, 3. .
reach a predetermined temperature with minimal delay Strahlentherapy 158- :386; 1982.

and without overheating of iuperficial tissue. rhe
ehnique is well tolerated by the patient and is

wjit ru-el thrai war: tuo robeatcciechistued A: ctoputer iiltno
wout risk to either operator or patient. -ur re- A technique to Introduce hyperthermia it d..-pn wirh
suIts were based on our experience with 10 patients t-he human body using focussed microwave arris n.as
with recurrent thoracic wal' tumor -rom breast carci- "been studied. A zomputer simulition of 'ie power dis-

i n . 'onside-tgon is given to the potential use sipatton within a cylindrical body, assumi uniform
at ren space applicators to treat surfaces an the oermittivitv and attenuation, indicates that, by using
rder of 210 cm' dv a system which can be oerfectlv a semi-circular or mi-elaiptic geometr! of radiators
zadaed to numerous clinical situations. and app.:ing approoriate phase and amplitud-ie illumina-

tion, a significant thermal enhancement -a:," be induced

at a site within the body compared with its surround-
ings. A configuration )f :. srray elements '6 ele-
ments curved ar,ound the cylinder and 5 slenents ilong

the cylinder axis) yields a sufficient energy concen-
tration to produce s focussed region heated twice as

much as any )ther region inside toe cross-ection.
)5l A STUDY )F RF 27 .!Hz ELECTROMAGNETIC FIELD Computer simulations indicate -hat the size, shape,

TECHNIQUES FOR THE LCCALIZED SEATING OF and oosit'on of the iigh temperature regi on should

*-EAD A.ND NECK TUMORS (MEETI:G ABSTRACT). Ens.) Car- be approximately controllable and that the stabiitv
nochan, P. 'Roval Marsden Hosp., Fulham Road, London or the system is tlerant to typically 2)1 errors in
SW 3, England); Jotes, C. H. Strahlentherapie 158(6): -he phases and amplitudes of the radiators. Measure-
379; 1982. ments have been performed on a simple thorax phant)m

using the same srrangement of ipole elements oes-

cribed above. The elliotical body was filled with
water-saturated sand yielding a permittivity of 22

The effective use of localized hyper~ier.ua in cancer and an attenuation constant of 140 dB,m. An antenna
treatment requires careful optimization of the heating probe was utilized to measu'- the intensity distribu-
techniques amployed. To this end useful information tion at AS points within the body. Results indicate
mav be obtained about the design of applicators by in- a high intensity peak at a region 5 cm deco into the 9 ,

vestigating the distribution of power deposited within thorax phantom, the second high intensity region be-
phantoms in vitro, and by . :e assessment of applicator ing 400 below and occurring at I c:m deep. .These re-
performance in vive using invasive therurmetry and/or suits agree e'l with theoretical computer Dredic-
rhermograDhv. :nfrared thermagra_'ny has been uti- tions. In practice, -he focussing effect may be mod-
lized to investigate the heating patterns produced by tried by thermal dissipation due to blood flow and
both capacitive and inductie short-wave diathermy oeterogeneity of the body. However, the relative nag-
apDlt--tos in pnantoms having the electrical charac- nitude of the focussed region could be enhanced by
teristics af typica! tissues. The boundaries within air cooling of the skin surface. Results obtained so
toe lavered, cylindrical phantoms were chosen to so- far indicate that heating at deep seated tumors with-

cr:almate to ome )f the major dielectric disconti- in the body is possibie asing a n -contacting fa-

ouines )f the cervical region. The results of these cussed microwave array system.
studies Indicate the potential )f the capacitive dia-
toermy technioue for heatlng small volumes )f subcuta-

ne-toe tissue. tArther studIes )f excised animal :is-
sue using this technipue, have suggested that inoma-
laus heatIng ) tissues in the region of the cervical )55A EXPERIENCE 4:.hH 13-3t 'MHz RF IN CLINICAL
vertebrae is anilkel:. In -/itro studies allow inves- HYPERTHELMIA MEETING ABSTRACT). 'Eng.)
ttgatlon )f )nly those parameters anicn na.,- an infr- Griffiths, H. Physics %ept.., 'elindre ioso., ,hit-
encs -oon t.he istrution of power absorbed by tie - church, Cardiff, Snland. Strahlenzheraoic. 1:8(I:
; uts trom the eeccr.,magnetc fled, and Inowledge 392; 1981.

af the thermal 'roperttes of tissues in vi:o is nec-
essarv cefro- i)callze: h'perthermia treatment cAn oe
)ptimlzed. A meth'od zs described whereby the careful A series of selected natients with advanced cancer
osit.ioning of Imolanted thermocouple probes used in have been treated by hyperthermia ising a -eVeen RF

-ukinction with external heat sources allows: a) the Thermotherapy machine. This machite uses capacitive
,Otrl-zatlon )f parameters in.luenciog thermal iis- couDling to apply the radiofrequency 'R) power
trlutions_ on - ,Pt b an estrmation )f toe thermal t) the tissue. Saline-,i led "1l-ows were placed

!se deivered to tumor urin4g heating, IIaJ c I aetween t"ne RF electrodes snd -he skin to enhance
:aoitst:e ndex )f toe )laod -coling efficIency )f c)c ling. ' )ole 4aine was circulated through the
cerocneral tumor rep In., o l-jwg durong t reIment to avoid excessi've 4-eati.

4
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of the superficial t;ssue. Tumor temperatures )etween being turned or: be:fore i measureme.: 7s made. 4Ow-
43 1 and -5 0 were taken as the ob'ec:ive or each ever, the :jse o metallic probes tn :irect electrlca.
treatment, temperature orofiles in the tissue being contact with surrounding tissue also results in an
measured with copper-constant :hermocouples. ?izscnt apparent temperature ri;e in the immediare jiclinic
response was assessed using a number of different of the probe which must be allowed to cecav after toe
criteria. RF has been switched off before an acur ate measure-

ment of the true temperature in the :4ssue bulk can

be made. This effect is not seen Iito eectrncals:
insulated probes which are therefore preferable for

use in RF fields.
,555 THE INFLUENCE 9F 'WHOLE-BODY HYPERTHERMIA ON

SIDE-EFFECTS OF DOXORUBICINE AND RADIOTHER-
.PY 2 TS (MEETING ABSTRACT). (Eng.) inkelbein,

.Zentrum Radiologie, Abteilung Strahlentherapie,
.reiburg i. Br., W. Germany); Engelhardt, R.; E557 EXPER.IENTAL A;D CLINICAL STUDIES CF VR.I-

'ehlert, W.; .:eumann, H.; Wannenmacher, X. Strahien- TUS SYSTEMS )F ELECTROMAGNETIC .... R2-
toeraie 158(6):282; 1982. MIA (0.5 MHz, 13 MIHz, 434 liz, 24150 >MHz) ( -L.... G AS-

STRACT). (Eng.) Lauche, H.-M. (Lab. Thermolozie

Biomedicale, Faculte de Medicine, Univ. Louis Pasteur,
7-e et"ects of two combined treatment modalities (si- 11, rue Mumann, 67)85 Strasbourg Cedex, France); Guer-
-nutaneous combination of whole-body hyperthermia and quin-Kern, J. L.; Pillement, P.; Moyses, 3.; !auther-
,)xorubicine treatment, simultaneous combination of ie, M,; Mechlin, G. Strahlentherapie ll8(6):335;

w hole-hodv heerthermia and total-body irradiation) 1982.
,Jere studiec in rats. Whole-body hyperthermia was
induced o': YE (41 CzO.35 C core temperature for

* :> and 29 min. Doxorubicine was administered in two The proper use of electromagnetic hypertheria for
in ecti on s 'o mgkg on day 3 and 8 mg/kg on day 1-). cancer treatment requires comprehensive knowledge of
>;tal-bodv irradistion was 3.5 Oy y-rays (Co60). qae- numerous parameters concerning the target volume and
natotoxic imyelotcxic) and cardiotoxic side-effects the irradiation system (generators and applicators).
were znves:gated. Hvperthermta alone produced leu- Before starting investigations on patient-s experi-
tocitosis and isolated sarcolysis. In combined treat- mental studies of several pieces of eauipment were
Sed rats intensified and reduced side-effects of doxo- effected using two different physical models: I) ex-
rubicine and irradiation were seen depending on heat- cised animal tissues and post operative specimens,
ing time. e.g. after masteccomy (analysis of deep Lemuerature

with an infrared thermograph, _mmediately af-er the

irradiation); 2) on original phantoms made of trans-
parent gels with known electric, dielectric and ther-

mal properties corresponding to those of biological
3556 ASSESSMENT OF 7HER.MOCCUPLE PROBES FOR USE tissues (analysis of deep temperature by means of

IN RE I.LDS (METING ABSTRACT). (Eng.) thermosensitive liquid crystal film) during the irrad-

Joiner, 1. C. (Gray Laboratory of the Cancer Res. iation. Additional studies iere carried out in ani-
:ampaign, Mount Vernon Mosp., Northwood, Middlesex mala, in particular dogs, In vivo after anesthesia
HA6 2R, England); Bremner, j.; Vo

4
novic, 3. Stah- and then post mortem, in order to investisate the in-

lentherapie i58(6):384; 1982. fluence of blood flow and regualtory processes. :or

these experiments, deep temperature was controlled
using implanted needle probes, either metallic or non

i En order to compare different heating methods and interfering. Two categories of methods were used; a,
. ouantify temperature patterns during hyperthermia, capacitive hyperthermia as generators operating in

measuring probes should be able to accurately resolve the radiofrequency range (0.5 .Hz, 3 Mhz) with exter-
temperature gradients in heated tissues. Such gra- nal flexible applicators, or implantable needle probes
dients can be large (> C/mm) in small experimental allowing accurate heating in situ; b) radiative hyper-
animal tumors heated by RF, Microwaves or ultrasound thermia using generators operating in the microwave
where heated volumes are typically less than 0.5 cm

3
. range (434 MHz, 2450 Mhz) with new systems of external

Data will be presented showing the extent to which applicators (surface cooling, cross-fire arrangement,
" bare fexoosed junction) or metal and plastic sheathed .). From these studies it follows that (1) mooels

thermcouple probes of varying sozes "smooth out s ma: only be used to design, improve and compare heat-
sharp temperature change across a thin membrane. For ing systems, and (2) the tumor temperature pattern is

?robes sheathed in hypodermic needles, this effect is largely dependent _pon blood flow, histolocy and nor-
!ue to heat conductioa along the metal shaft from hot phology of host and tumor. Protocols of therapeutic
to cooler regions and increases as needle diameter trials mav therefore be established on phas i tudies
z;creases. Probes sheathed in clastic may read in- on patients in order to take the imdiv dual changes of

:crrectl: if the connecting wires are large and the vascular and thermal conditions into account. To this
strounding plastic tube has low thermal -,onduc-iv4t,. purpose, preliminary -:,nves::gst4ons nave bven efftct-
-ne ise of RF for heating generally leads to non-ther- ed on patients with advanced cancer, ainlo skin met-
mal interference with electronic temperature measar- istases and breast carcInomas for wnicn -e==rture
ing euiomenrt whIch necessitates the heating field control and tnicol follow-jo is relatve.y east

p- - . -"o
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,.Dhasi was laid on combination of hycertnermia wtth mean treatme:t duration of m tin 12-i treatments .
The average radiotherapy dose was ZC-r3." y. As t e

radith y "hyperthermia dose" we selected the mean or mxlmum
temperatures of all points measured in ill treatment

sessions, the average for all patients betng

. range 40.5-45.3 C). Tumor resoense was definec
5 58 LOCAL MICROWAVE HYPERTHERMIA COMBINED WI h following WHO criteria (complete response - disappear-

RAD IOTHERAPY: ONE YEAR'S EXPERIENCE (MEET- ance of tumor; partial response = 50% or more decrease
I;G ABSTRACT). (Eng.) Valdagni, R. (Oncologic Cen- in tumor size). in this heterogeneous, non-randomized

- - ter, Istituti Ospedalieri S. Chiara, 38100 Trento, group of patienta we found a response rate oz 80%;
Italy); Anichetti, M. Strahlentherapie 158(6):390; complete response in 6/35 fields and partial response
:982. in :2/35 fields. The separate contributions of both

treatment modalities to response were investigated
. rtretrospectively. We found no significant correlation

rm ebruary .981 to Febuay1982, 26 patients 32 between either the total X-ray dose or the X-ra; frac-
fields, with histologically proven malignancy were tion size and response rate, bu the response rate (CR
treated with hyperthermia combined with radiotherapy. PR) was found to be correlated with the mean of all
most of the patients had failed conventional treat- maximum tumor temperatures. This indicates that an
ments. The oatients were 19 male and 7 female, and increasing temperature results in an increasing res-
the median age was 62 years, ranging from 45 to 94. ponse rate. The combined therapy, in this heterogen-
)f the 26 patients, 25 had Karnofsky indices greater eous group of patients, resulted in a -0% response

. than 50%. Histologically the lesions include: 17 race at a mean maximum tumor temperature of 4i.0 C
squamous carcinoma, 8 malignant melanoma, 3 adenocar- aid an 30% response rate at a mean maximum tempera-
cinoma, and 4 chordoma. RT (2-3-5 fractions/wk - dose ture of 42.3 C.

?er fraction: 1.80-6.00 Gy T. D.: 8.00-65.00 Gy) was
applied using 2 linear accelerators (Mevatron Siemens)
at 6-12 MV (electron of photon beam). Simultaneous
microwave H (209 heat treatment sessions), external
or interstitial. (42.5-44.0 C x 20 to 55 min 2-3 0560 INTERFERENCE OF 433 M f z MICROWAVES WITH A
fractions wk) was delivered by BD - 1000 unit. MEGAVOLTAGE LINE.F ACCELERATOR (MEETING A3-

- Thermometry was performed by means of non-perturbing STRACT). (Eng.) van Rhoon, G. C. (Dept. Experimen-
*'.° probes placed on the skin and in catheters inserted tal Radiotherapy, Erasmus Univ., Rotterdam, The Neth-

in the tumors. The frequency (300-900 MHz) and po- erlands); van der Poel, J. A. Strahlentherapie :58
wer :up to 130 W) used depended on the depth and (6):391; 1982 (1 ref).

ize )f treated lesions (maximum diameter: 8 cm,

, to 5 cm depth). An analysis of technical data.
and clinical results will be presented. A series of experiments was conducted to investigate

the effect of 433 MHz microwaves on the performance
of a megavoltage linear accelerator, the Sagirtaire.

The microwave equipment consisted of a Siretherm 09
Siemens generator, power 250 ' and a standard circular

-559 PRELIMINARY CLINICAL R.ESULTS OF LOCAL HY- field dipole antenna. in all experiments the micro-
PERTHER.MIA IN COMBINATION WITH LOW DOSE RA- wave unit stood in a room adjacent to that of the ac-

JIOTHERAPY (IMEETING ABSTRACT). (Eng.) van der Zee, celerator. Microwave power levels were measured with
". 'Dept. Exp. Radiotherapy, Erasmus Univ. Rotter- a Narda broadband radiation monitor, model 3300, and
dam, Rotterdamsch Radlotherapeutisch Instituut, The at levels greater than 200 m W/cm2 at 5 cm from the
*Netherlands); van Rhoon, G. C.; Wike-Hooley, J. L.; antenna no more than Z mW/cm

2 
were ever detected in

Reinhold, H. S. Strahlentherapie 158(6):390-391; the :ontrol room of the Sagittaire. The elements of
.982. the Sagittaire itself were contained in 4 separate

rooms, i.e., for the accelerator tube, the control
units and the treatment of the patients. Measurements

In the Rotterdam Radiotherapeutic Institute, 80 pa- of the accelerator performance were achieved with the
t-ents have been treated with 1 zal hyperthermia. 'se of conductor and thermoluminescense (TLD; lithium-
This communication reports on the results from :8 of fluoride) dosimetry systems. For the TLD measurements
these patients, treateo on 34 fields with local by- the rous were situated in a i8xZ8x25 cm

3 
water filled

aeronermia combined with a low dose of radiotherapy, perapex box. In accordance with earlier findings by
nd naving evaluable tumor responses. Lesions treat- W. J. Kopecky et al., we also found that the normal

-ad were predominantly recurrences in previously ir- operation of the Sagittaire was disturbed. However,
radiated "ields. Histologies included mammary, lung, our observations do not indicate that there is a
gynecolo-cal, kidney, and skin carcinoma. Tumors change in the dose delivered, but onlyi snowed that

were heated osing electromagnetic radiation with fre- the microwave interference was directed towards tne
iuencies of 2450, 433 or -7 MHz. Temperatures were beam energy. For example, a consol set beam energy
always measured witn thermocouple needles and more of 25 MeV inrcreased to 19 MeV -,hen tho microwave gen-
recently also with an optical fiber temperature mea- erator operated freely at maximum pcwer. When Dart
surine system. local hyperthermia was administered of the microwave energy was absorbed Lv a .0 cm thic
twice weekly, 30-6O mnn followinig raditherapy, for a muscle phantom in front of the antenna there was

_" i. '2 '. ",, .- -:, • -- .... ... - - .. .... :. . .. . ., ..-
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still an increase of the beam energy to 26.9 MeV. 051 DEVICE R 1.PERTUR MEASUREIENT SING
With the measurements performed, no interaction of rLICUTD-CRYSTAL ?RUBES DURING MIGI ENERGY
microwaves with beam homogeneity could be demonstrat- SHORTWAVE HYPERTi.ERMA, EETING AbSTraCT). )Eng.
ed. If the dose measured at the dose maximum in the von Ardenne, ,i. (Res. Inst. Mancred .on Ardenne,
water phantom was corrected for the change in energy, DDR-.051 Dresden, 4. rermanv); Bohme, 7.; Kell, -.

there was no evidence :hac the delivered dose was SchIechte, P. Strahlentherapie 153(o):391; 1982.

different from the one set on the control consol.

Interference between these two systems is very diffi-
icult to discern. We would therefore like to advise, ertam liquid-crvstal mixtures ire known to exhibit

in agreement with the earlier investigators, that color changes over a limited and adjustable operating

each accelerator/hyperthermia installation be care- temperature range. These color changes correspond to
fully checked for possible interference effects, even shifts of intensity, shape of the maximum, and wave-
when the accelerator appears to be operating normally, length of the reflected light. Known devices neasur-

ing mainly i tensitY of reflected light are affect-
ed by severs artefacts, e.g., variable sensitivity )f

the optoelectronic detector, instability of the lignt

source and ts variation with the ambient temperature.

We present a measuring device, which exclusively de-

0561 BLOOD FLOW AND OXYGEN SUPPLY TO MALIGNANT tects and evaluates the temperature-dependent wave-

TUMORS DURING HYPERTHERMIA-EFFECT OF VAR- length of the maximum of the light reflected by the

IOUS DOSES (MEETING ABSTRACT). (Eng.) Vaupel, P. liquid crystals and which is insensitive to external
(Dept. Physiology, Univ. Mainz, D-o500 Mainz, W. Ger- influences exemplified above. A minute amount of li-many ; t , °ulrqi
many); 'Dtte, U; Muller-Klieser, W.; Manz, R. Strah- quid-crystal mixture is entrapped into a sufficiently
lentherapie 158(6):391; i982 (1 ref). small probe which is introduced into the tumor to be

heated or into healthy reference tissue, respectively.

The probe is connected with the detector unit by means

Since tumor tissue oxygenation seems to play a deci- of a two-component fibre optic. At the site of high-
sive role during heat treatment in vivo, systematic energy electromagnetic fields there is hence only the
investigations concerning the respiration rate of probe, which is indifferent to these fields and vice

isolated ascites tumor cells, the 02 consumption of versa, whereas the electronic setup is placed in a
solid tumors in situ, and both the oxygen partial shielded room apart from the patient. The recording

pressure distribution and the oxyhaemoglobin satura- unit contains an automatically and periodically tuned

tion (HbO') of single red blood cells in tumor micro- monochromator with chopped light-sour:e and an eec-
.*•. vessels have been performed during and immediately tronic part consisting of the optoelectronic detec-

A fter elevated tissue temperatures. The results tor, the noise-limiting amplifier and the data-pro-
c learl': show that changes in tumor oxygen supply cessing unit. The apparatus delivers values repre-

during hyperthermia are predominantly mediated senting temperature. Each value persists on the dis-
through changes in tumor blood flow which showed the play during measuring cycle of the next value. The

same directional changes. The present series of ex- temperatures measured are alad available as analogue
periments 4as performed in order to get some data on signals at the output for recording. The prototype

:he auscemtibility of tumor oxygenation to various described has been successfully tested during clini-
thermal doses as determined by the duration of heat- cal trials using the CMT Selectotherm technicue tor

ing and the tissue temperature increment during treat- heating human tumors at 27.12 MHz.
ment. As a measure of tissue oxygenation, the oxy-
haemoglobin saturation of single erythrocytes within

tumor microvessels was determined immediately after

localized microwave hyperthermia (2.45 GHz). For the
present work, tumors of DS-carcinosarcoma implanted 0563 UPTAKE OF 99mTc-'IDP AT A FRACTURE SITE

in the hind foot dorsum of SD-rats were used. The ex- TREATED WITH ELECTROMAGNETIC :NDUCTION OF
periments were performed on 70 tumors with a mean CURRENT (MEETING ABSTRACT). (Eng.) McCarthy, i. D.
wet wt of 3 g. Mean tissue temperatures were held (Univ. Dept. Orthopaedic Surgery, Princess Margaret
at four levels: control (34 C), 40 C, 43 C and 45 C Rose Orthopaedic Mos., Fairmilehead, Edinburgh,
for 30 and 60 min. The results obtained indicate Scotland); Annan, I. H.; Loudon, I.; Law, H. T.;

that thermal doses below 260 C/mn can evoke an 9ughes, S. P. F. In: Transactions of the Second An-

improvement of the tissue oxygenation. At higher nual Meeting of the Bielectrical ?eoair -nd 3rowth
doses *a deterIoration of the oxygenation status oc- Society, held on 20'-22 September 1982 in Oxford,

curred. A 505 reduction of the tissue oxygenation England; '::; 1982.
Was found at a thermal lose of approximately 400 C/

in. The present study provides evidence that tis-
sie oxyenation during heat treatment is probably The uptake of the bone seeking tracer, 

9 9
=Technetium-

.dependent )n the thermal dose. This is in contrast labelled methylene 1iphosphonate 99mTc-yLP), was
to previous findigs of Reinhold and Van den Berg- iuantitarivelv measured to )boectlvely assess the
3lok who found comoarable effects of hyperthermia on effecticeness of induced electrical current in en-
miroctrculatin at Pifferent thermal doses. Further hancing fracture healing. k fracture model was pro-

* Investisitlons wIll be necessary to clarify these 'uced by )pen osreotomy of the sheen tibia. Two

cnrroversies. Helonoltz coils chich 4ere driven hv a trapezoidal

i3

.. .
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wave form in which the rising ano falling slopes ere the total amount of cal::um -resent.
approximately equal were placed on either side of the
treatment site. At weeklyl intervals, for 5 wk after
the osteotomy, 

9 9
mTc-fP was injected into the sheep.

The count rate at the fracture site was measured at
-, 5, 15 and 60 min after the injection by placing a 2565 ELECTRICAL ACElERATION T-E . ATE
collimated scintillation detector on the plates over FRACTLRE 9.EAL.-:G I; THE ?RI:!ATE ET..TARSAL
the fracture site. in eight sheep studied (0 exper- 0MEE.NG ABSTRACT. -n.) ;ater, P. ?ennsyl'onia
imental and - controls), the count rate at 60 min Coil. Podiatric Medicine, 5th at Race St., Phladel-

increased during the 5 wk studied (360 = 90 to 760 pnia, PA 191(7); Marrington, D.; 4alker, C.; (hen,
± 280 for the experimental group, and 230 ± 40 to 7., 3lack, D.; 3odamer, A. In: Traneactions of the
670 ' 100 for the controls). At each of the measure- Second Annual Meeting of the 3ioelectrical Remaor
menct i the values in the experimental animals and Growth Socint, held Do 20-22 September 1932 on
nere relatively higher than in the control sheep, :xfrd, vr.n

1
an,; 2:3;

e.g., .6, -.9 compared with 0.26 * 0.04 at I

min after iection (where the data had been normal-
'zed to inty at oO min after injection). This
i.erence was statisticaliy significant (p<0.05). The primate Cebus Albafrons (organ gronder monkey)

The results demonstrate that in vivo measurements was used to explore the effects of small amounts of
:an detect changes in fresh fractures stinulated electric current )n acceleration of fracture healing
witn induced electrical currents. in the primate metatarsal. Young (late adolescent)

monkeys were chosen because of the biologiosl and
biomechanical similarities between the orimate and
the human. Cach animal was anesthesized and the
dorsal region of the third metatarsal was 2xoosed onEFFECTS OF ELECTRICAL STIMULATION ON CAL- each foot. Two Kirshner wires were inserted crox-

-=M-45 2PTAKE IN FRACTURED FIBULAE FROM imaii' and distally, perpendicular to the long axis
C;oRMAL AND THYROPARATHYRDIDECTOMIZED RABBITS (MEET- of the bone, in the dorsal asoect of the metatarsal.

INC ABSTRACT). (Eng.) Guy, D. K. (Dept. Anatomy, Then a third Kirshner aire was placed and fixed hori-
H{ealth Sciences Center, Univ. Louisville, Sch. Medi- zontally across both 'ertical wires, thereby creating
cine, Louisville, KY, 40292); Wald, H. In: Trans- an external fixation device. Next, a 2.-mm osteo-
sctions of the Second Annual Meeting of the Bioelec- tomy was made between the oroximal and distal fixa-
crical Repair and Growth Society, held on 20-22 Sep- tion pins, and a stainless steel electrode (teflcn
tember 1982 in Oxford, England; 2:2; 1982. coated except for the tip) was placed in the osteo-

tomy site and fixed in place by being attached to the
horizontal portions of the external fixation device.

An investigation was undertaken to determine whether The incisions were closed and casted, then one foot
electrical stimulation of fracture healing enhances was chosen at random to he the experimental side
the uptake of calcium int' bone and whether the en- (active electrode) wnile the other metatarsal served

hanced mineralization, if present, is independent of as control (dummy electrode). Anodes were placed in
hormonal influence. A transverse, mid-shaft fracture different sites. Three grcuos of animals with 14
of the fibula was produced bilaterally in 20 New animals per grouo were ased for this study. Group A
Zealand N;hite rabbits. The right fibula of each represented 8 days post-operative, Oroup S was 15

animal was electrically stimulated with 18-20 uA of days post-operative and Group C ran for 22 days after
direct :urrent while the left side served as control. surgery. The data indicated that the electrically
Ten of -the rabbits also underwent thyroparathyroidec- stimulated osteotomies healed faster than the control
tomy at the beginning of the experimental period, groups, that the electrically stimulated bone appear-
These ten animals received thyroid hormone as re- ed as normal, woven bone with little or no endochon-

r placement therapy but were considered to have an dral formation, and its ossification was more ad-a absolute deficiencv of calcitonin and parathyroid vanced than control samples. Osteoblastic activity
hormone. All animals received 

4
5Ca iv at intervals and vascularization was also greater in experimental

during the healing period. At the end of the 2i-day samples.
study, bone samples from both fibulae and the prox-

*imal half of the radius were taken from each animal.
The amount of O5Ca per unit wt of bone was cetermin-
ed by analyizing the samples on a liuid scn-
tillatton ounter. The results demonstrateo no !if-
"erence in 451a uptake between stimulated and non- 0566 SIOELECTRIC AND HLSTOMORPMOMETRI7 THANGES
tulatsd ftbulae Fractured bones did esnibit DURING FRACTURE HEALING 'MEETTNG ABSTRACT).
significant increase in uptake over non-fractured 7lng.) hakalakal, 0. A. (Orthopaedic Res. Lab., VA4 bones. in the absence of calcior.in and narathyr)id -!edicnl Center and Dept. irthopaedic ureerT, ni':.
hormone, all bone categories studied demonstrated a Nebraaka Medical Center, )mana, NE o i'5 :; lipoiel,
sstristicall, significant increase in '

5
Ca uptaKe. I.; Cnnolly, :. F. In: Transactions of the Second

iince all hone catagorres were equally affected, Annual teetig )f the 3ioeectrical Repair and Crcwth
these data are believed to reilect sn increase 4n vocietv, held )n 2-22 September .Z in A)rd, En-
the turnover rate rather .nan in aczta. :ncresse In gland; 2:.; !962.
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The crrelaci)n between nocal eectric rields calcia- itive tells and those that respond ) tif, fields
ted from "oltage measurements ti bone and new bone are the osteoclast-like, ?Ti-responding :eLls. Thus
:crmati)n obtained to the osteocomized canine radius different cell types are stimulated it Iifferenr
as Lo-estcaced. Four Ag AgC, bead electrodes were regions of the applied electric fields. he electr-

toolanted i the bone; two tn the cortical region and cal stimulation was shown to tidure cascade of oio-
two ti the -edullarv region. Voltage measurements chemical events, where the immediate bi cnetucaIere !one Ix wK. At n, 1, 10 and I2 w post asteo- changes included cyclic nucleotide changes 'cA-P)
tcmv toe dogs were sacrificed; the radius was sec- and ion fluxes (Cat2 fluxes). This transmission
tined transvers~lv into 2-mm sections and a point cf the electric stimulus at the membrane level
:Dun:ng method was ised to quantitate new bone for- through a second messenger mechanism is tompared to
nation. 7rom the voltage measure-ments the average -he stimulus-signal transmission mechanisms by hor-
electric field strengthi in the regions between elec- mones and growth factors.
trodes were calculated. A correlation was found he-
tween the combination of magnitude and duration )f
n-ectrtc field of negative polarity ("field dose")

"nd :he amount of new bone formation. In one dog
the amounts of iew bone in the regions proximal and 0568 ALTERNATING LAGNETIC £11125 ; A

I f istal to the osteotomy were comparable corresponding SYNTHESIS IN FIBRlBLASTIC CELLS TC'.

no imilaritv of the "doses" in the two regions. In ABSTRACT). (Eng.) Liboff, A. R. (Dental Res. Branch,
contrast, in a second dog, considerably more ')one Stop 118, Naval Medical Res. inst., Bethesda,

. f)rmation occurred in the distal region corresponding 2081-); Strong, D. !.; Wistar, R. in: Transactcns
". to the mch larger "dose" there compared to the of the Second Annual Meeting of the 3ioelectr-a

-- proximal region. Work is in progress to seek further Repair and Growth Society, held on 20-22 Seotemoer
correlations between osteogenesia in specific stages ,982 in Oxford England; 2:0; [982.
and the details of changes in the local electric
-ield.

The effect of sinusoidally varying magnetic fields )n
DNA synthesis in cells was investigated in vitro. A,
pair of matched incubators equally fitted wtn a
specially designed set of coils, 0.5-m inside diameter

.567 PRIMARY INDUCED CELLULAR CHANGES kND CELL and ).25-m in length. Three-coil configurations were
SPECIFICITY IN PULSED CAPACITIVE STIMULA- employed with spacing equal to half the radius, N;

TI0N CF BONE CELLS IN VITRO (MEETING ABSTRACT). tarns on the center coil and 2N on the end coils, in
(loig.) Korenstein, R. (Weizmain Inst., Dept. Men- order to optimize the field uniformity over a larger
brane Res., Rehovot, Israel); Somjen, D.; Fischler, volume than could be obtained with a classical Helm-

derman, I. In: Transactions of the Second holtz arrangement. Two independent series of exper-8.; Bi aen .n . I : r nat os o
Annual Meeting of the 3ioelectrical Repair and Growth iments were performed using this set-up. Human fore-Society, held on 20-22 September 1982 in Oxford, Eng- skia fibroblasts (HEM-HFS-IS) were seeded into 2-
land; 2:5; 1982. And 9

6-well tissue culture places using D,'E: and ,2
FCS and the plates distributed squally between the
experimental and control incubators. An amplitude of

* Results of a study on pulsed capacitive stimulation '0.2 G was used as well as frequencies ranging between
)f mixed population of bone cells in culture are re- 40 and 80 Hz. The relative Amounts of thymidine or-
ported. Stimulation of bone cells was performed by a take in the experimental and control plates were de-

- series of rectangular voltage pulses (25 usec width, termined using: (1) a i-hr 
3
H-rhymidine pulse, 2)

3 Hz repetition rate) of varying amplitudes, lasting an 18-hr pulse, and (3) an integrated 
3
H-tnymidine

5 - mn. Low field strength stimulation (13 V/cm pre- label introduced with the initial inoculation. it
'ailing in the culture medium) caused immediate de- was found that in -5/48 paired plates, the level of
crease of 30% in intracellular level of cyclic AM.P incorporated thymidine was significantly higher in
(cAMP) which was followed by a 1.3- to 1.4-fold in- the experimental plates; it was further observel that

crease in DNA synthesis 24 hr Iater. Middle field the amount of incorporated thymidine in exposed cells
strength (22 V/cm) caused no change both in cAMP and peaked at a two-fold ratio over the control cells in
DNA. High field strength (54 V/cm) caused a 1.8-fold the vicinity of 20 hr after the beginning of exoo-
-ncrease in cA.MP level and a 2.5-fold increase in sure. It is concluded that there is a consi-tent
DNA syntoesis. These bone cell cultures, prepared stimulatory effect of sinusoidal magnetic fields on
crom rat embryocalvarla wer shown to respond both the DNA synthesis :f human foreskin fibroblasts in
.o parathyroid hormone (PTH) and to prostaslandin-E2 vitro and that the specific pulsed electrcmagnetic

- 1?GZ). W''hen bone cells were subcultured they lost field waveshape s cot recuired to eli-i this er-
tneir responsiveness to either ?TH or electric field .fect.
but responded to ?GE by An increase in cAMP produc-
:ion. Furthermore the subcultures lost their respon-
siveness to either PTF or ?GE' in terms of DNA syn-
thesis and maintained their responsiveness to low

- electric fields onl, 1.3-fold increase in DNA avn- );t9 T:E FFEC T F UL.SATING ELECTROMAGNETIC
thesis). It is suggested that the cells that re- FELDS 24 PRGSTAGLANDINl SYNTHESIS IN
spond to low field stimulation are the PGE sens- "STE:BLAST-LIE CELLS 'MEETI;G \BSTkCT. Eng.

i5
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Johnson, D. E. (Dept. Oral 3iology, Oniv. Connecticut, kHz, sine wave capacitive&; ,:in cc -

Sch. Dental Medicine, Farmington, CT )o032(; Rodan, a current density in eac i. -m r
0.A. In: Transactions of the Second Annual 'teeting OA/C: (RMS value). :n the pr.:!encw- t r
of the Sioelectrical Repair and Growth Society, held density of 37 uA/cm-/dish h') - e-)< inc 77)
on _0-.2 September 98', in Oxford, England; :7; with 10% NBCS, 

0
-thymidine incorpoit: n per *:)r-

982. cein and DNA was signfizcanctv :ncreased j . i u
3 5
S-sulphate incorporation per ug pr)tetn c.

cantl> decreased (p<.C5' Repeating tne same exner:-

.ne effect of pulsating electromagnetic fieles 'PEm sent in 1% NBCS snowed in increase 4n
on prostaglandin synthesis was investigated in the incorporation per ug protein and DNA t. A3h1 C
rat osteosarcoma-derived osteoblastic cell line ROS thymidine incorporation was not significant fet-
17/2.8. Cells were grown to confluence in F-12 medium ed. A current density of 37 ucm

2
;d

suppemented with 10% fetal bovine serum and were peak external signal) further enhances 'nis _n vitro
exposed to PEMF for up to 24 hr. Prostaglandin 4 cas effects in a statisticaly signlficant manner. These
7-eidurec in cell media by radioimmunoas .; the re- .indings emphasize the importance jt -en ,-n --'nra-
lease of 

1 4
C-arschidonate (the prostaglandin orecur- tion in in vitro cellular systems. ',ore mportsnr_,c

sor) from phospholioids of orelabelled cells and t s this stud" shows that a capaci:i.ely o i ect ri
conversion to P>C-PGE, were assessed by thin layer signal can act to odulate a preoeternined cellular
chromatography of organic solvent media extracts; the response in mammalian irticulir :nondrocytes.
activity of cycloaxygenase, the prostaglandin synthe-
sizing enzyme, was assayed by incubating living cells
with arachidonate and measuring PGE by RIA. It was

found ctat PEMF: (i) had no effect on cyclooxygenase
a tivity, which had a Km of 20 u and a Vmax of lb)O
ng,' 10 cells/mein; (ii) stimulated the release of
arachidonae from phospholiids by sbout 50.; and 0571 STIMULATIJN OF CONNECTIVE TISSUE PROTEIN:
(iii) increased PGE producti, from 700 pg/hr, culture SYNTHESIS IN FIBROBLAST CULTURES 5Y PULSED
to 350 pg/hr/culture. The PGE concentration in cul- MAGNETIC FIELDS (MEETING ABSTRACT). (Eng.) 'Murray,

A cure media exceeded 10 raM, a level which enhances cy- C. (Strangeways Res. Lab., Samoridge, Englano). In:
,clic .P accumulation, grnwtn and osteoclast activa- Transactions of the Second Annual Meeting of the 3io-

tion in bone explants. The stimulation of PGE syn- logical Repair and Growth Society, held on _20-22 Sep-
thesis by PEF in osteoblastic-lineage cells is con- tember 1982, in Oxford, England; 2:9; 1982.
sistent with membrane-mediation and cyclic AMP-in-
volvement In the transduction of electrical signals
and the subsequent effects on growth and maturation.

The effect of the 3i-Osteogen system ..
Ltd) on protein synthesis, in particular the syntnesis

of matrix components, by embryonic chicken tendon
fibroblasts (CETF) in culture was investigated. ?ri-

mary cultures of CETF were exposed to pulsec electro-
0570 IN VITRO CAPACITIVELY COUPLED ELECTRICAL magnetic fields (MF) of the repeti:ve pulse burst

STIMULATION OF BOVINE ARTICULAR CHONDROCYTE type on a 6 hr-on/b hr-off cycle through a 9-day
PELLETS EN VARYING SERUM CONCENTRATIONS (MEETING growth period. Cell numbers were measured electroni-
ABSTRACT). (Eng.) Brighton, C. T. (Dept. Orthopaedic cally and protein synthesis studied by incorporation
Surgery, Univ. Pennsylvania, Philadelphia, Pa 19104); of 

3
H-proline into non-dialyseable material. bolla-

Unger, A. S.; Stambough, . I. En: Transactions of gen was estimated by analysis of conversicn of 34-
the Second Annual 'eeting of the Bioelectrical Repair proline to 

3
H-hydroxyproline. No effect of two dit-

and Growth Society, held on 20-22 September 1982, in ferent PMFs, varying only in negative width, was
Oxford, England; 2:8; 1982 (2 refs). observed on cell proliferation. Protein sy:nthesis

was not affected during exponential growth, but was
significantly elevated (40-60%) by one particular

A facilitory response of in vitro bovine articular waveform. Collagen was also relatively increased;
:hondrocyte pellets is reported which is dependent approximately L1% of the total protein being repre-
n the concentration of newborn calf serum (NBCS) in sented by collagen in treated cultures, compared with

'" c-e oresence of a ca.acitively coupled field. Artic- 5% in controls. Collagen types were unacrected by
Silar cartlage was obtained in a sterile manner from P3MF. Both control and treated synthesized types -

the stifle oints of male Holstein calves (1-2 wk and III in a ratio of 3:l, with trace amounts if
*ld). Pellets were formed from 4 x [Oj isolated ar- type V. Concurrent with this increase -n protein

ticular chondrocytes prepared by selective matrix di- synthesis, was an 30% increase in the amount )f a-
3esti)n using sequential enzymes (trypsin, hyaluroni- belied material orecipitanle with antiserum to fibro-

Sdase, colligenase) and grown in tissue culture media nectin, in treated cultures. These data suagest thac
:TCM) witn 1,0% NBCS for 72 nr prior to stimulation. cerrain PMFs can alter protein netabolism and in
issue culture media with 1' or 10% NBCS was labelled particular the accunulacion uf connective tssue om-

wt - (1' uCI ml) or -3-chvmidlne 3 <1 ponents by tendon fibroblasts in culture, but only

al). The freshly labelled system was stimulated for during the confluent phase of growth. In ,ddit:on,
L ir in in externally applied p50-V peak-peak, 50 not ill wavefor-s have the same nooical effect.
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52. - A GENERALIZED THEORETICAL APPROACH TO 7HE Xnnual M!eeting or the 3ioelectrical Reoair and Growth
DETERHINATICN OF LOCAL FIELD PARAMETERS SocieV, held Dn 2--22 September :982 in O xford, Eng-

DURING CAPACITIVELY COUPLED ELECTRIC STIMULATION IN land; 2:11; [982.
'.'IVO (MEETING ABSTRACT). (Eng.) Vresilovic, E. J.
(Deot. Bioengineering, Univ. Pennsylvania, Philadel-
phia, PA 19104); Pollack, S. R.; Brighton, C. T. in: The efects of an electric field on the cell membrane
Transactions of the Second Annual Meeting of the 3io- were investigated :ising a computer simulation. A
logical Repair and Growth Society, held on 20-22 Sep- cell, simulated by a multilaver spherical structure

tember 1982, in Oxford, England; 2:10; 1982 (2 refs). on a digital computer, was exposed to an alternating
current electric field. The electrical properties or
possible biological interest, such as, fields, volt-

Dielectric, circuit, and control theory were used to ages, currents and ion densities were evaluated
develop a generalized theoretical approach to the throughout the cell to elucidate which part of the
determination of local field parameters during capa- cell is simulated and what kind of -harge transport

* citively coupled electric stimulation in vivo. A will occur. Every layer was characterized by data on
- generalized capacitively coupled in vivo experiment complex dielectric constant or tquivalent impedance,

places the limb of an animal between two stimulation which was obtained through experimental measurements.
electrodes to which a driving signal is applied. The cell membrane model was developed to obtain :he
These electrodes may be on the skin or separated ion densities at the surface and the ion-flux across
from it by air or another material. Generally, an the membrane. The nucleus was modelled so is to

in vivo experiment is found to have a less accurately account for the binding of divalent ions to the DNA

defined environment when compared to its in vitro fixed charged phosphate groups. With an applied
counterpart. This holds true for modeling geometries field of 200 V/m it as found that: (1) the ion
and electrical properties as well. The model must density variation on cell membrane reached a maximum
approximate the actual geometry and also adequately (about 2%) in the frequency range 0.1-10 Hz, with
define the boundary conditions needed to solve the possible consequences on membrane receptors and, c-on-
Laplace equation. However, animal limbs represent sequently, on biological behavior; (2) the voltage
zomplex geometries and approximate models must be on the membrane reached a maximum of 2 mV in the
used. Additionally, these models are further compli- frequency range I kHz-1 MHz: 3 safety threshold of 1
cated by animal to animal variation. The electrical mV had been suggested; (3) the ion passive flux and
properties, the conductivity and the permittivity, the vicinal ion concentration reached a maximum of
must be defined as a function of frequency for each 7.8 x 10-2 A/

2 
and 6.9 x 10-

6 
coulombs/m

2
, respec-

matertal. Electrode-dermal impedance may be conven- tively, in the frequency range 0.1 kdz-l MHz, the
iently thought of as the electrode impedance coupled frequency range used in bone-healing; (4) the ab-f ? to the skin impedance. The electrode-dermal impe- sorbed ion density reached a sharp maximum of 10

-
04

ance for humans is primarily dependent on electrode coulombs/m
2 

in the frequency range 0.1-1 Hz; the
type, area, current density, signal frequency, st-mu- frequency range in which strong calcium ion sfflux/
lation location, and sweat gland activity. Elec- influx has been observed; (5) current density in the
trode-dermal impedance has not been fully described nuclear membrane pores reached a iery high and sharp
.or other species, and the applicability of the maximum of 44 A/m

2 
in the frequency range 1-10 MHz;

human impedance model raises questions based on the it has been estimated that currents of this order can
species variation in skin morphology. The relation- modify chromatin; (6) the charge shift inside the
ship of the LFPs to the driving signal is esta- nucleus, which could influence chromatin decondensa-
blished by solution of the Laplace equation with tion, had a maximum at about 7 kHz. It is concluded
Laplace Transform methods once the system is modeled. that some electric fields inside the cell are greater
This results in a transfer function in the s Ire- than external ones at particular frequencies and that
quency-doain which is used to define the LFPs as a each transfer function between one of the electrical
function of the driving signal in the time domain, quantities of biological interest to the external
The In vivo theoretical approach is illustrated with field shows a maximum in the range 0-10 MHz.
sn experiment where 1.5-c, diameter stimulation elec-
rodes were placed on the medial and lateral surfaces

over a fibular fracture in a rabbit. A 10-V 60-kHz
signal was applied with 50% amplitude modulation.

* Using human electrode-dermal impedance values, the 07 , INDUCED ELECTRIC POTENTIALS IN V','7 PRO-
calzciated maximum values )f field and current densi- DUCED BY CAPACIT:VELY COUPLED SIGNALS
t' were 15 V/cm and 1.5 mA/cm

2
, respectively. (MEETING ABSTRACT). Eng.) Brager, M. D. (Dept 'r-

thopaedic Surgery, Sch. Medicine, Univ. Pennsylvania,
PA 19104); Brighton, C. T.; PollacK, S. R. In: Trans-
actions of the Second Annual Meeting of the Biologi-
cal Repair and Growth Society, held on 20-22 Septem-

.'3 FREqUENCY WINDOWS IN STIMULATING A CELL ber 1982, in O~ford, England; 2:12; 1982 (I ref).
41TH E..ECTRC FIELD: A COMPUTER SIMULATION

* MEETING ABSTRACT). (Eng.) Ridella, S. (Consiglio
;azionale felle Ricerche, istituto Circuiti Electron- Induced electric potentias in vivo produced by cap-

- ici, 
7
ia )oera Pia, 11 - 16145, ;enova, Italy); Drago, icitivelv coupled signals ware investigat:ed. The

-. P.; Marchesi, H. In: Transactions of the Second subjects for this study were six, 3-' kg adult male
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New Zealand white rabbits and four adult male :uma-,s. The spstia: iiscributlon , n -ler. rnagnet-
The humans were patients who had electrodes _nserted zcaliv-induced current .?EM'C) in phvs,.Iogiz a e -e

for treatment of ununited fractures and consentec : 3 was quantitated :or toe nost or0monl., -m.=poved cell
participate in these measurements made oricr tc culture and suspension sVr'sm is i tiocI n or -. t

connection of the direct current power suppl:. The ori tation. Thecretoca oreIIc i n s jere tased )
electrodes were t.2-mm diameter stainless steel wire Ma s field equations fr .ilsr l i h)r-
insulated except for a 1.3-cm tip that -as implanted Z and rectangular :)1 3 er. ca-') jecmecries.
in bone. Two of the same electrodes jere cercutan- ComL data were Gerer1'1e .r M 7he :!ie3r, i.) ielI
eously inserted through the lateral and medial femoral plots could be lone to ' 'istrate 'ow
condyles of the rabbit right hind limb. These were current densit: :hangas ot ,. er nenta

then advanced into the femoral canal in a parallel verification uci lizeO secoail s ict e ecrde
fashion along the lateral and medial endosteal sur- probes with whico both the ncuc-d -fieds,
faces. The implanted tips acted as probes %or noni- Z, and :urrent lenslity, J, .ec ,ri 4 ere easur-d in
toring inouced potentials (i,; ). Bare, stainless saline. The results - w~d -a, f,4 r : Z 'r, :aL
*seel capacitor plates were applied to one sKin n _ eomer'/, 7 ano er. - rc roc ro. s ibut t',c
opposite 'ides of the Limb -xternal to the location center If a Pet'i _ir ,r 1_ ce ' -ccc
of the u,.:nsulated monitoring tips. The plate 1i- where in the ri inn -aat'il :orsrio: ta-netoc
ameters were 3.0 cm for human studies and 1.7 cm for field, 3. 3otn - ind :ncreasec "tnear:'; wtt
rabbit studies. A function generator Supplied sine radius, r, ca L;(o-u1- -aloes it toe outernost

wave driving signals (applied voltage, '"A) to the ring, uust insiLe the *nsuyting :essel all. br

capacitor plates. induced potentials in RMS voltage vertical coils, ind i-r.' :o ne vertica -nrcc-
were measured directly across ohe exposed portions tion approximatel 11c~r' co saline e, gnt, ,
of the electrodes (monitoring electrodes) using a for planes ot id:acent e :ese l ai.

digital voltmeter. Increase in VA always resulted complete induced e d ii erm nir t-:, e"t was
in a linear increase in V i . Limb size had no signif- comolex. nowever, )n m".e io-_ r I I I s wnree

- icant effect on *;. Increasing plate diameter re- mast cells reside re .npe -ent e ma or-
suled in no signi Lcant difference in Vi . Increas- itv of lines were lerpenao-:lar ti 3 ectrical
ing plate pressure against the skin in rabbits re- dosage in a ceil :ul-are ,aperlment, t erefore,
suited in, an increase in V,. Through a sequence clearly depends apon )L ,roentaton, 'he dimen-
Of 'A 2, 5, 10, 20 and 30 7 peak-neak, loosely ap- sions of the vessel, and -he oeigot of the culture

. plied plates (determined by minimum stable current medium. ror exampe, uompared to _' at any r tor
* draw in capacitor plate leads) produced a mean V i  cylindrIcal geometry, -ts value on the bottom plane

of 15.5 mV. Through the same sequence of VA, tight- for vertical :oils iffered by approximately the
l' applied plates (determined by maximum stable cur- factor h/2r. All of the above considerations are
rent draw in the capacitor plate leads) produced a summarized ising theoretical and experimental current
-nean V, of 52.5 mV. The total range of V i was 0.5 leasicy-position plots. The essential results mndi- 41'
to 168.0 mV. A monatonic increase in V; was o- care that nearly uniform electrical dosage is achieved
served with increasing frequencies of ).I, 1.0, 10, only when the cell system is relatively planar (cell
20 and 60 kHz. 7A, plate size, and plate pressure culture - vertical coils). All other cases result in

were kept constant during these measurements. Mes- a spatially variable induced current density, with
suremerts of remote V i were made with the capacitor maximum dosages depending on coil orintation.
places in locations of the body away from the moni-
coring electrodes. In humans the largest falloff of

;occurred within 20 cm from the coupling site. In
rabbits, at 

7
A of 5.6 V peak-peak the mean local Vj

was 3.9 :1.3 mV while the mean remote 7, (plates on 0576 A NEW PROCEDURE FOR ELECTRICALLY STIMULAT-
".he oppc, ta hind limb) was .55 .119 mV.' Therefore, IN CELLS IN CULTURE (MEETING ABSTRACT).
the ratio of the mean local V i to mean remote V i was (Erg.) Liboff, A. R. (Naval Medical .Res. Inst., Beth-
7.1 to 1. 7- is concluded that the relationship be- esda, MD 1.0814); Halverson, B. A. In: Transactions

tween the induced or stimulating signal snd the Sig- of the Second Annual Meeting of the Biological Repair
'al applied to the capacitor plates Is influenced by and Growth Society, held on 20-22 September 1982, in
- variety of experimental variables which must be Oxford, England; 2:1"; 1982.

controlled for definitive experimentation.

A novel capacitive, noniavasive procedure for elec-

trically stimulating cells in culture is reported.
"* 575 4ELMHOLTZ COIL - CELL SYSTEM SPATIAL RELA- The procedure has the camability of (1) -llowing

TIONSHIP AND ELECTRICAL DOSAGE IN THE ELEC- simultaneous stuoy of many cluster plates, ,2) mim-
TROMAGNETIC MODULATION OF ISSU GROWTH ANiD REPAIR icking the waveshapes induced by pulsed electromag-
(MEETNG ABSTRACT). ,Eng.) McLeod. R. R. (Dept. netic field coils, (3) allowing simple -ontrol of
Electrical Engineering and Computer Science, Montana frequencies, and (4) accurately characterlzing the
State Un:v., 3ozeman, MT 59717); Pilla, A. A.; Samo- charge density applied to the cell substrate. The
sel, M. 4. In: Transactions of the Second Annual excellent elctric oermittivitv issociatec with tis-
IeetIng , f :he 3iological Repair and O;rowtn Soc.ety, Sue culture luster plates allows )ne to I- the wall
held on l0-21 Seotember 1982, on Axford, England; capacitance :Io intrinsically differentiate 7ulses ap-
2:'); L. olied to :he outside of toe plates; 'onolayer cell

3- -,
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cultures plating the interior of each well ire 'hereby 0578 PULSATILE ELECTROMAGNETICALLY INDUCED WE-
subjected to precisely the same charge signature. In RENTS SYNERCIZE '.H POLYMER l1- !NOMCDU-
these studies, 2

4
-well COSTAR tissue cluster plates LATING DRUGS IN THE INHIBITION )F GROWTH OF MURINE

% were used which have a well bottom thickness of I mm MALIGNANT MELANOMA (MEETING ABSTRACT). kEng.) Pila,
* and a dielectric constant 3f 3.3. These plates were A. A. (Bioelectrochemical Lab. Dept. Applied 2hemistrt
.*-" ' modified by painting silver electrodes on the outstde and Chemical Engineering, Columbia Jniy., New "ork,

bottoms of all wells, experimental and control. NY 10032); Norton, L.; Tansman, L. n: Transactions
Pulses from a runction generator and a pulse-shaping of the Second Annual Meeting of the 3ioelectrical Re-

crutwere applied to the plates directly in the pair and Growth Society, held on 20-22 September 1982
incubator. Preliminary results have been obtained in Oxford, England; 2:16; 1982.
for two distinct experiments; one testing the effect
of repetitive (15 Hz) electric pulsing on cell ad-
hesion and the other measuring the effect on cellular Inhibition of the growth of ourine malignant melanoma
metabolism. Human foreskin fibroblasts (HEM-HFS-15) with the combined application of oulsitile electr)-
.ere used throughout. Enhanced rates of adhesion and magnetically-induced currents (PEMIC) and polymer tm-
increased uptake of radiolabeled thymidine, uracil and -unomodulating drugs was investigated. One hundred
"roline were observed for negative pulses generating female BDF1 or BCF, mice were implanted with 1 mm

3 
316

surface charge densities of 4 pC/cm
2
'pulse. melanoma. The animals were then divided into control,

PEMIC alone and PEMIC + Pyran (75 mg, kg, I or 7 days
after implantation) groups. Mice treated with PEMIC
were placed (free roaming) in specially constructed
cages between horizontal Helmholtz air-gap coils
activated for 12 hr/day. This coil configuration
allowed electrical dosage to be relatively indepen-
dent of animal movement. The pulsating magnetic

0577 ON THE TREATMENT OF LOOSENING OF ENDOPROS- field (dB/dt approx. - 0.1 0,usec) induced 2 Hz
THESES BY MEANS OF PULSING ELECTROMAGNETIC currents configured of 50 msec bursts of 250 usec

FIELDS (MEETING ABSTRACT). (Eng.) Kraus, W. (Inst. main polarity and 4 usec opposite polarity asmmetri-
Medical Physics, Augustenstrasse 41, D-8000 Munich cal rectangular pulses. The average induced current
2, W. Germany); Lechner, F.; Ascherl, R.; Blumei, G. per pulse could be varied from approximately 3. -1
,n: Transactions of the Second Annual Meeting of the uA/cm

3 
(i.e., average pulse current per unit volume

Bioelectrical Repair and Growth Society, held on 10 of treated tissue) while maintaining all other oulse
22 September 1982 in Oxford, England; 2:15; 1982. parameters constant. Results were obtained by as-

sessing palpable tumor volumes as a function of time
and by observation of survival time. Thle median
survival time for control animals was 7 wk and was
not affected by PEMIC or Pyran alone. However,

A clinical multicenter study including 13 3rthopaedic treatment with PEMIC + Pvran increased survival time
surgery clinics and 10 private orthopaedists was per- to 10 wk in 100% of treated mice. This represents a
formed to evaluate the use of electrical and electro- significant reduction in tumor growth rate, possibly
magnetic stimulation in the treatment of patients with via enhancement of immune response. These results
loosened endoprostheses. Low frequency (12-22 Hz, 30 provide strong evidence that an effective and non-
C)e), sinus pulsing magnetic fields were used to treat toxic anti-cancer treatment modality may be at hand.
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
was performed on an average of 2-3 hriday for 15.4 wk 0579 THE SIDE EFFECTS TO THE INTERNAL ORGANS OF
with a maximum observation period of 8 yr. Treatment PULSING ELECTRO-MAGNETIC FIELDS (MEETNG
results were staged according to spontaneous pain, ABSTRACT). (Eng.) Ohashi, T. (Dept. Orthopaedic 3urg-
pain in motion, use of crutches, distance of walking, cry, Murakami Memorial Hosp., Gifu Coil. Dentistr,
and dose of analgesics. In 122 (26%) of the patients 1-6 Wakamiya-cho, Gifu, Japan 500); Inoue, S.; Sasaki,

* excellent results were recorded, i.e., painless walk- H.; Ashihara, T. In: Transactions of the Second Annu-
* ing without the use of crutches was obtained, and in al Meeting of the Bioelectrical Repair and Growth Soc-

188 (41%) good results were yielded; 97 (21%) reported iety, held or 20-22 3eptember in Oxford, England;

no effects. In 55 (12%) of the cases in which treat- 2:17; 1982.
-* ment tailed totally, patients underwent further sur-

gery with a re-Implantation. Thus, in 67% further
surgery could be avoided, even in intractable cases. Complications involving internal organs were investi-
Comparison with previous studies indicated that the gated following exposure to pulsing ele romagnetic
efficacy of the treatment seemed to be significantly fields (PEME). One group of rats was expo!;ed t' ? "W
better in cases if loosened cement-free prostheses. while housed in a plastic cage while a second group,
This treatment should 3e limited to cases in an early which served as control, aas maintained in an identi-
stge of loosening. Septic loosening, fractured ce- cal cage without exposure. -ol-owing sacrifice, the
"ent, broad radioucenc lines and Iislocatlon of the abdominal orgins of the rats were examined histologi-
Implant must be treated surgically. call> and the results were compared iccordtng to the

19
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age of the animal, i.e., young, young adult and adult. gerv, Univ. Pennsylvania, Philadelphia, PA); Treiden-
Vacuolar degeneration was observed in the kidney and berg, 2. 3.; Brighton, C. 7. :n: :ransacc::uts ) the
liver of rats stimulated continuously for 2 days with Second Annual Meeting of :he 3ioelecrical Pepair and
PEMF; the effect was age-dependent with the severest Growth Society, neld on 2u-U2 SePcember 1982 In CDx-
degeneration found among the younger rats. The same ford, England; 2:19; 1981.
degree of vacuolar degeneration was observed in the
liver, but not the kidney, of animals exposed 12 and
16 hr/day, resp., for I wk. Liver degeneration in Results obtained -sing a novel design for electrical
rats exposed for 3 days was not reversed after 11 days stimulation in vivo to determine if a selective1*y
of non-stimulation. The spleen, testis, and skin were applied direct current could induce bone formation in
not affected by PE'ff. The results indicate that great muscle )r cause any other cellular effects are re-
care should be observed when applying PEMF to the ported. Selective in vivo stimulation was applied by
spine or pelvis. securing a 26-gauge multistranded cathode wire inside

a diffusion chamber 'Millipore Corp., volume 130 ,
pore size .45 microns) molanted ip in adult New Zea-
land rabbits. Each faboit contained 2 sc implanted
battery packs, each of which supplied 3 separate cath-

0580 TREATMENT OF AVASCULAR NECROSIS OF THE FE- odes with a constant direct current of 5 uA. Auto-
MORAL HEAD WITH DIRECT CURRENT: A PRELIM- genous muscle was instilled into each of the chambers

N'TARY REPORT (MEETING ABSTRACT). (Eng.) Steinberg, at the same cellular concentration of 3.,,06 cells per
i. S. 'Dept. Orthopaedic Surger;, Univ. Pennsylvania, chamber in the form of a cellular suspension. Three
Sch. Medicine, Philadelphia, PA); Brighton, C. T.; rabbits for a total of 36 chambers were studied.
Tooze, S. E.; Hayken, G. D.; Steinberg, D. R. In: Rabbits were sacrificed at 7, 13, and 1S day inter-
Transactions of the Second Annual Meeting of :he Bio- vals. Two chambers from each animal (I stimulated,
electrical Repair and Growth Society, held on 20-22 1 control) were processed histologically while te
September 1982 in Oxford, England; 2:i8; 1982. remaining 10 chambers were analyzed biochemicaly.

Of the six chambers analyzed histologically (3 con-
trol, 3 stimulated) no difference could be detected

The effectiveness of direct current stimulation as a in cell morphology or in the amount of muscle re-
supplement to surgical decompression and bone graft- generation. None of the chambers demonstrated any
ing in the treatment of avascular necrosis of the osteoblastic activity on hematoxvlin-eosin, saffra-

femoral head was investigated. Initially, 250 cases nin-O, or alkaline phosphatase stains. Of the 30
of avascular necrosis, including 48 hips treated non- chambers analyzed biochemically, no difference could
operatively, 7 treated with drilling/decompression, be detected in protein or DNA content between stimu-
and 9 treated with decompression and grafting, were lated and control chambers. Control and stimulated
reviewed. Seventeen hips were treated by decompres- chambers demonstrated the same degree of cell growth
sion and grafting with either of two techniques of with time. This new technique for electrical stimu-
electrical supplementation. In one, 4 wire cathodes lation allows for the in vivo determination of the
were inserted around the central graft and connected effects of a direct current on any soaable cell
:o an external power source. In the other, a single type.
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 mo. Of A8 hips treated non--oper-

• atively, ! showed progression. All 7 hips rcated 0582 SIMILARITY OF PIEZOELECTRIC PROPERT:ES OF
with drilling/decompression and 7 of 9 treatad with DRY BONE AND POLED POLYMERS MEETING AB-
grafting progressed, although these groups did better STRACT). (Eng.) Williams, W. S. (Dept. Ceramic
than the non-operative group. To dace, none of the Engineering, Univ. illinois, 105 S. Goodwin Ave.,
hips treated with electrical stimulation have pro- Urbana, IL 61801) In: Transactions H4 the Second An-
gressed and 5 have shown healing of cystic areas. nual Meeting of the Bioelectrical Repair and Growth
Most have noted pain relief and one has achieved a Society, held on 20-:2 September 1982 in .xford,
significant increase in motion. Electrical stimula- England; 2:20; 1982 (6 refs).
tion as a supplement to decompression and grafting,
gives a significant improvement In the results ob-
tained by surgery alone. Although this is a prelim- The objective of this study was to understand wh"
inarv report and longer follow-up will be needed for the signals prodaced by cantilever bending f Jr'
definitive conclusions, the present results are prom- bone ire so large, independent of orientation of the
ising and may have important clinical implications, specimen, linearly dependent on the bending moment

about the electrodes, and not predictable from a
piezoelectric d-matrix which adequately describes
the resoonse to iniaxial ,compression; An :xplanation
was alo sought as to why :)oled sheets oftren have a

7581 SELECTIVE I ;-VIVO CELLULAR STIMULATION WITH larger than expected converse effect tbendinz deflec-A DIRECT CURRENT A PRELIMINARY REPORT tion with applied electric field) and also disolay

M..ETG ABSTRACT). *Eng.) Schmidt, R. -. (AcKay the Uirect resocnse features iescrcbed 1bove f.r 2ry
.rthopaedic 3urgerv Res. Lab., Dept. lrtbooaedic Sur- bone. t has recent-:: teen shown that the oiezoelec-

=.% 9o..'
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tric response of dry bone to cantilever bending can and physiological saline 'roved tne ibsencz 7, ar-
be understood on the basis of a spatiallv-varvine asitic electrode effects, and confirmed thie exoected
value of the appropriate d-coefficient, within the accuracy. impedance values fo:r several biological

framework of the classical third tensor theory of materials were then obtained, including blood, =uscle
piezoelectricity: Pi = dijk(x,y,z)t1k. This spatial And bone, and compared with previouslv o'b!isned
variation is justified by the finifing of a radial values. The results include: optimum order roans-

component of the spontaneous polarization. The rect- fer function; transfer Eunction parameters 'Ualace
Angular geometry of a beam cut from a radially poled and Z-transform); equivalent networK parameters;

cylinder (whole bone) requires a spatial variation of standard deviations and confidence intervals far one
the polarization between the electrodes placed on measurement; standard deviations between fifferent

either side of the beam in the cantilever bending samples; and evolution of parameters in time.
apparatus. Integration of the electric field, now a
function of position, between the electrodes yields a

predicted voltage that has the characteristics ob-
served. A spatially-varying value of the converse-
efect coefficient has been shown to explain the 3584 IN THE GRIGIN IF STRESS GENERATED ?':-

large deflections observed ;ith polymer "benders." TI.LS IN 'ET VINE :'EETIN ABSTRACT).
It was found that with electrically-inhomogeneous (Eng.) Salzstein, R. (Dept. Bioengineering, 'ni,.
specimens, bimorph behavior can be duplicated with Pennsylvania, Philadelphia, PA t9104); Pollack, S. R.

"monomorphs." (The bimorph analogy was invoked ear- 'n: Transactions of the Second Annual Meeting of the
tier to explain bone behavior, and the validity of Bioelectrical Repair and Growth Society, held on 23-

the equations produced was confirmed with these 22 September 1982 in Oxford, England; 2:2'; 1982 12

:aramic devices.) Thus the puzzling piezoelectric refs).
response of synthetic polymers (PVF2) and natural
pol7mers (collagen) to inhomogeneous stress can be

exolained on the basis of specimen inhomogeneitv. The origin of stress-3enerated potentials 'SGP) in

wet bone was investigated with particular reference
to the fluid influence on the form, magnitude and

time dependence of the measured SGP. SGP measure-

ments were made as a function of time on 6 cortical
bovine femoral samples in step-loaded four-point bend-

"583 IN VITRO MEASUREMENTS OF BIOLOGICAL IM- ing. From classical streaming potential theory,

PEDANCES (MEETING ABSTRACT). (Eng.) Tuer- the zeta potential of bone was proportional to
linckx, 3. (Electricite Generale CP. 165; Univ. Libre (SGP)(fluid vicosity)(conductivity)/(dielectric per-
Bruxelles, Ave. F-D. Roosevelt, 50, 3-1050 Brussels, mittivity)(outer fiber strain) for four-point bend-
Belgium); Henrotte, J-L.; Rybowski, L.; Dierickx, X.; ing of bone. For the 6 samples, the value zeta

=
)

-insenkamp, *,!.; Burny, F. In: Transactions of the occurred in a range between M=.152 and .337 g-mul/L,
Second Annual 4eeting of the Bioelectrical Repair and the crossover range. Bone is porous, possessing

Growth Society', held on 20-22 September 1982 in Ox- Haversian and Volkmann's canals, canaliculi, and a
ford, England; 2:21; 1982. porous matrix. Therefore, the zeta potential )4

bone may not be a single-valued parameter, but may

be a function of the local composition of the bone
The induced currents and fields in the area adjacent and the fluid at their interface. Accordingly, the

to a bone subjected to electromagnetic stimulation zeta potential will vary spatially and with fluid
-were calculated. In order to obtain realistic re- ton concentration. At low concentrations (zeta<"),
sults, accurate and reliable impesince values for component A is observered at high concentrations

zone and muscle 'both transverse and longitudinal) (zeta<), component 2 is observed. For concentra-
and fatty tissues over the same frequency range as the :Ions near the crossover range, both components A
stimulation signal had to be obtained. A sophisti- and D may be expected. A spiked component, perhaps
cated measurement technique was therefore developed, piezoelectric in nature, is exoectec at the exact
which features: fast measurement (less than a msec) crossover concentration 'zeta-O). The )bserved SGP
far "quasi in vivo" conditions; low amplitude, wid, will be composed of these 3 components earn of a
spectrum input c'irrent signal (4-20 uA, L0 Hz to 2 given magnitude, depending upon the bone architecture

* >Siz); well-defined current flow geometry; a -elec- and the fluid dynamics within the bone.
trode system, cancelling the effects of electrode
impedance; a high-performance output voltage differ-

ential amplifier: discrete-time domain transfer tunc-

-ion analysis; and, microcomputer controlled measure- 3585 FACTORS INF.ENCING HEALING iN THE TREAT-

ment -and data acquisition. The collected data are NENT )F 7ON-LNXGt T ELECTRICITY (.E T-;G
processed by a CDC-lyber computer, using a maximum ABSTRACT). ('Eng.) Eriantan, C. T. (Dept. Orthopaedic
likelihood methoc, and results are validated by sv- Surgery, 'n£,. Pennsylvania, Sch. of Medicine, P-.ila-
aral statistical nvpot~eses tests, giuing a high de- delohia, PA 191)4). Friedenoerz, 7. 3.; Black,
--ee of confidence -n the fina values. The equip- Heppenstall, R. 3.; Esterhai, I. U. n: ransactions

ment was first tested iith reference R-C networks, of the Second Annual Meeting of the Rioelectrical

showing excellent overall -eliabili:v and accuracy Repair and Growth Society, oeld an :- Sentember

ranging trom .5 5. Measurements :n salt water 1932 in ),f-rd, Eneland; :2"; 1982.
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..
The cases of 382 patients wit. non-uni)n secondary to union area. A small o'rtable battery Jelivered -a ,on-
trauma treated with constant direct current were i-ant direct current of 20 uA cathode. Daring :2 WK
reviewed to determine those factors that influenced or electrcal treatment the non-unions M the lower
the healing rate. The patient population consisted extremity were immobilized in a non-weight bearing
cf 231 males and 151 females of average ige 3S.7 yr plaster cast. -asts were also 'sed fur the _pper ex-
and with an average duration of the non-union of 2.5 rremity except in 3 cases with non-unions of tn-e hum-
":r. There were 392 non-unions in the 382 patients. anus where a Hoffman external apparatus was -sed.
Forty-three percent of the original fractures were Only fractures that were not clinical>: nealed within
open, 66t of the non-unions had been been operated on a minimum of o mo and that had not shown an; turther
previously, and 22% had a history of )steomyelitis at signs of healing on x-ray during the last 3-mo period
the non-union site. Forty-seven percent of tne non- were included. The bones involved included the tibia
unions were hypertrophic and 13% atrophic, 4,0% were in 12 patients, the scaphoideum in two, the femur in
neither or were mixed; the "classical" mortar and one and the humerus in four patients. One unsuccess-
pestle configuration was uncommon (3%); :2% of the ful fusion of the ankle was also included. The 4ura-
non-unions contained a synovial oseudarthrosis 'the tion of non-unions ranged from 6.5 to - no, ;ith a
humerus showed the highest incidence of this, -11); mean duration of .7 mo. Two of the non-unions were
a non-union "scar" remained in the medullary canal in originally open fractures. Four non-onions had been
:2% of the healed patients; and the majoritv of ti- operated on earlier in unsuccessf-l attempts to
bial and femoral non-unions were sclerotic or of nor- achieve union, and three patients had a previous his-
mal density, and the majority of humeral non-oinions tory of deeo infection. Of 20 pacients treated, 9
were osteoporotic. Factors that adversel; affected achieved solid bone union. However, most of the
healing were: (1) presence of synovial pseudarthrosis non-unions of the long bones did not heal until 6-12

" (healing rate 0%); (2) interfragmentar" gap greater mo after the beginning of electrical stimulation.
than one-half the diameter of the bone (healing tate The tibia was the easiest bone to treat, while the
"%); combined thickness of the cortices (either pro- numerus seemed to be the most difficult, an experi-
ximal or distal to the non-onion site) of less than ence which agreed with other reports. Minor oompi-

o4f the total width of the bone at that level cations such as broken and dislocated Kirschner-wires
(healing 25%); osteoporosis of the ends of both frag- and superficial skin irritation were observed in o
nenta at the non-union site (healing rate 29%); and cases. One patient with a previous deep infection
(5) osteomyelitis at the fracture site (healing rate experienced a recurrence of osteomvelitis and one
a1.). The age of the patient, the duration of the patient with a non-union of the scachoideum without
non-union, and the presence of pre-existing metallic previous infection developed a deep infection after
.ixation devices did not affect the heal rate. The 9 wk of treatment. Electrical stimulation of non-
o verall heal rate for those patients treated ade- unions is considered to be a promising complement to
quately with direct current was 31%. Real rates for accepted surgical therapy, especially in cases not
the individual bones were as follows: metatarsal, suitable for surgery. This study also indicates W '
malleolus, fibula, and and talus - 100%; radius - that all types of non-unions do not respond well to
93%; tibia - 16"; carponavicular and ulna - 82%; electrical treatment.
femur and clavicle - 71%; and humerus 54%. ComlI;a-
tions were few and consisted mainly of mild i-- a-
tion around the cathodes at the skin level i e
patients who were too active with the casteo -..tre-
miy. ';o deep infections occurred in this series. 0587 ROENTGENCGRAPIC OBSERVATION OF ELECTRICAL
-t r z-oncluded :hat the treatment of non-union with CALLUS FORLTION IN CLI'ICAL CASES (:EETI':G

direct -urrent is as effective as bone graft surgery ABSTRACT). (Eng.) inoue, S. iDept. Orthopaedic Sur-
with s much lower risk/benefit ratio. gery, Murakami Memorial losp., Gifu toli. Dentistry,

1-6 Wakamiya-cho, Gifu, Japan 500); Ihashi, T.; Ka~i-
kawa, K.; Tada, It.; Saito, Y. In: Transactions of
the Second Annual Meeting of the Eioelectrical Repair
and Growth Society, held on 20-22 September :982 in

)58f TREATMENT OF NON-UNION WITH CONSTANT DIRECT Oxford, England; 2:25; 1982.
WURRENT (MEETING ABSTRACT). rEng.) Ahl,

T. (Dept. Orthopaedic Surgery, Danderyds Hoan., S-i82
38 Canderyd, Sweden); Andersson, C.; Herberts, 7.: Approximately. 0O cases of non-union or delayed -nion
Kalen, R. :n: Transactions )f the Second Annual Meet- were treated with electrical stimulation isins stain-
ing of the loelectrical 7epair and Crowth Society, less steel cathodes ond stainless steel -r carbon
-held cn 20-2 Seotember 1982 In Oxford, England; 2:10; fiber inodes. Roentgenograohic analysis f the eic-
1982. trcal calus formation in these cases indicated mnar

the shape and site of the -ailus were not uniform.
Some cases showed callus formation all around insert-

series )f 21) non-inion cases are presented -hin In2 and Pro ectin8 areas of the c:othode. Other cases
were treated wIth constant direct current at Isn ren- snowed callus formation _n either part )f lnsert:inz
ska Hospital and Ostra Mospial in Gothenbur nd it -nd :ro'ectina areas of the cathode. Some showed no
landeryds Hospital -.n 3t~ckholm, 3weden. "hree to s-gnificanr calus formatron it te cathode si:, but
tour teflon-coated Kirscnner ,ires, which icted is cradual 'illing sppeared ac the fracture sits ina
-athodes, -ere nserted inrecutne,)us-i' into - non- callus frmition was 5)und a the uin sLre of tne ex-
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Btological Effects of Nonionizig Eectromagner:c
Radiation V1(2-4). July 1983 Meeting Abstracts

terna skeletal fixation apparatus. it is not known 'one fracrures. 7leven sattent id .on-un:;n -t t-e
why the different types of electrical callus are tibia, 2 of the forearm and .had I failed fusion of
formed. The electric potential distribution and cur- he knee. The averaze tine f n.on-union was -, me
rent between cathode and anode are too complicated (13 to 55 mo). The Stimulator ,onstetel at a waoe-
in vivo to clarify even with a computed simulator, torm generator, high aurrent output stage ind treat-
Results of experiments using rats indicate that the ent coil. The coil wss in two flat aircular sec-
callus is formed by oroliferation and differentiation tions of diameter 18 cm, mounted so tnat the spacing
of oeriosteum and endosteum promoted with electric could be ad'usted from ifew cm to approximately 25
stimulation. It is postulated that electrical callus cm maximum. The waveform generator provided i pulse
is formed at the most proper area of electric current train of prf '- kHz, ducy cycle aproximatelv 90%
and potential distribution. modulated ny a second pulse :rain of orf 25 1z, duty

cycle 7.5%. This provided a romposite waverorm con-
sisting of 3 msec duration bursts of the ) kHz pulses
at intervals of -I msec. During each ycle of -he
kEz pulse train, tne output stage produced a magnetic

0588 ELECTRMAGNE 0 ....DS USED :N THE TREAT- field in the coil rising linearly to a ceak value of
"ENT F FRESH FRACTURES OF THE RADIUS around 3 m! in 230 usec, followed by decay to zero in

MEET:':G ABSTRACT). (Eng. ) Wahlscrom, 0. (Dept. approximately 20 usec. All the cases, except one,
irthopaedic Surgery, Univ. Hosp., Linkoping, Sweden) united within an average of 4 mu (3 to 3 mo). The
in: Transactions of rhe aecond Annual Meeting of one failure was due to human error in over compress-
toe Bloelectrical Repair and 1rowth Society, held on ing the fixator and refracturing the non-union. The
20-22 September 12 In Oxford, England; 2:25; 1982. use ot an external fixator allows adjacent toints to

be kept mobile ind the skin to be treated, while the
patient undergoes ?EMFs. Subsequent to this report

The effect of extremely low frequency (ELF) electro- the technique has been used successfully for rionunions
j agnetic fields (EMF) on the healing activity of in most long bones including the femur and the homer-
fresh fractures was investigated. Thirty women (50- us. This method has become the basis of a double
70 yr old) with extra-articular, dislocated fractures blind controlled trial to determine the effectiveness
of the distal radius underwent routine treatment with of PEMs.
closed reduction and Immobilization in a cast for 4
wk, and were then randomized Into a therapy and a
control group. The therapy group was treated during
immobilization with EMF in the ELF range (1-1000 Hz)
by means of a copper wire coil and a battery-powered 0590 THE COMPATIBILITY OF METALLIC FIXATICN WITH

Scurrent-generator. Scintimetrical examinations were PULSE ELECTROMAGNETIC FIELDS ',EETING AS-
- performed 1, 2, 4 and 3 wk after the initial trauma, STRACT). (Eng.) Bassett, C. A. L. (630 W. 1n8th St.,

with 
9
9m-Tc-diphosphonate ised as a tracer. The re- New York, NY 10032); Schink, M. M.; Mitchell, S.

suIts obtained after 2 wk showed a significantly (p< in: Transactions of the Second Annual Meeting of the
0.31) higher increase in scintimetric activity over Bioelectrical Repair and Growth Society, --eId on
the fracture area in the EMF-treated group compared 20-22 September 1982 in O'xford, England; 2:23; 1981.
to the control group (p<O.&l). The serial scinti-
metric examinations indicated that EME-treatment gave
a significantly higher increase at the beginning of The compatibility of metallic fixation with tuised
the healing process (p<0.01) and there was probably electromagnetic fields was investigated in 510 cases
also a retrogression toward normal values faster in of non-union. Each patient treated with pulsed elec-
the therapy group than in the control group. The re tromagnetic fields (PEMFs) had a history of at least
suits indicate that treatment of fresh fractures one failure to achieve union after the use of plates,
-with EMF )f this tyre is efficacious. screws, int:amedullary rods, or pins. \:o oatient

had a concomitant surgical attempt at repair. The
series included loosened, broken and distracting me-
tallic devices. PENFs, lone, or in combinatior with
plaster casts and non-weight-bearing were used by

),359 THE USE OF THE DENiAM EXTERNAL FIXATOR IN the nearly 200 surgeons who contributed patients.
CONJUNCTION WITH ELECTROMAGNETIC INDUCTION The overall success ate was '5% and ranged from 36%

IF FRACTURE 4EALING (MEETING ABSTRACT). (Eng.) for the tibia ta 51% for the humeris. Twenty-nine
Simonis, R. 3. (Rowley Bristow Orthopaedic Mosp., ner-ent had ihistory of infection and inman occurred

" ?yrford, Woking, Surrey, England); Good, C.; Cowell, in 70,% of these. Paients with a lon, disability
T. K. In: Transactions of the Second Annual Meeting time (2 vrl and atroohic lesions had the lowest suc-
of the 3ioelectrical Repair and Growth Society, held cess rate 'except for the tibia). Union was deter-
on _0-22 September 1982 in Oxford, England; 2:27; mined, in part, by patient management. When hardware
a92 was cose ), broken and a souni piaster rast was

used, (and nmn-weight-bearing f)r lower axtremitiec

the u5cess rate for ill le-ions except humerus, was
Results are presented using pulsed electromagnetic 93.. In the humerus, good manaaement -rinc!?les .7-
fields (?EMFs) romhlned with Denham external fixatron proved the :ercenta)e of anton -r m , !nr ,'

compressed ta provide riaidltv) in toe treatment or to 7. 57 urt",ernere, 7arlents, :o -1.o r7otoeco-
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5'o'cg'cai E.fects :t Ncr cr!:g E et.-onetc
Meeting Abstracts ;acaton v/12-J. Julv "983

graphic evidence of cosening ippeared, iround iriws ent reI.' consistent wot the aoo, *e: a ,:m
jr rods ke.3., radiolucent zones), ma-nrested in in- e'eis in the cells ire beo.g I: ected. The rsuclt-
creasing radiodensitv in these regions of bone re- ing hange in zAMP metabol!sm ind the :nterrec chnge
sorotion. No clinIcal evidence ot corrosion was 1n ,ca_2oum .evels ire ilso :onaistent with the -re-
fo4nd and devices removed After union appeared ciousI'

. 
reorted :ictj of Th. .n chick embr.u

clean." The median tIme to on on for all anatomiucl toboe.
sites was n mc, essentially equal to that in a series
of 1078 non--nions in which only :00 patients had
metal in place durmn ,- M treatment. This stud:
confirms the proposal that PEMFs and non-magnetic
devices are compatible. 9592 ZLECTRCMAGNETiC 

M
GDULATO; )F :ALCIUM '-

TAKE T; EMBRYCNIC 'IK Tr3B:A IN ,,? . DE-
PENDENCE ON INDUCED £UR.ET ;AVEFCLM PAPA mTERS
'MEET"ING ABSTRACT). (Eng., ? 7'a, A. A. (3ioeiec-
trochemistry Lao., Dept. Aooll*o Themistrv and :,emi-

* 2591 THE IFYFECT _F PULSED MAGNETIC FIELDS -ca! Engineering, Columota cYor, ' .
CAMP METABOLISM IN CHICK EMBRYO TIBIAE tola,:izo, ;. In: Transactions or 'ne Second Annual

* ThEETING ABSTRACT). (Eng.) :ones, 0. B. (Strangeways Meeting of the Biocletri a epai nd Irowt -
Res. Lab., lambridge, England) in: Transactions of ecy, held n 1J-21 September :92 n Oxford, England;
the Second Annual Meeting of the Bioelectrical Repair 2:30; 1981.

*i" - and Growth Society, held on 0-22 September 1982 in

OThe relationshio between induced current pulse oara-
meters and short tome -u uptake in osteochrondro-

The effect of oulsed magnetic fields (?XF) on cA.P genic tissue was investigated. Paired tibiae were
metabolism was studied as a mechanism of transducing dissected from 9 day white Leghorn chicken emor-os
electrical sti-mulaticn into cellular metabolic ef- and placed in 1 cm

3 
'of a simplified culture medium

fects. cAYW was extracted from the aetarated shafts consisting of (mM) NaCI, 90; KO,, 6; CaC, .

and cartilages of whole rudiments which were cultured MgSO4 , 1.2 glucose, 120; OaHC,, 10 - ; NarO- , 5;
on serum free medium for up to 8 days. PMF were p1 adjusted to 7.o, containing 1.5 uCi of 1

3
Ca.

applied, after the first 24 hr, in a cycle of 6 hr One of the tibiae of each pair was placed (at 38 C)

ON, 6 hr OFF. Although PMF had no effect on the DNA between Helmholtz coils and exposed for oi min to
content of shafts or cartilages, PF treated cA.MP several induced c-urrent waveforms. Ca uptake was
values showed large fluctuations when measured half assessed by scintillation counting of the medium 2
way through the OFF period. When PM? switched OFF after exposure. All induced current waveforms were
after 186 hr of culture, cAMP levels in shafts rose bipolar and approximately rectangular having pulse
by up to .00% within 5 min, dropping to 150% over widths of 2-400 usec. The signali were periodic
control by 30 mln, and then fluctuated widely around consisting of repetitive single or pulse burst pat-

" control values for the rest of the OFF cycle. Car- terns. The peak induced current per pulse varied
tilage responded to ?MF OFF by dropping sharply in between 0.. and a A/cm

3 
as measured in the medium

A.MP content to 60% of control by 5 min and then using specially constructed electrode probes. Ca
r returning to a wide fluctuation around control values uptake in the treated tibiae ranged to a peak of I0t

over the rest of the OFF period. When ?'IF swithed 7% above controls and was clearly dependent upon
ON at 192 hr, shaft cAM.P values rose 150% by 5 min signal parameters. A dose effect existed versus
and then fell rapidly after 15 mn to 30% of control pulse amplitude and/or repetition rate. For example,

content at 30 min, after which cA.MP content flucuated the peak response was observed &or a 3 macc burst of
widely around control values. Cartilage showed a 200 usec main, 20 usec opposite polarity pulses re-
reverse response, dropping below control at 5 min peating at 15 Hz, falling off below and above this
and then increasing to a fluctuation averaging above repetition rate at a constant Induced current ampli-
control after 30 min. inhibitors of phosphodiester- tude of Z uA/cm

3
. In addition, pulse width could

ase (PD) were used to calculate the relative acti- be predictably varied within the range of this study
vities of PD and adenylate cyclase (Ac). These provided amplitude and repetition rate were appro-
studies showed that although in shafts at 30 min priately modified with little effect on the peak
into the ON period cAMP content was at 30% of con- response. All of the results obtained In this study

oroL, Ac acti,.ity had risen from 0.1 pmole min per showcd a remarkable degree of correlation with fre-
ug OH;A to .6 omoles min og DNA, but this activity :uency analysis of the induced current waveform based
was exceeded by the race of ?D activity, resulting upon the ion binding pathway.
on a net loss of cAMP. Other changes in tAMP content
could be explained In terms of the relative activi-
ties of Ac and PD. Trifluoperazine, an inhibitor of

0 calmodulln was used to study the action of PM? on
calmodulin in the activation of Ac and PD, and indi- 9593 PHYSICAL PACTORS INVOLVED IN 3I,-LGICAL RE-

tared that the activation of Ac and ?D was calmodulin SP7NSES TO ?'LSED MAGNETIC 91ELDS METI:G
Ieoendant. These results indicate that PMF affects A3STRACT). (Eng.) Jackson, S. F. 1Straneewavs Res.
'AMP metabolism through the activation of adenylate Lab., 'orts Causeway, Cambridge (Bi -RN, England,;
cvclase ind p osphodiesterase, and effect that is Marsldnd T. .; Far-dale R. W.; Boutle, A. A. In:

de~2
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Transactions of the Second Annual Meeting of the 3iL- to two Helmhotz :oils. The .,)l' ;ere -spac d : m
electrical Repair and Growth Society, held on 20-22 1part and eacr. had 5l turns with i c:rcumtfrence t

September 1982 in Oxford, England; 2:31; 1982. 41) cm. The induced current densit: was ibot I.
uA/cm

2 
and established in electrical gradient )f ip-

proximatelv 3.) -V cm. Four viscose sporges of near-
Data accumulated from studies of tibiae grown in lv eoui:alent wt and size were implanted cc :n -'

organ culture under the influence of various PMF were rats. The rats were randomly 1ivided in two grouaps

correlated with information about (a) time responses A (controls) and B (field, experimental). The rats
and (b) amplitude and frequency content of the sig- were placed in plascfe tube restrainers for periods
nals as defined by classical Fourier analysis. The of 20 hrs'day. Group 3 rats were placed between the
processes used as yardsticks of the effects on osteo- coils of the pulsed field. Group A was kept under

genesis and chondrogenesis included morphology, DNA identical conditions except for the field. Seven
metabolism/cell proliferation, changes in amounts of days later, the rats were weighed and sacrificed.
collagen and proteoglycan constituents and minerali- The sponges were removed and weighed. 1istological
zation. Studies of the effect of treatment time reactions of the sponges were compared for the numoer
have shown two types of response: linear increase, of macrophages, neutrophils and fibroblast; ,resent

decrease with time, indicating i cumulative effect; by counting 10 high power oil immersion ":elds in
or a discontinuous effect in that prolonged treatment each section. Both groups of inimals showed identi-

reduced increases obtained with shorter exposure cal weight loss of 56 g luring the experiment.
times. When different pulse train waveforms were There were no statistically sinificant changes in

applied under the same experimental conditions, dif- the weight of the sponges (control = 25. =iO.;
ferent levels of response of one process were obtain- field on 24.9±5.1). A statistically significant

ed. This finding may be related to the different (p.< 05) increase in the number of fibroblasts in the
energy and,'or frequency content of the waveforms PEMF (71.7 vs 54.8) was observed. The number -f

used. A major difference lay in the range 15-65 kHz neutrophils and macrophages showed no statistical

'3 dB band width), while both 15 Hz and 4.4 kHz difference. Spectrophotometric scanning showed a
harmonics were common to all signals used. Compar- qualitative difference in the collagen present us-
ison of the effects of repetition rates in the ing trichrome stained sections. The results of
range of 6-133 Hz with SP waveforms, in which the these experiments confirm data obtained by others
signal level was maintained at a constant value, that PEMF affect certain cells which are involved in

showed that a 15 Hz rate achieved the best balance wound healing and/or collagen formation. Further
between the various processes measured. Since the studies are in progress to define the exact nech-

frequency content of the signals was similar, the anisms involved.
observed changes may be related to differences in
the harmonic spacing of the signal and/or changes in
amitude, resulting in reductions of energy. Con-

sideration has also been given to possible field

effects, so as to provide information about the 0595 MEASUREMENT OF SKIN POTENTIAL PATTERNS
relative importance of polarization phenomena versus (MEETING ABSTRACT). (Eng.) MacDonald, N

the effects of small diffusion currents. Results (Dept. Electrical Engineering, Univ. Wales, Swansea,
also suggest that the organizationinature of the SAZ 8PP, England); Watson, J. :n: Transactions of
tissue may play an important role. the Second Annual Meeting of the Bioelectrical Repair

and Growth Society, held on 20-22 September 1982 in

Oxford, England; 2:33; 1982 (3 refs).

)594 EFFECT OF PULSED zLECTROMAGNETIC FIELDS ON Very low drift direct current silver/silver chloride

CELLLAR :NFILTRATION AND COLLAGEN FORMA- electrodes were used to produce a quasi-three-dimen-
TION IN IMPLANTED VISCOSE SPONGES (MEETING ABSTRACT). sional display, with the axes of voltage, position,

"Eng.) Jolley, W. B. (1329 Pacific St., Redlands, and time. An indifferent electrode was referenced
GA 92373); Knierim, K.; Ham, J. M.; Hinshaw, 0. 3. to a position over the mid-diaphysis of the tibia,
in: Transactions of the Second Annual Meeting of the and eleven other electrodes were positioned proximal
Bioelectrical Repair and Growth Society, held on and distal to it. All the electrodes were interfaced

20-22 September 1982 in Oxford, England; 2:32; '982. to a microprocessor-controlled electrometer-type mea-
suring instrument, and every 15 min, the set )f read-

ings was sampled. The microprocessor then plotted
The effect of oulsed electromagnetic fields (?EMF) each point using an X-Y plotter, and interpolated
on :ellular Infiltration and collagen formation was continuous lines from each point in the previous set

Investigatd in viscose sponges implanted sc in the to produce the quasi-three-dimensional format. The
rat living in PEMF for a period of 7 days. The PEMF choice of the skin surface over the mid-diaphysis
was generated in bursts )f pulses, each burst lasting as the reference or indifferent point, was made on
5 msec with a repetitive rate of '5/sec. The pulse the empirical grounds thac potentials both proxima.
rate within each burst was 3 KHZ. Individual pulses and distal to this point were normally positive.
had a duration of 200 usec in their principal deflec- The potential pattern itself appeared to consist of

:ion followed by a smaller deflection of opposite "electroblological noise" some 5 to 10 mV high, with
polarity lasting i usec. These pulses were applied slowly--hanging peaks up -o 35 mV iuoerimpocsed. :t

35



Sologicai Lecas E o,or pL,on,z rg e~ a , c

Meeting Abstracts Raaiatlor vha:-j .Iy ;a

"* has been noted that this pattern can he .arkedl' The eftects of direct eetr:c currents n i't-ic-
altered (even to polarity reversal) by boch physical 'ular pH and :ransmembrane tentil tn r r 7

and mental disturbances on the part of the subject. were investigated. After the romoval )f tte ha:: IV

:-ots from healthy volunteers and others are pre- plucking, the skin from the nacK 3r i1-lay-Ad -ie
sented. Wistar R rats was isolated and 'initudknallv nalvec-.

One half served is control ind :he )cher iall .As
stimulated by constant Utrect electrmc :urrents
varying from LI uA to ICUC mA. The tissue flans

O596 THE EFFECTS ,f PULSED ELECTRCMGNET:C were clamped between t'o id mstable stainless stee!
FIELDS ON PROTEIN SYNTHESIS AND MEMBRANE electrodes and placed in ?Krebs-Ringer bicarbonate
TRANSPORT IN". RAT SKIN (MEETING ABSTRACT). buffer to be incubated for 2 hr at 37 C with anoS(Eng.) Delport, P. H. (Faculty Medicine, Univ. Lou- without direct electric currents supplied by a sta

vain, Louvain, Belgium); Cheng, N.; Hoogmartens, :1. bilized power supply. By cutting the skin in strios
';uler, J. C.; Sansen, W.; De oecker, W. In: parallel to the electrodes, protein svnthesis, '-?

Transactions of the Second Annual Meeting of the 31- generation intracellular pH and transmemnrine outen-
electrical Repair and Growth Society, held on 20-22 tials were measured as a :unction n:te :stbnces
September 1982 in Oxford, England; 2:34; 1982 . ref). from the cathode and the inode ind is a 'unct-,cn

the current intensities. Wich direct electric cur-

rents of 100-750 uA, protein synthesis was stimulated
The effects of pulsed electromagnetic fields (PEMF) by up to 75% (p<0.O01) and AT? generation increased
on protein synthesis and membrane transport in the 4-5x about the non-treated controls. The n-ghest
akin of rats was investigated. Skin from the back of levels of stimulation were obtained adjacent to the
locally inbred male Wistar R rats, during the rest cathode. Near the anode the stimulatory effects on
phase of the hair-growth cycle at 21 oays of age was protein and on AT? synthesis were decreased by 9%
used after plucking of the hair. During incubation (p<

0
.O) and by 68%, respectively. After electro-

at 37 0 for 5 min to 120 min a ?E2f was applied to stimulation with 500 uA for 2 hr, a pH gradient was
one skin sample of each rat while the other half was measured from 7.68 = .04 near :he cathode to
identically incubated outside the reach of the elec- 7.05 ± <0.00 ) near the anode. When currents pass-

V tromagnetic field. Driving voltage varied from 5 7 ed through the tissue, the resting membrane poten-
to 20 7, pulse frequency from 50 Hz to 10 kHz, pulse tial was depolarized at the cathodic area, while a
width from 10 osec to 150 usec, pulse burst frequency hyperpolarizacion occurred at the anode. The change
from 1 Hz to 70 Hz and the number of pulses from 20 on transmembrane potential was a function of the

S. to 100. The in vitro stimulation of the skin by PEME distance from the electrodes and the intensities at
resulted in an increased incorporation of [2-14C] the current. During treatment of skin with a direct
gl!ycine and of l-[U- 4

C] alanine into the proteins electric current, a higher anabolic activity nearer
only with a specific combination of parameters. The the cathodic interface appeared to be conditioned
incorporation of [2-14C] glycine or L-[U1SC] alanine by a proton gradient and a membrane potential ;radi- '.
into the protein was increased by 40% to 90% with the ent. Proton transfer leading to AT? generation seem-
PEMF characteristics: 10 11, 5 kHz (pulse frequency), ed to occur by a repetition of elementary proton
£3 usec; 20 Hz (pulse burst frequency) and 20 pulses Jumps resulting in a charge transport.
per burst. Increasing either the pulse width to 20
usec or the pulse burst frequency to 20 Hz, equally
stimulated protein synthesis. The amino acid trans-
port was enhanced by 30 to 60%. A related time curve
(5120 min) was established. Only specific combina- 0598 CHANGES IN MEMBRANE PERMEABILITY AND INTER-
tions of pulse parameters resulted in stimulatory ef- ACTIONS BETWEEN CCNNECTIVE T:ISSUE MACRO-
fects an metabolism. Thvmidine incorporation to eval- MOLECULES INDUCED BY AN APPLIED ELECTRIC rp.RENT
uate DNA metabolism did not show any clear evidence (MEETING ABSTRACT). (Eng.) Eisenberg, S. k. (Contin-
of stimulation by PEME nor did AT? generation in- uum Electromechanics Lab., Dept. Electrical Engineer-
crease. These observations suggest that the metabo- ing and Computer Science, Massachusetts Inst. Techno-
lic effects of electromagnetic stimulation are proba- logy, Cambridge, MA )2139); Grodzinsky, A. J.; Fech-
blv based on mechanisms different from those observed ner, P. Y. In: Transactions of the Second Annual
with :he direct electric currents. Meeting of the Bioelectrical Repair and Srowth Soci-

ety, held on 20-22 September 1982 in Oxford, England;
2:36; 1982 ( refs).

597 THE EFFECTS IF DIRECT ELECTRIC -KRRENTS ON Changes in membrane permeability and interactions be-
:NTACELLLAR ;: AND TRA NSMEBRANE POTEN- tween connective tissue macromolecules induced bv an

7.£AS IN RAT iKIN (MEETING ABSTRACT). :Eng.) Theng, applied electric current were investigated. Corium
.raculty of Medicine. Univ. Louvain, Belgium); collagen membranes, approx. 150 micron thick, were

?renen, i.; Carmeliet, 7.; 4oogmartens, 11. ;.; Mulier, placed in a transport 'cell with gridients in N;aCl or

S. ansen, 4. M.; De :iecker, ',;. :n: Transactions pH. Collagen is nearly Isoelectric at neutral pH and
i-of the 3econd knnual Meeting )f 'ne 3ioelectrical 'has (+) charge at low pH. Application of approx.

?eoair and Irowth Society, !,ell )n '.C-22 September mV (applied current density 'J] - 6.6 nA,"cm-) across19n .xford, _ngland; ::35; 19 the membrane produced a change in intermolecular

A;amletE nMulr lce natrnpr.cl ihgrdet•i aio
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V j .•swelling forces and concomitant isometric tensile oigher oumoer, ;ith larger :ell ireas. A coar'on

force measured by the load cell. The possibility &r each :reatment t, 3 -day incuicured trlge'm-na.

tnat matrix swelling is linked to changes in solute ;ang!i is presented graphicall. It is oonclidcl

oermeabilitv was tested via measurement of radionu- that current levels )f .- '2 LA asing iny electr;de

c cide tracer flux '31,0 and 
1

"C-sucrose double tracer) system 'plat7ium, tintalun, )r agar -al: electrides
before and after membrane p1 or ionic strength was stimulate nerve regeneratton in vitro.

changed directly or by means of J. The force kinetics

and polarity observed suggested that an electro-dif-

fsion process controls intramembrane NaC concentra-

tion. Hence, changes in intermolecular spacing which

affect permeability occurred in approx. 10 sec for a Ob00 ELECTROMAGNETIC INDUCTION OF NEUROTRV;S-

* membrane thickness of approx. 150 um. The fact that M1TTER RELEASE FROM A NEURONAL CELL LINE IN.

.4,0 permeability was not significantly altered by TISSUE CULTURE (MEETING ABSTRACT). Eng.) Rein, G.

suggests that Mlectroosmotic entrainment of solutes (St. Bartholomew's 4os., Dept. Medical Electronics,

could not be the only cause for observed changes in West Smithfield, London, England); Dixey, R.; Watson,

sucrose flux. Rather, small changes in matrix inter- I. In: Transactions of the Second Annual Meeting if

molecular spacing can have a significant effect on the Bioelectrical Repair and Growth Societyi, held on
the diffusivity of a larger solute (sucrose) whose 20-22 September 1982 in Dxford, England; 2:39; :982.

size is not small compared to membrane pore radius.

The effect of low frequency electromagnetic (LFEM)

fields on calcium-dependent neurotransmitter release

was investigated using a neuronal cell line. Pheo-

2599 NERVE R.EGENERATICN IN VITRO: CORRELATION OF chromocytoma (PCl2) cells grown in monolayer culture

CURRENT/POTENTIAL LEVELS WITH NEURITE OUT- were placed in a CO: incubator between two concentric

GROta, NEURONAL CELL NUIMBER uND AREA (M.EETING AB- coils connected in parallel to a driving circuit and

STRACT). (Eng.) Sisken, 3. F. :Wenner Gren Res. Lab. pulse generator producing a train of square wave

and Dept. Anatomy, Univ. Kentucky, Lexington, KY); pulses. A pulse width of 0.6 msec with a 1.4 osec

3arr, E. In: Transactions of the Second Annual Meet- gap between each pulse was used for all experiments,

ing of the 3ioelectrical Repair and Growth Society, giving an overall frequency of 500 Hz. The magnitude

>eld on 20-22 September 1982 in Oxford, England; 2:38; of the resulting magnetic field applied to the cells

:9821. varied from 1.6 to 8.5 G with the electric field
strength in the medium ranging from +0.038 to -0.319

Vim. Noradrenaline 
1
NA) release was measured in Log-

m E:idence is presented that correlates the morphologi- arithmic phase PCIU cells by preloading synaptic stor-

cal parameters of neurite outgrowth (NO) and mainte- age vesicles with 1H-NA taken up from the medium.

nance of the neuronal population (neuronal cell areas After an extensive washout period to reduce cytoplas-

and numbers of cells) with different direct current mic stores of NA, the spontaneous efflux curve was

,evels. Trigeminal ganglia, obtained from 8-day-old determined by measuring radioactive NA in the medium

. chick embryos, were placed in 60 mm tissue culture for 12 sequential :5-min periods. For the experi-

dishes (Falcon 3002) containing 6 ml culture media. mental runs, two culture dishes were removed from

The tops of these dishes were modified to hold ei- their protective Numetal shield and placed between

:her olatinum electrodes, tantalum electrodes, or the coils in the incubator during the 7th and 8th

ogar salt bridges. Potentials of -200, -400, -600, time periods. Release values were expressed as a

and -300 mV were imposed on dishes by employing an percentage of total vesicular stores and normalized
agar salt bridge to a saturated calomel reference for direct comparison between dishes. Release values

electrode connected to a potentiostat. Current/volt- observed during LFEM field stimulation were 28% high-

age curves were first obtained for each metal elec- er than control values obtained at the corresponding

trode and current values alone for the agar salt time points (p<O.00I). This elevation was attributed
electrode in the tissue culture medium. In vitro to increased release of NA from the cells since addi-

experiments on the ganglia (control cultures, cul- tional experiments have ruled out the possibility
tures treated with various levels of direct current, that LFEM fields cause cell detachment. The addition

or cultures treated with NGF, 10-8 4) were conducted of 15 mM Mg
-  

to the medium during the experimental
for 3 days. Neurite outgrowth was determined semi- periods completely inhibited the LFEM field induced

iuantitatively in all cultures. Neuronal preserva- release. Since magnesium is known to be a specific

tion was assessed quantitatively by counting the calcium antagonist and inhibits depolarization in-

number of neurons in 2 micron sections of the ex- duced release in PC12 cells, lFEM field induced re-

plants on three levels and determining neuronal cell release is likely to be dependent on extracellular

area on these sections. Neurlte outgrowth was corre- calcium. However, it remains unknown whether the re-

laced with current levels rather than potential dif- lease observed occurred via the same exocytotic mech-
ference, i.e., maximum NO with tantalum was at -400 anism as conventional depolarization induced release.

mV (10 nA) while platinum was at -200 mV (12 -A). Nonetheless, the magnitude of the effect was of the

':umbers of cells in ganglla treated with current same order of magnitude as release previously shown

(1-20 n., any electrode) and mean neuronal cell areas to be induced in these cells by certain types if

were all comparable. Increased levels of current cholinergic stimuli. The results indicate that PCi

decreased both parameters. NGF treatment produced cells can be used as a nodel system tor 3tadving toe

.9-1
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effects of electromagnetic field in neuronal uncticn tne nielec:rca. e! ,r iind Crow': 3,cce:., ;'i:
and more specifically for studying their effects )n 22-'l iepctmber 1912 n 3xfordo Englano;
neurotransmitter release mechanisms. ref).

The effects o)f e:ectroma4netical2'-tnducsd :ulst~ng
currents (E:?C0 3n chondrocVte m3ultirlicat: were

3601 tHE EFFECTS OF EMBRYONIC NERVE TSSUE AND studied in vitro using cultuJred cartilage cells from
DIRECT CURRENT ON A:MPUTATED RXT LIMBS I5-day old .hick embryos. The metaphvseal car-.ie

<MEET:NG ABSTRACT). (Eng.) Sisken, B. F. (Wenner of tibial epiphysis was isolated b Jicroo4isec:on
Gren Res. Lab. and Dept. Anatomy, Univ. Kentucky, Lex- under sterile conditlons and submitted to enzyme
ington, KY); Fowler, I. In: Transactions of the Sec- digestion. The subsequent chondrocyte suspension 30-
ond Annual Meeting of the Bioelectrical Repair and rained was added to 25 ml culture flasks, each :on-
.rowth Society, held on 20-22 September :982 in Ox- taining 120,000 cells in A ml Dulbecco's medium is;u-
ford, England; 2:40; 1982. nlemented with '5Z fetal cilf serum. Ateach ate;

of the growth cycle a group of c flasks was expsea
to EPC kmean induced current density uA -m 2

the use of neural tissue implants combined with the between two air gap electrical coils for 2 or I das.
application of direct current using bimetallic elec- Between day ) and day 10, chondrocyte number or 'NA
trides to induce partial limb regeneration in a non- content was not modified by a 2-day exposure to ElPC
regenerating vertebrate species was investigated. compared o controls. On the contrary, when studied
The right fore-limbs of male rats (inbred Harlan between day I2 and day 20, there was a 13% increase
Fisher F3e , 21-28 days old) were amputated at the in cell number and 33% increase in DNA 2er -.ask.
mid-humeral level. Experimental animals received im- The ratio of DNA per cell was not changed as comoared
zlants of fetal (14 day) brain or spinal cord obtain- to control flasks. Three-day as well as two-da: ex-
ed from pregnant Harlan Fisher F344 mothers, twenty- posure to EIC gave a similar scimulating effect.
six animals received nervous tissue implants alone; However, this increase in the two parameters studied
10 animals received implants strung on tantalum wire, was never observed when the cells were continuously
and animals received implants strung on platinum/ exposed to EIPC during the last 10 days of culture.
silver bimetallic electrodes that generated direct It is concluded that short exposure to EPC can in-
current. Control animals received no implant or im- crease cell number and DNA content In embrvonic
?lants of heart tissues obtained from the same rat zhondrocytes in culture only after these cells have
fetuses. After implantation, the animals were housed initiated their DNA synthesis. No sucn eftect.
separately. At intervals of 1, 2 and 3 mo, animals observed in non-dividing cells.
from each group were sacrificed and the limbs were
x-rayed to determine the presence of new bone struc-
cures and prepared for histological examination. in

"* the experimental groups, 13 of 26 rats which received
the neural tissue alone deoonstrated a positive re- 0603 SELECTED ELECTROMAGNETIC FIELD EFFECTS ON
sponse (presence of accessory bones with epiphyseal CELLULAR REGULATORY PROCESSES (MEET;G AB-
plates). Of the 10 rats that received the implant STRACT). (Eng.) Goodman, R. (Dept. Pathology, Col-
with tantalum wire alone, only 3 contained new bones umbia Univ., Coil. Physicians and Surgeons, N;ew ork,
adjacent to the original humerus. Of the 11 rats NY 10032); Bassett, C. A. L.; Henderson, A. S. 'n:
with bimetallic electrode plus neural tissue implant, Transactions of the Second Annual Meeting of the 3io-
none contained new bones, but 7 exhibited excessive electrical Repair and Growth Society, held on 20-22
growth of the humerus consisting of bone and carti- September 1982 in Oxford, England; 2:42; 1982.
lage. In all cases, increased amount of host nervous
tissue was observed. In the control animal without
neural tissue or electrodes, neither excessive growth the relationship of the functional and temporal pat-
of the host humerus or peripheral nerves, nor acces- tern of biological events in the cell to changes in
sory bones were observed. The preliminary results the cell's electrical environment were investigated.
indicate that the addition of bimetallic electrodes Both biochemical and cytological methods were used to
with neural tissue implants appears to stimulate ex- follow alterations in the pattern of genetic activity

cessive bone formation of the amputated humerus. resulting from the use of pulsing electromagnetic
fields (PEMFs) alone or in combination with other
conditions including hormonal induction of puffs,
elevated temperature (heat shock) and variation .n
the ionic environment. Alterations in transcriotion

7602 EFFECT OF ELECTROMAGNETICALLY INDUCED PUL- and translation were observed. These were mcni:ored
SATING CURRENTS ON THE GROWTH CYCLE OF by sucrose gradient centrifugation, gel electrophore-

CHICK EMBRYO CHONDROCYTES IN CULTURE (MEETING AB- sIs, isopycnic centrifugation, cytological 'nick_
STRACT). (Eng.) Corvol, M. T. 'Unite de Recherche translation" and transcription autoradiograms. 3e-
Sur lea M!aladies du Metabolisme chez l'enfant Inserm cifically, both single pulse (5P) and pulse train Pt)

. 30 Hop. Enfants Malades, 149 rue de Sevres, 1323 used over a series of ime points, induced events
Paris, France); Monet, I. D.; Dautigny, N.; Assailly, associated with transcription. The effect of ?T is

n: Transactions of the Second Annual Meeting )f a general increase in ail RNA classes followrne -i-'C

n: .Acas

5.

. . '"
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=in of pulse. The most dramatic effect was observed ,US ELEGTROMACE::C .!DLAT:t :F I:;ZYME
using SP, where approximately i ten-told increase in TW:0N: APPL:CATICN TO :a-K ATPase :N rj (MAN

the specific activity of fractions of =RNA size was ERYTHROCYTES (M'EETING ABSTRACT). n. Pilla, I.

induced in a biphaslc manner it 'S and 5 min of A. iBioelectrochemitsrv Lab., Columois n:v. "ew

pulse. This was reflected in the electrophoretic York, NY 10032); Gary, K. !n: Transactions )f the

pattern. These data were supported by cytological Second Annual Meeting of the Bicelectrical Repair

studies using either transcription autoradiograms or nd Growth Society, held on f-i eptember -.: In

"nick-translatio-" af DNase :-sensitive regions of Oxford, England; 2:44; :982.

chromosomes. A svner;!s: effect was observed when
S? or PT were used -:_ m tbination with heat shock or
hormonal induction. The results suggest that the two The relationshi,, :etween the electruchemical -athways

signals evoke distinctly different cellular re- at a cell surface and the necessary s gnal parameters

sponses. The role of Ca4
-4 

on NA. transcription pat- of pulsating electromagnetic current 'PEMIG) to affect

terns induced by PEMfs was determined since PEhs the rate )f active transport in huma, red blcco cells

ire used clinically in treating avascular necrosis HRBC) was 3uantitated. A previjus : reportcd eec-

and non-nions. Salivary gland chromosomes Incubated trochemical technique for the direct evaluatron D:

in Ca-
4 

free media during 3? or PT induction showed cell membrane impedance has revealed the existence if

A dramatic increase in KNA transcriptional activity an ion binding pathway having .s -ime constant in tne

as compared with identical preparations containing range 'f 10 usec. The dependence of this upon exter-

:a-. The presence of Ca
-  

had no effect on RNA K
+ 

concentration strongly suggested that this relaxa-

transcription in control preparations. The results tion process involved Na-K ATPase. These results pro-

suggest the fect of PIYs can be directly related ided guidelines for PEMIC configuration via the con-

t transcriptional events. The induction was influ- sideration that a pulse width of 2) isec would be suf-

enced by the type of pulse administered, as well as ficient to excite (i.e., get enough current into) the

:he cellular environment. The recognition of media- Na or K ion binding pathways. A current density of

ting factors in the use of PEMFs should allow a more *-10 uA/cmZ was chosen on the basis of real-time cell

specific determination of those conditions which are response. The repetition rate selected was based .pon

most beneficial for clinical use, as well as lead the actual Na,'K exchange transport rate which is with-

to an increased understanding of the effect of elec- in ).,-I sec. Experimental measurements asing a-ef-

-rical fields in the normal function of the cell. flux efflux rates from fresh HRBC into Na-free saLine
at 37 C showed that the pulse width and the amplitude
range were sufficient to modulate Na-K ATPase activity
with a peak increase in Na efflux of 25Z at approxi-
mately 2 Hz. This enzyme is clearly the target since
:he PEMIC effect is ouabain inhibitable. The final
correlation between the PEMIC effect and cell membrane

)64 ACTIN POLYMERIZATION INDUCED BY PULSED impedance studies was achieved using frequency analy-

" ELECTRIC STIMULATION OF BONE CELLS IN sis. The results showed that all PEMIC signals con
"VITRO MEETING ABSTRACT). (Eng.) Laub, F. (Dept. structed on the basis of a desired power into the ion

" Membrane Res., Weizmann Inst. Science, Rehovot, 76100 binding pathway are effective for Na-K ATPase modula-

Israel); Korenstein, R. In: Transactions of the Sec- tion. The generality of this approach was suggested

and Annual Meeting of the Bloelectrical Repair and by similar correlations for many in vitro and in vivo

3rowth Society, held on 20-22 September 1982 in Ox- studies, including the clinical application to ununit-
ford, England; 2:43; 1982 (7 refs). ed fracture repair.

Actin polymerization induced by pulsed electric stim-
ulation of bone cells was studied in vitro. Cells 0606 STIMULATION OF MATRIX PRODUCTION BY PULSED

were stimulated after reaching confluency, with a MAGNETIC FIELDS (MEETING ABSTRACT). (Eng.)

series of rectangular voltage pulses (25 usec width, Farndale, R. W. (Strangeways Res. Lab., Cambridge,
3 Hz-repetition rate, 54 V/cm-amplitude in the medium) England) in: Transactions of the Second Annual Meet-

lasting for 5 min. Three types of accin could be ing of the 3loelectrical Repair and Growth Society,
ietected on the basis of CNase I inhibition: monmeric held on 20-22 September 1982 in Oxford, England; 2:45;

0 -act:ion, polymeric F-action and a form not accessible (982 (3 refs).
to DNase I, which was assumed to be actin filaments
integrated into some higher supramolecular network.
This form is tentatively termed 'N'-actin (network- Pulsed magnetic fields (PMS) were applted to two bio-

actln). In unstimulated cells, the following were logical systems to examine their potential effects on

obtained: 55% G-actin; 8% F-actin; and 37% "N'-actin. matrix turnover in skeletal tissue. Pig articular

Upon stimulation, this distribution changed to: -3% cartilage, which has served as a model of degradati:e

0-action; 1% F-actin; and 48% 'N'-actin. T ase cy- processes in skeletal tissue, was maintained in organ

tosKeletal changes were related to the earl?, changes culture for ip to 14 days. Generally, PMF had no e:-
.n zaz and cyclic I2 and suggest s possible role feet on glyccsaminoglycan (GAG) release from the tis-

or the cytoskeleton in the process of stimulus trans- sue, estimated spectrophotometrlcally in the used :ul-

mission. -ure medium ind the tissue, or on the incorporai )r.

I9
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of 35S0D into GAG. However, when depletion of ;AG these oxperoent i: 4a s :n cjc: .d t-e dec-
from the tissue was induced by catabolic :actors in tr.cal erturbation t 'iMF C -- s a direc: ettect
the sheep serum used to supplement the culture medium, upon wteoblst-Ice cells in :tlture; 2) toe PEMF
l:he splicatlon of PhF substantIal'v revented D. perturbations it: Is seconoarv gruwto regl:itors; i3)
the elease of GAG into the medium. This effe:t :ould the !ffects lppear to )e cel "nd ;r.wth -tate sp -
not be stimulated by the aadition 3f known catabolti cific; and -o the FE:s arn exert otmodal fetf-s
factors, e.g., retinol, to the culture medium, and apon DNA synthesis.
appears :hat ?MF has enabled the :issue to overcome
GAG depletion by increased synthetic sctivlty. A
second series of experiments used bone marrow stromal
fibroblasts to determine osteogenic events could be
induced by 8MF in vitro. PMF lid not induce these
events but did stimulate the production of 3AG in ")08 MICRO(ENVIRNlENTAL CHANGES ASS'CATZC. ;41
these cells also. Zontrols produced 332 ug in 5 wk, ELECTRICAL STIMULATION )F ITEGENESIS 3'
compared with 493 .ug from ?MF-treated cells (p<.,2)5W. DIRECT CURRENT :MEETING ABSTRCT,. '7Eng.) 3arAncwsK,

T. .'McKay Lab. Orthopaedic Surgery Res., o. r-
thcpaedic Surgery, Univ. Pennsylvania, ?hiladelnna,

PA 19104; 3lack, J.; BriAnton, C:. 7. rn: Trinsac-
tions of the 3econd Annual 'Ieeting of the Sioelectrr-

607 THE EFFECTS OF PULSED ELECTRCMAGNETIC cal Repair and Growth Society, held in >c-22 3entem-
FIELDS UPON PERIOSTEAL AND 'STEOBLAST-LIKE her 1982 in Oxf)rd, England; 2:-7; 1482.
-ELLS GROWN IN CULTURE (MEETING ABSTRACT).

'Eng.) ianley, K. 2. (Univ. Connecticut, Sch. Dental
'edicine, Farmington, CT )6032); Norton, L. A.; Rodan, The possibility of correlating :e degree 2 isteo-
3. . In: .ransations of the Second Annual Meeting genesis stimulated by direct current LI) *sith soe-
of the Bioelectrical Repair and Growth Society, held cific faradic changes in the microenvironoen! near
on a-:: September 198Z in Oxford, England; 2:46; the cathode was investigated in vivo. New Zealand
1 92. White adult male rabbits (n-3-) underwent bilateral

implantation of a lb-guage, I-cm, bare, PTFE-coated,
7-stranded 304 stainless steel iire cathode within

-he dependence of the pulsed electromagnetic field each tibia, a 1.5 cm on ecge, square, 3C- 3tainless
(PE"F) effect on the cellular make-up of differing steel mesh anode near each shoulder, two Ag;AgCI ref-
cal:arial cultures was examined. Cell cultures were erence electrodes, and a constant DC power supply.
obtained through three 30-min sequential digestions of The electrodes and DC power supply were connected to
19-21 day fetal Sprague-Dawley rat calvaria. Through a percutaneous multi-pin assembly that permitted in- -

hotmonal analysis, those cells obtained in the first terruption of the circuit and monitoring of the va,- A ,
digestion were found to be periosteal in nature, ious electrical parameters. Finally, a device--the
while those cells from the third digestion were osteo- Multi-Puncturable Silastic Closure (IMPSC)--was In-
blast-like in nature. The pertosteal and osteoblast- planted transcortically ac each tibial cathode to a!-
-lIke ceias were grown In culture in F-12 medium low for insertion of needle microelectrodes through

supplemented with 10: serum and I% antibiotic anti- the skin and into the medullary canal. All electrodes
mycotic. Upon reaching confluency, the cell cultures remained for 4 wk to reduce the influence of surgical
* ere exoosed for 24 hr to one of two PEMFSS: Field C, trauma. Then, the power surply was connected to one

5-msec train of ZOO-usec pulses, 13 usec apart re- cathode and anode pair as the experimental in each
peatlng every 66 msec at 15 Hz, or Field 0, a 5-msec animal. Three direct currents were selected: I uA
train of 225 usec pulses, 18 usec apart repeating (n-10), 50 uA (n-13), and 2) uA (n-i) to examine
every o6 msec at 15 Hz. The two fields differed effects of, respectively, currents below, above, and
mainly in the duration and depth of the negative within the optimum range of 5 to Z) uA previousli
polarity -of the signal generated, Field C having the found to stimulate osteogenesis with stainless-steel
deeper negative polarity and shorter duration. DNA electrodes. The needle microelectrodes were coupled
synthesis ias estimated by 

3
H-thymidine (

3
'-Tdr) in- with an Ag/AgCl reference to produce s potcntial for

corporati)n. Neither 8EMF had any effect upon the pH and a polarization current for pO2 determinacions.
periosteal tell cultures. In osteoblastlike cell The results are expressed as the ratio ;f experimental
cultures under identical conditions, Field C enhanced to control mean PH and pO2 for wk , 2, and 3 and :he
D.:A syinthesis by 32-1,10% (p<.1). Field ' had no final day of monitoring. Significant elevation of oH
effect upon "osteoblast-like" cell cultures. Further (p<O.J5) occurred at 50 uA in all time periods and,

experimentation suggested that this effect may be to a lesser extent, as 29 iA in wk 3 and on the final
due to differences in :he endogenous growth rates. day. Significant reducion of p' (p<O.O5) occurred
In "steoblast-like" cells exposed to the 8EM5F under at 20 uA in all periods and, to a lesser degree, at
growth-lImitIng conditIons (serum starved 48 hr prior 50 uA in wk 3 and on the final day. No significant
to exposure to the P.MY), 

3
M-Tdr incorporation was changes if pH or :O were found 1t I uA. The large

en'anced from 664 to !285 cpm/ug DNA (p<.2). In the reduction of pO2 was associated with osteogenesa at

iame cell population exposed to the PEXF under growth 20 uA while significant elevation -f pH was coupled
stlmulatory conditions (serum fed tmaediately' prior with necrosis it 5,) jA. This Investigation 'ertfies
to exposure :o the PEMF), 

3
HTdr Incorporation de- in vivo a strong ossoclatlon between pi: ind oH levels

creased from 1143 to f6 :pmug :NA 'p<.)fl. From snd osteogeneels sti.nute: ov CC.

:b3
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2609 MI IN-DEPTH SCANNING ELECTRON MICROS'PY sect: ns f 7e yr xil :: oI it w i :.irt wuc. 1 -
STUDY OF ELECTRONICALLY STIMULATED LINE .onglttudinal Oistance oetieen te rst in . nd

GROWTH ( .. ETING ABSTRACT). (Eng.) Chen, T. ,Penr- X,.tetricvclire labels '43ys .- nd the ,,: 'xv-

sylvania Coll. Podiatric Medicine, 3th and Race Sts., tetracvc:ine label nd te l n e -cr e un't:-n
Philadelphia, PA 19107); Harrington, D. 3.; Frasco, aJays 2"- wa s teC.i'su'r :n hotn c -tro in, -Xcr:-
P.; Walter, T.; Walter, J.; Darigan, M. In: Trans- mental in;ials. ich S .ince 455 '.O.itt r n _ -
actions of the Second Annual Meeting of the 3ioelec- the mean o e :'Aet.e ieoarate neasurectnts tae., it
trical Repair and Growth Society, held in 2C-22 Seo- equal :ntervals ic rss the .r:wtn sty. An y:.1e 0 e
tember 1982 in Oxford, England; 2:48; 1982. grid was ased to ensur- inatorm spec :cnignme-.

Ratios of righ-to-le:: leg growtn .!r tays - n

2-4 respectivelv) were establisned or each iniori.
Results of a scanning electron microscopy study of During the 2-day stimulation period 'ava -4. In 0.

esectroni:ally-stimulated bone growth are presented. increase in length p<. n 1 i, groum t-test) was
Tissues were taken from experimentally induced non- demonstrated in the experimental group. A mean
Sanion canine fractures and from freshly osteotomized increase in bength was seen 'p<..5, n3, nalrec -
rimate metatarsals. Some had received electrical test' -hen tlmuated growth 'lavs '-, was mnirec

stimulation '2') uA) and some had dummy electrodes to non-stimiulated zrowth (days 1-:n the same ice
:1azed at the fracture site. The electronically- of each Animal. Although several rancits teveltnea
stimulated samples showed a greater amount of osteoid pedal edema there was correlation between :he amour.
than control samples. :,ewly developed bone contained of edema and the acceleration )f grcwth. :n :onclu-
more calcium and other inorganic matrix components sion, this was the first evidence that a caoacit::ec;

* in experimental samples than in control groups. Gold coupled electric field can accelerate lo-ngitudinaI
and zinc appeared in greater abundance in experimen- growth in vivo. The optimal voltage, frequenct ano

" tal samples than in controls. Bone appears to devel- current parameters of the signal remain to ne deter-
0p intramembraneously from existing boney rraebecu- mined. It remains clear, however, that the low vol-
lae, or in situ from fibroblasts within the internal tage reiuirement for stimulation is promising for
fracture callus. In sections taken through the elec- both safe and efficient clinical aolication.
trode, electrically stimulated bone appears to begin
iaydown. in areas away from the electrode, and sub-

sequent osteogenesis :akes place in a pattern moving
toward the ele:trode.

0611 EXPERIMENTAL BONE HEALING IN;FLUENCED BY
ELECTRICAL PROPERTIES AND LOCATION IF

TEOSYNTHETIC DEVICES (MEETING ABSTRACT). ' -. La-gey, C. L. R. S. (Univ. Hosp., Catharvnesingel !)1,

)61:3 IN VIVO GROWTH PLATE STIMULATION IN A CA- 35-0 CG, Ctrecht, Holland); RoeLofs, _. M. M.; Visser,
PACITI':ELY COUPLED ELECTRIC FIELD (MEETING W. J.; Lentferink, R.; Duursma, S. A. In: Transac-

ABSTRACT). 'Eng.) Brighton, C. T. ( Dept. Orthopaedic tions of the Second Annual Meeting of the Sioelectri-
3urgerv, Univ. Pennsylvania Sch. Medicine, 425 Medical cal Repair and Growth Society, held on 20-22 Septem-

Education Sldg., 36th and Hamilton Walk, Philadelphia, ber [982 in Oxford, England; 2:50; 1982 12 refs).
*P :9114); Pfeffer, G. B. In: Transactions of the

* Second Annual Meeting of the Bioelectrical Repair and
Growth Society, held on 20-22 September 1982 in Ox- The results of a study to determine whether osteosvn-

ford, England; 2:,9; 1982 (1 ref). thetic devices (i.e., stainless steel, or other elec-
trical conductors or insulators) can influence calus

formation are presented. White Wistar rats (79) un-
derwent operations upon both femora. In order to

.n vivo growth plate stimulation in a capacitively avoid problems in reproducibility and reduction if a
coupled -1-ctric field was investigated. Seven-wk- diaphyseal fracture, the bone lesion was realized by
old New Zealand white rabbits (n-20) were selected drilling four holes, one axial, by condylar approach,
for uniform growth and were randomly distributed into and three sagittal holes at 11, 14 and 1' mm from the
two equal groups. A pair of '.3 x 1.8 cm stainless intercondylar line. The diameter of each hole was
steel capacitor plates was placed in parallel over .7 mm except for the main hole which had a diameter
:he shaved right proximal tibial epiphyses of both if 2 mm. The electrical perturbations caused by this
experImental ind control rabbits. All animals re- special type of fracture were comparable to normal
ceived 3 mg, kg iv oxytetracycline at the onset of the fracture potentials. A number of conductors snd isu-
experiment day ) and again exactly 2 lays later. lators were tested. Axial rods of stainless steel,
omencing with the second inectlon of oxytetracy- platinum, polvyvinyl chloride (PVC) and 'lass were im-
tine toe experimental animals received a continuous planted In 47 rats. Transversal transcortical pieces

S1'! pulse-pulse, -j <'iz symmetric sine wave signal of PVC and stainless steel of different dimensions
-fr 2 days :days 2-1. The control animals received were implanted in 32 other rats. Callus formation

no electrical stimulation. Current '.MS across each was evaluated after the operation :n fine grain C-rays
pair of plates was (.34= 0.44 mA i.382.-0' it the of the orelevated femora snd on indecacified .3 'um
-tart of stImulation and ..9 t .2 mA 'r.-2-i.53) slices. 0a.lus formation was enhanced bv the pressure
16 hr later. All animals were sacrificed on a7 . of each tested materIal in the nedullary cadt-. How-
Lmnz:adi nal r)wtih in '0 micron thick sagittal ever, the tone za*n was more Dronouncd 4nentnsua-
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toewreipanted .:r tnle trinscortca i mp Il:ts, d'emic Hosp., D-rt. )rt:>oaezts :- P'-nehowever, the conductors caused ore st:mulation. An Belgium); De-port, s.; Mler,'.; , . Wu-

electrical explanation i oroposed with reference t era, .; Sansen, W. M.; 'an Raemd, nck, ",.; ,i'e ,

the known stimulating effect of zerolarization of bone 'U. n: Transacins _ th e Second Annual 'eeng ;

cortex versus fracture ?otentals. the 3,)e ectrtca I Repal Id ;rcwth Secteta, h1d n

20-22 September :932 zn )xford, England; :5o; >83.

The effect of electrcal ;t muiation on: ' tne rate
0612 PREVENtION OF DENERVAT!ONDISUSE )SEOPORO- and extent )f iew none :ormat on; bone growth

SIS IN THE RAT WITH A C.PACIT:VELY COUPLED into porous implant; and, 2) the oar> stabiiy of

ELECTRICAL FIELD (MEETING ABSTRACT). (Eng.) Brighton, the interface between the imolanted maceria and bone

T. (Deot. ?rthopaedic Surgery, Scn. Medicine, Univ. was investigated. Three groups of 5 sheep were

Penns lvania, Philadelphia, ?A 19134); 7,atz, M. J.; treated with constant direct current f 11 uA 53 -A

" Pollack, S. R. in: Transactions of the Second Annual and 250 uA, respectively. A catnodic implant was

Meettng of the Bioelectrical Repair and Growth Soci- ptaced in a 3.5-o hole urilled in the 4r eta-
* ety, held on 20-22 September :982 in ]xford, England; physis of tne distal femur, ;hile in ;nodoc implant

* :51; 1982. was inserted -cm proximai:. The non-stimulated

control plug was imolanted in the nroximal ^ibial

metaphysis of the same leg. An insulated power pacK

'nhibition of the development of denervation;disuse connected to the cathodic and anodic imoants by

osteoporosis in the rat with a capacitively coupled Teflon-coated wires was placed Sc. The animals were

electrical field was investigated. Forty (125 g) sacrificed at the end of 4, 3 and 12 wK. The osteo
, 'ale 4istar rats underwent right-sided sciatic neur- genic responses to 10-A, 50-uA and 250-vA cathodes

Sectomy 2.3-cm segment was excised) under Nembutal were significantly enhanced above -hat of the inac-

anesthesia. On the second post-operative day, stain- tve controls and the exostosis was more pronounced

less steel capacitor plates (1.5 cm in diameter) were than the enostosis. in most instances, osteonecrosis

:laced over the medial and lateral aspects of the was observed at the anodic area. The greatest catho-
rigt mid-calf in each rat and held in place with dic osteogenesis and anodic osteonecrosis was at

tane. -ead wires frcm the capacitor plates were se- 250 uA. The cause of osteonecrosis was due to the

tured to the right hind limb and the abdomen by means cytotoxic effect of metal ions which were released

o 'ecro. The lead wires were brought out through crom the anodic electrode after reduction in an

t.e top of the cage and connected to a function gen- acidic environment. A gradient of new bone formation

erator in 3Z of the rats and were not connected to a on the periosteal and medullary surface was observed.

power source in eight control animals. The experi- This was related to the distance from the electrodes,

mencal animals were divided into four groups of eight and the osteogenesis was always more pronounced at

rats eacn: group . was subjected to a bO-kHz, 2.5-V, the cathodic area at 8 and 12 we. Similar results

?eak-to-peak, symmetrical sine wave signal continu- were obtained when specimens were analyZed for bone

usly for 12 days; groups 2, 3, and 4 were subjected mineral content. Although the maximal osteogenic

to a similar signal at 5, 7.5, and 10 V, peak-to- resoonse was at 250 uA, the interfacial strength
"peak, resoectively. At the end of 12 days the ani- netween bone Implant was reduced significantly when

mals ere sacrificed and the tibiae and femora of compared to the controls. The early stability of

each animal was excised. Results indicated that the the interface was not increased by any electrical
control (neuractomized, non-stimulated) tibiae exhib- treatment, as confirmed by mechanical testing.

ited a 19% decrease in dry wt and a 17% decrease in Porous electrodes offer a large surface area and

* ashed wt and control femora exhibited a 13% decrease thus provide a lower current density for a given

in dr- wt and a 15Z decrease in ashed wt. Experimen- current. It enables the use of a current sigher

tal tibiae (neurectomized, stimulated) exhibited a than the conventional dose of 25 uA, and thus stimu-

6-19% increase in dry wt and a 2% decrease to 19% lates more bone formation over a wider area.

increase in ashed wt when subjected to signals of 5,
7.5, and 10 U, peak-to-peak. Experimental femora
exhibited inconsistent prevention of osteoporosis.
'lean total porosity of the tibia of non-neurectomized
animas was -IZ; for neurectomized, non-stimulated 614 DIREECT *RRENT ST1ML.LA7tON OF BONE IN;GROWTH

*ni-ais it was 51%; and for neurectomizel, stimulated IN :ITANIM' IMP LANTS k:EETNG ABSTRACT).

7' ., peak-to-peak) animals it was Z%. it is con- (Eng.) Albrektsson, T. (Lab. Experimental 3iology,

cluded that a capacitively coupled electrical field sept. Anatomy, Box 33031, Univ. Gothenburg, S-00 32
can eignificanrly ianibit the development of denerva- 4othenburg, Sweden); Such, F.; Herbst, E. 'n- Trans-
tion dIsuse osteoporosis in the rat. actions of the Second Annual Meeting of the 31oelec-

trical Repair and Growth Society, held o-n 20-12 Sep-

4tember :982 in Oxford, England; 2:53; 1982.

T3 HE FFECT OF DIRECT RRENT EDIATED 3Y The effect of direct current si-ulation on bone in-

POPOUS ELECTRODES }N BONE GROWT (METNG growth into two canals of i titanlam imolant as 1n

\B 3St?.ACT). Erg. '( eng, N. "-io Dr. Mulier, Aca- vestigated. the bone r:wth chamber, S diidable

i02

- ..- .
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- titanium inlant, was inserted into the t;ia or :13- microscoic *rss-sect; ns. Resuts wnico i.'e the
bis And a platinum anode and A titanium cathode were coint counts fir each onse are presente.i graphicall>.
anchored in the bone on either side of the implant's Statistical nalysis ,student's :-test) of toe paired
outer periphery. Both electrodes 'screws or tim data showed the most signirtcant enhancument of new
diameter, inserted 'engtn c m were inserted At A bone growth near All ictive cathodes and 3peciftcairy

distance or 6 mm from the chamber. They were can- f,)r Co-Cr it ).02 'aA. mm2 ;,r stainless steel ind Ti
nected via cc-placed electrode cables to a stimula- At P.2 'Af (p<,.;)5). The activity of Pt
tor under the skin on the back of the rabbit. The and As at ).02 K3. was also noteworthy as was
same procedure was ;erformed on the contraloteral the growth near controls in several cases. The
side except that the electrode cables were not con- activity at stainless steel at higher current agrees
nected to the stimulator. Pive chambers were stimu- with previous reports, but the behaviors of Pt and
lated with 5, 20 and 50 uA, resp., while 15 chambers Co-Cr seem to be new observations. In general, bone
served as controls. Evaluation of the microradio- formation at the lower current seemed to be inverse.y
'rams, using an IBAS 1+11 computer indicated that proportional to the electrode potential 'as determined

there was more bone in the test implants compared tc from polarization curves), whereas this correlation

the control ones in 13 of '5 cases. The increase in was less evident at the higher level. The results

tone formation on the stimulated side was significant strongly suggest that current-oeoendent, metal soezi-

at the p=O.05 level. In the 5 uA-group, on the aver- ficities for electrically-enhanced bone rormatlon 1o

age average, there was a 79% increase of bone. All exist; expansion and repetition of this initial study

* test implants contained more bone than did controls. is needed to verify and interpret this benavior in
:n the 20 uA-group, four of the test implants had more bone and other tissues.

bone than did the controls in the same animal. The
average bone contents in the 5 animals stimulated with
-" uA was 202% of that of controls. In the 50 uA-
group, on the average, there was 13% more bone on
the test side. In this group two of the anodes were 5616 THE ROLE OF ELECTRODE X.ATERIAL AND CURR-ENT
found poorly anchored in the bone, two were found DENSITY IN ELECTRICAL STIMULATION OF CSTEO-
loose i_ediatelv outside the bone and one anode was GENESIS (ETING ABSTRACT). (Eng.) Black, J. (Mckay
relocated in the muscular tissue at some distance Lab. Orthopaedic Surgery Res., Dept. Orthopaedic Res.,

* from the insertion place. The latter animal showed Univ. Pennsylvania, Philadelphia, PA :9104); Nor/,
less bone in the test side compared to the control. D. S.; Jones, S. 3.; Dymecki, S. M.; Baranowski, T.

The remaining 10 electrodes on the test side and all J.; Brighton, C. T. In: Transactions of the Second
.5 electrodes on the control side were quite stable Annual Meeting of the Simelectrical Repair and Growth
in the bone 2 wk after insertion. In conclusion, Society, held on 20-22 September 1982 in Oxford,

istimulation with 5 to 50 uA gives a significant England; 2:56; 1982.
ncrsase of bone formation in implants at 5 mm dis-

tance from the electrode surfaces. The experimental
population was too small to determine which atiula- The role of electrode material and current density in
-ion level gave the optimal bone response. electrical stimulation of osteogenesis was investi-

gated. Twelve adult male New Zealand white rabbits
., received bilateral implantation of constant current

power supplies previously adjusted to produce 20 &
I uA. Each animal received a 26 AWG, I cm, bare, 7

0 BONE FORATION AT PLATINUVM, CO-CR, AND strand 304 stainless steel cathode in one tibial
OTHER CATHODES (.jETING ABSTRACT). (Eng.) medullary canal and a 2.25 cm

2 
304 stainless steel

3 Spadaro, . A. (Dept. Orthopaedic Surgery, State Univ. mesh anode in the back as an active control. Group
';ew Yore, Upstate Medical Center, Syracuse, NY 13210) I (n-6) received the same power supply with a .38

n: ransactions of the Second Annual Meeting of the mm diameter, 1 cm bare platinum cathode in the con-
Sioelectrical Repair and Growth Society, held on 20- tralateral canal, coupled to a 2.5 cm

2 
platinum sheet

22 September 1982 in Oxford, England; 2:55; 1982. anode. Group 2 (n-
6
) received 0.81 mm diameter, 1 cm

bare platinum cathodes and anodes identical to group

1. Current (I), interelectrode potential (IP), and
The medullary bone response to six metal cathodes at anodic as well as cathodic potentials (CP) with re-
two direct current (CC) levels was measured to inves- terence to an implanted Ag/AgCl electrode were moni-
tigate the reported metal-detendence of electrical tored 3xiwk until sacrifice on day :1. At sacrifice,

)steogenesis. Seventy-!our NZW rabbits were implant- the tibial medullary contents were decalcified, and
ed with DC cathodes of Pt, Co-Cr(F-90), Ag, stainless the percentage of new bone in the canal was quanti-
teel (16L), Au or Ti. At least 6 animals received tated. Statistical analyss (student's r-test) indi-

each type with current sources giving 0.32 and 0.2 cated that bone growth on the control side was not
A mm- current density. Each animal received an in- significantly different in the two groups (p<0.7)
active control cathode of the same material on the and the grand mean (.1%) was not significantlv dif-
,ontralateral side. The cathodes were inserted into ferent from the historic mean for this model GS.83%,

the edu*lar- canal )f the femoral diaohvsis 'ia a p<0.25). in group I, witn equivalent geometric cur-
small hole in the Istal metaphysis. After 3 wk, rent densities, the platinum electroces stimulated
the inimaa were sacrificed, radigraphed and the 28% more new bone growth than the controls (p<0..i,

r; nedu2r' ew )one ceAsured by point-counting in paired) supporting the )bserva'tions )f thers of the

:'?3

' " ""- . ." . . . . . i : , ,.- _ -... . . .. _. .......
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"reater oste'genic er"scienc, of electrodes snore :.obl ,ONS RESSTVT''f ,.EyTT'; ABSTR AT. <ng.
' than stainless steel. Bone growth with platinum in Rinaldi, R. A. (Loui iana -tite 'ni'. cn.

group " was significanCly less than that for the -n- Medicine iat Shreveport, Anatomy Dent.. P.O. Box 23
r : .. 2, paired). More important, group 2 .-la- -Shreveport, LA 7.30); Coodrtch, 2. 'n: Transat: ns
.num s-ectrodes elicited 41.l less bone than those in if -he Second knnual 'Meeting of tne Bioelectr: ca 'e-

*".'- prou? . This follows the change in the geometric pair and Growtn Society, held on fl-2 Scntembr 1388
turrent density (-53.1.) rather than in the cathodic in Oxford, England; 2:18; 198..
-ocential '-51;), suggesting that current Jensty Jom-

*. nates osteogenic efficiency of a particular olec-
trode metal, given that the cathodic potential is be- The electrical parameters o3f rabbit femur bone incud-
low the limit for cellullar necrosis. ing resistivity were studied. Polarization of iat-

nur electrodes embedded it: both cortical and 7redul-
ary bone was performed. A four-point nethod was :s~d
wherein the outer electrodes incroduce current

- alternating current it selected :requenc ts
1 to 5006 iz) into the bones wnile rce two :nner eiez-
"rodes monitor the current. The e: ooes are -n-
bedded in bone cement (Surgica' -!x) 4::h --e
electrodes insulated from fluids ss ;nding .he bone

:n17 EFFECTS OF PULSED ELECTRCMAGNETIC FIELDS ON with Neoprene "0" rings. The elet es were !lat-
CULTURED CHICK EMBRYONIC FEMORA (MEETING num (0.5 on diameter). Measuremen *e made -

ABSTRACT). (Eng.) Noda, N. (Dept. Dental Technology, a high impedance voltmeter and a , urrent ammeter
Tokyo Medical and Dental Univ., 5-45, 1 chome, Yu- which utilized minimal amounts of F in the mea-
"hima, unayo-Ku, Tokyo 113, Japan); Sato, A.; Isobe, surements. Polarization of the out rode ::ec-

:uroya, K.: Ishida, A. In: Transactions of the ed resistance values that were err - ferent
Second Annual Meeting of the Bioelectrical Repair and electrode configurations. Studies sced thc the
2rcwth Society, held on 20-22 September 1982 in Ox- ohmic resistance of both cortical and medullarv femur
frd, England; 2:37; "982. bone performed at a800 Hz nd <7 , minimized capac:-

tive reactance and Yaradaic reactions at the polar-
izing electrodes. Cell cons tant measurements (at
1000 Hz) before and after death of rabbits circum-• o ificult.i and allowed a reason-

The effects or nulsed electromagnetic fields (,lF) on vented the geometry diffu ad l
..utred chick embryonic femora were investigated to able ohmic resistance value (minimum capacitive re-
elucidate the mechanisms and biological effects of actance) to be obtained. The ohmic resistance of
electromagnetic stimulation. One-hundred and twenty- both cortical and medullary bone was approximately
two oairs of femora were excised from 10- or Ll-day- 900 ohms/c-

3
. Phase angles of 6 dearees at -0 Hz de-

* old chick embryos and cultured at 37 C in an atmo- creased to a. degrees at -00 Hz and remained cons-

sohere of 5Z COn and 95% air. One of each paired fe- tant to -700 Hz before increasing. This corrosponded
mora was exposed to EPP, with the other used as a to 95 ohms at ' Hz, an error of <1' of the total
control. The medium adopted was modified F-12 sup- impedance between polarizing electrodes at 1.100 Hr.
plemented with 10% calf serum. On day 10 of culti- Resistance values obtained for both cortical and
2:atlon, femora were measured, weighed, and examined medullarv bone resulted in an increase or near 'C
histolog.ically. At the end of the culture period, after post mortem. Bone resistivity for both corti-
several femora were pulse-labelled with 3H-thymidine, cal and medullary cone increased following death of
.H-:roline, or 

3
5Ssodium sulphate supplemented to the e rabbit. During anesthesia there was a alight

medium and radioactivities were analyzed by liquid decrease in resistance. However, upon sacrifice,
c " intillatlon counter. The EMF were characterized heart and breathing cessation, the resistivity values

by a pulse train signal composed of 13-20, 200 usec climbed to the values of the live sub'ect. Within
"long uasitriangular pulses lasting accumulatively hr of death and with temperature of the animal main-

- 5 msec and repeated at 11 Hz with magnetic flux den- tained at 29 C, there was a notable (20%) increase in
city of n.5 to 30 G. Exposures to EMF were performed bone resistivity. The results indicate the existence
continuously except in cases of 

3
H-thymidine ineor- of a physiological state which is important in deter-

?oration. In those experiments, three different ex- mining bone resistivity.
Posure modes were :ompared: (1) continuous; (2) 6 hr
on off; and (3) 24 nr on/off. Incorporation of 

3
H-

thymidine and Jloproline was promoted significant.y
p<C.05), whereas Incorporation of 35S,, was unaffect-

ed. Among the three modes, Incorporation of H- 0619 ZRCWH OF CHICK EMBRYO MODULATED BY PULSED
thymidine was oromoted more in the continuous and 6 hr ELECTROMAGNETIC STIMLATONS (M.EETI:NG AE-
on;, Ot group than In the 24 hr on/off group. It is STRACT). (Eng.) Saha, S. (3iomechanics Lab., Dept.
concluded that pulsed electromagnetic fields promote Orthopedic Surgery, Louisiana State Univ. Medical en-
D;A and protein synthesis when applied continuously, ter, Shreveport, LA 71120); ?al, A.: Reddy, G. 1i.:
cner results suggest that continuous or intermittent Albright, 2. A. In: Transa:tions if the 3econd An-

stimulations with shorter (6 hr) on/off intervals nual Meeting of the Bioelectrical Repair and Orowth
Mav oromote DNA synthesis more than those with longer Society, sed on :0-22 Sertember 1982 in Oxford, Eng-

nr, cn off intervals. 'and; 2 9 . 3 refs).

S4,
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Incubating fertilized -nicten eggs were seo to ,n ep" r:':c'eu l4vittnt - i: %Itt.-nn - .t

evaluation or the efect or different pulsing egec- ' -1--- 4. , n i r

tromagnetic fields in bone 'gr wth. This model system r-ay aitrOC twin -.!r-: ;Se:,tr v:e nor.2 : I-

was chosen due to its low cost and ease of operation, ie ' ata "_onctrnng cr~entatt ci rid VIC r-no e

compared to an animal model. The goal was to obtain soacing. The ritge rf -. r:io igos I 0, ot, .t -

a Jose-response curve for pulsed electromagnetic .. g', and t.er tre int erpret it n M _naicns was

fields based on the criterion of skeletal growth o complex. hoe:er. toere nav be it l one nt",cr

chick embryo. Pulsing electromagnetic field *PEMF change tn w nge x-ray notion c:tttr

of several desired shapes, amplitudes, and repention samples exposed to P's.

requencies could be produced with three specially

designed and fabricated tunable pulse generators. A
pulse generator was used to supply current to a rect-

angular coil 739 cm x 31 cm, 90 turns of 24 AWG coat-

ed copper wire) surrounding a test group of O fertil- ))2' .MP'TER ANAL:Sls " A_.,

'zed chicken egs tn an incubat)r. These eggs were '1, lASES .F NUNICE: -'Qi"' "tZ: 'C-

exposed to a tarticular pulse shape ,measured oy a ToD FOR 2REA-E-7 'TG «LIlt -"

sensitive probe) throughout their incubation Periodi. FIELDS MEE"T1 -BS ACTR. .

The control group consisted of an equal number of fer- --lectro-3i)oogy :nternational U'K -

ilized eggs incubated separately in an adjacent .oom. 3outhampton S t., Reading, 3erKsnire

Several embryos from both groups were examined from land); Caston, S. R.; Ryaby, ".?. :-I: 'Is

Savs ' to _l of incubation. The embryos were mea- of the Second Annual Meetng -f 4-

sured, weighed and their bones stained. Altogether, pair ond Crowth Socety, held )n 20--' -:

seven batches Cf eggs were examined, each hatch ex- 4n Oxford, England; : ; 1982.

nosed to a different pulse shape. Cne pulse shape

ith ulse width of $.7 msec, a duty cycle of 40) and
a enetition rate of 205/sec produced an increased A study initiated >7 yr ago ond desi2nea orcote

rare )f growth for the embryo and its skeletal system, detailed information on the value )r nusec eltro-~magnetic fild ?SMFs) 'n the zreatmer, -,f -.on-un;n'_s
H however, for al! other pulse shapes examined, the test - se treatment ot on-noton

[roup in general showed a decreased rate of growth. is presented. The treatment protocol :oonise e

nones from these test groups of embryos were also application of a plaster cast to control cove-aen; toe

s maoler compared to controls. Similarly, the bending selection of appropriate coils and driving .of-age;

* etteneth ot tibiae and femora from these electroma;- correct placement of the non-union within nne r.-suit-
nenically stimulated embryos was less than that of ant field; treatment periods of il-12 hr jail'.; irct

-- ". -. toe control group. The results indicate that embryo- non-weight bearing for lower limb fractures :uringt -

nic growth can be modified by electromagnetic stimu- initial stages of therapy, and a graded exeroaZe .0o-

rotion. gram once signs of healing were evident. nf roation

on every case treated with PEMs was storec in mdi-
ter to permit subsequent regular an ness or n vari-

ety of functions. Data are presented on 0

onunited frzrtures which have :tmDleteC or Ire

06Z0 DBSERVATIONS 3N THE :E:ECTS OF ?EYFS V IN rently being treated with a -ourse _f MF toerap.

;ITRO MACROMOLECULAR MODELS 'MEETI:NG AB- The accumulation of data on a sertes this larg as

STRACT). (Eng.) Anderson, A. M. (Bio-Medical Engi- provided a unique opportunit: to evaluate not only

neering Unit, c o The Medical Inst., artshill, Stoke the overall success rate or this treatment moda.it,

on *rent, Staffordshire, England); Hastings, G. W. 1721), but to examine in leptn the inflience f uc1

" In: Transactions of the Second Annual Meeting of the factors as reactivity it toe lesion, nrfecton and

-'-. 3loelectrioal Reoair and Growth Society, held on 20- the presence of haroware n eauog rates, -nI the
22 September 1982 in Oxford, England; 2:60; 1982. ultimate outcome nt PEMF coera.y. ohe sucoes rate

in the subgroup of patients who haa net undergone

any operative dritervention crior to toe :ntiatton

An in vitro macromolecular system developed to model of PEMF theraov was compared 'with that inr:eprted,
collagen at a fracture site in hone is described, series of non-unions treat=ed solelv by surgical "mteh-

The aim was to study the effect of static and pulsed ods and e-tablished a case f)r the initial aolica-

agnetic fields on the orientation of simple, well- tion of iin s as a reasonable ilternntve to ;ucn

characterized macromolecules luring polymerization procedures.

and thereby investigate this aspect of non-union

treatment. This study will be extended to more com-
plete synthetic collagens, and to regenerated collagen
gels. Acr-:lamide or mixtures with methyl methacry-
late, styrene or dimethylamino ethylmethacrylate, in 0622 ELECTRCMa\GNETIC TEATE'NT 'F , 'N.
aqueous or alcohol solution, were cast to give thin A EUROPEAi 37.ICENTOR STUD' Y -ESTI;G A

t
-

films of homo or oooolymers on glass slides following STRACT), 'Ens. -qinsenkamp, 'I. e a" ):tenone-

itiation of )o'vmerizaticn by ul:raviolet radia- die-Traumatologie, hopital niv. Erasne, ')Uto -A

tion. The samoles w;ere sub'ected to static )r pulsed Lenniick 3r8, r0 Srissels, Be.j -ton Ryab, " 3-

electromagnetic fields -P51-Fs) before and 'luring tne nv, F. In: Transactions if te 'ctni Annual '!-ett

nolyerizatcon rocess. -onventonal light nitric- ,ng of -'' riele :rntal 
t
enait and ; t n

LA

9
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held )fl '-'2 Septece r 133 a 'x -' -. I -EA.' 1: A-.-iRtz S
THE 3u'A :s:xcG A :CS7.:k';7 :::u~z

4~yc~ urgerv, A!elaice Otti*.frens tr. -

k.-e urea ne uIS'ing :U.seu ~nca"e -Etr iI.a fload ;Q!, CrtA kdea4ie %w'.b t~'i Aut:1
:4felds (i'M~s) in the treatment ): nionurt-o . :s )t; omonia, R. '.n: 7ransac::ons'rtn.! coc ,n
cussed. Stoie17, ot hn3~f ae r7n-un-.on MIeettog tf e E)e'ecr :al 3epair Ira :ttI; aie been treated att- ?PEMF3 in var: )us Eurocean or- - t, lei- cn - v:e tenner : '7 u )r,,, lng. nd;

thndccenters. One of the mcst, ;gnificant ftc- .- :9.
*tors auectig za~ n outcome is thevte of non -

union, with a success race of 37.8t reported for by-

pertrophic nonunio n as compared with M..* for atro- A method of treat*ng fogra -suarocts :te
:)hc nonunion. Alo the anatomical loaion and Sex tba sn osat orc urn C I eo1f the oscient appeared to have a determinart tet.Scribed. s'tt2 rget,, the nseudartros:; and iD-

Th ge of tne naten t o r o ther h is t o ric a 1d4ata, 1i o- normal bon ire exclsed :-a_ n aome Shortening. The
ever, had no. important ettect on treatment outcome. this is al4gnedJ id nelId with in Itimo~r

*A comoari son or the treatmentc response or the non- -. i- 3Stemn ?1n), Passing througr. tnie sne m n
onan ooouz1aton of the ".S. with tnec of Eurocean Ito the as osalcis. The cathode of s DC better:- ,:s

czunries in1di:cates few differences. n sear t ed int o t he a7s eu dar thnro s is si4te whh i s th e n
none craft ed. Th e implan i Ole batter: supplieas :3
aA for a minimum ot n o, after wahich it i removred.

tne 2)cases treatced so far, 14 have unitead ind 13
-ire st!ll undergoig treatment. -n Several )f the
patients it ,as :oroved necessary to i mplant 2, and
In on~e patient, 3 batter-es be f ,re oniJon could be

* ~ ~ ' _oHNE N RBESO HE SPLMNAYaunteved. One nidref ractured after tne Intri-me-

TR EATMZENT )F CONGENITAL PSEU'DARTHROSES )F iullarv nail )as removed at ' r; i t i s now recoin-
TISTA ;ITH ElEC TRIC AND E-LECTROM.AGNETEC FIELDS mende d th~at the niail be letin situ tor at -aast

-MEIv=NG A3STRACT). (Eng.) Ascherl, R. (Inst. Ex- y r. The Snorten2 ing of the affected leg cutrects
?erimental ourgerv?, Technic-al Univ. Mtunic-h, Cemaning- spcntaneo)ualv. once inlon as oeen cbtalne_.

* rStrasse _', 0-30CY0 Munich 80, W. Ge rmane); -ion
* tnkensteln, A.; Lechner, F.; 3luinel, C. In: Trans-

sctio3rA of the Second Annual Meeting -of the Bioelec-
trial Repair and -,rowth Society, held on UC-22 Sep-

Sethe r 198Z in Oxford, England; 2:63; 1982. 0621 ELECTRIC RESISTANCE_ AND IMPEDANCE ~ O
T:SUES (MEIGABSTIRACT). iZng.)O hasni, 4

T. 'Dept. COr th o paed ic S u rge rv, !u rakami :1emo r alI
Noso 1, Gifu Cail. Dentistryv, :-n Wakamiv-a-cho, Otfu,

woe o)enertts of electric and/or electromagnetic stim- Jaa O) na, o; Naiai . aa: .utatOOin2055 r cngnitl seuarhroesof he Sasaki, H. In: Transactions of the Second Annual
tbsare evalae. igtciet ih onntl Meeting of the Bicelectrical Repar and Grwt Soct-

naseudartnroses were treated by means of electric ety, held on 20221 Seocember 1982 in Oxford, England:
Stimulation. Tlie cases were c-onsidered to be true 2:6o; 1982.
congenital oseudarthroses; none of the patients suf-
fered from neurofibromacosis or fibrous dysplasia.

I seven of these cases the Eru-Lechner system was Electric resistances ot :ssues of b)one, musclc snd
ipplied in addition to surgery. One patient had been blood of adult dIcgs were determined by measuring
treated with pulsed electromagnetic fields. The leg inrerelectrode potentils I;n viaus~ng a 22-.iA con-
oone or theisients a oerated on by inaterntal fixa- scant electric current -stimulator wnicn had b)een ised

tion (electrified T.M-ro) ad been amputated; after in clinical cases :or non-onion. The resistance of
an initial satisfying CallUS formation oseudsrthrosis bone was bZ_ kOhnm 2 ) muscle -) k.Whm (0.78 '.),

reurdagain. One fe~male patient was also retreated and blood 52 kChm 7.04. The incerelectrode poten-
because of a recurrence of the oaeudarthrosia. in tilusing skin elecrodes was much higner than that
two fairther cases a beginning osteoj-itto reaction was using bone electrodes. Th e Impedances )oftise
oser-led exactly i'n the region of the former pseudar- were obtatned witn a Kohlrauscn bridge of 300, 4 n.
throsis, although after tte initial treatmaent the bone The 'mpedance or n~one was 140 Ohm/cm, mUscle iD) Ohm.
' was stable ind consolid4ated. These ostienca are under cm, blood 73 Ohm cm, kidney -2 Ohm/,cm -and iver 31
th e r an -3v means of t.he external pulsing magnetic Omc. Electric stimulator eliectrodes sh-ould b:e
field which- seems toa be able to prevent progressing inserted into bone -and I.nsulated from sott t~ssues
:ateoresorption. U~sually, the electric treatment Sucn as mu:scles to avoid Short circuit, since muscle
Cak(eS much longer thsn in cases o)f acquired pseudar- has a hiigher co-nducti-4t: than b)one. In this way,

Proes ~ourcaesheled-ate oly oefurther 2_ectric current -:an be obt ined ilo)ng thie bone, ind

Surgery follwed cy electric sIcmulation. In cases the cur~ent *ta effective foDr new bone f )rmacion.
of ongenitol7 oseudarthroses additional treeatment by 'When the skin electrode is ised', i hould -e large

el!ctrIc fields seems t)obe hielpful, but is not as e nough and ilso shouldI have gcud oontact t reouco!
;uczesstu. is n cases o non-o-nions. electric resletince iod intere~cctrce ioten-ttals.
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NFL'UENCES 3Y R NTS 'EilG -E~n~xj 7 h, r.-ralrf cc,-::~ i. 40'el ). a-uK

ST7RA:T. :ng. ~se" ..- . . . et. xrr- "one : ric, C Ie O Mv V. suz , r.~c~n r C~
mental Surgerv, i". H- s n, I ha 'ne i n. e :on7. ,wo- - u:- h knes s ce t e ere :rete :1-
35,':S , lrecht, Ho and ; oe .cfs, I!...... ,ent- :at-ral.' :n :he -P.iO.nbujar nodv, : ." 11ut a.: eA-

-a L R. Ak&e rman s, 1! X. as; en , j' - .; ge &ogs 'Canine ;amitaris. Th e hone 4raz ts cn
Wi::ebol, ?. :n: :ransac-ions ,r :he Second Annual sisted of i freeze-driea 3) ~en:c -shaned tra.'

Mee:ng :f :he Bioelectrical Reoar and ;rowth Socie- f:illed with feeze-drled ai:ogeneic :-ushta.crtzi.

held on 21-2 September 192 in 'xf)rd, England; particl.es 1. -:. mm in 4iameter. :n one aide i n

:n6; i982. active Tlatinum electrode was implanted wnich deli-

vered 2! uA supplied by a constant current generatlr

implanted beneath the skin on the 3orsal surface :f

The influence of direct current DC) energy in bone :he neck. The contralateral side received a du:nmv

remodeLling was scudiled in o- white Dutch rabbits o!atinum electrode without current. rutcut from the

.sing :C zurrent of varving intensities and noari- nower pack was recorded Ixjwk thr ugh I perZutane )S

ties. The currents were applied by ?latcnum elec- lead. Bone repair was assessed by iequential sub-

Strdes, the first in, the second either around the mento-occlusal radiographs and 1uantitative root)nuc-

-emoral diaphysis, or implanted at some distances. lide imaginz with S
9
mTc-methylene iphosphonate

-,rrents of 20 or 3 uA were used, with potentials interfaced with a medical computer at i, 2, -, 6,

:arving ceteen 1.5 and 3.2 V. The maximum current and 8 wk. End-point evaluation of repair included

" density was calculated at j.3 uA/mm- electrode sur- Quantitative and subjective mobilty aetermlnation

ace. The results were evaluated on fine grain X- and histology. Eight of 12 animals ere free
ray m, and on decalcified histological slices of comlications and suitable for data analiss. Al-

110 thickness by an image analyzer. -he amount though the overall degree of healing, is evidencec

4- bone found at the stimulated side was expressed by the uptake of radio-'abeled diphosphonate, was

as percentage of its heterolateral control. In the only marginally improved far the electrically stimu-

grcup of medullary anodes faced by circular cathodes lated defects as compared to the controls, there was

aigniftcanc Increase of the amount of total bone a clear trend in the data suggesting a ocak in the
"n :ne stimulated femur was found in the vicinity of effectiveness of the electrical stimulation post-op-

the electrodes and also more proximally, especially eratively at wk. This effect was also observed in

:Dr the low current density. Periosteal and endo- :hanges in the effective resistance )f the defect,

-teal bone formation were stimulated equally. How- which reached a minimum between 3 and w following

ever, in the groups of medullary cathodes faced by surgery. Ir should be stressed that the use of

ieriosteal anodes, an insignificant inhibition was @
9
Tc uptake in bone defects, coupled with computer-

noted. The group of medullarvz anodes with distant aided analysis to obtain relative levels if diphos-

:athodes showed no significant difference. Again a phonate uptake, may represent the most precise method

significant (p<0.05) stimulation of both endosteal yet developed to assess the effects of electrica.

a-d eriosteal bone formation was observed in the stimulation in bone.

,Drup with -a medullary cathode in combination with a

oistanc anode, as well as in the group of circular

cathodes with distant anodes. it is concluded that

the orientation cf the electrical field versus the

7colarity of the electrodes was not an exclusively 1628 FLUORESCENT MICROSCOPIC INVESTIGATICNS INTO

!erermining factor in DC bone stimulation because THE BONE HEALING UNDER STIMULATION WITH 31-

both stimulation and inhibition were observed adda- POLAR PULSE CURRENTS AND INTERFERENCE CURRENT 1 THE

:ent to the cathode depending on the location of the ANIMAL EXPERIMENT (MEETING ABSTRACT). (Eng.) Schu-
. anode. However, stimulation never occurred with the bert, Th. (Orthopadische Klinik der Medizznischen

.athode at a distance. The tested potentials and Akademie "Carl Gustave Carus", DDR-8019 Dresden, Pets-
* current intensities stimulated in a similar way. cherstrasse 74, E. Germany); Kleditzsch, 2.; Wolf, ?.;

o e densitometric evaluation was in accordance dith Beer, I..; Hellinger, J. in: Transactions of the Sec-

:he histological findings. The latter had the advan- ond Annual Meeting of the Bioelectrical Repair and

tage 3f allowing a precise location of the bone re- Growth Society, held on 20-22 September 1982 in )x-

"odelling. ford, England; 2:68; 1982.

The effect of stimulation with bipolar pulse currents

and interference current on bone healing was invest:-

gated. Cross-bred rabbits of either sex were osteo-

62 ELECTRICAL ST.MU.ATION OF FREEZE-DRIED BONE tomized on the left proximal third of the tibia. Th e
ALLOGRAFTS IMETING ABSTRACT). (Eng.) Bran- animals were stimulated using the bipolar square-

.27. a . 3. (2ental Res. Branch, Stop 418, Naval Medi- topped pulse current procedure (I Nz and 10 Hz, re-

-a! Res. :nst., Bethesda, N-l 281-.); Triplett, R. G.; spectively t 25 and = 50 A, respectively, lnten-

iboff, A. R.; Yeandle, S. S. In: Transactions sity, permanent stimulaticn) or the interference our-

' he Second Annual Meeting of the 3ioelectrical Re- rent procedure (oscillation frequency :00 Hz, i:cns-

;air and -rowth So,:iecv, held on 23-22 Septeober 1982 itv I mA, 4 hr daily). An osteotamized gruuo cer':ed

n rd, Englana; 2:)7; :982. as control. The indecalcif4ed hone sections ;erei
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Zuint:AveC measarco In toe area oI le ~er .sea. tV"t s 2:re ne, 30it - ss i n
anc 3d'scal' accumulatio n seams is -e -- is in :he leome tr"' , AndJ ttne pa ' e; I ir* -

ara'!h aversi an :ana is ia co1mparso1 no1- o, "ns :;.,.n at t C trc : cIn'!t
mutoe iariance analye, %ses . A osnu ecinrent densl ha!lve been calclated.

;js id ;i -all ani-mals within ine regrc)n orf tie a0PA4e d mag4nect Inc fe ies. Tinhe :Ir-a :
:'00ILt5 e ieI .nt r3COrttZ V. A iea on tte )ae-etc r tounoird .,~s rtte t& "l

L istan remodelling within the first 2 adk ws found in trical envrronment atc thne fracture so -t-

the ain=a -whn wees .steotomiced on>v. This He- or the z' an-1ge s in! tae *: lec -t rical nvrt1 rnm r t
_iv :-oud. not be detected in all electrical>ll srimu- fxdtetetpoeue ~tegpnr

lited groups. Th,- the interference current procedure, nealing will also be desicr' bed. It r &-1 ".at
::ere were aaving reactions within the region of the the results will lead to a bettenr anuerstarndinei

ceieeland endosteal areas of the opposite aids hnow the electrical c~nironmtsnt it tine tractare
soth -has s ivel, 4icreased accumulation within the depends on the paraoeters !Z he apliec 1d ic
s* st u atig region. The electrical stimultinla thus to improved treatmn p rcdrs-; aoni

a) shortening 3f the fracture healirng period b!
;st-Pnong the chsolgcl iccurring delay af the
-;ersian remocel*ing in1 fracture-s and )steotomies.

1631 IOW FREQIuEN"CY ?,L SING i:CHM0~
FIELDS IN THE TREATI ET ',F
AND ACCUIRED0 PSE'DO-AkRTMRCSIS 1 ME 'IGNC

:27TCHNICAL PROBLEMS ')F TNE IMPLA'NTABLE BONE STRACT) (E-n3.) CdosR etroxrm
STIMULATORS M EETIN'-G ABSTRACT). (En. eaooy lnv aes oociio n Fea

oz:ter, ?. (WEE, Medizinische Akademie "C-arl Costa: '1l Mdems, italy); Glaacecchi, F.; :naet
:aaa DR-91 Drse, Ftcearse: .n: Transactions af the Second Annual M-eetin -I, J I
rmnv; leitzch I; ellinger, C. In: Trans- Bleectrical Reoair and -rwncev ,eido

actrene ofte Second Annual Meeting of the 3ioclec- 22 Seeber 1932 in )sf.-rd, nln;£1 9
:rclRepair and *rowth Society, held on Z0-22 Sep- rr)
redr1982 in xford, England; 2:69; 1982.

The use of low frequency! pulsingeltrag
7ecanncal problems encounitered in the use of implant- fils( E)fr the treatment ort delaye d on orns,
sole bone stimulators are discussed. rm.lantable acsie ped-arthrosis and tr-ohic u-lcers is 4%i

stimulators and the electrodes attached t.hereto must cussed. Thie unit utilized has high impedance c-
as tissue-t ole rated and corrosion proof. The geome- supplied with 200-V electrical tensio*,n. The wave
trtO'zt construction of stmulators anid electrodes is aha-3e used has the following characteristics: no or

ve; mportant as well as the optimal c-onstruton 75 Hz frequency, 3 oisec impulse lntsur

of the isolation of the fixing plates and screws when shape, rising edge intn re f ma gnitude
the ar apl~e. Pobems in the choice of suitable usc ?atients were admitted to the protocul -~d

natteries aire discussed. only if the fracture lse at estSmo -ith ..o
nealing. Home treatment was perfu.)mes 12 or day'.
The mea lnt 'otreatoent was 5 -no. If 5 :a-

tients who completed the tratet, 1nealec_ w.hile

n ad no beneft. ZIFPET therapy can be considerea
630 THE ELECTRICAL EINVIRO.NwN1T PRODUCED AT BONE very useful in traumatology, ?srtcunarvy - :n te

FRPCTURESTS Y INDUCTIVE COUPLING (MEE=T- case ofdelayed anians anid accuiired oseudo-srth rosis.
* IC ASTRCT) (EgA art F.Y,.(Det. hyscsNo significant side effects were observ.ed. The3os.-

niv'. South, Sewanee, TN 3737-.; Marino, A. A. In:. ing process appea3rs to be mediated jy a strong s-1rmu-
Transactions of the Second Annual Meeting of the 34io- larion of periosteal callus formation.

* electrIcal Repair and Growth Society, held on 20--2
*September 1982 in Oxford, England; 2':70; 1982.

The resulta orA calculation to zield the dependence £632 ELECTROMAGNETIC STIMULATION )F FREUET-DRIE,:D
or tne electric field and :urrant density upon the CORT ICAL BON'E CRAFTS INJB SKMDC

eetrca ronerties o3f the bone and adjacent soft ABSTRACTI 'Eng., Tehner, J. 3. ~30Sale-ocdsto;wn
tossue, bone and soft tissue geometry!, and character- Rd., ?-C Box 1 '37, Salem, NJ J8079). :n: Transactionrs

,e~r f :he applied magnetic field are presented. o)f the Second Annual Meeting atf the iectclR-
* Aoo iton of Faraday's Law of Induction and the re- pair and Croawth Society, held on Z-- Sertember

i:aireinent or cont-luity of the total current der -ty 1982 in O)xford, Engl'and; 2:72; 1982.
-o)nduntlo;n -,lus displacement) at the bone soft-ti sue
-tcerrace .'ields an expression for the electric field

tnf frm, E - Asinl!t - Bcos-t, for the case of an The effects- ofz electro:magnetic ettaulotion of freeze-
:zolisd sinusoidal'7 feld, and, B (exwj-t, f), for dried cotca one grafts were ituotec on, ractt Ls.

nusdfll policatlons, where A, B, and are com- hne cortca_ bone )of rabb)it femurs 4as stam-en on
7<orated functi'ons of toe iadclvte nd nermit- vivo with t etrac':ne' ten iarveste in '



Shaogrcal Efects of Nonon.'ng Eercrnagnetic
. ,liarton VII(2-41 ;uiv 1983 Meeting Abstracts

ried nd :sed to make matched cortical grafts. ,Irwth Sciet, ,el , - -..

" 3rafts were surgically :molanted into adult New ford, lngland; 2:7-;
Zealand rabbits and 'on-laved" over the lateral cor-
tex or the aninhured remoral diaohysis. In :he con-
:rol group, the ani-als were placed in dummy coil Results in five *ongent:a" ini 4- ic:u d -j
-Ages 5 days wk for 6 -r .day for 10 wk. in the treat- of bone, stimulateo osing insovis ire
,ent group, the inima s were placed in cages with reported. The unit ceivered a :ns-ant ut -use,

active electrcmagnet.c stimulation coils calibrated right-angled current o r pos :-tve po .a rie Aurt7.4
ito gve standard wave form to the area of the fe- 20 to 25 uA (750 mV) iti :requenc i z . -he

moral diaphysis. The animals were treated for the power pack encapsulated in epoxy resin ;as 4 pante
same time period as controls. The grafts were har- at the time of operative fragment itabilization. The
vested and studied histologically by light micro- cathode was inserted at the site cf the non-onion g3t.
scopy, ultraviolet microscopy and scanning electro- After 2 to ' no, all but two or -.t acutred non-
-1icroscopy of non-decalcified cross secti)ns of the onions ind one of the cngenital iseudartnr-;ses :ea-
recioient femurs with attached cortical grafts. Con- ed. :n tne insuccesstal oases, toe bone ends ;eri
osrtson of -atched pairs revealed a significant in- )tten totaly necrotic. Tour cases r-:qlurec raj monn-
crease in bone bridges from the cortex of the reci- tat ion because ) tr-A-en wires )r excirtLon of toe
pient to the endostea7 'orface of the cortical grafts battery, ind two cases railed owing .o cur~ien: i-. ?
and a significant advancecent of the stages of "creep- lion. Electrostimulation is in id'uvant tre-tent
ing invasion" and "osteogenic regeneration" of the to fragment stabilization in hvooreac:i:e ind -yo-
cortical grafts. vascular or congenital 7-seudarthroses. Electri:al

stimuli may be assumed to si=ulace tonditions whic

ire essential for bone ealing.

.n32 :N VIVO SKELETAL MODIFICATIONS OF CHICKEN
EMBRYOS I:NDUCED BY ELECTROMAGNETIC FIELDS

MEETING ABSTRACT). (Eng.) Rooze, M. (Laboratoire (635 SLECTROSTI.ULATZ- N AND BONE LENGTH;I G
d' mbryologie et d'Anatomie Humaine, Hopital Univer- (MEETING ABSTRACT). (Eng.) Scale, D.
sisire Erasme, Route de Lennick 308, 1070 Brussels, (Dept. Orthoraedic Suraerv, -ni'. Frankfurt, Marn'n-
Belgium); Hinsenkamp, M.; Duchatesu, J. in: Transac- burgstrasse 2, 6000 Frankfurt, W. Germany); Zichner,
tions of the Second Annual Meeting of the Bioelectri- L. in: Transactions of the Second Annual Meeting of
cl Repair and Growth Society, held on 20-22 Septem- the Bioelectrical Repair and Growth Society, he'd on

- ber :982 in Oxford, England; 2:73; 1982. Z3-22 September 1982 in lxford, England; 2:75; 982.

Skeletal modifications of chicken embryos induced by Clinical and experimental findings concerning elec-
electromagnetic fields were investigated in vivo. Af- trostimulation of bone growth ire reviewed and pre-
ter 4 days incubation, chicken eggs were exposed to a liminarv results of one ongoing study, which assumes
permanent pulsed electromagnetic field for 100 or 150 polarity to be the active principle underlying elec-
hr. Both wing and leg ossification patterns were ex- trostimulation, are presented. In an investigation
amined. On calibrated pictures total length and employing rabbits, the inode was inserted into the
length of primary ossification points of the stylopo- epiphysis and the cathode into the metaphvszs and
dal and zeugopodal bones were measured. The results vice versa. Retardation of bone growth (7/10 rabbits)
indicated: (I) no edema and no malformation in embry- was observed in both experiments, while two ani.s

os submitted to electromagnetic fields; (2) electro- showed accelerated bone growth and one, no difference.
magnetic-field-induced increase of the embryonic wt
with more pronounced wt gain in cases of prolonged
exposure; (3) increase in bone length, aspecially of

. the more distal segments mainly in the leg; (4) ear-
'ter onset of infect'ion in activated embryos compared )636 TREATMENT )F ;N-NION ')F THE FEMUR WITH
with controls; and, (5) larger ossification points P?'LSED ELECTRCMAGNETIC FIELDS (MEETING .B-
of the activated embryos. The results also indicate STRACT). 'Eng.) Delport, P.; (Univ. Hos., B 30-
that the position of the eggs between the cuils is ?ellenberg, 3elgium); Muler, 4. ; -eng, N.; ulier,
imoortant and seems to illustrate a specific effect J. '. :n: Transact:ons or tne oecond Annuai '!eetine

t of the electric field. of the Bioelectrical Repair and Growth 3ociety, teld
on 20-22 September 1982 in Gxford, England; >:76;
1932 (2 refs).

REPAIR CF 3N-UNIONS BY ELECTRICALLY P':LSED The results of a s-a.y ising pulsed electroragnettc
CU'RRENT -T..MLATN MEETING ABSTRAC'. fields in :he treatment ot nn-onton or tne temur are

"en., Zio-hner, *. (Dent. Ortnotae:c iurgery -niv. presented. Two ;elmsol'ota were placed cn t!he
7ranr.furt , Martenburgtrasse 2, D 6 (lI ranefirt a..!. ,uter surtice ) .st. Treatment ]as applied for
71., ,-. G;er-any 7tae 2. In: Transac one f ire -- hr lay until ' in 10d rodi loeica. evidence
3econd Annal !eeting )f toe 3i'eletrtoa1 Pe.-"ind ;f -nion wi, -resent. - -ntt '.c ista. morssin

!a
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exercIses ith or ogressive loadLng started when cc- a. aureus '3 ," ' .,a ,*'. fo ring its,, 2.: 'nac
seous bridging of the gap was observed radiologi- -een '.ntr)aucsl in the femurs a: rabbits on th eur-
call' Treatment was applied to 15 difficult rc- [ace f i tainless iteeL pins :oated -i onoumoLecu-

tires ) tne femur in which non-anion .iad been ore- .ar tims at silver gk' ;tearate scti'satec ' A
sent for at Least 3 mo with in average duration ci 2 onsltive :trect crrent :m- :)r :',r, were k.;eo.
r. Seosis was present in six patients and most Aad The esects cn vitro 'bicod agar) en contraL, "'s.-

undergone the operations. .ni on was achieved both tive, ind negative current treited pins and surround-
4 in4call-, and radiological!y in 13 of the .5 femur ing ga r were coserved be a scanning elect ron :-,r

.ractures with a mean time of 10 mo treatment with scope 'SEM) tnd nowed that: 71) mure becterca were
?EMF. Two were failures (1 amputation and I after present an positive than negative current-treated
radiotherapy). I: is concluded that PSIMF therapy is stainless steel electr.des; however, more bacteria

simple, safe and avoids hospitalization. This method appeared in the negative than in the positive cur-
cs creferred in cases of recalcitrant non-unions of rent-treated agar; (2) fewest numbers f bacteri
:he femur. were on the negative currnt-treated sold Ag elec-

trode and agar; bacteria )n -caitive current-trestea
agar were in possible erptircte ts; mnd an te

positive electrode surf ice ne nacteria appeared le-

formed; (2) bacteriaL growth was Ieavv n cntral and
- -. PHYSICAL ASPECTS )F PULSED MLGNETIC FIELD negative current-treated solid tarnisned ,)xidczed)

STIMULATION (MEETING ABSTRACT). Eng. Ag electrodes and agar: the gr)wth ias less ceavy an
Marsland, T. F. (Strangewavs Res. Lab., 4ort's Cause- :he positive current-treated electrode snd igar; -1
-way, ambridge 231 -N, England). Ln: Transactions bacterial growth was unifcrmlv law an alL Ag stearate-'31 , I o ta a e

Sthe econd Annual Meeting of the 3ioelectrical Re- coated (by evaporation) electrodes and agar greatest
pa4r lid Growth Society, neld an 20-22 September 1982 on control); bacteria on negatz.e current-treated

r_n ..-rd, England; 1:77; !982. electrode appeared swolLen but not in negative cur-
rant treated agar; (5) greatest reduction )f aacte-
rial growth was seen on the positive current-treated

7'e electric and magnetic fields generated by field Ag stearate monomolecular fin's-coated electrode ind
oils arien by pulsing currents were investigated. agar; (6) growth was sparse on all Ag electroplated

y the free space field problem divides into electrodes (no agar sample available); r7; bacteria:

.wo areas: spatial dependence and time dependence. growth was heavy on control Ag electroplated chlarcied

The spatial dependence of the magnetic and electric electrodes and agar; pitted ireas af positive zurrent-
ields was studied theoretically using a vector poten- treated electrode were free )f nacteria wrile growth

* tial nreatment. The resulting Integral equations on agar was heavy; both negative current-treated elec-
were evaluated with a computer program, and the fields trode and agar showed minimal growth.

clotted for various coil geometries. Exoerimental

measurements of the magnetic fields were made with a
"a Mall probe. They are in close agreement with the

ca.culated values--of the order of 1-20 mTesla (peak).
Electric field values were derived from search coil
measurements on Melmholtz-aiding field coils which J639 SPECIFIC UHF FREQUENCIES FOR ELLS S"

-

aso are in good agreement with calculated values. LATION AND HEALING PROCESS 'MEETING AB-
The time dependence of the voltages induced in a STRACT). (Eng.) Fellus, V. M. (19 rue du Docteur
small search coil were studied, and the waveforms Arnaudet, 92190 Meudon, France). In: Transactions of
were further characterized by their frequency domain the Seccnd Annual Meeting of the Bi.electrcal Repair

representation via classical Fourier analysis. This and Growth Society, neld on 20-2Z September 1982 :.n
analysis has formed the basis for the design of a Oxford, England; 2:80; 1982.

series of new pulsed field generators, whose biologi-
cal effects are currently under investigation. The

fundamental question of the interaction between the A new electric current and/or electric field senera-
fields and the biological material was approached. tor was developed, which employs the highes, irequen-
Small perturbation models were used to approximate cy compatible with international specifications, body
the induced current distribution within materials tolerance during repeated Long-term axposure, and op-

exposed to oulsed magnetic fields. timal effectiveness. The apparatus was designed to
deliver energy at 2.5 mW'cm, which is we-! within the

respee-ive safety standards af the U.S. and '.S.S.R.

The machine employs a iF ntenna and features s iou-
SEN OF S. AUREUS ZN CU'RRENT-ACTIVATED SUR- ble spiral sntenna which can be applied directly to

I,. ?l;S ,OATED W4ITH SILVER AND SILE'R the akn.
3STEARATE MONOLAYERS M.EETING ABSTRACT). (Eng.) Col-

maro, (. (Veterinary Medicine Res. Center, JPI & SU,
3Backsburg, VA >4061); Fainter, L. K.; Edwards, S. S.;

31rranco, S. D. In: Transactions of :he Second Annual
!eeting of the 3ioelectrlcal Repair and 3rowth Soci- 0640 ELECTRICAL STIMULATION 2F tIE SPIN;AL lORD

ety, held an 20-22 September 1982 in xford, England; AFTER CORI(CTMY 70 :NCREASE SURFACE T.PFER-
2:79; 1982. ATURE "2'l'G kBSTEACT,. E'a.i Rinalai, R. A.



Biological Effects cf .Vorionzinlg E'ectrorragneric
Raoiation W~i 2-4;. Juiv '983 Meeting Abstracts

(Lousiana State '_niv. '!edical Sch. it Shreveport, -- ~ ~ AL EXR:CE 7-1 A:TIQ:'Al.?
0

S
Box 3392, Shreveport, LA 71130). in: Transactions SPRAV '; LC~N~ A-* T

orf -he Second Annual Meeting of the Bioelectrical le- ?S7EODARTHRO1ES MEHT!NG ABSTRACT' .

air and 3rowth Society, held on 20-22 Sentember 1982 . .('!nfallz i1_r~iiche Kl~n_, Al:ge en
.1 2xford, Enln;2:81; '3382 (2 refs). rause OrmoOO .sn'n:4 -. ersanv I

if 'he Second Annual Meeting ofr;a
Pair and Growth Society, held ~n ~
n Oxford, England; _:i3; 192.

* The increase in surface temoerature following eLectri-
cal stimulatio. of the spinal cord was investigated.
Gomplete cordotomies were performed at '_2 in four Experience in the application of -0 stoperi., tm

*adult rats (2 male, 2 femala). One wk was al'lowed ulation with electromagnetic_ ilter-is ng fe1~l --n
for animals to recover :rom surgery and hair was re- 67 cases of pseudarthrc ses 3f long iuuar tones ind

moved with a commercial depilatory agent from lower In 4cases of osteotomies bv .-se -,f in m-3ante.
lbsand ventral body surface. T"en sites were se- according to -he Kraus-l-ecnner mnethod is:r~sented.

J% ected 4,or surface temperature measurements. -lhe The cases include: 12 n seudart~hroses -f ::.e oernora.

electrical stimulation was with olatinum electrodes neck, 12 of the femur, 30 of th e tibia, 5 o te lu-
.5 mmn i di ameter) -activated by a watch battery merus and 8 of radius or -abia. :n about a :Udrter 'r

a lsa resistor which p roduced a current of 0).5 to 4 the cases there were infected pseuda rthroses, o)artlvi
_1A at 3.5 to 3 V direct current. All selected tem- with larger defects. A precondition or the treatment

n)erature areas were measured with the stimulator on was a regular osteosynthesis with :)ates, nabl or :iz-
or off jith a 30-mm 4interval between to allow for ateuir externe in the greater -.art combined with .iuto-
adjustments ofte subject to experimental or control logous bone graft. Psoeaie aiuainwt

.:onditions. A thermistor probe (YSJ 44093) designed electromagnetic field was performed on the average
obe taped )n the skin measures temperature change. o -8 wk for 4hrdiy an inom cse lng.

-his thermistor had a time constant of 1.1 sec, the The 4 osteotomies healed quickly dithout pr-oblems.
-bme required for the thermistor to read 63Z of a In most of the pseudarthrosis cases there was zom-
-iewly. imposed temperature change. Approximately 5 peecnodao obnescil> nte rb

c-ine constants" jere required for the probe to de- 1cm cases such as pseudarthroses of the femoral neck
cermine 99% *of the total temperature change. This 'or defect-pseudarthroses with inflammation. Seventy-
thermistor was attached to a tele-theLmometer (YSI six percent of all patients had p)reviously inde rgone
:
1
43TK) to obtain temperature readings. Each reading one or more operations without success. :n 903.5'. of

requaired approximately 5 min. The results are pre- the patients application of electromagnetic stimu a-
iented graphically. There was an average increase -ion after surgery resulted in complete bone o)ridg-
of ternperature of the body surfaces measured from ing. In 4.71 of the cases success was obtained after
:..o 0.91'C. This was the first study to measure changing the procedure once more with renewed accmul-

direct electrical stim-ulation of the spinal cord and ation. Only in 3 cases (4.71) was the treatment n
the resultant temperature changes on the body surface effectual.
in animals.

0643 THlE EFFICACY OF ELECTRICAL STIMUIkT0N 1; O
EXPRIENALY NUCTD NON_-ONION ZRACTV'RE

OF THE CA'I N E TIBIA (MEETING ABSTRACT). 'n g.)
361 A ?ILO0T STUDY OF A CASE OF LONG STANDING Harrington, D. (Pennsylvania Toll. ?odiatric Mcedi-

DEGENERATIVE O.A. (OSTE-O-ARTHRITIS) OF BOTH cine, Philadelpia PA 90) Watr 0;wler

HIPS (.-EETING ABSTRLACT). (E-ng.) Rakshit, A. K. (1128 T.; Chen, T.; Bodamer, W.; Black, D. in: Tascin
HiarlIcy St., London W1, England). In: Transactions of of the Second Annual Meeting -of the 3ioelectrical
the Second Annual Meeting of the Bioelectrical Repair Repair and Growth Society, held on 20-22 September
and Growth Society, hield on 20-22 September 1982 in 1982 in Oxford, England; 2:84; 1982.
,xford, England; 2:32; 1982..

new method of creation of an experimental non-un
The -ose of very low frequency pulsating electromagnet- fracture model is presented and the results of an fn-

energy in the treatment of a case of osteoar- vestigation of thebogia evnsI elcr.cly
thrItii of both n-ips is presented. EM! energy (fed stimulated closure of a non-union fracture are report

*.intensitz, 100 G; 50 Hiz) was applied initially for 22 ed. Forty-five mature adult p ure-bred 3eag l ogs
mm n ateratedav, ten x/wk, and toward the end were divided into three groups: -Grouo A consisted of

or toe course of treatment, 1x'wk. The radiological animals receiving bilateral tibial )steotomies where-
appearance of the left hip, whic'h was the -3ore affect- in one leg served as a control end the other leg serv-

*.ed, was significantly improved. In the right hip, the ed as experimental. Groups 3 and ' each r2eneived uni-
rdological appearance was almost normal. It is con- laelotetme wih rupBsrng s pr-

-lde tht- raito ep ees h ahlg mental animals and Group 0 serving is a control. A

:cal changes if ostsoarthriti3 in the early stage of initial surgical procedure (Phase 1) was dJesigned t
i f e',elooment. c:reate a non-union rctrwnile i'n a se :)nd o roce-
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dure (Phase 1l), control or experimenca' slectr;des and -one. _lnnot e !rmlnc t ,t

were inserted into the non-anion gap. The post-surgi- woether this ia ir-:t ir .ncrct .2 t7-<t ut

cal duration of Phase I was 56 days, and the post- .s preixmabliv indepe'2:c:n)t So *0±4 t<O ,L1.
surgical period for Phase II was 28 days. Each sur-
gical area was x-rayed immediately after creation of
the non-union, at the end of Phase I, it the beginning
and at the end of Phase II. Samples were retrieved
at the end of Phase U: and prepared for histology or )65 FRELENC'Y )E?EtS..:< FT

scanning electron microscopy. Samples were studied PEDANCE PROP.-TIES aCING

microscopically to determine the ikialitm and nature ABSTR.ACT'. tEng.) Saha, i. Bomechanc, i .. , t.

of the tissue-types appearing in the surgically Dept. Orthopaedic Surgery, iouisiana Stat "n o '!e,-

created defect, degree of vascularity and the quali- cal Center, Shreveport, IA 'i2O); ' e.'
tative assessment of new asteoid and bone. Control Transactions of the Second \nnual leer o[g ri the 3i

sections showed only small amounts of bone formation, electrical Repair and rowtn ioc:otv, -ea n -

whereas new bone appeared extensively in the electrl- September .982 in ix: fro, Ensiand; )-- ,. -

cally stimulated samples. Samples prepared for scan- refs).

,nizn electron i~roscopy"v were observed for tissue

* orphology, type of new; bone, level of ossification,

and specific mineral concentration and localization. A differential technique was employeif or icourate !e-

These studies confirmed a greater rate of osteogenic termination of the soecfic resistance and :aoacitance

activity and ossification in experimental samples properties of compact bone fcr a wide :requency range.

versus controls. X-ray studies throughout Phase i A gain-phase meter (Hewlet: Packard, '!ode! 3575A was

and Ii concurred with the histological and scanning used in A reference reading t3 estimate t'-e wiring

elezron microscopy data. and cable :apacitance. A second measurement was made

with a bone specimen. 7rom the difference of toe two

readings 'magnitude and phase of an output to nopt

voltage), it was gossible to calculate the resistive

and reactive components of bone impedance. These

*644 THE EFFECT CF CROSS-lINKING ON STRESS-GEN- values were verified by taking another set of inde-

ERATED POTENTIALS (SGPs) IN TENDON ,MEETING pendent readings with an 'CR meter Hewlett Packard,

ABSTRACT). (Eng.) Steinberg, M. E. (Dept. Orthopae- Model i.62A). The measurements were repeated it sev-

dic Surgery, Univ. Pennsylvania Sch. Medicine, Phil- eral frequencies starting from i to I M£z. H ot

adelphia, ?A 19104); Unger, A. S.; Jimenez, S. A.; higher frequencies, the impedance values showed i de-

ashe, R. .; Pollack, S. R. In: Transactions of the crease with increasing frequency. The specific resis-

Second Annual Meeting of the 31oelectrical Repair and tance (R) was 7.56 kOhm/cm and the soeciric capaci-

Growth Society, held on :0-22 September '982 in Os- tante (C) was 0.I66 nfarad/cm for fresh bovine >ongi-

ford, England; 2:35; 1982. tudinal compact bone specimens. The impedance prop-

erties were direction dependent showing the anistro-

pic nature of bone. The calculated impedance values

The effect of cross-linking on stress-gene rated poten- based on R and C values measured at )me frequency

riala (SGPs) in tendon was investigated using dry agreed well with the measured values for other

soecimens to eliminate the role of streaming pocten- quencies. The result Indicates that by using the

tials. Thirt'-two sections )f canine flexor tendon differential technique, errors due to stray capaci-

were dIvided into two experimental and two control tance can be eliminated while measuring toe lynamic

groupe and treared for 24 hr at 22 C with formalde- impedance properties of bone.

hyde 'po 7.3) or glutaraldeh;' e :pH 9.5), both active

croes-linkig agents. controls were treated with the

appropriate buffer ilone. After thorough drying,

specimens were subjeoted to -point bending in an

electrically shielded climate chamber with serial 0646 ON THE MECHANISM CF 3iJLOGICAL :C':UCTI.

"eformations of 75 to 73 microns. Potentials were (MEETING ABSTRACT). (Eng.) Cheng, '. (Dept.

measured from pposlite surfaces with platinum elec- Biochemistry, Univ. Louvain, 300, Louvain, Belgium);

trades and were recorded simultaneously with load Hoogmartens, M. 3.; Mulier, J. C.; Sansen, W. 'I.; De

snd defnrmation. There were no differences between LoecKer, W. In: Transactions of the Second Annua.
the electrical waveforms )r the polarity generated Meeting of the ioelectriaa Reoair and rowrh Soci-

by treatel snd ocntrol speci-ens, both of w nich were ety, held on 2- e

similar to moist 4nc1e tone. -Te voltages, however, 2:37; 1982.

*'. were significant>: e'evated by treatment with both
formaldehyde and elutaraliehyde. Analysis of load/
Sef orma ton carves snowed that treated soecimens The mechanism of biologt,-al conduction was investi-

4 were "stlffer" than controts. :ncreasing the number gated by esamining the direct ,current (DC) -cnductiv-

or :r-ns5LOks 1- tendon 3llagen bv treitment with icy of rat skin. Fresh skin strips from the back or

zormaceh de or ilutarildehvle caused a significant rats were isolated, weighed and clamped it noth ends

increase :n SOP. It may therefore be postulated with a pair )f stainless steel electrooes. Peat;-

toat toe nat-rally corrng ross lnka of collagen tance And volta3ge neasurements were made immeuiatel:

* olaw a role t'he gener i-on of tentlas be tendon with an .ec-romet-r. 7ollowina the initial measure-

IjVar: I jen, j Y %o
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ments i new set of readinigs f :e :ecin itrils wera cori tions. - us electrica ?:.s tIt
tocen after drviig and 4eigh'ng. Similarly, the ac- affect ze' funct~on, 'i :triugh n . eato
sequent readings at different time ntervals during wi~char-Itn the cell )r n th e ' Oca'.vU : *Vtineft
dryi werere~dd 7he resistivit: o te S,-. o f the ':el I o~ a'P re : ; fndarental' ;u~int :.sh

flow of current (charge transfer) was roughly est4- --ell' snould have apredictable response. "itr*. )!
m3ac .3 te zh.ange or proton concentration (hrae sideration of:egeometry and the electrical
or :.nrotonation and deprotonation) which was monitored ties, the relicfonship between :1,e i riv n g i~gna.
.7 thne pH change of cellular homogenate. It was and the LFP is established by solut'on. --:e time

oudthat the resistivity of the skin increased a!- epe nt Dalc 7qato usin nalc ns rm

-cst linearly as the wet wt of the tissue decreased. methods enabling simpler frequency ',s) !oma i solo1-
:he D)C zonductjvitv observed was a function of water tions. This resulIts i n the definition ora ase
conitent if the skin. ?rotons were produced it the function, F(s), such that F(s) LFPs),DSki) where

'6anodic area and consumed at the cathodic area during LFP~s) is -he local fiel 7arameter of interost ind
tne ?assage of XC. The -ate of Proton oroducton :2Sl') is the drivi ng signal. 7:he time loma n iolu-

was eaua. to the rate of proton consumption is con- tions of the LSPs are readilyv obtai ned ov :-nverse
firmed by nH measurement. -he results of OC conduct- L-aplace Transformation. 7h is theoreticil' ancroach

* i-.v as a function of water content and the change was applied to in e:~periment where chick chondracvte
of proton concentration after oxidation or reduction cell cult-ares ire stimulated with -I 57$C
)f -iOat the inefcssuggeit that water molecules so ua re-Wa:e . The resulting field and densit:. have
ira thie most oredominant electron donors or acceptors mamu ue of 0uCcmnd .3Ac- rsec
indergoing charge transfer reactions. :t- is likely tivelv. A second application to -ne exoer-ment -i
tat the conduct4'on process following alectrochemi- which rat costochiondral 4uncti on tisue cualturps
cal reactio ns at the electrodes depends on the avail- were stimulated with a4 5-V )Q-1Hz signal resulted Ln

*ability of water molecules. With the application of a '150 uV/czm field and a Z.-. jA,,cm- cn s it v a t ,)k lz .
a weak direct current, water molecules are protionated kliz. Although the i' ing voltages In these two ex-

±W' + H0+) after donating electrons to the an- neriments were separat-ed by over :do orders or magni-.
*ccc and deprotonated (H=0 - qi+ = )H-) after accepting tude, the calculated LF~s agreed to w ith inii 1a tatr

eetrons from the cathode. During a reaction at the of 3 although their time dependences i~ffred.
the cathodic interface electrons are added and pro-

* tons removed in equal numbers. Similarly protons are
aidded and electrons removed at the anodic interface.

J64.9 TTHERXAL CONSTIDERAT:C1"S :N ELECTRICAL i:-
(JLATION (MEETING ABSTRACT). :Eng.) Liboff,

A. R. (Oakland UJniv., Dept. ?hviics, Rochester, 'I
A GENERAL:=E :HEOR.ET:CAL APPROACH T) THE 48063). :n: Transactions of the' Second Annual T

Ieet-
DETERMINATION OF LOCAL FIELD PARALMETERS ing of the 3ioelectrical Repair and 3rowth Society,

DURIN'!G CAPAC:IUELY COLIED ELECTRIC STIMULATION IN held on 20-22 September 1982 in O)xford, Engl'and 2:
;ITRO (MEETSING ABSTRACT). (Eng.) Vresilovic, E. J. 89; 1982.

* 0ept. 3ioengiieering, 1'9 Towne 3lig.,03, Univ. Pen-
ins':l-iani a, Philadelphia, ?A); Pollack, S. R.; 3right-
ain,.....in: Transactions of the Second Annual Meet- Attempts are underway to determine the energy die-

igof the 31oe.,ectrical Repair and Growth Society, sipation per unit volume j.- and the associated temp-
heli .-n 20-22 Seotember 1982 in Oxford, England; 2: erature increase using a commercially available atim-

i 982 -2rf) ulator (EBI/OSTEOGEN system" that 5nrtsi? e
signal. In the initialseiso eprint ?l-
styrene flasks in different orientationots containing

A theoretical approach is presented, which allows the 25 ml of culture medium (DMEM) were irra1diated for
determination of the local field parameters (LFPs), periods of up to 110 min. The entire apparatus was
?lectric field and current density, in vitro and in totally enclosed in stycnfoam. The temperature was

,iv, rsoetivly. Fundamental electrical engineer- monitored continuously using a fine fluor-olitc orobe
Ing ormnciples from dielectric, circuit, and control which was completely non-metallic, thereby preventing
:1heory were apolied in the development. A general- any chance of direct magnetic induction, as may' occur
* ed in vitro exoeriment includes a biological sample with thermocouples or thermistors. Results to date

:.:ured in a :essel containing mediujm. 4eeal ndicated L..at' the temperature increase In the ir' ra-
h is vessel is olaced between metal electrode plates, diated medium was no more than .05 '1(the oresentc

o wicna divig ignl I aplie. hil th drv-temperature resolution) but that the inductive coils
trg signal is commonly given as the electrical 3timu- themselves were being heated to at least 0.1 r_, for

o rn eer the apparatus geometry and the alec- signal repetition rates of 2$ uz. It is expected
* al. -lpe iiste conductivity and the permittl- that the temperature resolution will shortlv; be im-

th materials as a functicn of frequency nave ojroved to better than .JOlI. Additional xoetet
i eter-.ining effect in the actual values of the '-Fps are plIanned on rats. I t should be noted. hcveler,

c uriig in exceriment. To calculate these LF~s, tne that in vitro substances offer the possibilit, of a
-oxeriena. ~atm ostbe odledto llw slutonmore mneasuraole Change than might occur tnvivo, qi

V te sp laci enuat ion .;it prooerl,! detined ouindar:: en:e -dinos tndencv o eneritare euro
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resulting frm the vascular ivstem. ;te-.-:,. 4 1 ..

n6i :qE EFFECT OF ,RIENTA:I1N :F L1MOLi ThE -:->.:: : , .x:, .l _.
COILS ON NEURITE CROWTH J F NERVE ;k:GLIA IN ::'R R F -; -. S N 7A -

VITRO (MEETING ABSTRACT). Eng.) Siaken, B. F. (Wen- TN 'AFN. Ad .,T :G .

ner-Gren Res. Lab., niv. Kentucky, Lexington, KY Dept. 31nnic. l ', -!i. r
40506); McLeod, 3. In: Transactions of the Second 277T1; Wachtel, i. ln: Triensa2t: rs n . .,uc
Annual Meeting of the Bioelectrical Repair and Growth Annual M!e-tin. -f :he 7 e>ct.-3 ,

Societyi, held on 20-22 Setember :982 in Oxford, En- Socetv, he'd -n 2 C-1? qe: e: r 'q2 n :

?Land; 2:90; !982. ,Iand; 2:91; '?92.

The effect )f orientation of Helmholtz coils on neur- The Lmpiantable nerve cuf; te':.nci -,s ;t Ql t.,'

ite growth of nerve ganglia was investigated in vitro, the effecti app!ied iire . s d
Since the current density is minimal in the center of pulsed currents _)n regenerat.on n tme r3oci: M:tIC

the culture dish in the horizontal orientation (HO) nerve. Each nerve cuff was constru:ed h' iew ing -n
but maximal for vertical orientation (VO), doea was array of ?t-:r electrodes into silastil tubing. -- ""
collected comparing neurite outgrowth of ganglia lo- longitudinall1, the cuff was surgicall implante
cared near the center or each dish with the ganglia around the sciatii nerve. The cuffs were normally

tin he peripnery. The "center" was arbitrarily de- 1067 larger in diameter than the nerves t illow for
. ned as the center one-third of the dish. It must nerve swelling as a result of dissectirn trnuma.

3e recognized that the distribution of the current Stainless steel, teflon coated cables ran from the
density changes dramatically from HO -to VO due to cuffs to percutaneous connectors which e7erged
different boundary conditions, but on the bottom of through the skin on the animal's back. Each sciatic
:he cul:ure dish, some general comparisons can be nerve was crushed before being loaded into the cuff.
made. -or the 10 the current density varied in a The point of crush was usually within the Irray of

Inear fashion from zero in the center of the dish to electrodes so that periodic (everY -1 davs) szirtu-
a maximum at the outer edge, while for the 70 it lation and recording from the nerve zbuld reveal lec-
varied nonlinearly from maximum in the center to zero trophysiological changes associated ith regeneration
at the edge. Dorsal root ganglia (5-7/dish) from 8 both proximal and distal to the crush site. ue :o.

day chick embryos were placed in gelatinized culture the low 'mpedance of nerve tissue, the system allowed
dishes which were set between Helmholtz coils it. the delivery of the current to the entire oortion of the t-A
following manner: in the /0, five dishes were set one nerve within the insulating sleeve of the cuff, whih
on top of the other; in the HO, two levels of four eliminated much damage to the nerve. 3attery packs
ishes each were set between the coils. The dishes were plugged into the percutaneous connectors tor "var-
were exposed to a single pulse waveform (15 mV, 325 ious lengths of time to allow direct curren: (15 nA,

usec positive, 20 usec negative, 72 Hz) for either 2 100 nA, I uA) to run from an electrode (anode) beneath
days (constant exposure) or for 2 days (12 hr on/off), the connector to one of the electrodes in the array

xAter 3, 4, and 7 days in vitro the neurite outgrowth surrounding the nerve. The contralateral nerve served
(NO) from the cultured ganglia were scored on a basis as a control with a dummy battery pack. Typically,
~of 0 c5 max. The results obtained appeared to the nerve was stimulated to elicit a maximal compound
depend not only on the orientation of the coils but action potential. The electrophysiological data were
ao on the total time of exposure. After 3 days in correlated with a muscle function test and histology.

- . vitro (3 DIV) ganglia in the center of the dishes in To date no significant difference in regeneration was
the VO experiments (where the current density is high- detected between exoerimental and zontrol nerves.
east) had a higher NO score than ganglia located else- This system can be used to study! the effects on nerve

where. At 5 DIV, this situation was reversed, i.e., regeneration of induced currents from externally so-
neurlte outgrowth score of ganglia in the center de- plied fields. The use of such induced currents sub
o-reased tu a lower score than the rest of the ganglia. stantiallv decreases contamination from electrode

'n the HO experiments, it 3 DIV, ganglia in the center products that occurs using Srect current.
." o the dishes (where the current density is the i'ow-

est) exhibited a lower score there than found else-K. ;a dishs (whre th scuretdest ishelw
where. At 3 DIV this situation changed so that can-
srail' located ganglia outscored those located in
-thec areas. The data suggest that ganglia located 365i EFFECT "F GAICA-RA I.ON AND AYPERTHERIA
in areas receiving high levels of current density ON DNA REPAIR AND NADI T2RN OVER IN LTTR-
from pulsatile electromagnetically-induced currents ED 1',MPHOCYTES <MEETING ABST.ACT) Eng.) Jonsson,
are stimulated to produce an immediate response which -3. f. -Dept. Oncology, Thi:. rosp., S-22 -".un,
then leireases with time, while areas receiving lower Sweden); Pero, R. 4.; Erikson, ;,.n: ra.nsactions

f eve:s r urrent demonstrate a slowly increasing of the Second knnual 'Ieeting -f toe 2ioeleclrtc .e-

resoonse :'me. t is concluded that both current pair and 4rowth ,ociet,, -.e*d in __-22 S-t~mter .3
essit' and time serve as 4iportant parameters in in )xford, Englsnd; 2:92; 1982 3 re s

.



Bio'Ogical E.'fecvs of Voron::..ng E'ectrcragnetic
Radiation 'V'WI 2-41. Juy 7983 Meeting Abstracts

U'nscneduted :.NA svnthesis ',S) and cellular NAD- :nf _'t 3ioeeczrtca %-p.sr i:ou ;r . 3C octet'.,

7ools -ere investigated after exposing human Ivopho- held )n :22 September 1982 f,:)srd i'g-n;:-;

in-' oyperthermia and gamma-radiation separately 19Z2.
and in combination. L"DS was measured using 

2
"-thv-

nidine, which is incoroorated into the DNA during

repair synthesis. N;ucleotldes were extracted sing Clinical results obtained .sing a self-made electrica.
- perchloric acid-methanol procedure followed by KOH apparatus for constant !irect current stim.iation or
i eutralization and analytic isotachophoresis with the non-union s described. A power source -ontaining
aid of an altriviolet detector. DNA repair synthesis 9-V battery delivered a constant current from 1-20 uA.
-'as related to N.D- pools via the chromosomal enzyme As a cathode one to four Teflon-coated stainless

po'l. (ADP-ribose) polymerase which was found to have steel Kirschner wire electrodes were inserted into
fundamental role in recognition and repair of DNA the pseudarthrosis region. The stainless steel anode

damage. L'DS ieclined wtth increasing temperature. was fixed epicutane. The applied current was 12-17.5
A- -2.5 the -DS was reduced to about 30% of the uA for 12 wk. Ten pattencs with complicated pseud-
values determined at 37 C. Following gamma-radia- arthrosis who ad indergone variable pretreatment
t)r. amage toe n ools dropped to very low (5 tibia; 3 femur; 2 humerus) were treated with direct
*eve.s, oat recovered to the original level with- current stimulation. At y vr post-treatment, 3,5
-n c ;r. louerate hvpertnernna,'2.5 C) altered cases of pseudarthrosis were nealed. Two large defect

ie etnetLos resulting in slower and Less effective pseudarthroses -ere treated otherwise. Five cases of
recovery. 'eat-treatment it - 2 prior to radi- stimulated pseudarthroses ire in progress. Based on

ition killed the cels the authors' experience, direct current stim,,'ar'on

appears to be an effective, inexpensive, and *ncompli-

cated method of pseudarthrosls treatment.

:.I ESUNE AND -%NTIINFLA. MATORY ACTI-

: ITY CF PULSED 27 MHz 4AVES 'MEETING AB-

S TRCT'. 'Eng. ) ecca, . 'Dept. Pharmacology and )654 PULSING ELECTROMAGNETIC FIELD EFFECTS ON
'rthopaedics Clinic, 5. Raffiete Hosp., iUniv. Milan, CULTURED ?IBROCYTES (MEETING ABSTRACT).
Man Italy); Costi, P.; Dal Conie, C. zn: rans- (Eng.) Loyd, R. D. (Bavior Univ. Medical Center,

sc: ;ons of tne Second %nnual Meeting of the 3ioelec- 3600 Gaston Ave., '303, Dallas, TX); Matthews, J. L.;
troca. Repair and 'rowth Society, held on 20-22 Sep- Newman, j. T.; Roa, R. In: Transactions of the Sec-
:-:ber 1942 in Oxford, England; 2:93; 1982. ond Annual Meeting of the Bioelectrical Repair and

Growth Society, held on 20-22 September 3982 in Ox-
ford, England; 2:95; 1982.

ortects on blcod, immune response and antiinflammatory

ictvcity were evaluated In rats and mice after expo-
sure to pulsed electromagnetic radiation at 27 MLz The effect of pulsing electromagnetic fields on cul-

mW cm-). In rats treated 120 min oer day for 20 tured fibrocytes was investigated. For a preliminary
days an increase in white cells (p<.305) and gamma- study of the responsiveness of fibrocytes to pulsed
globulln concentration (p<.1) was observed. The fields, a fibrocyte cell line that produces collagen

percentage of lymphocytes decreased while that of in culture was selected for evaluation of the effect
n.eutropnils increased. 'Then mice were exposed to of pulsed electric fields on the mitotic activity of
gamma-rays f750 rad) only, the animals pretreated with these cells for varying time periods using two units
the above-mentioned waves and those posttreated showed that generate different signal configurations. Stim-

- i substantially lower death rate as compared with con- ulator Unit I had a repetitive pulse burst signal.

"rris. In mice treated before and after being sub- The primary (positive) pulse portion was a quasi-rect-
:ecte1 to ga~ma-rays, 58% survived >30 days. In an- angular slope with a time duration of '00 usec and a

other experiment, the inflammatory response to elec- positive peak amplitude of 1.5 mV/cm. This was fol-
tromagretlc radiation was investigated. A group of lowed by a secondary pulse of opposite polarity with
animals was administered phenylbutazone, the other a pulse duration of 15 usec and an inducted peak vol-

one was exposed to 27 MHz energy. In the irradiated tage amplitude of 4L.5 mV/cm. Unit 2 had a repetitive
group animals etvienced an inhibition of the inflam- pulse signal with the primary (positive) pulse being

'at- on rate 'p<. versus controls) compared with a quasi-rectangular slope with a time duration of 325
the qhenylbucazone-treated group. These results de- usec and a positive peak amplitade of 2.2 mV cm, fol-
nonstrate the i-munos-inulatory and antiinflammatory Iowed by a secondary pulse (negative) with a pulse

)f )rts zw-intensit" radiation. duration of '.2 usec and an induced pea. ':oitge of
.3 mV/cm. The fields of both units were mapped with

a search coil and were found to be homogeneous. Cells
were cultured in flasks which were positioned either
parallel to or transverse to the coils within the cen-

3 D:RCT C:RRZeNT IN THE TREATMENT OF ION- ter of the field. ontrol flasks of alimuots )f the
IN MEETNG BSTRACT . Eg.) Regling, same cells were cultured in the same Incubat)r it

i. rDeot. rthonaedica Charitei, Humboldt-Univ., Least 3 m distance from the coils. Flasks were seed-

.charnhorststrasse 3, X 3 3erlin, E. -rpan,; ip -d with 4 a IO4 cells. Mitotic city was :eter-
-el, . n: Transact. ins 'f ne Seconc Annual Meet- mined by :ounting tririum Isbeleo rh-niiie zoc-orpo-



Meeting bstractsSicogocat E."ect-s of vcn',or7z,no- E ecrcroer,c

*ration ii el-s A hr after thlv-nilie itiut
t) ±'sks. ro iferatio)n was determned ifter eithier

- - Dr J3 ays of continuous exposure to the fiels.
Are ays, Unt and 2 showed a positive r: sesponse

32 and 47,respect ive Ly) After 23 day s, -e S
s nowe d a Ie sse r response to U'nit 1 (-5.-)8%) and

?oii-4* e re'sponse to Un'rit 2 (1.4:. Te
differences in response indicate that signal confi-.1rations oplay a significant'r~ in3 aietertiningth
responsiveness of fibro--:tes.
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