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17033); Sharey, F. Z.; Frey, R. A.; Strvker, J. A.; only ia tumers less than 35 :md. I contrist

Velklev, D. E.
1982 (18 refs).

Narl Cancer last Monogr 31:385-389;

Seventy-six congenitally homozyyous (au/au) nude NIH
Suiss Webster mice were inoculatad sc or id with
3x107 CMV-MI-HEL-2, T-i cells along the dorsal azid-
iine. The cells were a strain of human embryo lung
fibroblasts transformed in vitro by human cytomegalo-
virus. Of the superficial tumors that developed
after a 19-day latent period, 25 were treated with
2,450-Mliz microwave hyperthermia (42.5 C for 20 m
followed by fracrionated electron beam ctherapy (54l
zad/fraction) (Group HE); 16 tumors received radia-
tion alone (Group E), 15 received oniy hyperchermia
Croup H), and 13 served as controls {Group C). A
502 or greater reduction ia tumor vol occured ia 773
2f Group HE tumors, compared with 12X of Group E, 3%
of Group H, and 202 of Group C rumors. Complete e~
2ression was observed in 30% of Group HE tumers, as
opposed zo 52 of Group £, 8% of Group H, and 7% of
Group C tumors. These results confirm the afficacy
3f combined heat and radiation treatment in a moder-
ately radioresisteat cell line. The resulcs are sig-
nifticant because the cell line is a virally crans-
formed human strain traasformed by a human wvirus;
nodarately radioresisctant in vive, and in vitro; and
not significantly responsive to heat or radiation
alone, and demonstrates metastatic capabilities typi-
cal of malignant human tumors.

J471 RESPONSE OF SPONTANECUS ANIMAL TUMORS 70O
HEAT AND/OR RADIATION: PRELIMINARY RESULTS
JOF &4 PHASE III TRIAL. (Eng.) Dewhirst, M. W. (Div.
Radiation Oncology, Dept. Radiolegy, Univ. Arizona
dealth Scilences Center, Tucson, AZ 35724); Connor, W.
G.; Moon, T. E.; Roth, H. 3. Natl Cancer inst Monogr
51:395-397; 1982 (10 refs).

Relative differences ia control rates and response
durations of spontaneous tumors in 13 cats and %1
dogs treated in a phase IIIl randomized trial with
keat alone, lrradiation alone, or heat plus irradia-
tion are reported. Animals were assigned to cthree
Iireatment groups and were scratified by histologieal
type of tumor. The histological types :reated in-
¢luded melanoma (7), mast cell sarcoma (12), mammary
adenocarcinoma (6), fibrosarcoma (10), and squamous
cell carcinoma (18). Heat treatments were given with
a 500-KHz radiofrequency power source by either za-
pacitive or vesisitive coupling. Radiation therapy
was given by either 4- or 10-MV X-ravs, electroas, or
orthovoltage. The zotal tumor dose was 460 rad/frac-
tion given twice weekly for a total of 8 treatments.
A comparison of response rates among the Chree treat-
a2ent aras showed chat the fraction of nonresponders
in the heat alone arm (53.3%) was significantly hizh-
er than ia the other 2 arms combined or the heat plus
irradiation arm alone. The relationship between tumor
3ize and response to therapy showed that heat alone

combination of the 2 modalizies resulred in :
responses in % tumors that w~ere larger zhan 3O
The median response duriatioa Zor heat i1lone Jas
than I mo. This was signiftcantly shorter
that for irradiation alone or heat plus irradis
The major complication was the leveicpment of
degree burns from the heat ireatments, which cc
in 30% of the sujects in both heat iras. Yo
complications such as necrosis Jere observed.
is the Ffirst randomized prospective :Irial 2
chat heat alone {s ineffective for long=term cc
of @ost tumors.

672 BIOLOGICAL RATIONALE FOR JPTIMAL 3CHELD
OF HEAT AND IONIZING RADIATION: DI
RESULTS ON NECK NODE METASTASES. (2ag.) Arcar
G. (istituto Medico e di Ricerca Scienttfica, ¥
Stefano Rotondo, 6, 00184 Rome, Italy); Cividall
Cratom, G.; Mauvro, F.; Nervi, C. Narl Cancer
Monogr 51:307-409; 1982 (8 refs).

A totai of 101 neck node metastases from head anc
cancer were selected from 47 patients and treatec
different multimodalizy schedules. Slmilar l¢
in each patient were treated with at least two n
itles. Patients were irradiated according to a1
ple daily fractionated (MDF) protocol with 4 ar §
vals between fractions; 30/101 nodes were treatec
MDF alone. Multimodality treatment combined MDF
the radiosensitizer Misonidazole (MIS: 22 nodes)
nyperthermia (HT) induced by 300 MHz microwave !
tion (27 nodes); or with MIS and 4T (20 nodes)
the nodes treated by HT, a tumor core temperatu
42-43 C was delivered for 45 ain to only one le
patient on days 1, 3 and 5 of each wk, immed!
after the second daily MDF treatment. Tumor res
at the end of 6 and 12 mo was compared. The be:
sults were obtained in cases where HT was con
wicth MDF or MDF + MIS. 1In these instances, actu
local control rates at 12 mo were 73% and and &
the lesions, respectively. Little rtoxicity wa
perienced by patients treated by AT + MDF. N
hanced skin reactions were seen during ireatme
follow=up {n pactients treated with HT, though
and care are required to avoid burning the paci
skin.

1473 CLINICAL EXPERIENCE
RADIOFREQUENCY THERMOTHERAPY [N THE T
MENT OF ADVANCED CANCER. (Eng.) Abe, M. (Dept.
ology, Faculty Medicine, Xvoto Univ., 34 Shogoin
haracho, Sakyo-ku, %06 Xyoto, Japan); Hiraoka
Takahashi, M.; Ono, X.; Nohara, 4. Natl Cance:
Monogr ot =&jd; 1982,
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vanced cancer is presented. Hvperthermia by 2450-MHz
MW radiazion in combination With radiotherapy was de-
livered to 13 patients with superficial neoplasms and
weLastatle tumors in the reck. Tumors were no more
than 2 cm deep and 6 cm in diameter. In 10 patients,
hyperthermia to 41=43.5 € was administered for 20-4)
ain within !0 oin after irradiacion, l-5/wk; complete
regression ) was seen fa 3/1) patients, partial re-
gression (PR} ia 4, and no response in 3. Ia 3 pa-
tients, MW neat (%2.3-43 C for 15 min) was applied be—
fore and after irradiation 5/wk; CR was seen in 2/3
patients and no response in 1. To raise the teapera-
tures in aiddle and deep-seated tumers, an RF device
with an output >500 W at an Linductor-capacitor oscil=
lator-generated frequency of 13.56 MHz was used to
conduct initial clinical trials on 9% patieats who had
advanced superiicial tumors considered not amenable
z0 conventional treatment. Six patients who had de=—
veloped recurrence after radiotherapy were treated by
XF hyperthermia alone (41-46 C for 30-60 mia, 4 to IJ
treatments) and 3 were given radiation plus RF hyper=
ermia (4i-44 T for 3-40 min, 2 to 10 treatments).
Jaly | patient receiving RF hyperthermia alone ex~
Perienced PR; no respomse was seen in 5/6. PR was
seen in 2/} patients treated with radiation and hy-
perthermta, and CR was seea [n 1/3.

JaTe A PATHOLOGICAL STUDY ON INTRALUMINAL MICRO-

WAVE HYPERTHERMIA 1IN ESOPHAGEAL CANCER.
fing.) 2w, S. L. (Dept. Pathology, Inst. Medical
3ciences of denan, Zhengchow, Henan, People’s Repub=
Llic of Chiaa); Li, D. J.; 3hae, L. F.; Wang, C. Q.
Natl Cancer Inst Momogr 61:415-417; 1982 (3 refs).

Tissue specimens Zrom 21 esophagectomy patlents who
had been treated with intraluminal microwave hyper=-
thermia alone or in combination with radiation were
comparad with 20 surgical specimens treated with ra-
diation alone or that had recelved no treatment be-
fore resection. The main manifestations after hyper-—
thermia were necrosis of paracancercus epithelium,
smail round cell infiltratfon arcund the cancerous
cissue, and damage of the Lnterstitial vessels. o
speciiie histophathological changes were regarded as
hyperthermia-related, but the degree of tumor damage
#as more severe in the hyperthermia plus radiotherapy
group than that of the group recelving frradiacion
only. While the histopathological changes in the hy-
perthermia and the coatrol groups were different, no
specific reaction has been identified as being a hy-
pertheraia-iaduced one.

2475 INTRALUMINAL MICROWAVE HYPERTHERMIA IN THE

COMBINED TREATMENT OF ESOPHAGEAL CANCER: A
PRELIMINARY REPORT 3F 103 PATIENTS. (Eng.) LUi, 2. J.
(c/0 G. M. Hahn, Div. Radiobiology Research, Dept. Ra-
diology, 3tanford ford Jaiv. Sch. Medicine, 3tanford,
CA 94305); 4ang, ©. 2.: QUu, S. L.; Shao, L. 7. Natl
Cancer Inst Monogr 51:«19-421; 1982 (5 refs).
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Prelininary results of treatzent aof 193 patients
esophageal cancer using intraluminal ajcrowave hy
thermia and surgery (10 patients) or hypertheraia
radiation {93) are reported. Tumor size was 5 <
less (36 patients), 5-3.9 cm (74), 9=15 cam (11).
mors WJere locallized by endoscopy or fluoroscopy.
perthernia was Induced wizh a 9-am diameter micro
antenna with an active length of i35 and !57 amnm.
antenna was 3-4 cm longer than the tumor. Treat
temperature was above 43 C. Most patients under
treatment without discomfort <hen the esophageal
petrature was 43 C; they felt warm but had no pat
43 C. At surgery, a hyperemic zone on the outer
of the esophagus and pleura was seen; excensive, s
round cell infiltration with stemosis and oblitera
of Slood vessels in the muscular layer of the rese
specimens were indicative of the 2ffectiveness of
hyperthermic¢ ireatment.

0476 COMBINATION OF dYPERTHERMIA WITH RADIA

IN THE TREATMENT OF CANCER. [I. PRELIMI
REPORT CN TWENTY-FOUR PATIENTS. (Zag.) Shenm, R
(Dept. Radiotherapy, Montefiore Hosp. and Medical
ter, L1l E. 210 Sc., Bronx, NY 10467); Wu, H.; W
J.; Ku, H. Natl Cancer Inst Monogr 61:423-425;
(3 refs).

Preliminary clinical resulcs in 24 patients with
vanced cancer trveated with 2450 MHz hyperthermi:
radiation therapy (2000-5000 rad) following hy
thermia are reported. In wmost hyperthermia tr
ments, tumor temperatures reached 43 C or more.
serious acute compliciaticas of hypertherala were
served. An objective response was seen in 20/24
zients and 23/24 had subjective pain relief. Se
al complete tumor regressions were seen. The res
sugzest that hyperthermia enhanced the radiatisn
sponse.

0477 MODERATE WHOLE-BODY HYPERTHERMIA IN CO

NATION WITH CHEMOTHERAPY IN THE TREAT
OF SMALL CELL CARCINOMA OF THE LUNG: A PILOT ST
(Eng.) YNeumann, H. (Medizinisches Universitatsx
ik, Hugstetterstrasse 55, D=-7800 Freiburz, 9.
many); Fabricius, H-A.; Engelhardt, R. Natl Ca
Inat Monogr 61:427-429; 1982 (19 refs).

Chemotherapy was combined with noderata whole hody
perthermia (WBH) to treat 18 patients with small
carcinoma of the lung. A Stemens unit, which cons
of a Plexiglas cabin preheated with warm alc up to
60 C, was used to [nduce WBH. The patient rested
mattress in which a coil fleld electrode i{s conne
to a 27=MMz generator. The target cemperature {
+ 9.5 0) was reached in 40-50 min; iv injection:
adriamyein and vincristine were given at the sele
creatzent temperature which was aaiatalned for I
WBH was admiaistered 1| o 5 zimes per patient -n
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I 5f each 3-wk chemotherapy cvcle. Complete remis—
sion was seen in $/18 patients, partial remission in
7, and no response in l; | patient with progressive
disease was axposed to WBH oaly once and was resistant
to chemotherapy and radiotherapy. No cardiopulmenary
complicactions, metabolic distucbances, skin buras,
neuroleogical lesions, or excessive bone marrow sup—
pression were seen after treatzent. There was no evi-
dence of further discribution or stimulation of growth
of established metastases during combined treataent.
The procedure was well tolerated and appeared to be
safe. Preliminary data concerning duration of remis-
sion appearad to be encouraging: 8/13 stage C patlents
treated were In reaission at 3 to 28 mo after :reat-
zent (most between -9 me) vs. an average of 6-8 mo
for patlients treated with chemotherapy alone.

JA78 TEMPERATURE~CONTROLLED CAVITY SYSTEM FOR

MICROWAVE [RRADIATION OF CULTURE CELLS IN
VITRO. (Zng.) Vaguine, V. A. (c/o McEuen, Radiation
Div., Varian aAssoclates, Palo Alto, CA 94301); Glebe—
ler, R. #.; Tanabe, E.; McEuen, A.H.; Hahn, G. M.;
Sapareto, S. A.; UL, G. C. Nacl Cancer Inst Monogt
51:457=460; 1982 (6 refs).

The effects of 400-1000 Mz electromagnetic fields on
cell cultures wera investigated under coatrolled tem—
perature using a cylindrical reeatraat radiofrequency
{RF) applicacor. 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,
with a narrow gap introduced ia the ceater conductor
near one end. The cavity can be tuned to resonance
by varying its leagth; for the frequency range of 400~
i000 MHz, che length i{s nearly a half wavelength (15—
35 2m). Microwave power (s coupled into the cavity
either by the coupling loop in the floor or by a ca-
pacitive probe Laserted through the sidewall near the
top of the cavity. With 60-80 W of input power, the
power density in the sample is 135 to 185 W/cm3; peak
2lectric field intensity in the sample ls about 1[50
Y/em. The temperature cf the sample holders is regu-
lated by circulating water. The experimencal setup
for the temperature controlled RF irradiatiom system
includes an RF power signal source with a frequency
range of 0.2-3,0 GHz, and a saximum output power of
90 W. The system provides differential cooling for
the culture medium, which {s concained in the RF ap-
plicator cavity. This technique offers several ad-
vantages over previocusly published methods with res-
pect to absorbed power density, accuracy of tempera—
ture control and measurement, and efficiency.

479 MICROWAVE DIRECT-CONTACT APPLICATOR SYSTEM

FOR HYPERTHERMIA THERAPY RESEARCH. {Zng.}
Vaguine, A. (c/o McEuen, Radiarien Div., Varian as-
sociates, Palo Alt CA 94303); Tanabe, Glebeler,
R H.; McEuen, A. Hahn, G. M. Natl <ancer Inat
Monogr %l:461=-484; 1982 (3 refs).

Bwotegicar Effects of Nomonizing Siectromay
Ragration JIi2-4), Juty 1983

A direcc-centact applizstor svstem, designed as a
venient instrument for microwave hyperthermia thy
research at 430 MHz on large laboratory animals
described. Three dieleciric-loaded cylindrical
plicator heads provide a range of field sizes £
to %8 cm in diameter with the use of removable ir
The polarization of the emitted radiofrequency
field can be varied continucusly from linear to
cular. Ccolant is circulated thtough a thin ch
on the front surface sof the applicator; the su
Lin contact with the body is a thian flexible zemi
that conforms closely to the skin contour. Tt
power is generated by an electronically tuned osc
tor driving a 200-% solid scace amplifer and del
energy at 430 MHz. Analysis of the heatiag pa
produced in 3 statl: wuscle phancom indicated
the maximum temperature occturred apout 1.3 ca '
the surface, with the 30% maximum temperature po
em below the surface. Maximum mezsured leakage
power level of 100 W under the worst possible o
cions (with the applicator unterminated) was <9J.
cal at a distance of | 2.

0480 HYPERTHERMIA INDUCTLON 3Y 27-MHz RADL(

QUENCY IN CANCER THERAPY. {Eng.) Mend:
J. (Dept. Radiotherapy, Montefiore Hosp. and Me
Center, 3ronx, NY 10467); Friedenthal, %,; Bots
C.; Sterzer, F.; Paglione, R. Natl Cancer Inst M
61:465-468; 1982 (4 refs).

Experimental and clinical trials to induce hyper:
nia in deep-seated tumors with 27-¥Hz ridged wave,
applicators are described. The cpen end of the |
i{s covered with a rubber membrane, and the zui:
filled with deionized water which serves to reduc
overall size of the applicator. The Lnside of th
plicator is divided into Plexiglas compartments
permit placing the applicator in a horizontal !
tion without danger of rupturing the membrame. |
gy is introduced from a 27-MHz generator with a
able power output {0-5G0 4). Reflections of 2
power back into the coaxial input port are aini:
by the use of two capacitive tuners. The appli
is inserted into a speciaily comstructed trea
table. A saline-filled bag with an adjustable
tral aperture is placed on the surface of the a)
cator to circumscribe the area to be heated.
ing patterns were deteramlned in pig muscle with
pal blood circulation and fa an artificial recta
mor in a dog. Patients with advanced tumors tha!
ineluded primary carcincma of the uterus, zetas:
carcinoma of the scapula Zrom a primary lung o
aoma, and carcinoma of the prostace undarwent R
hypertheraia in conconjuactlon with or followi
course of radiotherapy. Yarying degrees of pain
lief Jere reported and no seriocus side effacts
noted.

NadL MLCROWA' E APPLICATOR TOR HYPERTH!
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TREATMENT OF RETINOBLASTOMA. (Eng.) La-
zendijk, J. J. W. (Depr. Radiocherapy, Uniw. Hosp.
Utrecht, Catharijnesingel 101, 3500 CG Utrechr, Neth=-
erlands). Natl Cancer Inst Monogr &l:469-471; 1982
(5 refs).

A speclal microwave (MW) applicator made of flexible
silicone rubber was designed for hypertheramlc treat-
ment of retinoblastoma at 2430 MHz. Power is deliv-
ered by a low impedance amicrostripline that encir:les
the eye at a level just posterior to the lens. Only
20% of the power entering the stripline is absorbed
in the eve; 80X leaves the stripline and 13 absorbed
in the load, which generates a nearly uniform power
absorption in the eve along the stripline. MW ab-
sorpeion distribution was measured In eye phantoms.
4 thermal, finite difference computer mcdel of human
and rabbit eyes was verified experimentally ia rab-
bit eyes. Satisfactory temperature distributions
sere obtained (entire retina, 42 C; lens <39 C). The
apparatus allows the entire retina and the vitrecus
body to be heated to therapeutic temperatures without
heating the lens above 39 C, which s considerably
lower than the cataractogenic temperature. Precise
noninvasive measurement of temperaturzs ia the eye
is still a problem.

0632 HIGH-FREQUENCY TRANSMITTER FOR THE LOCAL-

1ZED HEAT TREATMENT OF THE PROSTATE GLAND.
(Eng.) Petrowicz, G. (Insc. Experimental Surgery,
Tachnical Univ. Munich, Ismaningerstrasse 22, D-8000
Munich 80, W. Germany); 3cheiblich, J.; Cruclus, A.;
Erhardt, W.; Wriedt-Lubbe, I.; Ultsch, 8.; Blumel, G.
Narl Cancer Inst Monogr 61:473-476; 1982 (5 refs).

An apparatus consisting of a 433.9 MHz, 200 W genera-
tor and a water-cooled (2 mm x %0 am cylindrical slot
antenna for localized heat treatment of the prostate
gland was investigated and the morphological changes
induced by the irradiation were characterized. The
2ylindrical cover of the antenna was 20 mm in diame-
ter and the temperature was lowered to 2-10 C by a
cooling system s0 that the zaximum heat generated on
the applicator surface could be reduced. The pros—
tate glands of 35 zature dogs were irradiated trans-—
rectally for 15-20 min by application of 35 to 75 4,
resulting in temperatures of 41.5-48 C in the glands.
Yeat-induced damage of varying degrees to the rectum
and surrounding tissues depended on the amount of pow-—
er applisd. Most of these effects could be eliminated
by slight modiftcacions of the transmitting and cool-
ing system. It was concluded that power rates of 30~
+0 ¥ and cooling temperatures of 2-3 C would result
in effective local hvperthermia.

7483 MICROWAVE-INDUCZD HYPERTHERMIA: AN S
MENTAL ADJUNCT FOR BRAIN TUMOR
(Zag.} Samaras, G. M. (Neuro-oncology Res.

Current Lite

MSTF6=34, Dept. Radiation Therapy and 2{v. Neur
cal Surgery, “niv. Maryland Sch. Medicine, 0 S
St., 3altimore, MD 21201l); Salcman, M.; Cheung,
Abdo, H. 5.; Schepp, R. Nacl Tancer Inst
bl:477-482; 1982 (7 refs).

A miniature, implantable microwave (MW) anten
thermotherapy system was used for inrersticial
ing ia cat and human brain. Adult cats were ¢
to 2450 MHz radiation delivered by a surgical
planced, flexible cable antenna. Heating and ¢
‘n normal feline brain was rapid. GSxcept in
of altered blood flow or tissue necrosis, the ¥
pattern was aearly radially syametriz. lo rema
physiologic altaractions were observed Jduring
brain heating. While controiliag rectal tompe
and incre<sing temperature at e antenna u4p To
no significant alterations in 3loed pressure,
cranial pressure, or EKG were seen. Pupillar
repained unchanged. Histolegical examination <
and MW-heated brain showed no significant diffe
in both, surgical edema was present probably
antenna insertion. For the most part, the rest
human implantation were similar to those obrai
animals. Monitored arterial blood pressure,
c¢ranial pressure, and IKG were wvirtually unc
during the 30 min of heating in cthe operating
and subsequent 60-min heating sessions 5 and
later. Studies of the phvsical performance am
iological impact of focal MW heatting in the for
suggest that the implantatfon method is techr
feasible and a relatively sizmple methed for zli
toma treatment.

0484 SYSTEM FOR PRODUCING LOCALIZED HYPER]

IN TUMORS THROUGH MAGNETIC INDUCTIO:
ING OF FERROMAGNETIC IMPLANTS. (Zng.)} Stauf!
R. (Div. Radiation Oncology, Dept. Radiology,
Arizona Health Sciences Center, Tucson, AZ !
Cetas T. C.; Jones, R. C. Natl Cancer Inst
61:483-487; 1982 (6 refs).

A magnetic induction heating svstem was level:
heat small ferromagnetic seeds surgically or
cactically tmbedded in deep seated tumors. im
fleld frequencies of 1.9 MHz (power, % and -
4.0 ¥Hz (175 W), and 2.0 MHz (200 W) were used

static and dynamic zissue equivalent phantoms,
myscle, and canine muscle in vive, respectivel
uniform temperature distributions seen in cat .
muscle agreed with results obtained in the phi
The data indicated cthat i{mplant cemperature
entials can be maintained within 1.3 x that

throughout the implanted region, regardless ¢
sue .nhomogeneities. Implant arrays consistin:
2 mm stainless steei rods combined excellent '
characteristics in a [.3=4.2 MHz nagnetic In
fleld with long-term biocomparibilitv. Power

300 W was sufficient to raise an implantable re
any size to therapeutic temperatures safely

chan 17 =in.
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2485 EVALUATION OF AN INVASIVE MICROWAVE ANTENNA

SYSTEM  FOR HEATING DEEP-SEATED TUMORS.
{Eng.) Strohbehn, J. W. (Thaver Sch. Zagineering,
Dartmouth Zoll., Hanover, ¥H 23735); Tremblv, 3. S.;
Douple, Z. B.; de Sieves, D. C. Natl Jlancer Inmst
Monogr 61:389-291; 1982 (k refs).

A mathematical model was developed ta predicr temper=
ature distributions for a muliiple antenna system in
which rumerous szall microwave {(MW) antennas are inm-
sercted Lnto tissue or tissue phantem through hypoder-
aic neadles. A single MW source attached to a power
splitter usuaily feeds all the antennas simultaneous-
l7. A heat equation based on a two-dimensional model
that ignores heat flow along the axial direcrion of
the intennas was solved by the Alternacing Direcczion
Method. Blood flow and metabolic affects were not in-
zluded in the model. Isotemperature concours were
zalculated and plocted for a frequency of 1.0 Gdz,
and antenna circles with a radius of l.414, 2.12, and
2.328 em, and 3-5, 4-6, and -8 antennas, respective—
Ly. For an anctenna circle with a radius of 1.414 ca
4nd + antennas, temperature reached therapeutic levels
7+2-45 2) withia !5 amin; the diameter of the heating
wolume #was 1 za3. Tive and eight antenaas, respectc=
tvaly, were requived o produce 4 ana 7 cm heating
volumes within 15 ain.

3436 DEEP HEATING OF CYLINDRICAL 2R SLLIPTICAL

TISSUE MASSES. {Eng.) Turner, P. F. (BSD
Medical Corp., 420 Chipeta Way, Salt Lake Clty, UT
341G8). Nacl Cancer Inst Monogr 51:493-495; 1982 (3
refs).

A new technique for producing uniform heating to the
center of large tissue masses, i.e., thorax and ab-
domen, %8 described. The orotatype 3SD applicator is
an annular phased array composed of radiating aper-
tures operated in the transverse electromagnetic (EM)
mode. The pacient lies inside a central opening; a
water= ed bolus or biadder placed between aperture
walls and patient lmproves energy coupling, stray=-
field level, and surface-temperature control. The
radtation fleld of the arrav is a cylindrically con=
vergent transverse EM wave with the electrical field
polarized along the cylindrical axis. Measured cyl-
indrical cross-section heating patteras in a homogen-
¢ous Tuscle~equivalent phantom are shown. Tempera-
ture rise during rapid heating was monitored at 31
positions within the phantom. Some nonsyvmmetry was
obgerved attributed in part to the phantom’s ellipei=-
zal shape. Heating experiments with the annular
phased array were conducted on a 240=-pound pig with
chest and pelvic dimensions similar to those of an
1dult man. A therapeutic temperature of 42.5 C was
saintained for 30 min 3-u cm deep in chest and abdom—
inal reglons. Yo resulting tl! effects were observed
in the animal for % davs following the treatment.
The animal was then killed ro study heating patterns
{n the absence of bloed circulation. The thoracic

aeating patzern (79 W Zor 2.8 min) showed heating in

Biorogicai Effects of Nomorzing Elecirem:
Radraton YilZ-4), Juy 1983

the esophageal regisn 2o Om e that of Tl
outside the rib cage. the central lung ares
heating rate was !.2 £ of zhe suter =is
Rapid heating (2,000 W for ! @inj of the pelwi
sulted in a uniform pattern. The liwest :entral
perature rise was "0% of the maximuz at ) @ deptf
is concluded that therapeutic "eating :iin de 1ch
even in deep tumor sites.

087 AYPERTHERMIA INDUCTINN 3Y AN ARRAY OF

S. {Eng.) T
3. 5. Zngineering, DJartmouth
danover, NH 73733); Strohbenn, J. W.; de 3Sieve
Z.; Douple, 2. 3. Natl Cancer Inst Monogr 4i:+97
1982 (3 crefs).

i

Temperature distributions produced by an array of
insulated antennas zadlacing at 2 GHz were mea
in brain phantom, human brain it autopsy, and =
tissue of a living dog. A 3-cm {side length)
was used Tor the cadaver and dog tissue, and I-
and 4=ca arrays were used in the phantom. Che
required for the temperature to reach cherap
range increased rapidly with {ncrease in array
thus square arrays (i{.e., & antenna arrays) of 3r
than 3 cm/side may rot be clinically useful. Alr
heating a cadaver bSrain was similar to neacring
phantom, blood low in living rissue greacly iner
the power rtequired to produce therapeutic Iex
tures. Steady-state power levels needed :to mai
a 6.5 C antenna temperature were 7.3 4 for sha
10 W for cadaver, and 20 W for living dog mu

0488 DOSIMETRY OF INTERSTITIAL THERMORADIOT

Y. (Eng.) Cetas, T. €. (Div. Radi
Oncology, Dept. Radiology, Uaiv. Arizona Health
ences Center, Tucson, AZ 85724); Hevezi, J. H
aing, M. R.; Ozimek, E. J.  Natl Cancer Inst Mc
51:505-507; 1982 (5 refs).

The dosimetry involved In one method of prod
combined insterstitial heat and radiation Ireat
for accessible tumors is deseribed. The tech
employs a modified electrosurgery unit {300 xHz)
an appropriate matching network as a power sour:
conventional catheter-mounted theraistors with
ital sultimeter {or theraomet:y. An array o
gauge hollow needles is inserted througn a Pley
template {ato the tissues Jup o L[5 cm deep) s¢
the tumor volume is encompassed. The array, ¢
mined by the template, can be either of circul
tectangular symmetry. Theraistors also are ins
through the template. Radicfrequency power L
oplied to heat resist ly the zissue between the
dle alectrodes. A4 typical ireatzent is 4 T §
min. Following the heat treatmect, the needle
after-lcaded with 192fr seeds. The theraal do
detarmined from temperature neasurezents 4nd con
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with analvtizal and phantom nodels which use measurad
chermal and electrical parameters. Coomputed radia-
tion isodose curves ara based on actual seed loca-
zions determined from the needle arrangement and from
athtogonal projection radiograchs. It is concluded
that interscicital thermoradiotherapy is safe and 2f-
fective for treating patients with advanced local
iisease.

1689 THERMAL  DOSIMETRY DURING HYPERTHERMIA.

(Eng.) Ozimek, E. J. (General Products
Jiv., IBM Corp., 74B/06l-2, Tucson, AZ 85744); Cetas,
T. C. Natl Cancer Inst Monogr 51:509-512; 1982 (&
refs).

Maximun therapeutic bYenefit from hyperthermis in can-
cer treatment requires knowledge of temperatura pro-
files throughout the heated tissue volume. The blo-
heat squation relatas internal energy change rates o
heat generacion and dissipation processes. Energy
deposition and subsequent temperature distribution
can be pradicted if electrical conductivity and per-
mitzivicy and effective thermal conductivity are
known. The in wvivo thermal properties of various
normal Iissues {n laboratory minipigs as wel’l as in
humans “ere seasured. Temperatures were measured
with calibracted theramistor probes at several points
in tissues heated with microwave and with water bath
ctechnlques, and the results were {incorporated im a
numerical solution of the bioheat equation. Tempera-
ture profiies determined for minipig thighs heated at
2,350 and 915 YHz showed good agreement between meas—
ured and sredicited temperatures; blood Ilow was the
only adjustable parameter. At 2,450 MHz, the tissue
blood perfusion rate vielding the best tameperature
depth proflle agreement was 0.0010 g of blood/ecmd of
Zissue/sec.

J690 THERMAL DOSIMETRY SYSTEM WITH BLOOD FLOW

SIMULATION. (Eng.) Sandhu, T. 5. (Div.
Radiition Oncology, Univ. Utah Coll. Medicine, Salt
“ake City, UT 86132). Natl Cancer Iast Monogr 6l:
313-315; 1982 (7 refs).

4 dynamic phantom system was ‘aveloped for studying
temperature discributions r-o‘uced Hy extermal heat
sources in rtissue-equivalent iaterials under differ-
2nt diood flow conditions. The system 1s designed
for yse with noniavasive heat transducers, such as
direct-contact, microwave waveguide applicators or
ultrasound transducers. The dynamic phantom consists
of a Plexiglas chamber divideé {inco three compart-
aents: the top compartment is filled with liquid
zaintained at 37 7 o simulate in vivo conditions;
the second contains foam through which the lijuid
flows; and the third i3 i therzal insulator. Thermo-
zouples aeasure Iemperature it :iifferent poincs in
the foam. Tlow s simulated in one direction (along

——— T
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the positive x—axis), but cemperature distridutic
the presence of counter flow can be oabtained by
aanipulation. Measurements at three flow rates
200, and 300 ml'min) were made for a 915-MHz app!
tor {35 W for 5 min). The zero Ilow curve show
slight assymmetry due "o heat conduction to the o
ber’s lowar portion, whereas the liquid rtempers:
was kept at 37 C. Ac significant flow rates,
temperature position was depressed (positive x di
tion), and temperatures beyond the applicator 4i
sions were significantly greater tham 37 C. 1
counter flow conditions, temperature distribut
were significantly alterad near edges of the app!
tor field. At depths of ! cm or greater from
applicator face, there was a decrease in =emper:
but no change in the pattern. Limitations of
system are summarized.

2491 PULSED MICROWAVE THERMOMETRY: AN ALGOR

FOR THERMAL PERTURBATION. (Eng.) Los
D. D. (Section Medical Physics, Marshfield Cli
Marshfield, WI 54449). Nacl Cancer Iast Monogr
517-520; 1982 {no refs).

A pulsed amicrowave (MW) diachermy system that
ordinary thermistor temperature sensors is preser
Temperature signals from the thermistor sensors
sampled under computer control during the "off" ¢
of the pulsed MW generator. These temperature
nals are compared with the desired temperature,
the duty cycle of the microwave generator is adi
to vield regulation about the preset temperat
Because blood perfusion produces rapid coolim
locally heated tissue, the computer has been
grammed to produce a MW pulse lasting from 0 t<
msec once each second. A residual perturbatio
the temperature signal o>ften interferes wit
measurement during this short period. The natut
this residual perturbation was investigated by ar
sis of the temperature signal from a thermistor ;
placed in a piece of plastic tubing through whict
ter at a constant temperature was flowing. Alt
tions of the temperature signal could in this ms
be attributed solely to the microwave perturbatic
the sensor and not to MW heating of the environmc
Perturbation wmagnitude increased with length
energy of the pulses. The perturbation decayed
ponentially with a time constant that was indeper
of pulse length but rthat increased with water
rate through the tubing. The computer algoritham
sented herein in comjunction with sufficiently
theraistor probes may enable pulsed temperature
surements with a wider variety of amicrowave equi;
and clinical situations.

7692 COMPUTER SOLUTION FOR APPLICATOR HE!

PATTERNS. (Eag.) Turner, P. F, (35D
ical Corp., 420 Chipeta Wav, Salt lake Cisv
34158); Xumar, L. Nacl Cancer Inst Monozr sl
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523; 1982 ‘4 refs).

A machematical solution s presented to the problen
of predicring heating pacterns in tissue located in
3 nicrowave applicator’s near-field region., The sol-
ution was used £o abtain Information regarding the
effects of frequency, applicator size, aperture field
distribution, and low-loss bolus materials on pene-
tration depth and heating patterns. The model solu-
tion was extended to both flat surface and cylindri-
cal apertures and to 4 new array aplicator. Heating
patterns were predicted for each at many different
frequencies. A significant finding was cthe limited
penetraction depth of radiative applicators. By cor=
recting for non-homogeneous losses, reflection, and
refraction, accurate power absorption rate predic-
tions can be obtained for living systems. When cou—
sled with the blood heat-Iilow dvnamics of the body,
temperature rise can be predicred.

1493 RAPPORTEUR SESSION: HEATING TECHNIQUES.

(Eng.) Durney, C. H. (Depts. Electrical
Sagineering and Bivengineering, Univ. Jtah, Salt Lake
City, UT 84112). Yatl Cancer Inst Momogr 61:525-328;
1982 (no refs).

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

0494 THE FUTURE JF HYPERTHERMIA. Eng.)  Tubi-

ana, M. (Dept. Radiation, Institut Gustave-—
Roussy, 16 bis avenue Paul-Vaillant Couturier, 94800
Yillejulf, Trance}. Natl Cancer Last Monogr 61:539-
3435 1982 (19 refs).

Difierences in response to heat of human tumors are a
=a jor obstacle to thermotherapy progress. Xenografts
of human rumor (n nude mice or preferably (n nude
rats zay orovide an effective tool for the study of
those Siologlcal factors which may influence the ef-
fect of heat on a tumoT or a normal tissue, Probably,
physical factors are the amost important sources cf
difference. The development of a unit Jose 2mbodying
the amount of heat transferred to the tissues as well
as quality factors is a goal for the future. However,
the relationships between heating Cime and tempera-
ture required to produce various bdlological effecrs
are open o dJiscussion, aad presenclr chere {s 1o
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substitute to the recording of both temperature
time. The search for optimal scheduling reg
wnowladge of dose-effect relationships for both
mal fissue tolerance and tumor regression. The
velopment of small size probes and of neoalav
chermodosimetry s a prerequisite for wides
clinical use of hvperthermia. Heat alone consti
an important modality of hyperthermia but its u
toutine palliative therapy is still unwarra
Treatments shculd be aimed at the [dentificacic
those rumor types which are responsive to hvpert
i{a, and they must be consldered as clinical inv
gations conducted within controlled clinical tr
Attention should be given to the reporting of he
techniques. The rate of heating must bYe prac
stated. Fot each patient, the spatial and tem
temperature distributions must Se gziven as we!
the method used for temperature monitoring.

tumor should be described precisely and the trea
effects assessed quantitatively both on tumor
normal tissues. Immediate as well as late sidi
fects should be recorded. Treatment by heat

aiso provides a gzood opportunity for assessmer
the effects of manipulation of pH or of bloed

Znhancement by heat of radiation effects is cric
ly dependent on the time and sequencing. For a
cerval between heat and radlation of ! hr or :
hours, potentiation Ls obtained. ArC 24 hr, the
logical effects of the two modalities are indepe
and purelv additive. The combination of heat an
radiation has been used mainly for palliative t
meat of large inoperable tumors or for metast
As soon as an adequate temperature monitoring s
is available, controlled trials on poteatially
able tumors can begin. Hyperthermia shows syne
with many drugs for both normal and aeoplastic ¢
8ecause heat has neo hatamful effects on bone a2a
it could be delivered bdetween chemotherapy =
when leukopenia and thrombopenia prevent ext
radiotherapy. ZIZven when chemotheripy is con
with local radiotherapy, hypertheraia aight

reduction of the radiation field and/or Jose.

0495 CHANGES [N 3L0OD COAGULATION AFTER

SURGERY AND EXPNSURE TO A CONSTANT MAG
FIELD. (Rus.) ©Novikov, Iu. d. {(Dept. Hosp. Sut
Medical Inst., Ivanovo, USSR). anesteziol Reani
(3):21-23; 1982 (& refs).

Potentially favorablz effects of postoperative
sure %o a constant magnetic field (CMF) were st
in 184 patients (146 men, 38 women; 30-90 yr old.
iected to lobectomy ot pneumonectomy. The pat
were divided into two groups: Group ! (130 pari
received conventicnal postoperative analgesia
narcotic substances, while Group 2 (34) receive
plications of 2-3 magnetic plates at the site ¢
surgical incision and on the thoracic region o
spinal column. CMF produced pain relief in 4
the patlents. Tests of blood coagulation showed
ad inhibition of fibrinolysis with simulctaneous
vation of Ylood coagulation in Sroup l. The
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ents in Croup 2 showed normalization of the hepa-
rin level, fibrinolytic activity, and time of throm—
boplastin formation. Improvement of blood coagula-
tlon indices was rot correlated with che analgesic
effect of CMF. Iz was concluded that the negative
charge azcquired by the bSlood-formed elements after
axposure to CMF aaintains them in a suspended state
and prevents sequestration and sludging.

T496 MORPHOLOGICAL CHARACTERISTICS AND THE MECH-

ANISM OF 3I0LOGICAL EFFECTS OF MAGNETIC
FIZLIS. (Rwus.) Toroptsev, I. V. (Dept. Pathology,
Medical Inst., Tomsk, IISSR}; Taranov, S. V. Arkhiv
Patoiogii 44(12):3-12; 1982 (96 refs).

Literatuce data on the mechanisam of diological eifects
of magnetic fields are reveiwed. YNumercus studies
confirmed the greater bioliogical activity of alternaz-
ing and pulsed magnetic fields compared with constant
2agnetic fields. 3lological parameters of aagnetic
flelds include che latensity, gradient, direction of
the vector, duration of exposure, and frequency. Zven
short-term 2xposure to magnetic fields was shown to
oroduce marked aorphological changes in the nervous
and endecrine svstems. Morphological changes in the
cardiovascular system after exposure to magnetic
fields were characterized by circulation disorders,
increase in <capillary permeability, development of
saterstitial edema, dystrophy, and necrosls of vascu-
lar walls. ©Exposure to weak and moderate magnetic
flelds (inteasity of 20 to 7,000 de) produced swell-
ing of Kupffer cells, increase in the proliferative
pool and mitotic activity of eaterocytes in the small
intestine, and increase in the metabolic activity of
liver a1 - small intestine cells. The mechanism of
Siologtcal iction of magnetic fields 1s associated
w“ith primary interactions between the nagnetic field
and the Yiological substance, reception by the bio-
logical sbject of the magnetic field, and response
of the biolegical object t> the magnetic field.

1497 MAGNETIC SUSCEPTIBILITY OF SINGLE HUMAN

ERYTHROCYTES . (Rus.) Xondorskii, E. I.
(Physics Dept., M. V. Lomonosov State Univ,, Moscow,
USSR); Nortna, S. B.; L ivinchuk, N. 7V.; Shalygia, A.
H. Bioftzika 26(6):1106-1106; 1981 (3 refs).

A method ~f 3easuring the anagnetic suscepeibiiity aof
lsoiated human erythrocytes is described. The move=
aent of erythrocytes in a hetergeneous magnetic “leld
3f thln ferromagnetic wire (8 x 109 12/23) was moni-
ctored by a1 specially desigaed movie camera. Analysis
of the distridution of ervthrocytes and the relation—
3hip bSerween the magnetic susceptibilitv and the we-
loeity of erythrocytes showed that the magnetic sus-
cepribilities cf ervchrocyres conzalaiing methemoglo=
tin, deoxyhemoglobin, and oxyhemoglobia were (0,34
22.25)410%, 0,46 7 2.330/108, and (=3.75 + 0.05)/10°,
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respectively.

0498 MAGNETIC SUSCEPTIBILITY OF RHODOSP

(Rus.) WVilenchik, M. M. (Insc. B3iologl
Physics of USSR Acad. Sciences, Pushchino, Moscow
glon, USSR). Biofizika 27(1)}:31-36; 1982 (31 ref

To test the hypothesis that the physical mechanism
biological eifects of a constant magnetlc field is
sociated with the anisotrooy of magnetic susceptih
ity of protain molecules, the anisotropy of rhodop
molecules in photoreceptor membranes was calculat
Assuming cthat the anisotropy of rhodopsin is det
ained by orientation of aromacic amino acids and p
tide bonds, it was calculared that the majority
the external segmeats of the retina were oclen
along the force lines of the magnecic field with
intensity of approx. 30 Oes (6.4 x 103 a/a). Du
rion of the orientatfion of the external segment
the frog cone was approximately 10 sec for a field
intensity of 8 x !0 A/m and approximately 24 hr
flelds of threshold intensity (6.5 x 103 A/m).
tential applications of the observed orientation
protein molecules in constant magnetic fields incl
cancer chemotherapy (administration of liposomes c
taining an antineoplastic agent and feromagneric fi
er) as well as inhibizion of tumor zrowth in the z
netic anisotrapy of =zembrane proteins {rom norzal
tumor calls.

7699 EFFECT OF HIGH-FREQUENCY ELECTROMAGNE
FIELDS oN TETRAPHENYLBORATE  TRANSP
THROUGH BILAYER LIPID MEMBRAMNES. (Rus.)  Alekss
S. L. ({Inst. Biological Physics, USSR icad. Scienc
Pushchino, Moscow Region, USSR); Tiazhelov, V.
Faizova, L. Xh.; Chertishchev, V. Y. 3iofizika
(1):162=163; 1982 (8 refs).

The effects of high-frequency electromagnetic fig
(7.9 GHz) on the transport of tetraphenviborate (7
ions through the bilayver lecithin zembrane. ‘ere st
fed in scdium chloride solution. TPB transport
established by changes {n the saturatin curreat.

fncre1se in the membrane saturation current was [
portional to the electrolyte concentration and :o
specific absorbed power (up to 200 W/kg), and did
depend upon TPB concentration (within a 16=%-i0~
range). The increase in the electrolyte temperat
by 10 C resulted ina 1.8-Jold incredse in the satu
tion current. These findings indicated that the
fects »f nigh-frequency electromagnetic fields =
associated with local heating of the electrolvte li
ad jacent to the membrane.

500 THE ABSENCE OF SFFECT 0OF MAGNETIZ FI
M SODIUM, POTASSIUM ION-DEPENDENT AT?
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(Rus.) Savich, M. L. (Res. Inst. 3iological Testing
of Chealcal Cospounds, Kupavna, Moscow Region, USSR);
Shcheglova, M. V.; Raikhman, L. M.; Xuznetsov, A. N.
3ioftzika 27(3):532-533; 1982 (3 refs).

To evaluate the direct effects of magnecic fields on
sediia, potassium ion-dependent ATPase, :he aembrane
praparation of enzyme isciated from bovine brain was
exposed to an alectromagnetic Zield (EMF) wich in-
dyccance of up to .,300 mT. The experizents were con—
ducted ar 15C, 20 C, and 37 C. Sodium, potassium ion=
dependent ATPase activity was estimated by the amount
9f released inorganic phosphate. Duration >f 2xposure
was 15 ain. Exposure o EMF did not affect enzyme ac-
zivizy, “ichaelis conmstant Zor ATP, activation con—
scants for sodium and potassium ions, or Hiil cceffi-
ciencs for ATP and ions. It was concluded that EZMF
with inductance of up =5 1,300 2T nhad no direct effect
an isolated enzyme preparations, and that the changes
in active transport after exposure to EMF were associ-
ated with the =ffect un regulators of sodium, potas—
stum ion-dependent ATPase.

280t MECHANISM OF MICROWAVE EZFFECT ON CONDUC-
TANCE OF BILAYER LIPID MEMBRANES. {Rus.)
S. I. (lnsc. iological Physics, USSR
nces, Pushchine, Moscow Region, USSR); Cher=
tishchev, 7. ¥.; Kim, Iu. A. Biofizeka 27(3):545-546;
1982 (7 refs).

The effects of alcrowave ridlactoa (MW) on the com-
ductance of aodified bilayer lipid wmembranes (3LM)
were studied. Changes ia the conductance of 3LM mod-
ified with amphotericin 3, gramicidin C and cetra-
phenylborate showed a linear relationship with che
specific absorpcion rate (SAR) and was proportional
%2 the changes in the temperature. Temperatures of
the 3LM equivalent to the in the ductance
after exposure to a SAR of 200 W/kg were 7.2 C for
3L¥ dembranes modofied with amphotericin 3, %.3 C for
gramicidin C-amodified 3LM, and 6.2 C for tecraphenyl-
borate-modified 3LM. It was concluded that the ze-
chanism of M4 effects was assoctated with local heac-
ing of 3LM.

1502 NONTHERMAL EFFECT OF EXTREMELY HIGH FRE-

AQUENCY PULSES OF NANOSECCHND DOURATION ON
TRANSEPITHELIAL TRANSPORT OF SCDIUM IONS. (Rus.)
Deviatkov, N¥. D. (Inst. Radio Eagineering and Zlec-
tronics of USSR Acad. Sciences, Moscow, JS5R); cCher-
nov, 2. S.; Betskii, 7. V.; Novskova, T. A.; Putvin-
skii, A. V. Biofizika 27(3):552=354; 1982 (5 refs).

Nonthernal 2ffects of pulsed microwave (MW) radfacion
on the transepithelial transport of sodium ilons were
studied {n isolated frog skia. The MW source w@as 4
%S generator(id nanosec pulses, peak power 10 aW, and

Siciogical £'fec:s of Nonomzing Siectromac
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3 co wavelength). ZIxposure SF s$all specizens

pulses resulzed in reversible ictivation
craasport. The increase in the zrinsepiznelial s
um transport could be aissociited Jith tne .narea:
sodium, potassium—cependent ATPase i3 well as <ae
crease in membrane per3eapility.

<503 HYDROLYSIS 7F CLCBULAR PROTEINS WITH 1

SIN IN A STRONG MAGNETIC ELD. [}
Nazarova, N. M. (Res. Iasc. 3iological Testin
Chemica [ Compuunas, Xupavna, Meoscow Rezion, Uf
Livsnits, V. A.; Anzia, V. 3.; Veselago, V. G.;
netsov, A. M. 3iofizika 17(4):TI0-TIL; 1982 (9 =¢

To evaluate possible phvsico-chemical mechanisa
siological effects of magnetlc fields, hydrolysi
various zlobular protefns with trypsin was studie
2 stronz {up to iJ T} 3agnetic Sield. Incubatic
trypsia vith serum aldumin or with methemoglobiz
sulted in an approximately «8% rield of the hydro!
products. RKiaetics of hydrolysis after exposure
magnetic field with inductance of .4 or 10 T dic
diifer Irom that in control. The magnetic fleld
did not affect the rate of proteolysis with the
of immobilized trypsin. These findings indicated
strong magnetic fleids had no eifect on the kine
of hydrolysis of globular proteins.

0504 THE ABSENCE OF EZFFECT OJF A MAGNETIC §

ON OXYGEN SOLUBILITY IN AQUEOUS SOLLUT
(Rus.) Ushakova, T. V. (Res. Inst. Biological °
ing of Chemical <Compounds, Xupavna, Moscow R
JSSR): Livshits, V. A.; Xuznetsov, A. N. 3ior
27(5):757-761; 1982 (10 refs).

To evaluate whether the potential mechaaism of bi
gical activity of magnetic fields (MF) is associ
with changes (n solubility or molecular mobilic
paramagnetic oxvgen the rate of oxygen solubilit
discilled water or {n an aqueous solution of st
chloride was studied. Zxposure of solutions Zo
manent MF with inductance of 0.35 T did not et
oxygen solubility in discilled water or fn the ¢
trolyte solution. The absence of an 2ffect on 23
solubility was observed for both homogeneous anc
terogeneocus WF wizh gradient of L0 T3/m. These :
ings indicated that the MF of an order of J.. I
7ot alter the rate of solubilizy and the coeffizt
af sxygen diffusion.

1565 SCAR  3ASALOMA FOLLOWING MIRCOWAVE THE:

tGer.) Ipoen, (Univarsitats="auexl
3400 Gottiagen, W. termanv). Derum Zeruf Usw
f2):80; 1982 (I refs’.
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" A 37-vr-old woman presented with a basal cell carci=-
noma which had developed in a burn scar on her back.
The burn resulted f{rom exposure of the metal hooks on
her Srassiere to microwave radiation during treatment
4 yr earlier. The patient was not aware that the bura
nad occurred uncil the following morning when she ex-
serienced slight Jdiscomfort. This case serves as a
reminder that skin burns can be caused by therageutic
use of 10-300 MHz and 26530 MHz radiation if the skin
comes iato contact with metal during treatment.

3506 MAJOR RESEARCH ON THE BIOLCGICAL EFFECTS
OF MICROWAVE RADIATION IN THE USSR (Rus.)
3handala, M. G. (Kiev, USSR); Rudmev, M. I.; Sctoian,
2 Vinogradov, G. I. Gig Sanit (10): 4-7; 1981
(2 reis).

Studies of the biological effects of low intensizy (l-
1,700 uiW/cad) microwave (MW) radiation conducted in
che USSR are reviewed. Characteristic features of the
Soviet investigations Lnciude proloanged (up to sever=—
al 1:0), daily exposure (from several hr/day to 24 hr/
day) of different animals with follow-up examinations
Zar 1-3 mo afrer completion of the irradfation. Anal-
7sis »f adaption reactlons after exposure to MW indi-
cate that power flux denslties of 500 and 50 uW/cm?
zaused certain changes ia the central nervous system
and in the immune system, while MW at 10 uW/cm? stim-
ulated adaptation reactions (subchreshoid levels) and
¥ at 1 and 5 uw/cm2 failed to induce any funccional
changes., Examinations of humans with occupational
exposyre to MW revealed functional and neurological
zhanges. The incidence and severity of the observed
zhanges depended upon the duration of exposure, the
w“avelength, and cthe type of electromagnecic fleld
‘pulsed or continuocus).

0507 FUNCTION OF THE HYPOPHYSEAL-ADRENAL SYSTEM
AFTER EXPOSURE TO DIFFERENT REGIMENS OF
ALTERNATING MAGNETIC FIELDS OF INDUSTRIAL FREQUENCY.
(Rus.) Udiatsev, N. A. (Medieal Inst., Tomsk, USSR);
Moroz, Y. V. Gig Tr Prof Zabel (12):54-56; 1982 (16
tefs).

To determine the maximum permissible levels of expo-
surfe to alternating magnetic fields (AMF: 20 aT) of
industrial frequency (53 Hz), albino male rats were
subjected to either conctinuous AMF exposure (for a
period of several sec to 7 days) or to iaterrupted
AMF exposure (15 ain/day or 6.5 hr/day for 7 days,
or 15 min with 2-Ar iatervals between exposures). The
effects of AMF were estimated by the functlional acti-
vity of the hypephysealadrenal svstem. Continuous
exposure td AMF resulted in lncreased blood lavels of
ii-hydroxsketoszeroids, an increase in the leveis of
adrenocorticotropic hormone (ACTH) in the pitultary
3land and i{n the blood, and {n an increase of steroid
levels [n the ayecardium. The effects of AMF during

T
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interrupted exposure Jdepended
and duratfon »f exposure. Prolonged repeated
sures (5.5 hr/day for 7 davs) produced marked in
tion of the corticotropic function of the picu
gland and of steroid hormone synthesis ia the
aal glands.

apon  the period

0508 ELECTRIC POWER TRANSMISSION LINES
SOURCE OF ELECTROMAGNETIC FIELDS aN
PROBLEM OF ENVIRONMENTAL HYGIENE, (Rus.) Duman
Tu, D. {Res. Inst. General § Community Hygiene,
4SSR); Andrienko, L. G.; Gordynia, N¥. P.; Liubch
S. A. dHygiene of Residential Areas (20):18-22;
(no refs).

To evaluate the health hazards associated with
tric power rransmission lines, the biological ef
of an industrial frequency (50 Hz) electric field
studied in albino rats and human voluateers. Ch
exposute of animals to electrie fields with int
cies of 5000, 2000, 500, and 100 V¥/m produced m
changes in animal behavior, hyperemia of eye an
sal mucosa, decrease in blood cholinesterase act
and SH-group content, increase im urlnary excr
of 17-ketosteroids, inhibition of oxidative pho
rylation, and changes In brain, ayocardium, 1L
kidney, and thyroid tissues. The alaimum effe
intensity after exposure for 24 hr/day for % m
1000 ¥/m, The minimum effective intensity aft
hr/day exposure for 4 mo was 7000 V/m. Examin
of human volunteers exposed te an electric fi
hr/day for ! mo demonstrated the safety of an {
sity of 5000 V/m. [t was recommended that the
mum permissible exposure levels shouid be establ
ac the level of 0.5 KV/m for 24 hr/day exposu
¥V/a for short-term exposure (< 2 hr/day), and 1
m for sporadic exposure.

2309 EFFECT OF 30-Hz
ON FORMATION OF COMPLEX CONDITIONED
FLEXES [N ALBINO RATS. (Rus.) Bezdol'naia,

(Res. Inst. General & Community Hvgiene, Kiev, U

LECTROMAGNETIC

Hygiene of Residentfal Areas (20):22-25; 198
refs).
Potential biological effects of electromag

ftelds (EMF) of industrial frequency (50 Hz) wer
vestigated in albino rats. The animals were subj
to daily, 6-ar exposure to EMF of 20, L3, and 1
intensity for 4 mo. The effects of the IMF wer
timated by the latent period of food-motor refle
escape reaction. ZIxposure To 50-Hz EMF affecte
interaction of stimulation and inhibitlen prec
in the cerebral cortex. The changes in the laten
ricd of conditioned reflexes depended upon the £
sity of ZMF and the duration of exposure. Durin
first mo of exposure, all anizals showed elong
»f the latent periods, wnile during cthe third
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axposurs, only the rats expused t3 10 and 13 k¥, /m IMF
showed signif{cant decrease In the latent pariod.

510 ZFFECTS OF AN EXTREMELY HIGH FREQUENCY

ELECTROMAGNETIC FIELD (2,375 MHz) ON VaR-
I0US FUNCTIONAL AND MORPHOLOGICAL PARAMETERS IN ONTO-
GENESIS. (Rus.) Shandala, M. G. (Res. Inst. General
and Community Hygiene, Kiev, USSR); Rudnev, M. I.;
Obukhan, E. I.; Akimenko, V. Ia.; Chermen’kii, N. N~.
Hygiene of Residencial Areas (20):26-29; 1981 (35
tefs).

Age-ralated characteristics of sensitivity to ex-
sredely-high frequency {Ed4F) 2lectromagentic Iields
{ZIMF) were studied in voung, mature, and old alblno
rats. The ZIHF EMF was generated by a Luch-58-l ap-
paratus (2,375 iz, SOuW/cai}. The animals were 1ir-
radiated with the E-component of the ZHF EMF. Zxpo-
sure to EHF EMF produced marked physiological chanages
indictaive of the stimulation or I(nhibition of the
central nervous system. Old rats showed a marked in-
crease in the threshold of galvanic skin response.
Old rats also showed the greatest increase of rec—
tal temperature (by &4.! C, compared with 2.1 C and
3.9 C in young and mature rats, respectively). The
effects of ZHF ZMF on the bone marrow included in-
:irease in lymphocyte count, release of neutrophils,
and subsequent hyoplasia of immature precursors of
aranulocytopiesis. The hematopotetic changes in za-
ture and old rats were more pronocunced than those in
voung anima

nsil IMMUNOLOGICAL AND HEMATOLOGICAL EFFECTS

OF LOW-INTENSITY ZXTREMELY-HIGH FREQUENCY
ELECTROMAGNETIC FLELDS. (Rus.) Vinogradov, G. I.
(Res. Inst. General and Community Hygiene, Kiev,
USSR); har, N. M.; 3el hko, Y. G.; Zhelezniak,
A. A,; Yinarskaia, E. I. Hygiene of Residential Areas
(20):29-33; 1981 (3 refs).

The effects of low-intensity microwave (MW) radiation
on various ‘mmunological aand hematologtcal indices
were studled in guinea pigs and in random-bred albinec
cats. The animals were subjected to daily MW Lrradi-
atien (2,375 MHz, wavelength of !2.6 cm, power Zlux
denslty of 3C0, 52, 10, 5, and I uW/cm; 7 hr/day,
Zor 30 days). MW at 500 uW/cml and 50 uW/cal caused
inhibltien of zhe phagocy+tic function of the neutrs-
phils, while YW at a lower power flux gensity produced
stimulation of phagocytosis. MW ac 500 and 50 uW/cm?
caused omarked Inhibltion of cellular {mmunity esci-
zated by phyvtohemagglutinin-induced reactlon of T-
lymphocytes biast-transformation. MW at 50 uW/cad in-
duced formatlon »f autoantibodles agailast the brain
4nd liver. Cytochemical studies showed significant
increase In glveagen conteat and alkaline jhosphatase
activity in che peripheral bloed neutrophils of the
aniaais 2xposed to MW at !0 and 50 uW/cmi. MW at 590

Biological Effects of Nomomzing Eiectromagr
Radration Vilr2-4), Juiv 1983

uW/em? resulted in a tramsienc inhisitica of =eut
phil eytochemical activity.

9512 HYGIENIC EVALUATION OF A 20-12 kHz ELEC]

MAGNETIC FIELD (\ELECTRICAL COMPONE!
{Rus.) Kochergin, S. M. (Res. Ianst. General and "’
munity Avgiene, Kiev, USSR). Hygiene of Resident
Areas ( :33-36; 1981 (no refs).

To evaluate potenctlal health hazards of 20-22

electromagnetic radiaction emitted b5y an Tlexcrot
induction furnace {maximal intensity of 50 V/a
recorded at a distance af 7.!-0.l15 = from the
of the furnace), random-bred albino rats were expc
to an electric fleld of 5, !, and 9.5 kV/a. The el
tric field was generated by a parallel-plate cap:
tor. The animals were subjected to three exposure:
180 and 45 aia each. Zxposure to the elsctric f!
at intensiries of 5 and | 4V/o caused progressive
hibltion of cerebral cortex activity {(increased
tent period of conditioned reflexes, dJdecreased

sponse to a posftive stimuli), decrease ia respot
to electric stimulation, decrease in muscular et
rance, decrease in blood urea and nitrogen concent
tions, decrease in ecytochrome oxidase aczivity,

crease in blood glucose level, decrease in liver ;
cogen levels, and increase in ascorbic acid lewe
An electric field with an fatensity of 0.5 kV/m fai
to induce changes ia the physiologlcal and biochem
parameters tested. These findings indicated thac
intensity of 0.5 %V/m can be accepted as a max
peraissible exposure level.

513 CONDITIONED REFLEXES IN ANIMALS EXPOSE!

LOW INTENSITY PULSED CIXTREMELY HIGH !
QUENCY ELECTROMAGNETIC FIELDS. (Rus.) Zotov, S.
(Res. Inst. General and Community Hygiene, X
USSR). Hygiene of Residential Areas (20):356-39;
(3 refs).

To evaluate the health hazards of zodern radiolocal
systems, albino rats were subjected to continuous
posure to pulsed alectiromagnetic fields (IMF) wit
J-cm wavelength and intensities of 40, 25, and 10
ca?. The biological effects of EMF were estimates
the changes (n formation of the conditioned food
flex. Exposure to EIMF at 40 uW/co? resulted in |
gressive increase i{n the latent peried of conditi«
reflex. EIMF wita intensities of 25 and 10 uW,
failed to induce significant changes in the format
of foed reflexes. These findings indicated that

intensity ZMF can have an unfavorable effect on
central fervous system.

0514 COMPARATIVE CHARACTERISTICS JF THE 3I0L.
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CAL EFFECTS OF J-ca AND B-zm ZILECTROMAG-
NETIC FIELDS. (Rus.) Llos’, I. P. (Res. Insc. Gener-
al and Community Hyglene, Kiev, USSR); Tomashevskaia,
L. A.; Nikitina, N. G. Hygiene of Residential ireas
(20):39-44; 1981 (3 refs).

The results of factor analysis of biological effects
of J=cm and 8-u electromagnetic fields (EMF: pulse
duration of 1.2 usec, sample frequency of 800 Hz,
bell-shaped pulses) are reported. Random-bred rats
were lrradiated 12 hr/day for 3 mo; the power flux
densiltles were 5, 60 and 115 uW/cal for 3-cm EMF and
50, 100 and 140 uW/cal for 8-am SMF. The biologieal
aczivicy of EMF was estimated by an integral D-para-
peter, which characterized the probability of normal
functioning of an organism. The battery of tescs con-
ducted | mo after completion of EMF exposure included
decerminations of skin galvanic rtesponse, physical
endurance, emotfonal stimulation, b»lood complement
activity, plaque~formation, residual blood nitrogen
concentration, cholinesterase activity, saturation
of Fe-transferrin, cytochrome oxidase activities in
Liver and brain mitochrondria, succinate dehydrogen=—
ase activity in brain mitochondria, and ceruloplaain
acrivity. Regression analysis indicated that 3-cam
MF produced more significant biological effacts than
8-mm EMF. At an equal deasity and an equal duration
of exposur2, the J-am EMF were approximately sixfold
more effective than the S-mm ZMF. These findings con-
Zirned the blophysical data on the greater penetra-
cion of 3-cm EMF compared with that of 8-mm microwave
radiation.

9313 EZFFECT OF EXTREMELY-HIGH FREQUENCY ZLECTRO-
MAGNETIC FIELDS ON BACTERIA. (Rus.) Ped-
enko, A. I. (Dept. Nurriction, Hygiene and Microblolo=

gv, Iast. Publiz Nutrition, Kharkov, USSR); Belitskif,
B. I.; Lerina, 1. V.; Makeev, Iu. V.; Xutashew, V. N.
izv Yyssh Ucheb Zaved P{shchev Tekhnol (5):54-56; 1982
{no refs).

The sterilizing effect of extremely-high frequency
{EHF) =lectromagetic fields (EMF) was studied Lo sus-
pensions of various bacteria. The EHF EMF were cre-—
ated by a continuous wave GZ-10A 2375 MHz generator
with ocutput power of 3 W. The viability of the irra-
diated cultures was compared to those of heated and
intact suspensions. The viability of an Escherichia
coli suspension after 30 sec to 20 min exposure =o EHF
EMF was 2-3 x lower than that after convearicnal heat-
iag to 29=56 <. A complete sterilizing effect was
achieved after 3-min exposure ard 4 tesmperature of 46
€. A similar decrease {n wviability after exposure
to EHF EMF was observed !n cultured Staphylococcus,
Pseudomonas aeruginosa and sporsgenous Baciilus sub-
tilis.
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CATINN 0OF BIOLOGLZAL =FFECTS F
SETIC RADIATION. (Rus.) Galkin, A. A.
tion given). Hosm 3ial Aviakosn Med
1982 (16 refs).

To provide a more correct approach to the evaluat:
of blological effects of electromagnet=ic radiat
(EMR), the relationships between the absorbed
ind polarization and resonance of the biological :
terials were analyzed. It was shown that 4 human b
can be considered as a homogeneous ellipsoid of ro!
tion and that this model provides a sufficiencly .
curate estizate of effective absorption surface.
parameter of relative absorpetion coefficient was she
to reflect the resonant properties 3f ibsorbed MR
biological matertals.

0517 EFFECT OF LOW-INTENSITY
FIELDS ON HUMAN AND ANIMAL
(Rus.) Shabaev, ¥. P. (no affliation given). X

8iol Aviakosm Med 16(3):91-92; 1982 {7 refs).

Biological effects of low-intensity electromagen:
flelds (EMF) were studied !n suspensions of human
rat erythrocytes. The ervthrocyte suspensions w
stored in a2 lead housing that provided a 100-200-¢
reduction of the Earth’s EMF. The effects of Ea
EMF were estimated by oxygen concentration in Rin,
solution and by osmotic hemolysis. Erythroeyte s
pensions stored in the shielding housing showed
increase {n oxygen content {by 8% compared with t!
{n erythrocytes exposed to the Tarth’'s IMF). Zlect
phoresis of erythrocyte extracts showed the prese
of three protein fractions, compared with one Sract
in erthrocytes exposed to Earth EMF. [t was sugges
that the mechanism of the shielding effect is asso
ated with changes ia the structural characrerist
of {ntracellular and extracellular water.

0513 CONSTANT LOW-FREQUENCY ZLECTRIC AND

TROMAGNETIC FIELDS (BIOLOGICAL EFFECT, |
GIENE EVALUATICN). (Rus.) Davydov, B. L. (no aff
iation given); Xarpov, V. ¥, Kosm Biol Aviakesnm '

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

In an effort to establish the maximum permissidle .
posure levels for atmospheric elsctric and aelect
aagnetic fields, literature data on the biologi
zffects of low-frequency (LF) electromagnetic Ffie
(EMF) are reviewed with special attention to the ex
sures of alrplane pilots. The degree of biolagi:
activity of EMF is directly related to Lts frequen
the {ntegral power of all soutrces of radiatiom, r2
men of irradiation, duration of sxposure, and the 4
tance from the source of radiation. The dosinzet
approach should be based upon relative hiological
fecriveness of absorbed =2nergy for the entire sp
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trum. Marked lacrease of cthe specific conductivity
of biological rissues after irradiation with fre-
quencies of 10%-105 Hz can be sxplained by chain=
like invoivment of Lntracellular water into ion form=
ation. The energy of electromagnetic radiation ab-
sorbed by biological =tissues is transformed tato
chermal energy. For frequencies up to 10 MHz, zhe
size of a human body i{s small comparad with the wave-
length, so that the human body can be considered as
a nomogeneous ellipsoid conductor. Calculation of
the levels of irradiation with EMF at frequencies of
up to 3 x 108 Hz indicated that exposufe to natural
sources of EIMF is relatively safe.

J31% PHYSICAL FACTORS OF THE ENVIRONMENT aS &

HYGIENTC PROBLEM. (Rus.) Shandala, M. G.
(A. N. Marzeev Res. Inst. General and Community Hy=-
iene, Kiev, USSR). Vestn Akad Med Nauk S$SSR (1):9~-
143 1981 (23 refs).

Poteatial publi: health hazards of nmechanical, ther-
=2al, optical, electric, nagnetic, slectromagnetic and
iomizing environmental factors are briefly discussed,
with special emphasis on establishment of maximum per-
aissible exposure ievels (MPEL). The biological ef=-
fects of a stacic electric fleid tncluded reduced sen-—
sicivicy to various stimuli, reduced skin blood sup-
ply, and inhibition of the reduction-oxidative pro-
cesses in the skin. The MPEL of static electrical
flelds after chronic exp~sure was recommended at 20
«V/m. Biological activity of aicrowaves at theramal
(> ! 2W/cm?) and nonthermal levels included changes
in the nervous, cardiovascular, and immunological sys-
tems. Prolonged exposure to an industrial frequency
electromagnetic field (50 Hz) induced changes in the
functional state of the central nervous system, 2a-
dncrine system, cardiovascular system, and reproduc—
tlve syscem. The MPEL for industrial frequency elec—
tromagnecle fields was recommended at < 1,000 V/a.

1520 3I0LOGICAL AND THERAPEUTIC EFFECTS OF MI-

CROWAVES. (Rus.) Obrosav, A. M. (Central
Res. Insz. Balneology and Physical Therapy, Moscow,
USSR): Krylov, 0. A. Vopr Kurortol Fizioter Lech Flz
Xule (2):1-%; 1982 (no refs).

Therapeutic applications and the mechanism of action
of alcrowave (MW) radiation are reviewed. 1In Soviet
literature, both decimeter=band waves (100-10 cam) and
centimeter=band waves (10~1 cm) are classified as ex-
tremely-high fraquency waves, while ultra-high fre-
quency waves include only electromagnecic fields
@ith 3 wavelength of !-10 m. The effect of YW on blo—
logical materiais includes a theramal component, which
iepends upon the power Ilux censity, and a nonthermal
or specific component. Host of the therapeutic appli-
cations of MW are Sased upon their thermal =ffects.
MW are characterized %y significant penecration and
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absorpcion in the tissues and =he thermal affect:
MW are measured by total or loeal specific ibsorp
rates. Absorption of MW energy also depends upon
orientation of the electric field, grounding, and
flecting surfaces. Irradiation of animals rthat
a system of active thermoregulation i(dogs) was si
to produce less marked increase in braln tempera
than the trradlation of animais that do not hav
cooling system (rabbits). Decizeter-band waves °
moderate power flux density (80 aW/cml) were :oum
reduce blood pressure, while YW with a higher p
flux density (400 mW/cal) were found tc induce
troduodenal ulcers. Decimeter-band waves and s
modulated currents were found to stimulace dopal
content la the cerabral cortex and in the caudacte
cleus. Local irradiation of the adrenal gzlands
whole body Lirradiation at extremely low power
density (1 aW/cm?) stimulated reiease of gzluce
coids and thus inhibited the famune response.
nonthermal effects of MW radiation observed ac
latively low power flux densizies (< 1O aW/emd) »
associated with changes i{a the structure of inm
cellular water, and, in turn, with changes in pro
conformation.

0521 EFFECT OF DECIMETZR-BAND WAVES ON THE 7

TIONAL STATE OF THE CARDIOVASCULAR SY:
AND VARIOUS IMMUNOLOGICAL AND 3IOCHEMICAL INDICES
PATLIENTS WITH MYOCARDIAL INFARCTICN DURING THE &1
PERATION PHASE. (Rus.) Sorokina, T. I. (Cem
Res. Inst. Balneology and Physical Therapy, Mas:
USSR); Poshkus, N .8.; Tupitsina, Iu. Iu.; Yolkova
P.; Shublna, A. V.; Krasnikev, Y. € Yopr Ruro
Fizioter Lech Fiz Kult (2):9-13; 982 {9 re

Therapeutic efficacy of decimeter-band waves was i!
led in 142 men with myocardizl infarction. The d«
meter-band waves were produced by a Volna-I gener:
(output power of 20 and 40 W). Of 142 pacients,
received irradiation of the Dy.y region, 23 of
Dxi=Liv region, and 16 of the pesterior surface sf
shina. The patients received dai i0-afa radiar
treatment (l0-15 applicacions per zreatzent :out:
The recuperation period was complicated by angina ;
toris attacks (79.6% of the patients) ar Sv spor.
extrasystoles (75%). Favorable effects of decimet
band waves included increase in the aerobic capac
of the heart, decrease La hypoxia zone {normalizatl
of ST segment), improvement of energy etadolisa,
crease {n the titer of anticardial antibodies and
ievel, and decrease {n enzyme activities. The !
results were achleved after irradiation of the !
region at 40 W.

522 IMMUNCSUPPRESSIVE  AND IMMUNOSTIMUATING
FECTS OF DECIMETER=3AND WAVES SURIN
PRIMARY IMMUNE RESPONSE. (Rus.) Bogoliubov, W,
(Central Res. Inst. Balneolegy and Physical Ther:
L. M. Mechnikov Res. Inst. Yaccines and Sera, Mos.
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USSR); Frenkel’, [. D.; Pershim, 5. 3.; Ponomarev, l[u.
<.; Sokolova, 2. A.; Zubkova, S. M.; Xuz'ain, S. N.;
Salenchix, A. I.; Kozlova, M. N. Vopr Xurortol Fizi-
oter lech Fiz Xult (2):13-17; 1982 (10 refs).

Iamunological effects of decimeter—band waves {DBW)
were studied In male rabbits iamunized with thymus-
dependent antigen of sheep erthrocytes. The 460 MHz
DBW were generated by a Volma-l apparatus with a con-
tact ceramic irradiator (4 cm in diameter) at power
flux deasicy of 120 aW/cn?. The inimals were irradi-
ated for & ain/day for 10 days. Group | was irradi-
ated in the thyroid gland region and Group 2 in the
adrenal gland regions. The animals were immunized
after two ot six exposures, or on day l0 after com-
pletion of irradiations. The immune response was es=
cimated by the aumber of antibody-forming cells in
the spleen and by a titer of serum hemagglutinmins.
The effect of DBW on the primary immune response de-
pended upon the site of irradiacion and the time pe-
riod between irradiation and lmmunization. TIrradia-
tion of the thyroid gland region during the induction
of immune p had an { essive effect,
while irradiaction !0 days prior to antigen administra-
zion had an immunostimulating effect. 1In contrast,
irradiation of the adrenal gland regions produced in-
hibizion of the immune response, regardless of the
riming of antigen adainistration.

1523 EFFECT OF DECIMETER-BAND WAVES ON TEMPERA-

TURE OF THE BRAIN AND THE ADJACENT TISSUES
(EXPERIMENTAL STUDY). (Rus.) Malikova, S. N. (Ex=
oerimental Dept., Central Res. Inst. Balncology and
Physical Therapv, Moscow, USSR); Malyshev, V. L.;
3alakireva, V. N.; Gorban’, L. G. Vopr Kurortol Fiz-
foter Lech Fiz Rult (2):18-25; 1982 (4 refs).

The effects of dJdecimeter-band waves (DBW) on bedy
temperature regulation were studied in phantoms, rab-
bits, and dogs. The DBW were generated by Romashka
and Ranet apparatuses with contact irradiators (40 am
in diameter), output power of 3, 15, and 25 W, and
power flux density of %00, 1200, and 2000 mW/cm?, re-
speczively. The site of Lrradiation was the parieto-
temporal region. The temperature of the brain and
the adjacent tissues was measured by a thermocouple.
Ia the phantom, temperature was leasured at depths of
5, 15, 20, 25, and up to 50 om; temperature was found
to decrease with depth. Increased duration of expo-
sure was associated with Lncreased heat eaission and
thus wirh a decrease ian the rate of temperature gain.
“easurenents of brain and skin temperature in rabbits
and dogs (ndicated that Lncreases in temperature de-
sended upon distance from the DBW source, duratiocn of
exposure, and the power f[lux density. The Llncrease
{n Srain temperaturs in rabbits was significantly more
aronounced than in dogs.

ndbAPRDNA T a~h Sl SA Sl AR

Current Liter

9524 EFFECTS OF DJECIMETER-3AND WAVES AND

MODULATED “ZURRENTS 7N NUCLEAR DNA Ct
IN BRAIN NEURONS (ZXPSRIMENTAL § Y). (Rus.)
hailtk, L. ¥. {Lab. Physiology, Zxperimental !
Central Res. Inst. B3alaeology 2and Physical
“Moscow, USSR). Vopr Xurorzol Fizioter Lech Fi:
(2):22-25; 1982 (7 refs).

The effects of decimeter-band waves {JBW) alone
combinatien with sine-modulated currents (SMC) -
content in sensorymotor cortex and caudate wm
neucons were studied in 2ale Wistar rats. DBk
generated bv a Volna-l apparatus wizh a 4=ca ir
tor at a power flux Jensity of 10 mW/cal {2 af
for 10 days). SMC were generated bv an Ampli
apparatus (30 dz, carriec Zrequency of 5 «iHz,
modulation, 2=3 mA currenc; 20 =min/day, for 20

The DBW were applied to the head and SMC were a
to the femur ragion. Combined exposure consis:
irradiations with SMC for the firsc 1O days, f»o
by DBW for 3 min and SMC for 210 min during th
10 days. DNA conrent was measured cytospecIro
metrically. Single and repeated applications
did not affect DNA distribution in the sensor
cortex and caudate aucleus neurons. ingle 1p
tions of SMC also did not affect DNA content

neurons. Repeated applications of SMC resulte
significant increase in DNA content in the aeur
the sensorymotor cortex, while ODNA comtent in th
roas of the caudate nucleus did not differ fro
in controls. Combined exposure to DJBW and S!
hanced polyploidization of neurcns of the sensor
cortex (DNA content of 3.96 units, compared wit
units tn controls) and to a lesser degree of th
roas af the caudate nucleus (3.L4 units, compars
3.16 unizs In controls).

0525 THE EFFECT COF BRAIN IRRADIATION WITH
METER-BAND WAVES ON AUTCNOMIC NCTI
HYPERTENSION (EXPERIMENTAL STUDY). (Rus.) 3
kaia, M. S. (no afiiliation given). YVopr Xu
Fizioter Lech Fiz Kult (2):25-28; 1981 (8

The effects of decimeter-band waves (DBW: wave
of 65 cm) on the autonomic nervous system were
ied in Wistar rats with Lmmobillzaticn=tinduced
tension. DBW were generated by Romashka and G
apparatuses (power flux density of 30 and 400 ah
The functional activity of the autonomic nervou
tem was evaluated by 3otor 4ctivicy, daxioum
pressure, heart rate, and energzy 3ecabolisma.

diations of the brain region with DBW resulted
creased blood pressure (130 and 108 am Hg aiter
sure to B0 and 400 aW/cal, respectively, compar:
158 om Hg in controls). The decrease in blooc
sure after firradiatton act 80 aW/cm? was 1ssc
with @ild tahibition of moter activity, decres
energy netabolism, and decrease in heart and re
tion rates. Irradiations at “igher power Ilux
(400 aW/cm?) produced hemorrhages in the myoca
brain, and small fntestine =uecosa, disorders
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atrioventricular conduction, and marked inhibition of
energy metabolism (7/20 racts died after the seventh
irradiacion). These findings indicate that the use
of DBW in the treatment of hypertension should be lim=
ited to irradiations at low power flux density.

2526 DECIMETER=-BAND WAVES IN COMBINED TREATMENT

OF PATIENTS WITH INSUFFICIENCY OF CEREBRAL
CIRCULATION. (Rus.) Screlkova, N. I. (Central Res.
Inst. Balneology and Physical Therapy, Moscow, USSR).
Vopr Kurortol Fizioter Lech Fiz Xult (2):28-31; 1982
(Ll cefs).

Therapeutic efficacy of decimecer-band waves (DBW) was
evaluated in patients with Parkinsen’s dlsease (Group
1), in patlents with complications of brain injuries
(Group 2), in patients with spastic hemiparesis due
to cerabral ischemia (Group 1), and in patients with
transient cerebral {schemia (Group 4). The DBW were
generated by a Volna=2 apparatus. The output power
was 20=4C W in Group l, 20-30 W ip Groups 2 and 3, and
20 4 in Group 4. The patients received daily, l0-15-
min irradlations (10-15 applications per treatment
course). Exposuras o DBW resultad in marked improve-
aent of cerebral civculation, formation of collateral
cirzulation, and improvement of dopamine metabolism.
irradiacions of the cervical region were more effec-
tive than irradiations of the occipital region.

Js527 IXPOSURE TO CENTIMETER-BAND WAVES WITH SUB-

SEQUENT EZLECTROPHORESIS OF NICOTINIC ACID
IN COMBINED TREATMENT OF PATIENTS WITH COMPLICATIONS
QF VIRAL ENCEPHALITIS. (Rus.) Ezhova, V. A. (Res.
Inst. Physical Therapy and Medical Climatology, Yal-
ta, USSR); Xunitsina, L. A.; Rornienko, E. G.; Lesh-
chinskaia, N. P.; Cherfus, I. S.; Guz, S. la. Vepr
Kurortol Fizieter Lech Fiz Rule (2):32-35; 1982 (8
refs).

Therapeucic efficacy of centizetecr-band electromagne—
tic fields alone and in combination with electropho~
tesls of nicotinie acid was studied {n 200 pactients
¢80 men, 120 women; 20-40 yr old) with complications
of viral encephalitis. All patients had manifesta-
tlons of cerebral circulacion disorders. The cen-
timecer-band waves were generated by an apparatus
luch=38 (output power of 20-40 W). <Zlectrophoresis
of nicotinic acid was carried out by sine-modulated
current (5000 Hz, 19-15 @A current, 7 modulation):
the active slectrode was placed in the region of the
Cyy-vy: and Dp.pyp vertebrae and the second electrode
was placed on the extensor surface of the right fore-
arm. One hundred patients were exposed to the centi-
aeter-band waves in combination with nlcotinic acid
a2lectrophoresis and 57 patients received irradiacions
w@ith centimeter-band waves alone (contrnls). Combined
treatment resulted in marked improvement of :linlcal
and neurslogical symptons: headache disappeared in
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57T of the patients (comparsd wizn =&4 3f lontrc
A5% stopped complaining of ifzziness lversus 327
controls), 71% showed normalization of sleep
58% of controls). YNormalization of rhecencepnol.
phic indices was observed in 307 of =he patients
received combined treatment and in 4$8% of conc:
Combined treacment resulted in normalization of !
heparia level and in normalization of the urinar;
cretion of catecholamines.

0528 ZFFECT OF DECIME ~BAND WAVES !

GIC REACTIVITY OF PATLENTS JITH
THROSIS DEFORMANS. (Rus. e A, (Dept.
ical Therapy and Balneology, Inst. Advanced Tra
for Physicians, Tashkent, USSR); Alimova, M. lu.
Xurortol Fiziotar Lech Fiz Kulc (2):31-52; 1980
refs).

The effects of decimeter—band electromagnetic

(DB EMF) on indices of non-specifi: [mmunity ~er
vestigated in 60 patiencs (22 men, 38 women; 35—
old) with ostecarthrosis deformans. The I3 IMF
generated by a Yolna=2 apparatus (output power 3
50 W). The patients received daily 3-I0-min in
ations of the involved joints (a total of 16=10

diations). The DB EMF treatment produced local .
geslc effect In 80% of the patients, reduced 1i:
sity of inflammation in 72%, and [mproved the |
pheral circulation in 74%. Two-thirds of the jpat:
showed normalization of blood protein fractions,
crease of C-reactive protein concentration (from
to 1.02 units), and decrease in erychrocyte sedim
tion rate (from 28 to 16). Treatment with DB EMF
duced significant decrease In the titers of auto.
bodies to the synevial membranes, to the hear:,
sils, kidneys, liver, and spleen. These ‘iadings
iadicative of a high efficacy of DB EMF in com
treatment of patlencs with ostecarthrosis defor:

0529 DECIMETER~BAND THERAPY WITH THE USE

TRANSPORTABLZ APPARATUSES. (Rus.) 3h
hina, L. A. (Central Res. Inst. Balnmeology and |
fcal Therapy, All-Uaion Res. Center for Moche!
and Childhood Protection, N. N. Burdeako <hief !
cary Clinical Hosp., Moscow, USSR); Strugatskii
M.; Ushakov, A. A. Vopr Kurartsl Fizioter Lect
Kult (2):68-69; 1982 (no refs).

Therapeutic applications of Romashka and Ranet

20) cransportable apparatuses generatiug decim
band waves (460 “MHz, wavelength %% :2) are descr:
Characteristic features of these apparituses i
relatively low nutpuc power (17=10 W) and reiat:
small size of the contact 1
1C0 mm); the 20-mm irradiataer is
nal applications, while the «
tors are ipplied ¢ the skin. The =ransportanle

perar-band wave Jeneritors are eff inothe o
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ment of bronchial asthma, nonspecific bronchopulme-
nary diseases {a children, stomach and duodenal ul-
cer, neuralgia of the trigeminal nerve, acute neuri-
zls of the facial nerve, lumbosacral radiculicis, sub-
acute and chronic pyelonephritls, subacute and chronic
uterine inflammations, hematoma, tonsillitis, otitis,
inflammation of the maxillary and frontal sinuses, fu=
runculosis, and prostatitis.

1530 SPECIFIC ZFFECTS OF MILLIMETER-BAND RADIC

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

Literature data on the specific biological effects of
millimetar-band radio waves {(RW) are reveiwed. 3io-
logical changes induced after exposure to millimeter-
band RW were found to depend upon the wavelength, the
threshold power flux deasity, and duration of expo-
sure, MNumerous experiments showed the resonant-type
relationship between the wavelangth and the biologi-
cal effect. Approximately 70% of the energy of milli-
zeter-band RW was absorbed in the tissues at a depth
af 300 aicrons. Millimeter-band RW had a selective
affect on bone marrow cells: exposure to RW prior to
x=irradiacion was found to have a radloprotective ef-
fect on medullary hematopoiesis, while exposure to
AW after x-frradiation was found to have a radiosen-
sitizing effect. Millinetar-band 3W in combination
@ith z-rays and antineoplastic agents enhanced the
inhidition of tumor growth and reduced radiacion in-
juries to the Yone zartow.

2531 SFFECT OF MILLIMETSR-BAND ELECTROMAGNETIC

WAVES ON BACTERIAL CELLS. (Rus.) Smoli=-
anskaia, A. Z. (no affiliacion given). In: Nonther-
mal Effects of Millimeter-band Radiation. Deviatkov,
¥. D., ed. (Moscow: USSR Acad. Sciences): pp. 132-
1465 1981 (24 refs).

The results of experiments on che biological effects
of millimeter-band electromagnetic ¢ields (EMF) on
bacterial cells are reported. Analysis of Lnduction
of lethal colicin synthesis in EZscherichia coli K12 C
600 after exposure o 5.8-7.l-am IMF showed the reso-
nant relationship between the wavelength and the num-
der of colicin-synthetizing bacteria. The effect was
directly relaced to the duration of exposure and was
independent of the power flux density. The millime—
ter-band had a similar effect on the inducible syn—
thesis of beta-galactosidase in iysogenic Staphyio-—
coccus aureus. These findings indicate that the la=
<hal affects of millimeter-band EMF were associated
rot with Jirect thermal action but ratHer with in-
direct action mediated through resonant stimulation
of bacterial systeas.

Current Literat

0532 IFFECT oF MILLIMETEZR-3AND RADIN WAV

TUMOR SROWTH 1N EXPERIMENTAL AN
(Rus). Sevast’'ianova, L. A. (no affiliacion g
3orodkina, A. G.; Golant, M. B.; Rebrova, T. 8
Nonthermal Zffects of Millimeter-band Radiation
tatkov, N. D., ed. (Moscow: USSR Acad. Sciences
147-166; 1981 (19 refs).

Therapeutic efficacy of wmillimeter-band radio
(MB RW) in combination with x-rays or antineop
agents was studied in male racs with sarcoma-45
random-bred mice with sarcoma-180, and female CB
with transplanted cervix carcinoma CC-2. The a
w#ith sarcoma-45 and CC-2 were exposed to MB RW

length of 7.1l nm, power flux density of 2.5 =
for 1 hr) and to x-rays (cotal dose 2,100 rads)
posure to MB RW following x-irradiation resul:
a 2.5-fold increase in the inhibition of sarc
growth over that after x-irradiaction alone. Ex
to MB RW before x-rays did not enhance the inhi
effact of {rradiation. Inhibition of CC-2 grow
ter exposure to x-rays followed by MB RW was ©
greater than after exposure to x~rays alene.

sure to MB RW before x-irradiation prevented

tion injuries to the bone marrow and the perti
blood in the animals with sarcoma=45 and CC=!
RW after x-irradlation failed to provide a rad
tective effect. MB 3W enhanced the antitumor
vity and reduced the toxicity of cyclophosphami:
frorafur {n amice with sarcoma-180.

0533 ENHANCED LIPID PSROXIDATION 1IN LIP
AFTER EXPOSURE TO MILLIMETER-8AND

TION. (Rus.) Andreev, V. E. (no affiliaticr
en); Betskii, 0. V.; [L'ina, $. A.; Kazarinov,

Putvinskii, A. V.; Sharov, V. S. In: WNontherm
fects of Millimeter-band Radiation. Deviatkov,

ed. (Moscow: USSR Acad. Sciences): pp. 167-176
(23 refs).

Nonthermal effects of millimeter-band electroma
fields (MB EMF) on biological membranes were ia
gated. The rate of lipid peroxidation after ex
to 7.1-4,7-mm (42-64 GHz) waves was studied in
pholipid liposomes. Lipid peroxidation was ini
5y additlon of iron sulfate + ascorblc acid =i
by ultravieler irradiation, and by {irradiatior
visible light. MB EMF resulted in a 20-30% in
in the rate of lipid peroxidation. The enhance:
of peroxidation was observed for all three typ
iniciation and for ali wavelengths tested. The
anism of MB EMF-induced increase in the rate of
peroxidation could be assoclated wizh free r
pr in the , with structural ¢
in the liposome b , ot with ia
slon of peroxidatica substrates and products.




7534 NYATURAL RADIOFREQUENCY ELECTRICAL 0SCILLA-
TIONS IN THE LIVING STATE (MESTING A%~
STRACT). <(Zng.) Pohl, H. A. (Oklahoma State Jniv.,
Stillwater, OK T4078). Abstracts of Papers nf the
American Chemical Society 183(March):ald; 1982,

The research of this laboratory has recentlvy shown
that cells emit radiofrequency (RF) electric Eields,
2specially at or during mitosis. This is observed in
haczeria, in veasts, in algae, in avian cells, and in
zammalian fetal, normal, and oncogenic fibroblasts;
and hence {s probably "universal". For some vears
we have been using non-unifora electric fields tc ma=-
nipulace and examine cells by the phenomenon 9f di-
2iecdielectropnoreric. (The pull of aeutral parci-
cles exerted by a non-uniform electric field.} from
=hese gentle dielectrophoresis affects one can obtain
unique dielectric relaxacion spectra and alse sart
zells. In a recent turnabout, we used the phenomenon
of dielectrophoresis to study the oscillacting fields
of cells chemselves, as evidenced in two fundamental
ways. We observe that the natural RF fields of cells
aroduce an attraction for tiny and highly polarizable
sarticles ("magic" particles), and ignore “non-
2agic’ particles of low polarizability. These simple
and direct experiments demonstrating natural aF
fields from cells require little more than a micro=
scope and 4 knowledge of what to do. In a second
technique, these observations were supplemented by
showing that livipg cells spin in a resonant aanner
in response to narrow frequency ranges (Cellular Spin
Resonance). The GCSR spectra and cthe micro-dielec-
trophoresis studles were a direct outcome of the
theories of H. Frohlich. Our modei for these natural
RF oscillations of nucleate cells is that of charge-
density waves arising from the ionic phases of peri=-
adic intracellular reactions, operating in collective
soherance, and collimated by intra-cellular struc-
tures to form the externally observable oscillating
fields.

1535 EFFECTS OF INDUCED ELECTROMAGNETIC FIELDS

ON HORMONAL RESPONSIVENESS OF OSTEGBLASTS
IN VITRO (MEETING ABSTRACT). Luben, R. A. (Div. Bio-
medical Sciences and Dept. of 3iochemistry, Univ. Cal-
tfornia, Riverside, CA 92521); Cain C. D. Abstracts
of Papers of the American Chemical Society 183(March):
AlS; 1282,

Pulsing electromagnetic fields are known to signifi=-
cantly laprove the healing of bone fractures in vive.
The current study was designed to {avestigate the mo-
lecular basis 9f cthe actions of these iialds on bone,
b¥ using bone and bone cells cultured in vitro. Mouse
osteoblasts (cell line MMB-1) were exposed in culture
to fields produced by devices currently approved faor
clintcal use (3i-0steogzen™). These Zields nroduced

iittle ot no change in Sasal activities {n the zells,
Sut 3ignificantlv inhibited the cAMP responses of the
cells to idded sarachyraid normone /PTH) or aszeoclast
4ctivating factor TJAF'. The 2ffects of 2TH on svn~

MEETING ABSTRACTS

thesis of :ollagen were 1lss Hlocked by zhe
However, tihe filelds had 10 effects on activici
vitamin D derivatives in che cells, suggesting
cniy hormones 4zfing it the z2ell oembrane wer
fected. The inhibition o 4P responses was med
by reductions in the ictivity of PTH-activazed a
<yclase in cell membrane preparations; however
fields had no effect on the total fluoride-acti
adenyl cvclase activity in the sams fractions,
cacing that the effects were localized either t
hormone receptor or cthe receptor-c¥clase cou
woieties of the cell membrane. 3Similar effects ¢
Zields were observed using intact mouse cranial
in organ culture. The results suggest that th
fects of electromagnetic fields on bone are at
sarctially zediated by =odification »f the resp
of the cells to endogenecus “ormones, ind tha
stimulacion of bone formation vivo by these I
is the result of localized 5locking of the osteo
effeccs of ?TH.

J536 EYFECTS OF ELEICTRIC FIZLDS oM

GROWTH IN YITRO (MEETING ABSTRACT:.
Poo, M.-M. (Dept. Physiology & 3iophvsics, !
lifornia, I[rvine, CA 927.7); Patel, N. aibstrac
Papers of the American Chemical 3ociaty 133(Ma
Al6; 1982 (4 refs).

The effect of DC fields on neurite growch .in <u
has been a controversial! subject over many dec
Recent investigatioms on cultured ganglioniz exp
and on dissociated single embryonic neurons have
vided convincing evidence that JC fields on the
of J.1 to 10 V/cm could produce at least three cygp
effects on neuronal growth: (1) accelarated zrow
the neurites facing the zathode, (2) %ending and
entation of the neurite tip toward the cathode
general enhancement of neurite outgrowth from
soma and the survival of the neuron in cui
Furthermore, the effects are not due to seco
mechanical or chemical factors in the growth env
ment of the neuron. Rather, the electric fiel
erts its action directly om the neuron. Siace
lar fields produced =2lectrophoretic accumulatic
cell surface glvcoprotains on the cathodal sic
the neuron, the field~induced reorganization of
ma membrane compenents could Se a cellular mech
underlying the electric field affects on neu
3rowth.

2537 SYNERGY OF POLTMER IMMUNOMODULATION

PULSATILE ELECTROMAGNETICALLY INDUCED
RENTS IN INHIBITION OF GROWTH OF MURINE MALI
MELANOMA (MEETING ABSTRACT). {Eng.} Yorta
fMount Sinai Sch. Medicine, Vew York, ¥); Tansma
3.; Regelson, W.; Geller, 3.; Pilla, A. A. sbs:t
of Papers of the American Chemizal Sectety 133(Ma
AlT; 1982,
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vestigated with a specific absorption of 220 miW/g at
the 15th day of embryenic lifz. In order co compare
some macromolecules :aking part in protein synthesis,
tRNAs and aminoacyl tRNA synthetases were Isolated
Zzom the brain and the liver of chicken emorvos irra=-
diaced at the !5th day. tRNAs' acceptor activity and
enzvme activity of svncherases showed a small decrea
in liver, and about 530% increase in brain, The act
vity of tRNA seems o be zore sensitive than that of
the svnthetases.

G5al RADIOFREQUENCY ZLECTROMAGNETIC FIELDS AS A

RISK  FACTOR DIFFERENT 2ROFESSIONAL
GROUPS  IN  BULGARIA (MEETING ABSTRACT). (Eag.) Do-
Srev, 3. (Inst, Hygiene, 3ul. D. NWestorov ¥ !5, Sofia
1431, B3ulgsria); Israel, M. S.; Todorova, L. C. J
J¢cup Accidents 3(2-4):187; 1982,

The intensiiv of elaciromagnetic fields (EMF) have
been zeasured in industrial enterprises, radio and IV
stations, medical  establiskments, 1igh frequency
telecominication stations, alectrenic industry, radar
installations, scientific institutes etc., in connec-
zion with the application of new technologies. EMF
intensities {or power density) in the machine and
setal processing industry, in physiotherapy, in some
2f the radio cransmittiag stations, in the plastics
industry, ia some sclentific instituces, are higher
<han the occupatinnal health norms ia Bulgaria.
linieal, funectional, paraclinical, biochemical and
izmunological investigations have been preformed on
397 Jorkers in arder to define the effect of electro-
nagnetic fields in working conditions. Electromagne-
tic fields have been found 0 cause a health hazard
in the machine building industry - 28.6% of the exa-
ained workers, in the plastics industry - 31% (ma-
<hine workers), at high frequency telcommunications
scations = 71X, in the metal processing and mezallur-

zical industries = 15.1%7 of the workers.

J5a2 MEASUREMENTS OF THE INTENSITY OF RADIOFRE-

JUENCY ZLECTRCMAGNETIC FIELDS 4S8 A RISK
FACTOR I4 BULCARIA (MEETING ABSTRACT). ({Eng.) Israel,
4. 5. (Inst. dvgiene and Occupational Health, Bul.
D. Nestorow N I3, Sofia 1431, 3ulgaria). J Occup Ac-
cidents +(2-4):199; 1982,

THe Measuremenc »f the iatensity of :he electromagne-
iz Tlelds EZMF) in workiag rooms is connected with
zany 2ifficulties: s are very intensive, the work-
Jlices are aeaf I9 3rfounding Deral amasses, in the
rrom tnerfe ire feflected surfaces, ectc. There are
10 1oparatuses i production) with the necessary
thary tics about the purposes for such measure-
cents. The artempt I 2reate and censtruct devices
: IMFs in the Ifrequency range bdelow
e rtepor: and ilso the gues-
should be resolved in the

Meeting Abstra

future. We construct 4ntennas ior aeasuriag the
tensities of the EMFs seiow 10 !HHz with an aces
of 1,35-

7542 SFFECT OF MICROWAVE-INDUCED WHOLE-30DY

PERTHERMIA CN THE MUCOSA OF MOUSE SMALL
TESTINE (MEETING ABSTRACT). (Zmg.) Tsubouchi,
(Fukui Medical Univ., Matswoka, Nagova, Japanj; Nis
moto, Y.; Xano, E.; Nakamura, W. J Radiat Res {Tok
23(1):14; 1982,

Zffect of aicrowave-induced whole-body "vperther
was examined using <dv/SLT mice for the dasic und
standings of the aritical organs. The :reacment
43.5 C for 20 wmin resulted in the mortality rate
30-40% within day one. The surviving mice showed
soecific diseace. Zreliminary autopsy examinat
showed that a considerable amount of the body Il
nad leaked into intestinal lumen due to the tram
tory denudation of the epithelial cells of zhe sz
iatestine villl within 2 hr, whereas epithelial ce
of the crypts appeared intact until these cells
villi were completely deanuded. After 4-9 hr, cr
tal epithelial cells regenerated in some of
animals which probably could have survived for
least more than one day Lif they had not beea sac
ficed. The histology of the mice that died wit
one day suggested that the complete deiudation
the villus epithelial «cells might be the init
cause of death. These preliminary results sugg
the following: 1) one of the critical target org
of the whole-body hyperthermia is wmuccsa of
smail intestine; 2) whole-body hyperthermia affe
the epithelial cells of intestinal villi wher
those of the crypts were not injursd; in contra
radiation effect is mainly given on the proliferat
epithelial cells, i.e., of the crypts.

3544 CHANGES OF HEMATOCRIT, SODIUM AND POTASS
10N CONCENTRATION 1IN PLASMA  INDUCED
WHOLE-30DY HYPERTHERMIA (MEETING ABSTRAC

(Zng.) Ohtsuka, ¥. (Aichi Cancer Center Res. Ins

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

(1):16; 1982.

The physiological effects of whole-body hvperther
on animals and normal tissues are not well-known.
this report, we investigated the changes of hema
crit, sodium and potassium concentration In jia
and water content In small iatestine of nmouse
duced Yy whole-body hvperthermia (+3.5 C; {3, 17,
30 min) with 2450 MHz zicrowave. Water content in
s@all intestine “icreased gradually after the hyp
thermic treatmev.. It might result from leakage
5locd components into the intasctinal tract and in
bition of reabsorprion of water due ©3 incesti
lasion by the treatment. MHematverit also increa
after -he treatment; there was a very iigh corre
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n between Ilese Cwo values. The longer the tiume o7
he treatment, the more the mice died. ‘While th
change of poctassium concentration fn plasma was small,
sodium ion concentracion of agonal or dead mice were
scre than twice of normal value. Moreover, arythro-—
zvtes af hyperthermig-treated nice were more fragile
than those of non-treated control. From these re-
was suggested that abnormallv high concen-—
plasma sodium, which leaked out =mainly
‘rom ervthrocvtes, was one of the lethal factors.

i
&
o

COMBINED OF  SYSTEMIC HYPERTHERMIA
AND MITOMYCIN C 9N INTRAMUSCULARLY TRANS-
PLANTED TUMOR (MEETING ABSTRACT). g.) Nakamura,
W. f(Aichi Cancer Center, Nagova, Japan); Y¥ishimoto,
Y., Yakavama, T. I Radiat Res (Tokyo) 23(l):l6;
1982,

Tumor cells were of 4 cloned cell line FMA3 which were
derived from Furch’s mastocytoma and kept as ascites
tvpe v serial ctransplancation into the abdominal
cavity LAF) nmice. The cells in logarithaic growth
were :ransplanted into right hind leg muscles of 9-12
wr=cld mice. Treatments with 2450 MHz-wave alone,
J4ith Mitomycin T alone or with both in combination
w“er2 starzed two days after che transplantacion.
among several protocols examined, the most promising
ane was the daily systemic hyperthermia {rectal temp-
srature of 42 C for 5 min for 5 days) which was used
in combination with a single injection of 20 ug Mito-
avein & 10 min prior te the first heat treatment.
Two sessions of the combination carried out with 4n
iaterval of ome wk significantly suppressed nct onlv
tumor growth at the site of the :ransplantation
Sut also the xzetastases in the lungs, liver, spleen
and other tissues.

0546 IFFECT NF TRENTAL ON HYPERTHERMIA-INDUCED

THROMBOCYTOSIS IN MICZ (MEETING ABSTRACT).
(Eng.)  Makayama, T. (Aichi Cancer Center, Nagova,
J;pan); Nakamura, W. J Radiat Res (Tokyo) 23(1):16;
1982,

Zffect of pre- or post-treatment of mice with !-3
{oxchexyl) theobromine (Treatal) on the hyperthermia-
inducad thrombocviosis was studled. Systemic hyper-
therzia was induced in mice by exposing them ta 1450
MHz-wave and 9v contrtolling the electric power automa=
tically with the use of a thermeccuple inserted iato
the rectum a8 4 sensor. ~he rectal temperature was
wept at 43.5 C for {0 min. In thesa mice, the throm-
bocyte count decreased gradually reaching its minimal
level {a about 3.5 hr. Thereafter, it increased and
returned zo the taicial level in .5 hr and reached
she maximum level 2 3r 3 days after the heating wh':h
was 2.3 tipes higher than normal. iInjection of T:i.
ral @as carried out iagmediately before or after the
“weating and was effective in praventing the =ccur=

Eltects of Electromag
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rence »f zurombocytovenia s 4ell is that f Ik
bocvtosis

84T FOCUSSING 0OF THE 91Z MHz EZLECTROMAGH
POWER IN JEEP HUMAN TISSUES: A MATHEMAT
MODEL STUDY (MEETING aBSTRaCT). (Zng.)  Arcang

G. (Iscituto Medico e di Ric2reca Scientifiza, °
Rome, ltaly); Lombardini, P. P.; Lovisole, 5.; Ma
glia, G.; Platrelli, M. Scrahlencherap.e i5d4(a):
1982,

Most of the external microwave »r radiosfresusncy
plicarors for local ayperthermia induce maximum »
ing on the tissue surface with a progressive Iemp
ture decrease with depth. The resultiag tempera
gradient does not allcw a homogeneous heating tc
sions deeper than 3-4 cz with a1 single aopiica
even 1{f skin cecoling is used. However, deep hea
could be achieved v an array of appiicators.
difficulty of understanding =2icrowave 2ropoga
within the human body is due to the numerous dis
rinuities favoring microwave scattering. The res
ing electromagnetic field exhibits an intensit
phase and a polarization warving dramatically
point te point. In this work, we have studied
behavior of the electromagnetic field in an aduit
thorax section. This sectzion, cbrained by a CaT
at the level of fifth thoracic vertebra, was ide
subdivided in 235 sub-volumes with dimeansions
iaferior to the diffraction limit. VYalues of die
tric constant and conductivity, as 2easured in
laboratory, were attributed to =ach sub-voluze.
our model, a peripheral array of 50 equidistant ¢
ed, water-loaded, contacting anteanae a:z %13
having an equal intensity and an externally cont:
able phase, have been assumed as xicrowave sour
The integral equation matricial zethed has Dbeen
for the caleculation. As a result, a system of
scalar linear complex ecuations, which have been
ved numerically, was obtained. Im this study
possibillty of focussiag ohmic power in a 2iven :
deep in the bodv has been tested, ignoring the the
dvnamic problem, and the following resul:is have
obtained: 1) Focussing of 213 MHz jower in deep pe
is always possible, but it is generalily associat:
concentration of ohmic power also in other, unwe
points. The unwanted power 2ay =xceed that deli:
in the focus; 2) however, it is possible to
antenna phase configurations, capable of lows
the unwanted powers Seilow that at the focussed l¢
These configurations can be detarmined Sv appi
pinizization methods.

3543 HON-LINEAR

HEATING OF
STRACT). g.) Barsaci,
afca dell’Universita 3f Roma, Italvl; Jer
Stzahleatherapie 138(%):374; [981.

(Iszituto di
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The prooiea of electromagnetic eating of living tis-
sues has been considered, with reference to local ai-
crowave-induced hyperthermia for cancer therapy. In
order to investigate :heoretically the tszmperature
distribution, 3 =mathematical model of the liviag
tissue has been specified sefore solving the thermal
boundary value problem. The model takes into account
the complicated rhermal phencmena of the living tis-
sue, namely zetabolic heat gzenerition and heat ex-
change with Sloed flow. We have assumed a time-inde-
pendent metaboliz heat generation to e praseat. The
cooling effect due to blood flow has been assumed to
be a function of the difference between the local
temperature and the arterial blood tempera.ure. In
orevious works a linear function has b“een :zonsidered.
This linear model, however, disregards the local
thermoregulating influence of the blood flow. Im this
work the thermoregulation has been taken into account
by assuning the blood flow cooling effect to be a aon~
linear function of the difference between local and
arzerial blood temperature. The effect of a cooliag
Zluid forced past the surface of the living tissue
has also been zaken into account. The ctheorezical
temperature distribution induced by exposure to elec-
tromagnetic flelds has been determined according to
the following steps: at first the non-linear operator
fhas been linearized by using che {terative Newton-
Raphson’s method; then a omatrix formulation has been
obrained through the moment =method. Ia partieular,
the case of a slab simulacing living tissues, which
is irradiated by a plane electromagnetic wave, has
been considered. The temperature distribution has
Seen carr.ed out Eor various types of non-linear blood
zooling funccions, in order to avaluate the macching
between the assumed mathematical medel and the true
biolegical phenomena.

1549 RADIOTHERAPY-HYPERTHERMIA ASSOCIATION: T

PATIENTS (MEETING ABSTRACT). (Eng.) Bell-
0ssl, A. ‘Centre Zugene Marquis 35000 Rennes, France);
Tleury, T de la Perelle, A.; Kernmeec, H. S3tranlen-
therapie 158(5):379; 1982,

Many authors have reported that radiotherapv~hyper-
therzia association potentiaiizes the effect of each
method. We present two patients who confirm the fa-
vorable effect of this association. Hvperthermia was
celivered by a 13.56 MHz generator (STAE prototvpe)
used in capacitive diatheray. Two l-hr sessions
took place a week, every 2 or 3 davs, 3 hr after radio=
therapy. The rst patienc was ated for cutaneous
recurtance of a cancar of the right pvriform sinus.
In December 1980, elecrrontherapy was administered,
issociaced twice a wk with hvperthermia. The result
#as positive but, In May .98l, two permeation nodules
appeared out > the treated lesion. For 7 wk these
nodules were treated each wesk by three electronther-
apr sessions (3 Gy) and two aypertheraia sessions (]
Weem=l), Ia the lasions had disappeared; fin
Jecember, the results were exceilent. The second pa-
tient was bed-ridden Sv the recurrence of a prostatic
tancer, which had been operatad om, then ated by

Meeting Ab:

cobaltotherany (o) Gy) 7 vr ago. Zobal
Gy a session) and hyperthermia [J.3
wx had been given for 3 wk. The results Jere
lent. The patient died of a1 ayocardial infirc

wr later.

stherag
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0550 CLINICAL PRACTICE OF 24 MHz MICROWA

PERTHERMIA (MEZTING ABSTRACT). [Eng.
. {Centre Alexis autrin, Avenue ie 3ourzogne,
andoeuvre les Nancv, France); Marchal, I.; 3
er, S.; “etz, R.; EZscanve, J. : Rmbers,
entherapie 158(9):379; 1982,

2
B

v
3
1

To determine the efficacy of aypertheraia 1l
combined with radiotherapr, we :omparad tha :
sions of heared tumors with unneated others &
patient. Thirty-eight patients with advanced
@ainly local evoiutioms of ear-ncse-
mas, Delanomas or skin metasctasis, have Heen
using a 434 MHz aicrowave ayvperthermia ippa
Microthermo-couples are placed inside or -unde
the tumors and temperature is controiled by a
ter which automatically shuts off the power for
zometry and regulates zumor thermal level bSetu
and 45 €. Fortvfive cumors were submizrad ©>
waveinduced hyperthermia /5 sessisns of <5 ain,
or 3 9/7). Radiotherapy Iollowed hvperthermia
time interval ranging from 3 to 0 min. Dif
total radiation doses from 12 <o 30U Gy were del
every day or thrice a wk. Tor % patients, hvpe
aia was assoclated with conventional chemoth
Tumer response was assessed bv neasuring the
volume. Hyperthermia combined wizh radiot
sessions seems the most effective for inducing
regressions (>50% cases). This 434 MHz mic
hyperthermia apparatus is well adapted for rec
lymph nodes of head and neck, even those pret
with a high radiation dose.

0551 2450 MHz 4YPERTHERMIA MONITORING §S

CLINICAL APPLICATIONS FOR THE TREATM
SUPERFICIAL TUMORS (MEETING ABSTRACT). 2-)
dure, G. (Centre d'Etudes d'Zlectronique Zes So
Univ. Sciences et Techniques du Languedoc, 3406C
pellier Cedex, France); Delauzun, J. ?.; uicha
P.; Dubois, J. B.; Hav, M. Y, Srrahlentherap
(6):379; 1982,

Jur studvy deals with 1 hypertheraia system whi
olovs open space applicators and Iomputer zonl
for the treatment if superiicial >r nearly su
cial tumors. The applicator consists 3 a4 ¢
lar wave guide zoupled with 3 :zoling system ©
perficial tissue which intrtocuces air along the
axis. Foilowing an 2stablished srcroenl, this
cator tapidly sreates a Somogedecus temperaturl
tribution (between -l and 4l o 4 dent
:m and covering 3 surface »f | rcapitable
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resulcs obtained with microwaves it
iirect contaczt waveguide and suc
Hyperthernia was aerizored 5v 1 single =emo
sensor iaplanted in the superficial Zissue. & micro-
Prograa regulates alcrowave power and 4
superficial temperature. The prograd wis desizned oo
ceach a pradetarmined tesperature with aiaizal delav
1nd . et overheating of  supe
“hnigque {s well zolerated by the patient and
<ithout risk to =2ither operator or patient. Jur
sults wers based on our experience with 10 nacients
w@ith recurrent thoracic wall tumor Zrom breast carci-
nonas. Consideiation (s ziven to che potencial use
of 3nen space applicators to treat surfaces on the
3r £ 2md hvoa stedm ich ¢an be serfectly

oted o numerous <clinical sizuations.

3

2 A STUDY 2F RF 27 #Hz ZLECTROMAG ¢ 7

TECHNIQUES FOR THE LUCALIZED HEATING 0OF
EAD AMD NECK TUMORS (MEZTING ABSTRACT). iZnmg.) Cazre
nochan, ?. (Roval Marsdea ulhaa Reoad, London
SW 3, Zngland); Jones, C. #. 3trahlencherapie 15B(k):
3755 1982,

ccive use of lscalized “yper.hermua in cancer
treatment requires careful oprimization of the heating
techniques :mployed. To this end useful informa
=ay be obtailned sbout the design of applicators by
vestigating the distribution of power deposited wi
shantoms in vitra, and by Tie assesszent of applica.or
serformance : using invasive rhermrmetrv and/or
rared cheraagracny has been uti-
Avestigzate the heating patteras produced by
both zapacitive and inductive short-wave diathermy
7 snantoms having the alectrical charac=
plcai tissues. The bHoundaries within
drical »nantoms were chosen fo 1p=
o some OE the 2ajor ifelectric disconti
tes of the cervical r2glon. The rasults af these
studies {ndi-cate the potential »f the capacitive Jia=-
therav technigue Tor heating small voluzes of subcuta-
issne. Furcher studfes >f excised animal cis-
sue 13173 this techniiue, have suggested that inoma=
ious “eating of 1 the region of “he cervical
Jeriebrae is unlikelv. [n vitrn studies allow i
thase patameters wnich hav
szrisutisn of power 1bsocrded by tis
2w magneric fi2l4, and “nowledge
37 the thermal properzies of Tiysu=s nes
2533ty =efare localize: ‘woertheraia
sptimizad. % metiod .5 lescribed wheredry the tuaref
cositisning of ladianted thermocouple prabes used
anezion wizh axteraal Seat sourcas allows: a)
cion 9f 2arazmezars in lgencing ther:zal
sivz, 51 oan astimatian of I1e thermal
1 tumotr iuring heating 1
a index »f tne »land coeliag af
seridheral Tumef Fegiing.

El

it

Sioicgreat Eflects of Norionizing Eieciromag
Raciamon V(2.4 July 1583

“3heffiel
izal Phvsics and
shira Hoso., Glossop Road,
1land); Melek, LA -
3tranientherapy L33:n.:380; 1382,

A. P 3rown, 3.

A techaique o croduce Avperctheraiia
che human hodv using fscussed miitowave
Seen studied. A computer simulaction of the power
sipation within a cvlindrizal bodw, issuming uni
permlfzivicy and atferuation, indicates
1 semi-

zion, a sizaificant thermai 2nhancement mav Se ind
1t 1 site within the body compared with its surre
ings. A czonfiguration orf Il array =lemencs ‘6

ments curved ircund cthe cylinder and 3 elements a
the cvlinder axis) vields 1 sufficient enerzy zom
tration to produce 1 focussed region neated TWide
much as aay ther rcegion iaside the zrdss-sect
Computar simulations indicate that : L
and position of the high temperatura regisn sh
e approximatelvy zontrnilidle and that the stab
2f the svstem is tulerant o twpicallw 207

<he phases and amplitudes of the radiacors.
zents have been seriurmed on 4 simple chorax zha
using the same arTangement of Iipole =2
cribed above. The eilintical bSody ~as
water—-saturated sand vielding a permiztivity Of
and an attenuarion constant of l4) 4B/m. Aa ano
probe was utilized to measurs the intensicy discr
tion at +9 points within the body. Resul:s indi
1 high fatensity peax at a region 5 cm deen into
thorax phantom, the second high intensity region
ing 40% bSelow and occurring at L deep. These
sults agree .ell with theoretical computer ore
~ions. In practice, focussing effect may be

ied by thermal dissipation due to blood oW
Retercgeneity of the body. Howevar, the telative o
de of :the focussed region could He anhancec
air cooling of the skin su ze. Results obrtaine:
far indicate that heating of deep seatsd tumors «w
sodv i{s possibie using a = ~-contacting
cussed mCrowave arrav sustem.

tths, H. (Phvsics Sepr., valindre Hosp., @
church, Cardiff, *. Strahleatheranic 138
182, 198C.

A serizs of selected natients with idvanced ca
have been Irasted Sv avperthermia asing 3 leVaer
Thermotharapy amachine. This machine uses 2apaci
<oupling o applv the radiofraguency
> the ssue. laline pillows were pl
hetween tne 3F clectrodes and the skin to enh
ciniing.  lioled saline was eiteularad cthrough
2 liows duriag treltaent Ty aveld excessi




Srotogical E'fects of Nomomzing £
Raagigton VIZ-4). Jury 1983

ciremagnetic

£ the superficial zissue. Tumor Iemperaturss tetwesn
43 0 and 45 C were taken as e objective of each
treatment, teaperature profiles in the tissue “eing
zeasured with opper=constant thermocouples. 2iziear
r2sponse was dissessed using 4 number f Jifferent
sriteria.

5353 THE INFLUENCE F wHOLE=-30DY HYPERTHERMIA 0N

SIDE=EFFECTS NF DOXCRUBLCINE AND RADIOTHER-
APY I. ATS (MEETING ABSTRACT). <{Ing.)} Hinxelbein,
JZenzrum Radiologie, Abteilung Strahleatherapie,
w. Freiburg i. 8r., W. Jermanv}; ZIngelhardr, R.;
Veumann, #.; “annenmacher, M., Strahlan-

cts of two combined treitment modalities (si-
Tultsnedus combination 9f whole-bedy hyperthermia and
ioxorubicine Ireiatzent, simultaneocus combinaction of
<hole=hody avoerthermia and total-bSody frradiation)
vere studi=c in rats. “hole-body hyperthermia was
iaduced sy UHP €x0.35 C core temperature for
2 aad 27 aini. Doxorubicine was administered in two
s ‘n 3g/kgz on day 2 and 8 =mg/kg on day l&).
frradiacion was 3.5 Gy y-ravs (Cod0). Hae~
mazotoxic ‘mvalotexic) and cardiotoxic side-effects
were investizatad. Hvperthermia alone produced leu-
igevtosis and isolated sarcolysis. In combined treac—
=< fals intensified and reduced side-effects of doxo-
fudicine and {fradiaticn were seen dependiag oo heat=
i0g time.

1356 ASSESSMENT NF THERMOCOUPLE PROBES FOR JSE
IN RF FIELDS (MEETING ABSTRACT). (Eag.)
Jniner, M. C. {Gray Laboratary of the Cancer Res.
Zampaizn, Mount Vernoa Hosp., Northwood, Middlesex
Haé 2RM, tngland); 3remner, J “Yoinovie, 3. Stah=
lentherapie 138(6):384; 1982,

In order tc compare different “eating methods and
quancify temperature patterns during hyperthermia,
measuring probes should be able to accurately resolve
temperature gradients im heated :zissues. Such zra-—
dients can be large (>! C/am) in small axperimental
animal tumors heated by RF, microwaves or ultrasound
where heated volumes are twvpically less than 7.5 cad.
Jata will be presented showlag the extent ta which
bara fexposed ‘unction) or metal and plastic sheathed
zhernscounle probes of wvarying sizes "smooth out" 1
shars> temperacure change across a thin nembrane. For
orobes sheathed in hypodermic needles, this effect is
Iue o heat ronduction along the netal shait from hot
Zn cooler reginons and lncreases as needle diameter
Proges sheathed ia rlasti: nav read in-
b =he connecting wires ate largze and the
surounding piastic tube has low thermal conduczivicy.
The ise 3f RF or hearing generally leads o non—ther-
wal iaterference Jith electroni: cemperature measur=
ing 2quipment which necessitates the heating

Meeting Abstra

being turned 7 befdre 1 Teasurement is made.
aver, the ase of Zetallic probes in irect electe:
contact with surrounding tissue
App4rent temperiature e (n the
21 the probe 5e aliowed o decay
RF has heen switched before in 4cturite deasu
Zent of the true in th
be made. This eflect seen
insulated probes which are ctherafore
use in RF fields.

3557 EXPERIMENTAL AND CLIN

ws 3 = G K
MIA (3.3 MHz, 13 WHz, 334 Gz, 1350 MHz) (MEETING
STRACT). {Eag.) Lauche, H.-M ‘Ltab. Theraole
3iomedicale, Faculza de Medicine, Univ. Louis Paste
11, rue YHumann, 57083 Strasbourg Cedex, Trance); Gu
quin=Xera, J. L.; Pillement, P.; Movses, 3.; Sauth
is, M,; Methlin, 4. 3trahlentherapie 133(6):2
L982.

The proper use of eleciromagnetic hyperthermia

cancer :reatment requires comprehensive xnowledgze
numerous parameters concerning the target lude
the irradiation svsteam (generators ind applicator
Before starting investigations on patients, axpe
mencal studies of several pieces of a2auipment .
effected using two differemt physical models: 1)
eised animal $sues and 9ost operative specioe
e.g. after mastectomy (analvsis of deep temperat
with an infrared thermograoh, Lamsdiactely af:
irradiation); 1) on original shantoms made of H
parent zels with Xnown eiectric, dielectric and =¥
mal properties corresponding to these I Siolsgi
cissues {(analysis of deep rteoperature by =eans
thermosensitive liquid cryscal Tilm) during the tr:
fation. Additional studies were car d oul i ¢
mals, in particular dogs, in wivo er anes
and then 20st mortem, in order 0 investizate the
fluence of blood flow and regualtory processes.

these experiments, deep temperatuTe was control
using implanted ncedle probes, =ither setalli: or
interfering. Two :ategories of mecheds were used;
capacitive hypercther=ia using 2enerators operating
the radiofrequency range (0.5 MHz, (3 Yhz) with ext
nal flexible applicators, or implantabie needle pr:
allowing acecurate heating in situ; ) radiative hyg
therria using generators operating in the microw
range (%34 MHz, 2450 “Mhz) with new systems of exter
applicators fsurface cooling, zross=fire acranceme
«..j. From these studies it (1) moc
aav onlv be used to desizn, improve and compare he
ing systems, and (1) the tumor temperature patiar:
largely dependent apon blood ®low, histolozy and =
shology of host and tumor. Protocols of ‘hezfapeu
trials may therefore 5o estabilshed on phas: [ ‘fuc
on patients In order to taks the indiv Jual change:
vascular and chermal condizions into dcoount, To t
purpose, preliminary investigitions have bdeen
ed on patiencs <ith advanced cancer, nais
astases and Bbreast Jarsinomds far wnicn

control and follsw=ip i35 r-elat?

aica
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Zmphasis was laid on combina
radiotherapv.

1338 LOCAL MICROWAVE HYPERTHERMIA COMBIMED WITH

RADIOTHERAPY: ONE YEAR'S EXPERIENCE (MEET-
ING ABSTRACT). ({Zng.) Valdagni, R. (Oncologic Cen-
ter, Istituti Ospedalieri S§. Chiara, 38100 Trento,
izaly); Amicherti, M. Strahlentherapie !58(6):390;
1982,

from February 1981 o February 1982, 26 patieats (32
elds; with *hisctologically proven malignancy were
treated with hyperthermia combined with radiotherapy.
Most of the patients had failed conventional treat-
zents. The patients were 19 male and 7 female, and
che median age was 62 years, ranging from 45 to 94.
3% the 26 patients, 25 had Karnofsky indices greater
=han 30%. Histologically the lesions include: 17
squamous carcinona, 8 malignant melanoma, 3 adenocar-
itoma, and 4 chordoma. RT (2-3-3 fractions/wk - dose
oer fraction: 1.80-6.00 Gy T. D.: 8.00-65.C0 Gy) was
appiied usiag 2 linear accelerators (Mevatron Siemens)
st =il MV {electron of photon beam). Simultaneous
aicrowave H (209 heat creatment sessions), external
or intersticial, (42,5-44.0 € x 20 cto 55 aia 2-3
fraczions.wk) was delivered by 383D = 1000 unit.
Thermometry was perforzed by means of non~perturbing
2robes nlaced on the skin and in catheters inserted
i1 the tumors. The {requency (300-900 MHz) and po-
wer lup to 130 W) used depended on the depth and
size treated lesions (maximum diameter: 3 cm,

.2 t2 5 2@ depth). An analysis of technical data
and tlinical results will be presenced.

7839 PRELIMINARY CLINICAL RESULTS OF LOCAL HY-

PERTHERMIA IN COMBINATION WITH LOW DOSE RA-
JINTHERAPY (MEETING ABSTRACT). (Eng.) van der Zee,
J+ Dept. Exp. Radiotherapy, Irasmus Univ. Rotter=
4an, lotcerdamsch Radiotherapeutisch Instituur, The
tetherlands); wan Rhoon, G. C.; Wike-Hooley, J. L.;
Reinhoid, 4. §. Strahlentherapte 158(6):390-391;
1982,

In the Rotterdam Radiotherapeutic Institute, 80 pa-
Z.ents have been trfeated with 1 :al hyperthermia.
This communicatfon reports on the results from 18 af
these patilents, treatea on 4 flelds with local hy-
Jerthernmia combined with a low dose of radiotherapy,
ind naving evaluable mor responses. Lesions treat=
2d were predominantlv recurrences in previocusly ir—
radiated “lelds. Histologies included mammary, lung,
gyaecolos.cal, widney, and skin carcinoma. Tumors
vere heaced gsing 2lectromagnetic radiation with Ire-
juencias of 14530, 433 or 17 Mdz. Tenperatures were
1lwavs geasured wita thermocousie needles ind more
recently also with an sptical fiber :emperature 7nea-
suring system. Locsl avpertheraia was administered
tWice weeklv, 30=-40) a1a fsllowing radisthecapy, for a

Siofogreal Sffects of Nononizing Eiectrama
Ragianon vlii2-4j, Juty 1983

mean treatment durition of 90 @ia (I-1)
The average radiotheripy dose was
"hyperchernia Jdose” we selected
temperatures of all paiats measured in trea
sesstons, the average for all patients Selng
t.+ T {range 20.5-45.3 7). Tunmor resocnse was e
fallowing WHO critaria (complete response = disap
ince of tumor; parzial respense = 307 or nore dec
in tumer size). In zhis heterngenecus, non-rande
gfoup of patients we faund 31 response rite oF
complete response L{a 6/35 fields and partial res
in 22/35 fialds. The separate contributions of
creacment modalities to respomse were iavesti
ratrospectively. We found no sigaificant zorrel
bSerween either the total X-rav dose or the {-raw
tion size and resporse rate, 5u the response cat
+ PR) was found to Se correlated with the zean o
maximum tumor Cemperaturss. This indicates the
increasing temperature results in an increasing
ponsa rate. The combined therany, in this heter
2ous group of patisncts, resulted in 2 I0% res
rate at a mean Taximum tumor :emperature of <
and an 30X response raze at a mean laximua teém
ture of 42.3 C.

0560 INTERFERENCE OF 433 “Hz MICROWAVES W

MEGAVOLTAGE LINEAP ACCELERATOR (MEETIY
STRACT). (Zng.) wvan Rhoon, G. £. (Dept. Zxper
tal Radiotherapy, Erasmus Univ., Rotterdam, The
erlands); van der Poel, J. A. Strahlentherapic
(6):391; 1982 (1 ref).

A series of experiments was conducted to invest
the sffect of 333 MHz microwaves on the perfor
of a megavolrage ear accelerator, the Sagitt
The microwave equipment coansisted of a Sirether
Siemens generator, power 250 W and a standard cirt
Zield dipole antemnma. In all experiments the 2
wave unit stood ina a room adjacent t9 that of th
celerator. Microwave power levels were zeasured
a ¥arda broadband radiation monizor, model 3300
at levels greater than 200 2 W/eaml at 3 cm fral
antenna no more than I oW/cm? were ever detect
the control room of the Sagittaire. The elemen:
the Sagittaire itself were contained in % sep
tooms, l.e., for the accelerator tube, the co
units and the treataent of the patients. Measure
nf the accelerator performance were achieved Wit
use of conductor and thermoluminescense (TLD; lit
Zluoride) dosimetrv systems. ZFor the TLD zeasure
the rous were situated in a i3x28x25 cmd water ¢
perspex box. In iccordance with earlier Iindin
W. J. Xopecky et 1al., we also found that =he a
operation of the Sagitraire was disturded. How
our observations do not indi:ate thac ere

change in the dose deiiversd. but ounly showed
the aicrowave [nterference was directed towards
bSeam =nergy. For exaople, a comsol sef deam e
of I3 MaV ircreased to 19 Mel when th: microwave
2racor operated freelv at ndaxioum pewer.  When
of the microwave energy was ibsorbed v a .0 <3

zuscle phantom in Iront I the antenna there
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still an {acrease of the beam <nerzy v 16.9 MeV.
with the measutrements jerformed, no interaction of
microwaves with beam homogeneity could e demonstrac-
ed. If the dose measured at the dose maximum in the
water phantom was corrected for the change {n enerzv,
there was 70 evidence that the delivered dose was
different from the one set om the contral comsol.
Interference between these Two systems is very Jiffi-
icult to discern. We would cherefore like to advise,
in agreement with cthe =2arlier {nvestigators, that
each accelerator/hypertherania installation be care-
fully checked far possible interference effects, even
when the acielerator appears to be operating normally.

ALY 3LO0OD  FLOW AND OXYGEN SUPPLY TO MALIGNANT
TUMORS DURING HYPSRTHERMIA-EFFECT OF VAR-

I0US DOSES (MEETING A3STRACT). {Zng.) “aupel, P.
{dept. Physiology, Univ. Mainz, 2-05300 Mainz, W. Ger-
many); dtte, J.; Muller-Xlieser, W.; Manz, R. Strah-
lentheraple 158(H):391; 1982 (| ref).

Zince tumor tissue oxygenation seens to play a deci-
sive roie during heat treatment in vivo, systematic
investigations concerning the respiracion rate of
isolated ascites tumor cells, the 02 consumption of
solid tumors fn situ, and both the oxygen partial
sressure distribution and the oxyhaemoglobin satura-
on (ibN2) of single red biood cells in tumor micro~
vessels have been performed during and immediately
ifter elevated ‘tissue ctemperatures. The results
2learly show that changes im tumor oxygen supply
during thyperthermia  are predominancly mediated
zhrough changes in tumor blood flow which showed the
sane ilrectional changes. The present series of ex=
seriments wJas perforzed in order to get some data on
zhe suscentibility of tumor oxygenation to wvarious
zhermal doses is derermined by the duration of heat=
iag and the fissue temperature increment during treat-
2eat. As a measure of tissue oxygenation, the oxy—
haemoglobin saturacion of single erythrocytes within
sumor aicrovessels was determined immediately after

localized mictowave hyperthermia (2.45 GHz). For the
present work, tumors of DS-carcinosarcoma implanted
in the hind foot dorsum of SD-rats were used. The ex-

periments were performed on 70 tumers with a mean
et wt of 3 g. Mean tissue Cemperatures were held
at four ievels: control (34 C), 40 C, 43 C and 43 C
for 30 and 60 min, The results obtained indicate
that thermal doses bYelow 250 C/min can evoke an
laprovement of the rissue oxygenation. At higher
doses a decrerioracion of the oxygzenmation status oc-
surred. A 3)% reduction of the tissue oxygenation
vas found 1t 4 thermal dose of approximacely 300 C/
aia. e aresent study provides 2avidence that tis-
sue dxvgenation during heat treatdzent Is orobably
dependent »n tie thermal dose. This is in contrast
> previous fiadi=gs of Reinhold and %an den Berg-
3lok who found moarahle effects of hvperther:mia on
atirociroulatisn 4¢ itffereat rthermal doses. Further
tnveszizitions 4Lll Se necess zo clarify these
2ontToversizs,
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0562 PERATURE  MEASUREME
L 1 PROBES  DLRING  HIC
SHORTWAVE HYPERTHER: (MEETING ABSTRACT).

won  Ardenne, M. {Res. Iast. Manired ven
DOR-3)31 Jresden, W. Garmanv}; 3ohme,
S5chlechra, P.  3Strahlentherapie 133(2):391;

;a

Certaln uid=crvscal mixtures irs kaown o ex
color changes over 3 limited and adjustadle oper
temperature range. These color changes correspo
shifts of intensitv, shape of che maximum, and °
length of the reflected Lizht. Xnown devices ze
ing mafnly i .tensity of reflected light zare af
2d by severa artefacts, e.z., variable sensic!
the optoelac:ronic deceator, instability of
source and .%s varidation with the ambiant tempera
We presen:t a measuring device, which exclusivel
tects and evaluates the temperature-dependent

length »2f the maximum the light reflected b
liquid crystals and whizh is inseasizive o ext
influences cxemplified ibove. A minute mount o
quid-crystal mixture s enmtrapped ints a sufficis
small probe which is introduced into the tumor :
heated or into healthy r:fefence tissue, respect
The proba is connected with the detector unit by
of a two-component fidre optic. At the site of |
energy electromagnetic fields there is hence onl:
probe, which is indiZferent o these fields aad
versa, whereas the electronic setup is placed
shielded room apart irom the pazient. The recol
unit contains an automatically and periodically

oonochromator with chopped light-sourze and an .
tronic part consisting of the optoelectronic di
tor, the noise-liaiting amplifier and the data-
cessing uniz. The apparatus delivers wvalues o
senting temperature. =Zach value persists on the
play during zeasuring cyele of the next value.
temperatures measured are also available as aina.
signals at the output for recording. The aroc.
described has been successfully tested during <
cal trials using the CMT Selectotherm technique
heating human tumors at 27.12 MHz.

3563 UPTAKE OF 99%Tc-MDP AT 3
TREATED WITH ELECTROMAGNETIC
CURRENT (MEETING ABSTRACT). (Eng.)
(Univ. Dept. Orthopaedicz Surzery, 2rincess Mar
Rose AJrthopaedic Hoso., Fairmilehead, Tdiabd
Scotland); Annan, T. ¥.; Touden, T.; lLaw, Y
Hughes, S. P. F. [n: Transactions of zhe Secon.
nual Meeting of the Bicelectrical R2enair and 3

10-22 Septemdber 981 ia Ix

FRACTURE
INDUCTIC
MeCarthy,

Sociaty, held on I
Eagland; 2:l; 1982,

The uptake of =he bone seeking tracer, % Techne
labelied iiphasphonate [9%3Te=MDP),
juantitacivelv measured <o jbrectivelv assess
uced 2lectrical curranc ir
hancing fracture healing. 4 Zracture 7odel was
Zduced B open asteotomy if the sheep Sia.
delmnoizz coils iriven v o4 ITagez
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wave Iarm ia which the cising and faliinz slopes
approxizately equal were placed on either side of the
treatzent sire. ac weekly intervals, for 5 wk after
the ostentomy, I9MTc-MDP was injected into the sheep.
The count rate at the fracture site was neasurad ac
153 and 60 a2in after the Injection by placing 2
mated scintillation decector on the plates over
actuze site. La eight sheep studied (4 exper-—
imental and - controls), the count rate at &) min
eased during the 3 wk studied (260 = 90 to 789
for the experimental group, and 230 = 40 ce
%70 = 100 for the controls). At each of the measure-
;ernt times, the wvalues ia the experimental animals
sere relacively nigher than in the control sheen,
2.3., .o = .09 compared with 0.26 + .06 at L
ain after injection (where the data had been normal-
ized =o aatzy ac o0 =in after injection). This
iiiference was staciscically significant (p<0.U5).
e resulis Jemonstrate that ia Vivo measurements
n Jdetect changes in fresh fractures stiaulated
taduced alec al currents.

IFFECTS OF ZLECTRAICAL STIMULATION ¥
TIUM-45 UPTAKE 1IN FRACTURED FIBULAE FROM
D THYROPARATHYROLDECTOMIZED RABBITS (MEET-
ING ABSTRACT). (Eng.) Guy, D. K. (Dept. Anatoay,
Sciences Center, Univ. Louisville, Sch.
Louisville, KY, 30292); Wald, H. In:
actions Of the Second Annual Meeting of the Biocelac-
zal Repair and Growth Society, held on 20-22 Sep~
tedber 1382 in Oxford, England; 2:2; 1982,

An investigation was undertaken to determine whether
#lectrical stimulacion of fracture healing enhances
the aprake of calcium {nc~ bone and whether the en-
nanced nineralization, if present, is independent of
normonal iafluence. A transverse, ald-shaft f{racture
of the fibula was jroduced bilaterally in 20 New
Zealand white rabbits. The right £ibula of each
animal was elecirically stimulated with 18-20 uA of
direct current while the left side served as control.
Ten 3f the rabbits also underwent thyroparathyroidec=
tomy at the beginning of the experimental period.
These zen animals creceived thyroid hormone as re-
placament therapvy but wWere considered to have an
absolute deficiency of calciftonin and parathyroid
“ormone. All animals received 5Ca iv at intervals
during the healing period. At the end of the ll-dav
study, Sone samples from both fibulae and the prox-—
iaal half of the radius were taken irom each animal.
The azount sf *JCa per unit wt of bone was determin=
2d dv analvzing the samples o a Lf
ziliation :zcunter. The rtesults demons
ference in *3Ca uptike between stimulited and aon-
stimulated fidulae. Tractured bones 4id 2xnibit 3
signiffcanr increase in uptake over non-‘ractured
benes. Ia the absence of calecitonin and narachvraid
formone, all Yone citegories studied lemonstrated 3
stacistically significant {acrease ia <Sca uptaxe.
Since 41l yone cat:gories were <quaily 1 cted,
these data are Selieved > rarlezt in Increase ia
the turnover rite fartler tn4a 1A actidl inereise in

Effecrs of g tromag
Raaiatcn JHi2-4), Jurs 1583

the total amount f calz:ium - enr.

TR RE HEALING
(MEETING ABSTRACT'. fEng.)
“oll. Padiatric Medicine, 3th ac
ania, PA [9LUT); Harriagton, I
T.; 3lack, I 3odamer, w. In:
Second Annu. Meering of the
iad Srowth 3ocie feld on 29-22
O%f ord, zland; 233 L]

Race 3t.,

The arimats Cebus Albafrons forgan 3rinder mon:
was used o 2xpiore the =2fiects of small! amounts
electric current on dcceleration of fracture hea
ia the pzrizate metatarsai. Zoung {late adolesce
monkeys were chosen because of the bialogi:al

bSiomechanical similarities DHatween the prizate

the human. Zach animal was anesthesized and

dorsal region of zhe third netatarsal was <Xposec
each inot. Two nner wires were linserted 3
imally and distallv, perpendiculdr <o the long

of the done, in the Jorsal aspec: of the ametatar:
Thea a third ¥icshaer wirs was placed and xed he
zontallv across both vertical wires, thersbv creat
an external ation device. YNext, a I.J0=mm st
tomy was wade between zhe oroximal ind distal £
tion pins, ind a stainless steel electrode {(te!
coated except for the tip) was placed in the ost
tomy site and fixed ia place by belay atrached zo
horizontal porzions of the external Iixation dev!
The iacisions were closed and casced, then one |
was chosen at random o e the experimental ¢
(acrive alaccrade) wnile the other metatarsal se
as control (dummy electrode). Anodes were placec
diffarent sites. Three zroups of animals with
animals per zroup wer: used for this studv. Gro
represented 3 days posct-operative, Sroup 3 was
davs sest-aperative and Group 7 ran for 12 days af
surgery. The data indicated chat the electric:
stimulated osteotomies healed Jister than the cont
groups, that the electirically scimulated bone appe
ed as norzal, woven bone with lirtle or no endoct
dral Zormation, and 1ts 9assificaclion was 1ora
vanced than contral samples. Osteoblastic actiy
and vascularization was 1lso greater in experimer
samples.

1

DRLL) BIDELECTRIC AND  HISTOMORPHOMETRI® THAY

JURING FRACTURE REALING "MEETING ABSTRA(
(Ing.) Zhawikalakal, D. A. (Orthopaedi: Res.
Medical Zenter and Dept. Irthopaedic
Nedraska Medical Canter, E
L.i Zennelly, . F. Ine ions
Annual Meetisg of tne 3iveleztrical 3epair and 3o
3sciety, neld on 2322 < axrard,
3land; Zia; 1982,
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cofrelation detdeen local electric fields caleula~
4 Irom woltage 3Teasurements :in Hone ind new hone
£=ation obrained i1a the osteotomized canine radius
“4as _nvestigated. ur Az AgCl head =lectrodes were
implancad ia The Yone; o in the cortical region and
“Wo 13 the medullary region.  Unltage measuramencs
sers done lx wk. At 3, 1) and 12 wk post steo-
TI3Y the Jods Were sacrificed; che radius was sec-—
ired transversely into l-3m sections and a poiat
tunting zethod vas ised o quantitate new hone far-
2m the voltage measur-ments the average
2lectric field strengths {n the regions between elec-
crodes were :alculated. A correlation was found he-
e2n the combination of nagnitude and duration oF
eciric field of negative polarity (“field dose™)
ind the amount 3f new bone formation. In one log
the amounts of new Yone in the regioms proximai and
seal to> the osteotomy were comparable correspondiag
T2 similarity of the "doses" in the two regioms. In
lontrast, ia a second dog, considerably more one
forzation occurred ia the distal region corresponding
=3 zhe mucn larger “dose” there compared o the
proximal region. Work is in progress to seek fu
<orrelations between osteogenesis (n specific s

and the derails of clhanges in the local electric
“izld.
2367 PRIMARY INDUCED CELLULAR CHANGES

SPECIFICLTY IN PULSED CaPACITIVE
TION OF BONE CELLS IN VITRO (MEETING ABSTRACT)
{Z13.) Koremstein, R. (Weizmaan Tnst., Dept. ‘em—
Srane Res., Rehovot, Lsrael); Somjen, D.; Fischler,
d.; 3inderman, I. In: Transactions of the 3econd
Annual Yeering of the 3iselectrical Repair and Growtn
Society, held on 20-22 September 1982 in Jxfcrd, Eng-
land; 2:3; 1932.

Resulrs of a study on pulsed capacitive stimulation
»f mixed population of bome ceils in culture are re-
porzed. Stimulation of bone cells was performed by a
series of rectangular voltage pulses (25 usec width,
J 4z eperirion rate) of varving amplitudes, lasting
5 mia. Low field strength stimulation (13 V/cm pre—
vailing in the culture medium) caused immediate de—
irease of 301 in intracellular level of cyclic AMP
AMP) wnich was followed 5v 2 1.3- to l.i-fold in~
irease in JNA synthesis 214 hr later. Middle field
strength (22 V/cm) caused no change both ia caMP and
INA.  Hign fleld stremgth (54 V/em) caused a 1.8-fold
increase in cAMP level and a 2.3-fold increase in
b3 svatnesis. These bone ceil cultures, prepared
31 Tt embryocalvacia wera snown to respond both
to parathyroid rormone {PTH) and ro prostaglandin-I3
+?GE3). When 9Yone cells were subcultured they lost
their responsiveness to zlther PTH or =aleciric field
hut responded to PGEx by in increase in caAMP produc-
Furthermorz the subeultures lost their respon=
teness to 2ithec PTF or 2GE; in terms of JNA sya-
$is ind naintalned their responsiveness to law
el only "l.)-foid increase in 3NA svn=
s suggested that the cells zhat ra-
fleld stizulation ire the G, sens-

“hesisy.

spond T3> Low

Meeting Abs!

itive tells and those zhat
are the oastsoclast-like, P77
different cell types are

ns of the applied electric ¢ <
zal st{mulacion was shown to induce ciscade of
chemizal events, where the mediate  Hiache
changes included cyclic nucleotide changes !
and  fon fluxes (Ca*2 fluxes). This transai
af ¢ electric  stimulus  at the menbrane

through a second aessenger =echanism is ompar
che stimules-signal rransmission mechanisms by
mones ind growth factars.

1568 ALTERNATING M

SYNTHESIS IN FIBROBLASTIC
ABSTRACT). (Znmg.) Liboff, A. R. {(Jental Res. 31
Stop ‘18, val Medical Res. Inst., Bethesd:
2081+); Strong, D. “.; Wistar, R. In: Transac
nf the Second Annual Meerzing of the 3icelect
Repair and Growth Seociety, held on 20-12 Sept
1982 in Oxford, England; l:9; 1982,

The effect of sinusoidally varving magneci al
JNA synthesis in cells was invescigated in witr
pair of matched f{ncubators equally Ffitred
specially designed set of coils, 0.3-m inside iia
and J.25-2 1n langth. Three-coil configurations
empioved with spacing equal to half the radir
tarns on the cencer coil and 2N on the end coil
acder to optimize the fieid uniformity over a 1
volume zhan :ould be obtained with a classical
noltz arr . Two ind d series of 2
iments were parformed using this set-up. Human
sikia fibroblasts (HEM-HFS-13) were seeded int.
ind 96-well tissue :ulture plates using OMEM an
FCS and the plates distributed =qually betwee
experimental and control incubators. Am amplity
7.2 G was used 1§ well as Irequencies ranging De
30 and 80 Yz. The reiative amounts of thymidin
take in the 2xperizent and control plates wer
terzined using: (1) a I-hr 3H-:hymidir\e pulse
an l8-hr pulse, and (3) an integrated 3‘.{-:,1)”:
ladel introduced with rhe initial inoculation.
was found that in 45/48 paired plates, the lewt
incorporated thyaidine was sigrificantly highe
the experizmental plazas; it was further bservel
the amount of {ncorporated thvmidine in exposed
peaked at a two-fold ratio over the control cel
the viciniey of 20 hr after the beginning of
sure. [t is concluded that there is a consi
stimulatory 2{fect of sinusoidal =magnetic fiels
the DNA synthesis >f "uman $oreskin Iidrablas:
witro and that the specifiic julsed alectromag
field waveshape {3 -ot requirad to =l
fect.

JE2ULSA
PROSTAGLAN 5%
TMEETING ABSTRACT
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Johnson, D. Z. (Dept. oral 3iolugy, -aiv. Comnecticuc,
Sche Dental Medicine, Farmington, CT Jod3l); Rodan,
G, A. In: Tramsactions of the Second Annual “eecting
of the 3icelectrical Repair and Grzuth Jociery, held
on 20-I2 September 1981, ia Oxford, England; 2:7;
L3822,

The effect of pulsating electromagnetic fielus ‘PEMF)
on prastaglandin synthesis was ianvescigated in the
rat asteosarzoma-derived osteoblastic cell line ROS
i7/2:8. Cells were grown to confluence in F-12 zedium
supplemented wizh 10% feral bovine serum and were
2xposed to PEMF for up to 14 hr. Prostaglandin I us
Zeisuted Ln cell medis b5y radicimmunoas . 7; the re-
lease of i%C-arachidonace (the proscaglandin srecur-
sor) Irom pnospholizids of prelabelled cells and :s
conversion to ‘“C-PGE. were assessed b5v chin laver
shromatography of orga‘:\i: solvent zedia extracts; the
activity of :vclooxyzenase, the prostaglandia svathe=
sizing enzyme, was assaved by incubating liviag o 5
with drachidonate and measuring PGE by RIA. It was
Zound that PEMF: (i) had no effect on ecyclovxygenase
activity, which had a Xz of 20 uM and a Vgay 9f 160
ng/10% cells/min; (ii) stimulated =the release af
arachidonate from phospholisztds »y 1dout 50%; and
(iii} increased PGE rroductiun from 200 pg/hr, culturs
ta 350 pg/hr/culture. The PGE concentration in cul-
ture media exceeded 10 M, 2 leve! which enhances cv=
ic AMP accumulation, growen and osce2oclase activa—
on {n bone explants. The stimulation of PGE syn-
thesis by PEMF in osteoblastic-lineage cells is con=
sistent vith azembrane-nmediation and cyclic AMP=in=
volvezent ia the traasduction of electrical sigrals
and the subsequent effects on growth and zaturationm.

9570 ¥ VITRO CAPACITIVELY <COUPLZD ELECTRICAL

STIMULATION OF 30VINE ARTICULAR CHONDROCYTE
PELLETS IN  VARYING SERUM CONCEINTRATIONS (MEETING
ABSTRACT). (Eag.) 3righton, C. T. (Dept. Jrthopaedic
Surgervy, Univ. Pennsvlvania, Philadelphia, Pa 19104);
Unger, A. S.; Stambough, S5. L. In: Transactions of
the Second Aanual 'teecing of the Bicelectrical Repair
and Growsa Society, aeld sn 20-12 September 1982, in
Ixford, Zagland; 2:3; 1982 (2 refs).

A facilitory response of in vitro bovine articuiar
whondracyte pellers is reported which is dependent
the concentrition »f newborn calf serum (NBCS) in
2 presence of a capacitively coupled fiela. Artic=
3l4C £ariildge was obtained in a sterile manner Irom
the stifle loints of male Hoisteia calves (1-2 wk
sid). Pallets were Jormed Irom * x lU® 1solated ar-
s1lar thondrocvies preparsd by selective matrix di-
zestion using sequential 2nzymes {trypsin, hyvaluroni-
dase, cslligenase) i1ad grown in tissue culture media
ITCMY witn 191 NBCS for 72 ar prior to scimulacion.
Tissue nulture medii wizh 1% or L% 4BCS was ladelled
with --S=sulpnate (1% aCi =ml) or “4-thvmidine (3 1t
al). The Ireshly labelled system was stimulated for

22 ar la an externallv applied -V peak-peak, 50

Ziglagical EMacis of Nonamizing Secireme ;
Raaiation VHI2-3* sury 383

®dz, sine wave capaci
4 current density

aa/ezd (RMS value).
densizy of 37 k
with 10% ¥3Cs, M oratisn per
tein and INa was sigai K ised
35$-sylphate incorporacion per 4§ proted
cantly decreased (p<.05). Repeating zne
ment in 1% NBCS showed 4n incredse in
incorporation per ug protein ind BNA .o, .
thymidine incorporation was not sigaificantly
ed. A currenc density of 37 wa/cas disn 13
peak external signal) rther enhances Inese

findings emphasize the ilmpoarzancs »F sery
tion inm in vitro cellular svstems. ™Mure [zportan
thls stad? snows that 4 capacitivelyr oupies -
signal can aci to modulate 1 predecsraized
rTespense i1 mammalian articulir :hondrocyzes.

as71 STIMULATINN OF

SYNTHESLS IN
MAGNETIC FIZLDS (MEETING ABSTRACT).
. (Strangeways Res. Llab., lamoridge,
Transactions of the Second annual eetin
logical Repair and Srowth Soziery, heid on 2
tember 1982, in Oxford, Zngland; 2:9; 1982.

The effect of the 3i~dsteogen system
Ltd) on protein syathesis, in particular =
of matriz components, DSy =mbrvenic chicken ze
fibroblasts {CETF) culture was investigacted.
mary cultures of CETY were exposed t3 pulsec alec
magnetic fields (PMF) of the repetit sulse &
type on a 6 hr-on/b ar-off eycle through a1 9
growth period. Cell numbers were 1easured electr
cally and protein synthesis studied by iacorpera
of lﬂ-prcli.ne into non-diaivseable material., o
gen was estimated bv analysis of conversi:n of
stoline to JH-hydroxyproline. No eifect of wo
ferent PMFs, warying c¢nly ia negative width,
observed on cell prolifaration. Proteian svnath
was not affected during a2xponential growthn, &But
significantly elevated (<U-8U%) 5y one
waveform. Cnllagen was also relatively |
aporoximately 1i% of c2tal protein being re
sented by ceollagen i{n treated cultures, compared
% in comtrols. Tollagen :vpes wers unafiecte
PMF. 3oth contrel and treated svnthesized =vpe
and IIT in a ratio of 3:l, with ctrace amount:
type V. Concurrent W~ith this increase .a pro
svathesis, w#as an 304 {acrease in the amount OF
belled material precijitadle with antiserum ts i
nectin, in treated cultures. These Jata suzgest
certain PFs can alter protein =erabolisa and
parzicular the accurmulactisn of zonnective Tissue
ponents Sy teaden fibroblascs in culture, “uc
during the confluent phass Of rowth. I2 addic
not 31ll waveforzs have the same s1ological =

crea
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A SENERALIZED THEORETICAL APPROACH TO THE
DETERMINATION OF LOCAL FIELD PARAMETERS
JYRING  CAPACITIVELY COUPLED SLECTRIC STIMULATION IN
VIVD (MESTING ABSTRACT). (Eng.) Vresilovic, E. J.
{Cept. Bicengineering, Univ. Pennsylvania, Philadel-
phia, P4 19104); Pollack, S. R.; Brightom, C. T. Im:
Transaccions of the Second Aannual Meeting of the 3io-
logical Repair and Growth Society, held on 20-22 Sep-
tember 1982, in Oxford, Zngland; 2:10; 1982 (2 refs).

DJielectrie, circuit, ind control theory were used to
develop a generalized theoretical approach to cthe
determination of local field parameters during capa-
citively zoupled electric stimulation in wivo. &
generalized capacitively coupled in vivo experimenr
places the liamb of an animal Yetween zwo stimulacrion
electrodes o which a driving signal is applied.
These alsctrodes may be on the skin or separated
from it by air or another material. Generally, an
in vivo experiment is found to have a less accurately
defined environment when compared to its in vitro
counterpart. This holds true for modeling geometcies
and electrical properties as well. The model must
approximate the actual zeometry and also adeguately
define the boundary conditions needed to solve the
Laplace equation. However, animal limbs represent
complex geomerries and approximate wmeodels must be
used. Additionally, these models are further compli=-
cated Yy animal to animal variation. The electrical
properties, the conductivity and the peramittivity,
aust He defined as a function of frequency for each
materfal. Zlectrode-dermal impedance may be conven-
iently thought of as che electrode impedance coupled
zo the skin i{mpedance. The electrode—dermal impe-
dance far hymans i1s primarily dependent on electrode
type, area, current demsity, signal frequency, st.mu-
iation location, and sweat gland acekivicy. Elec-
zrode-dermal impedance has not been fully deseribed
inr other species, and the applicability of the
human iapedance model raises questions based on the
3pecies variation in skin morphology. The relation-
ship of the LFPs to the driving signal is esta-
blished by solution of the Laplace equation with
Laplace Transform methods once the system [s modelad.
This results ia a transier function in the s fre-
quencr-domain which Ls used to define the LFPs as a
function of the driving signal in the time domain.
The in vivo theoretical approach fs illustrated with
an experiment where l.5-ca diameter stimulation elec—
srodes were placed on the medial and lateral surfaces
over a Tibular fracture in 3 rabbit. A [0-V 60-kHz
signal was applied with 50% aasplitude wmodulation.
“sing hwuman electrode-dermal Iimpedance values, the
alatad maximua values >f fleld and current densi-

SNUENCY  WINDOWS IN  STIMULATING A CELL
ITH S.ECTRIC FIELD: A COMPUTER SIMULATIGH
TNG ABSTRACT. {Zng.) Ridella, 5. (Zonmsiglio
lNazionale Zelle Ricerche, Istitutd Tircuiti Elettron-
ici, “i{a Joera Pia, 11 - 'Ala5, Jenova, Italy); Ddrago,
Se ?.; Marchest, M. la: Tramsactions 3f the Second

Meeting Abstr

Annual 'eeting tne 3ioceleccrical Reosair and Gi
Society, 2eld on 17-22 Seprember 982 in Ixiord,
land; l:li 1982,

The effects of an electri: field on the cell meni
wera investizated using 3 computer simulation
ce simulated by a1 mul-ilaver sphericai struc
sn a digiral computer, was exposed o an altern:
current electric field. The electrical propertic
possible biological interes=z, such as, Zields,
ages, currents and  ion densities were avall
throughout the rcell o =2lucidate which parc of
cell is simulated and ~hat “ind of :harge tran:
will occur. ZIvery laver was charactetized 5y Jdal
complex dielectric comstant 3r =quivalent Iaped.
which was obtalined throuzh experimental Zeasurem
The cell membrane aodel was Jdeveioped to obtair
ion densities at the surface and the lon=flux ac
the membrane. The nucleus was nodelicd s0 4
account for the binding of diwvalent lons t3 the
fixed charged phosphate 3roups. Wi an o apg
field of 200 ¥/m it -as found chat: (1) the
density variation on cell zembrane reached a aa:
(about 2%) in the frequency range 2..1-1J Hz,
possible consequences on 1embrane receptors and,
sequently, on biological behavier; (1) cthe wvn
on the membrane reached 4 maximum of 2 a¥ ina
frequency range ! kHz-l MHz: a safety -areshold
aV had been suggested; (3) the ion passive flu:
the vicinal ion concentration reached 4 aaximu
7.8 x 1072 A/ and 6.9 x lu=d coulonbs/m:, Tet
tively, in the frequencr range 0.1 xdz-1 (Hz,
frequency range used in bone-healing; (%) the
sorbed ion density reached a sharp maximum of
coulombs/m? in the frequency range 0.1-1 Hz;
frequency range in which stromg calcium ion ef!
influx has been sbserved; (5) current densicy it
auclear membrane pores reached a very high and
maximum of 44 A/mi in the Zfrequency range 1-10
it nas been estimated that currents of this orde:
modify chromatin; (h) the charge shift inside
nucleus, which could influence chromatin deconds
tion, had a maximum at sbout 7 kHz. Lt is conc.
that some electric fields inside the cell are gre
than external ones at particular Irequencies and
each transfer function be:tween one of the elect:
quantities of biological interest to the axte
field shows a maximum in the range J-10 MHz.

3574 INDUCED ELECTRIC POTENTIALS 1IN VIV
QUCED 3Y ZAPACITIVELY COUPLED  STC
{MEETING ABSTRACT)}. {Zng.) 3rager, Y. OJ. /Jept
thopaedic Surgecy, 3ch. Medicine, Univ. Penn:
PA 19104); Srighton, C. T.; Pallack, 5. R. In: T
actions of the Second Annual 'eering of the Bio
cal Repair and Srowth Societw, held on 20-22 Sey
ber 1982, in Oxford, Znagland; 2:i2; 1982 (1

[nduced electric potentials ia vive produced by
icitively coupled sigznals wara (avestigated.
subjects ¥or this scudy were six, 3=3 xg idult
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New Zealand white rabbits and four adult male wmans.
The humans were patients who had electrodes lasertad
Ior treataent of ununited fraciures and consent=d 7>
participate in these <aeasurements =2ade prior
zonnection of e diract curzent power supply.
electrodes were L.l-mm diameter stainless steel Jire
insulaced except for 1 l.3-cm zip that Jas planted
in bone. Two of the 3ame electrodas Jere parcutan-
2ously inserted chrough the lateral and medial femoral
condvles of the rabbit right aind limb. These were
then advanced into the femoral canmal in a paraliel
fashion azlong the lateral and medial endosteal sur-—
faces. The implanced tips acted as probes “or =oni-
toring wuced  poctencials (Vi). 3are, stainless
steel capacitor plates were applied =o tne skin an
opposit2 e<ides of the limb =xternal zo the location
3¢ the uwinsulated memitoring cips. The plate ii=-
ameters were 3.0 cm for human studies and 1.7 :m s
cabbit studies. A function generator supplied sine
wave driving signals (applied voltage, V,) to the
capacitor plates. Induced potentials in RMS voltage
wera measutred directly across the exposed porrions
of the electrodes (monitoring electrodes) using 1
digital voltameter. Increase in Yy alwavs resu.tad
in a linear increase in ¥;. Llimb size had no signif-
icant effect on Vi. [Increasiag plate dismeter re-
sulted in no sigai lcant diiference {n Vi. Increas-
iag plate pressure against skin in rabbits re-
sultad fu an increase in ¥;. Through a sequence
of ¥y 2, 3, 10, 29 and 30 Y peak-neak, loosely ap=
plied plates (cderermined by minimum stable curreat
draw in capacitor plate leads) produced a mean 7
> 15.5 aV. Through the same sequence of WYy, tight-
17 appiied plates (determined by maximum stable cur=-
rant draw in che capacitor plate Lleads) produced a
mean ¥y of 31.5 mV. The total zange of Vi was 0.5
to> 168.0 aV. A monatonic increase ia V; was ob-
served with increasing frequencies of 7.1, [.0, 10,
20 and AN <Hz. 'y, plate size, and plate pressure
were xept constant during these measurements. lea-
suremerts of remote V; were made with the capacitor
plates ia locations »f the body away Zrom the moni=-
coring electrodes. In humans the largest falloff of
7y sccurred within 20 co from the coupling site. Ia
rabbits, ac of 5.6 V peak-peak the nean local Yy
was 3.9 Z..3 oV while the =ean remote Y, {plates on
zhe 3ppe:.t2 nind limb) was .55 %.19 av.” Therefore,
the ratio of the mean local Y to nean remote Vi was
.l %o 1. It is concluded that the relationship he-
=ween the induced or stimulating signal and the sig-
74l applied o the capacitor plates {s influenced by
a variety of experimental variables which mus:z be
contrailed for definitive experimentation.

e

3575 HELMHOLTZ COIL - CZLL  SYSTIM 32ATIAL RELA-

TIONSHIP AND ESLECTRICAL J0SAGE THE ZILEC-
TROMAGNETIC MODULATION OF TISSUE GROWTH AND REPJ
(MEZITING ABSTRACT). ag.}? Mcleod, 3. R. {(Dept.
Zlectrical Inginearing and Computer Science, Moncana
State Un:v., Jozeman, T i ?iila, 4. Al Samp-
sal, M. 4. Ia: 3f zhe 3econd Annual
Meeting : f the 3iological Repair ind Srowen Sociaty,
aeld omn 12=11 Sestember 1982, in Ixfaord, Iagland;
BERS FN LN

Brological Effects of Nemarzng E:ectromagn
Raguation VIN2-3}, July 1983

Hseridution of pulsizing =leciromalm
fcally=induced current 2 Z) ia phvsioiogd
“as Jquantitated for fne -ost :ommonls =mploved
cuiture and suspension svsCt2m 4s 1 function af T

R

sri: ation. Theor2cical sredic Ny Wers

Ma ©7s fleld eguations for celindrical b
iz Y and racfangular . :9ils vert.icall zeemerria
Comy data were generited Jrom the theury so i
plocs could 9e done >

current densitvy “hangs

w

Z, and curreat density, I,
saline. The resulls s ocwsd

zeomeify, I ana .

ienter Petri r PR
whers

field,

T Tne  outerw
sessel wall.

tne vertical

radius, r,
riag, just ins
wertical coils,
=ion approximately saline nleignt,
or planes ot adlacent sl :
complete iaduced field patterst “ar Iais
comolax. However, on ™o 1
acst cells reside in 3
ity of J lines were
dosage ia 1 <eil ou =xiperiment,
clearly depeads upon  :ol orizntatioan, the Jdia
sions of the wvess=l, and the e of zhe wuln
nediun. Tor s<xample, compdrad to J 4t oany oz
cylindrical geometrv, value on the bocttom pl.
for vertical :oils aiffered bv approxinacely
factor n/lr. ALl of the above consideracions .
summarized 1sing theoretical and 2xperimental curr
densitv-position plats. The assencial ra2sults im
cate that nearlr uaiforam electrical dosage is achie
only when the cell system i{s relatively planar (¢
culture - verttcal <o ). ALl ocher zases resclt
a spatially variable iaduced curreat densicy, w
maximum dosages depending on coil orientation.

9574 A ¥EW PROCEDURE FLR ELECTRICALLY STIMUL

ING CELLS IN CULTURE (MEETING ABSTRAC
(Zng.) Liboff, A. R. fNaval Medi:al Res. Inst., 3e
esda, MD I08i4); Halverson, 3. A, In: Transac:i
af the Second Annual Yeeting of the Biological Rep:
and Growth Sociery, teld on 20=22 September 1982,
Oxford, Tngland; 2:14; 1982.

A novel c:apacitive, nsoninvasive pracedure roel
trically stimularing cells ia culrure is report
The procedure has the capability of (1) allow
simultaneous studv of many cluster plates, 12) a
icking the waveshapes induced by pulsed electron
netic field coils, (3) allowing simola -ontrol
frequencies, and (%) accurately characteriziag

charge densi applied to the cel substrate.

excallent =lectric peraitzivity issociated £
sue culture . luster plartes allows osne Z0 axe
pacitance to intrinsicaily differentiace zulses .
2lied tn the autside of zhe plates; =onnlaver o




gical Ettects of ]
Radiaticn VII{2-4). July 1983

cultures placiag the iaterior of =ach well are theraeby
subjected to precisely the same charge signature. La
these studies, l4-well CISTAR tissue cluster plates
were used which have a well bottom thickness »f | am
and a dielectric constant >f 3.3, These plates wers
aodified by painting silver electrodes on the ouctside
bottoms of all wells, experimental and contral.
Pulses from a function genecrator and a pulse-shaping
<ircuic were applied to the plates directly in the
incubator. Preliminary results have been obtained
for two distinct experiments; one testing the effect
of repecritive (15 Hz) electric pulsing on cell ad-
nesion and the other measuring the effect on cellular
metabolism. Human foreskin fibroblasts (HEM-UFS-{5)
~ere nsed throughout. Enhanced rates of adhesion and
iacreased uptake of radiolabeled thymidine, uracil and
proline were observed for negative pulses gzenerating
surfice charge densities of 4 pC/ecal/pulse.

2377 0N THE TREATMENT OF LOQSENING OF ZNDGPROS=

THESES BY MEANS OF PULSING ELECTROMAGNETIC
FIELDS (MEETING ABSTRACT). (Eag.) Xraus, 9. (Inst.
edical Physics, Augustenstrasse 3!, D-8000 Munich
» %. Germany); Lechner, F.; Ascherl, R.; Blumel, G.
in: Transactions of the S2cond Annual Meeting of the
3ioelectrical Repair and Growth Society, held om 20-

2. 3eprember 1982 ia Oxford, Eagland; 2:13; 1982,

‘ot

A clinical multicenter study including 13 srchopaedic
surgery clinics and 10 private orthopaedists was per=~
{ormed to evaluate the use of electrical and electro-
magnetic stimulation in the treatment of patients with
loosened endoprostheses. Low frequency (12-272 Hz, 30
Je), sinus pulsing magnetic Iields were used to treat
462 patients with cemented prostheses and 15 with ce-
went-free prostheses. All patients were candidaces
for reoperation. adjustable iand special shaped coils
around the hip joints were applied and the treatment
«“as performed on an average of 2-3 hr/day for 15.4 wk
with 2 maximum observation period of 8 yr. Treatment
results were staged according to spontaneous pain,
nsain in mortien, use of cructches, distance of walking,
and dose of analgesics. 1In 122 (26X) of the patients
excellent results were recorded, i.e., painless walg-
ing without the use of crutches was sdtained, and in
188 (41%) gzood results were yielded; 37 (2l%) reported
a0 effects. Ia 533 (IIX) of the cases in which treat-
aent failed zotally, patients uanderwent further sur=
gerv with a re-lmplantation. Thus, in AT Zurther
surgery could bSe aveoided, even in iatractable cases.
Comparison with pravious studies Iadicated cthat :the
etflcacy of the treatment seemed tc be significantly
better ia cases of loosenea cement-iree prosth=ses.
Tais treatment should se iimited ro cases in an =2arly
stige of loosening. Septic l:osening, fractured ce-
ment, sroad radiolucenc lines and ifsiocaction i the
iaplant ausc bSe traated surgically.
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0578 PULSATILE ELECTROMAGNETICALLY INDUCE]

RENTS SYNERGIZZ WI PALYMER LIMUN(
LATING DRUGS IN THE INHISLTION OF GROWTH OF @
MALLGNANT MELANOMA (MEETING ABSTRACT).

and Chemical Engineering, Zolumbia
NY 10032); Nortom, L.; Tansman, L. * Transac
of the Second Annual Meeting sf the 3icelectric.
pair and Growth Society, held sn 10-22 3eprembe:
in Cxford, England; 2:ls; 1982.

Inhibition of cthe groweh of aurine malignant me!
with the combined application of sulsatile alc
nagneticallv-induced curreats PEIMIC) and polvm
cunomodulating drugs was invescizated. One M
female BDF; or BCF, =mice were Implanted with | w
@elanoma. The animals were then divided iato cor
PEMIC alone and PEMIC + Pvran (75 a2g, k3, | or '
after implantacion) groups. Mice treated with
were placed (free roaming) in speciallv zonst:
cages between horizontal Helmheltz air-zap
activated for 12 hr/day. This coil coniiguw
allowed electrical dosage to be relatively inc
dent of animal movement. The julsatiag aas
field (dB/dt approx. = 0.1 G/usec) induced
currents configured of 30 msec bursts of 25¢
main polarity and 4 usec opposize polarity asvm
cal rectangular pulses. The average induced c
per pulse could be varied from approximatelr
uAfem? (i.e., average pulse current per anmic °
of treated tissue) while maintaining all other
parameters constant. Resuits were obtaized b
sessing palpable tumor volumes as a function oi
and by observation of survival tize. The
survival time for controal animals was 7 wk an
not affected by PEMIC or Pyran alone. Hov
treatment with PEMIC + Pvran increased surviva
to 10 wk in 100% of treated mice. This repres:
significant reduction in tumer z2rowth rate, pot
via enhancement of immune response. These v
provide strong evidence that an effective and
toxic antl-cancer treatment medality zay Ye at

2579 THE SIDE EFFECTS TO THE INTZRMAL IRG.

PULSING ELECTRO-MAGNETIC IELDS (M
ABSTRACT). (Eng.) Ohashi, T. (Dept. Nrthopaedic
a2ry, Murakami Memorial Hosp., Gifu Joll. Dent
1-6 Wakamiya-cho, Gifu, Japan 500); Inoue, 5.; 5:
H.; Ashihara, T. In: Transactions of the Second
al Meeting of the Bloelactrical Repair and Crowt
tety, held or 20-22 September 981 Ia Oxford, In,
2:17; 1982,

Complicacions (avolving !ncernal srgans were inn
gated following exposure > pulsing welec:romas
flelds (PEMF). fne group of r was expored -
while housed in a plastic cage while a second

which served as contral, was maintained in an i:
cal cage without exposure. Fallowing sacrifi
abdominal orzans of the rats were examined 4
cally and the tesuits were compared iccordin

i
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age of the animal, i.e., voung, voung iduit and adulz.
facuolar degeneration was observed in the «xidney and
liver of rats stimulated continuously for 2 davs with
PEMF; the effect was age-dependent with the severest
degenmeration found among the younger rats. The same
degree of vacuolar degeneration was observed in the
liver, but not the kidney, of animals expused i2 and
1o hr'/day, resp., for 1 wk. Liver degeneration in
rats exposed for 3 days was not reversed after Ll days
of non-stimulation. The spleen, testis, and skin were
not atfected by PEMF. The results indicate that great
care should be observed when applying PEMF to the
spine or pelvis.

2530 TREATMENT OF AVASCULAR NECROSIS OF THE FE~
MORAL HEAD WITH DIRECT CURRENT: A PRELIM-
I¥ARY REPORT (MEETING ABSTRACT). (Eng.) Steinberg,

M. I. “Dept. Orthopaedic Surgery, Univ. Pennsylvania,
Sch. Medicine, Philadelphia, PA); B8righton, C. T.;
Tanze, S. Z.; Havken, G. D.; Steinberg, D. R. Ia
Transactions of the Second Annual Meeting of the Bio-
eleccrical Repair and Growth Society, held on 20-22
Septeater 1982 in Oxford, England; 2::i3; 1982,

The affectiveness of direct current stizulation as a
supplement zo surzical decompression and bone graft-
ing in the treacment of avascular necrosis of the
femoral nead was investigated. TInitially, 250 cases
of avascular necrosis, iacluding 48 hips traared non=
operatively, 7 treated with driiling/decompression,
and 3 treated with decompression and grafting, were
reviewed. 3Seventeen hips were treated by decompres-
ston and grafting with either of two techniques of
alectrical supplementaction. In one, & wire cathodes
were inserted around the central zraft and connected
to an external power source. .n the other, a single
cathode was coiled about the graft and connected to
a subcutaneous power pack; 10 uA were delivered to
2ach electrode. Hips were evaluated precperatively
at 3, 8, 12 and 18 @ac. Of 48 hips treated non-oper—
atively, %4 showed progression. All 7 hips freated
with drilling/decompression and 7 of 9 treatsd with
grafring progressed, althnugh these groups did beiter
than the non-operative group. To datsz, none of the
Mips treated with electrical stimulation have pro—
gressed and 3 have shown healing of cvstic areas.
Most have noted pain relief and one has achieved a
significant increase in motion. GSlectrical stimula-
tion as 1 supplement to decompressicn and graiting,
zives a significant improvement !a the results ob-
tained 3y surgery alone. Although this is a prelim—
inary repor: and longer follaw-up will be needed for
definitive conclusions, the present results are prom=—
ising and 2av “ave lmportant clinical i{aplications.

CTIVE JLAR STIMULATION WITH

A DIRECT = A PRELIMINARY REPORT
MEETING ABSTRACT). T 3chmidt, R. 5. (dMeKay
opaedis 3urgecr” Res. Lab., Depc. Jriicpaedic Sur=

Bic igical Effects of Nomorizing E'acircma
Ragiaton VHIi2-4), Juy 1983

gzerv, Univ. Pennsylvania, Phil
berg, Z. B.; Brighton, T. T In: Transactiins 3t
Second Annual Meeting of the 3iceleccrical fenal
Growgh Society, 1eld on I Seprember l9M1
ford, Ingiand i3y 1932,

shia, 24); Trei

t
stimulation in ¥ivo to determine if 1 selecti

Results obrained using 2 ncvel lesizn for eles

applied direct cutrent could induce hone formatic
muscle or cause any other zellular =ffects arz
ported. Selective im vivo stisulation was appliz
securing a l6-gauge mu tranded cathode wire i:
a diffusion chamber ‘Millipors Zorp., wvolume !3C
pore size .43 microns) planced ip in adul: New
iand rapbizs. Zach r-abpit cortained 1 se oimple
battery packs, 2ach of which suppifed 2 separate :
odes with a comstant direct current of 3 uA. !
ge=nous muscle was instilled into each of zha
at the same cellular concentration of 3.100 cell
chamber in the form of 4 cellular suspeasion.
tabbits for a cotal of 36 chambers were
Rabbits were sacrificed at 7, 13, and i3 dav
wals. Tweo chambers from e¢ach animal (! stimule
1 control) were processed histologically while
remaining i0 chambers were analvzed biochemiz:z
Nf che six chambers analyzed histolegicaily {3
trol, 3 stimulated) no diiference could be dete
in cell amorphology c¢r in the amount of muscle
generation. None of cthe chambers demons:irated
osteeblastic activity »n hematoxylin-eosin, sai
nia=0, or alkaline phosphatase sctains 2t th
chambers analv:ed binchemicallv, ae difference ¢
be detected ia protein or 2NA content between 5t
lated and contrel chambers. <Zontrel and stigul
chanbers demonstrated the same jegrae of cell 2t
with tine. This new technigue for eleczrical st
latinn allows for the in vivo determinatlion of
effects of a direect current on anv isclatable
type.

0582 SIMILARITY OF PIEIOELZCTRIC

DRY BONE AND POLZID POLYMERS
STRACT). (Zng.) Williams, Ww. S. (Dept. <Ze:
Engineering, Univ. Illinois, 05 3. Joodwin
Urbana, IL A18C1) In: Transactions Jf the Seconc
nual Meeting of the Biselectrical Repair and Gt
Society, held on 20-12 September 1982 fn Sxi
England; 1:20; 1982 (6 refs).

The obiective of this study was to understand
the signals prodaced v rantilever beading >f
bone 1ire so large, !ndependent of orientatinn of
specimen, iineariv Jependeat on the bending =¢
about the alectrades, and not predictable fr
piezoelsectric d-matzix which adequately desec:
the restonse %o uniaxial omprassion; in plang
was also sought is 20 why soled sheets of

iarger than sxpected converse 2ffect ‘bending de:
clon with applied electric field) and al
the liract resocnse Zeatures lescrided i
sone. Has rzcen Jeen shown that the sisazoe

53 dix
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e understood on the basis of a spatial arzing
value of the appropriate d=-coefficient, e
iramework of the classical third temsor theory of
piezoelectricity: Py = dj j(x,v,2)t . This spatial
variation is juscified b¥ the findi of a radial
ccmp of the sp polarizacion. The rect=
angular geometry of a4 beam cut Irom a radiaily poled
cvlinder (whole bone) requires a spatial variation of
the polarizaction between :he electrodes placed on
zither side of the beam in the cantilever hending
apparatus. Integration of che electric field, now a
function of position, between the electrodes yields a
oredicted voltage that has *he characteristics ob-
served. A spatiaily-varviag value 2f the converse—
eifect coefficient has been shown =0 explain the
largze deilections observed sith polvmer "Senders."
Iz was found that with electrically-inhomogeneous
specimens, bimorph behavior can be duplicated with
zonomorphs.” (The >imorgh analsgy was invoked ear—
iier to expiain Yone behaviotr, and the wvalidity of
the equations produced was coniirmed with these
:eramic devices.) Thus the puzzling piezoelectric
response of svachetic polymers (PVF2) and natural
solvmers (collagen) to inhomogeneocus stress zan be
2xplained on the basis of specimen inhomogeneityv.

RELR] IN VITRO MEASUREMENTS OF BIQLOGICAL M~

PEDANCES (MEETING ABSTRACT). [(Eng.; Tuer-
Lizckx, 3. (Electricite Generale CP. 163; Univ, Libre
3ryxelles, Ave. F-D. Roosevelt, 50, 3-1050 Brussels,
Zelglum); Henrocte, J-L.; Rybowski, L.; Dierickx, M.;
Hinsenkazp, '!.; Burny, F. In: Transactions of the
Second Annual Meeting of the Bioelectrical Repair and
Growth Society, held on 20-21 Septemper 1982 in Ox-
fard, Zngland; 2:21; 1982,

The induced currencs and fields in the area adjacent
o 3 bone subjected to =2lectromagnetic stimulation
#4ere calculated. Ia order to obtain realistic re-
sults, accurate and reliable iapedince values for
oone and muscle (bech transverse and longitudinal)
and fatty =issues sver the same frequency range as the
stimulation signal had to be obrained. A sophisti-
zated measurement rectnique was therefore developed,
which features: fast zeasurement (less than a asec)
far "quasi in vo'' conditions; ilow amplitude, wid:
spectrum ingut current signal (%=20 uaA, IO Hz o 2
MHz); well-defined current flow zeometry; a s+=elec—
zrnde svstem, <ancelliing the ects of alactirode
impedance; a tigh-perisrmanze output voltage differ-—
ential amplifier; iiscrate-time domain ctransfar func—
zinn analysis; and, microcomputer controlled measure=
zent and data acguisition. The c¢ollacted data are
processed 5v a COC-Iyher computer, uslag a zaxizum
likelihood zethoc, ind results ire validated b5y szav-
aral statistical avpotteses zasts, giving 2 wigh de-
1-2e of <he final wvalues. The equip-
refersnce R=T nectworis,
showing exc il fabilizv ind accuracy
ranging from .3 to 3%, Measurements i §: water

Meeting Abst

ard shyvsiologizal salize nroved tne
1sitic electrode erfects, and co
Impedance walues
were then obtained,
ind bone, and compared with 3 sy
values. The rasults clude: cprimum order
fer functios transfer function jarimeters
and Z-transioral; i fneIwork parame
standard Jdeviations and confidence intervals Im
@easurement; standard deviations berwveen {iff
samples; 1ind evolution of parametfers in fime.

3584 M THE RIS STRESS SERERATID 7

TIALS T WET 30NE JMEETING  ABSTR
{Zng.) Salzstein, R. f{Jept. Bioengimeering,
Pennsylvania, Philadelphia, PA [9104); Zollack,
In: Transactions of the Second annrual Yeeting 2
Blvelectrical Repair and Growth 3ociecv, held o
22 September (982 dxford, Zagland; 2 1%
rafs).

W

The origin of stress-generated poteatials (SGF
wet bone was investigated with particular refe
o the fluid iafluence on the form, mnagnitude
time dependence of the neasured SGP. SGP zea
ments were made as a function of time on 6 zor
bovine femoral samples in step—loaded four-point
ing. From classical streaming potential =h
the zeta potential of bone was propertional

(SGP)(fluid vizosity)(conductivity)/(dielectric
aittivity)(outer fiber strain) for four-poiat

ing of bone. For the & samples, the value =z
occurred in a range between M=.1532 and .337 z-a
the crossover range. Bone is porous, posse
fdaversian and Volkmann's canais, canaliculi, a
porous matrix. Therefore, the zeta potenzia
bone may not bYe a single-valued parameter, Sut
be a function of the local composizion of the
and the fluid at their iaterface. Accordingls
zeta potential will wvary spatially and with

ion concerntration. low concentrations {zet
component A is observered at high concentra
{zeta<3), zomponent D is observed. TFor conce
tions near the :rassover range, both componen
and 3 mav be expected. A spiked component, ne
piezcelectric in nature, is expectea at the

crossover concentrition f:xeta=d). The osbserved
w#ill be <composed of these J components each

given magnitude, depending upon the ome archite:
and the Zluid Svnamics ~ithin the bene.

1585 {(FLUENCING  HEALING IN THE 7
MENT JF %O Gh WLTH CTRICITY (ME
ABSTRACT). ({Emg.) Srizntom, <. T. {Jent. Orthos
Surzerv, Univ. Femnswlvania, Sch. of Medicine, P

delrhia, PA 19134). Friedencerz, I. 3 3lack,
Heopenstall, . 3.; ZIscerhai, J. L. In: Transac
of the Second Annual Meeting of the 3icelect
Repair and Orowth Soctetw, -eld on I7=1I1 Sepr
1932 In duford, Zaeland:
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The cases of 182 patients witn non-unisn secondary %o
“rauma treated with constant direct current were
reviewed to decermine those factors that influenced
the healing race. The patient population consisted
<f 231 dalas and 131 females of average ige 1%
and with an averaga duration of the aon-uniern 2f 1.3
There were 392 nor-unions in the 382 patients.
y-three percent of the original Iractures were
open, ABL of the non-unions had been been operited on
sreviously, and 22X had a history of osteomvelitzis at
the aom=union site. Forty-seven percent of tne non-
unions were h“ypertrophic and 3% atrepnic, 40%
neither or were mixed; xhe "classizal” a=ortar and
sestle configuration was uncommon (2%); (2% of the
son-uricns contalned a synovial pseudarthrosis he
humerus showed the highest incidence orf this,
a non-union "scar” remained ia the medullarv canal
11% >f the healed patients; and the amajoritv of
bial and Zemoral non-unions were sclerocic or of nor-
2al denmsity, and the =majoricy 3f humeral aon-unions
Were ostzoporotic. Factors that adversely affected
healing were: (1) presence oI synovial pseudarthrosis
{healing rate J%); () interfragmentarr gap 3reater
than sne-half the diameter of the bone (healing rate
7%); combined thickness of the corrices feither arm-
xizal or distal to the non=union site) of less than
9% the total width of cthe bone it that level
(healiang 25%); ostecporosis of zhe ends of oth frag-
Zents at the non-unicn site (healing rate 29%); and
73} nsceomyelicls at the fracture site {healing rate
421%). The age of the patient, cthe duration of the
aon-union, and the presence of pre-exiscing metallic
xation devices did not affect the heal rate. The
sverall heal rate for those patients treated ade-
quatelv with direct current was 31%. Heal rates for
tha ingividual bSones were as follows: metatarsal,
mallaolus, fibula, and and :alus - 100%; radlus =
93%; ridia - AA%; carpomavicular and ulna - 32%;
femur ind clavicle = 71Y; and humerus 34X, Complira-
w and consisted mainly of aild i-- -a-
n around the cathodes at the skin level 1 . .se
satiencs who were too active with the castea . .tre=
aity. Ye deep infeerions oceurred in this series.
It Is zoncluded that the treatment of nom-union w@ith
4irect surrent is as effective 3s bone graft surgery
“izh 1 much lower risk,/benefit ratio.

-

L] TREATMENT OF NON-UNION WITH CONSTANT DIRECT

CURRENT  (MEETING ABSTRACT). fZng.) ahl,
T. ‘Desz. Jrthopaedic Surgery, Jandervds Hosp., $-i81
38 Candervd, Sweden); andersson, G derberts, 2.3
. In: Transactions »>f the Zfecond Annual Meet-
the 3loelescrzrical Zepair and Srawth 3ociet
held sn 20=21 Senteamber :981 in 3xford, Eaglaad; 1:I4;

A sarias i 19 aoneunion cases at2 presanted wnich
#ere :raated with coastint Jirast mrTeat at 3anlzren-
s«a Hospiral and 7Tstra Jospiual in SothenBur:z ind at
Candervds Hospital in 3tockhoiam, Sweden.  Ihres ©o
faur lon-coated Hirsconer «ifes. Jhich icted as
tathodes, wWera .aserted jer fesusly iate 1 ton=

Siotog Etfacts of N
Raciation /(23] Jury 1383

unicn arei. A small sortable hatzery 4 ered 4
stant direct current of 20 hode. During

eleecrical ctreatment the non=unicns i the |
extreai in in 3 non=weiznt 3ea
slaster cast. Zasts ware ilse used Zur the upper
cremity except La ) cdses #ith non-uriomns sf
2rus whera a Hofiman axternal apparatus
ool actures that were not clinically sealed wi
a minimum 3f » mo and that had not shown aay fur
signs of healing on x-ray during the las: 3-m0 pe
were included. The bones iavolved included the ¢
ia 12 patients, the scaphoideum in two, the mu
one and the humerus in four patiencs. One unsucc
ful fusion of the ankle was ilso included. The o
zion of non-unions ranged Irom A.3 o =) 7@, Wi
mean duracion of 17 mo. Two of the non-unians
originally open fracrures. Four non—:nicas "ad
operated on earlier in unsuccessful atzempt:
achieve union, and three pa ats had 4 previsus
tory 3f deep infection. Of 20 patients ctreate
achiaved solid bone union. However, most of
acn-unions of the long bones did aot he untii
0 after zthe beainning of electrical stimulaz
The tibia was the easiest bone to treat, while
humerus seemed to de the most difficult, an exp
eace which agreed with other reperts. Minor con
cations such as broken and dislocated Rirschner—w
and superficial skin irritatisn were observed
sases. One patient with & previsus deep infec
2Xperienced 3 recurrence of osteomyelitis i
patient with a neon—union af the scagheideunm
previous infection developed a deep infaction 4
9 wic of treatment. Zlectrical stizulation of
unions is considered to be a promising complemen
accepted surzical therapy, especially in cases
suitable for surgerv. This study also indic
that all types of non~unfons Jdo not respond wel
slectricai treatment.

2587 ROENTGENCGRAPHIC OBSERVATION OF ELECTR
CALLUS FORMATION IN CLINICAL JASES M(MEZ
A3STRACT). (Zng.) Inoue, S. fDept. 7rrhopaediz
gerv, Murakami Memorial Hosp., Fifu Zoll. Dentis
i1=n Wakamiva-cho, Gifu, Japan SC0); “hashi, T.; %
“awa, X.; Tada, M.; Saita, Y. Ia: Transactisn
the Second Annual Meeting of zhe Zipcelectri
and Growth Socierv, held nn 23=11 3eprember
Cxford, England; 1:25; 1982.

Appreximately 30 cases of non=-union or ¢
weTe treated th electrical stimulation
l2ss steel cathodes ind stainiess ste
fibder inodes. 3Rcentgenograshi:z analisis
zrical :2allus formation in these cases iadicated
“he shape and site of the =:ailus were not
Some cases stowed zallus Zormation 4ll iround
€ and sTo ecting arexs of the cathode. Tther ¢
snowed callus & in =2ither part oF Iaser
and rroleczing sreas of the zathede. S5ame showe
sigaificanc 1 rmaricn it the cathode site,
ia ippeated it the Jractura  site
ation was ‘ound 1t the oin site 3 “ne
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ernal skelezal
hy cthe di e
roed. The electric potential distribution aad cur-
reat between cathode and anode ar2 too complicated
in vivo to clarify even with a ccmputad simulator.
Results of experiments using rats in chat
zallus is Zormed by proliferation ind differeatiaticn
of periosteum and andosteum promoted with elec
stimulation, It is pestulated that eleccrizal callus
is forzed at the most proper area of electric current
and potantial discribution.

2548 ZLECTRO! USZD IN THE TREAT-
EXT 2 FRACTURES 0OF THE RADIUS

{MEETING ABSTRACT). g.) Wahlstrom, 0. (Dept.

Jrtnopaedic 3urgery, Taiv. Yosp., Linkoping, Sweden)

In: Transaccions of cthe cond Anaual Mee g of
zne 3ivelectrizal Repair and Srowth Society, held on
20-21 Seprember .981 in Oxford, Zagland; 1:2%; 1982.

The effect of eoxtremely low frequency (TLF) electro-
magnetic fields (EMF) on the healing activity of
tesh fractures was Investigated. Thirty women (50—
70 yr old) with excra-articular, dislocated fractures
of the distal ridius underwent routine treatment with
closed reduction and lazmobilization in a cast for &
wk, and were thea ndomized lato 2 therarv and a
contral zroup. The therapy zroup was treated during
immobilization with EMF ia ILF vange (1-1000Q tz)
by means of a copper wire coil and a battery-powered
current-generator. Scintimecrrical examinations wer
petrformed 1, 2, 4 and 3 wk after the initi
with 998-Tc-diphosphonata used as a tracer. The re-
sults obtained after I wk showed a significaantly (p<
9.31) higher increase in scintimetric activicy cver
the fracture area in the EIMF-treated gzroup compared
to the wcontrol 3reup {p<0.51). The serial scinci-
metric examinations indicatad that IMF-treatsent gave
a significantly higher incraase at the beginning of
zhe healing process {p<9.01) and there was arobably
1lso a t2tcrsgression toward normal values faster in
the therapy zroup thaa in the conteal group. The re
indicate chat Teatment of fresh fractures
ZMF of this trpe is efficacious.

PELE] THE USZ OF THE DJENHAM EXTIRNAL FIRATOR IN

CONJUNCTION WITH  ZLECTROMAGNETIC INDUCTION
JF  TRACTURE AEALING LMEETING  ABSTRACT). ‘ing.)
Simonis, R. 3. {Rowley Bristow Orthopaedic Hosp.
Pyriord, Woking, Surrev, Zngland); Cood, C.; Clowell,
T In: Transactions of che Second Annual Meeting
»f the 3ioelectrical Repair ind Srowzh Socierv, held
a:ﬂl‘)-.‘.: Seprember 1982 ia OJxford, Eagland; 2:27;

esults are oresented using pulsed =2lactromagnetic
i s} :ionmblned with Denham ext2rnal
‘compressed =3 nrivide i

Meeting Abstri

Zone fractu
tivia, I 2% the fo
the knee. The average tlze <f -on-union was 17
i) to 33 me). The 3timelator econsisted 3 3 W
Iorm genetatar, hizh curreat oucpuc sfage ind o
ment coil. ne o1l was ia two flat sircular

tions of dianeter .3 cm, zouated so tnat the spa
could Se adfusted Irom 1 <@ to approximatelt
cm maximua. The wavelsrm generator provided 1o,
train of orf v kHz, approxigacrely
modulated »v 1 second o E 25 dz,
2vele 7.5%. This provided a :omposite wavefora .
sisting of 3 msec Juration bursts of cthe + zHz pu
at intervals 3f <7 3sec. During =ach zvele of =i
z pulse train, the 2utput scage sfoduced a4 2agm
field in the coii rising linearly ©o a seak valuc
around 3 aT in 230 usec, followed 5y lecay ro zer
approximately 20 usez. All the cases, except

unitad within an average »f % 30 {3 ro 3 =mo).

one failure was due 7o human 2rrof in over Zompn:
ing the Iixator and refracturing the non-unisn.

use of am extarnal ator allews adjacent loint
be kept mobil: ind the skin To Se =reated, while
pa nt underzoes Fs. Subsequert to
the tachnigue has Seea used successfully
in most long %ones including the femur and the hw
us. This mezhod has become the 23sis of 3 do
blind controlled rrial to determine the =ifective
of PEMFs.

0590 THE COMPATIBILITY OF METAL

PULSED ELECTROMAGHETIC
STRACT). (Enag.) Basserz, C. A
Hew York, NY i0032); Schink, M. M.; Mitchell, S
In: Transactions of the Second annual Mezting of
3toelectrical Repair and Jrowth Socie id
20-22 September i982 in ord, Znglan

The compatibilicty of =eralliec fixation with zu
electromagneric fields was investizared ia 5«0
of non-union. Zach patient “ra2aced with pulsed
tromagnetic Zields (PEMFs) nad a history of at L+
one failure to achieve union after zhe use »f 7la
screws, intramedullary rods, or pias. ‘¢ pat
had a coneomizant surgical attempr 4t zepair.

series included lsosened, bSroken and districting
tallic devices. PEMFs, .lone, or in combination
plaster casts and non-weight-bearing were used
the nearlv 200 surzeons who contributed patie
The overall success .ate wis 5% and ranged from
for the tidia =o »7%7 for the humerus. Tweniy-
perzent had 1 historv of Infecrion and anicn occu
in 70T of these. Parisars with a long iisabi
and itrophic lesions had the lowest

except for the tidiaj. Union was de
ained, in part, bv sacieat aanagemen: 3
@as izose 3r Sroken ind 2 souni
2sed, (and acn-weight=beating for lower 2xtreamitis
the success rate for 11l le-ions .excepl humerus,
33%. In the humerus, zocd managemen:z -rincitles
aroved the ¢ 3% raiom Tr "

nL senera
to T3 thermere, =atieazs, 1
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Meeting Abstracts

graphic evidence of lcosening inpeared, 1round soTies
sr rods (2.2., radiolucznt zones’, maiarfested an in-
creasing radiodensitv in these rzegisns 3f dore re-
soratiza. No clinfzal avideace i corrasion was
Zound and devices ramoved ar union  appearad
zlean.” The median tize =5 joioa for all 4natcamical
§izes was 3 mo, 2ssentially equal to that in 1 series
of 1978 non-unions ia w~hich only 120 patients had
metal in plaze during PEMF :reatament. This study
confiras the propesal zthat PEMFs and non-magnetic
devices are compacible.

o111 THE F  PULSED MAGNETIC
caMp I5] b
{MEETING A3STRACT ‘Ing.} Jones, D. 3. (Strangeways

Res. Lab., Cambridge, gland) In: Transaczions of
the Second Annual Meering of the Bicelectrical Repair
and Growth Socie held on 23-2I September 1982 in
Nxford, Zagland; 9; 1982 (1 ref).

3

oy

The effect of pulsed nagneric Zialds (PMF) on caMP
zetabolism was s:udied as a zechanism of tramsducing
electrical stimulation into cellular asetabolic ef-
fects. CcAMP was extracted from the separated shafts
acd cartilages of whole rudiments which were cultured
in serun free amedium for up o 3 days. PMF were
applied, after the first 24 hr, in a cycle of 6 ar
N, & hr OFF. Alcthough PMF had no effect on the DNA
content of shafts or cartilages, PMF :treated caMP
7alues showed large Iluctuations when measured half
way through the OFF period. When PMF swizched OFF
afrer 186 nr of culture, cAMP levels in shafts rose
by ap to 200% within 5 =in, dropping to i50% over
control by 30 min, and then fluctuated widelv around
control values for the rest of the OFF cycle. Car-
tilage responded to PMF OFF by dropping sharply ia
SAMP conteat to A0X of control Sy 5 amin and then
recurning to a wide fluctuatiosn around control values
over the rest of the NFF period. When PMF swithed
% ac 192 nr, shaft AP values rose 1507 by 5 azin
and chen fell rapidly ifter !S5 min to 30X of control
content at 30 min, after which cAMP content flucuated
widely around control values. “artilage showed a
reverse response, droppiag below contrel at 5 min
and cthea f{ncreasing to 1 fluctuation averaging above
zoncrol afcer 10 =min.  Inhibitors of phosphodiester-
ase (PD) were used to calculate the relacive acti-
wizies of 2D and adenylate cvclase (Ac). These
studies showed that although in shafts at 30 ain
into the IN period cAMP content was at 301 of con-
al, ac activity had risen from 9.l pmole min per
13 ZHA to A pmoles min ag DYA, Sut this activity
was exceeded »v the rate of 2D activity, resulting
in a net lggs of cAMP. Ocher changes in tAMP conten:
could Se axplained in terms of the relative aczivi-
ties of Ac and PD. Triflyoperazine, an inhibitor of
calmodulin was used to study the action of PMF on
zalnodu in the activation of Ac and PD, and indi-
zazed that the activition of Ac and 2D was calmedulin
lependanc. ese results Indicare chat PMF aflects
:AMP metabolism through the activacfon of adenylare
cwvclase ind ohesphodiesterase, and 2ffect rthat is

Sioicgrcar EMects of Nemermizing £ectromac
Saguatign w243, Jury "983

entirelr o
in the
iag change in
A caloium lavels
“iusly reporied
Sise.

1592 CLECTROMACNETIC MODULATION 2F  TALCICY

TAKE N IMBRYONIC CHICK TI3Ia IN VITRO:
PENDENCE oM INDUCID pi:is RM PARAME
EETING ABSTRACT). (Ing., AcoaL (30

e Tor, WY

the Szcond Ar

ind Growth o

ecy, held
2:30; 198,

The relationshis between induced current pulse
Decters and short Iime Td tiprake 2stenchra
genic tissue was investigated. Paired :idiie
dissected from 9 dav white leghorn chizken emi
and placed ta ! =23 of a lture =
consisting of ‘aM) NaCl, cacly,
MgS04, 1.2 glucose, 1107 NaiCCy, 135 Yadz20.
pH adjustad o T.m, containing .5 uCl of -
One of the tidiae of =ach pair was placed (at 1
between Helmholtz colls and =2xposed Zor oJ =i
several iaduced ourrent waveforas. Ca uptake
assessed Sv scintillation counting »of the =
afrer exposure. All induced currant waversrms
blpolar and approximately reczangular hnaving
widths of 1-400 usec. The signals werz per:
consisting of repetitive siagle or sulse burst
terns. The peak induced current per pulse Wi
between 0.1 and 10 wa/:m? as measured in the =
using specially constructed =lectrode probes.
aptake in the zreated :zibiae ranged o a peax 2
7% above controls and was clearlv dependent

signal parameters. A dose ect existed we
pulse amplitude and/or repeti:zion rate. For exar
the peak response was observed Zor a 5 3sec burs
200 usec main, 27 usec opposite polarity pulses
peating at 13 Hz, falling off below and above
repetition rate 4t a comstant induced current at
tude of 2 uA‘cmd,  In addition, julse width «
be predietably varled within the range of is :
provided amplitude and repetition rate were aj
priately modified with 1little effect on the

cesponse. All Jf the resul:is obtained (n this

showed 1 remarkable degree ¢f znrrelation with
analysis of the induced current wav
e ilon biading pathway.

3593 PYYSICAL FACTORS INVOLVED I

SPONSES TD 2ULSED MAGNETIS
A3STRACT). g.) Jackson, 5. F.
.ab., Worts lauseway, Cambridge I3l
Marsiand T. ?.; Farndale W.; 3ouzle,




Eftects of
Radiation VNI2-4). Ju'y *983

Transactions of the Second Annual Meeting of the 3{o>-
electrical Repair and Growth Society held on 20-12
September 1982 in Oxford, England; 2:31; 1982,

Data accumlated <from studies of ziblae grown in
organ culture under the influence of various PMF were
correlaced with inforzaction about (a) time responses
and (%) aaplitude and frequeacy sontent of the sig~
nals as defined by classical Fourier analysis. The
processes used as vardsticks of the effects on osteo-
genesis and chondrogenesis included morphology, ONA
zetabolism/cell proliferation, changes in amounts of
c¢ollagen and >roteoglvcan constituents and minerali-
zation. Studies of the =ffect of treatment time
have shown zwo tvpes of response: linear {ncrease’
decraase with :ize, indicarting 1 cumulative =2ffect;
or a Jdiscontinuous effect in that proionged treatment
reduced increases obtained with shorter exposure
times. When Jifferent psulse rtrain waveforms were
applied under the same experizental conditioas, dif-
ferent levels >f response of one process were obtain-
ed. This finding =:ay be related to the different
energy and. or Irequency content of the waveforms
used. A major difference lay in the range 15-63 kiz
(3 4B band width), while both 15 Hz and 3.3 «Hz
harmonics were common to all signals used. Compar-
ison of cthe effects of repetition rates in the
range of 6-133 Hz with SP waveforms, in which the
signal level was aalntained at a constant value,
showed that a L[5 Hz rate achieved the bdest balance
etween the various processes measured. Since che
frequency contant of the signals was similar, the
observed cnanges zay be related to dliferences in
the harmonic spacing of the signal and/or changes ia
amplitude, resulting in reductions of energzy. Con-
sideration has also been given o possible fieid
effects, so as to provide information about the
relative importance of polarization phanomena versus
the effects of small diffusion currents. Results
also suggest cthat the orzanizatlon/nature of the
tissue mav plav an important role.

1594 ZCT OF PULSED ELECTROMAGNETIC FIELDS 2N
CELLULAR INFILTRATION aND COLLAGEN FORMA-
TION IN I[MPLANTED VISCOSE SPONGES (MEETING ABSTRACT).
<Eng.) Jolley, 9. B. (1329 Pacific St., Redlands,
A 92373); ZXaierim, K.; Ham, J. M.; Hinshaw, D. 3.
In: Transactions of the Second Annual Meetiag of the
3iocelectrical Repair and Growth Society, held on
20~-22 September 1982 in 2xford, Eagland; 2:32; 1982,

The effect of pulsed electromagneric fields (PEMF)
an celiular inafiltration and coilagen formation was
i{nvestigzatad {n viscose sponges laplanted sc in the
rat Living in PEMF for a period of 7 davs. The PEMF
was generated {n bursts >f pulses, each burst lasting
5 msec with a reperitive rate of .5/sec. The pulse
rate within each durst was 3 KHZ. Individual pulses
#2ad 3 duration of 100 usec [a their principal deflec-
zion followed by a smaller deileczion of opposita
2nlarizy lastiag (3 usec. These pulses were applied

Meeting Abst

to two Helaholtz coils. The colls <er2 spaced 3
apart and eacn had 30 furns with a Sircuzferen
4) em.  The induced current
ud/em? and established an 2lectrical gradient
proximateiv 3.) AV 23, Four viscose sponges of
lv equivalent wet and size were implanted so
rats. The rats were randomiy 1ivided in two g
A (controis) and 3 (field, experimeatall.
were placed in plascic tube cestrainers
of 10 hrs’day. Sroup 3 rats w~ere placed b
coils of the sulsed fi:ld. Sroup A was kept
identical conditions oxcept for the fleld.
days later, the rats were weighed and sacrif
The sponges were removed ind weighed. ‘istolic
reactions of the sponges were compared for the o
of macrophages, neutropnils and fidroblasts pr
oy counting 10 high power oLl immersica field
each secrion. 3oth zroups of ainimals showed L2
cal weight lass sf 5% g during czhe wexperi
There wera no statistically siznificanc chanae
the weight of the sponges fcontrol = I5.4 3
field on 24.9#5.1). A statistically signif
(p.< 05) increase in the number of fibroblasts i
PEMF (71.7 wvs 54.8) was observed. The numbe
neutrophils dand macrophazes showed 70 sTabis
difference. Spectrophotometriz scanning shou
qualicative difference In the collagen presem
ing trichrome stained sections. The resuls
these experiments confirm data obtained by =
thar PEMF affect certain cells which ars invalv
wound healing and/or collagen formation. Fu
studies are in progress to defire the evact
anisms iavelved.

0595 MEASUREMENT OF SKIN  POTENTIAL Pal

{MEETING ABSTRACT). (Eng.) MacDonal
(Dept. Electrical Engineering, Univ. Wales, Swa
SA2 8PP, England); Watson, J. In: Transactior
the Second Annual Meeting of the 3ioelectrical R
and Growth Society, aeld on 20-22 September 19
Oxford, England; 2:33; 1982 (3 refs).

Very low drift direct curreat silver/silver zhl
electrodes were used to produce a juasi-three-d
sional display, with the axes of wvoltage, posi
and time. An indifferent electrode was refer
to a position over the mid-diaphysis of the ¢
and eleven other electrodes were positioned pro
and disctal to it. All the electrodes were inter
to a microprocessor-contralled electrometer=tvpe
suring instrument, and every 15 ain, the set >f
ings was sampled. The aicroprocessor then pl
2ach point using an X-Y olotter, and interpo
continuous lines from each point in the previcu
to produce the quasi-three-dimensional format.
choice of the skin surface over the aid-diap
as the reference or indifferent point, was ma
the empitical grounds that potentials both pro
and disral ©n this point were normallvy post
The potential pattern itself appeared to consi
‘electrobinlogical noise” some 5 to 10 aV high,
slowlv-<hanzing peaks up =2 15 2oV superiapesed
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ftlas heen acted thaz this patiern can e martkedly
altered (even zo polarity reversal) 5v both physical
and menc3! disturbances on the part of =he subjecs.
Flots irom healthy volunteers ind others are pra-
sented.

159 THE  EFFECTS OF  PULSID  SLECTROMAGNETIC

FIZLDS ON PROTZIN  SYNTHESIS AND MEMBRANE
NSPORT IN RAT 3KIN {MEETING ABSTRACT).
Delport, P. H. {Facultv Medicine, Univ. Lou-
y Louvain, Selzium); Cheng, ¥.; Hoogmartens, .
wlietr, J. C.. Sansen, W.; De Lcoecker, 4. In:
ansaztions of the 3econd Annual Meeting of the Bio=
ectrical Repair and Srowth Society, Aeld an 22-12
atember 1982 in Oxford, Ingland; 2:34; 1982 (! cef).

The effects of pulsed electromagneric fields (PEMF)
on proteia syuthesis and nembrane transport in che
scin of racts was investigated. Skin Srom the back of
localiy inbred male Wistar R rats, during the rest
shasa 3f the hair-zrowth cycle at 21 gays of age was
used after plucking of the hair. Duriag incubation
at 37 I for § ain to 122 min a PEMF was applied o
one skin sample of each rat while zhe other half was
identically incubated outside the reach of the alec—
cromagnesic field. Oriving voltage varied Zrom 5 V
2 29 ¥, pulse frequency from 30 Hz to 19 kHz, pulse
width from 1O usec to 153) usec, pulse burst frequency
from ! 3z o 70 Hz and the auaber of pulses from 20
to 100, The in vicro stimulation of the skin by PEMF
resulted in an increased inmcorporation of [2-1l4C)
Zlycine and of L-[U-i%C] alanine {nto the proreins
onlv with a specific combination »f parageters. The
incorporation of [2-13C] glyeine or L-[Ul5C] alanine
iato the protein was increased by 40% to 90% with the
PEMF ctharacteristics: 10 7, 3 kHz (pulse Irequency),
i) usec; 20 Hz (pulse Surst frequency) and 20 pulses
per Surst. Iacreasing either cthe pulse width to 20
usec or the pulse burst frequency o 20 Hz, equally
stimilacted protein gsynthesis. The amino acid zrans-
port was enhanced by 30 zo 4 A related time zurve
(3120 ain) was estabiished. Only specific combina-
ticns of pulse parameters resulted in stimulatory ef-
facts on zetabolism. Thvmidine Lacarparation to eval-
uate ONA netabollism Jid not show iny clear evidence
of stimulation by PEMF nor d4id ATP generacion in—
crezase. These observations suggest that the metabo—
lic effects of electrnmagneric stimuiaction are proba-
51y based on mechanisms diiferent from those sbserved
4ith the Jdirect slectric currents.

1597 THE ZFFECTS OF TIRECT SLECTRIC CIURRENTS N
INTRACELLULAR  cd  AND TRANSMEMBRANE 2P0TEN-
T SKIN {MEETING ABSTRACT). <(Eng.) cheng,
culty f Medicine, Uaiv. Louvain, BSelgium);
J+; Zarzeller, T.; HoogmaTttens, M. J.; Muller,
in: Transacticns
tre 3i{jelecrrical
Zecair ind Srowth Societ on 10=22 Septemper
(382 ia >xiosrd, Inglamd; 1:35; IMI.

Z. .; Sansen, 4. M.; le Lloecker,
2f the 3econd innual Meeting o

aatd
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rzmage

T - LIolurrents
nszembrane  ooten is
Afta

and tr

pluckiag, the s«in
wistar R rats was [solazed and ling
Jne half served 1s zonizal and the ocher aals
stimylated by  constanc  direct 2lectric  cur
varving from .7 uA fo 10,00 ui. The tissue

were clamped between =0 adiustable stainless st
electrodes and placed in Hrabs-Ringer Hiciarbon
buffer to be incubated for 2 hr at 37 T with

without direc” electric currents sugplied v 31 5
bilized power supply. By cutting T
parallel to the electrodes, precein svarhesis,

generation intracellular pH and tramszemdrine osc
zials were measured as 3 Tyneriom Y £ i
from the cathode and the inode nd is a
the current intensilies. with direct ol
rents of 100-750 uA, protein svachesis was sti
by up to 75% (p<C.00Ll) and AT? generation In
4=3x about the aon-treated contrals. The a:
levels of stimulation were obta:ned adjacent to
zachode. Near the anode the stimulatory effects
protein and on ATP synthesis were decreased dv
(p<0.01) and by 48X, spectively. r eiect
stimulacion with 500 uA €5t 2 hr, a oH gradienc
measured from 7.58 = J.04 near :the <cathode
7.95 £ 43.001) near the anode. When currents na
ed through the tissue, the resting membrdne 3ot
tial was depoiarized at the cathodic area, whili
hyperpolarizaction occurred at the anade. The cha
on transmembrane potencial was a function of

distance from the 2lectrodes iad the I{ncensities
the current. During treatzent of s«in with a dir
electric current, a1 higher anabelic activity nea
the cathodie interface appeared to de conditi
by a proton gradient and a nembrane pozential 3ra
ent. Proton rransfer leading o AT generation se
ed to occur by a repetition oOf =2iementdary zro
jumps resulriag in a charge traasport.

£134

9598 CHANGES IN MEMBRANE PERMEIABILITY AND IN

ACTIONS 3ETWEEN CCNNEMTIVE TISSUE MAC
MOLECULES 1INDUCED B8Y AN APPLIED ELECTRIC MUPR
(MEETING ABSTRACT). (Eng.) Eisenberg, 5. R. {Cont
uum Electromechanics Lab., Dept. Electrical Zagine
ing snd Computer Science, Massachusetts Inst. Tech
logy, Cambridge, MA 22139); Grodzinsky, A. J.: Fe
ner, P. Y. In: Transactions of the Second Aan
Meeting of the Biocelectrical Repair and Srowth So
ety, held on 20-22 Septeamber 1982 in Oxford, Ingla
2:36; 1982 (4 refs).

Changes in zembrane permeadility and interaczions
tween connective tissue oacromclecules incuced dv
applied electric current were iavestigated. Cor
collagen membranes, approx. 150 micron thick,
placed in a tramsport cell with gridiencs in %aCl
pH. Collagea is nearly Lscelectric at neutTal pH
as (+) charge at low pH. Application of approx.
av (applied current demsity [J] = 6.6 ma’cal) acr
the zembrane produced a change 1n latermo.ecu
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swelling Zorces and concomitiant isometric tenmsile
force measured by the load ceil. The possibilizy
that macrix swelliag is linked to changes in solute
peraeability was :e_s:ed #ia 2easursment of radionu-
de cracer flux "9Ha0 and l*C-sucrose doubdle tracer)
Sefate ind aftaer =membrane pH or tonic strength was
changed direccly or by zeans of J. The force xinetics
and polarizv 3bserved suggested that an electro-dii-
fusion process zontrols intramembrane NaCl concentra-
n. Hence, changes in intermolecular spacing which
affect permeability occurred in approx. IO sec for 1
:{enhrane thickness of approx. :50 um. The fact that
“H30 permeability was not signiffcantly altered by
J suggests that »lectroosmetic entrainment of solutes
could not e the only cause for observed changes in
suzrose Ilux. 3Aather, soall changes matrix inter—
aclecular spacing can have a significant effect on
the diffusivicy of a larger solute (sucrose) whose
size is not small compared to tembrane pore radius.

1529 NERVE RECENERATICN IN VITRO: CORRELATION O

CURRENT/POTENTIAL LEVELS WITH NEURITE OUT-
SROWTH, WEURONAL CELL NUMBER AND AREA (MEETING AB-
STRACT). (Zng.) Sisken, 3. F. [Wenner Gren Res. Lab.
and Dept. Anatomy, Univ. Xentucky, Lexingren, XY);
3arr, 2. In: Transactions of the Second Annual Meet—
ing of the 3lioelectrical Repair and Growth Society,
seld on 20-22 Seprember 1982 in OxZord, Zngland; 2:38;
1382,

Zsidence is presented that correlates the morphologi-
zal parameters of neurite outzrowth (NO) and maiate-
nance of zhe neuronal population (neuronal cell areas
and numbers of cells) with different direct curreat
levels. Trigeminal ganglia, obtained from 8-dav-old
:hick embryos, were placed Iin 60 mm tissue culture
dishes ’Falcon 3002) containing 6 =l culture sedia.
e tops of these dishes were modified to hold ei=-
ther platinum alectrodes, tantalum electrodes, or
igar salt bridges. Potentials of =200, =400, =600,
and =300 2V were imposed on dishes by eaploying an
1gar salt bridge to a saturated calomel reference
zlectrcde connected to i potentiostat. Current/volt-
age curves were first obtained for each metal elec-
trode ind current values alone for the agar sal:
2l2ctrode in the ctissue culture opedium. [In wvitro
experizments on the gzanglia (control cultures, cul-
tures treated with variocus levels of direct current,
ot cultyres treated wich YGF, [0=8 M) were conducted
for 3 days. Meurite outgrowth was determined semi-
quantitatively in all cultures. Neuronal preserva-
zion was assessed guantitatively by counting the
aumber of neurons in 2 alcron sections of the ex-
slants on three levels and determining neuronal cell
irea on these sectinns. Meurite outgrowth was corre=
lated with current levels rather than potential dif
Zarence, i.e., maximum %0 with tantalum was at =400
a¥ {10 nA) while placinum was at =200 aV ([2 aa).
Gumbers of cells in ganglia treated with current
{1=20 nA, anv electrode) and mean neuronal zell ireas
were all comparable. Increased levels of current
decreased 9oth parameta2ts. NGF :reatment produced

Meeting Abstr:

nizher -uasers <ith larger zell 1rteas. A ¢ompar
JE wach  freatment o 3-d ancuitured eriges
anglia presented graphizally, It i3
1t current levels of 1=I10 a4 ysing any
stem ‘platinum, £iacalum, Or agar salt electry
muldZe merve regemeration in vitfo.
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RLUD] SLECTROMAGNETIC IMDUCTION OF XNEUROTR

MITTER RELEASE FROM A NEURONAL CELL LIN
TISSUE CULTURE (MEETING ABSTRACT). ‘Eng.) Rein
(St. Battholomew's Hosp., Zept. Medical Eilectron
West Smizafield, London, England); Dixew, R.; war
%, in: Transaczions >f che Second Annual Mestin
the Bioelectrical Repair and Growth Soclety, hel
20-22 September 1982 in OJxford, Zagland; l:39; |

The effect of low frequency electromagmetic (1
fields on calcium-dependent neurotransaitter rel
was Investigated using a neuronal cell line. ¥
chromocytoma (PCLZ) cells grown in amonolaver cul
were placed in a CO2 incubator between w0 concer
¢olls connected in parallel to a driving circuit
sulse geterator producing a train of square

pulses. A pulse widch of 9.6 =zsec with a 1.3
gap Setween each pulse was used for all experime
giving an overall frequency of 330 Hz. The magni
of the resulting magnetic field applied to the ¢
varied from 1.5 to 8.5 G with the electric |
strength {n the zedium ranging from +0.038 to -(
V/m. Noradrenaline /NA) release was deasured in
arithmic phase PClI cells by preloading synaptic ¢
age vesicles with ‘H-¥A taken up from the zec
After an extensive washout period to reduce cytog
mic stores of NA, the spontaneous efflux curve
determined by zeasuring radioactive YA in the me
for 12 sequential !5-min periods. For the ex;
mental rums, two culture dishes were removed
their proteective Numetal shield and placed bes
the coils in the incubator during the 7th and
time periods. Release values were expressed

percentage of total vesicular stores and normal
for direct comparison between dishes. Release vi
observed during LFEM field stimulation were 282 :
er than control values obtained at the correspot
time points (p<0.001). This elevation was actril
to increased release of NA from the cells since :
tional experiments have rtuled out the possib:
that LFEM fields cause cell detachment. The add:
of 15 aM Mgt to the medium during the experim
periods :oopletely inhibited the LFEM field inc
release. Since magnesium is «nown ta be a spes
calcium antagonist and inhibits depolarization
duced release in PCl2 cells, LFEM Iield induced
reiease (s likely to be dependent >n extracel.
calcium. However, it remains unknown whether thi
lease observed occurred via the same exocvtotic
anism as conventional depolarization induced rels
Yonetheless, the magnitude of the effect was o
same order of magnitude as release praviousiv

to be induced in these cells by certaia tvpe
cholinergic stimuli. The results dicate that
cells can Ye used as a sodel svstem IoT stadvin
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effects of 2lectromagnetic field on neuraeal
ind more specifically for studving their eff
nTeurdtransmitter release Dechanisas.

J6J 1 THE SFFECTS OF IMBRYONIC NERVE TISSUE aNd

OIRECT  CURRENT ON AMPUTATED RAT LIMBS
(MEETING ABSTRACT). Zng.) Sisken, B. F. (Wenner
ren Res. Lab. and Dept. Anatomy, Univ, Kentucky, Lex—
ington, XY); Fowler, I. In: Transactions of the Sec-
ond Annual Meeting of the Biocelectrical Repair and
Sroweh Society, held on 20-22 September 1982 in Jx—
Zford, Ingland; 2:49; 1982.

The use Oof neural tissue Implants combined with the
applicacion of direct current using bimetallic elec-
zrades zo induce partial limb regensration f{n a non=
generating vertebrate species was investigated.
The right fore-liabs of male rats (inbred Harlan
Fisher T3ua, 21-28 days old) were aoputated at the
aid-qumeral level. Zxperidental animals received ia-
piancs of faral (14 day) brain or spinal :ord sbtain-
24 Zrom pregnant Harlan Fisher FJ45 dothers. Tuwenty=-
six animals received nervous tissue i{mplancts alone;
10 inimals received implants strung on tantalum wire,
and 11 anizals received implants strung on platinum/
silver binetallic electrodes that generated direct
curreac. <Control animals received no implant or im=
2lants of heart tissues obtained from the same rat
tuses. Afcer implantatiom, the animals were housed
separately. At intervals of I, 2 and 3 26, anizals
Zrom each group were sacrificed and the liabs were
x-rayed to detarmine the presence of new bone struc=
cures and prepared for histological examinatiosn. 1In
the experimental groups, 13 of 26 rats which received
<he neural :issue alone denonstrated a positive re=-
sponse (presence of accessory bones with epiphyseal
plates). Of the 10 rats that received the implant
with tanzaluym wire alone, only 3 contained new bones
adjacent to the original humerus. Of zhe 1! rats
~ith bimetallic electrode plus neural tissue implant,
Qone contained new bones, but 7 axhibited excessive
growth of the humerus consisting of bone and carci-
lage. In all cases, increased amount of host nervous
tissue was observed. In the control animal without
neural tissue or electrodes, neither excessive zrowth
of the host humerus or peripheral nerves, nor acces-
sory bones were observed. The preliminary resulcs
indicate that the addition »f bimetallic electrodes
w4izh neurai tissue {mplants avpears to stimulate ex-
cegsive bSone formation of the amputated huzerus.

1602 SFFECT OF ELECTROMAGNETICALLY INDUCED PUL-

SATING CURRENTS ON THE GROWTH CYCLE OF
CHICY ZIMBRYQO CHONDROCYTES [N CULTURE  (MEETING AB-
STRACT). (Zag.) <orvel, M. T, ‘Unite de Recherche
sur les Maladies Ju Metabolisme chez l’enfanc Insera
. 30 Hop. EZnfants Malades, 149 rue de Sevres, ISil
Paris, France); Monet, J. 3.; Daurigny, N.; Assailiv,
i+ In: Transactions of the Second Annual Meeting of

Ziolegicai E'%ects of komeomzing Eluciroma
Ran.ation Vili2-4), juy 1983

ne 3ieleezrical epric

12 3eptemper 1982 in
ref).

The effects oI 2iectromagneticallv=inducad
currents (EIPT) on  chondrocvte =ulriplica
studied fn vitro using :ultured carzilage
t5=dav old i eabrves. The metaphvseal
of zibial 2piphysis Jas {solacted bv alcrocisse
under sterile conditions and submitted to 2
Jdigestion. The subsequent chondrocvte suspensis
cained was idded te 25 ml culrurs: flasks, edch
raining 129,000 cells in % ml Dulbecco’s =ediun
slamented with 133 fetal oalf serum. AL a2ach
3f the growth cycle 1 group of § flasks was »x
to EIPC (mean induced currant deasizv =
Setween two air 2ap z2lactrical colls for 2 or )
3etween Jav ) 4nd dav 10, chondroevte number >
content was not modified bv a 2-dav 2xposu
zompared to controls. In the contrarv, wie
hetween day 12 ind day 20, there was a 5%
in call number and 337 increase in D¥A ner I
The ratio of DNA per cell was not changed as :om
Lo control asks. Three—day as well as zwo-=<
posure to IIPC gave a siallar stimuiatiag ef
dowever, this increase {n the two paramer20s st
was never observed when the cells were continu
exposed to ZIPC during the last !0 days of cul
It is concluded that short exposure t> EIPC cu
crease cell aumber and DNA centent in  embr
cthondrocytes in culzure only after these cells
inittated their ONa svnthesis. No such affa
observed ia non-dividiag cells.

1603 SELECTED ELECTROMAGNETIC FLELD ZFFEC

CELLULAR REGULATORY PRCCZSSEZS (MEETIN
STRACT). {Eng.) Goodman, R. (Dept. Pathology,
umbia Univ., Coll. Physicians and Surzecms,
NY 10032); 3assett, C. a. L.; Henderson, A. 5.
Transactions of the Second Aanual Meeting of the
2lectrical Repair and Growth Societ n
September 1982 in Oxford, Zrgland; 2:

The relationship of the functional and zemporal
zern of biological events in zhe cell o chang
the cell’s electrical environment were investiz
Both biochemical and cytological methods were us
follow alterations in the pattern of genetie aet
resulting from the use of pulsing electromag
fields (PEMFs) alone or 1in combinatioen wvith

condirions iacluding hormonal fnduction of 3
elevated temperaturs (heat shock) and variatic
the fonic eavironmenc. Alteratioas ia transeri

and zranslation were observed. These were doai
oy sucrose gradfent cencrifugation, el slectrop

sis, isopvcnic  centrifugatien, cytological

translation" and “ranscripetion autoradiograms.
¢ifically, both siagle pulse [SP) and puise
tised over a seri2s of time polncs,
issociazed with zranscription. The erffect

1 general increase In all ANA classes {
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ain of pulse. The 2ost Jramatic effect was observed
using SP, where approxizmactely 1 ten=fold Increase in
the specific activity of fractions of aRNA size was
induced in a bSiphasic manner atr (53 and +5 ain of
fulse. This was reflected in the electrophoreti:
pattern. These data were supported by cvtological
studies using eicher sranscription autoradiograms ot
"ajck-transiation' »f ONase I-sensitive regions of
chromosomes. A SVRerzisii: offect was obsefved when
5?7 or PT were used .. :umbination with heap shock or
formonal inductiom. The results suggest that the two
signals evoke distincely differenc cellular re-
sponses. The zole of Ca** on RWA tramscription par—
teras induced v PEMFs was decermimed since PEMFs
ire used clinically in ctreating avascular necrosis
and non=unions. Salivary gland chromosomes Lacubatad
in Ca** ‘ree media Juring 3P or ?T induction showed
1 dramatic increase in RNA cranscripcionmal activity
1s compared with identical preparaticns containing
la™=, The presence 3f lavr had no affect om RNA
transcriprion in control preparatiens. The results
suggest th ect of PUMFs can be directly related
t> tramscriptional events. The induction was lu-
2nced by the type of pulse administered, as well as
the cellular 2nvironment. The recognition of media-
zing faczors in the use of PEMFs should allow a zore
specific detarminstion of those conditions which are
acst beneficial for clinical use, as well as lead
9 ian increased understandiang of the ect of elec—
irizal Zields {n the normal fuaction of the cell.

LAY ACTIN  POLYMERIZATION INDUCED 3¥ PULSED

ZLECTRIC STIMULATION OF B8ONE CELLS IN
VITRO (MEETING ABSTRACT). (Eng.) Zlaub, F. (Depct.
Membrane Res., Weizmann Tnsz. Science, Rehovot, 76100
Israel); Korenstein, 2. In: Transactions of the Sec-—
ord Annual Meeting of the 3ioelectrical Repair and
Srowch Society, held on 20-22 September 1982 in Ox-
iord, Zngland; 2:43; 1982 (7 refs).

Azzin polvmerization induced dv pulsed slectric stim=
ulation of bone cells was studied in vitro. fells
were stizmujated after reaching confluency, with a
serizs of rectangular voltage pulses (25 usec width,
3 H4z-repetition rate, 34 ¥/cm-amplitude in the medium)
lasting for 5 =min., Three zypes of acctin could be
detected on the basis of CNase I inhibition: monmeric
G-action, polvmeric F-2ction and 4 form not accessidle
9 DNase I, which was 1ssumed to be aetia filaments
Rl incegrated iato some higher supramolecular network.
s This form is =zentatively :ermed 'N’-actin (network-

. actin). In unstimulated cells, the following were
abtained: 35% G-actin; 8% F-actia; and 377 “N'-actin.
Upon stimuiation, cals distribucion cnanged ta: =0%
F=1ccion; 12% F-actin; and 48% ‘N¥'-actin. T'ase cy-
toskeletal chanzes were relaced to the earl’ <harzes
ia Cal* and cvelic AMP and suzgest i possidle role
Sayr the cytoskeleton in the process df scimulus trans—
aission.
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ERYTHROCYTES G ABSTRACT) .
A. (Biselzctrochemitsry Lab., Zoluwdia Un
York, NY 12037); Garv, K. Tar Transactions
Second Annual Meeting of The 3icelectrilal
and Growth Sociaty, held on I10=22 3epteaber 1-
Ixford, Zagland: 2:44; 1982,

CME

The relationshi, ‘etween the e.ectrochedical »a
at a cell! surface and the necessarv signal para
of pulsating electromagnetic currenr [PEMIC) o
the rate > active traaspor: ia huaan red Sloed
{4RBC) was juancitated. A srevisusly reported
trochemical techaicue for the Jlirect evaluati
cell membrane {mpedance has revealed
an ion binding pathway havine a tize
cange »f 1N usec. The dependence of
X+ concentracion stronglv suggested that tf
tion process involved Na-K ATPase. These rasul:
sided guidelines for PEMIC configuration via th
sideration that 4 pulse width of 10 usec would »
ficient to excite (i.e., get elough curreat int
%a or X fon binding pathwavs. A current dens
1-10 uA/cm? was chosen on the basis of real-tia
response. The repetition rate selected was base
the actual ¥a'K exchange transport rite which is
in J.i-l sec. Zxperimental measurements using
flux efflux rates from iresh HRBC into Na-iree
at 37 C showed that the pulse width and the amp
range were sufficient to modulate Na-K ase 4c
with a peak increase in Na efflux of 25% at ap
mately 2 Hz, This enzyme is clearlv the target
zhe PEMIC effecz is ouabain inhibitable. The
correlation between the PEMIC effect and cell ae
impedance studies was achieved using frequency
sis. The results showed that all PEMIC signal
structed on the basis of a desired power into t
binding pathway are effective for Na-K ATPase m
tion. The genmerality of this approach was sug
Sv similar correlations for many in vitro and £
studies, including the clinical application zou
ed fraccure repair.

0606 STIMULATION OF MATRIX PRCDUCTLON 3Y

MAGMETIC FIELDS (MESTING aBSTRACT).
Farndale, R. W. (Strangeways Res. Lab., Cambd
England) In: Transactions of the Second Annual
ing of the 3loelectrical Repair and Growth So
neld on 20-22 September 1982 in Oxford, England;
1982 (3 refs).

Pulsed dagnetic fields (PUF) were applied to tw
logical svstems to 2xamine their potential effe
matrix Turnover in skeletal rissue. Pig ar:
cartilage, wnich has served as a model of degra
srocesses in skeletal tissue, was maiatalned ia
culture for up to 14 days. Generailw, PMF had
fect on givccsaminoglrcan (GAG) release from th
sue, estimated spectrophotometrically in the use
-ure mediua and the zissue, or 3n the incurpe
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of 3550_. into GAG. ‘However, when depletion M
from the rissue was duced by catabolic Factors in
che sheep serum used tJ supplemenc the culiure dediunm,
the application of PMF substantiallv srevenzed ipd.tl)
the felease of GAG iato the medium. This effezt ragld
not Ye stimulated by :he acditlon 3f known satadsolics
Zactors, e . retinol, 3 zhe cultura zedium, and it
appeatrs that ?MF has enatled th= zissue to svercome
GAG deple . b¢  Iacreased synthectic accivitv. A
second series of experizents used Sone zarrow stromal
Zibroblasts o determine osteogenic events could Se
induced by PMF in vitro. 2MF 4id not induce these
2vents ut Jdid scimulate the production of JaG in
these zells also. Clontrnls produced 392 ug in 3 wi,
sempacad wizh +33 3 from PMF-treated cells [p<.iilSi.

ECTS  OF PULSED ZLECTRCMAGNETIC
ZL3S UPON  2ERIDSTEAL AND JSTECBLAST-LIKE
L3 GROWN CULTURE (MEETING ABSTRACT).
K. J. (Yniv. Connecticut, Sch. Dental
gton, T JA032); Norten, L. A.; Rodan,
Transa:tions of the Second Anaual Meeting
e 3Jioelectrical Repair and Growth Societv, held
95; =22 3eprember 1982 in JIxford, England; 2:46;

The dependence of :he pulsed electromagneciz field
(PENF) effect on the cellular adake-up of differing
calvarial eulrures was examined. Cell cultures were
nbtained cthrough three 30-min sequential digestions of
19-21 day fecal Sprague-Dawley rtat calvaria. Through
hoyrmonal analysis, those cells obtained in the first
digzescion were found to be periosteal in nature,
while those cells from the third digestion were osteo—
blast-like in nature. The periosteal and osteoblasc—
=-like celis were grown (n culture in F-[2 medium
supplemenzed with 10% serum and !% antibiotic anti-
aveatic. Upon reaching confluency, the cell cultures
4ere axposed Ior 146 hr to one of two PEMFS: Field C,
31 3-msec crain of I00-usec pulses, L3 usec apart re=
seating svery 56 msec at !5 Hz, or Field D, a 5-msec
zrain of 225 usec pulses, IB usec apart repeating
avervy ob asec at 15 Hz. The two fields diifered
@aiaiy ia the duration and depth of the negative
polarity of the signal zeneraced, Field C haviag the
deepar negative polarity and shorter duratiom. DA
syathesis 7as estimated 5v JH-chymidine (3H-Tdr) in-
eorporacion. Neither PEMF had any effect upon the
pericsteal zell cultures. In osteoblastlike cell
res ynder idencic3l condizions, Field C enhanced
WA synthesis Sy 32-i00% (p<.il). Field O had no
¢t apon "osteoblast-like™ cell cultures. Further
2xperimencation suggested zhar cthis affect =Tavy e
iue 1o diiferences in the endogenous growth rates.
In "asteoblast-like" cells exposed to the PEMF under
growth=lizlting condi{:ions (serum starved 38 hr prior
%3 exposure to the PEMFY, SW-Tdr lncorporation was
annanced from 953 o 1285 cpm/ug DNA (p<.)l). Ia the
sage zell population =xposed zo the PEMF under growch
stiaulazary condizions ‘serum fed immedtately oprior
=2 2xposure 5 che PEMF), 347Tdr tacorporatica de-

crzased Irom I =2 360 :ipmoug INA (p<.0lG. =n

Swoiogicai Eitects of Nomomzing £ ecr-amagn
Raguation VIND-3) uuly 983

upon steoblast-lixe cells
sersursations i¢T 1S Secondarvy Jrowtl regulan

the 2flects ippear I3 e cell 1nd 3r.wth azate )
2; and - the can =xert S1moddl =fie
upon DNA svnthesis.

308 MICROENVIRONMENTAL CHANGES AS37CIAT

ZLECT!
SIRECT CURRENT .
Kay Lab. Jrthopaedic Surgery es., Zest.
thepaedic Surgerv, Univ. Pennsvlvania, Philadelnn
24 190340 3lack, J.; 3riznten, 1. T In: Tranos.
tisns of the Second Annual “eutiag 3
cal Repair ind Jrowth 3ociety, held Hn Ju=ll 3e
Ser 1982 ia Ixford, England; T oLI8z.

The possibdilizy of correiatis degree I st
Zenesis stimulated by diract :u 22 with s
cific faradic changes the amicroenvironment
the cathode was investigated in vive. Yew Zeal.
White adult wmale rabbits (a=3y) underwent Silate
implantation of a lb-guage, i- hara, PTFE-coat:
T-stranded 304 stainless slesl Jire cathode wit!
each tibia, a 1.5 cm on edge, square, I1Ce stalni.
stael mesh anode near each shoulder, two Ag/AgCl ©
arence electrodes, 4nd a constant OC power supd
The clectrodes and DC power supply were connected
a percutaneous multi-pin assembly that permicred
terruption of the circuit and monitoriag of the
ious electrical parameters. nally, 1 devic
Multi-Puncturable Stlastic Clesure (MPSC)--was
planted zranscortically ar each tidlal :achode %o «
low for insertion of needle =icroelecrrodes thro
the skin and into the medullarv canal. ALl electro
renmained for 4 wk to reduce the influence »f surzi,
trauma. Then, the pcwer supoply was connected C2
cathode and anode pair as the experizental
animal. Three direct currents were selecta
(a=10), 50 wA (a=13), and 22 ud (a=il} o 2¢am
effects of, respectivelw, currents Yelow, ibove,
w@ithin the optimum range of 5 to 27 ud previow
found to stizulate osteogenesis with stainless~st
electrodes. The needle microelectrodes were coup
<ith an Ag/agCl reference to produce 1 potencial
pH and a polarization current for p02 Zeteradnacio
The results are expressed as the ratio of exparizmen
zo control mean pHd and 303 for wk I, 2, and 3 and
nal day of monitoring. Significant eievaticn of
(p<N.J5) accurred at 37 ua ia all time periods 4t
to a lesser excent, 45 17 4A in wk 3 and on the Il
day. Significant reducion of po1 (p<d,05) occur
at 20 ud in ail serinds and, t5 a lesser degree,
5C uA in wk 3 and on the final dav. No signifie:
changes of pH or p0s were found 1T i uA. The la
reduciion of 297 was 2ssoctated <ith astesgzenestis
10 ua while significant welevatien of pd was zoup
witzh necrosis it 59 A, This {aveszigzation verif
In vive 4 strong assoclaition between p3a ind o lew
i1nd steogenesis stimilated dv 2C.
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2609 AN IN-DEPTH >

STUDY OF ELECTRGNICALLY
GROWTH (MESTING ABSTRACT). (EZng.) <hen, T. :Penp=
syivania Coll. Podiatric Medicine, 3th and Race sts.,
Philadelphia, PA 19107 Harrington, D. §.; Frasca,
?.; Walter, T.; #alter, J.; Darigan, M. Ia: Trans=-
actions of the Second Anaual “eeting of the 3iocelec-
trical Repair and Srowth Society, held on 22 Sep-
cember 1982 in Oxford, England; 2:43; 1982,

esults of a scanning electron microscopy study of
ela2ctronizally-stiou
Tissues were taken

NL3N canine fractures and Itom freshlv osteotomized
srizate aetacarsals. Some had received electrical
stimulation 729 uaA) and some “ad dummy electrodes
1red at the fracture site. The electronic. 3
stimulated samples showed i1 greatar amount of osteoid
than control samples. l.ewly developed bone contained
aore calcium and other inorganic matrix components
in experimencal samples than in coantral groups. Goid
and zinc appeared in greater abundance in experimen=
samples than in controls. 3one appears to devel-
20 intramembraneocusly frem exiscing boney ctraebecu=
lie, or in situ Trom fibrobiasts within tne internal
fracture callus. In sections taken through the elec-
trode, eleccrically stimulared bone appears to begin
lavdown id areas away from the electrode, and sub-
sequent osteogenesis Zakes place (n a4 pactera moving
soward the zlectrode.

IN VIVO  GROWTH PLATE STIMULATION IN A CA-
2ACITIVELY COUPLED ELECTRIC FIELD (MEETING
ag.) Brignton, €. T. { Dept. Orthopaedic
“niv. Pennsvlvania Sch. Medicine, 425 Medical
.iuca:'on 8ldg., l6th ind Hamilton Walk, Philadeiphia,
L9134); Pfaffer, G. 8. in: Transactions of the
3econd Annual Meeting of the 3icelectrical Repair and
Growth Socierw, held on 20-22 September 19821 in Ox-
fori, ZIngland; 2:.9; 1982 (! ref).

v

In vivo growth plate stlmulactien in a capacitively
coupled electric field was finvestigated. Seven-wk-
2ld Yew Zealane white rabbits (n=19) were selected
for unifurm growth and were randomly distributed inco
W0 equal roups. A pair of 1.3 x 1.8 cm stainless
steel capaclisr ;iates was placed in parallel over
shaved right proximal cibfal epiphvses of %“oth
erizent and contIoi rabbits. All animals re-
ceived I ag. kg iv oxvtetracyc.ine at the onset of Che
2xperiment dav ) and again axactiv 2 iavs later.
lommencing wizh the second (niection of sxyzetracy-
tiine the experimentil animals received a con:tinuous
7 pulse=pulse, ~i Yz symmetric sine wave signal
r I davs davs 2=+, The control animals received
lecericzal scimulation. furreat MS acioss 21ach
of plazes was 7T.34 = 7.4 amd 79,3BI1.40) ar cthe
start of szimglatfon and .29 & .2 mA fi.el-1.33)
lh At later All animals wera sacrificed on dav 4.
~onaitadin rowth i micron  cthizk  sagittal

Y
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TTe OroXimdl TiDide Was juantition.
Lstance Hetwern

rs

cline labels ‘iavs =1 and -
ae ladel iad the Sune-cariilags
Wi Teasursd in

hoth 2antoal oang exge
Née 448 72
the medan 3T TwWelve  $eDaralte MeisuleSents
=qual intervals 1cross the grewon
2rid was ased L2 =asurs inifora sne
Ratios of righz-to-ler: leyg growta

2=4, respectiveiv) were =s2ibl
During the l=dav stizulition nering
increase in lenagth od. I, mmd4, srous z-tasc)
demonsirated ia the experimental 2roun. A Sean
increase in length was seen ¢
test! .ken milated growth ‘lavs
o fon=stimulatad zrawch Jdavs =D
»f each 4nima ough several rabuits
pedal edema there was corrz2lacion Setwewn
of edema and the icceleration of Zroweh,

sion, this was the first 2vidence thaz 1 capas
coupled electric fieid can accelerite lcngitudi
aroweth ia vive The nptimal voltage, frequency
current parameters of remain 0 e et
mined. It remaias clear, however, that the Llaw
tage requirement for stimulation (s promising

both safe and efficient clinical applizacion.

61L IXPERIMENTAL 20NE  HEALING FLUENCED
ZLECTRICAL PROPERTIES AND LICATION IF

TEOSYNTHETIC DEVICES (MEZTING ABSTRACT). g )

zey, C. L. R. S. (Univ, Hosp., Catharvnesiagel |
1500 CG, fUrrecht, Holland); Rselofs, . M. M.; Viss
W. J.; lLentfierink, R.; Duursma, 5. A. In: Trans
tions of the Second Annual Meeting of the 3{ocelect
cal Repair and Growth 3ociety, held on 19-21 Sept
ber 1982 in Jxford, England; 2:30; (982 (I ref

The results of a1 study to determine whether Jsteos
theric devices {(i.e., stainless steel, or ather el
trical zonductors or iasulatars) can influence :al
formation are presentad. white Wistar racs {79
dervent operations upon both femora. In order
avoid problems in reproducidility and reduction

3diaphyseal fracture, the bone lesion was realized
drilling four holes, one axial, by condylar approa
and chree sagittal holes at 1!, 14 and i7" 2m from
intercondylar line. e diameter of each hole

T am 2xcept for the main hole which had a diame
aof I oam e 2lectrical petturbations :aused by t
special ivoe of fracture were comparabie to nor
fracture potentials. A auaber of conduczors ind in
lators were tested. axial rods of staialess
plazinum, polvvinvl echloride
planted in 47 rats. Transversal transcortical >ie
2t PVC and stainless steel of Jdifferent dimensi
were iaplanted in 12 other rats. Callus “armat
was avaluated after the operation cn Jine Zr3
9f the prelevated famora and on uadecaleified 10
s.ices. Callus formatisn was enhanced 3v The sress
of =iach tested nacterial i1 the nedullary zavizs, §
ever, the Sone 2ain <as BOLE T O0OUNC <ten .
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tors were implanted. For the Irinsaoc
however, the conduciors aused 3ore 3
electrical explaration i35 proposed wiza raference oo
the xnown stimulating effect of Jepolarization of bote
zortex versus fracture potentials.

ieal implants,
mlition.  An

0512 PREVENTIUN OF DENERVATION,DISUSE JSTEQPORO-

SIS IN THE RAT WITH A CAPACITIVELY COUPLED
ELECTRICAL FIELD (MEET ABSTRACT (Zng.) 3righton,
2. T. (Dept. Trchopaedic Surzery, + Medicine, Univ.
Zenns lvania, Philadelphia, A 19174); Yarz, M. J.
Pollack, S. Transactions of the Second Arnual
Meeriag of 3icelectrical Repair and Growth Soci
ey, 2eld sn 19-12 September 1932 ia Ixford, Zagland
2:51; 1582,

hidbition of the development of denervation./disuse
ssteoporssis in the rat wicth a capacicively coupled
2lectrical field was investigated. Forty (125 )
male Wistar rats underwent right-sided sciatic neur~
2czaay {l.3=ca segaent Was excised) under Neabutal
ineschesia. Jn the second posti-operative day, stain-
less sreel capacitor plates (1.3 cm in diamecter) were
olaced over the medial and lateral aspects of the
rignt aid-ca in each rat and held in place with
tipe. lead wires frcm the capacitor plates were se-
2d £ che rignt hind limb and the abdomen by wmeans
Jf Veléro. The lead wires were brought out through
the top of the cage and connected to 3 function gen=
2racor ia 31 ihe rats and were not connected o a
Jower source in 2izht contral animals. The experi=-
—encal animals were divided {ato four zroups of 2izdt
rats =2ach: group . was subjected to a bd-ikHz, 1.5-V,
-tg=neak, sryametrical sine wave signal continu-

Zor L2 davs; groups I, 3, and 4 were subjected
to 3 similar signal ac 3, 7.3, and 10 V, peak-to-
p2ak, respeccivel it the end of 12 days che ani-
3als wer: sacrificed and zhe tibiae and femora of
2ach animal was excised. Results indicared that the
control (neuraciomized, non-stimulated) ttbtae exhid=
ed 2 197 decrease in dry w4t and a 177 decrease in
ashed wt and control Zemora exhibized a 127 decrease
dev wt and 2 15% decrease {2 ashed wi. Ixperimen—
tal blae (neurectomized, stizulated) exhibired a
5=.9% increase in dry w7t and a X decrease to 9%
inzrease in ashed wt when subjected to signals of 3,
7.5, and 1) ¥, peak-to-peak. ZIxperizental ‘emora
»xhiblted inconsistent praventien of osteopurosis.
‘fean rotal porosity of the ctibia of non-neurectomized
anima’s was .+%; for neurectomized, non=stimulated
iniual @as 3l%; aad r neurectomized, stimulated
L3 Y, peak-to-peak) inimals iz was lb%. It is con-
zluded thac a cdpacitivelr zcupled electrical fleld
zaa significan~iy ianibit zne levelopment of denerva-
nn disuse ostesporosis in the rac.
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Hosp., Ceor. Irihopaedics,

3elziumj; Jelport, F.; Muller, . H Saq oA
23, 7 Samsen, W. M., emdionck, Juche:
?. As 3F the 3econd Anrual Meeling

Tepair Seowth 3ocie
19-22 1942 in Oxford, Eagl

qwlation on: 1) the

The =ffect of electrical
ind =2xzent o new  0ne |y - bune gr
iato poraus plent; and, (1) the =arlv stability
the {nterface “ezween the implanted matarial and
wag investizated. Three graups of 3 sheep
treated with constant eCl current 0 ouA, 3
and 250 waA, respec . A cathod
ataced in a 3.3-am hoie drilled in fhe corti
physis of zhe distal femur, <hile in inodic .
was inserzed I :m oJroximallv. The aon=stimul
zontrol plug was ‘mplanted in ¢l oroximal i
aezaphysis of che same leg. An insulated power
conpected to the cathodic and  ino implants
Teflon-coated wires was pilaced s¢. The animals
sacrificed at the end »f 4, 9 and 12 . The os
genic responses to [J-ua, 30-ua and 250-uA cath
were significantly ennanced above that of the 1
tive controls and the =xostosis was more pronou
than the enostosis. in m0st instances, Jstednecr
was observed at the anodic irea. The jreatest ¢a
dic osteogenesis and anodic osteonecrosis was
253 uA. The cause of osCeonecrosis was Jdue o
syeotoxic effect of meral ions which were rele
from the anodic electrade after reduction (n
acidic environment. A gradient i new Sone forma
on the periosteal and medullary surface was obser
This was related to the distance from the 2lectro
and the osteogenesis was always more pranounce:
the cathodic area at 8 and ! wk. Similar res
were obtained when specimens were analyzed for
aineral contenat. Although rthe maximal 2stecg
response was it 250 wuA, the interfacial stre
setween bone implant was reduced significantly
compared o the controis. The early stabilie:
the interface was not Lncreasea by inv elactr
treatment, as confirmed by oechanical test
Porous 2lectrodes offar 2 large suriace area
thug provide 4 lower :urrent denmsity Jor 3 @
wirrent. It enables the use of a current N
zhan the conventicnal dose >f 25 ud, and thus s3
lates Jore hone formation over a Wider aread.

Jbla JIRECT SURRENT 3TIMULATION OF 3ONE INGR

IN TITANIUM  IMPLANTZ (MEETING A3STR
(Zng.) Albraktsson, T. (lab. perimental 2i{al
Jept. Anazopv, 3ox 33031, Univ. Gothenburg, S-u0
Zothenburg, Sweden); 3uch, T.; Herbst, T
acrions of the Second Annual Mesting of

The 2ffsct of direct current stizulation on bone
3rowch iatn two zanals of 4 zitaniam implant was
vestigited. The Sone rowth i
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tizanium i3plane, was inserted into the ciziz of rid=
Sits aad a2 platinua aanocde and 2 titanium cathode were
anchored in the bore on either side of the laplant’s
outer petipherv. 3oth electrocdes «scraws >f 1 am
diameter, inserted lenyth L am) were inserted a4z 1
distanee oI » mm “tom the chamber. Thev were con-
aected via ce-placed electrode cables o 1 stimwia-
tar under the skin on the %ack of the rabbit. The
same procedure was ;erformed on the contraleceral
side except that the 2lectrode cables were not con=
nected to the stimulator. Five chambers were stizu-
lated with 5, 20 and 50 uA, resp., wnile 15 zhambers
served as controls. Zvaluacion of the microradio=
grams, using an IBAS [+Il computer indicated that
there was zore bone in the test iaplints comparad =,
the control ones in 13 2f 15 cases. The increase in
tone formation on the stimulazad side was significant
at the p=N.05 level. Ia the 5 uA-group, 3n the aver-—
age average, there was a /%% increase of bone. All
test ioplants contained mors bone than did controls.
In cthe 20 uA-group, four >f the test implaats had more
bone than did the controls {n the same animal. The
average bone coatents in the 3 animals szizulated wizh
2% ua was 202X of chat of controls. In the 50 uA-
3roup, on the average, there was 13% more bone on
the test side. Ia this zroup two of the anodes were
Zound poorly anchored in the bYome, two were found
loose immediately outside zhe bone and one anode was
c2located in the muscular =:issue at some distance
‘rom the insertiom place. The latter animal showed
iess bore in the zest side compared to the control.
ing i) electrodes on the test side and all
odes on zhe control side were quite stable
sorne 2 wk after insertion. In conclusienm,
stimulaticn with 3 o 50 uA gives a sigaificant
increase of bone forzation in implants at 5 =m dis-
tance Zrom the alectrode surfaces. The experimental
sepulatieon was too small to determine which stimusla-
tion level zave the optimal Sone response.

FORMATION AT PLATINUM, CC-CR, AND
CATHODES (MEETING ABSTRACT). (Zng.)
Spadare, J. A. {Depr. J)rthopaedic Surgery, State Univ.
“ew Torg, Upstate Medical Ceater, Syracuse, NY 13210)
Ia: Transactions of the Second Annual Meeting of the
3inelectrical epair and GCrowth Society, held on 20-

22 3eprember !9382 (a Oxford, England; 2:55; 1982,

The zedulil.

7 tone response fo six metal catheodes at
w0 dirsct zurrenc (3C) levels Jas Zeasured o laves-—
Iizace the raported netal-desendence 3¢ electrical
ystenzenesis. Seventv-four NZW rabbits were implanc-
2d with JC cathodes of Pr, Co-Cr{F-90), Az, stainless
steei (31ALY, Au or Ti. At least h animals received
zach e with current scurces ziving .02 and 9.2
curreat density. ©Zach animal received an ia-
zontrai cathode of e same paterial on the
zontralataral side. The :athodes were inserzed into
the =edullary canal 3f the femoral Ziaphvsis ria a
small hole in the 2iszal agetaphwsis. After 3 wk,
zhe animals were sacrificed, radiographed ind the
=eduiliry cew sone =easurad Sy  polnt-counting  in

Meeting Abst

ajerascop
roint counts for each e are |
Statistical analvwsis i student’s
data showed the zost significant
bone greweh near 1ll active cuchodes ind
for To=Cr at .02 uA. amd for staialess
at 9.2 wual amd (<0.0%).  The  acziviey  of
and Az ar .02 (50,10 was aiso acteworthy a:
the growth near controls i{n  scvaral cases.
activiey at stainless stzel at higher :urrent a
with previous reports, but the behavisrs of ?
o-Cr seem to be new Jbservations. In general,
formation At the lgwer curtenl s=ezed to bé
proporzional to the elecirode potencial “as deter
from polarization curves), wheres his correl
was less evidenr at cthe higher level. The re
strongly suggest that currenc-dependent, metal s
ficities for electricallv-enhanced bone formaci
2xist; expansion and repetizicn of tais initial
is needed to verify and iaterpret this benavi
bone and other tissues.

2616 THE ROLE OF ZLECTRCDE MATERIAL AND CU

DENSITY IN ZLECTRICAL STIMULATION OF
GENESIS {MEETING ABSTRACT). (Zng.) Black, J.
Zab. Jrthopaedic Surgery Res., Depr. Jrthopaedic
Univ. Pennsylvania, Philadelphia, PA 19104);
D. S.; Jones, 5. 3.; Dymecki{, S. M.; Baranowsk
J.; 3righten, Z. T. In ]

o

Transactions of the 35
Annual Meeting of the 3icelectrical Repair and 3
Sociervy, held on 20-22 3eptember 1982 ia 0x
England; 2:56; 1982.

The role of electrode material and current densi
electrical stimulation of osteogenesis was ilav
gated. Twelve adult male Yew Zealand white ra
received bilateral implantation of constant cu
power supplies praeviously adiustad to praduce
uA. Each animal received a 26 AWG, 1 ¢m, bda
strand 304 stainless steel cathode in one t
medullary canal and a 2.25 ea® 304 stainless
mesh anode in the back as an active control.
! (n=6) received the same power supply with a
mm diameter, | cm bare platinum cathode in the
tralateral canal, coupled te 3 2.5 cal placinum
anode. Group I (n=h) received 0.81 mm diameter,
bare platinum cathodes and anodes identical to
l. Curreat (1), iaterelectrode potential (IP)
anodic as well as cathodic potentials (CP) wi:
ference to an implanted Ag/AgCl electrode wera
tored 3x/wk until sacrifice on dav IZl. At sacrt
the zibial medullarv contents wera decalcifizd
the percentage of new bone ia the zanal was qu
tated. Statistlcal anaivsis (studenc’s z-test)
cated that bone growth on the contral side wa:
significantly different in the two groups (p
and the grand mean (14.1%) was 2ot significantlv
farent from the historic mean for this aodel tl8
2<0.25). In group I, wita equivalent geometric
rent densities, cthe platinum electroces stimu
28% more new bone zrowth than the controls (2<
paired) supparting the obgervazions Y sthers o




Meeting Abstracts

iredter oste~genlc clency of electrodes wore nobl
chan stainless steel. 3one growth with slatinum
grmp 1 was significantly less than thac for cthe 2on-
wrxls (20,32, paired). More importaat, group I place
: ctrodes elizited 41.2%7 less bome tham these in
This follows the :hange {n the jeometric
ent density (-53.1%) rather than in the :athodic
sotentzial (=33%), suggesting that current Jensizy lom-
izmates osteogenic efficiency of a partizular elec-
crode netal, ziven that the cathedle potential is be-
Lo the limit for cellullar necrosis.

ZFFLCTS OF PULSED ELECTRCMAGNETIC FIELDS 7N
CULTURED CHICK EMBRYONIC FEMORA (MEETING
{Znz.) YNoda, N. (Dept. Dearal Technolegy,
and Dental Univ., 3-43, | chome, Yu-
u, Tokyo 113, Japan); Saco, A.; Iscbe,
: ishida, A. In: Transactions of che
feeting of the B3icelectrical Repair and
neld on 20-22 September 1982 ia Ox-
2:37; .982.

oulsed electromagnetic fields (EMF) on
eabrvenic femora were investigated te
elucidate the mechanisms and biological effeczs of
2lectromagnetic stimulation. One-hundred and twenty=-
s of femora were excised from 10- or ll-day-
ck eabryos and cultured at 37 C in aa atamo-
sonera of 3% 207 and 95X air. One of each saired fe-
zora 7as axposed to IMF, with the other used as a
concrsl. The mediuym adopted was 3zodified F~12 sup-
clemenced with 10% c3lf serum. On day 10 of culsi-
vation, Iemora wer2 measured, weighed, and examined
ziszological the end of the culture period,
several Semora were pulse-labelled with JH-thymidina,
ld-proline, or 33Ssodium sulphate supplemented to che
2edina and radioactivities were analyzed by liquid
scintillacion counzer. The EMF were characterized
5¥ a pulse train signal composed of 18-20, 200 usec
long, gquasitriangular pulses lasting accumulatively
5 3sec and repeated at 1l Hz with magnetic flux den-
ity of .5 %o 30 G. Exposures to EMF were performed
2oatinuousiy except La cases of JH-thymidine lncor=
soration. In those experizents, :three different ex-
sosure 1odes were zompared: ({!) continuous; (I) 5 ar
sn 3€f; and {3) 15 nr on/off. Incorporazion of JH=
<tymidine and Mproline was premgted significanciv
2¢3.05), whereas incorporaction of J59-’)a was unaifect=
4. among the three modes, incorporation of IH=~
vatdine vas promcted more {n the sontinuous and & hr
n:off group zhan in the 24 hr onsoff group. 1t is
zoncluded zhat pulsed electromagnetic flelds promote
2%A 1ind protein syncthesis when appiied continuousiy.
Tthaar results suggest that contlnuous or interaittent
stimulitions with shorter (6 hr) onjoff tervals
24v oromote I¥A syathesis more than those with longer
(24 art onoafi latervals.

Bicicqical SHects of Nomemzng Seciem
Sag-aton F12-41 iy 1933

Shid : ABSTRAY
Loutsiana 3tate .
Medizine at teveport, Anatomv Dept., P.d. 30y

Ihreveport, LA T.i3d); Geodrich, J. la: Traass
of the Second Annual Meeziag of tne Bi
pair and Srawza Society, held on J3-12

in dxford, Ingland; 1:33; 1951,

September

The electrical parameters of rabbit femur bone |
ing resistivity were studied. Polarization of
aur electrodes embedded in doth cortical and
lary bone was periormed. A four-point method @
wherein the suter electrodes incroduce current !
Lvoat nacing urrant st 4
1z 0 H4z) int) the bones w
trodes monitor the current. The eld  “odes <er
bedded in bone cemenc Tax) Wi
zlectrodes iasulated sading o
4ith Neoprene "0" rinzs. !
aum (0 an diameter). Measuramen

"

a high impedance volimeter and a !  ~urreac ¢
which utilized minimal amounts >F y tn t*
surements. Zolarization of the out rode
ed resistance values that were err oodi

electrode configurations. 3tudies acad
okmic resistance of doth cortical and wedullar:
bone performed it 1700 Hz and <7 ¥ minimized :
tive reactance and zadaic reactions at the
izing eleccrodes. Cell constant aeasarement
1000 Hz) befare ind er death of rabbits ¢
vented the geometry difficultv and allowed a @
able chmic resistance value [minizum capaciti
actance) > be obtained. The opmic resista:
both cortical and wnedullary bSone was approx:
900 ohms/cmd. Phase angles of 5 degrees at o0
creased 0 5.3 degrees at .000 Hz and remained
zant to "0 Hz belore increasing. This corras
to 95 ohas it - Hz, an error of Y of the
impedance between polarizing electrodes a: |
Resistance values obtained Zor both znrti
medullary Yone resulted in an increase of ae
4After post mortem. SBcne resistivity for bath
cal and zedullary ccne increased following de
the rabbiz During anesthesia there was a

decrease resiscanca. However, wuponm sact
heart and Sreaching zsssation, the resistivi
zlimbed to the values sf the live sublecz. Wi
hr of death and with temperature of the 1nimal
tained at 39 &, there was 1 notable (207) incre
bone resistivizr. The results indicate the =
of a phvsiologizal state which is {mportant
aining bone rasistivicy.

7619 SROWTH OF THICK IMBRYD MODULATED 3Y
CTROMAGNETIC STIMULATIONS
STRACT) . ag.} Saha, 3. (3iomechanics lab.,
Jrthovedic Surgery, Leuisiana State Univ. Medics
tar, Shreveperz, 1A 71130); 2al, a.: Reddw,

AlSright, J. A. In: Transaztions 1f tha 3ecy
~ual Meeting =f the 3iselectrical Resair ind

Saciety, teli on 29=22 Fectember (982 in 2xioard
land; 1:39; (981 3




E%ects of Nomiomizing Srectromagnetc
Radration VI 2-4: Juty 1983

lacudating <en 2g@s were used 1noan
evaluation o tH erent nulsing ele
tromagnecic fields om Yome 3ruweh. This Dodel swsiean
was chosen due to its low cost and ease of operazisa,
compared to in animal aodel. The 3zoal was To obta
1 Jose-response curve for pulsed electriomagnetic
Zields based on the criterisn of skeletil zrow: H
chick eabrve. Pulsing =l omagnetics Siald PEMF)
sf several desired shapes, amplitudes, and repetition
frequencies could be produced with three specially
designed and fabricated tunable pulse zenerators. A
pulse zenerator was used TO supply current o 4 Tect-
aagular soil {39 cam x 3! 2m, 90 curns of 14 AWG coat-
24 copper wire) surrounding 1 zZest zrsup oI ol fertile
ized chicken =23s an incubatir. These 2ggs were
2xposed I3 1 zarticular pulse shape [measured 3v 4
sedsizive probe) thccughout their incubation periad.
The conerol group coasisted :f aa equal nuaber of fer-
zilized 2235 incubated separatzlv in an sdiaceat Iom.
Several embdrvos »m both Iroups ~ere examined from

Zavs 7 o Il af incubation. The embrros ~ere oea-
sured, weighed and their bones stained. Altogether,
seven batches of 2ggs were examined, 2ach batch ex-
zased o a Jdiffereat pulse shape. ©<ne pulse shape

<ita pulse wideth of J.7 asec, a duty cycie of 49¥ and
etizion ce of 205/ sec produced an increased
rage Of 3=owrh £or the embrvo and its skeletal system.
“mwewer, for all other pulse shapes examined, the test
zroup in general showed a Je ased rate of growth.
Sones from these zest groups of embryos were also
r cempared <o coatrols. Similarly, the bending
of tidiae ind femora from these electromaz-
-—ecizally stimulated eabryos was Less than that of
zhe coateoi gfoup. The resu indicate that 2mbrys-
Ais growth can e modi alectromagnetic stlizu-
lation.

2820 JBSERVATIONS ON THE IFFSCTS OF 2EMFS oV
TR0  MACRCMGLECULAR MODELS ‘MEETING AB-
STRACT) . g.) Anderson, &. M. (3io-Medical ZIngi-
neering Urii, c-o The Medical Inst., Hartshill, Stoke
an Treat, Sctaffordshire, Zngland); Hastings, 5. W,
In: ansaccions of the Second Annual “Meeting of the
3ioelectrizal Repalr and Trowth Societv, held on 20-

212 Seprember .98 ia Oxiord, EZngland; 2:63; 1982,

An in vizto macromolecular svstem developed to model
enllagen at 3 fracture site
The aiz was

2 bone is described.
studv the effect static and pulsed
ids on the orientation of simple, well=
charactaerized zmacromolacul2s  during polrmerization
and thereby lavescigate this aspect of nen-uaion
traaraent. This study will be extended to more Ise-
zic collagens, i1nd to regeneratad collagen
lanide or mixtures with sethyl =methacry-
late, strrene or dizechvlamino athvlmethacrrlate,
aqueous ¢ alcohol solution, were cast 20 gilve
filas of homo >r z2oolvders on glass slides following
iqitiazion af odolvmerizarisn v uitraviolet radla-
an. The samoles wers sub’ected to sfatic ar pu
scirsmagretic 2lds (PEMFs) Sefare and duriag

2rization 2racess. Tonventional Light aloros-

Meeting Abst

tive

TING ABSTRACT!.
(Electro-3isiogy Iaternational
Southampton 3t., Reading, Ze
land); Gastom, 5. R.: Rvapy,
3f he Second Anmual Meeting
nair ind Sraweh Secietw, held on
in 9Jxford, giand; l:inl; 1982,

A study initiated >7 yr i2s 1na
derailed information on the wvalue
magnetie fialds {PEMFs) ia the tr2atment
is presented. The traatment protocnl
applization of a plaster cast to contral
salection of appropriate noi and &
correct placement of the non-union within
anr fleld; treatment periads of 10=12
non-weight bearing for lewer 1iad fraccures fur
initial stages of therapy, 4and a graded exeriise
gram once signs of “ealing werz evident. 2Eora
on every case treated with PIMFs was storaed on o
ter to peramit sudsequent f2gular an lv¥sis I 3
aty of fumctions. Jata are preasented
anunited {rictures which have :.mp
rently being treated with 1 :oucse of
The accumulation of data on i
provided a unique pportuni
the overall success rate of
(75%), but to examine in Zlept
factors as reacti £ o
the ptesence »f nard<ate :n
ultimate sutcome »f PEMF

in the subgroup of
anv operative intervention

5f PEMF cherapy was compared Wi
series of non-unions iresced solel’
ods and e-rtablished a1 case Iyr the
tion of “inFs 1s 31 r2asonable 1lzearnal
sroceduras.

7622 ELECTACMAG!
A ZUROPE
STRACTY.  {Tng.: dinsenkamp, .
die=Traumatclogia, Hanital
Lennick 308, 1070 3russels,
Iar Transdc

raby,
snnual

iaz
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2xperience using cylsed cleczrimayne
The treatientc aonunise Ls
7, =ore than zases 2 ron=union
Zave Heea treated ~ith PEMFs ia var:iwus Zuropean ar-—
thopedic centers. OJme »f the acst sizgnificant Zac~
ing traatzent uiiome is the Iype of aun-
union, with a success rate of 37.3% reported far av=
perzrophic nonunicsn as compared with 33,11 for atro
ohic nonuzion. Also, the anatomical locatisn and sex
27 zhe pactienc ippearad td have a Jetarainart 2ffe
e age T Ine natieat or other ntistorizal daza, “ow-
er, 7ad 12 lmportant eifect on freatment sutzome.

By

4 comparison of the treatment rasponse > the non-

iaion population of the U.S. with 1nat of Zuropean
:

few

PROBLEMS OF THE 5LP ENTARY
CONGEZNITAL PSEUDARTHRTSES OF
A AT CTRIC AND ZLECTROMAGNETIC FIELDS
A3ST2ACT). Ascherl, R. (Iast. Ex-—
serimencal Surge Univ. Muaizh,
2t Srrasse 12, D-3000 Munich 30, W. Germany)}; veon
in2nstein, A.; Lechner, 3lumel, G. I Trans=
ictiong of the Second Annual Meeting 2f the Bioelec—
Ttizal Repair and Jrowth Society, heid on 20-22 Sep-
mher 1981 in Oxford, Zngland; 2:63; 1982,

e denefirs of 2lectric and’or electromagnectis stim-
wiacion iz cases 3f congenital pseudarthroses of the
9ia are evaluared. Iignct zatients wizh congenizal
Jseudartirnses were ctreiced by means If electric
The :ases were zonsidered ro be true
Toses; aone of the patients suf-
Sromatosis or fidrous dysplasia.
:zases the Xraus-Lechner systea was
4ddizion o surzerv. Jne patient had “een
eated with pulsed 2lectromagneric fields. The leg

¢ the patients oreratad on by iaternal fixa-
-rad; had been amputated; after
al satisfving callus farzation pseudarthrosis
recyrred again. Jne f:male patient was also retreatad
because 2f a racurrence of the pseudarthrosis. 1In
<wo further cases a bSezinning asrtaolr reaction was
observad 2xactly in the ragion the raer pseudat-
=hrosis, although after tne inizial treatment the bone
#as stable ind zonsaiijated. These patients are under
=heraoy neans  of the ternal pulsing magnetic
field wnich seems o be able o prawenr progressin
ssteoresorption. Usuaily the  electric  treatment
rages uch longer than i1 cases of acquired pseudar-
thrnses. r zases healed afzer only one Zurcher
surgeey “3iliwed sy eleceric scimulation. In cases
37 1omgenital oseudartardses additional creatment HY
flelds seems to e nelaful, but is not as
czessful 1s in lises 1011088,

Jiolegical Er'ects of Noroning E-esiremagm
Raciation Y241 Juv 1383

thopaedl: jurgers, Adelaide IR
Liam Road,

od 2f treating ionge:
idia sing 3 constant ir2ct  uftenl -5
serided. Suring surgesv pseudarthrosis and
marmal tene are = AVLTY e0We shortening.
b aligned ad neld with an

~ail (3te:rman ?‘n), passing rthrougn
Aty the oas :alais. The cathode of
{ntn the ;seudartnrosis site whi
ed. The implantanle battery supp
2inizua 5 mo, aiter which it i{s remove
fe 1) cases ireated so far, l4 nave united ind
are still andergoing In several of
patients iT Ras proved necessacy to iaplant 1, .
in ore parient, J harteries defore on zoul
cnteved. e ilé refractured after the ineri-r
dullar¥ nail Jas remogved it | vr; 1t IS now redc
=endad that nail Se left im situ fer a: lsasc
v. The shoezeaing af ed leg cutter
spcatanecusly 0ace 1aldn A4S deen 2bCiined.

825 PEJANCE  UF [

LECTRIC RESTSTANCE axD
ISSUES (MEETING ABSTRACT).
. (Dept. ONrthopaedic 3Surgerw, Muraxami eaor!
Hosp., Gifu Coll. Jentistrv, i=n Wakamiva-cho, 73i:
Japan 307); Inoue, 3.; Xajilkawa, Ibaragi, *
Sasaki, in: Transactions of the Second Amm
Meeting of the 2lcelectrical Repair and Jrowch So¢
etv, held on 2022 Zaepreaber 1981 in <xfard, Zaglar
2:93; 1982.

Eleczric resistances >f tissues of “one, =uscle

blood of adult dogs wer2 deterzined by <zeasur!
interelectrode pote 415 in vive using a I0=uA o
stant electric current sCiTuiaior waich had Seen us
n clinical :ases Por non-union. The resistance
bone w@was 9. «Chm 23 7)), tuscle <) koham (.78 .
and blsed 32 XChm 1.04'. The interelectrode zote
tial using skin 2leccrodes was much higner than ot
using bone electrades. The impedances »f zissu
were obtained wita 1 ¥ohlrausch bridge of 300 -
The lapedance of Sone was !+ Shm/:am, wuscl2 1D F
ea, Slecoed T3 Thm ca, “idney i) thasca and
Jhm/em. Tlectric  stimulatar zlacirodes
inserted incy> “ore ind {nsulited
such as musecles 5o avold shorz ircu since Jusc
“as a higner concductivicy than “one. In this wa
rreat 2an be obtiined along the hone, 1
e cur:ient 15 effective for new done Iormati:
when the skia 2lectrade (s ised, it should de lar
sncugh and also sheulld ve ood  1InLacT 1 Tedu
2leceric resistince  and ter2lodtroce  doten :
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she 3econd Annual
che 3iselectrizal Renparr ind jrowth Socte-

=22 September 1381 in 2xioed, EZngland:

luence of dfirect curranc (2C) =nergy on hone
i studied i =+ white lJutch rabbi
of varving iaten
rrencs were applied by alatinum elec=
in, the second either 4arcund the
ar implanted it sonme distances.
20 or 3 uA were used, vith potentials
raTring = en 1.5 and 3.2 V. The zaximum curreat
<as caleulated at J.3 uA/omd 2lectrode sur-
The results were evaluatad on fiae grain 3
2, and on decalcified histological slices of
= thickness by an image analyzer. The amount
> bome feund at the scimulated side was expressed
as cercentage of its heterolateral control. In the
zrcup of zedullary ancdes faced by circular cathodes
1 significanc increase of the amount of total bdone
stimulated femur «as Zound in the viiinity of
e alezzrodes and also more proximally, especiaily
Zsr zhe low current densizy. Periosteal and endo~
st2al bone Iormation were stimulated equallv. How-
2ver, in the groups of medullary cathodes faced by
seriosceal anodes, an imsignificant inhibition was
aotad. The group of medullary anodes with distant
:athodes showed no significant difference. Again a
nificant (p<0.95) stimulation of both 2andosceal
ing periostzal bone formation was observed in the
zroup th a2 medullarv cathode in combination with a
iistaat ancde, as well as in the group of circuiar
zathodes with distant anodes. It is concluded thac
the orientation of the electrical field versus the
soiaricy of the electrodes was not an exclusivelw
ietermining factor in DC bone stimulation because
3oth scimulacion and inhibition were observed adja-
teqt to the cathode dependiag on the location of the
inode. However, stimulation never occurred with the
zathode at a distance. The tested potentials and
zurrent intensities stiaulated ia a siailar way.
e densitometric evaluation was in accordance with
nhe nistolegical findings. The latter had the advan-
zage > allowing a precise location of :the bone re-
aode.liag.

3627 SLECTRICAL 3TIMULATION OF FREEZZE-DRIED 3ONE
ALl ING ABSTRACT!. (Eng.) 3ran-
3. (Zenta! Res. 3ranch, Stop 413, Naval Medi-

Insi., 3e
.3 Libeff, A, R.; Yeandil:, 5. S. Ia: Transactions
2f the Second Annual Meeting of the 3iselectrical Re-
2at wth Socterv, held on 20-12 September 1982
aglang; 2:57; 133I.

sda, ¥D 27814); Tripletr, R. G.;

2air ind
In Ixised,

Meeting Abstr:

1l.ogune

surzical

reeze=driea 1lligene
eeze-dried allogeneic
. : am in ifamete
iczive slatinum electrode was impianted wnich
vered 10 uA supplied by a comstant current gener:
iaplanted beneath the skin on the lorsal surface
the neck. The contralateral side vteceived 4 X
slazinua »lectrode without current. futpuz Ircm
cower pack was recorded ix through 1 de canc
lead. Bone repair was assessec Yy SequenZial
mento-occlusal radicgraphs and quantitative raarxn
tide imaging with 99MTcomerhviene  diphosphar
tatarfaced with a medical computer at i, 2, =«
and 8 wk. d-point evaluatfon of repa nel
quantitative and subjective wmobility gJeterminar
and histology. Zight of 12 animals were free
<omplications and sultable far data dina is.

though the overal! Jdegree of healing, 15 =vider
ay the uptake of radio-labeied diphosphonats,
only marginally inproved for the electrically st
lated defects 35 zoopared to the concrols, there
a clear trend in the dacra suggesting a reak in
effectiveness of the electrical stizulation post
erativelv it 3 wk. This effect was aiso Jbserve
changes in the ective resistance of the der,
which reached 1 ainizum Setween 3 and + wk falls
surgery. 1t should be stressed that the use
2%eT,e aptake bone defects, coupled with comou
aided analvsis to obtain relative levels »f dip
shonate uptake, zay represent the most precise Je
vet developed :o assess the effects of electr
stimulation in bone.

2628 FLUORESCENT MICROSCOPIC INVESTIGATLCNS

THE B0NE HEALING UNDER STIMULATION =
®OLAR PULSE CURRENTS AND INTERFERENCE CURREN
ANIMAL EXPERIMENT (MEZTING ABSTRACT). (Eag.) $
bert, Th (drthopadische XKliaik der Medi:z
Axademle "Zarl Gustave Carus', DDR-8C19 Dresden, 7
cherstrasse 74, £, Germany); Kleditzsch, J.; Woli,
3eer, L.; Hellinger, J. In: Transactions of the
ond Annual Meeting of the Bioelectrical Repair
Growth Society, held on 20-22 September 1982 in
ford, England; 2:68; 1982,

The effect of stimulation with bipolar pulse curr
and interference current on bone healing was inve
gated. Cross-bred rabbits of =ither sex were os
tomized on the left proximal third of the tibia.
animals were stimulated wusing the bipoiar sgu
topped pulse current procedure (! Hz and i3 Hz,
spectively + 25 amd = 3J A, respectivelv, in
sitv, permanent stimuiaZion) or the terference
rent procedure (csciliation frequency (CO Hz, tnc
ity 1 o=2a, 4 ilrY.,  An estzotomized grous se
as control. The -indecalciffed hone seciions
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- edl
15 in the

ua Tative ELER
1nd endosteal accumulition seams s
ar2a the Haversian
3f muliisle variance anal
<3as fuad ia all animals within the regi
srposize side

s1an T2modelld 2 Wk Jas
the 1nimals W“hich Jere osceotoajzed enlw.
not be Jerecred in all elecericaily scimu-
3roups.  Ia the interference current procedule,

3w means
L reasziun
moof tae

firse

de=

articsneal and eandosteal areas e opposize side
massively increased accumulation withia the
wulacing region. The alectrical scimulation lead

wrtening of the fracture healing period b

2ing the 3
rsian femode.l

scgurring delav of the
ures and osteotomies.

CHNICAL PRO3ILEMS OF THE IMPLANTABLE 30NT

STIMULATORS MEET! AJSTRACT) . 7Zag.)
Guzzler, 2. (MTE, Medizinische \kademie "Carl Gustaw
TaTus,” OR-2 Orzsden, Fetscherstrasse T4, =,
Sermanv); Xleditzsch, J.; Hellinger, J. Trans=
ens af the 3econd Annual Meeting of the 3iselec-
cal Repailr and Zrowth Society, held oo 20-22 Sep-
aper 1982 ia Oxfard, England; 2:69; 1942,

n

Tecnaizal praoblems encountered {m the use of implantc=
1ble done stimulators are discussed. Implanzable
stimulaesrs and the a2lectrodes attached therers aust
E ssue-tolerated and corrosion proof. The geocme-
zal zomstruction of stimulacors and electrodes is
v impertant as well as the optimal construction
>f zhe isolation of the fixing slates and screws when

thev are appiiled. Problems in the choice of suitable
satzarias are discussed.
BLED} THE ENVIRONMENT 2RODUCED Al 30NE

TRA 3¢ INDUCTIVE COUPLING (MEET-
NG a3STRACT).  (Ing.) ars, F. X, (Dept. Physi:s,
“'niv. 3outh, Sewanee, T 37373; Marine, A. A. In
Transactiorns of the Second Annual Meeting of the 3io-
czrical Repair and Growth Soeierv, heid on 20-I2
September 1982 in OxIord, Sngland 5 1982,

esuizs 3f a calculiacion o rield the dependence
the =2lectric field and current densizy upon the
E es nof the >one and adjacent soft
ssge, “one and sof: tissue jeometry, and character-—
iscizs af che applied magnetic fileld are presented.
zation of Faraday’s Law >f Induction and the re-
tuizement »f econtinuity of the tntal current der
sonduztinn slus displacement) at zhe bone soft=ti sue
sields an axpression for the 2lectric field
r the case of aa
pi=.71), for
and = are com-
3f The conduggivizizs and permit-

T Chalch e es e 2 E e R

Zioiogical £%cts o Nomemzing £
Ragraion Y231 Luy 1593

The

uvency ind nul
cal 2nvironment 4t the Iract
§ the changes in zhe =lectrizal
fixed treatment srocedurs; as the
nealing wil 1130 be descrihed.
the Tesults will lead t3 4 Detser
now T 2lectrical environauat at
depends 91 the parametars o the app
thus =0 iaoproved Iredtsent procedures ~

263l PULs
THE TREATMENT OF
IRED PSEUDO-ARTHROS
STRACT). {Zng. fCadossi, R. 1

Hamatology, Univ. Modena, ?aiicli
<1130 Modena, Izalv); Glancecchi,
a: ansaczions the 3Sacond
3icelectrical Repair and Srowt
22 September 1982 in Jxf
tefs).

The use low 2quency pulsing 2ieczromaygn
fields (LFPEF) for the treatment of delaye
acguired pseudo-arthrosis and craphic ulcers Is
cussed. The unit utilized has higzh impedance ¢
supplied with 200~V electrical cemsisn. Th
shape used has the following characteristics: o
75 Hz frequency, 3 msec impulse leng:h, square
shape, risinz edge in the order of zagaitude
asec. Patients were admitizd =

the protuecal 3

only iI Ture .asted least 5 mo Wizl
healing trazatzent was parforned 2 oar

The mean length of treatment was : =o0.

tients who completed the treatment, 4! reales W
+ had 20 benet LFPEF therapy can Ye consid
very useful in traumatolegy, »sarticular in
case 2f delaved unions and acguire? pseucde-arihir:?
Ho significant side effects wer: sbserved.
ing »rocess appears to te Jediated ov a st
lation of periosteal callus Zormation.

<5

1632 SLECTROMAGNETIC

TORTIZAL  30NE ; £

g., Zehner, J. 3. 1140 Salez-Woccs

7, 3alem, NJ 23079). T T H

3f the Second Annual Meeting of the 3ise

pair and Growth Sceiectv, held o 1=
1982 in 7xford, Zngland; 2:72; 1982,

The effects of zlectromagnetic stipulation of
dried cortical home graics <ere studied L
T Tenurs  «as




Etects of 5 E.8ct
Raaiation VINZ-41, July 1283
iried and  ised 10 =ake 3atched  cortical grafrs.
It wersa surgically lmolanted into aduit YNew

Zealand rabbirs and “in-laved” over the lateral cor-
the anin‘ured Jemoral diaphvsis. n the con-
trol 2roup, the animals were gplaced fa dumay coil
cages 3 davs Wk for 5 nroday for 10 <k. In the Ireat-
Aent group, the 1nizals ware placed in cages with
active electromagnetic stimulation coils zalidrated
22 3lve 1 szandard wave form to the area of the fe-
moral diapaysis. The animals were treated for the
same zime period is concrols. The grafts were har-
vsasted and studied histolegicaliy by lighc micro-
scopy, uwltravioler microscopy and scancing alectro-
alerasensy Of non-decalcified cross sections f the
recipient femurs with attached cortical zrafes. Zom=
sarison >I zatched pairs revealed a signifizant
srease in one Sridges frem the corfex of the reci-
2lent 5 the endostea’ “urface of the coriical zrafrs
and 1 significant advancesent of the stages of "creep=
ag and "osteogenic regeneratioa™ of the
corzical grafts.

03l N VIVO SKELZITAL MOCIFICATIONS OF CHICKEN

IMBRYOS UCED BY ZLECTROMAGNETIC FIELDS
(MEETING ASSTRACT).  (Zng.) Rooze, M. {Laboratoire
d4Zzbryologie 2t d'Andtomie Huzaine, Hopital YUniver-
itaire Zrasme, oute e lennick 308, 1070 3russels,
3eizium); Hinsenkamp, M.; Duchaceau, J. Ia: Transac-
oms of the Second Annual “eering of the Bicelectri-
cal Repair and Growch Society, held on 20-22 Septem-
Ser 982 ia Oxford, Sagiand; 2:73; .982.

Stel.atal zediffcations 3f chicken embryos induced by
electromagnetic fields wers investigated in vivo. A
cer 4 davs incubation, chicken eggs were exposed o a
sermanent julsed electromagnetic field for 100 or 150
ar. Both wing and ieg ossification patterns were ex—
amined. On caiibrated pictures ctotal leagth and
length of primary ossification points of the stylopo-
dal and zeuzopodal bones were measured. The results
indicated: (1) no edema and no maiformation in embry=-
7s submitted fo electromagnecic fields; (2) electro-
zagnetic-field-induced increase of the embryonic wt
w#ith more pronounced wt gain in cases of prolonged
2xposure; (3) increase in bone length, 2specially of
the more distal segments maialy in the leg; {4) ear-—
lier onset of infection in activated embrros comparad
wizh controls; and, (5) larger ossification points
oi the activated embryos. The resulis also indicace
that the posizion of the eggs betweea the cuils is
tant and seems to illustrate a specific effect
he electric field.

SHINNS 3Y
“ULAT
L. fZect. Grtnosaedic

burzszzasse I, 3 o)

CTRITALLY PULSED

Meeting Abstr

SToweh Jociety,
fyrd, Zngland;

Results ia five rongenizal ina
»f bone, stimulated 1isiang a2
teported. The unit celivared
right=angled current of
20 to 25 wA {730 mV) az 2 2quenc
power nack encapsulated in epoxv resin
at the time of operative Iragment
zathode was inserted at the site of
After I o il mo, 21l but two of the iesuired
aafons and one of the scngenital zseudarzh
ed In the unsuccessiil  cases, Tae Hone ands
necrot quirea =2
<ires or =xsiritian
ailed wing Io zurulent
tion. ZElectrostimulation Is in adiuvant treat
to ‘ragment stabilizacion ia avooreac ind ¢
rascular or  iongeallal  sseudarIiroses.
stimuli 2av be assumed oo sizulace :ondizions o
irs: sssencial for Sone healing.

tacion because
batterv, ind twe cases

2635 ZLECTROSTIMULATION  AND  SONE

{MEETI! ABSTRACT). )
(Depc. Jrthoraedic Surzerv,
surgstrasse 2, 4000 Fraaxfurt, W. Jermaay);
Transactions of the Second Meezir
the 3iocelectrical Repair
10-22 September 1982

Clinical and experizental Zindings concerning e
trostimulation of Yone growch ire reviewed and
inary results of one ongoing stu which ass
polarity to he the acrive srineiple underlying ¢
trostimulacion, are oJresented. an iavescig:
emploving rabbits, the inode was inserted
epiphysis and the cathcde int2 the aecapl
vice versa. Retardation of bore growth (7/1C rabt
was observed In both experimeats, while %o ani
showed accelerated bome grawth and one, 30 di

PLEL TREATMENT OF NCN-UNION OF THE FEMUR
PULSED ZLECTROMAGNETIC FIELOS {MEETINC

STRACT). 'Eng.; Delport, ?.; (Uaiv. Hos2., 3
llenberz, Beigfum): Mulizr, M.: Theng, Y.i
In: Transaczions of tne Second Annual

and Sroweh 3ocie
Jxiord, zIZa

he 3icelectrical Rera
September M
(2 refsg.

The resuiis of 3
telds 10 the trea
sresented. Two *
auter surfiice or
Ih=l% nr'da L

sdinlogiial avic
o res
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s with »rogressive loading starzed shen 3—
Tidging of rcthe gzap was odbserved radiolezi-
2allv. Treatment was appliad zo 15 i
ares 31 tne femur ~hich non-union liad been
for it least 3 mo witzh 1n iverage Juratiom
K Sepsis was present ia six patleats ind most nad
undergone tne Aperations. aian s 1chieved bSoth
2iinically and radiologically in 1) of the !5 fegur
3 s @ith a mean time »of 1) mo treatament with
o were failures (! aoputation and | after
radiatherapy). is concluged that PEMF therapy is
simple, safe and avolds hospitalizacion. This method
i3 rraferred in cases of recalcitranc non-unions of
the femur.

PHYSICAL ASPECTS OF PULSED MAGHETLIC FIELD
STIMULATION (MEETING ABSTRACT). (Eag.)
Marsland, 7. 7. [Strangeways Res. lab., Wort's Cause-
Cambridze 131 4RN, Zagland). Ia: Traasactions
he 3econd innual Meetiag oY rhe 3iocelectrical Re-
5 i , aeld an 20-22 September 1981
52.

e 2lectric and zagneric fields generated oy field
:oils driven by pulsing currents were investigzatad.
taiv of the ZIree space eld problem divides into
tw0 arfeas: spatial dependence and *tize dependence.
The spatial dependence of the nagneti: and elec
2ids was studied theoretically using a vector poten-=
sial treatment. The resulting Llacegral equations
war2 2valuated with a computer prograa, ind zhe Ilelds
2lotzad for various coll geometries. Experimental
Je3suremencs of the magnetic fields were nade with a
B proba.  They are in close agreement with the
zalculared values—-of the order of !=-20 mTesla (peak).
Zlectrie {ield values were derived Irom search coil
sedsurements on Helmholrz-aiding fileld coils which
4150 are in good agreement with calculated wvalues.
The tizme dependence of the wvoitages Laduced i a
s3all search c¢oil were studied, and the waveiorms
4ete further charactarized Sv their frequency demain
rzpresentaticn via classical Fourier analysis. This
analvsis has {orzed the %Sasis for the desizn of a
saries of new pulsed field zenerators, whose Siologi-
cai 2ffeczs are currantly uader iavestigzation. The
fundamental guestion of the interaction between the
fields and the bYioiogical material was appraached.
Small perturbation wmodels were used o approximace
the induced current distribuytion within macerials
2xposed t5 sulsed nagnetic fields.

TAl8 ZEM  OF 5. AUREUS ON CURRENT-ACTIVATID §

2T TS WLTH SILVER AMND SILVER
STZARATE MONOLAYZRS (MEETING ABSTRACT). (Zag.) Col-
=ana, 5. (Veterinary Medicline Res. Zeater, VPI & SU,
3lacksdurz, YA 14061); Faiater, L. ¥.; Zdwards, 5. S.;
3arranca, 5. 3. In: Transactions of the Second Annual
“Meecing of the 3loelectrizal Repalr aad Irowth Soci-
err, teld sn 19-22 3eprenmber 1932 in Ixford, Zngzland;
N 1382,

Biorogreat Ettects of Nemonizing Eleciroma
Aacianon VII2-4), Juy 1983

yesing ani
femurs of radbits on the
steel pias coated LT

TAZ dtearale activalec 97
sarrent tms for Lohr, were <.
£zo "5icod agar! on control,
we currz2nl treirted pias and surr
soserved bv 1 scannlng electron x
owed that: _i) Tofe baclella
than negative currenc-ir
stainless steel =2lectrides; however, aore bac
appeared in rthe negative than in e positive
rent-treated agar: (J) fewest numbers i Yac
<ere on the negative rrzac-tr2aca
trode ind agar; bacterii o 2gsiiive turrent-tT
agar were in possible
positive elaczrode su
Zformed; (1) bacterial zrowt caners
negactive current-treate? solid 4 Laxid
Ag electrodes and agar: zhe jrowth sas less feat
ihe positive current-treated =lectrode ind igar
bacterial growth was unifermly Iow on all Ag stea
coated (by =2vaporation) eleczzodes and agar ’3fe
2N control); bacteria on  negat:
eleccrode appeared swollen tuc
tant treated agar; (3) greatest radu
tial growth was seen on the pesitive current=
Ag stearate monomolecular films-coataed =lazicads
agar; {6) gzrewth was sparse on all Az =lectro

scops >
present on

i oamg or
1ppeares

rr2nt-cr

2lectrodes {no agar sample availadlel; /7; =act
3rowth was heavy on :ontrol Ag electroplated chis
eleccrodes and agar; pitred arzas 3f i =ur

reated elecirode were fres of hacteria @
on agar was heavy; Soth jegaiive current-treated
zrode and agar showed minimal jrowth.

PLER ] SPECIFIC L EQUENCIES 7OR ZELLS S

LATION aAND HEALING PROCISS  [MEETIN
STRACT) . ‘Zng.) Fellus, 7. 4. (13 rue du DJoc
Arnauder, 32190 Meudon, France). In: Transaczio
the Seccnd Annual Meering of the Biselacrr:
and Scowth Socierrs, aeld on 20-12 September 13
rd, Zngland; 2:80; 19827,

A new electric curreat and/or electric field ze
tor «as developed, which emplovs the highest fra
cv compatible with iaternational specifications,
zolarance during repeated long-zerm axposure, am
rinal effectiveress. The aratus was Jasizne
deiiver 2nergzy at ).3 2W’ecas, which § with
raspactive safetv standdris Jf the and
The nachine empioys a UHF 1iteana and featurces i
al intenna whizh can e ipplied direet!

RLED ZLECTRICAL  3TIM
AFTER ZORCGTTMY
IMEZITING  ABSTRACT,. ling., Rinaldi




Etfects cf
Ragration Vili2-3!. July ‘983

{Louisiana State Univ. Med Sch. it Shreveport, P.

2. 3ox 3392, Shreveporz, LA TlL30). In: Transactions

2f zhe Second Annual Meeting of the Bloelectrical Re-
ir and Srowth 5o Reld on 20-2I Sentember 1982
Jxford, Ingland; 2:8l; 1982 (I refs).

The increase in surface temperature following electri-
zal stimulation the spinal cord was investigated.
Zcmplete cordotomies were pecformed at L2 in four
adulz rats (2 male, 2 female). One wk was allowed
Zor anicals to recover Irom surgery and hair was re-
aoved with a commercial depilataory agent from lower
2bs and vencral body surface. Ten sites were se-
teczed for surface ctemperature measureTments. The
electrical stimulation was with platinum electrodes
‘1.5 am in diameter) activated by a watczh battery
olus 1 resistor which produced a current of 7.3 zo -
:A 2t 3.3 to 3V dirsct current. ALl selacted tem-
peraturs areas Jere measured with the stimulator on
3r off <ith a 30-min iatarval between o allow for
adjustmenrs 3f the subject to experimental or control
zsnditions. A thermistor probe (YSI #4098) designed
<> be taped on the skin measutes temperature change.
is theraistor had a time constant of l.l sec, the
equired for the thermistor to read K3Z of a
iaposed teaperature change. Approximately 3
2e constancs” were required for the probe to de-
zeraine 997 of the total temperature change. This
theraistor was attached to a tele-thermometer (¥SI
#43TK) to obtain temperature readings. Each reading
vequired approximacely 5 min. The results are pre-
sented graphically. There ¥as an average Lacrease
of zemperature of the body surfaces azeasured from
2.27 o 3.91°C. This was the first study to Jeasure
direct electrical stimulation of the spinal cord and
the resultant temperature changes on the body surface
in anizals.

BLTSS A PILOT 3TUDY OF A CASE OF LONG STANDING

DEGENERATIVE O.4. [OSTEQ-ARTHRITIS) OF BOTH
HIPS (MEEZTING ABSTRACT). (Zag.) Rakshiz, A. K. (12
rlev 5t., London Wi, Eagland). In: Transactioas of
the Sezond Annual Meeting of the 3icelectrical Repair
and Srowch Sociery, 7eld on 20-22 September 1982 in
Sxiord, Zngland; 2:32; 1982,

The use of vervy low frequencv pulsating electromagnet-
1) 2nergy in the zreatzmeat of a case of nsteoar-
s of both 2ips is preseated. IM energy (field
incensizy, 100 G; 30 Hz) was applied (nitially for 27
ain on altarnate javs, then 2x/wk, and zoward the end
af the course of atzent, Ix/wk. The radiological
aopearance of the lefr hip, which was the aore affect-
od, was significantiv improved. Ta the right hip, the
radiological appearance was ilmost norzal. It is con-
ded that IM irradiaction helps reverse the patholiog=
icai thanges of ostecarthrizis in the earlv stage of
it3 developmenz.

Meeting Abs!

AGHET
ABSTRACT!.
allzhicurziscne <linik A
faus, 3=3h00 Banmbery, W

of the 3Second Ann Heas

an
ulation with «lectromagnesiz
67 cases of pseudarthruses of lomg fudu
in + cases of osteotomies v use :f in Iazlante:
according to :the aus-Lacnner 1ethod
The cases include: 12 =sseudartirases
neck, 12 of the femur, 30 of the
zerus and 3 of radius or 1
the cases there were infected pseudarthroses
with larger defects. A precondizion of 4
<as a regular osteosvathesis with places, -
ateur externe in the zreater part combined with
logous bone graft. Postuperative stimulatinon
alactromagnecic fisld was periormed on the i
2f o=3 wk for % hr daily, and
The 4 osteotomies healed guic

i some cisas L
ly without »rol

in most of the pseudarthrosis cases there was
plece consolidation of bone, especiallv the
lem cases such as pseudarthroses of 20ral

or defect-pseudarthroses with inilammation. Se:
six percent of all patients had sreviously unde
one ar wore gperations ~ithout success. In %,
the patients application of alectromagnetic st
zilon after surgery resulted in complete bone

ing. In 4,77 of the cases success was osbtained
changing the procedure once amore with renewed 33
ation. Only in 3 cases (4.7%7) was the Irsatmer
atfectual.

0643 THE EFFICACY OF ELZCTRICAL STIMULAT!

EXPERIMENTALLY INDUCED X0 NION
OF THE CANINE TIBIA (MEETING ABSTRACT).
darcington, D. (Pennsylvania Zoll. Podiatric
cine, Philadelphia, PA 19107); Waiter, J.; %:
T.; Chen, T.; Bodamer, W.; Black, 2. Ia: Transac
of the Second Anaual Meeting of the 3iselec:
Repair and Growth Society, held on 10-12 Sept
1982 in Oxford, Zngland; 2:84; 1982,

A new method of creation of in 2xperimental non-
Iracture aodel is presented and the results of

vestigation of the biological =veats ia 2lectric
stizulated claosure of 4 non-unisn fracture are re
ed. Forty=five =ature adult pure-bred 3eagle
were divided into three grouss: 5Sroup A consist
animals receiving bilateral zibial sstestomies &
in one leg served as 1 contral and the nther leg
ed as experimental. Sroups 3 and T each raneivec
lateral osteotomies with Group 3 serviag as e»
zental animals and Group & serving is a contzal
inirial surgical procedure (Phase [} was Jesigzr
create a non=union fracture, wnile I a senond ¢
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dure (Phase II), contral ot =zxperimental electridas
were inserted iato the non=univa gap. The post-surgi-
cal duration of Phase [ was 36 Jdavs, and the posc-
surgical period for Phase II was 18 davs. GZach sur-
zical irea was x-rayed immediateiy ifter creation
the non-uaion, at the end of Phase I, it the dezinning
aad at che end of 2hase I Samples were retrievec
at the end of Dhase II and prepared for coiogy or
scaaning electron ajcroscopy. Samples were studied
picrascopizally to Jetecamine the qeality and nature
of the tissue-tvpes appearing in the surgically
sreated defect, degree of vasculari:iy and the quali-
tacive assessmenc of new »Jstecid ind bone. Control
seztions showed on 3mall amoyats af bone rmation,
wnerzas new Sone ippearad =2 asively ia the elactri-
zally stioulaced samples. Samples prepared Ior scan-
niag eleceron <mizrsscopy were observed for clssue
aorohology, twpe aof new Sone, .avel »f ossification,
and specific mineral :oncentration and localizationm.
These studies confirmed a greater rate of ost2ogenic
L in =2xperimental samples
versus controls. X-ravy studies throughout Phase I
and I :oncurrad wizh the 4istological and scanning
2legzron micfeoscopy data.

Pl

ZFFECT OF CROSS-LINKING ON STRESS-GEN-
RATED POTENTIALS (SGPs) TENDON (MEETING

{Ing.) Steinberz, . (Dept. Nrthopae-
dic¢ Surgery, Univ. Penasylvania 5ch. Medicine, Phil-
adelphia, PA i9104); “nger, A. S.; Jimenez, A
3ashev, R. l.; Pollack, S. R. Ia: Transaciions >f the
Second Annual Meeting of the 3foelectricai Repair and
Groweh Socierv, 1eld on 10-22 Seprember 1982 ia Ox-
Zord, Engiand; 21:35; 1982

ABSTRACT) .

The effect of cross—linking on scress-Zenerated poten=
zials (3GPs) ia zendon was investigated using dry
specigens 0 ellzlaate the riie »f streaning pcten—
v-two sections > canine Ilexor tendon
ided inco tWo =xperimental and two control
treated for 25 ar ac 12 T with forzaide-
{ 2.3), doth active
g 31gents. treated with the
apprapriate duffer alone. thorough dryiag,
specizens ~ers subleztad o 4-poinc bending ia an
2lecerically shielded eclimare chamber with serfal
iefsrmations of 75 o 173 microms. Potentlals were
2easured Srom dpposite surfaces with platinuam elec~
zrades and wers cecorded simuizaneously with load
and defnrmation. Thare were no Jdifferences hetween
zhe siscrrical waveforas or the gzolarity zenerated
trezated and c2ncrel speci-ans, bSoch of whi wera
sizilar 73 woist Jacle teme.  The vcltages, however,
wsera sigrificancly el2vatsd by creatmeat w<ith hoth
farmaldenvde and 2lutarildehvae. Analvsis of load/
irves  stewed  that treated specimens
than zoatrols. Increasiag the aunober
llagen v treatment with
E z3used a sianiricant
aav J\erei)re e postulazed

F: B axs of :zolligen
jeneracion I 22tencials by tendon

z1at the
7lav o3 Ti.e L0

Srorogical Etfects of Nomomzng £ 2t imag
Luy 382

Ragianen Vi:2-4

and sone. It
whether this
is presumah

ILES]

ABSTRACT . 3.) M!'a "3isme dIIL) 0.,
Dept. Orthopaedic Surgerv, _:L.:.ana stats :
cal Center, Sh epore, La T1120); dedaw
Transactions of the Second innual ‘leeting ot
electrical Repair and Zrowth 1
September 782 3
cefs).

Ad
termination of the speci
properties of compact Sune Icr 4
A gain-ghase seter {Hewlet: Packard, ‘“focel ‘5 5A.
nsed {n 1 reference reading Ty estizmate wi
and cable :apacizancs. A second measurezent was

with a bone specinen. Trom the difference of the
raadings [maygnitude and shase of an output o i
voltage), it was sossible to calculate the resis

and reactive comgonents of Hone iapedance.
values were wverified bv :aking anot!
pendent readings with an L{R nezer
Model 4152A). The measurements were repaated it
eral frequencies starring from i o | MHz.
nigher frequencies, the impedance values showed
crease with increasing Ire
tance (R) was 7.3% xOhm/cm and the spec
tance (C) was .16 nfarad/ca for Iresh Sovins
tudinal zompact bone specimens. The impedance ;
erries were direction dependent showing the 1inis:
pic nature of bone. The calculated iapedance w
based on R and C values opeasured at one
agreed well with the measured wvilues for
quencies. The result indicates that b¥ using
differential technique, errors due o scray 2al
tance c¢an te eliainated while neasuring the v
impsdance properties of bone.

pLLLY 0N THE MECHANISM OF 3IoLoGICab
{MEETING ABSTRACT). (En3.} Cheng, ¢
Biochemistry, Univ. Zouvain, 300, Louvaia, Belg
Hoogmartens, ‘1. J.y Mulier, J. C.; Sansen, W. '
Loecker, 9. Transactions 3f the Jecond A
Meeting of electrizal Repalr and Jrowth
i septezier 1992 ia xisrd, Iag

The sechanism 2f Hdiological 2onduction sas Iaw
zated bv 2xamining the direct 2urrenc {3Ci <ondu

ire of rat skin. Tresh skin strips from Dar
rats wera isolated, red and =lamped it 3nth
with a pair f stainless steel alecrrades. R

tance ind 7sltage Jeasursgents were nade [ameai
with an 2l2ciromec:r.  Toilowing the inizial dea




gicar Sttects of g Elecrremag
Ragiar:en VIIZ-4), Juy 1983

Fents 3 new ser Of readiags F
zaken after Jdrring and <eighiag.
sequent readinzs at iiiferent rize
irying #ers recorded. The resistivity
=as thus zeasured 45 3 Zunction of watar confent.
ow of current {charge traasfer) was fougnly e
aatad Sy the change of proton concentration
37 crotonation and depratonation} which was zoniiored
v the 2H change of cellular homogenate. It was
found that the resistivitv of the skin increased al-
as the wet wr of the tissue decreased.
The 2C :onductivity observed was a4 function of water
content 3 the skin. Protons were produced at the
anodic irea and consumed at the cathodic area during
th2 cassage of 20,  The rate of proton production
4313 =qual o the rat: Y proton comsumption as con=
firmed bv oH neasurezent. The results of O0C conduct-
ivity as a Iunction of water content and the change
9 proton concentration afrer oxidarion or raduction
3¢ 430 at the incerfaces suggest that water molecules
ir: the most predominant electron donors or acceptors
indergoing charge :ransfer reactions. is likely
that the gonduction process following alectrocheai-
accions it the electrodes depends on che avail-
tv of watar molecules. With the application of
a weak direct curreat, water molecules are protonated
> = #40%) aiter donating electrons o the an-
ceé and deprotonated (M0 - A% = JHT) after accepting
lectrons Srom the cathode. Juring a reaction at e
zhe cathodic interface electrons are added and osro-—
Tons redoved inm equal numbers. Similarly protons are
idded and eleccrons cemoved ar the anodic interface.

AT A GENERALIZED THEORETICAL APPROACH T THE

JETERMINATION OF LOCAL FIELD PARAMETER
NG CAPACITIVELY COUPLED ILZICTRIC STIMULATION IN
ABSTRACT). (Eng.) Yresilovic, 2. J.
(Jept. 3icengineering, 1.9 Towne 31lZg.,/D3, Univ. Pen-
#1vania, Philadelphia, ?A); Pollack, 3. R.; Bright~
on, 2. T. In: Transactions of the Second Annual Meet=
ing of the 3inelec:irizal Repair and Growth Society,
neld on 20-12 September 1982 ia Oxford, Zagland; 2:
38; 1982 (I refs).

A theoretical aipproach is presenced, which allows the
determination »f the local fleld parameters (LFPs),
2lectric field and current densiiy, im wvitro and in
vive, tespectiveiv. Tundamental electrical engineer_‘-
ing orinciples Irom dielectric, circuit, and control
cheosry were appiied In the ievelopment. A zeneral-

tuitured in 1 vessel containing sedium.  Senerally
=nis vessel is piaced Yetween metal electrode plates,
T2 wnich 3 driviag signal {s applied. While the ZIriv-
ing signal is commonly ziven as the electrical stimu-
i3tion arameter, the ipparatus jeometry and the elec-
fle :conductivity and zhe paraitci=
s 1s 3 functicn of frequency nave
i leteraining 2ffect in the actual values >f the LFPs
during it exceriment. T2 calculate these LFPs, Ine
axperisenzal svstea MUST %e dodeied %o allow soluti
7he Laplize? 2quation with propetrly defined Soun

Meeting Abstr:

it Ls othrom
i oo
ire the

¥ 1Te the parameters

parameters,
sell snould 1 predictable response.
sideration ¢ he zeometry dind the elecirical -t
=iss, the relacionship batwesn .
and the LFP is established by solution
dependent Laplace Zquation using Laplace
aechods enabling simpler frequeacy (s) fomaia &
tions. This results in the deri 3t 1 tram
function, F(s), such that F(s)
he local eld paramezer of Interast
the driving sigmal. THe zime lomaln v
zions of the L3Ps are readilv obtained av law
“aplace Transformation. This cheoreticail ipor
was applied 2o an 2xpe ent Jhere chick chondra
cell cultures are stimulated with a1 17SG=V
square-wave. The rasu g rield and deasity |
paximum viiues of $0 4V ca and .73 =, ras;
tivelr. A second applization to the axderiment
which rat  cestochondr lunction tissue 1
wera stimulated with 3 3-Y W-xHz siznal resulze
a 150 u¥W/ecam field and a 2.4 na/ead demsizy ac ad !
xHz. Although the driving woltages i

i

chese two
seriments were separated by over two oriers ar ma
tude, the calculated LFPs azreed -o within i {1
of 3 although theit “ime degendences 4iff=rad.

Jo48 THERMAL CONSIDERATITN CTRICAL ¥

ULATION (MEETING ASSTRACT). (Znz.) Lib
A. R. (0akland %Univ., Dept. Phwsics, Rochester,
4B063). In: Transactions of the Second Annual M
ing of the 3ioelectrical Repair and Jrowth 30l
held on 20-22 September 1982 ia 7xiord, Zngland:
89; 1982,

Attempts are underway =o determine the 2nergzy

sipation per unit volume J:Z and the issociated =)
erature increase using 4 commercially availadie s
uwlator (EBL/NSTEQGEN system) zhat zenerates 1 u
signal. In the inizial series of experizments
styrene flasks in different orientations contalr
25 ml of culture medium (DMEM) were irradiated
periods of up to 10 3in. The encire ipparatus
totally enclosed in styc¢nfoam. The temperature
a@cnizored continuously usiag a fine fluoroptic I
which was completaly non-metallic, thereby ;preven!
any chance of diresct aagnetic indu on, as My N
with thermocouples or thermistors. Results o

indicated v.at the zemperature increase in the !
diated nedium was no 7more than .05 T fthe pre:
temperature resolution) bSut that the inductive o
theaselves Jere et 3

g heated to at least 2.1 7,
signal repeticion rates of 15 Hz. It exper
that the temperature cesolution will sherzlv be
sroved 1o better than .00l 2. Additional axperim
aire planned on rats. it should b»e noted, houe
that ln vitrs substances offar the possibility

zora Jeasufadle change than aight occur :a ¥ive,

=2n the addiziona. tendency o anerature Iagu.a
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resulting from the vascular svstea.

365 THE EFFECT OF GRIENTATION F  HELMHOLTD

COILS ON NEURITE GROWTY OF NERVE GANGLIA IN
VITRO (MEETING ABSTRACT). {Eng.) 3isken, B. F. (wen-—
aer-Gren Res. Lab., Univ. Kentucky, Lexington, XY
~0306); Mcieod, 3. In: Transaczioms of the Second
Annuali Meeting of the Bioeiectrical Repal:z and Groweh
Socie aeld on 10-21 September %82 in Dxford, En=
2tand; 2:90; 1982.

Tre effect of orientation of Helmholtz colls on neur-
ite growth of nerve ganglia was investigared in vitro.
3ince the curreant density is alaimal {n the ceater of
the cultura d4ish i{n the horizontal orlentation {(HO)
Sut daximal r vertical arientation (V0), dera was
collecred comparing neurite outgrowth of ganglia lo-
cared near e centar of each dish with the ganglia
the peripnety. The 'center" was arbitrarily de-
fined as the center one-third of the dish. It must
se recognized that cthe discribuzion of the current
iensity changes <ramatically from H#0 o VO due o
farent boundarv conditions, but on the bottom of
che 2ulzure dish, scme 3eneral comparisons can be
2ade. For the H0 the current deasity varied in a
linear fashion from zers in che center of the dish to
a maximum at the outer edge, while for the V0 it
raried nonlinearly from maximul La the center TO zerd
4z the =2dge. Dorsal raot ganglia (5-7/dish) from 3
day chick embryos were placed in gelatinized culrture
dishes which were set between Helaholtz coils {n the
llowing manner: in che Y0, five dishes were set one
on top of the other; ia the HO, zwo levels of four
ishes each were set between the coils. The dishes
<ers exposed to 1 single pulse waveform (15 aV¥, 325
usec positive, 20 usec negative, 72 dz) for zither 2
days (conmstant 2xposure) or for 2 days (12 hr on/off).
After 3, +, and days in vitro the neurite curgzrowcn
‘%0) from the zultured ganglia were scored on a basis
" to +3 max. The results obtained appeared to
iepend not onlv on the orientation of the coils Sut
aiso oa the tatal time <f exposure. after 3 days in
#itro {3 DIV) zanglia ia the center >f the disnes ia
e 0 experinents ‘where the current densicy is high-
253} had 3 higher NO score than Zanglia locatad slse-
shere. At 5 DIV, cthis sictuacion was reversed, i.e.,
aeurite outgrowth score of ganglia {n the center de-
eased Lo 4 lower score than the resc of the ganglia.
In the HO axperiments, it 3 DIV, ganglia in the cantoer
2% che dishes (where the current density is the low-
st} exhipited a lower score there than found else—
shers. At 3 DIV this situation changed so that can-
crally located ganglia outrscorad those located in
sther ateds. <The data suggest that gzanglia located
i1 araas recefving high levels of current density
from pulsatile 2lectromagnetically-iaduced currents
ire scimulatad to produce ia iamedlate response which
“hen ~reases #iCh Zime, while areas recefving lower
lavels of urrsat demonstrate a s.owly increasing
response Il Iz is concluded chat boch curreat
lens ind zize serve as I7portant paramecers Lo

nta

. L
tJept, 3uommil
2TTH6 ) Waches
Annual Meating 5f the
Societv, b
zland; 1:91;

famlectry

Saztemier 1990 in

generation
fnerve eutfl was con
r elecrrodes {ato silasc
Loagicadin, 7, the cuff was surgicallry iapl
acound the sciatis aerve. The cuffs were normall
LJ0% larger in diazeter than the nerves o
nerve swelling as & result of dissection
Stainless steel, reflon coated cables ran

cuffs ro percutaneous zorpectors wanich et
through the skin on the anizmal’s back. Zach s¢
nerve was crushed befors Seiag loaded [ato the
The point of crush was usually within

lation and recording from the 7
trophysiological changes assoct
both proximal and distal to the crush site. I
the low 'mpedance of nerve zissue, the svsten al
delivery of the curreat to the entirze periisn
nerve within the insulating sleeve of the cuff,
eiiainated much damage to the nerve. 3atte
were plugged 1nCo the percut3nesus Ioanestors I3
ious lengths »f zime o allow direct curranz [l
i00 nA, I uA) to run from an 2lectrode (anode) be
the connector to one of the electrodes in the
surrounding the nerve. The contralateral nerve
as a control with a dummy battery pack. Jypis
the nerve was stimulated to elielt a maximal cor
action potential. The electrophysiological dat:
correlated wizh a muscle function test and histe
To date no significant difference in regeneraci:
deracted between experimental and ontTel M
This system can be used to study the effects on
regeneration of (nduced currents from externall
plied fields. The use of such induced curreat:
stantially decreases contaaination Srom eles
produczs that occurs using direct zurrent.

pLEN SFFECT  7F SAMMA-RADIATION 2

ON DNA REPAIR AND NAD™ TURN
PHOCYTES «MEETING ABSTRACT)
{Zeat. Onmeology,
eden); Pero, R W
of the Secend inaual Meet
sair and Srowth Jacretw,
in Jxford, Zaglind; 2:92;
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Siorogical Efects of Noriomizng £'ecremagnenc
Radrauon ¥Hr2-4), July 1983

Unscheduled INA syathesis (U0SF aad  celluiar NaD™T
fouls were vestlgated sfter 2xposiag human liapho-
:$ 1o avpertherala and gamma-radiation separatelv
and i1 zompinacion,  UDS was 2deasurad using 3':-!-:‘:\31-
2idine, whish is incorporatsd into the ONA during
resalr svnthesis. ucla2otides were extracted using
1 perchloric acid-methanol drocedure followed Sy KOH
seutralization aad amalveis isatachophoresis with the
a:d of an alzraviolet detector. DNA repair synthesis
<43 related ta NADT pools via the chromosomal enzvme
+ [ADP-ribose! polvmerase which was found zo have
ndamental role {a recegnicion and repalr of DNA
lamage. DS declined with Iincreasing temperatura.
At +2.3 I the DS was reduced to about 0T of che
valaes Jeteraned ac 3T T. Tollowing gamma-radia-
Tiin camage  the ADT  asools  iropped o very o
lavels, Sut ragoverad o> the original level with-
ia sr. Moderate hyperznermua (42,3 ) alrtered
2 «inetics rasulzing 1a slower and less effective
rucoverv. Heat eataent 1t +e I pridf 0 radi-
lec the cells.

Tm32 IOMUNE RESPONSE AND ANTUINFLAMMATORY  ACTI-
ED 27 MHz WAVES G A3~
3TRACT. L. ‘depr. Pharmacology ind
“ritopaedics Raifiele Hosp., Vaiv. Milan,
Milan, Izals Zosti, P.; Cal Conte, G. Ta: Trans-—
sns of tne Second Annual Meeting of the Jiocelec-
cal epalr and Srowch Saciety,
Tember 19%I in dxford,

s an Slsod, iamune respounse and antiinflammacory
ware evaluated [n fats and wmice after expo-
5 pulsed electromagnetic radtation at 27 MHz
). Ia rats treated .27 nin per dav for 20
dars an lacrease (a2 whicte cells (p<.)05) and zamma-—
3lobulin concentrition (p<.)l) was observed. The
sercentage - lvaphocrres decraased while that of
neatropnils {ncreasad. When mice were exposed to
zamma-ravs 750 rad) only, the animals pretreated with
the above-mentioned waves and those postrreated showed
1 substantiaily lower jeath tate as compared with con-
773.5. I =ice :treated bYefore and after being sub-
58% survived >30 days. In an-
xperizent, the ivflammatory response to elec-
=tic radlation was investigated. A group of
anizals <as adminiscered phenylbutazone, the other
axposed to 27 MHz energy. In the irradiated
Zfhup 1nimals 2videnced an lahibitfon of the inflam-
2atiin rate p<.I0l versus :2ontrols) compared with
Tme dhearlbutazone-treated 3Toup. These results de-
famunostizulacsey aad antiinflacmatacy
liw=liacensity radiacion.

s} TREATMENT OF
ABSTRACT!. . Eng.) Regling,
b. ‘lept. Jrthondedics _Chtarite], Humbolde-

h trasse J, .o+ 3Jerlin, 3
ransactisns °f

and Adnual

Meeting Abst

Aloelectrical RAepalr
I Sentember L%AZ

Clinical results obtained asing 1 self-made elect:
ipparatus {2¢ constant iirect current scimuiatic
non-union i3 lescrited. A power source wontiini
¥ batcery delivered a zonstant curreac from =2
As 3 cathoge one to four Teflon-coated sials
steel Kirschnmer wire electrodes were inserted
the pseudarthrasis region, The stiainless steel .
was fixed epicutane. The applied currenc was 12«
2 Ten patiencs with compiicated p

ud for 12
arthrosis who Tad nderzone wvariable gpratred:
(3 tibia; 3 femur; 1 humerus) were zreated with d
current stimelation. At 1 yr post-treatment,
cases of pseudartiirosis <ere aealed. Two large 4«
pseudarthroses were tceated stherwise. Five case
stimulated pseudarthroses ire in progress. 24se
the author experience, dJirect currant s
appears to de an eSfective, inexpensive, and .ncor
cated method of pseudarthrosls treatament.

J634 PULSING LFFEC

CULTURED 3ROCYTES (MEETING ABSTR.
(Eng.) Loyd, R. 9. (Bavlor Univ. Medical Ces
36J0 Gaston A #302, Dallas, TX); Matthews, J
Yewman, J. T.; Roa, R. In: Transactions of the
ond Anaual Meeting of the 3icelectrical Repair
Groweh Society, ld on 2 Septaaber 1982 in
ford, Zngland; 1:95; 1982.

The effect of sulsing electromagnetic fields om
tured fibrocytes was invescigated. Far a prelia
study of the responsiveness of fibroevtes to o
fields, a fibrocvte zell line that produces col
in culture was selected for evaluation of the e!
of pulsed alectric fields on the aitocic activit
these cells for varving time periods using two -
that generate different signal configurations.

ulater Unit 1 had a repetitive pulse durst s

The primarv (positive) pulse portion was a quasi=-
angular slope with a time duration of 100 usec .
positive peak amplitude of 1.3 aV/cm. This was
lowed by a secondary pulse of oppcsite poiarity
a pulse duration of 15 usec and an inducted peak
tage amplitude of 454.5 aV/em. Unit 2 had 4 repet:
pulse signal with the primary (positive) pulse '
1 quasi-rectangular slope with a time duration o
usec and a positive peak anmp Z

de of
iowed by a secondary puise (negative) with a

duration of 3.2 usec and an induced jpaac itag
.3 aV/ecm. The lds cf both unizs were zaocped
a search ¢oil and were found to e homezeneous.

«ere cultured in flasks which were positioned 2
parallel to or transverse t> the coils within the
ter of the field. Zontrel asks of aliguets ol
3d%e 1ls w~ere cultured in the same
leasz 3 3 iistance
24 with 4 ¢ 104 cells.
z1ned tounting rritium

libelea
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13 Nr o afrer thvaidite fatroduetion
Plasks. Prollfsrazion was decermined aiter sither
2f continucus 2xposure to the elds.
Zays, Unics ! and 1 showed a positiva responsa
and 471, respeczively). i3 davs, <ells
snowed 1 lesser response tu (=5.08%) and 1
slig 7 posicive respanse o Vait 2 {10.3I). Tha
differences in response indicat: thac signai co fig~
arations nlav 3 significant role in feterminiag :the
Zesponsiveness of Iibrorvtas,

Srciogical E%ecrs of Nenanmizing £ ecira
Ragration VIND-4, Juty 333
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