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Background. The objective of this study was to
determine the efficacy of Jacobson Resonance
Magnetic Flelds on human subjects suffering
with knee pain secondary to osteoarthritis,

Metbods. One hundred seventy-six patients
pooled from four sites completed the study,
The subjects were randomly assigned to one
of two groups, the placebo group (magnet off)
or the active group (magnet on). Each group re-
ceived cight treatments over a two-week peri-
od. Each subject rated his or her pain level
from one minimal to ten maximal before and
after each treatment session on three separate
instances; before treatment trials, during the
treatment trials, and two weeks after treatment
had terminated. Subjects recorded their pain in-
tensity while out of the treatment environment,
The magnetic fields used in this study were
generated by Jacobson's Magnetic Resonance
Device, which consists of twio 18-inch diameter
coils of 30 gauge copper wire connected in se-
rles (Helmholtz configuration), placed 9 inch-
€s apart. The coils were cornnected to a power
supply e.g. HP3325A function generator, and
an attenuator to obtain the desired field in the
space between the coils, The magnetic field
strengths (flux densities) were calculated from
the equation MC2=BvLq (Jacobson’s Equation).
The range of flux densities utitized was from
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2,74x10-7 gauss to 3.4x108 gauss with corre-
sponding frequencies 7.7 Hertz to 0.976 Hertz.
While picoTesla range flux densities have been
easured to be assoclated with brain waves
and the heart by David Cohen of M.LT. there ex-
ists no classical physical explanation for weak
field bioeffects, Jacobson Resonance proposes
a mechanism, to resolve the theoretcal difficul-
ties.

Results. On average, subjects in the magnet
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“on" group perceived a 46% reduction in pain
after a treatment session. On average, subjects
in the magnet “off” group perceived an 8% re-
duction in pain after a treatment session. The
results show that there 1s a significant differ-
ence between the two groups. A two-way ANO-
VA (GLM) of the treatment and session showed
that the reduction in pain was significantly
greater In the magnet “on” group (p<0.001)
than the magnet “off” group. Addidonally, ol
the 101 magnet “on” patients evaliated in the
treatment sessions, 96% received statistically
significant (p<0.000) reductions in pain levels.
The N=57 (36%) patients who experienced a
reduction in pain had on average a 53.25 per-
cent reduction in pain. One hundred 100% of
the patients in the maginet “on” group received
a reduction in pain levels because of at least
one or more treatments with the resonator.
Conclusions. This study indicates that the pre-
diction of Jacobson Resonance regarding the
possibility thit pico Tesla range magnetic fields
are physiologic must be considered. The re-
sults of the scudy point to a subtlety of life that
has yet to be fully appreciated and contemplat-
ed.

Key words: Jacobson Resonance - PicoTesta
Magnetic Fields - Osteoarthritis,

steoarthritis (OA) refers to a disorder of

hyaline cartilage and subchondral bone.
All tissues in and around the involved joint
(knee) are hypertrophic. OA is the most com-
mon of articulate disorders and is virtually
universal by age 70. Pathologic changes in
weight-bearing joints ase common by age 40.
OA occurs in virtually all vertebrates, which
suggests that it occurred concomitant with
the evolutionary arrival of the bony skele-
ton. Investigators had thought bore to be pi-
ezoelectric, that is, capable of converting
electromagnetic oscillations 1o mechanical
vibrations and vice versa. Other structures
like collagen, cyto-skeletal system structures
and the extracellular matrix were also thought
to be piezoelectric. Thus it is not surprising
that clinical investigators sought to employ
non-invasive magnetotherapeutic approach-
€s to bone healing in the past, and have
found success. OA appears to be the result of
a complicated system of interacting mecha-
nisms correlating mechanical, biologic, bio-
chemical and electromagnetic forces. Appre-
ciating that atoms are permanent spinning
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magnets and must communicate interatomi-
cally 1o form molecules, it was logical to as-
sume that magnetic fields can influence the
coherent charged states and cooperativity in
biological systems.! 2 Based upon the classi-
cal work of David Cohen of MIT with the
superconducting quantum interference de-
vice i is not also iHogical to presume that
living systems nuuniun particular magnetic
profiles, more specifically profiles in the
picoTesla range.s Although these very low
level magnetic tields were originally thought
10 be a magnetic noise secondary to strong-
er interactions that might be valuable in diag-
nosis, combining the theoretical work of Jerry
Jacobson with Cohen's measurements, it ap-
peared 1o several clinical investigators that
low level, extremely low frequency magnet-
ic fields might be useful in medical thera-
peutics. kn recent years, many reports have
been made in the literatire concerning the ef-
ficacy of picoTesla range magnetic tields at
low lrequencies (from 2-7 Hertz) in the treat-
ment of neurological disorders like PD, MS
and Alzheimer's disease. ¢ Jacobson et al.
have now applied picoTesla range magnetic
fields at frequencies ranging from 0,952 Hertz
to 7.7 Hertz to the treaument of pain and de-
bilitation secondary to osteoarthritis of the
knees.” The conceptual framework examines
that hyaline cartilage is avascular, aneural
and atymphatic. Five percent (5%) of cartilage
volume is nccupied by cells but lesions can
and do heal. Chondrocytes divide and in-
crease their rates of both synthetic and deg-
radative processes and divide in response to
alteration in the microenvironment. Cantilage
health depends upon compression and re-
lease of weight bearing and use and may be
influenced by changes in the magnetic envi-
ronment. It was hypothesized that renormal-
ization of magnetic profiles could restructure
or remaode! biological mutter and thus restore
function while reducing pain and crepitus
from stiffness, instability and pressure.
Although the study discussed here in focus-
es upon the specific end-point of pain in OA,
other studies by Brij Saxena, Director of the
Division ol Reproductive Endocrinology at
Cornell University College of Medicine have
shown effects of picoTesla (pT) magnetic
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fields (MF} in the regeneration of sciatic
nerves of mice in vitro indicating various oth-
er possibilities relating to altered signal rrans-
ductive coupling across neuronal cell mem-
branes. Currently, a pilot 72 vivo study uti-
lizing pT MF's in mice at Cornell revealed
potential palliation of motor neuropathy (ir-
reversible neuromuscular damage secondary
to chemical poisoning) and is ongoing.
Additionally, very recent studies at the
University of Oklahoma Health Sciences
Center have revealed a possible link between
the quantitative reduction of electrical po-
tentials in single neurons secondary 1o stin-
ulation of nociceptive fibers in the heart of
rats while exposed to pT MF's, The study’s
principal investigaror is Robert Foreman,
Chairman of Physiology, and is ongoing.

Outcomes Analysis Corporation performed
an independent analysis of data coliected
from a double blind controlled study. The
objective of the study was to determine the
efficacy of Jacobson Resonance Magnetic
Fields on human subject suffering with kaee
pain secondary to osteoarthritis. One hun-
dred seveanty-six (176) patients pooled from
four sites completed the study. The subjects
were randomly assigned 10 one of two
groups, the placebo group {(magnet off) or the
active treatment group (magnet on), Each
group received eight treatments. Each subject
rated his or her pain level from one minimal
to ten maximal before and after each treat-
ment session. On three separate instances;
before treatment trials, during the treatment
trials, and two weeks after treatnient had ter-
minated, subjects recorded their pain inten-
sity while out of the treatment environment,
Patients did not consume pain medication,
use topical analgesics or other methods of
pain treatment while participating in the
study.

The effects of ELF elecromagnetic fields (of
less than 100Hz) in physiological signaling
across cell membranes was reviewed by
Adey.? The importance of the role of calcium
jons in the first steps of transductive coupling
at the cell membrane surface and ensuing
sieps of calcium-dependent trans- membrane
signaling to calcium dependent intracetlular
enzyme systems were examined by Adey ef
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¢l and Byus ef ¢f? [nitial stimuli associated
with wenk pericellular EM oscillations caused
hinding of humoral molecules at receptor
sites which clicit an exiensive modification of
calcium hinding to glycoproteins by a coop-
erative iInechanism along the membrane sur-
Face. This is u cooperative amplification state
it which there s o far greater increase or de-
crease in calcium efflux than is accounted
for in the energy of the imposed EM field e v
The role of intramembranous proteins con-
veying signals from harmone receptor sites
on the membrane surface to the cell interior
lras been identitied by Luben ef o/, 12 Basset
ef al '3 and Luben and Cain'' Homan epi-
dermal growth factor (EGF) and nerve growth
factor (NGF) receptor proteins are examples
of such membrane coupling proteins.
Jacobson and Yamanashi showed that ex-
tremely weak magnetic fields in pT range,
and the frequency in the ELF range were ob-
rined when the magnetic Held strength is
caleulated from the Jacobson's equation,
which relutes the mass of critical molecules
such as neuvrotransniitters to the intensity of
applicd magnetic fields, and the frequency as
a function of the intensity from the cyclotron
FESONUNCe euation.!®

Materials and methods

The magnetic fields used in this study were
generuted by two 18" diameter coils con-
structed of 30 gauge copper wire connected
in series (Helmholtz configuration), placed
9" apart. The coils were driven by a frequen-
cy and amplitude adjustable sinusoidal AC
power supply (Fewlett-Packard Model 3325A
synthesizer-function generator) and connect-
ed in series 10 a resistive attenuator to ob-
tain the pre- selected pT range field in the
space between coils. In calculating the in-
tensity of the externally applied magnetic
field the Jacobson's equation. 618

me2=Blvqg
was used, where m is the mass of a parti-
cleina “box” or a “string”, B is the magnet-
ic field intensity, ¢ is the velocity of electro-
magnetic Held in space, independent of its in-
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ertial frame of reference, g represents a unit
charge g=1 coulomb, by defining electromo-
tive force as energy per unit charge, v is the
velocity of the carrier or “string” (a one di-
mensional “box”) in which the particle exists,
and 1 is its dimension (length). 1f the "“string”
is considered closed, then 1 may be the radi-
us of the closed loop (4 two dimensional
“box"). Particles in this study arc the critical-
ly important molecules selected on the basis
of their roles in nerve repair, growth, and re-
generation. The critically important mole-
cules include: nerve growth factor (NGF),
homeoboxes, neurotransmitters, cytokines,
motor proteins, kinesine, microtubule asso-
ciated protein (MAPY), spectrin, brain specif-
ic fodrin, neurofilaments, tubulin, platelet de-
rived growth factor (PDGF), and others. The
frequency fwas calculated from the ion cy-
clotron resonance equation,'?

f=qB/2nm

The original 18” devices, developed as
Stennis Space Center, were calibraied and
characterized utilizing NASA furnished test
equipment calibrated on an annual basis
traceable to NIST through the Stennis
Calibration and Standards Laboratory. All of
the original 18” resonators were verified with
precision volt, ohm, and current meters to
determine the correct field intensity and uni-
formity. The calibration and characterization
process verifies the uniformity and ampli-
tude of the field. Precision ohmmeters are
also utilized to verify resistive networks used
to establish the desired current flow through
the resonator coils.

The device is based on Helniholtz coil the-
ory, where a uniform magnetic field exists
between two coils spaced half the distunce of
the diameter of the coils. Research and the-
ories define how low intensity magnetic fields
can be used for biomagnetic purposes. The
device utilized to produce the low intensity
magnetic fields has been termed the Jacobson
Resonator.

System descriptions

The basic system consists of a function
generator, attenuator unit, the coils, and sup-
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port apparatus for the coils. The electronic
theory of the system is very simple in de-
sign, using a signal generuator to produce a
precise low intensity voltage, attenuating the
voltage with precision resistors to match coil
siZe 1o generate a1 very low intensity magnet-
ic tield.

The mechanical design has been kept as
simple as possible to reduce weight, ease of
operation, and simplicity for manufacturing.

A) Coils—The coils are comprised of 5--
twrns of #37 gauge magnet wire wrapped
around an 18" Lexan disc. The wire is covered
with epoxy to protect the coils from dam-
age. Each coil is wired in series with the at-
tenuator unit to form a complete circuit. '

B) Attenuation Unit—The atienuator unit
is comprised of three sets of precision resis-
tors 10 match the coil diameter and turns to
the signal generator. Each set of resistors pro-
vides a specific range of operation. Typically
the resonator operates in the milli, micro,
and nuno gauss ranges. The micro gauss
range is the most predominant within the
prinury protocols.

C) Generator Unit—The signal generator
is the heart of the system, producing the pre-
cise amplitude and frequency for the desired
magnetic field. The generator is an HP3325A
signal generator capable of DC to 20-Mega-
hertz frequency generation and 1 millivolt to
10 volts amplitude generation. In conjunc-
tion with the attenuator unit this equates to a
magnetic range of one femtogauss to 10 mil-
ligauss.

The resonator system was located in a
room at least 10°X10° with no ferrous metal lo-
cated in the room with the device. The chairs
in which the patients were seated for the
treatments were made from plastic or wood
and had cushions to aid in comforting the
patients. Jerry Jacobson provided all protocols
which were utilized for the treatment of pa-
tients. The protocol settings were comprised
of three basic elements: the frequency, the
amplitude, and the time required for each
setting, A sine wave form was utilized, Fach
setling was entered at the appropriate time
until the protocol was complete, The range of
flux densities encompassed 2.74x107 gauss to
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Fig. 1.—Side view of patient’s knee while being treated
with the Jacobson Resonuator.

3.4x10% gauss, Frequency range was 0.976
Henz to 7.7 Hertz, a delta pattern to o fow al-
phu. There are no direct connections to the
patient of any type. The treatment is induced
through exposure to low intensity picoTesla
range magnetic fields. Positioning the
Helmoholtz coils about the patient’s Kince
allowed use of uniform, homogenous and
isotropic flux lines to create the field exoge-
nously applied (Fig. 1, 2).

The study was randomized and an “on-off”
switch was out of sight 1o the cliniciun and
the patient, All control participants occupicd
precisely the same position with respect to
the resonator as experimental participants, ¢x-
cept that a third party would randomiy turn the
field off without anyone else knowing.

Neither the examining physician nor the
clinician administering the weatment and col-
lecting data knew who was experiencing the
field and who was not. Upon completion of
the study, the data was submitted 10 an inde-
pendent biostatistician for evaluation.

The treatments administered consisted of
the following protocols in Table 1.

Results

Outcomes Analysis Corporation performed
an independent analysis of data collected
from the four site, placebo-controlled, ran-
domized double blind controlled study.

Vol, 160, 2001
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Fig. 2.—Front view of the patient’s knee while being trea-
ted with the Jucohson Resonator Helmholiz coils spaced ni-
ne (9} inches apart and having dismeters of eighieen (18)
inches. Positioning the Hetmhohz coils about the patieat’s
knve allowed use, of uniform homogeneous and isotropic
ux lnes 1o create the fivkl exogenously applied.
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On aversage, subjects in the magner “on”
group perceived a forty-six percent (469%) re-
duction in pain after a treatment session,

On average, subjects in the magnet "off”
group perceived an eight percent (8%) re-
duction in pain after a treatment session.

The results show that there is a significant
difference between the two groups. A
two-way ANOVA (GLM) of the treatment and
session showed that the reduction in pain
was significantly greater in the magnet "on”
group (p<0.001) than the magnet “off” group.

The test statistic Eta-squared was used to
gauge effect size in a second ANOVA. The last
after- treatment data showed that 36.30% of
the variance in the treatment sample data
could be explained by the independent var-
iable, the magner status.
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In addition to an immediate reduction of
pain after each session, the data for the “on”
treatment group showed a successive de-
crease in pain levels in before- and after-treat-
ment sessions as the study progressed. The
mode (most frequent) pain-rating value in
the first before-treatment session was seven.
The mode value for the Jast before-treatment
session was five. The mode value for the last
after-treatment session waus one A lour point
drop.

By comparison, the mode value for be-
fore-treatment of the “off” group was eight
and ended the study with a before-treatment
pain level of six. The mode value of the last
after-treatment session (data collected period
#TS8 After) was five, a drop of one point.
This value is four points higher than the finale
mode value of the "on” treatment group.

Expressed in percentages, the highest fre-
quency values of the first before-treatment
session (TSI Before) showed 27% (N=27) of
the 101 subjects in the magnet "on” group
rated their pain level at seven, The data from
the first after-treatment session (TS 1 After)
showed 26% (N=26) of the subjects in the
magnet “on” group rated their pain Jevel at
four. This reflects a 3-point drop in pain lev-
els. Seventy-eight percent (N=79) of the "on”
group reported an after-treatment pain level
of four or less versus 29% (N=22) in the “off”
group. Twenty percent (N=15) of 74 subjects
in the magnet “off” group rated their be-
fore-treatment pain level at 8. After the first
freabment session, 27% (N=20) of the sub-
jects in the magnet "off” group rated their
pain level at six. This reflects a 2-point drop
in pain level.

By comparison, an analysis of highest pain
rating of the last treatment sessions (TS8
Before) showed 18% (N=18) of the 101 sub-
jects in the magnet “on” group rated their
pain level at five. After the last treatment ses-
sion (TSB After), 39% (N=39) of the subjects
in the magnet “on" gfoup rated their pain
level at one. This reflects a 4-point drop in
pain levels. Ninety-one percent (N=91) of
the “on” group reported an after-treatment
pain level of four or less versus 40% (N=30)
in the “"oft” group, Twenty-three percent
(N=17) of 74 subjects in the magnet “off”
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group rated their before-trearment pain lev-
el at six. After the last treatment session (TS8
After), 23% (N=17) of the subjects in the mag-
net “oft” group rated their pain level at five.
This retlects a 2-point drop in pain level as
was seen in the first treatment session,

Analysis of the Diary data show that two
weeks after the study concluded, the mean
score (3.198) for pain level of subjects partic-
ipating i the magnet "on” group was 49%
lower than the mean pain level (6.327) of
their pre-trestment Diary scores. This reduc-
tion was statistically significant at p<0.000.

Analyses of the Diary data show that two
weeks after the study concluded, the mean
score (5.364) for pain level of subjects partic-
ipating in the magnet “off” group was 9%
tower than the mean pain level (5.198) of
their pretreatment Diary scores. This reduc-
lion was not statistically significant.

There were no missed treatment sessions
in the "on” treatment group. Whereas 6.75
percent of the “oft” weatment group missed
atreatment session. Two subjects missed the
sixth treamment session. Examination of their
individual treatment data showed their pain
levels from before and after-treatment to be
the same, with two exceptions. One subject
dropped one point, from eight to seven, dur-
ing the third treatment session. The other
subject dropped one point, from three to
two, during the fourth session. The remain-
ing three subjects with missing treatment ses-
sions had, on average, pain levels greater
than five and held simikir after-treaament pain
tevels,

Subjects in the “on” group had a median:

pain level of 5 for six of the eight before-treat-
ment sessions. The median pain level after
treatment for five of the eight sessions was 2.
This shows a 3-point reduction on the pain
rating scale. In contrast, the median for pain
level before- treatment for eight of the eight
sessions for the non-treatment (magnet “off™)
is 6. The median pain level after treatment for
cight of the eight sessions is 5. This shows a
1-point reduction on the pain rating scale for
those in the "off” group.

A case-by-case analysis was conducted us-
ing SPSS 8.0, The objective was to determine

how many patients received at least a one— -
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point reduction of pain, how many experi-
enced no change in pain level and how nuny
experienced an increase of one point or
more. Three tests were performed on the
Treatiment Sessions data and the Diary data,
Runs Test with 1) median, 2} mode and 3)
mean, Multiple Selections with Frequencies
and Crosstabulations were performed on the
Treatment Sessions. Al tests were run on the
“Magnel On” data. The case-by-cuse analysis
was performed using a selection criterion,
The data were selected from the "Mugnet On”
table if they satisfied a condition. The condi-
tion was that the value of the first Treatment
Session (TS 1 Before) had to be equal to or
less than the pain Jevel value of the last treat-
ment of the study (TS8 After). The selection
criteria were run 10 times, once for cach lev-
el of pain, on the Treatment Sessions and the
Diary data, The data that met the criterta were
summarized, using SPSS, case-by-case. The
criterion was the variable and the last
Treatment Session (TS8 After) was the group-
ing variable in alt of the summaries. Each
case that satisfied the “less than/greater than”
criteria was pulled and analyzed for this re-
port

Data summary of case-by-case analysis

Of the 101 “Magnet On” patients evaluat-
ed in the Treatment Sessions, 96 percent re-
cetved statistically significant (p<0.000) re-
ductions in pain levels (Fig. 3, Table {1).

Of the 101 "Magnet On” patients evaluat-
ed in the Diary data, 97 percent received sta-
tistically significant (p<0.000) reductions in
pain levels.

The N=97 (96%) patients who experienced
a reduction in pain, had on average a 33.25
percemt reduction in pain.

100 percent of the patients in the “Magnet
On” group received a reduction in pain lev-
els because of at least one or more treat-
ments with the resonator. The data from the
4 percent of the patients whose ending pain
level was parity or greater than their first re-
corded level had reported reduced pain lev-
els during the course of treatment.

The Diary data shows 100 percent of the
patients in the “Magnet On” group received
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a reduction in pain levels because of at least
ane or more treatments with the resonator.
The dota from the 3 percent of the patients
whose ending pain level was parity or great-
er than their first recorded level hutd reduced
pain levels during the course of treatment.

Two of the four patients whose ending
piin level was puarity or greater than their
fiest recorded leved for the Trentment Sessions
had an ending pain level of parity or greater
value than their first recorded level for the
Diary dorna.

The patient (#6018) with the highest af-
ter-treatment pain level' for the fast Treat-
ment Session (TS8 After) had a pain level of
9 for the tirst Diary recording, 6 for the sec-
ond and 5 for the third and final pain level re-
cording. This patient had 2 44 percent re-
duction in pain according to their Diary data.
Analysis of this patient’s data showed an av-
erage of 6.75 betore-treatment pain level and
an average of 3,125 wfter-trestment pain lev-
el across all eight Treatment Sessions. With
the exception of the tast and tinal Treatment
Session, this patient, on average, experienced
a 54 percent reduction in pain levels as a re-
sult of the resonator treatment.

The conclusion was that a case-by-case
and multiple selection analysis of the “Magnet
On” data show that 100 percent of the pa-
tients experienced o reduction in pain lev-
els at o given point, during the course of the
study. The multiple selection analysis showed
an average pain reduction of 53 percent. The
average before-treatment pain level rating
was 5.046 and the average after-treatment
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TS53 hetor: 175 1 5.257 5 ? 2,051 .02 RINS S . 184 } Y 405 7
TS3 ulter 173 1 3.680 4 31965 38063 0410 (184 1 Y 2 4+ 5
TS4 before 176 0o 5199 5 0 2159 4603 -0.167 0.183 1 1o 3 5 7
T84 afrer 176 0 et 3 J 2053 4151 {1134 0 183 1 Y O
TS5 before 175 ! 5.057 3 O 222040 4859 -9 U (B 1 1 3 5 7
TS5 after 175 1 3.486 3 1 2111 34508 0,528 0.184 1 19 2 3 5
TSa before 174 2 4.994 3 i} 2130 4.538 -0 190G 0,184 1 10 3 5 7
T56 after 174 2 3.351 3 1 2005 4.021 0753 (3184 1 10 2 3 3
T57 before 176 G 4.756 5 G 2147 4609 -3.211 183 1 10 3 5 6
TS7 atter 176 0 3313 3 i 1980 3.919 0519 0183 1 9 2 3 5
TS8 hefore 176 0 4.670 5 0 2243 5.052 L1722 0183 [ b 3 5 6
TS8 after 176 0 3.354 3 1 2147 2608 U740 0,183 I 1) 2 3 5

“Multiple modes exist The smallest value is shown.

pain level rating was 2.694. Additionally, alt
of the tests show statistical significance at
(p<0.000) for before- and after- treaument
comparisons.

Data analysis

Methodology ——The data were analyzed vs-
ing SPSS 8.0 and SAS sofrware. The Treatment
Sessions and Diary data were analyzed sep-
arately, The center, variability and shape of
distribution of the data were computed on the
complete data set as well as the treatment
variable. Missing values in the dati ase not-
ed. The following statistical tests were run
on the treatment sessions. A two-way ANO-
VA with treatment and sessions crossed using
SAS. SPSS was used to perform a one-way
ANOVA to test for treatment effects. Crossta-
bulation of treatment by session were per-
formed on the data from the Treaiment
Session with the objective of assessing direc-
tional measures. The test statistic Somers’d
was used to evaluate significance and variable
value. All three models showed a significant
difference between treatment groups and
treatment sessions, A two-sample t-test and a
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paired sampte t-test were performed on the
Diury data. Again, both models revealed sta-
tistical signiticance for rreatment effect.

A secondary source to validate content re-
Hability and analysis agreement was utilized.

Descriptive statistics—An analysis of the
descriptive statistics: median, standard devi-
ation, mode and the means of the Treatment
Sessions shows the data has a normal distti-
bution. The data were anaiyzed as three sep-
arate groups: 1) total sample size (N=176),
2) treatment “On” group (N=101) and 3) treat-
ment “Off" group (N=75). The results sug-
gest using parametric analyses for three
groups. The distribution shape and curve for
the three groups reflects the significance of
the treatment “on” effect, both immediately af-
ter i treatment session and over the duration
of the study. The before-treatment distribu-
tions for the total sample are fairly consis-
tent in their distribution across the pain rat-
ing scale, the peak (mean) is approximately
in the center, 4-6 on the X axis and the Y ax-
is (frequency) varies with the N and the
group. The support for the alternative hy-
pothesis, which states that the means of the

Yol. 160, 2001
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Pain rating

Ofi
n

Before 4 -
Before 6
Befare 7 4o . kA

Before 8

“Before an after” reatmenl session

Fig. 4.—Graph of the mean pain ratings for the treatment
SESSIONK,

two treatment groups are different, is the
skewness of the curve and the slope. The
distribution of the magnet *On” group for
the before-treatment sessions are negatively
{median > mean) skewed and the alter-treat-
ment sessions are positive (median < mean),
The distribution of the magnet “Off" groups’
values are positively (median < mean)
skewed {or the before- and afier-trearment
sessions. Although the differences between
the median and mean values of either group
are not great, it is enough to suggest a differ-
ence between the two groups. The histo-
grams in the Data Output Section are good
graphical representations of these variations
in distribution.

The standard deviation for the magnet "on”
group decreases, in both before- and af-
ter-treatment  sessions as the sessions
progress. This points to a consistency in treat-
ment effect berween subjects, over time. The
standard deviation of the magnet “off" group
fluctuates, which supports the aiternative hy-
potheses that there is a significant between
treatment groups,

The mean pain ratings of the treatment
sessions for the magnet “on” group show a
consistent reduction in levels, starting from
3.2475 after the first treatment session to
2.2079 after the cighth or last treatment ses-
sion.

Figure 4 is a graph of the mean pain ratings
for the treatment sessions. It compares the

Vol. 160, 2001
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Fig. 5 —Comparison of Average Percent Reduction of
Yain.

means for the magnet “on” group and mag-
net "off™ group. The “on™ group peaks before
restment and drops, on daverage, approxi-
mately 2.5 points, or 49%, after treatment.
The “off” group has a significantly less in-
cline between peaks and shows no overall
downwaurd trend as seen in the “on” group.

Comparison of mean pain rating of treag-
ment groups

Using the differences between the before-
and wfter-treatment means the average per-
cent of pain reduction was calculated and
graphed in Figure 5. The magnet "on” group,
on average, reported experiencing a 46.31
percent reduction in level of pain. The mag-
net "oft” group, on average, reported expe-
riencing a4 7.97 percent reduction in level of
pain.

Crosstabulation

Following is o discussion of the crosstab-
ulation of treatment sessions by magnet stat-
us. Significance, strength and direction of the
relationship between treatment and magnet
status are not included in this crosstab anal-
ysis because the treatment variable is binary.
A robust calculation of correlation should be
made with varying levels of treatment.
Nonetheless, an unofficial test was done on
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the data using Somers’d test for directional
measure. The findings for the values of r for
each treatment session did show significant
values of rin the afier-treatment data for the
*On” treatment group. Each value in the af-
ter-treatment data reflected a degree of
strength between the treatment session and
magnet status. The speculation, based on the
inconclusive test, showed a potential increase
in strength as the reatment sessions pro-
gressed, suggesting a linear relationship
between the two conditions. As such, the
conjecture is the strength of the relationship
will increase with additional treatment ses-
s0NS5,

Diary data analysis
Descriptive statistics

The magnet “on” group had a 6.327 mean
rating of pain level for the first diary, 3.009 tor
the second and 3.198 for the third. The “On”
group had a 49% drop in pain leved from the
start of treatment session one (o two weeks
after the eight treatment sessions terminae-
cd, The magnet “off” group had 5.918 for the
first, 5.229 for the second and 5.364 for the
third. This group showed a 9% drop in pain
level during the same duration. The median
values for the magnet “on” group were: Diary
1=06, Diary 2=3, Diary 3=3. The mediin values
for the magnet “off” group were: Diary 1=06,
Diary 2=6, Diary 3=6.

The largest number, N=22 (21.8%), of sub-
jects in the magnet “on” group rated their
pain level at 6 for the first diary. The largest
number, N=24 (23.8%), of subjects in the
magnet “on” group rated their pain level at 2
for the second diary and N=27 (26.7%) rated
their pain level at 2 for the third diary. A 4
point drop in pain level.

The largest number, N= 18 (24.0%), of sub-
jects in the magnet “off” group rated their
pain level at 8 for the first diary. The largest
number, N=22 (29.3%), of subjects in the
magnet “off” group rated their pain level at 6
for the second diary and N=17 (22.7%) rated
their pain level at 7 for the third diary. A 1-
point drop in pain level.

The standard deviation for the magnet "on”
group moved closer to a symmetrical distri-
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Tary U — Paired seimples statistics.

LAY Mean MNiy s SE mean
|
—iary '} 0. 1782 {74 1 9400 3.1471
— iy 12 349943 174 20415 1548
2
—Diary T 1782 174 19400 0.1571
— iy T3 11264 174 20043 0.1565
“
—nay 12 AUHIY §75 2kl 2 g 153
— iy 173 ERNER 175 2Ky 0.156t

SEr=anarwdied Ao iaticn: SE=stmckird vmm

bution in the second and third diary ratings,
Although the standard deviation for the mag-
net "off” group was modestly reduced in the
second and third diary ratings, it was not
enough to denote a movement towards a
symmetrical distribution.

Petiv scemprle 1-test of dicry deita

The following Table HI hold the means for
the Diwry data. The means of Diary T2 and
Diwry T3 are not significantly different. Pairs
T and 2 are. These data show & change in
the subjects” perception of pain level from
the first session to the middle of the study
and from the first session to two weeks after
the study has terminated.

Independent scemples test

Levene's Test For Equality of Variances con-
cucted on all three diary pain rutings con-
trolling for magnet status showed statistical-
ly significant differences between the three
periods, Again, the differences berween Diary
1 and Diary 2 ¢ (173)=8.100, p<0.000, and
Diary 1 and Diary 3 ¢ (173)=8.00, p<0.000.

Table Il shows the results of the test,

This test used magnet status as the inde-
pendent variuble. The test reflects a4 change
in the patient’s perception of pain as 4 func-
tion of the magnet status. The first Diary
shows no significance, as would be expect-
ed since the subjects have not experienced a
“rreatment” at that point in time. This test
shows that there is a significant difference
(p<0.000) in subjects’ perception of pain as a
result of the magnet status.
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Tavtr IV.—Independent Samples Tests of Diary Dealer - Testing for differences as a resulis of Megnet status.

Levene’s test [ur
Equulity of Vanuncves

“1"-test for Eguality of Means

P cobleenaon penod

¥ S, ) Sin Medn SE 93% Confidence
d Hplledy difference difference  terval of the
difference
Lower  Upper
Enary T1
- Equat vunances assaned £l vt ALy rEE 0TS -0.au7s 2993 -0u98s 01829
—FEqual variunces ot assumed -1.333 1l 0.1 -3.4078 0.3059 -1.0124 0.1967
Driary T2
—Equal variances assumed 2,970 0.087 B.100 173 00U 21604 0.20607 1.63400  2.6860
—Equal variances not assumed 7.878 140 0.000 21604 02742 1.6382 27026
Diury T3
—Equal variunces assumed 1753 0.05:4 8006 173 0.000 21668 0.2706 1.6327 270190
—Equal varunces not assumed 7760 138 0.000 2.1668 02792 1.0147 2.7190

“Sigraficance value at (<0,05), "The confidence interval For the mean dilference does not contiin zero, this also indicates tha the

difference is significant,

63

6.2

6.1 1

6.1

5.9

Mean pain ratings for DIARY T

b

5.5

5.0

4.5

4.0 1

35

Mean pain ratings for DIARY T3

3.0

2.5-

0

Magnei status

Figure 3 shows the mean pain rating of
diary data, Table IV represents an indepen-
dent samples test of diary data: testing for

vol. 160, 2001

Mean pain ratings for DIARY T2

B Magnet status

Fig. 6—{A) Mean Pain Ratings Disry T1 (pain rating taken
at the beginoing of the study), (B) Mean Pain Ratings for
Iiary T2 (pain rating raken ot the end of the iwo week
rreahment session period, afier the eighth treatment - the
initiad patin eing of the post treaiment two week diary
period), (C) Meun Pain Ratings for Diary T3 (pain rating
tken 1wo weeks after the last remimens session — the fi-
mab pain rating from patient diaries),

differences as a results of magnet status.
Figures 6 A-C represent bar chart comparison
of mean pain levels by magnet status.
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TasLk V.—independent Samples Tests of differences between treatpient groups. Magnet “Off " and "On”,

Levene’s Lest for

Data coliection pn;ri - Equality of Variznces “t"-tes for Equality of Means
(assumptions F Sig. R ] 955 Confidence
t di (Z-Eﬁi‘(l) dil%g:-gce diI'I':rE'ncc mterval of the
difference
Lower Uppxr
T51 before
—Equal varuinees assumed 1ozl hAlG -lade 173 w133 U T Uil 060 0167
—Equal variances not assumed -l415 148 0139 -0.447 0316 -1.07¢ 0.177
T51 after
-—Equal variances assumed 1.613 0.206 6137 174 0000 1.827 0298 1.239 2414
—Equal variances not assumed 5984 143 0.000 1.H27 0.305 1.223 2.430
TS2 before
—Equal variances assumed 0.674 0413 -0.269 173 (.788 -0.086 0.318 0714 0543
——Equal variances not assumed 0.266 150 0.79% 0.086 323 0723 0.552
TS2 after
—Fqual variances assutned 0.27% 0598 7380 173 0000 1.999 0.271 1.465 2533
—Equal variances not assumed 7.291 149 0.000 1.999 0.274 1.457 1541
TS3 before
—FEqual variances assumed 0.075 0.785 0851 173 0.396 0.280 0329 0.370 0931
—Equal variances not assumed 0.85% 1680 (0.394 0.280 0,324 0367 0928
T53 after
—Equazl vanances assumed 2264 0134 0897 173 0000 1.842 0.267 1315 2.369
—Equal variznces not assumed 6769 140 D.DOD 1.842 0.272 1.304  2.380
T54 before
—Equal variances assumed 0.368 0545 185 174 0.065 0.606 0327 0,039 1.251
—Equal variances not assumed 1.870 164 0.063 0.606 0.324 -0.034  1.246
T54 after
—Equa) variances assumed 2020 0156 8640 174 0.000 2.247 0.260 1734 2760
—Equal variances not assumed 8404 141 0000 2.247 0.267 1718 2775
TS5 before
—~-Equal variances assomed 0.117 0.733 1.872 173 0.063 0.627 0.335 0034 1.288
—Equal variances not assumed 1.860 154 0065 0.627 1337 0039 1.293
T35 after
——Equal variances assumed 4,797 0031 8055 173 0.000 2.226 0276 3680 2771
-—Equal variances not assumed 7701 136 0.000 2.226 0.286 1.661 2791
T56 before
—Equal variances assumed 04.275 0.601 1.920 172 04057 0.623 0.325 -0.017 1.264
—Equal variances not assumed 1929 158  0.0%5 0.623 0323  -0.015 1.262
TS after
—Equal vasiances assumed 4907 0028 203 172 6.000 2.299 0.254 1.797 2.801
—Equal varisnces not assumed HOUY 125 000 2.299 0.267 1770 2827
TS7 before
—Equal vanances assumed 2,360 ©.126 2547 174  0.012 0.821 0322 0185 1457
—Equal variances not assumed 2.587 168 0.011 0421 0.317 G195 1.447
TS7 after
—Equal variances assumed 5.624 0019 9965 373 0.000 2.406 0.241 1930  2.883
—Fqual variances not assumed 0597 i3 0.000 2.400 0.251 1.91¢ 2902
T38 before
—Equal variances assumed 1765 0186 2646 174 0009 0.890 0.336 0.226 1553
—Equal variances not assumed 2672 165 0.008 0.890 0.333 0.232  1.547
TS8 after
—Equal variances assumed 6.164 0014 9146 174 0,000 2.466 0,270 1.93 2,999
—Equal variances not assumed . B820 136  0.000 2.466 0.279 1.914  3.019
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Fip. 7.—Boxplots of Diff by Magnet (mean are indicated
by solid circles).

The results of the analysis presented show
there is a statistically significant reduction in
pain levels for patients suffering with knee
pain secondary to osteoarthritis as a result
of the magnet “On” status. On average, sub-
jects have reported a 49% reduction in pain
as a result of the Jacobson Resonance
Magnetic Fields. The pain reduction appears
to have a degree of longevity as indicated
by statistically significant post-treatment data
obtained with the third Diary pain levels.

Other than one outlier in the after-treat-
ment levels, the highest level of pain experi-
. enced by any subject receiving the magnet
“on” treatment during the last reatment ses-
sion was 6 and that was indicatect by only 3%
(N=3) of the 101 subjects. Conversely, 4%
(N=3) of subjects in the magnet "off” group
expressed a pain level of 9.

The placebo effect can be used to explain
some of the lowered pain levels found in the
magnet “off” group. Although, not expressly
tested for in this study, it is common to find
similar levels of perceived benefits in the lit-
erawure. In this study, an average of 9% of
the subjects perceived a 1 to 2 point reduc-
tion in their level of pain. This one point re-
duction is not considered statistically signif-
icant,

The efficacy of Jacobson Resonance
Magnetic Fields for the treatment of knee
pain was found statistically significant in this
trial on human subjects,

The next step would be the quantification
of treatment levels over time; thus crearing the
opportunities to predict levels of pain reduc-
tion as a function of treatment “dosage”.

Yol. 160, 2001
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Table V shows an independent samples
test of differences between treatment groups:
magnet “off” and “on”.

Figure 7 shows boxplots of difffor magnet
on and magnet off groups. Note that the cen-
ters of distribution (dots represent means and
the iine across the hox represents the me-
dinn} are both lower in the magnet on case,
indicating a greater reduction in pain score
than the magner off group.

Discussion

The mechanism underpinning the biolog-
ical effects demonstrated secondary to im-
pingement of picoTesla magnetic fields upon
said organism is based possibly in the sub-
atomic realm. Perhaps there is a connection
between the particles that comprise atoms
(which are themselves permanent spinning
magnets) and the cells that comprise us, It
seems {ogical to presuppose that every level
of structure and function underlies another
and forms part of the basis for that perceived
function. While the workings of living things
are miracilous, the workings are knowable
and may be regulated for our benefit. If the
applied field is physiologic, or natural to the
system, then there might be a reorientation of
order and coherence in the tissue, including
bone, connective tissue and muscle, thus pro-
ducing less inflammation, improved circula-
tion and diminution of pain with improved
mobility. Improved cooperativity of systems
and coherent charged states of course are
manifest as ionic channels are influenced,
e.g. calcium influx and efflux, and transduc-
tive coupling of signals is adjusted. Yet while
the pain signal diminishes if the etiological
factors diminish, the rapid response to the
field also indicates an initial interference in
signal rransductive coupling such that the
pain signal is not transmited from the body
part to be perceived by the brain. Regenera-
tion may be induced through magneto-ge-
nomic interactions,

Previous to this study showing the pallia-
tive effect of the pT ELF magnetic fields in the
reatiment of osteoarthritic knees, there were
several studies suggesting that there must be
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several orders of magnitude amplification of
initial EM stimuli which are recognized at the
cell membrane surface needed to account
for the observed effects. These included; EM
field far weaker than the EEG that influence
circadian rhythms in man and birds reported
by Wever, and time estimation in monkeys
observed by Gavalas-Medici et al., and nav-
igation and predation in sharks and rays stud-
ies by Kalmijn.2¢ Foliowing ure some ot the
studies, observations, and proposed models
that may account for these, as well as the
studies in which pT ELF magnetic fields dem-
onstrated significant nerve regenerative ef-
fects. Calcium levels are high in the fluid
around cells (2.0 mM), and very low in the cy-
toplasm (107 M), while entry of micromolar
amounts of calcium into the cell is powerful
stimulus to intracellular systems, including
activation of major enzyme systems. In or-
der for the interactions to occur at athermal
levels (i.e, below kT) in biological substrares
and with EM fields at the low frequency,
Turing presented iomolecular models-exhib-
iting cooperative patterns of organization.
Othmer and Scriven extended these cooper-
ative organization models to include cellu-
lar networks.?! In biologic systems, these
cooperative dynamic patterns are initiated
and sustained by continuous inputs of ener-
gy. They are termed as “dissipative” process-
es and occur at far from equilibrium states
with respect at least to one important param-
eter in the system (Katchalsky and Curran?2).
These non-equilibrium processes are char-
acterized by resonant or window phenome-
na, an important aspect in the tissue interac-
tion with weak EM fields. Other cooperative
processes studies include: phase transitions,
hysteresis, and avalanche effects (Schmitt et
al?, Wyman and Allen29). Trigger signals to
cooperative processes may be weak and the
amplified responses are orders of magnitude
greater as in the sharply non-linear release
of?s Ca2+ from binding sites in cerebral tissue
by adding Ca ions, (Kaczmarek and Adey);
and in a series of Ca-dependent processes
at cell membranes that include the larpe gen-
eration of cAMP by glucagon binding to
membrane receptors. Both frequency and in-
tensity windows and somewhat irregular be-
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havior are predicted from chaotic models of
Kaiser in which selfsustained oscillations are
required for interaction of regular external
perturbations with internal oscillations, re-
sulting in synchronization of the system to
the external stimuli (entrainment). Liboff ob-
served that for a mean value for the earth’s
geomagnetic field of 0.5 gauss, most of the
singly and doubly charged tons of biclogical
mterest have cyclotron resonunce frequen-
¢y in the range of 10 to 100 Hz. Liboff pro-
posed that imposed EM fields at frequencies
close 10 a given resonance may couple to
the corresponding ionic species to selective-
ly transfer energy to these ions. Adey and
Lawrence proposed a transductive coupling
model from the membrane surface to the cell
interior.?? The initial step is dissipative and
highly cooperative modulation of Ca bind-
ing al sites on terminals of strunded glycop-
roteins. The following steps involve solitary
waves (or solitons) similar to those proposed
by Davydov moving in sequence down the
length of glycoprotein and lipoprotein mole-
cules. These solitons may arouse the interac-
tion of phenons and excitons along linear
molecules that result in nonlinear molecular
vibrations.28 22 Adey, using the solitons and
the non-linear models, attempted to explain
how ELF fields millions of times weaker than
the transmembrane gradient of 105 V/cm, can
modulate cell response to surface stimuli,
However, with the intramembranous pro-
teins (IMP's) crossing the phospholipid bi-
layer being hydrophobic, and the necessity
for photonic recycling of cell surface interac-
tion after dissipation of energetic states, their
model appears to further require structural
and thermodynamic properties to maintain
the necessary and sufficient energy (AE)
sources for such an amplification. ELF fields
apparently modulate surface electrocherni-
cal events, amplifying the trigger action of
the ligand-receptor bond. Even though one
accepts that the ligand-receptor association al-
ters the conformation of the extracellular, ex-
truding portion of the IMP’s at the cell surface,
and that this change can be transmitted to
the cytoplasm by the transmembranous hel-
ical segment, by a receptor aggregation, or by
nonlinear vibration of the helical proteins
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with generation of soliton waves, one still
needs to account for the differential by a fac-
tor of 10 12 between the photonic energy of
a ELF wave and the Boltzman energy KkT.
When an exuremely weak electromagnetic
field (the magnetic component of which is in
pT range) is impinging upon a biological
system, the magnetic component will pass
through the membrane while the ¢lectric
component is sharply attenuated due 1o the
high impedance. According ta Clepg, the
ligand-receptor association is followed by
cytoskeletal-mediated events and by the pro-
duction of a 2n messenger (cAMP or gCMP)
by activation of the cyclase enzyme in the
membrane itself or in its proximity. The mi-
crotrabecular reticulum establishes connec-
tions with membrane receptors and other
structures in the cytoplasm. These reticulum-
receptor connections result in an excellent
means of intracellular communication. The
microtrabecular reticulum consists of actin
filaments and ATP molecules. It has been
suggested that this may supply the necessary
energy (AE) to activate the cyclase enzyme
which requires a large input to produce the
cyclic nucleotides (21 messengers). Clegg
stated that the growth sites of actin filaments
are very close or directly connected to specif-
ic plasma receptors. The effect is the facilita-
tion of the synthesis of a 2rd messenger and
the transmission of external stimuli which
reach the surfaces of cells directly, and rap-
idly communicate with the entire cell.
Consequently extremely weak stimuli may
be amplified and athermal effects by non-ion-
izing radiation may be produced. One may
raticnalize that magnetic fields produce pie-
zoelectricity through the intraceltular matrix,
converting electromagnetic oscillations to
mechanical vibrations (i.e., photonphonon
transductions), to induce molecular vibra-
tions of frequencies specifically responsible
for biological amplifications of extremely
weak triggers al the membrane surface, as
well as junctions. The frequency of the oscil-
lating phenomenon related to hydrogen
bonds is described by Bistolfi.3! The frequen-
cies appear to be limited in the vast infrared
(IR} frequency band, from near IR (1014 Hz)
to far IR neighboring MW 1012-10t Hz). The
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hydrogen bonds of considerable importance
are those in proteins and DNA. They have os-
cillation frequencies in the lower range at
about 10" Hz* for DNA hydrogen bonds and
around 10'2 Hz for some proteins such as
hemoglobin, lysozyme, keratin, poly-L-ala-
nine and several poly crystalline aminoac-
idg. 3

DNA and protein hydrogen bonds, there-
fore, may be considered as centers of EM ra-
diation emission in the range from the mm
microwaves to the far IR, Piezoelectricity may
be the common denominator for the aspecif-
ic actions of the various non-ionizing, or-
der-inducing biological physical effects.
Piezoelectric mechanisms may be present in
all physiclogical processes. Examples are
cells specialized in reception of external stim-
uli Cheat, pressure and sound). These cells
may convert the special types of energy and
are sensitive to the energy (AE) which is or-
der inducing and regulates the ATP metabol-
ic engine. Various structures are thought 1o be
piezoelectric, such as bone tissue, blood ves-
sel walls, collagen fibers, keratin, albumin,
and globulin, lipo- and glyco-proteins, nu-
cleoproteins, histones, DNA and microtu-
bules. Recent studies by Murzin and
Finkelstein® have reported that proteins con-
taining more than one a-helix have a nearly
spherical polyhedren geometry. This structure
renders the proteins quasi-crystalline, one of
the characteristics that is associated with their
being piezoelectric. Many of the molecules
which are recognized as piezoelectric have
a-helices present, and have an ordered poly-
peptide structure and a set of ordered di-
poles which correspond to the definition of
electret. Electrets are parallel molecular as-
semblies where the microscopic subunits and
the whole unit have stable and permanently
oriented dipoles. Electrets fulfill the require-
ment for an ideal cooperative system de-
scribed by Adey, in which the system’s micro-
components are: coherent, with congruent
oscillatory trajectories, and ordered. In a near
ideal cooperative system, due to the ordered
structure, the entropy is retained at a mini-
mum and biologically ordered free energy
(AE) is maximized and made available by
the interaction with the external stimuli and
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its components for required amplification
and driving the metabolic ATP engine.
Alpha-helices seem designed for vectorial-
ized conduction of phonon like energy puls-
es from the centers of energy release (redox
reactions, ATP hydrolysis) to the site where
it is used. Alpha-helices can therefore be
compared to piezoelectric polypeptide
springs able to transform chemical and elec-
tromagnetic energy into mechanical energy,
and mechanical enérgy into electromagnetic
energy. Thus the amplification of weak trig-
gers by a factor of about 1012 is thought to oc-
cur through mediation of the magnetic com-
ponent (of EM field) by piezoelectric struc-
tures both extra cellularly and intracellularly.
Since the magnetic component may pass free-
ly through the extremely high impedance for
electric component (of EM Field) of the li-
po-protein domain of the cell membrane, the
amplifications secondary to photon-phonon
ransductions are made possible, and pro-
vide reduction of configurational entropy
with available free energy (AE) to enable the
wtilization of the ATP-driven metabolic en-
gine in promotion of growth, repair, and bal-
anced function, We conclude by saying that
responses of critical molecules to certain mag-
netic field signals may include enhanced vi-
brational amplitudes, increased quanta of
thermal energies, and order producing inter-
actions. For example, NGF may be consid-
ered as an “electret-like”, i.e., piezoelectric,
semi-crystalline structure, and can be defined
physically as an aggregation of charged par-
ticles whose integrated vectors have a quan-
tum magnetic moments, and can be influ-
enced with an extreme sensitivity by external
magnetic fields. In general these interaction
possibly re-orient submolecular magnetic do-
mains and improve communications between
and among critical molecules that comprise
and engender the dance of life 35 36

In terms of an initial physical mechanism
in the treatment of human pathology with
externally applied pT ELF magnetic fieid,
Jacobson and Yamanashi derived Equation
(1) from the Faraday’s law and the definition
of the induced emf defined as energy per
unit charge.t? Jacobson’s equation, Equation
(1) states that the intrinsic energy of a parti-
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cle in a magnetic field is equal to the energy
propitiated by the Lorentz force, and it cor-
rectly predicted pT magnetic field intensity
used for successful treatment of Parkinson’s
disease, MS and Epilepsy {(Anninos ef a/. and
Anninos, Tsugas and Sandyk) from the mass-
es of NGF, of interferon, and of platelet de-
rived growth factor (PDGF) respectively. The
frequencies used in thesc treatments were
also correctly predicted from using the pT
magnetic field intensities thus obtained and
substituted then in the cyclotron resonance
equation, Equation (2) along with the mass
vadues of the particles. We have been asked
why have we used Jacobson's equation to
predict the magnetic tield intensity values
and the Cyclotron resonance equation to cal-
culate the frequency values. In response, first
we derive equividence in the energy (hence
frequency) of Jacobson resonance to that of
Zeeman resonance (.., zero-order magnet-
ic resonance) from the DeBroglie's wave-
particle equation, Equation (3), then derive
the equivalence of Jacobson resonance ener-
gy to that of Cyclotron resonance. DeBroglie
expressedt the momentum mv of a particle
1o its wavelength A by

mv=h/A (3a)

for a particle, where m is the mass and the v
is the velocity of the particle, and h is the
Plank’s constant, and for an EM Feld,

me=h/A 3b)

{3b} can be written in terms of energy E,

E=mc2=hc/A 3c)

and

E=hv B

since vi=c. (3d) is the definition of the en-
ergy of a quantum.

For a particle in a closed “string” of radius
1, A=2ml, so that Equation (3) becomes

mv=h/2nl 4)

rearranging Equation (4) and considering
a particle with charge ¢, we have
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qvi=qh/2nm ()

placing this particle in a magnetic field B and
introducing g factor (for example: g=2.002322:
electron, g=5.85486: proton}, (5} can be ex-
pressed in terms of energy E, using the
DeBroglie-Einstein expression (3c), we have,

E=me gvll-oplill, amm 0

and since the magneton P is defined as
B=qh/4nm, Equation (6} becomes

E=mcz=qvIB=gpB )]

(7) is the equivalence of energies between
Jacobson resonance and Zeeman resonance
for a single charged particle in a 2 dimen-
sional closed “string” of circumference 2nl.
Similarly, the equivalence of energies between
Jacobson resonance and Cyclotron resonance
can be derived from Equation {1). Stasting
from Equation (5), and placing the parsticle in
a magnetic field B, we have,

E=qvIB=ghB/2nm (8)

Equation (8) is the equivalence of energy
between Jacobson resonance and Cyclotron
resonance. We have previously shown the
equivalence of energy between the Cyclotron
resonance and Zeeman resonance.'? These
equivalencies suggest that the qvBl is one of
the fundamental expressions of energy of a
charged wave-particle in magnetic fields, just
as Zeeman and Cyclotron resonance energy
expressions, gfB and qhB/2rm are, and is
applicable to all charged particles in boxes (or
“strings”).

The justification for the selected v-vahies in
this study is that all particles traveling with the
earth through space share common cosmic
inertial velocities. The particle-in-a-box is
moving in relative translatory motion with
respect to the earth frame of reference,
whether the particles exhibit terrestrial motion
or not with respect to the frames of refer-
ence which are localized on earth. The “par-
ticle-in-a-box” thus may be said to be mov-
ing with the orbital velocity of the earth, and
with the rotational velocity of the earth as it
moves through space maintaining a relative-
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ly fixed position with respect to local earth
geography, and with the velocity of the sofar
system as it moves within the }ocal star clus-
ter following a vortical pattern about the cen-
ter of the Milky Way Galaxy, ete. Furthermore,
in accordance with Einstein’s theory of Special
Relativity, the magnetic component B can-
not be said to be traveling with the earth as
such because all electromuagnetic radiation
travels at speed ¢, the velocity of light, inde-
pendent of its inertial frame of reference.
Thus there is a spontaneous, independerit,
and incessant interaction of magnetic vectot
B and the charged “particle-in-a-box” which
propitiates a Lorentz force. The Lorentz force
produced by the action of inertial mecha-.
nisms may not necessarily manifest electro-
magnetic force, Einstein stated, “In contrast to
the electric and magnetic fields, gravitation-
al fields exhibit o most remarkable property,
which is of fundamental importance. Bodies
which are moving under the sole influence of
a gravitational field receive an acceleration,
which does not in the least depend either
on the material or on the physical state of
the body.” An analogy between Maxwell’s.
¢lectromagnetism theory and Einstein's the-
ory of gravity is that just as electromagnetic
waves are created by the vibration of electric
charges, gravitational waves are created by
the vibration of masses. Furthermore, just as
a4 1raveling electromagnetic wave exerts a
force by shaking other electric charges, a
gravity wave travels through space to shake
other masses. The notion that the gravity
wave is the basis of Photon-phonon trans-
ductions in biological piezoelectricity and vi-
brational waves (solitons) represents a pos-
sibility explicating the causal nexus in the
multi-magnitude biological amplification pro-
cesses, 3637

Conclusions

This study has demonstrated that picaTesla
range magnetic fields are a safe and effec-
tive modality by which to palliate chronic
pain secondary to osteoarthritis of the knees,

More importantly, this study has revealed
that extremely low level magnetic fields are
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in some very critical way connected to the
workings of our biomechanism. This funda-
mental connection gives hope for general
applications since the underlying mechanism
may indeed be Jacobson Resonance, pointing
to a causal link between the very small and
the very large. The link may represent the
very essence of natural law and the nexus
of causauon. Just as mntermediate bosons like
mesons connect nucleons so may bosons
like gravitons and photons be connected to
heavy baryons which collect to form sub-
stantial material bodies, PicoTesla fields may
represent a gquantum gravity as very weak
and subtle forces regulate the particles that
comprise interacting heavenly masses. The
universe becomes perhaps then unified by
one simple relation that is so general it cries
simptlicity, elegance and beauty, the perfec-
tion of the universe.

The Zeeman energy term (right side of
Equation (7)) is also an expression for a sin-
gle charged particle such as an electron or a
proton, placed in a magnetic field, and will
only be a gross approximation for an atom-
ic or molecular system. As an example, for a
hydrogen atom, in order to analyze the mag-
netic resonance spectra, the spin energy lev-
els in the wave equation of the hydrogen at-
om can be solved exactly by finding the ei-
genvalues of the complete energy matrix.
The diagonal elements of this matrix, the spin
Harniltonian, include both nuclear and elec-
tron Zeeman terms, and contact hyperfine
(Fermi interaction) terms. The electron-nu-
clear dipolar terms averages out to be zero
whenever the electron orbital is spherical.
For a hydrogen atom with its spherical sym-
metry, the spin Hamiltonian has isotropic
g-factors for the electron Zeeman and nucle-
ar Zeeman terms ahd isotropic terms. But in
molecules in solids and semi- solids, these
factors very with direction and the spin
Hamiltonian becomes anisotropic. The
Zeeman term will be expressed in the second
rank tensor and the g-factor becomes a 3x3
g-matrix. Similarly Jacobson resonance term
(left side of Equation (7)) is an approximate
expression describing a molecular or mac-
romolecular system as a single charged par-
ticle in a closed “string” of radius 1 (a two di-
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mensional “hox™), or an open “string” (2 one
dimensional box) of length 1. Equation (1)
and Equation (2) are useful in selecting the
ranges for pT magnetic field intensities and
corresponding frequencies for target mole-
cules, some of which perhaps resulted in the
regeneration of damaged neurons in this
stucly.

" Perbaps the success of the Helsenberg meth-
od poinis to a prrely algebraical methbod of de-
scripion of nature. It s not nnimaginable
that buman ingenuity will some day find
methods which will make it possible to pro-
ceed along such a path” (Binstein). 3

The clinical data indicating restoration to
normal, of EMG profile after treatment, im-
proved clinical symptoms, and laboratory
analysis of hlood and sera need to be corre-
lated with changes in molecular structure,
confornution, and other molecular, cellular,
or histological properties resulting from the
exposure 1o the picoTesla magnetic field. The
following remain to be determined: (i) the
specific nature of the molecular, celluiar, or
histological changes, (ii) the evidence that
magneticalty induced phonons can cause
such molecular or microscopic changes, and
(iii) the effects of such initial molecular, mac-
romolecular, or microbiological changes on
the known biochemical pathways of human
endocrinology, immunclogy, and genetics,
and (iv) the experimental determination of
the criteria sepuarating beneficial from haz-
ardoues or undesirable magnetic hield effects.

The fundumental concept implicit in these
conclusory remarks is that Einstein's view of
gravitational ether is correct, and the gravita-
tional field participates in the motion of ordi-
nary matter, In addition, gravitational ether,
shadow muatter and dark matter provide the
medivm of electromagnetic fields. Einstein
stated that everyday reality compels us to be-
lieve: that the causal linking of natural phe-
nomena involves the communication of mo-
tion through impact or contact, The Kalusa-
Kline theory assigned a fifth coordinate for
gravity in unifying gravity with electromagne-
tism. Supersymmetry and superstring theore-
ticians accomplished a similar abstract math-
ematical unification by proposing the con-
cept of shadow-matter (or dark-matter) and
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several additional dimensions. The Newto-
nian action-at-a-distance concept, which does
not account for the force carrier in free space,
is not accepted by either Einstein or modern
theoreticians.

Further theoretical details which need to be
addressed include: magnetic anisotropies typ-
ical in crystalline and liguid crystalline mate-
rials, magnelic interactions such as Fernw
contact (or electron-nuclear hyperfine inter-
actions) in free radicals, electron dipole-i-
pole interacticn in the photo-excited triplet
states and stable paired radicals, or electron
spin-orbit {Russel-Saunders) coupling in or-
ganotransition metal complexes. All of these
magnetic interactions further split the Zeeman
energy levels into several discreet energy lev-
els. Spin-orbit and electron dipole-dipole
interactions exist at zero applied field and
hence the pathogenic particles that may con-
tain this interaction mdy require correction
arising from these additional magnetic inter-
action terms (Hamiltonians).

Another important consideration is that the
MEG profile of normal individuals may vary
depending upon the states of mind. The MEG
profiles corresponding to the a-wave, and
those corresponding to the 8-wave are ex-
pected 1o be different. What constitutes the
normal MEG profile? Is the efficacy of mag-
neto-therapy distinguishable from the psy-
chological effects of the patients upon re-
ceiving psychotherapy? Future clinical stud-
ies should be designed to answer some of
these questions.

The intensity B of the externally applied
magneitic field B and frequency fused in the
recent successful clinical trials wiilizing ex-
tremely weak (in picoTesla range) magnetic
fields to treat patients with Parkinson’s dis-
ease, epilepsy, and multiple sclerosis were
correctly predicted from the Jacobson and
ion cyclotron resonance equations [(1) and (8)
respectivelyl. The former is used to predict
the B-values of possible therapeutic effica-
¢y, from the known mass m of a molecular
species suspected to be involved in the dis-
ease process. The latter was determined for
thef-values of possible therapeutic efficacy,
from the known mass m and B-values calcu-
lated with the use of (1). We conclude that the
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physical mechanism operative in the mag-
neto therapy of osteoarthritis and other dis-
eases includes both Jacobson and ion cyclo-
tron resonance(or Zeeman resonance). The
Jacobson resonance is used to predict b-val-
ues for any particle (including pathogenic
particles), placed in an external magnetic
field B, whereas the jon cyclotron resonance
i~ used tor predicting Fvatues of the charged
ionic species {electrons, protons, Na*, K-,
Ca, PO+, ere) placed in an external magnet-
ic field B For many pathogenic or patholo-
gy related particles (molecular species) in-
cluding homeoboxes the Bvalue turns out to
be in extremely weak picoTesla range, and
the fvalue in the extremely low frequency
(ELF) range.

It is further considered in conclusion that
recent data derived of in vitro mouse sciatic
nerve studies at Cornell University Medical
College in New York City utilizing the
picoTesla range mugnetic signals analogous
to the osteourthritis study hereunder delineat-
ed revealed marked regenerative capacity of
these physiologic signals. Myelin sheaths
were muintained in the experimental group
as the control nerve segments degenerated
and the myelin grew much thicker as well.
Celular and subcellular components were
retained generally in the experimental group.
This points to a generic action of extremely
weuk, physiologic magnetic fields with living
systems, exciting indeed the continuance of
rescarch fervently looking for the ultimate
explination of life o

Riassunto

Sperimentazione presse gualtro ceniri dei campi ma-
gnetics nell ambito di intensitda picoTesla, sperimen-
tazione clinica a doppio cieco per # rattamento det
ginouchio affento da osteoartrite

Obiettive Lo scopo del presente studio era quel-
fo di valutare 'efficacia dei Campi Magnetici di
Risonanzi Jacobson su soggetti wmani affett da do-
lore uble pinocchia dovuto a osteoartrite,

Metodi. La sperimentazione & stata effettuata su
centosettantasel (176) pazienti in cure presso quattro
centri diversi. | soggetti sone stati divisi in due grap-
pi con assegnazione randomizzaty: un gruppo € sta-
e trattato con placebo (trattamenti con il magnete
noR utive) e [altro soltoposto af tratamente attivo
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(magnete attive}, Ogni gruppo ha ricevulo oito tral-
tamenti nell’arco di due settimane. Ciascun soggetio
ha auribuito un punteggio al livello di dolore perce-
pito (da une, per dolore minimo, a dieci, per dolore
massimo) prima e dopo ciuscuna detle sessioni di
trattamento, in tre diverse occasioni: prima della spe-
rimentazione, dopo la sperimentazione ¢ a due sct-
timane dalla fine della sperimentazione. 1 soggelli
hanno registrato Pintensitd del dolore provato al di
fuoti dell’ambicnte di cura. T campi magnetici utiliz-
zati nelfambiio del presente studio erano genera
tramite il Dispositivo per la Risonanza Magnetica
Jacobson; rale dispositivo & costituito da due bobine
aventi diametro pari a 18 pollici, in filo di rame con
diametro 30 AWG, collegate in serie (configurazione
Helmholiz), paste alla distanza di 9 pollici V'una dal-
Paltra. Le bobine sono collegate ad un alimentatore,
come ad esempio il generatore di funzione HP3325A,
e ad un attenuatore per ottenere il tcampo desidera-
10 nello spazio compreso tra le spire. Lintensitd del
campo magnetico (densitd di flusso) & stata calcola-
1a con l'equazione MC?=Bvlq (equazione di
Jacobson), L'ambito delle densiti di Busso impicga-
te andava da 2,74x10"7 gauss a 3,4x10-¥ Gauss, con le
frequenze corrispondenti pari a 7,7 Hertz e 0,976
Herz. Mentre per le densiti di flusso picoTesla si so-
no ctfettuate misurazioni che le mettono in correla-
zione con le onde cerebrali ¢ il cuore, ad opera di
David Colien dei M.1.T., non esiste alcuna spiegazio-
ne nel campo della fisica classica per gli effetti bio-
logici dei campi debali. L2 Risonanza di Jacobson
propone un meccanismo inteso a risolvere le difficolta
teoriche.

Risultati, In media, i soggetti appanenenti al grup-
po trattato con il magnete aftivato hanno avvertito
una riduzione del dolore del quarantasei percento
{40%) dopo la sessione di 1rattamento. 1 soggelti ap-
partenenti al gruppo trattato con il magnete inattivo,
invece, hanno avvertito una riduzione del dolore, a
seguito della sessione di trattamento, dell’otto per-
cento (8%). 1 risultati indicano I'esistenza di una dlif-
ferenza significativa tra i due gruppi. L'analisi della va-
rianza ANOVA secondo il metodo lineare gencrale
(GLM) del trattamento e della sessione ha dimostra-
1o che la riduzione del dolore & stata significativa-
mente maggiore nel gruppo trattaro con il magnete st-
tivato rispetto al gruppo di controllo (p<0,001). noltee,
dei 101 pazienti del primo gruppo valutati nel corso
delle sessioni di trattamento, il 96% ha beneficiato di
riduzioni significative del dolore (p<0,000). I pazienti
N=97 (96%) ¢he hanno provate una riduzione del
dolore hanno avuto in media una riduzione dei do-
lore del 53,25%. Il cento percento (100%) dei pa-
zienti del gruppo trattato con magnete attivato ha ot-
tenuto una riduzione dei livelli di dolore a seguito di
{almeno) uno o pil trattamenti con il dispositivo per
la risonanza.

Conclusioni. Lo studio indica che vale la pena di
considerare la previsione della Risonanza Jacobson ri-
guardo alla possibilita che i campi magnetict dell'in-
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tervalle picoTesla siano fisiologici. T risuliat dello
stddio fanno ipotizzare un effetto biologico delle
energie sottili che deve ancora essere considerato ¢
analizzato in modo pia approtondito,

Parole chinve: Osteoartrite, 1erapia - Campi magneti-
¢i.
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