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Study Parameters Effect of MF
Bassett et al. [18] 2 mV/cm, 1.5 msec, 1 Hz, biphasic; Accelerated bone repair
(Beagle dogs) 20 mV/cm, 0.15 msec, 65 Hz, biphasic
Bassett et al. [19] 2 mV/cm, 1.5 msec, 1 Hz, biphasic; Accelerated bone repair
(Beagle dogs) 20 mV/cm, 0.15 msec, 65 Hz, biphasic
Wilson & Jagadeesh [41] Diapulse; 65 ����������	�
��
������������� Increased speed of nerve regeneration
(Rats)
Bassett et al. [20] ElectroBiology Inc.; quasi-rectangular, Promoted osteogenesis

assymetrical, 300 ��������������������
12-16 hrs daily; 3-6 months

De Haas et al. [23] 0.1 Hz, 0.015 T; 1 Hz, 0.015 T; 4 Hz, 0.025 T Not effective; healing initiated at 1 Hz
(Rabbits) 6 hrs/day; 5 days/week; 2 weeks but effect not maintained
Heckman et al. [13] Electro-biology Inc., Fairfield, N.J. Healed 64.4% of ununited fractures

Min. 12 hrs/day; min 3-4 months
Barker et al. [22] 0.3 T/s, 15 Hz Established tibial unions (questionable effect)

12-16 hrs/day; 24 weeks
Binder et al. [32] 73 + 2 Hz; 2.7 mT (peak) Reduced pain, improved active range

5-9 hrs daily; 4 weeks
Raji [42] Diapulse; 400 pulses/sec Acclerated rate of recovery of injured nerve;
(Rats) 15 min daily; 3.5 days, 1, 2, 3, 4, or 8 weeks enhanced regeneration of damaged nerves
Kavaliers et al. [89] Rotating magnetic field, 1.5 G – 90.0 G Abolished morphine-induced analgesia
(Mice) Several exposure periods
Devereaux et al. [33] Single pulse of 200 �	������ No effect on lateral humeral epicondylitis

8+ hrs daily; 1-2 days
Kavaliers & Ossenkopp [97] 0.2 mT - 3.5 mT, 30min, 10 consecutive days Reduced tolerance to morphine
Ossenkopp et al. [83] static: 1470 + 0.2 G; Attenuated morphine-induced analgesia
(Mice) radiofrequency: 6.25 MHz, 2 bursts

(gaussian, square) every 100 msec
pulsed: 8 x 103 G/sec (z), 10 x 103 G/sec (x, y)
22.5 min pre- and post-morphine injection

Frykman et al. [12] Bi-osteogen, System Electro-biology Inc., Healed non-union scaphoid fractures
Fairfield, N.J.
8-10 hrs daily; mean 4.3 months

Prato et al. [86] static: 0.15 T; Static component had no effect,
(Mice) pulsed: 0.4 mTpk - 0.9 mTpk radiofrequency component reduced, and

radiofrequency: Gaussian pulse, 2 and 4 ms widths pulsed component abolished morphine-
23.2 min, 62 MHz induced analgesia

Kavaliers & Ossenkopp [88] 0.1 mT - 0.8 mT; 0.5 Hz Inhibited analgesia from opioid agonists
(Snail) 15 - 30 min
Sisken et al. [44] 0.3 mT, 20 msec pulse, 2 Hz repetition Regeneration of sciatic nerve
(Rat) 1 hour daily
Ieran et al. [38] 2.8 mT, 75 Hz, 1.3 msec Increased success rate of treating venous

3-4 hrs daily; 90 days skin ulcers; reduced recurrence rate
Mooney [36] 0.18 mT, 1.5 Hz Increased success rate of interbody lumbar fusion
(Rabbits) established effectiveness of bone graft stimulation
Omote et al. [62] 4 mT, 200 Hz, pulse width 2.0 msec Increased survival of rats; survival greatest
(Rats) 1 hr (once) when PEMF and drug given in combination
(Cell culture) 4 mT, 250 Hz, pulse width 1.5 msec Colony formation suppressed; greater suppression with

2 hrs (once) Combination PEMF & drug
Tabrah et al. [25] 2.85 mT (peak), 380 ����quasirectangular, Short-term increased bone mineral density

followed by 72 Hz, 6 msec quasitriangular wave
10 hrs daily; 12 weeks

Bassett & Schink-Ascani [16] Electo-Biology Inc. (Parsippany, NJ); amplitude Healed congenital pseudarthrosis of the tibia
set to deliver 1.5 mV/cm for normal cortical bone
with periosteum
10-12 hrs daily; 3 months - 4 years

Bellossi & Desplaces [59] 12 Hz, 9 mT Increased length of survival in early stage of
(Mice) 10 min, 3 non-consecutive days/wk from cancer development

2-3 wks after tumours appeared until death
Mouchawar et al. [66] Rectangular pulses 0.1 msec in duration at 50 Hz Stimulated the heart
(Dogs)
Sanseverino et al. [28] 50 Hz solenoid, 3 mT - 6 mT Removed pain, recovered joint mobility,

15-40 min daily; 15 sessions maintained improved conditions of joints
Stiller et al. [9] PELUT; ∆B = 2.2 mT; 3 part pulse (+, -, +) of 3.5 msec Decreased wound depth and pain intensity

total width 3 hrs daily; 8 weeks (or earlier is healed);
12 wks total if improvement present at 8 wks

Kanje et al. [43] 60 ��������� �	������������ Pretreatment increased regeneration of
(Rats) 15 min-24 hrs/day; 1-7 days sciatic nerve (not all MFs were effective)
Kavaliers & Ossenkopp [84] 0.1 mT - 0.8 mT; 0.5 Hz Reduced opioid-induced analgesia following
(Snails) administration of naloxone
Roland et al. [48] 0.5 Hz - 17 Hz; 0.1 ������ ��� � Improved tinnitus

15 min daily; 1 week
Betancur et al. [87] 3 mT - 4 mT Reduced analgesic effect
(Mice)
Fleming et al. [100] 5 µT pulse burst; 1 sec on, 4 sec off Increased analgesia
(Rats) 20 minutes
Grant et al. [65] 2.8 mT, 75 Hz, single pulse (280V) Lessened cortical ischemic oedema, reduced
(Rabbits) 350 min ischemic neuronal damage
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Hannan et al. [8] 5.2 mT, 250 pulses/sec, 120 ���������	��
��� Decreased tumour size when in combination
(Mice) 1 hr with chemotherapy drugs
Jorgensen et al. [39] 1-250 MHz; 2-30 pulses/sec Relief from pelvic pain

15-30 min; repeated as necessary
Del Seppia et al. [93] continuous + 70 µT to - 20 µT; sinusoidal Hyperalgesia (heightened sensitivity) to
(Pigeons) painful electrical stimulation
Papi et al. [94] continuous + 70 µT to - 20 µT; sinusoidal Increased sensitivity to painful electrical stimulation

Konrad et al. [26] 5 mT, 50 Hz Reduced pain and improved hip movements
20 min/session; 20 treatments total

Darendeliler et al. [17] 15 Hz, positive duration 200 �����
����� Accelerated rate of bone repair
8 hrs daily; 9 days

Glazer et al. [35] peak (negative) 3 + 1 T/sec; (positive) 9 + 4 T/sec Reduced the rate of pseudarthrosis
(Rabbit) 26-msec pulse burst; 670 + 10-msec burst interval

4 hrs daily; 6 weeks
Godley [21] Electro-biology Inc. (Parsippany, NJ) Enabled solid union of carpal scapoid

10 hrs daily; 3 months
Harrison & Bassett [27] PEMF coils Not effective in treating Perthes’ Disease

10 hrs nightly; 7.5 to 18.5 months
Liang et al. [63] 5.25 mT, 250 pulses/sec, 120 ���������	��
��� Decreased tumour volume in combination
(Mice) 1 hr weekly; 3 weeks with anti-cancer drug
(Tissue culture) 5.25 mT, 250 pulses/sec, 120 ���������	��
��� Enhanced potency of anti-cancer drug only

1 hr weekly; 3 weeks when PEMF was prior to drug injection
Richards et al. [47] 5 ����
�� �����
������
�������
���	������ Improvement in performance tests;

10-24 hrs daily; 2 months increased alpha EEG during a language task
Sartucci et al. [101] 0.5 Hz; 70 µT to -20 µT; 0.1 msec duration Reduced pain thresholds and pain-related

somatosensory evoked potentials
Thomas et al. [95] 100 µTpk, 0.4 T/s Induced analgesia, and increased opioid-
(Snail) 15 min induced analgesia
DiCarlo et al. [68] 60 Hz; 4 µT, 6 µT, 8 µT, or 10 µT Increased rate of survival
(Chick embryos) 20 min (reduced anoxia- induced mortality)
Jankauskien ������������ 1 mT, 80 kHz Improved soft tissue, reduced inflammation;

30 min; 10 sessions did not affect visual signs or eye movements
Mann et al. [53] 900 MHz, pulsed with 217 Hz, 577 ������	�� Cortisol slightly elevated; no change in

8 hrs (1 night) growth/ luteinizing hormones, or melatonin
Thomas et al. [98] 100  Tpk, 0.4 T/s Development of tolerance, and cross-
(Snail) 15 - 30 min daily; 6 - 9 days tolerance to repeated MF exposures; effect

reduced with novel environmental cues
Albertini et al. [74] Triangular waveform; 75 Hz; 30 mT Reduced necrotic region of myocardial infarct
(Rats)
DiCarlo et al. [67] 60 Hz; 4 µT, 6 µT, 8 µT, or 10 � Increased rate of survival; induced stress

response that protected embryo myocardium
(Chick embryos) 20 min from anoxia-related mortality
Karasek et al. [57] 2.9 mT, 40 Hz, square impulse shape Significantly lowered rise in nocturnal melatonin

20 min daily, 5 days/week; 3 weeks
0.025 mT - 0.08 mT, 200 Hz, complex saw-like Did not influence melatonin levels
impulse shape, bipolar
8 min twice daily, 5 days/week; 3 weeks

Carmody et al. [73] 60 Hz, 8 � Protection from ischemia-reperfusion injuries
(Cells) 20 minutes - several hours
Del Seppia et al. [85] hypogeomagnetic field: 4 µT Suppressed stress-induced analgesia
(Mice) Oscillating magnetic field: 20 µT - 70 µT

90 min in home cage; 30 min restrained
de Seze et al. [61] 100 mT, 0.8 Hz square-wave Decreased tumour growth;increased survival
(Mice) 8 hours daily
Karasek et al. [58] 25 µT - 80 ��� �������������!�����
��������� No effect on melatonin concentrations

8 min twice daily, 5 days/week, 3 week
Marks [34] Spinal-Stim (Orthofix Inc., Richardson, TX) Enhanced bone bridging in lumbar spinal fusion

4+ hrs daily, 4-6 months
Matsumoto et al. [24] 0.2 mT/ 0.3 mT/ 0.8 mT; 100 Hz; width 25 ��� Promoted bone formation
(Rabbits) 4 or 8 hrs daily; 1, 2, or 4 weeks
Jacobson et al. [30] 0.034 ������ "�� �����#"�������"�"��� Reduced knee pain due to osteoarthritis

6 min, 8 sessions; 2 weeks
Pipitone & Scott [14] 50 ���������"�������$�� ���� Improvement from baseline in pain,

10 min, 3 times daily; 6 weeks stiffness, and physical disability
Prato et al. [79] 200 µTpk, 0.4 T/s Increased movement under low intensity light;
(Mice) decreased movement under high intensity light
Thomas, Drost, & Prato [77] 200 µTpk, 0.4 T/s Improved standing balance
Thomas, White, et al. [78] 200 µTpk, 0.4 T/s Improved standing balance in fibromyalgics

and controls to greater degree than in
arthritics during eyes open; all groups had
worse standing balance during eyes closed

Williams et al. [60] 0, 10 mT, 15 mT, or 20 mT; 120 pulses/s Reduced tumour growth and vascularization
(Mice) 10 min daily
Robison et al. [64] 0.15 + 0.02 mTpk sinusoidal, 120 W, 60 Hz Decreased susceptibility to heat-induced
(Human cell lines) 4, 12, or 24 hours apoptosis, leading to proliferation of cancer
Warman et al. [54] 200 �������� ���%���� Changed melatonin onset variability, but

2 hours; 1 night not average melatonin onset time
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Disease Author Ref. Effect of MF
Bone
Osteotomy Bassett et al. [18] Accelerated fibula bone repair

Bassett et al. [19] Accelerated fibula bone repair
De Haas et al. [23] Quickened initiation of long bone healing;

did not sig. reduce time for solid union
Darendeliler et al. [17] Increased new bone growth

Non-union bone fracture Bassett et al. [20] Osteogenesis
Heckman et al. [13] Enhanced bone healing
Barker et al. [22] Established tibial unions; not sig. different from controls
Frykman et al. [12] Healed non-union scaphoid fractures
Godley [21] Enabled solid union of carpal scaphoid

Congenital Pseudarthrosis Bassett et al. [16] Healed tibial congenital pseudarthrosis
Bone formation Matsumoto et al. [24] Increased bone contact and bone area with the implant
Osteoporosis Tabrah et al. [25] Initial increase in bone density followed by steady decline
Hip Arthroplasty Konrad et al. [26] Improvement in pain ratings and hip movements
Perthes Disease Harrison et al. [27] No significant difference from controls
Joint
Joint Disorders Sanseverino et al. [28] Decreased pain ratings and improved mobility of joint
Rheumatoid Arthritis Ganguly et al. [29] Enhanced improvements in pain, swelling, tenderness, and joint

function among seronegative relative to seropositive patients
Osteoarthritis Pipitone et al. [14] Improvements in pain, stiffness, and physical disability relative to baseline

Jacobson et al. [30] Greater reduction in pain
Rotator Cuff Tendinitis Binder et al. [32] Decrease in pain ratings, increase in active range
Lateral Epicondylitis Devereaux et al. [33] No significant benefit
Spinal Fusions
Spinal fusions Marks [34] Enhanced successful bony bridging
Pseudarthrosis Glazer et al. [35] Enhanced solid union, increased stiffness, increased

maximum load before fusion failure
Interbody lumbar fusions Mooney [36] Improved success rate of solid fusion
Ulcers
Venous leg ulcers Ieran et al. [38] Healed ulcers for prolonged period; prevented recurrence

Stiller et al. [9] Decreased wound surface area, wound depth; increased healthy granulation tissue
Flemming et al. [37] Insufficient evidence from reviewed studies to warrant use of PEMF stimulation

Pelvic Pain
Pelvic Pain Jorgensen et al. [39] Quickened return to normal activities, prevented need for surgery
Nerves
Median-ulnar nerve Wilson et al. [41] Stimulated and quickened nerve regeneration
Peroneal nerve Raji [42] Quickened toe-spreading reflex, enabled nerve regeneration
Sciatic nerve Sisken et al. [44] Regeneration of nerve

Kanje et al. [43] Enhanced regeneration of nerve
Endocrine ophthalmopathy Jankauskien � �� � �� �[46] Reduced soft tissue involvement and proptosis,

improved corneal and optic nerve function
Neurological Disorders
Multiple Sclerosis Richards et al. [47] Improvement in performance scales;increased alpha EEG during language tasks 
Tinnitus Roland et al. [48] Improvements in symptoms; reductions in sensation levels
Neuroendocrine System
Hormone production Mann et al. [53] Altered cortisol secretion pattern
Melatonin levels Karasek et al. [57] Reduced melatonin profile depending on pulse parameters

Karasek et al. [58] No influence on melatonin concentrations
Warman et al. [54] Changed melatonin onset variability, but not average melatonin onset time

Cancer
Mammary carcinoma Bellossi et al. [59] Increased length of survival

Williams et al. [60] Reduced tumour growth/ vascularization
KMT-17 / KDH-8 tumours Omote et al. [62] Increased survival rates, decreased colony formation,

especially in combination with drug therapy
A431/ HT-29 cell lines Hannan et al. [8] Reduced mean tumour volume, esp. in combination with anti-cancer drugs
Subline KB-ChR-8-5-11 Liang et al. [63] Reduced tumour size and enhanced survival
HL-60, HL-60R, and Robison et al. [64] Decreased susceptibility to heat-induced apoptosis,
Raji cell lines enabling proliferation of cancerous cell lines
Benzo(a)pyrene- induced tumours de Seze et al. [61] Decreased rates of tumour growth; increased survival
Cerebral Ischemia (Stroke)
Focal ischemia Grant et al. [65] Reduced extent of cortical oedema, and areas of neocortex and neostriatum
Coronary Protection
Cardiac Stimulation Mouchawar et al. [66] 12 kJ required to achieve closed-chest ectopic beats
Myocardial Protection DiCarlo et al. [68] Incresed survival rates following cardiac anoxia damage

Albertini et al. [74] Reduced necrotic region of myocardial infarct
DiCarlo et al. [67] Increased survival rates following cardiac anoxia damage
Carmody et al. [73] Protection from ischemic-reperfusion injury

Psychophysiological Regulation
Human Standing Balance Prato et al. [79] Increased movement under low Intensity light; 

decreased movement under high intensity light
Thomas, Drost, ... [77] Improved standing balance
Thomas, White,... [78] Improved standing balance in fibromyalgics and controls to greater degree than in

 arthritics during eyes open;all groups had worse standing balance during eyes closed 
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Pain Kavaliers et al. [89] Abolished morphine-induced analgesia
Kavaliers & … [97] Reduced tolerance to morphine
Ossenkopp et al. [83] Attenuated morphine-induced analgesia in mice
Prato et al. [86] Static component had no effect, radiofrequency component reduced, and

 pulsed component of MF abolished morphine-induced analgesia
Kavaliers & … [88] Inhibited analgesia from opioid agonists
Kavaliers & … [84] Reduced opioid-induced analgesia following administration of naloxone
Betancur et al. [87] Reduced analgesic effect
Fleming et al. [100] Increased analgesia
Del Seppia et al. [93] Hyperalgesia (heightened sensitivity) to painful electrical stimulation
Papi et al. [94] Increased sensitivity to painful electrical stimulation
Sartucci et al. [101] Reduced pain thresholds and pain-related somatosensory evoked potentials
Thomas et al. [95] Induced analgesia, and increased opioid-induced analgesia
Thomas et al. [98] Development of tolerance and cross-tolerance to repeated MF exposures;

effect reduced with presentation of novel environmental cues 
Del Seppia et al. [85] Suppressed stress-induced analgesia
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Experiment Mechanism Reference

Induced
Current

Free
Radical

Magnetite Parametric
Resonance

Variation of BAC at 60 Hz x - - v Prato et al. 1995
[108]

Variation of frequency for BAC and
BDC

x x - v Prato et al. 1995
[108]

Variation of angle between
BAC and BDC

x - x v Prato et al. 1996a
[109]

Variation BAC and BDC

at 30 Hz
x x x v Prato et al. 2000

[102]

Variation of angle between
BAC and BDC in light and dark

- - x - Prato et al. 1996b
[110]

Investigation of light/dark effects at
30, 60, 120 Hz

x x - v Prato et al. 1997
[111]

Investigation of light/dark effects
during day/night

- - - v Prato et al. 1998
[112]

Role of nitric oxide synthase and
related light/dark effects

- - - v Kavaliers et al. 1998
[113], and
Kavaliers & Prato
1999 [114]

v  mechanism supported
x  mechanism not supported
-  mechanisms neither supported nor unsupported
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Aims  & Scope:
The wireless communication revolution is bringing fundamental changes to
data networking, telecommunication, and is making integrated networks a
reality. By freeing the user from the cord, personal communications
networks, wireless LAN's, mobile radio networks and cellular systems,
harbor the promise of fully distributed mobile computing and
communications, any time, anywhere. Numerous wireless services are also
maturing and are poised to change the way and scope of communication.
WINET focuses on the networking and user aspects of this field. It provides
a single common and global forum for archival value contributions
documenting these fast growing areas of interest. The journal publishes
refereed articles dealing with research, experience and management issues
of wireless networks. Its aim is to allow the reader to benefit from
experience, problems and solutions described. Regularly addressed issues
include: Network architectures for Personal Communications Systems,
wireless LAN's, radio , tactical and other wireless networks, design and
analysis of protocols, network management and network performance,
network services and service integration, nomadic computing,
internetworking with cable and other wireless networks, standardization and
regulatory issues, specific system descriptions, applications and user
interface, and enabling technologies for wireless networks.
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