
Clinical Journal of Sport Medicine, 10:15-21
© 2000 Lippincott Williams & Wilkins, Inc., Philadelphia

Reprinted from CLINICAL JOURNAL OF SPORT MEDICINE
Vol. 10, No.1 January 2000
Lippincott \Villiams & \Vilkins Printed in U.S.A.

The Effic,acy of Farabloc, An Electromagnetic Shield, in
Attenuating Delayed-Onset Muscle Soreness

Jian Zhang, MSC, Douglas Clement, MD, and Jack Taunton, MD

Allan McGavin Sports Medicine Centre, Division of Sports Medicine, School ofHuman Kinetics and Department of Family
Practice, University of British Columbia, Vancouver, British Columbia, Canada

Objective: To assess the hypothesis that Farabloc, a fabric
with electromagnetic shielding properties, would attenuate the
symptoms, signs, and muscular strength deficit secondary to
delayed-onset muscle soreness (DOMS) induced by two expo-
sures to eccentric exercise in humans.
Design: Randomized, single-blind, placebo-controlled,

crossover trial with two testing stages of 5 days duration sepa-
rated by a washout period of more than 8 weeks.
Setting: University-based sports medicine center.
Participants: Twenty volunteers equally representing un-

trained male and female subjects.
Interventions: 20 sets of 10 repetitions of single-leg eccen-

tric knee extensions for 37 minutes with the Biodex dynamom-
eter set at 30 degrees per second were performed on the frrst
day of stage one and stage two to induce DOMS in the quad-
riceps muscle. Double layers of fabric, either Farabloc or pla-
cebo, were wrapped around the thigh of each participant during
each stage for 5 days.
Main Outcome Measures: Perception of muscle pain, as

measured by a visual analog scale (VAS), and strength, as
measured by knee extensor torque (EST) with the Biodex dy-
namometer, were evaluated at 0, 24, 48, 72, and 96 hours.
Serum inflammatory markers of muscle damage, including
malondialdehyde, creatine phosphokinase, myoglobin, leuko-
cytes, and neutrophils, were assayed at 0,2,6,24, and 48 hours.

The purpose of this study was to determine the effect
of Farabloc (Farabloc Development Corp., Coquitlam,
BC, Canada) in attenuating the pain, strength changes,
and serum biochemical markers of muscle damage
caused by delayed-onset muscle soreness (DOMS) in-
duced by two exposures to eccentric exercise in humans.
It was hypothesized that Farabloc would reduce the in-
flammatory response after exposure to exercised-induced
quadriceps muscle damage. This reduction would be dem-
onstrated by less pain and strength loss combined with
reduced levels of inflammatory markers in the blood.
We speculated that the use of Farabloc would alter the

balance of frequencies of electromagnetic fields to which
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Results: Repeated-measures analysis of variance was carried
out for each of the seven variables to assess differences for
fabric, order of treatment, time, and all combinations. Results
of VAS and EST and levels ofmalondialdehyde, creatine phos-
phokinase, myoglobin, leukocytes, and neutrophils all showed
a highly significant effect of Farabloc compared with placebo.
This analysis shows that the order of Farabloc or placebo fabric
use in stage 1 and 2 produces different results. This may be
caused by a learning effect, Qut did not alter the overall influ-
ence of Farabloc.
Conclusion: The data indicate that double layers of Farabloc

fabric wrapped around the thigh reduces pain and strength loss
and serum levels of malondialdehyde, creatine phosphokinase,
myoglobin, leukocytes, and neutrophils when untrained human
subjects are exposed to eccentric exercise to produce DOMS in
the quadriceps. Farabloc shields high-frequency electromag-
netic fields, although the results do not indicate how these
changes are mediated. Further research is needed to determine
the mechanism.
Key Words: Creatine phosphokinase-Delayed-onset

muscle soreness-Eccentric exercise-Farabloc-Malon-
dialdehyde-Myoglobin.
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the DOMS-perturbed muscle cells will be exposed. Far-
abloc will permit continued exposure to extremely low-
frequency (ELF), very low-frequency (VLF), and low-
frequency (LF) electromagnetic fields, but effectively
block high-frequency (HF) electromagnetic fields and
most frequencies associated with radiofrequency. This
could increase the cells' resistance to perturbation by
DOMS. Specific electromagnetic field frequencies may
reduce cellular excitability by increasing cell membrane
potential while reducing ionic pore activity, hence lim-
iting the damage created by noxious stimuli. Changing
the balance of the electromagnetic field toward lower
frequencies may suppress free radical formation by in-
hibition of iron-containing, enzymes, limiting the poten-
tial cascade of lipid peroxidation that is characteristic of
inflammation in DOMS.
The goal of this study was to evaluate the use of Far-

abloc ori a muscle injury model. DOMS, the muscle in-
jury model selected, is a result of strenuous eccentric
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work to which the subjectis unaccustomed,causingse-
veremusculardiscomfort24 to 48 hoursafterexposure.1

DOMS is characterizedby pain and loss of muscle
strengthin the specific muscleexposedto the eccentric
work, and by an increasein the serumlevels of bio-
chemicalsubstancesindicatingmuscledamage.2 DOMS
providesa modelof muscleinjury andtissueinflamma-
tion in humansfor evaluatingexperimentalinterventions.

When the microcirculation is damaged,free radical
formation3 may activateproteolytic enzymes.4 Reactive
oxygen speciesalso are activated during ischemia/
hypoxiaandsubsequentreperfusionloxygenationin skel-
etal muscle. Degradationof adenosinetriphosphate
forms xanthine,which leadsto a cascadeeffect on xan-
thine dehydrogenase,xanthine oxidase,and uric acid,
causingmalfunctioningof the ion pumpsandincreasing
intracellularlevelsof calcium.5 The endresultwill gen-
erateoxygen free radicals,which induce disruption of
phospholipidlayersand lipid peroxidation.6

Farablocis afabric madeof awovenmeshof stainless
steel and nylon thread, and has beenproven to have
electromagneticshielding properties (McDiarmid S,
TrudeauM, unpublisheddata). 9.5% of the fabric is
madeof steelwire, which consistsof iron, nickel, and
chromium.A recentstudyhasshownthat the magneto-
static shielding ability of Farablocis indistinguishable
from that of placebousing as many as eight layers of
fabric (McDiarmid S, TrudeauM, unpublisheddata).
However, Farabloc was found to block electrostatic
fields four times more effectively than placebofabric.
Farablocwas found to be an effective electromagnetic
shield at frequenciesgreaterthan 1 MHz. It has been
suggestedthatFarablochasa limited shieldingeffecton
electromagneticradiation in the LF electromagnetic
field, particularlytheVLF Ç 10KHz) andELF, andalso
superand extremelyHF (> 10,000MHz). Farablocis
mosteffectivein shieldingagainstelectromagneticfields
in theáHF to ultra HF rangecharacteristicof radiofre-
quency.

Farablocwasdevisedby FriederKempein 1978in an
effort to relievephantomlimb pain. Initial work by Bach
(BachGL, unpublisheddata)reportedbeneficialeffects
on phantomlimb pain andlater suggestedthat Farabloc
also may reducerheumaticpain. Resultsof a double-
blind crossoverstudy demonstratedthat Farablocwas
effective in the control of phantomlimb pain.?Investi-
gationof theeffectsof Farablocondeepsomaticpainhas
not beenundertakenin the past.

A variety of studieshaveproposedthat the alteration
of electromagneticfield has an effect on biologic sys-
tems.8,9 Grundleret al.10 andEichwaldandWalleczek11

suggestedthatenzymesystemsthataresensitiveto elec-
tromagneticfields maybeactivated,which in turn modu-
latescalciumdynamics.Sandyk12 performeda study in
which patientswith Parkinsoniansymptomsexperienced
an increasein centraldopaminelevels secondaryto ex-
tracerebralexposureto LF electromagneticfields. Det-
lavs et al.13 demonstrateda greater inflammatory re-
sponsein rats with full-thickness dermal woundsafter
exposureto modulated nonthermalelectromagnetic
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fields. Valberg eta1.14 postulateda variety of mecha-
nismsin which electromagneticfields may producebio-
logic effects.It is suggestedthat energytransferby ac-
celerationof ions and chargedproteins modifies cell
membranesandreceptorproteins.Electricfields induced
insidethe body exertforce on electricchargesandelec-
tric moments.The magneticmomentsof ferromagnetic
particlesand free radical moleculesinteractwith mag-
netic fields.15 Researchhasbeenconductedusing elec-
tromagneticstimulationin theELF rangeof healingbone
fracturesandcell metabolism.16

-
18

SUBJECTSAND METHODS

Subjects
Twentyuntrainedvolunteers(10 menand 10 women)

rangingfrom 20 to 38 yearsof agewereincludedin the
study.Equalnumbersof menandwomenwereassigned
to the experimentaland control groups. Results were
analyzedby treatmentgroupbut not by sex.All partici-
pantsexercisedlessthanonceper week.

Individualswho participatedregularlyin weight train-
ing, running, teamsports,skiing, or otheractivities that
involved repetitive eccentricloading of the
musclewereexcluded.Otherexclusioncriteria included
experiencingDOMS in the past3 months,a history of
joint disorders,chronicillness,or useof analgesics,non-
steroidal antiinflammatorydrugs, or other prescription
drugs.The researchprotocolwas approvedby the Uni-
versity of British ColumbiaClinical ScreeningCommit-
teefor ResearchInvolving HumanSubjects.

Procedures
All 20 participantswere divided equally into two

groups (groupA and group B) that alternately were
treatedastheexperimentalandcontrolgroupduring two
study stages(stage1 and stage2). Eachstagelasted5
daysand was separatedby a washoutperiodof 8 to 12
weeks.After exposureto theeccentricwork, participants
hadtheir right thigh wrappedin a doublelayer of fabric
for 5 days. In the experimentalgroup, the thigh was
wrappedwith Farablocfabric, and in the control group,
the thigh was wrappedwith a placebofabric that was
identicalin appearanceto theFarablocfabric. This study
followed a single-blind, randomized,crossoverdesign
(Figure 1).

TheDOMS of theright quadricepsmusclewascreated
by exerciseusinga Biodexdynamometer(BiodexMedi-
calSystems,Shirley,NY, U.S.A.).Eachsessionincluded
force adjustment,preexerciseeccentricstrengthtest,and
20 setsof 10 repetitionsof eccentricmusclework. Par-
ticipantsperformedthreesubmaximalandonemaximal
contraction,followed by four maximalcontractionswith
the Biodex adjustedto 30 degreesper secondthrough
a 60-degreerange at a lqng muscle length (105-45
degrees).Averagekneeextensoreccentrictorque(EST)
was establishedafter controlled warm-upby averaging
the last threeof four maximal contractions.The DOMS
then was createdby just under37 minutesof eccentric
kneeextension.Eachof the 20 setslastedapproximately
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Stage 1 Stage 2
5 days 5 days

FIG. 1. Schematic showing the randomized, Group A Group Bsingle-blind, placebo-controlled, crossover Farabloc
study design with washout period. Pain and n =10 n =10
strength were assessed by means of a vi-
sual analog scale and knee extensor torque,
respectively, at 0, 24, 48, 72, and 96 hours.
Levels of malondialdehyde, creatine phos-
phokinase, myoglobin, leukocytes, and neu-

5 days 5 daystrophils were measured at 0, 2, 6, 24, and 48
hours.

placebo Group B Group A
n =10 n =10

100 secondsfor 10 repetitionseachfollowed by a 10-
secondrecovery.

Muscle soreness,as evaluatedusing a visual analog
scale (VAS) 10 cm in length, and repeat knee EST
wereassessedat 0, 24, 48, 72, and96 hoursandrepeated
after the washoutphase.The VAS hasbeendeterminedto
be a valid measureof chronicandexperimentalpain.19

Serumindices of muscle damagewere selectedfor
serial assessmentover the first 48 hours of eachstage.
Malondialdehydewas determinedas an index of lipid
peroxidationthat is increasedin the processof free radi-
cal damagesecondaryto severeeccentric exercise-

inducedmusclestress.20 The standardmethodof evalu-
ation of serummalondialdehydevalueswas used.6 Cer-
tain serumenzymeactivity maybe increasedby muscle
damage?1Creatinephosphokinase,althoughhighly vari-
able, can be markedly elevatedin thesecircumstances.
The methodusedfor measuringcreatinephosphokinase
wasdescribedby Szaszet al.22 Disruptionof the muscle
cell membranewill lead to an increasedlevel of myo-
globin in serum,23so myoglobin concentrationswere
measuredby radioimmunoassayusing NuclearMedical
Systemstestkit (OrganonTeknikaCorp., Durham,NC,
U.S.A.). White blood cells are known to increase
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FIG. 2. Comparison of mean ± standard error of strength (EOS) and pain (VAS) between Farabloc and placebo.
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with severeexerciseand muscle damageas a sign of
inflammatoryresponse,2so standarduseof the counting
chamberwasusedto calculatethe numberof leukocytes
andneutrophils.Blood samplesweretakenfrom the ante-
cubital fossaof theparticipantsat 0, 2, 6, 24, and48 hours
and usedto calculatelevels of malondialdehyde,creatine
phosphokinase,myoglobin, leukocytes,andneutrophils.

StatisticalAnalysis
A repeated-measuresfactorial analysis of vari-

ance (ANOVA) was performedon the combineddata
from the 20 participants for each of the seven vari-
abIes (VAS, EST, malondialdehyde,creatinephospho-
kinase,myoglobin, leukocytes,neutrophils)in stages1á
and 2. The data for eachvariable reflectedthe reverse
order of applicationof the Farablocfabric and the pla-
cebo fabric for eachgroup of 10 participants.The sig-
nificance level was set at p :::; 0.01 for all statistical
procedures.

RESULTS

The resultsof the VAS dataare shown in Figure 2.
Comparisonof datafrom the 20 participantsyieldedsig-
nificantly different resultswith Farablocor placebofab-
ric (p = 0.000). Order effect was significant (p =
0.010). The results of the EST data also are shown in
Figure 2, and again the difference in results between
Farablocor placebofabric was significant (p = 0.003).

Levelsof malondialdehydealsoweresignificantlydif-
ferent (p = 0.000)after useof Farablocor placebofab-
ric, with an ordereffect of p = 0.013 (Figure 3). Simi-
larly, levels of creatinephosphokinaseand myoglobin
were significantly different after use of Farabloc and
placebofabric (bothp = 0.000),with a significantorder
effect (p = 0.001; Figure 4). Finally, levels of leuko-
cytes and neutrophilswere significantly different (p
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0.000and p = 0.008, respectively)after applicationof
Farablocandplacebofabric (Figure 5).

DISCUSSION

Double layersof Farablocfabric wrappedaroundthe
thigh of humansubjectsafter eccentricexercisedemon-
stratedattenuationof the symptoms,signs, and muscle
inhibition associatedwith DOMS. Statisticalsignificance
was reachedfor VAS andEST resultsand for levels of
malondialdehyde,creatinephosphokinase,myoglobin,
leukocytes,and neutrophilswhen comparingthe Farab-
loc andplacebotreatments.

Therewas a statisticallysignificantreductionin pain
and less loss of strengthwhen Farablocwas usedafter
exercisecomparedwith placebo.The magnitudeof this
effectsuggestsa substantialclinical reductionof postex-
ercisedisability with this model of muscleinjury. Pain
results were effected when comparing the Farabloc
group with the placebogroup after the washoutperiod.

Previousstudieshave indicatedthat a single bout of
eccentricexercisecaneffectivelyreducemuscledamage
during a secondtest.24 This suggeststhat a modifying
effect on the right quadricepsmusclemay have influ-
encedtheresultof stage2 evenwith a washoutperiodof
morethan8 weeks.In an otherstudy, the antiinflamma-
tory agentNaproxenwasfound to decreaseperceptionof
muscle sorenessand positively influence quadriceps
peaktorquein subjectswith DOMS?5Theseresultsare
consistentwith the findings of Conine et al.7 in their
studyof phantomlimb pain" which demonstratedfavor-
able reductions in pain after application of Farabloc.
Lower pain andhigherpeaktorquewith Farabloccom-
paredto placebousesuggestthat muscledamageis lim-
ited, but doesnot identify a mechanismby which this
effect occurs.
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FIG. 4. Comparison of mean ± standard error levels of creatine phosphokinase (CPK) and myoglobin (Mb) in participants treated with
Farabloc or placebo.

The findings of this study are consistentwith other
researchthat showsthat levels of .malondialdehydeare
elevatedfor at least8 hoursafter exercise.20 WhenFar-
abloc was used by the participantsin our study, this
serummarkerof lipid peroxidationof cell membranes
was significantly reducedin every analysis compared
with participantswho had useda placebofabric. This
resultis consistentwith reducingfreeradicaldamageand
limiting lipid peroxidation.

Differencesin levelsof theinflammatorymarkerscre-
atinephosphokinaseand myoglobinbetweenthe Farab-
loc and placebogroupswere significant in all compari-
sons.Differencesin stage2 maybeexplainedby a learn-
ing effect, however. The magnitudeof the changesin
creatinephosphokinaselevels seen in this study was
smallerin theplacebogroupthanthatobservedin studies
involving downhill running.26 This probably is due to
differencesin timing of bloodsamplingandin the inten-
sity of exercise.Creatinephosphokinaseactivity did not
returnto restinglevelsat 48 hours.In contrast,myoglo-
bin levelspeakedat6 hours.This maybedueto thesmaller
molecularsizeof myoglobin.23 Reductionsin levelsof cre-
atinephosphokinaseandmyoglobinareconsistentwith the
possibility that Farablocstabilizesthe musclecell mem-
braneandreducesreleaseof thesesubstancesinto serum.

Thefindings of this studyarein conflict with previous
researchthathasshownlittle changein levelsof periph-
eral leukocytesafter DOMS,24 but are consistentwith
results of other studies that have demonstratedan in-
crease.27 The reduction in levels of of leukocytesand
neutrophilsobservedin our studywith the useof Farab-
loc indicatesa reducedinflammatoryresponse.

Our findings indicatethat the Farablocfabric, which
actsasan electromagneticshield,canalter the effectsof
DOMS. Frieder Kempe, the designerof Farabloc,be-
lievedthatthewovensteelalloy threadsandnylon fibers
actedin a mannersimilar to a FaradayCage(personal
communication).This interpretationwasmodifiedby the
studydoneby the Departmentof Physicsat the Univer-
sity of British Columbiain 1998, in which it was con-
cludedthat Farablocactedas an electromagneticshield
at HF levelsbut had no magnetostaticshieldingproper-
ties (McDiarmid S, TrudeauM, unpublisheddata).

Theresultsof our studyin no way explainthe mecha-
nism in which the body'sresponseto muscleactivity is
altered by use of the Farabloc fabric. The significant
reductionin levels of malondialdehydeobservedin all
stagesandcrossoverswith the useof Farablocis consis-
tent with a decreasein lipid peroxidationand reduced
cascadeof free radical damageto cell membranes.The
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reducedelevationof creatinephosphokinaseand myo-
globin suggeststhatdisruptionof musclecell membranes
waslessenedwhenFarablocwasusedimmediatelyafter
exercise.The modified responseof leukocytesandneu-
trophils reflectsa yet to be determinedantiinflammatory
effect. The potential application of principles behind
theseobservationsto awidevarietyof clinical conditions
is important. Furtherstudy is essentialto betterunder-
standhow an externallyappliedfabric facilitatesan an-
tiinflammatory response.

Our resultshaveshownin a humanmodel of DaMS
that the useof Farabloc,an electromagneticshield, re-
ducedpain, strengthloss,andserummarkersof inflam-
mation. The limitations of the study do not reveal the
mechanismby which Farabloceffectsthis change.Fur-
ther researchwould be necessaryto determinethe cause
of thesealterations.
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