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. _ . ABSTRACT ' N
K - N ' 'q“ 4 .
‘\; . i ,
. - - . -

_ The purpose of this study was to determine.whether treatment with
K] ) *5’

& b

- v 1nterferent1a1 currents had’any effect on sensory or_motor nerve
- conduct1on velocity and skin teMperature. InterferentiaP currents \
with freduenc1es of 0 20 HZ, 80 100 Hz and 0 Hz (contro]) were applied

over the med1a1 aSpect of the dominant forearm using a flexible quad-
ripolar e1ectrode., InterterentiaJ stimu1at1on of a high intensity.
(strong "pins and needles" sensat1on) was app]ied for a duration of 10’
minutes. Orthodromic motor and ant1drom1c sensory conduction mEasure-
ments of the u1nar nerves of 18 healthy female subjects were comp]eted
.at’ spec1f1c time interva1s\before and after treatment Skin temperature
data weng also c011ected at set inte;ya1s before, duringﬂand after |
'treatment. The resdlts 1nd1cated that the application of- 1nterferen- ‘;u
tial currents with frequenc1es'of 0-20 Hz or 80—100 HZ for a period of

. . \ . . . Y ‘.,-
10 minutes, does not significantly alter sensory or motor nerve

1
N condugtion velocity. ,Skin temperatures did 1nérease sfgnf%icantty
over time, out there was no significant difference in temperatures
- between treatment groups. The increased skin‘temperatureskobserved in
é\\\this\study were attriButed to the insu1at1ng action of*the interferen-
\ tfa] E&a The find1ngsbof the present study do not support the’ theory

that the pa1n re]iev1ng action of interferential current therapy is

que to decreased motor and’ sensory nerve conduction ve]ocities

.
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L CHAPTER 1

i,

R S THE RRbBLEM e T 1 ST T
B S AT TR | |

_ BACKGROUND TO THE PRQBLEM . : o o
~ v | Interferent1a1 therapy is a re]atdveiy new phys1otherapeut1c

' moda]ity 1,2 A]though it is frequent]y used c11n1ca1Ty in the treat—';
ment’ ef a variety of traumatic and pathoTog1ca1 cond1t1ons 1-5 there
-}has been a 1ack of pub]ished research exam1ning the phys1o]ogica1 , ; -5
"f_effects of 'this moda11ty AT N
N . One of. the/g11h1ca11y—4mportant phys161og1ca1 effects of 1nter-_
:ﬂferential ¥s claimed to be ana19es1a 1-6 It is thought that the

ana]gesic effect is strongest in the 80 to 100 Hz rang.e2 5 The B

A N

mechanism of payn re11ef by 1nterferent1a1 is nd% we11 understood and
'several theories‘have been proposed most of wh1ch 1nvo1ve spinal,
rather than periphera1 m@thanisms These theor1es of pain relief are:

A1) activation of the pa1n gat1ng mechan1sm 2) st1mu1at1on of the

~

r'descending pain suppression system and endogenous op1ate mechan1sms, -
~3)a direct block. of noc1cept1ve fiber act1v1ty, 4) remova] (from the
damaged area) of substances which stimulate pa1n nerve end1ngs, and

5) a p1acebo effect2 6 8 ?To date there has been no pub41shed

~

: research eva1uat1ng these theor1es o ‘ P —

Another pos ible mechanTsm of pa1n re11ef with 1nterferent1a1

- teerapy might be ‘decreased sensony and motor nerve conduct1on ve1oc1ty
Griff1n9Lpostu1ated%§uch a mechan1sm as be1ng responsib]e for the pain
,re11ey1ng action of thrasound.‘ According to Gr1ff1n9{}1f sensory,f1berf

~impulse propagation decreases, relief of pain may occur due to decreased.

2
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?<_st1mu1at1on of the central nervous system. Converse]x((decreased

o nerve!

— In view of the frequent clinical use offﬁnterferentiaT fﬁerapy, ’

~

motor fiber: 1mpulse prOpagat1on may re]ieve pain j;?/nuscTe spasm by -

decreasing “the tens1on .in the muscle fibers 'supplied by the treated-

B 4
. ; S
43 [ ¢
v . ¥
o d

itis 1mportant to unéerstand its physiolog4ca1 effects, and in

“part1cu1ar 1ts effects on under1y1ng neryous t1ssue The present A

L4

%

study examined the effects-of 1nterferéntia1 therapy using frequency

/

\ranges\of 0 to' 20 Hz and 80 to 100 hz, on ulnar sensory “and motor -

’ .

nerve conduction ve]ocities.

PRIMARY RESEARCH HYPOTHESES
H]Z

ﬁThere is a decrease in

;

/- :
/notor nerve conduct1on ve10c1ty (NCV)

foTTow1ng the app11cet1on of 1nterfenent1a1 current (IFC) in the

© 80-100 Hz frequency range.

( -of»IFC in. the 80-100 Hz frequency range

-

There is. a decreése in sensory NCV foTTow1ng the appTication of

P

IFC 1n the 804100 Hz frequency range.

D There is no/éhange in motor NCV foTTow1ng the app11cation of IFC

1n the 0- 20 Hz frequency range. B ;T

*

: There 1s _no., change in sensory NCV fol\owing\the app11cation of

1nterferent1a1 therapy in the 0-20 Hz frequency range.
)

'There is no change 1n\sk1n temperature fo]Towfng the app11cation

: There is no change in sk1n temperature foTTow1ng the appTTcation

dof IFC 1n the 0 20 Hz frequency range ; Y

6

+
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(OBJECTIVES

___—  The obfective of the present investigatfon_was: '
+ To examine the effects of specific 1nterferentia1.therapy

frequencies (O-QOVHz and 80-100 Hz) given at a therapeutic dosage

. : - o
on: T ’ . , :
i) motor nerve conductionﬁve1ocity of the ulnar nerye;

f} and _

1i)yf sensory nerve conduction ve]oc1ty of the u1nar nerve,

T,

111) skinxtemperature in the treatment arga.

W/

"OPERATIONAL DEFINITIONS

a] current ‘ IFC produces a 1ow freeuency current"
‘ :‘and JOO\ﬁz) w1th1n the body as a. resu]t of the -
interact1on;of two medium frequency currents (4000 and 3900 Hz)
One current always remains at 4000 Hz while' the other may be

a]tered between 3900 and 4000 Hz,,(4000 and 4100 Hz in’ “some

[

1nterfereht1a1 units)2 3,5 The 1nterferent1a1 cur’bht has a
s1nusoida1 wavefo?ifand the current is w1thout po1ar effects5

The 1ntens1ty of the current. may be. var1ed and is measured in

mi1liamps. 2,5 | : 4' | _ .

2. Beat frequency THe d1fference betWeen the two med1um frequencyﬁ
currents is termed the beat frequency (for examp]e 4000 m1nus

' 3900 Hz equa]s a beat frequency'of 100 Hz).. The beat, frequency,

+ may be altered betweenkg and 100 Hz and may begconstant or | |

rhythmca].2 In the cohstant -mode, the difference between the'

~

two medium frequency currents remains constant (for example: 50
O o ° . 2 < . . .

Hz for. the duration.of the treatment). In the rhythmical mode,

€



]

the differenCe betweén the two ‘medium freguency currents changes’

rhythmically (for exampie:_SO.to 100 Hz and back to 80 Hz); The -

duration of the rhythmical cycle is se]lectedﬂp‘ribr'to‘treatment,2
s s o

Vector Sweep: This type of sweep involves rotation of the static

, 1nterferentia1 field through ah angle of approximate]y 45 degrees

~ and back aga1n 2,10 * Movement of the: interferentia] field s’

S

"_ produced by rhythmicé]Ty unba]ancing the 1nterfer1ng currents to

. change the pos1tion of the areas of maximum st1mu1at10n N Use of

R

the “rotat1ngivector sweep; altows a ]arger area ofvtissue to be-

.influenced by the higher intendities of the interfamential field

than with the static field.2 The concept of the fi_e'1d

versus the field covered by the rotating vector sweepMis

i11nstrated i&tFigures I-1 and I-2 respectively. .
Nerve conduct1on ve]oc1ty NCV 1s determrhed as the distance a
‘nerve 1mpu1se trave1s along a<nérve, per unit time (D1stance/T1me):
Nerve conduct1on veloc1ty is expressed in meters per second 11

Stimulys art1fact A def]ect1on observed on "an osci]]osc0pe or

osc111oscope trace wh—ch oceurs as a result of stimulating a nerve

and represents the'1n1t1at1on of a nerve impu1se11 (Figure I-3).

. Latency The t1me between the st1mu1ation artifact observed on an

osc111oscope or osc111oscope trace, and the observed def]ection of

the muscle action potent1a111 It is a direct function of the |

nerve segment Tength between st1mu1ation and record1ng points. 12

\e

\
Latency 1s expressed 1n mﬂhseconds11 (Figure I- 3)
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.normal direction of nerve condugction iﬂ.motor nerves

L . ' N
r . : [N :

Supranaiimai response:. This response is observed on an
\

osci]ioscope or osci]iosc0pe trace when no f’rther increase in

‘amplitude or decrease in 1atency are apparent with slight 1ncreases

in stimulus, ‘intensity. mo. . o

‘ Antidrqmic technique. This technique consists of stimuiating a

nerve, in this case a: sensory nerve, proxima{\to the sensory ongan

(finger) such that the nervous-impuise tuns along the sensory

t

- nerve fiber distally and-the impuise is recorded distal to the

stimu]us.ﬁ‘This direction of conduction\ﬂn the sensory nerve is

reverse to the normai;flow. Usinglkhe antidromic technique for

‘sensory nerve conduction tests presents the advantage‘of produc1ng

”asiarger nerve action potential with less intensity of

current.11s 12 . A L
A

. Orthodromic technique This techniqhe conSists of stimulating a

nerve, in this case a motor nerve, proxima1 to the recording

electrodes 50 that the nerve 1mpuise travels distally. {his is the

] N

‘bEmeTIons . - %

‘. 1 -

: changes in conduction veiocities reported in the litérature.

.. side than on the nondominant side.

1 : ' "
. ~ LI

i

Only normai“females'betWeen 18-and 40 years were tested'h&cause v,

of,differences in motor NCV between the §e£§s and age related
11,14

, 0n1y’the uinan nerve on. the: dominant arm was tested since it has ‘

(been‘reported that subjects.exhibit‘a higher NCV on the’ dominant

14 - .
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;The interferentiai treatment frequencies were 1imited to 0 to 20 Hz

.and 80 to 100 Hz because these are the IFC ranges most commoniy

¢

cited for pain relief. 2,16 Addi ionaiiy, choosing these frequency.

L
ranges aiiowed comparisons of th effects of the. low and the high

IFC frequencies on NCV.

. Treatment time was limited to 10 minutes since this is the time

period frequent]y used in the ciinica] setting 1- 3

o . iy

LIMITATIONS =~ o o ‘

1.

{

_Due to individual differences in tolerance. to electrical

?stimuiation, theQintensity of stimuiﬁgion varied.“Subdectiyeiy,;a

high intensity of “strong pins and needles" varied batween

' . . . v '
subjects. (Mean intensity for 0-20 Hz was 7.6 mh, .mean intensity
/ . Ty

for 80-100 Hz was 8.1 mA). . 0 . owr

/\"

. The distance from the tip of the o]ecranon to the interferentia1

e]ectrode pad remained constant at each testing session.

- -

'However, the reiation between the ulnar nerve and interferentiai

" electrodes ‘'may have varied siightiy as the result of the investi-

.

’ gators imability to precisely dupiicate eiectrode position on the

Al

forearm.-

. " Using the antidromic technidue of recording sensory nerve = *

' potentiais, there is a possibility of recordind intrinsic muscle

potentials in some cases. 16 e i .

r

. . - Determination of motor nerve conducfion veTocity ‘was based on

o]
selection of the point of upward defiection of the baseline.

o

Consistency in calculation of motor nerve conduction veldcity was

4

therefore limited by:the'abi]itx of_the;jnvestigator to .



consistently.seléct the point of “initial deflection from the
. : Y
baseline. | o ‘

U
1

Determination of sensory nerve conduction velocity was based on

© selection of the peak def1ection Consistency in ca1cu1at10n of

sensory nerve, conduction ve]ocit{ was therefore limited by the
. .ability of the 1nvestigator to consistent1y se1ect the peak

deflection. »
\ -

Pl
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CHAPTER II

~LIT£RATURE REVIEW

Interfer';;gia1 current (IFC) therapy has been in use for almost
'f‘ 1t has qnly recently gaiﬂéd international
i ) ”“fept of’ﬁgeium frequency interferentia1 currents
”.,i;:ged by Dr. Hans Nemec in th% 1950's, as a method

of producing 1ow freeuency alternating currents in the body tissues
without the prob]em of" high skin_,resistance.2
SKIN RESISTANCE |

Norme] human skin hes a high resistance to 1on'frequency
cu\rr_"ents}.z’s’16 AeCording to De Domenico3? skinfresistance to a
current of 50 Hz s approximate1y 3000 ohms per 100 cm?. High
VOltages are required therefore to overcome the skin resistance and
st111 stimulate excitable tissue°such ast nerve and musc]e 2,16 sych
high voltages produce uncomfortable cutaneops sensations which
natients have difficuity to1erating.2' When the frequency of an
a1ternatin§ current is inCreasethhe skin‘resistance'decreases,

thereby 1essen1ng the sensory discomfort experienced by the

patient2 16 . at 4000 Hz fgr example, skin resistance may be as Tow as

40 ohms per 100 cm2 16

High frequency currents such as short wave.or mitrqwaxe'diathermy

" have mainly thermal effects and are'tpo high in’ frequency to stimulate

)

- nerve or muscle.l® Medium frequency currents overcome thé problems of

¥

7

skin. resistance'hnd'th rmal effects . However, the medium frequency

currents are sti11 well above the bioiéﬁicai frequency range for
B Z A

2> | A | 10 ‘. ' ;.
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s

—s

stimulation of muscle.’ Tne stimplation of excitable tissue s only

~'possible at relatively low frequencies, and frequencies of up to

approximately 100 Hz are general used for treatment with most inter-

ferential unjts.22'5. ~ ' o
According to Savage,5 skin res{stance is at-a minimum at
frequencies of approximately 4000 Hz. fherefore, to overcome the
problem of skin resistance, two. medium‘frequency curents of between
4000 H; and 4100 Hz are superimposed to endogenously generate low
frequency currents.z'\zs’16 This 1is tne basis of interferential

current therapy.

(Y

- CURRENT FORMAT

Nith'IFC therapy, the current in one circuit is fixed at.
approximate1y 4000 Hz while the current in ihe second circuit is
variable and usua11y range$ between 4000 to 4100 Hz.2 5 16,17 pn

interference effect from the two currents occurs within the patient's

”tissues, thereby generating a Tow frequency current which, depending
. on the setting of the second circuit, may range between 1 and
100 Hz.2» 17 in the area where th two currents cross, or are

'"heterodyned " the intensity ofwthe combined currents will increase

<N\

and decrease rhythmica11y2 5, 16 .(see f1gure I1-1). Thé “beat

frequency“ is the number of t1mes per second that the current rises to

1ts maximum intensity and fa]]s to its minimum va1ue2 16 The beat

éi?quency in numerica1 terms is the d1fference between the two med1um
eq

uency currents. .If the 1ncom1ng frequencqes are 4000 Hz qnd
4100 Hz, the resultant beat frequency is 100 Hz. - t'e3

= . AN

—_— . s

1



AB c

1 cycle of .the "beat" frequency
..

3 . -

1
(4

Figure II-1. Heterodyned currents. The two currents illustrated in 1
and 2 are of slightly different frequencies. At certain points the
two phases will match identically (A and B), resulting in a summation
and overall increase in amplitude. At point C the two currents are
equal and opposite cancelling each other out. The "beat" frequency is
the number of times per secand thab'tge current rises to its maximum
intensity and falls to its minimum.¢s2: )

12



INTERFERENTIAL FIELD DISTRIBUTION

Discrepancies exist in the literature regarding the field of
distribution of interferential currents. De Domeni co? suggested that
“the maximdm interference effect occurs in a cloverleaf distribution as
11lustrated in figure I-1. One 1nterférent1a1 manufacturers' manual
111u§trates certain areas of the field as having no interference
effectll {(figure I-1). According to Deller,18 waever, interference
currents will occur at all points in the area treated and in all
directions, although the currents will vary in magnitude. _ Several
autﬁors agree that since body tissues are not homogeneous, current
flow will not be uniform throughout the treatment area.2»18

Treffene 19 1nvestigatéd the field distribution of interferential
currents in a homogéneous medium (wateFL In contrast to other
authors' prediétions,lo’zo Trefféﬁelghobserved that a strong beating
signal occurred at point; along the lines joining the electrodes.

To date, few pub]iéhed‘s;udies have clearly established the
interferential field distribution in human tissues. Most descriptions
of the fie]d have been based on calcu]ations from vector diagrams,
assuming homogeneous mediums.18 19 Meyer-Waarden et a121 suggested
that the problem of representing electric fields in inhomogeneous
biological media could be solved by considering inhomogeneous tissues
such as subcutaneous fat, fascia, muscle, blood vessels, cortical
tissue and tendons, as homogeneous in themselves and'on1y'§howing
corrésponding surface charges at the interfaces.

Hansjurgens and Meyer- Waar‘denz2 calculated electric potentials in

an inhomogeneous model, 1nc1ug1ng sk1n, muscle, bone tissues, and a

-

13
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bone cleft, to {llustrate the distribution field of gtatic and dynamic
interference currents. A limitation with their method, howeser, was
that i1t represented electrical fields on a plane surface, whereas
biological tissues occupy three "dimensions.

De Domenico? sugéested that one of the problems associated with
conveﬁtiona] interferential thérapy is its two zimensfona1 fleld.
Severalkhuthors have suggeste& that stereodynamic interferential
therapy hsing three medium frequenc¥reurrents may have a more
widespread effect than conventional IFC since the body tissues occupy
three dimensions.2»20 There is no substantial evidence, however,
regarding the effectiveness of stereodynamic currents in comparison

with conventional interferential currents.

PHYSTOLOGICAL EFFECTS ) |
In normal tissue, cell mémbranes undergo transfent alterations in
permeability when functioningﬁ3 This change in permeability allows _
the rapid passage of ions across the cell membranes and it 55 this
flow of ions that constitutes an electrical current.23 The
application of.an external electric field can cause jonic currents to
flow in ex%itab1e tissue (ie. nerve and musc]e).s According to
several authors, each type of excitable tissue has an optimum
‘freﬁuency at which the maximum response will be e]icited.2*5< Efamp1es
of optimum frequencies cited from the literature are 1{steq below:
0-10 Hz, ;mugcle (unstria'ced)l'b’5 #

0-30 Hz, small diameter nerve fibers (not specified

whether sensory or motor nerve fibers)2

50 Hz, motoryess’16

#

14



80 100 Hz, depress1on of sympathetic nerves’
© 0. 5 Hz, st1mu1at1on of sympathet1c nerves

"10 150 Hz parasympathet1c nerves

80-110 Hz, sensory nerves>»16

10
5,10
5

The physio]ogfca1 effects of 1nterferent1a1 currents depend

, pr1mar1Ty ‘upon the frequency range chosen 2 Wadsworth and Chanmugam

16

suggested that other factors such as the 1ntens1ty of current used

56

accuracy of electrode placement ca11brat1on of the c1rcu1ts, potency

of c1rcu1ation and neuro]og1ca1 funct1on use of constant or rhythmic

s

‘frequency swings, and accurate 1oca1izat1on of the lesion a1so play

ro]es in determ1n1ng the phys1olog1ca1 effects of - 1nterferent1a1

current therapy

Review of the 1iterature revea]ed a number of c1a1med

physio1ogica1 effects of IFC therapy which are summar1zed as follows:

1. iSt1mu1at1on of céffitar processes2
2. Ana]ges1a2'l BN
-3. Regress1on of patho10g1ca1 ca1c1um depos1ts 24
; 4.r Vasod11at1on and hyperem1zat1on25
‘-Se' Ant1spasmod1c act1on (re]axes vascu1ar spasm)26
/62},St1mu1at1on of acety]cho]1ne product1on26
_'7.‘ Actwvates regenerat1on of 1nJured nerves® 26
: 8;“Promot1on of endosteal and per1ostea1 ca]]us format1on ‘;;
* i fracthre527 - : o |
| 9‘ St1mu1ation of the pr011ferat1on of f1brob1asts28 :
T 29,30

Decneﬂsed periphera1 motoneuron conduct1on ve]oc1ty
‘ [t

tF

o .



Table I-1 summarizes the therapeutic uses of interferential

f@turren}wgherapy. ‘ } “,_i .

S

(&

Table ;-1. \Therapeutié'useS-of interfereﬁtiaiﬂcurréht-therapy.'

g .
THERAPEUTIC USE . SUGGESTED IFC FREQUENCY
. \'\. : R ‘.
Pain relief n 100 Hz!:3:4
- : 90-100 z3 16

»

Control edema:

~ Expediate resolution of hematomas:

- Decrease indontinence and urinary frequency:

FaciTi;qte healing in damaged tissues:

TfStimul?tiQh‘of ca11u§ formation in fractures:
v‘Acffvate régeﬁeration of injureq{nerves:
”IhtermjEﬁent c1§ydfcatioh:f

'Regreésion of ca]éium depdsit55

‘Inf1ammatory d1seases of fema1e gen1ta1 organs:

e

Endarter1t15 ob11gerans

'Detrusor hyperref]ex1a in Mu1t1p1e Sc1eros1s

)

Musc1e reeeducatJOn,

fRelfef of classicai migraiheXSymptoms:

100-1302, 80-100z2
1-20 Hz2, O™00 Hz

0-100 Hz1
o 100 Hz24

L
20-100 Hz 32 33,

0-10 Hz
1-100 Hz2
"100 Hz?7
102100 Hz26
0-100 234+

0-100 Hz2

100 Hz25
12700 Hz3®

" 0-100 Hz39
. 40-80 Hz3T
90-100 Hz%®

S
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"INTERFERENTIAL CURRENT INDUCED ANALGESIA
. ﬁ:;requent c1a1m in the 1iterature is that I¥C has marked
, Aanalges1c effects1 2,5,6, 15 31 pe. Domemco2 6 proposed a number-of. éf
‘possible mechanisms by Which IFC relieves pain. These theor1es are: |
! “i)ﬁ activation of "pain-gating" mechanisms,‘

1) stimulation of the descending pa1n suppress1on system

& 2’

" and endogenous op1ate mechan1sms,
- " iii) a physiological "block" of nociceptive input,
_Q» iv) remova1 of the substances whlch st1mu1ate pa1n nerve

endings from with1n the damaged area and .

v) a placebo effect.

[}
~

According to Be'lcher,4 test resu1ts from the Inst1tute for

, 7Research 1n Rheumatlc Disease (Baden, Austr1a) indicate that e

Ay

”anoxaem1c pain is affected cons1derab1y fo11ow1ng 1nterferent1a1
therapy. Be1cher4 did not e]aboﬁ?te on th1s statement, and the |
'treatment regimen was not reported. Ganne1 quest1oned‘hhether the
;re11ef of causa1gia and neura1g1a type pa1ns may be due to the effect
“of IFC on blood supp]y to .the relevant nerves through re]ease of |
sympathetic tone._ Gannel also postu]ated that the ana1ges1c effects:"
of IFCAmy be achieved-by sttmu1ating;the large diameter nerve fibers
as described in Melzack and.Wall's3? "pain-gate” hypothes1s

Wadsworth and Chanmugam16 a]so suggested that the ana]ges1c f&\//";7
‘action of ‘IFC may be re]ated to the‘theory of large. f1bre st1mu1at1on
They,reported that IFC pulses can block'pa1p pathways ox,actnng on the :
large 'A'_a1pha fibresf 1nhtb1t1ng pain at the spinaT level through

presynaptic 1nhibitory mechanisms. Wadsworth andChanmugam16 also P
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theorized that minimal stimu]ation of Targe diameter fibers causes a
mild ting1ing sensationé which 1nterferes witnuthe percéption'of pain.
Another theory epraining tne ana]gesic.action of IFG suggested |
that 1nterferent1a1 currents may a]ter the local distribution of 1ons 16 ,
wadsworth and Chanmugam]6 spsgulated that using medium frequency ‘<L
currents (4000 Hz), causes. repeated stimu1at16ﬁ’wﬂth1n the refractory |

per1od of nerve As a consequence, né. further excitation of the nerve

\

\oCCur wh1ch causes rapid fat1gue of the cg}aneous pain receptors 6 .
' .H Szeh1 and David20 suggested that~a11ev1at1on of pain using IFC |

: oc rs by chang1ng the exc1tation pattern of the nerve fibers and by

educ1ng~the 11beraf§on of pain- produc1ng substances (for examp1e " u

}prostag1and1n bradyk1n1n and h1stamine) by, damaged cells, T

" One poss1b1e mechanism of pa1n re]ief with IFC not d1scuosed in the‘

,
11terature, 1s the s1owing of periphera1 nerve conduction velocity. - °*

| Interferenha] frequencies between 80 a:@ 10*Hz .are apparent]y the most -
B effect1ve for pa1n re11ef3 16, 26 Perhaps these frequencies (of 80 to
_ 100. Hz) 1nterfere w1t£ norma] ion f1ow a1tering membrane permeabi]ity,
i;nd causing a slow1ng of periphera1 nerve conduction If sensory NCVY.
: }decreases,ﬁre11ef of pa1n would result from less stimulation of the -
central nervous system. 9 1f motor NCV s]ows re11ef of pain would be
.the resu]t oftiess‘muscle tension and a decrease 1n.musc1e spasm.g
| A1though‘there are'numerous theories regardingfthe-oafn‘relieving ‘
'v’mecnanisn of interferential tnerapy;;there_is ijttﬂetsc}entdfic'eyidenceq
; to‘suoportnthese‘hypotneses. - ‘ _”" S B

g
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CONTRAINDICATIONS
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<;-Atcordiﬁg to several authors, there are comparative1y féw absolute N

| ~-contra- 1ndications to IFC 2,5 Most authors agree. that d1rect

| 't'st1mu1ation of ma]ignant tumors is contra- indicated 1,25, 16 a]though
"1t has .not been proven that IFC has an accelerat1ng effect on malig-
nancies 5 Several authors have 3uggested however, that- referred pain
~ from cancer. may be treated.J 215’]0 &atients witP arterial disease,
deep vein thrombosis; or thrombo-phlebitig should not be treated with
IFC since the'stiuu1atory effect of IFC may dis}odge an embolus, or
may 1ncrease the infJlammation of the phleb1tis 16 One author |
suggested that the effect of 1nterferent1a1 current.is on the p1ate-
lets and would tend to spread a clot with possible fatal results in a
.Pattentsuwith core .~ thrombosis.® T

Savage5 postulated that_interferentfaT currents produoe cheﬁica1
changes in the blood, 1ead1ng-to alterat;ons in cTotting tiue"' Savageé
conc1uded that interferent1a1 treatments should not be g1ven to patjients
‘ taking ant1coagu1ants s1nce IFC w°u1d render these medications = °
1neffect1ve

!

) The effect of IFC on bacter1a is uncertain,5 however _most
authors advised against treat1ng bacterial. 1nfect1ons] 2 5, 16
wadsworth and Chan/ui’ugam]6 hypothes1zed that infections may spread or
Jbe excerbated by the st1mu1a€ory effect of the cunrents '
Pregnancy is another commonly cited contraindication to IFC since .
the effect of IFC on the developing fetus is apparent1y |
munknown1 ,2,10,16 wadsworth and Chanmugam]6 suggested that wﬁ11e it is

not safe -to treat d1rect1y over a pregnant uterus, cases-of sacro- 111ac
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| “strain dur1ng pregnaqiy may be effectively treated with IFC, provided
the’ f1e1d is superficia]]y placed over the sacro- il1ac 1igaments

, Other suggested contraindicatzE}L to IFC tnc1ude patients wfth B
: pacemakers,z’s’w"'6 particularly «entricular 1nh1b1ted variet'les,2 ‘

'; patients with severe hypotensidn‘or hypertensfon,2 treatment in the; i:?)"

area of dermato]dgica] cond1"t'io.ns,z’ui’l6 treatment in regtons where . !

hemorrhage is a danger1’2’,,m’16 and treatment within 2 to 3:metres of

short wavejuhits and other electrotherapy eduipment.40

EFFECTS OF ELECTRICAL MODALITIES ON NERVE CONDUCTION
In contrast to other e]ectr1ca1 moda]tties such as u1trasognd
short!wave diathermy and 1nfrared 1asers, there has been 11m1ted )
investigation of the effects of IFC on underlying nerve tissue.
Studies exam1n1ng the effects of u]trasound on sensory and motor nerve
conduct1on velocity are numerous41 -50 In 1966 Griffind suggested
" that reduced NCV m1ght be‘the mechanism of pain relief with ultra=
'{sound. Severa1 investigators‘have providedbevidenee to.support
Griffin's hypothesi5,43;""5’48 however, more recent studies have‘
demonstrated inoreaSed sensory and motor nerve oondUCtion rates to be
associated with u1trasound;'“’4”_2;"“5’47'50 o |
Kramer N observed that sensdry'nerve conduction velocity (uTnar
nerve) s1gn1f1cant1y 1ncreased fo110w1ng‘u1trasound (frequency of.
870 KHz) at 1.5, 2.0 and 2.5 W/cm Increased sensory nerve'
conduction velocities were attributed to the therma] heating effects
of u1trasound Another study by Kramer42 demonstrated 1ncre§sed u1nar
| motor nerve conduct1on ve]oc%ty with all c11n1ca1 1ntens1t1es of e

. uttrasound. These results are in contrast to previous studies which

»



demonstrated decreased veiocities at 1ntermed1ate tntensities of

. ‘(')
u]tnasound 43K/h Kramer42 attributed the discrepencies between the

3

studies to u]trasound app11cation techniques and differences in-. the

areas treated. Rennie30 also reported significant increasesqiq,both
Y . ' J o :

sensory'and:motor nerve conduction veﬁocities following application of .

ultrasound at frequencies of 0.75, 1.5 and 3.0 MHz. '. e

Short wave diathermy (frequency of 27 MHz) has been’ reported to
-cause increased motor nerve conduction ve1ocity'49 51 C1aveau49 X
postulated that 1ncreases 1n'subcutaneous tissue temperature brought
about by short wave diathermy, would cause a heating fect on motor.
nerves. and therefdre increased. conduction ve1oc1ty of the- same

A study by Greathouse et. a152 examined the effects of 1nfrared .
laser, at a frequency of 73 Hz, on sensory nerve conduct1on Results
“from this study indicated that 1nfrared ‘laser radiation treatment has
no significant effect on sensory nerve conduction.’

Literature concerning the effects of 1nterferent1a1 current on

'motor or sensory nerve conduction velocity is limited. Be'lcher4

reported no signif1dant change in motor conduct1on ve1oc1t1es of
either the median or ulnar nerve fo11owing 1nterferent1aL therapy
The frequency used 1n the study: was 0 £0-100 Hz (rhythm1c) for 15
minutes at a grade- II dose The author did not spec1fy what a grade
II_dose was. Suctioh e1ectrodes ‘were p1aced on the anterior aﬁd>
posterior aspects‘of subJects right shou]der ‘jaint and per1phera11y
on the anterior and Sbsterior'aspects-of-the wrist. .Technique of
recorddng»conduction velocity was not reported by the author, and ,

thére was apparently no. control group.

Y
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In contast to Belcher s ftﬁdings. a stédy by Rehacek et a129
reported decreased ‘motor nerve conduction velocities 3* the peroneal
nerve fo11owing stimulation of the lower leg with rhythm1c ‘ .
1nterferentia1 currents of g‘to 100 Hz. The current 1ntens1ty used was
‘20 mA (& 2mA) for 15 minutes. A subsequent study by Rehacek et a130
a1so reported decreased motor conduction velocities fo]]owing 15

_.m1nutes treatments w1th 1ntereferent1a1 currents of 0 to 10 Hz.
Rehacek et a129,30 used the same app]ication techniques in both

4

stud1es . a.,

Differences in IFC app11cat1on techniques may in part account for

the .discrepancy between Belcher' 4 findingsijyd those reported by’
. y

Rehacek-et.a129. Be]cher24 used suction el tpodes:spanning a very

1arge area (shoulder.to-wrfst), whiﬁe Rehacek'et a129 treated a much

sma]]er reg1on ‘Additiona11y, ft_is unciear_what current intensity
- Belcher used on her subjects. '
Prev1ous 1n1@$t1gat1onsvof the effects of - IFC on motor NCV have

not attempted to mon1tor tfssue temperatures4 29,30 Temperature ‘
Qe L

i

directly affects conduct1on ve1oc1ty of peripkeral nerves in humans - .

A\

- and 1is therefore an important variable when examining the effects of
IFC on NCV ]2 Stone]2 sucs2sted measuring skin temperature dur1ng the "¢
tegting er1od since tempe. e o 1ctuat1ons could be a confounding

variable when measurir- -- y¢ . -duction veldcities.
[} . ' . (]

‘ NERVE LONDUCTION VELOCI11

There are s11ght d1screpanc1es between 1nvestigators as to the
normal motor conduction ve]oc1ty values of the ulnar nerve, Johnson and

Olsen 53 reported mean readings of 55.1 M/Sec (+ 6.4) for ulnar motor



N -
nerve conduction»velocfty. Abramsgn et a1°! reported mean motoc
conduction velocities of 58.7 M/Skc (# 4.0) for the ulnar nerve, while
Me]vif et a1%4 found mean vaTues of 57. 0 M/Sec (+ 4. 7).

Normal values for Sensory conduction ve]ocity of the ulnar nerve

o range fom 56. 8 M[}ec (+ 4 3) to 59 5 M/Set (£.4.0).54. Melvin et a13%
found no significant differences between.orthodromic and antidromic

conduction've]ocities of the ulnar nerve.

CONCLUSION t | % \

Despite the frequent c11nica1 use of 1nterferent1a1 current |
ztherapy, there have been few stud1es exam1n1ng its phys1o1091caJ
effects, in particular, its effect on under1y1ng ner:gs. Review of

Athe Titerature has~revea1ed no studies which have examined: the effects
.of 1nterferentia1 corrents on sensony‘nerve.condoction velocity.
’Decreased periphera] nerve conduct1on ve1oc1t1es may 1n part account

~for the pain relieving action of IFC
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( S .
/ . METHODS AND PROGEDURES -

¢ UBJECTS . i o ,
Eighteep informed female volunteers with no history of neuro-- ‘/j ‘ .
'1og1ca1 disorders served as subjects for this study. The age of |
subje{t?ﬂnged from 19 to 37 years (mean age 25.8 yeﬁrs.' + 5.4 years).
This investigation was 1imited to females due to reported‘differences
in motor nerve conduction velocities between the sexes (faster on ’
aver\be in the fema1e thap the male). ]ﬁ"The age range of 16 to 40
years was chosen to eliminate age as a factor affecting motor and
. sensery nerVe conduetion ve16tities. It has been reported that '
sensery nerve conductton‘decreases with 1ncreasfng age from 40 to 65
years of age55 and motor nerve COnduction velocity qfcreases after the
$ixth decade.96:57 oL .
A1l subject"'reported no history of major ulnar nerve trauma;
diseises of the-nervous system, fractures or dislocations of the e]bow

]
of\She dominant arm or other cond1t1ons which cou]d modifx ulnar motor

¢ or sensory nerve conduction ve1ef1ty. Additiona11y, no subjects
a,ﬁk)rep?rted having any of the conditions listed as contraindications to o
treatment with IFC. - ' i | . .
‘ AT1 subjects were ngen a verbal explaéetion o} the treatment and
testiﬂg5e;oceddres Subjects retained Sh.information sheet regarding
“the study and signed an Informed Coﬁ!ent’Form prior to participating in

the. study (see Appendix -A).
v N /s
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A1though there is no nformat1on 1n the 11terature regarding the
duration of effects of in erferentfa] therapy, a minimum of 24- hours was

allowed betﬁién testing sessions., [ N

POSITIONING
Treatments and testing were performed on tHe dominant arm with the

;subject in a supine position The domihant arm was fested.in order to "

exc]ude any variation of nerve conduction ve1ocity which may have .

‘occurred between the dominant and nonadﬁ/:nant arm.1%  The test arm

was positioned in approximate]yﬂ70 degrees of shoulder abduction 50 \

to 70 degrees shoulder external rotation-(dependfng on the.subaects T N

’ active range of shoulder external rotation),. 30 degrees hori;dhtai

_ adduction of the shou]der, 90" degrees elbow flexion and approx1mateﬁ?'

45 degrees ') forearm pronation13 (Plate III-1). TL1s pos1t1on

“allowed easy access to “the ulnar.nerve during stimulation without

putting undue streteh on the nerve. 13 Pillows and towe111ng were used

to maintain-the arm and forearm in position during treatment and

-

testing.

LY

MSTRUMENTATION X _ o . A T
1. Electromyograph: A TECA e]ectrdmyograph, Model TE-dé* (P]ate

I11-2) was used.to perform fhe'mbtor and sensory nerve conduction

studies on the proximal forearm segment of the ulnay-nerve. The
supramaxime] st1mu1gs delivered with the TE 42 st1mu1atﬂ¥ was® a .

rectangular pulse of O. lﬂhs duration, de11vered at a rate of two per

» 3

* TECA Corp., Pleasantville, NY 10570, USA
v : T



PLATE III-1.

Position of subject during treatment

and testing sessions.
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second. The frequency response of the amplifier for motor and sensory
“nerve conduction testirfg was 1.6 and 3,200 Hz and 32 and 1600 Hz
respectively.

Permanent recordings from the electromyogaph were taken on KODAK
Linagraph direct print paper.* !
2. Interferential Unit: The interferential unit used in this study
was a Vectordyne 2%, which operated at a maximum of 4000 Hz10 (Plate
I1I-2). The current was sinusoidal, with a maximum patient current
output in each circuit of 60 mA.J0  The interferential unit was checked
with a frequency counter for accuracy of the actual frequency output
(see Appendix B). -

3. Digital‘Thermometer: Cutaneous temperature of the test forearm
was recorded from a digital thermometer, YSI Model {?TA**. The
digital thermometer had been calibrated for iemperature conversion
from a chemical thermometer (see Appendix B).

. o
4. Timer: A1l treatments during the study were timedausiﬁb\a Gra-lab

“timer, model 171. /
' ' /

PROCEDURES
1. Testing: Each subject was assigned to one of the six treatment
sgqueﬁces as illustrated in-Table III-1;) By using all possible

sequences of applying three treatment mogalities, controf for treatment

* EASTMAN KODAK CO., Rochester, NY 14650, USA
+ Medelco Lfd., 4478 Chesswood drive, Downsview Ont., M3J 2B9
** YSI Model 49TA Digital Thermometer, Yellow Springs Instrument Comp.,

\

- Yellow Srpings, OH 45387, USA
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PLATE III-2.—tquipmeni used in

the study
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TABLE I11-1. .)Treatmént‘seQuences assigned to subjects “for .the three
testing-sessions. . -
. * . é

) SEQUENCE ... susgECcT
1. Control, 0-20 Hz, 80-100 Hz P 173
2. 0-20 Hz, 80-100 Hz, Cortrol - .2 8 14
3. _Control, 80-100 Hz, 0-20 He 3 9 15:
4. 0-20 Mz, Control, 80-100 Hz 4 10. 16

5. °80-100 Hz, 0-20 Hz, Control 5 11 17
- 6. 80-100 Hz, Control, 0-20 Hz 6 12 18,
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effect and treatment order was ach1eved 58 Subaects were not informed

| what treatment sequence they would: be rece1v1ng‘
' Temperature of the testing area was ma1nta1ned at an average of .,

25.6 degrees ce1c1us + 0.7 degress ce]cius, 1n order to minimize any

effect thataroom temperature might have on nerve conduction

ve1oc1ty n, 59 60 Sub.]ects w*instructed to Timit strenuous .‘
h’physical act1v1t1es for two holfs prior to their testfng'tfme to
minimize var1at1ons in body temperatures caused by the effects of.

‘s

'exerc1se 60 _
e

Each subJect was pos1t1oned 1n sup1ne 1y1ng with the test arm
"exposed from the m1d -arm- distally. The ulnar aspect of the hand and

i f1fth f1nger were prepared by 11ght1y abrading with sand paper and &

_c1ean1ng the skin with isopropy] a1coh01 This preparatﬁon allowed’ ?
better e]ectrode contact.and Tower skin resistance.‘1 Transmission-ge]*
was app11ed on. the surface electrodes (record1ng and ground), to ensure A
good e]ectr1ca1 contact with the skin. n The motor record1ng e]ectrodes -
"f were surface d1scs, 8mm in d1ameter mounted irf a wooden bar ) that
.1ntere1ectrode d1stances were contant (3cm center to\\enter) Motor
recordwng e1ectrodes were pos1t1oned With the cathode over the center of
‘the abductor digiti min1m1 muscle be11y and the anode positioned over
the tendon of abductor d1g1t1 m1n1m1 at the metacarpopha1angea1 (MCP) . ?
Jo1nt (F1gure I11- %3 A ground electrode was applied to the dorsum of fv
__the hand - These electrode p1acements a11owed motor nerve conduction :

~to be performed orthodrom1ca11y11

* Aquasonic-100, Parker,Laboratories Orange; NJd, 07050, USA ot
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Positioning

" Proximal Ulnar Nerve

]

Interferential Electrode

RinglElectroée

_Motor.Nerve
Ground 4€Tectrode
(Dorsum of Hand)

Sensory Nérve ° i
— 7
Ground Electrode .

DISC E]ectrode-—”"’—"é’

Pos1t1on1ng

Nerve Stimulation -
Site o . :
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'Sensor§ recording electrodes were the digital ring type.' The ;

cathode wasAposit1oned arOund‘the middle phalanx of thé‘fifth finger,

wh11e the anode was pos1t1oned around the distaI interphalangeal Jo1nt

of the same finger (Flgure ITI-1). A disc ground etectrode, 8mm 1 ﬂ

;
ﬂl

d1ameter was. app11ed on the ulnar aspect of the f1fth finger at
1eve1 of the MCP jo1nt. Placement of the sensory electrodes as |
descrvbed allowed sensory nerve conductfon if\sk'performed anti-
1dromica11y,11 which is more COnsistent than\prthodromic conduction in
-produc1ng h1gh amp]itude responses for sensory nerves 12 Mot;> and’
sensory e1ectrodes were secured to the skih w1th adhesive tape \
A cutaneous thermister was taped to the anterior aspest of the
.forehrm between the 2‘anter1or 1nterferent1a1 e1ectrodes The
ther r was secured us1ng a small piece of porous tape.’ Recordings
of tﬁtaneous temperature of the forearm were made from the digital
thermometer at one minute intervals throughout the test1ng session A
' tota] of 18 temperature record1ngs were made (see Appendix D).
- Two st1mu1at1on sites on the forearm were ‘used to obtain motor
and sensory 1atenc1es (thure III-I). Us1ng the TE-42 stimulator* and a
low.Stimu1ating intensity, the prowima1.st1mu1at1on site in the ulnar
notch region was,exp1ored (cathode applied distally) until the greatest
motor and sensory action'potentfa1s were e]icited, Exact pos?tioning
of the cathode was marked with 1nde11b1e ink. The«distal stfmuiation
site was immediately d1sta1 to the. 1nterferent1a1 pad at the point
where the greatest motor and sensory action potent1a1s “were e]icited

N

“* TECA Corp., Pleasantville, NY 10570, USA
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Exact positioning of the cathode was aoain narked?(Fjgure I1I-1). The
d1stance betWeen proximal and distal cathode sites'was'measured using
a plastic tape measure Distancés between stimulation sites were used
in the calculation of motor and sensory conduction ve10c1t1es » The
mean distance betwen stimu1ation sites was 21 0.cm £ 1.0 cm.

Prior to recording 1atenc1es, a stimulus of supramaximal intensity
was delivered at the proximal stimu]at1on site and then at the. d1sta1
site. A supramaxima] response at each site was necessary to ensure

| that the response of amplitude and 1atency»were constant.!]

Sensory
andxmotor nerve conduction latencies were simu1taneous19‘recorded from
the e]ectromyograph on to fiber opt1c direct recording paper.
ﬁecordings of .the latencies’ (F1gure 1-3) were taken first from the
tproxima] stimu]ation site and then the dista1 site. ,Four~sets of
latencies were taken during each testing session‘inzthe following
“order: 1) two minutes pre-treatment, 2) 1mmed1ate1y pre- treatment
-3) 1mmed1ateiy post-treatment and, 4) 5 m1nutes post-treatment.
Figure.III-Z 111ustrates the time sequence of events for each testing
session. | | | | |

Sensory and motor 1atency recordings from the proxima1 and distal-
stimulation s1tes were coded with a number and randomly attached to a
sheet of paper.” All of the 1atenc1es were coded so that the |
investigator did not know wh1ch time period of the test1ng sess1on the
latencies represented Nerve conduct1on ve10c1t1es were ca]cu]ated

“using the following formu]an

- Distance between stimulation s1tes
Proximal latency —‘DtstaI Tatency

Nerve conduction ve]ocity

-



0
15
.16
18
19

- 29

30
35

1

TIME

15 minutes

16 minutes

}9 minutes
29 minutes

30 minutes

35 miﬁutes‘

36 minutes

18 minutes -

ACTIVITY ,

. -
-
PR

Subject preparation ahd e1ec£rode’p1acements.

Nerve conduction latencies recorded

‘Rest

~ Nerve conduction latencies recorded

Iﬁterferentia1'treatment a

Ne}ve'conduction~1at9nciés recorded
Rest

Nerve conduction latencies recordeq

J

!

Total Time: Approximéte1y 36 minutes

4

FIGURE III-2. Time sequence of‘testing session.
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2. Treatment: A Vectordyne 2* interferential machine was used to -

administer treatments with one 185 mm square f1ex1b1e electrode pad

-.containing four circular electrodes, each with a diameter of 60 mm.:

‘[‘

}Each electrode was moistened with tap water. The pad was bent around
‘the ulnar Qspect“of_the forearm such that tno e1ectrodes contacted the
_ anterfor’surface of}the forearm and-two electrodes contacted the
_posterior surface. This ptacement was chosen to position the ulnar
nerve between the anterior and posterior electrodes. The base of the-
electrode pad was positioned 4 cn.distai to the ofecranon orocess to
allow accees to the ulnar notch with fne stimulator. The electrode pad .
fwas secured on the forearm.with a tensor bandage, ensuring that
excessive pressure was not app11ed |

Using the rhythmical mode, a treatment frequency of either 0 to
20 Hz, 80 to 100 Hz, or phe control was applied for a duration of ten
‘minutes.. The cycle duration was fixed at 20 seconds and the vector
sweep was used as suggested.in the IFC'manufacturer'e operatino
"_manual ]0 A h1gh 1ntensity stimu]us ‘(mean. 7.6 mA £ 0.9 mA for
0 - 29 Hz, mean 8.1 mA £ 0.8 mA for 80 - 100 Hz) was delivered.to the
_subject. High intensity_stfmu]ds was defined as @;strong “pins and
needles" sensation felt by the subject, but no.strong muscie contrac-

tion occurring.z»

* Medelco Ltd., 4478 Chesswood Drive, Downsview, Ont., M3J 289



ETHICAL CONSIDERATIONS ‘
Interferent1a1 therapy is a commonly used moda11ty and does not
expose subjects to any abnorma1 physica] or mental risks.
Addjtiona11y, nerve conduction testing is a common investigative
procedure andﬂdoes'not dnvolve any risk to the subjectj] fhere are
only a few contraindications_to treatment with interfereatial therapy

which are 1listed below‘

i) active cancer or tuberculosis (in the region being treated)

ii)‘ acute local 1nfect1ons

iii) pregnancy (if treating the lower abdominaT\area)

viv) large open wounds (in the region being treated)
v) _ severe cardiac conditions,_dr presence -of pacemaker
vi) ~ severe hypotension or hypertension

vii) _ dermatological conditions (1n the . area being treated)

viii) -acute and sub acute thrombo phlebit1s2 ]2 60

The present study was approved by the University of Albérta
Department of'Physica1 Therapy's Student Project Ethica] and Research
‘ Review Committee. All subJects were verba11y.1nformed of the testing

procedures and a11 s1gned consent forms (See Appendix A).

DATA ANALYSIS
A two way ana]ys1s of var1ance w1th repeated measures on both
factors (1nterferent1a1 frequency and time) was employed. to separately

-exam1ne motor and sensory nerve conduct1on velocities and cutaneous

61

temperatures. The Tukey test was used to determine which of the

triaTAmeans’were significant1y different from each other'for cutaneous

temperature.ﬁl.

36
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" To maximize internal v.aHdity,.reHabthy tests were performed

for the calcu]ation'of motor' and sensory nerve conduction velocities

[

" (see Appendix D).

\

58
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CHAPTER IV S

o
4

RESULTS

Table 1V-1 f]lustrates mean and standard deviation values of

sengony.and«motor nerve conduction velocit1esb(Nt¥) for_eéch treatment
groﬁp et various time intervals during the study. The meaos and
standard deviatfons for skin tep;eratures are also shown in Table
IV-1. -

Skin temperatures monitored at one minute ttme intervals during
the various treatments revealed a progressive e1evation up to the
immediate post treatqfnt per1od (see Figure IV 1)

A§p11cat1on of the two -way ana1ysis oi\\griance (with a repeated
measures procedure)61 to the motor and sensory nerve conduction data,

showed no statistically significant treatment ver;us time interaction

effect, treatment effect or time effect (p >0.05) (see Tables .IV-2 and

Iv-3). A Simi1ar‘ana1ysis of the temperature values, however,
1nd1cated statistically sign1f1cant differences (p<0.05) for time
effects (refer to Table IV-4). No statistica]]y significant treatment
versus time interaction effect or treatment effect (p>(L05) was
demonstrated for skin temperature'values. Sumharies of the -analyses
of variance for.motor NCV, sensory NCV and skin\temperature are shown
in Tables IV-2, IV-3 and IV-4 respecthelj. |
A post hoc Tokey test®] for‘temperatore time effects‘reveafed

statistiéa]]y significant differences (p<0.0]) in mean skin

_températures between'the time intervals of two minutes pre-treatment

38
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Table IV-]
J

Mea# and standard deviat

f

fon nerve conduction traits and skin

temperatures at various times pre- and post- treatment with IFC.

/A,p-é 18)

Time of Measurement During Testing

Treétment ~ Two minutes Immediately Immediately Five Minutes
pre pre post ‘post
treatment treatment treatment treatment
Control  61.921 62.172 62.399 ?1.693
| (2.770) . (£<336) (3.298) 3.198)
Motor — '
NCV 0-20 Hz - 62.195 62.295 . 61.960 62.094
(m/s) (4.361) (4.078) (4.074) (4.582)
80-100 Hz 62.907 6é¥862' 62.952 61.990
: -(3.344) (2.817) (3.547) (4.096)
Control . 62.626 62.302 - 62.691  62.168
. (3.467 (3.640) *(3.793) (3.746)
Sensory Voo ®
NCV 0-20 Hz 61.722 . 61.726 . 61.646 62.045
(m/s) *(2.567) (2.353) (3.097) (3.412)
80~100 Hz 63.084 63.283 62.6V8 62.439
> -(3.497) (3.180) © (3.876) ——  (3.968)
" Control  32.6 . 327 4 33.2 33.3
' (0.8) * (0.7) (0.7) (0.7)
Temp. 0-20-Hz 32.7 2.8 0 B2 ©33.4
(%), (1.2) (1.2) 'tV (1.4) (1.2)
(s -
80-100 Hz 32.6 -32.8 Vv 33.4 33.5
(1.1) (1.0) -~ (0.9) 10.9).
Time main , 32.6 2.8 33.3 33.4
effect  (1.0) 7 (1.0) (1.0)

~(1.0)

(Standard deviation) ”
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ﬁ Pre During Post \
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-

. Figure IV-1. Skin temperature at various intervals throughout the .
experiment. From left to right: 2 to 0 = 2 minutes pre- treatment to

“immediately pre- treatment, 0 to/10 = treatment period, 10 to-15¢= "
immediately post- treatment to 5 minutes post- treatment.

[ 4
4
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Table 1V-2

N\

’

ANOVA summary for motor nerve conduction velocities

Fs

L)

» TOTAL

-y

Source of Sums of Degrees of Mean ‘E?Ratibs F .05
Variation - Squares - Freedom Squares . Critical
Treatment ‘ \ L < .
main effects  22.532 2 .266 « 0.239 ,  3.15
Between ‘ ' o
subject error 2402.816 ~ 51 47.114
Timé main S )
effects 15.487 3 5.162 0.631 2.60 "
Treatment-time _ . . .
interaction - 2.653 6 . 0.442 . 0.054 2.10
Within
- Subject error - 1252.271 153 8.185
TOTAL T 395.759 215
- R
Table Iv-3 ¢
ANOVA summary for sensory nerve conduétibn velocities.
Source of Sums of Degrees-of  Mean F Ratios F .05
Variation - Squares Freedom Squares : Critical
Treatment \\ ‘ .
. main effects 42.537 . 2 21.268 0.502 3.15 -
Betyeen . , -
s«i:ct error 2162.880 - 51 42.409
" Time maid - M
-effécts 2.273 3 0.758 ; 0.546 2.60
Treatment-time o , _
interaction 13.549 - 6 2.258 1.592 2.10
~ Within |
subject errom 216-.911 163 1.418
' TI3B T80 275 —
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*Statistically significant at the p<0.05 level

.

i‘
aﬂos.( Fk
: l AR ey
Table IV-4 PR
ANOVA summary for. skin temperftures W2 Sl
- . < ; Lﬁ.;; '1'4 '
Source of Sums of Degrees of . Mean ‘F Ratios ‘Fh .05
Variation Squares  Freedom Squares Critical
Treatment
main effects 1.0 2 0.5 0.13 . 3.15
. Between n ’ ~ i
subject error 197.1 = 51 3.9
. [
Time main R
effects 21.6 3 7.2 72.0* 2.60 © - &
Treatment-time | * oy
interaction 0.6 6 0.1 0 2.10 ,
Within a
subject error 9.2 - 153 0.1
e\ - :
\/‘
TOTAL 229.5 215 -
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.

; and immediately "pre-treatment " two m"inutes pre‘-treatmen‘t and ”
1mmed1ate1y post- treatment two m1nutes pre treatment and f1 ve m1nutes
‘post treatment 1mmed1ate1y pre treatment and immediate]y post-
treatment, immed1aty pre= treafment and f1ve minutes post- ~treatment.
1 No statist1caHy sigmﬁcant difference 1n sk1n temperature was shown
. between the interva] of 1mmediate1y post-treatment and five minutes
| post treatment (see Table IV-5) |

- No discomfort attributable to treatment was, reported by any of

ﬁ. the '-su‘bJects. ., . ¥



fixd

v“Tab]e-IV-S

" Post hoc Tukey test - d1fferences between paired means for skin
temperatures (© ), :

n

! .
2 Minutes kwlmmediately ~ Immediately

5 Minutes

treatment

!

re r pre " post . post
treatment  treatment treatment treatment
-2 minutes L ‘ | R B
pre v - 0.2 . .0.7* 0.8*
treatment o :
‘ vy .
Immediately
pre 0.5% 0.6*
treatment :
Immediately & - |
post. — : 0.1
treatment(/\ - : '
15 Minutes
post ..

*Statistica11y significant at p<0.01 Tevel

_4.4.



CHAPTER V
DISCUSSION

Nerve conduction jnvestigat1ons can provfde fmportant informatton
regarding pathology of'the nervous system.53:54 ‘Additionally, nerve
_conduction studies havevproven valuable in determinfng‘theieffects'of
" various e]ectrica1 moda11t1es -on peripheral nerves 41,47,52

Results from the present study 1nd1cate that IFC, at frequencies
of 0-20. Hz and 80 100 Hzy has no s1gn1f1cant effect on sensony or

motor nerve conduction velocity (p>4105) Add1t1ona11y, o .

significant relationship betneen skin temperature changes and

» in sensory or motor NCV was demonstrated in th1s study (p
| The 1ack of any change in motor nerve conductiog
. observed in the present study conf]icts with the dec r NCV
'reported by Rehacek et al. .29,30 In those stud1es however, d1fferent
; IFC freqd%ncy ranges were éxamined (0-100.Hz and 0-10 Hz), h1gher IFC' :
: tv 1nténsfties of 20 mA 2 mA were used and electrode" app11cat1on “

- techniques were d1fferent than those used in the.present study From
their resu1ts, Rehacek et al conc]uded that rhythmlc st1mu1at1oh by IF
currents of 0-10 Hz or 0-100 HZ’OP 0-100 Hz cause prolonged latency |
and slower conductivity.along |:>:erv.1'phera1'motoneurons.zg’30 '

Motor nerve conduction velocity results of the present study arew
.

AN

in agreement with those reported by Be]cher ) a1though Belcher used a
different fnequency range (0 100 Hz) and_the IFC intensity was not
Speﬁgiﬁed The type of electrodes and sites of app11cat1on used by '

Belcher4 also varied from_th1s study.

45
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. To date there are no pub1ished IFC sensory NCV studies to compare
with the results of the present study .

None of the previously reported IFC studies has, monitored tissue
temperature changes 4,29,30 yalar et a152 believe that tissue ‘
temperature change is the most significant nonpathologic factor to
influence clinical measurement of NCV. Investigators have
demonstrated that eievated temperatures cause increased conduction
rates and Towered temperatures result in=decreased‘conduction
rates.47’51a53 'Haiar_eE a162 stated that distal extremities may Be
cooier than core body temperature?when an individual is exposed to
'1ower enVironmentai temperach& ‘h In the Studies oy Rehacek
‘et a129 30 it is pOSSible th:ﬁvwonmenta] temperatures were' cool
enough to cause cooling of subJect s extremities during testing
seSSiops Coo1ing of the tested extremity couid account for the
reduced motor NC veioCities observed in their studies

Resu]ts of the present study revealed significant skin
temperature increases as a time main effect (p<0.01). Since there

was no statisticaliy Significant difference between treatment groups,

skin temperatures increases may have resuited from the insuiating '

46

action of the IC pad and tensor bandage. The e]ectrode pad consistediif

. &
of rubberized material and was securedvground the subjects: forearm

with a tensor bandage. The pad and tensor may have acted as an -
insulator, therefore not allowing norma1 evaporative cooiing of the

7
1imb to occur. ° * .

Although not statisticaJ]y significant;ithe 80-100 Hz group did-

_demonstrate slightij e]ev?ted skin temperaturgsuduring and following -
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treatment in compar1son with the contro] and 0-20 Hz treatment groups
(Figure IV- . According to severa1 authors,zi64 65 IF currents
above 80 Hz have an autonom1c effect (ma1n1y depression of sympathet1c
act1v1tyL Since the muscular walls of’ arterioles are supplied by

ympathetic nerve fibers, ﬁnhibition of sympathetic actfvity causes
decreased tone in the vessel wa1ls resulting 1n vasod11atat1on 23 -
Vasodilation of the arterioles results in hyperemia23 and concomitant
1ncreased.3k1n temperatur3§.23’62, It 1§}possib1e, there?ore;“that the
e]erated skin.temperatures observed in the 80-100 Hz treatmehiEZicdp
may”Be partia11y attributed to depress1on of sympathet1c nerve
activity with resultant vasod11atat1on |

From a review of the 1iterature, thereﬁare.pos§ib1e mechanisms cf

pain relief with IFC,‘other than that explbred in the preseht study.
S Itds p1aus1b1e ghat IFC has sim11ar pa1n relieving mechanisms to
tr;::cutaneous e1ectr1i?] nerve st1mu1at1on (TENS) Accord1ng to

De Domenico6 “the pu1se duration of IFC is aprox1mate1y 125 micro-
seconds and the effect1ve stimulus has a frequency of between 0 and
100 Hz. A]though authors have suggested various app11cat1on methods
for TENS, frequently cited spec1f1cat1ons for pulse duration vary
‘between 50 and SOO,microseconds and frequencies of between 10 and -~
300 Hz.16s66,67  The technical specifications of TENS and IFC can be
quite‘simi1ar therefore, a1though the waveforms of these twc;h~m\
moda11t1es differ marked]y |

Several commonly cited theor1e£ explaining the ea1n re11ev1hg

' mechan1sm of TENS 1nc1ude. st1mu1at1ng the release of endqgenous .

+

endorphins, and activation of pafn-gating mechanisms.66’57 Endorphins



are'endOgenous opiates re]easedxfrom the brain hhich have'potent pafn
reducing potentia1.23’67' A study by Salar et al, demonstrated
increased beta endorphin 1eye1s during ond after Zoxmjnutes of
treatment with TENS 68 Future IFd studies could also monitor
endorph1n 1evels to determ1ne whether IFC alters the ehdorphinergic
system, -
Another frequently cited mode of pa1n re11ef for both TENS and
IFC is act1vat1on of "pain-gating" mechanisms, 2,6,66, 57 The "gate
| contro]" theory was first presented by Me]zack and Wall in 1965 to
exp1a1n pain mechanisms. 39 Using the framework of the gating theory,
- authors have postulated that e]ectr1ca1 stimulation from TENS-
overloads light touch end proprioeeptive input to the spinal
. cordﬁ6’67 .Lerge dieheter afferent. A fibers mediate 1ight touch and
proprioception, while small diémeter afferent C fibers convey |
nocicebtive fnput.§6 Apparegt%y§ by overlapping A fiber activity,.
inhibitorylinterneurons are activated which inhibit transmission from.
small oiameter pain fibers. A hegativeofeedbatk_oeCUrs therefore,
and the “gate" at the spinal level is "closed", inhibiting nociceptive
input from go1ng into the sp1na1 cord 66,67
In summary, findings of the present study.suggest‘that pain
relief using IFC at frequencies. of 0-20 Hz or 80-100 Hz cannot be

T

attributed to "altered sensory or motor NC velocities.

4
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CHAPTER VI
CONCLUSION

In the present study, interferential currents applied at
_freqUehc1es of 0-20 Hz and 80-100 Hz  to the ‘forearm for 10 minutes,
did nbt have any §1gh1f1cant effect on sensory or motg? nerve
1 con&uction velocity. It would §ppear from these fiﬁdings, therefore;
that the pain re1ie§1ng action of”interferqntja1 currents is not due
- to decreased‘conducfion veloE;ties of sensory 6¥‘mot6r nerves,

Inﬁthié ?!;dy, skin'températures increased significantly over
time. This fihding was atfr%bute¢ to the insulating aption'of the
interferential pad and tensor bandage.

It is evident from the results of the present study and a review
of thé literature that further investigations aré necessary .to
determine the‘pain;re11eving mechanism assbciatéd yith interferential
freatmenfs.‘ | | |

‘Future research regarding interferential currents might inc]ude
moniioring»the 1eVels of'endogénous op#g%eg such aé endorbhins,
before, during and following treatment with interferénfia1 currents.
Further nerve.conductionlstudies could be performed usihg,nerves
@ore superficial than the ulnar nerve in the forearm, which‘was
éxamingd in the presept study. Additionally, variaﬁions(of IFC

treatment such as increased treatment fime,‘various~freqdéﬁéy ranges
and-electrode pad shapes énd sizes should also be_éxamined. Fina11y, in

’order that iﬁterferentia] therapy bé;ome a 1éss_emp{rica1 treatment,
well designed clinical studies are needed. | ‘

o

LI ' B RN
. i
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v * FACULTY OF REHABILITATION MEDICINE
DEPARTMENT OF PHYSICAL THERAPY -

UNIVERSITY OF ALBERTA -

" INFORMED CONSENT: FORM FOR INVESTIGATIVE STUDY

Effects Of‘interferentiai Currents On Nerve Conduction Ve]ocity
. | ky o oo | B ;fiéﬁg.?
Outline of Procedures.(retained by subjecti‘ |
Tnterferential current is a relatively common physiotherapeutic
modality which produces a low frequency current wtthin.the body é Thts
moda11ty is frequent1y used to relieve pa1n, yet 11tt1e is known about
: how this occurs. - The purpose of the present study is to exam1ne.the
%ffects of interferent1a1 currents on nerve conduct1on It is hoped
- thfs 1nformat1on w111 provide further’1nshght into the pain re11ev1ng
@%ﬁropert1es of- 1nterferent1a1 current therapy ’_ _
The' entire procedure w111 requ1re approx1mate1y two hours over 3
.ﬂ'separate testfng sessions 2approx1mate1y 35 m1nutes each sess1on).; The
first’sessigh:you will be assigned to a.treatment trequency Dur1ng one‘
test1ng session you w111 receive no 1nterferent1a1 treatment however,
_record1ngs will sti]] be taken Record1ng e1ectrodesﬁw1]1 be p1aced
along the surface of your little finger and attached with adhes1ve
g tape. - The interferent1a1 electrode pad will then‘be securedda1ong the
inner aspect of your’ foreasny Two'points‘of‘stimu1ation will be .
marked one at the e]bow and the other c1ose to. the wr1st .Two-nerve

‘conduction ve1oc1t1es will be récorded prior to the treatment and two



following treatment.

0n~éomp1etion of the testing proceduré, all electrbdes and :ad esfye

" : ' L
\

“tape will be removed and your forearm wiped clean. , H

'
A

A1l records will be held in confidence. You have the right to' , =

" withdraw from‘participatidn at any time. In the event that duestions%%

concerning ‘the study arise, please feel free to contact: L 3'

=yaurie Freebairn at'434-9887.{)

i
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"Faculty of Rehabilitation Medicine. University of Alberta. |

Departmentvof'Phy51Ca1 Therapy

INFORMED CONSENT FORM FOR INVESTIGATIVE STUDY
‘Effects of Interferential Currents on Nerve Corduction Velocity

- Subject Consent (Retained by Investigator)

L} . a o

I ' S do hevebY,agree to participate as a
Tb1ease print name) ' :

subject in the study ent1t1ed "Effects of Interferent1a1 Currents on
Nerve Conduction Velocity" to be conducted by Laur1e Freebairn The
nature of th1s study has been exp1a1ned to me and I understand the test
procedures that I will perform. I also understand that this is not a
therapeutic treatment. I have been adv1sed that I may withdraw from

participetion at any time,

R . (
Subject's Signature . ' Date
. : ' v 2> % .
e )
)
)r . i . . ¥4
Subject’s Address = _ Phone No.

I hereby certify that I was a witness during the eXp1anation’referred to

- above and to the signature.

“Witness's Signature — Sy Date
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Calibration of the Interferential Machine |

" The Vectordyne II Interferential Current Therapy Unit* was not"
capable of beTng’ca11brated The frequency output of the machine was
therefore confirmed using a Multi Counter frequency eounter The" ﬂgt
frequencies of 0-20 Hz and 80-100 Hz which were used in the present -
study, were checked with &- frequency counter 1n 1nterva1s of 5 Hz. The
data is displayed in Table A-1. |
Calibration of (ine Electromiyograph.

In order to verify the sweep Speed of the TECA  EMG**, a monophas1c
square wave pu]se of 1 ms duration from a Tektron1x storage
oscil]oscope was disp1ayed onto the TECA osc111oscope - Traces were
obtained onto photographic paper These were then ana]yzed to ensure
accuracy of the TECA EMG. No calibration was necessary.
Calibration of the Digital.Thermometer

‘A Fisher Oven** (0.7_cubic‘feet; 800 watts)~and4a‘Propper chemical - -

B thermometer™* were used,foroca1iprating the dioita1 thernbmeter***. The

’ch)mica1 thermometer and digita} thermjsterhnere inserted into the

0. . . : . . E
middle hole of the oven ensuring that the thermister did not touch the

* Medelco Ltd, 4478 Chesswood Drive, Downsview Ont., M3J 2B9
-t John—F]uke Manufaeturing Co. Ltd., 2247 M1d1and Ave 'Starborough Ont.
| w TECA Corp., Pleasantville, NY 10570, USA - R

+* Model 5441 Storage Osc111osc0pe Beaverton Oregon, USA

. R
.u"' ,;',,

%ﬁ;'***YSI Mode] 49TAdetha‘ ¢e116% SprihQSJinstrumentACo”:f




chemical thermometer. The thermister wire and chemial thermometer

were secured to the oven with tape andl the remaining holes in the oven’

were plugged with cork. "The oven was then heated to a temperature of
s1fght1y above 43°C on the chqmiciﬁ thermometer since this is the
highest temperature the digital thermometer will record. The oven was

then turﬁed off and when the digital thermometer recorded 43°c, the'}

temperaturé on the chemical'thermometer was recorded. As temperatures

Hecréased ih 0.59C intervals on the'chem19a1 thermométér, the corres-
ponding témperature readiﬁg on the digital thermometer Qas récorded.

" This procedure'cohfinued until a‘temberature of 27°C was recorqéd on

. the chemicél thermométer, autgmperature‘we11 beiow'that aﬁticipated to
- occur during the study. . Temperatureé were converted by means of .

standard linear regression (See converted values in Table A-2).
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TABLE A-1. | i
Evaluation of the IFC machine frequency voutput. |
IFC CIRCUIT FREQUENCY COUNTER IFC ACTUAL WC +
MONITORED* READING SETTING** FREQUENCY OUTPUT+
~ Circuit T (Red) 4095 Hz -
: e , ; 5 Hz 5 Hz
Circuit 2 (White) 4090 Hz
Circuit T {Red) 4700 Hz - ‘
_ 10 Hz - 10 Hz
Circuit 2 (White) 4090 Hz - :
Circuit 1 (Red) 4105 Hz
| 15 Hz 15 Hz -
Circuit 2 (White) 4090 Hz ' o !
Tirclit T (Red) AT 1z ‘ |
o ’ - ' " 20 Hz 21 Hz
Circuit 2 (White) 4090 Hz '
Circuit T (Red) AT Wz
. : 80 Hz : 81 Hz
Circuit -2 (White) - 4090 Hz ’ .
Circuit T (Red) AT76 iz » : ‘
’ ‘ 85 Hz - - 86
Circuit 2 (White) 4090 Hz «
: 7 N -
Circuit T (Red) = 4181 Fgﬁ ok . L
o 90 Hz 91 Hz-
Circuit 2 (White) 4090 Hz
Circuit T {Red) = 4186 Kz : - -
V - 95 Hz . 96 Hz
.Circuit 2 (N.hH:e");f3 -4090, Hz

* - IFC circui«ﬁéﬁ%nitored from Vectordyne 2 IFC machme

+ Actua'l geaﬁing from frequency counter

*k Actua@gsettmg on Vectordyne 2 IFC machine

o :
** Actual IFC frequency output (Circuit 1 - Circuit 2)

N



CALIBRATION OF THE DIGITAL THERMOMETER |

Temperature Recorded From . Temperature Recorded From
Chemical Thermometer (°C) Digital Thermometer (°C)
43.0 : 40.7
42.5 , 40.3.
42.0 : 40.8
41.5 ' : : 40.4
41.0 40.0"
40.5 39.5
40.0 ‘ ; 38.9
39.5 ' e 38.3 fx
39.0 - 37.8
38.5 : , 37.5
38.0 ‘ 36.9
37.5 36.4
37.0 ‘ . 35.8
36.5 35.4
36.0 : 34.7
35.5 34.3
35.0 _ . 33.8 N
34.5 - A 33.0 .
34.0 : ' 32.5 ”
33.5 . , 31.9
33.0 : - 31.3
32.5 . S 30.8
32.0 ' 30.3
31.5 ' 29.8 -
~ 31.0 29.4
30.5 28.9
30.0 ‘ 28.5
29.5 - : 27.9
29.0 ' - 27.6
28.5 ' ‘ © 26.9
28.0- : ' 26.4
8

27.5 | 25.



, 67
CONVERTED TEMPERATURE VALUES, CALCULATED BY STANDARD LINEAR REGRESSION.

Digital Converted “ ‘Digital Converted
Thermometer Temperature Thermometer Temperature
Temperatures Values Temperatures Values

34.0 °c 35.6 OC 30.79C 32.3 9¢
33.9 35.5 30.6 . 32.2
33.8 35.4 30.5 32.1
33.7 -35.3 30.4 32.0
33.6 35.2 30.3 31.9
33.5 35.1 30.2 31.8
33.4 35.0° 30.1 31.7
33.3 34.9 30.0 s 31.6
33.2 34.8 29.9 31.5
33.1 34.7 29.8 31.4
33.0 34.6 29.7 31.3
32.9 - 34.5 29.6 31.2
32.8 34.4 29.5 31.1
32.7 34.3 29.4 31.0
32.6 34.2 29.3 30.9
32.5 34.1 o 29.2 30.8
32.4 34.0 29.1 30.7
32.3 33.9 29.0 30.6
32.2 33.8 28.9 30.5 ‘
32.1 33.7 28.8 30.4 N7
32.0 33.6 28.7 30.3
3.9 33.5 - 28.6 30.2
31.8 '33.4 28.5 30.1
31.7 33.3 28.4 30.0
31.6 33.2 28.3 29.9
.5 33.1 28.2 29.8
’;1.4 0 1 7
3 9 0 6
2 8 9 5
1 7 8 4
0 6 7 3
9 5 6 2
8 4 5 1
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The reliability of the expenrimenter iniaccurately and consist- Q

_ently calculating motor and sensory nerve conduction velocities was
'ca1cu1atEd'as follows. Two stimu]a%ion sites Qere marked on the

forearm of a subject. Ten recordings with supramaximal stimulation at 4

each site were recorded onto photographic paper, fhése 20 recordings

were then coded and mixed. Lines were draw#QOn all recordings before
calculation of latencies. - Mot&r and sensory condﬁétion velocities

were'theﬁ calculated for each recording. Percent error was then C,
calculated separately for motor and sensory conduction velocities. = . |

Percent error for motor conduction velocity was 1.20%, and for sensd?y
R . [ ! ;

conduction velocity 1.50%. S O e
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- wIndfvidual Data Acquisition L

v, . » ‘,

“ Name - ' <. Fate o Time

Treatment Sequence S Session Number
» . .7 " Latencles .~ Time  NCV.  Change .-

Proximal Distal

ZlMinutes
“"Pre Rx

Pré Rx }
" Post Rx

2 Minutes . .
- & . Post Rx  — .

"2 Minutes S 1 . &
Pre Rx: L - S R

. , - Pre Rx \';' ,' o -; -.:; : 'v ->‘ ' %
©SENSORY | .
S ﬁostbg{‘ R A 1; ,-";L' ;‘filj]
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]:;Fbgfréquence ____ Hzr  Intensity ___ mA -
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f‘lﬁdiﬁiqul’Témperatﬁfe Déta .": | :.2'. ’»; '} SERE
i b | o . |

AL T o ¥
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- 2 Pre 5 Pre
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173
* ORAL QUESTIONNAIRE FOR SCREENING POTENTIAL SUBJECTS .,

“Haée you'had, of do you have any of the following medical conditions®
L. Damage to the ulnar nerve ‘in your dom1nant arm |

2. Previous elbow injury of your dom1nﬁnt arm (fracture or
dislocation)

3. Diseases of 'the nervous system

‘4. Active cancer or tubertulosis -,

| 5; Acute local infections | . ISR
.‘6. :Preghancy | | | , =
7. 4Large~open wounds in the region beihg treated .

8.$?.Severe‘éardiac'COnnitions or have a pacemaker
9. Severe hybotension‘oeﬁhypertensfoﬁ:

R
. 10, Deﬁﬁ%to]og1ca1 conditions in the area be1ng treated ' ' //;/,4~\

mn. Actie or sub-acute thrombo phTeb1t1s

hid
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. MOTOR NERVE CONDUCTION VELOCITIES (m/sec)
' CONTROL GROUP o

3 Subject’ 2 Miputes Pre Immediately, Pre, Inlnediatély 5 Minutes
No. - Treatment - \ Treatment Post Treatment - Post Rx
1 57.82  57.82 - 68,599 55.090 .

‘ ‘z '56.815 © 55.20  55.062  57.179
Bt T 64.545 * ' 63.582  64.060 64.060
' 63.880 C62.482 63.407 60.282
5 61.408 61.846  62.286 62.286
6 o575 W es7ss - 69.824 68.034
&7 ® . 60.952 " 60. 540 "+ .61.793 60540
) o RV e
8. 61.630. - -'61.60 - 5. gss o0
’ . ' @ . . h s o
0. Mg e g, gez 769 63.256
10 C61.259 - 61.289 . '60,414 ~ 58.792
] \\» % . :,;‘ ‘?\: » ] -
N 58.873 *’er 58.873 a} . 58.873 58.873

© 12 62.426 64,37‘§ ., 66.452° _ 61.955

13 64.496  ~  63.511 64.000  * 63.030 -

4, 65.600 . 66.T29 «65.079 67.213 43
15 608 6195 - . 61.083  61.053

16 63.125 S N L 61.679°
7 jbss.o.16_.“'.- 65.488 . 64.444 . . 64.444
18 60.625 61588 . OLET 068



MOTOR NERVE counucrxou VELOCITIES (m/sec)
Ce \20 Hz GROUP -
I PR

Subject 2 Minutes Pre . ed1ate]y Pre . Immediately . 5 Minutes
No. Treatment ~ "/ Nreatment Post Treatment Post Rx

0  58.064 5.8 55.901
ss . .. 57000 oM o0

64179 - 61.870 €39

: f> - 57.178. | 57.888" ) 58.987 - 58.616
5 65.454° 64962 . 64,962 6. 47@‘“
6 64.19 68.034 “69.217  68.621 -
70 ea.s8 64818 66.260 - - - 64.818 -
8 65.806 64.848 - 64361 66848
29 62.25 .+ 61.333 627210 67.3170
T  59.549 . . 5B.667 . .. 8.6 56.170
o T s, Tsg.543 - 56.667 o s
12 -65.488 . 66.557 | 65.48 "54.444'
13 Y e 68.300 , 6418 . 66.240
14 646 62462 62.946 \”;50.597
15 ©ssi000 0 > 560000 55.000 ¥ 56.170
16  63;492" . 62.016 -, ‘ €2.500° - = 61.538
7. en8w0 . v 66221 - 67.227 68.966
98 . 0.6 6147 59542 . 63.934




-,

MOTOR NERVE CONDUCTION VELOCITIES (m/sec) | '
© 7 80 - 100 Hz GROUP. o
«r | o |

.‘Q

Subject 2 Minutes Pre - Immediate1 Pre. +: nﬁmaaii!%1y 5 Mirutes
Post Treatment ~ Post Rx ..

. No. " Treatment . % Treatme

al 57.284
-2 59,060
| ke ‘, 63.333
i -
%‘4 | 62.819
s  65.538
6 " 69.734
7 *61.408

“ ,h_"iligég;\ .
K PR .

58.507
_60.597

: ssﬁéiz ,
64.698

«  65.454
62.769
61.791

64,567
167.869 -

. 62.256°

7.895
312
.579
.538
.786

775
,706
.560
.692
.454
252

774
333

075
.718

256




Ny
#<'1 " SENSORY NERVE CONDUCTION VELOCITES (s/sec) B
S ) " CONTROL GROWP | S .

-Subject 2 -Minutes -Pre Inmédiate1y Pre . Inined'ia'te.]y | .5 M#nutes ‘
No. ~°  Treatment Treatment Post Treatment - Post Rx
L. oo & ' i

1. "59.740 58.974 - {/§Q313T' . 58,599
2 58.684 . 57.548 58.684 ' 57.922

3. 4] 60. 426. | 59.580 60.000 .. 5qw0@9féa

R S 57Q§35 st G5 o 65,308 TN 66,875

. 88.523 - 59.320

5 -  57.368  58.53
62.188 ©§1.705 . 63.680 . 62188 -

62.222, . 62.222 62222 "60.540 1|

60.444 : 60.000 - 63.256 63.750¢. )
‘ : o R

6

7

8 ¢ ’ ‘61'.1761 o 57. 778 N 5{9‘;.855 . 58‘.]82;”,;:"
L ) ;

0 © 58.400 o 59.J89 . " 86.883 55

62.388 ' 63.333 - Te.3s . 61.4707
- 70.427 - ol - 73571 69.830 .
66.032 -~ 66.560 - . §6.032 67.007 .

4

66:129 . 66.667 ° . 65.079 - 66.129

C5 62.946 o 61.985 . F‘\@i;S]S - 61.515
16 . 65.691 - .65.161 o 65.691“. | 64,649 -
17 ~62:945' o 6296 - 6.985 62.946

18 . 62.080° . 63.606 ¢ 63.606 - 62.581

._/’ ] .



SENSORY NERVE CONDUCTION V ITIES (m/sec)
‘ 0 - 20 Hz GR o

“i

. ‘Subjeqt 2 Minui'E.Pre Immediately Pre  Immediately

, 5[M1hutes~;
No. " Treatment Treatment Post Treatment  Post Rx
1 el . 62.067 ., 57,@55" 60.811
. ow U N
2 56.646 - 58.462 55.273 . 54.940
3 60.140 58.904 ':§§;giéz S 59.310
4  62.133 61.316 %401 64.722
5 61.714 61.714 62.158 62.158
6 © 60.303 1705 ©63.680 | 65.246
7 64.348 63.585 65,294 | 64.348
8t . 62.482 62.941 62.482 62.941
: © 61.333 60.000 61.333 63.692
10 + 59,549 60.923 60.458 57.810
1 1 60.136. 60..966 60136 59.329
12 -~y 67107 ' 67.667 68.235 © 69.402
13 . 65714 64.688 62.727° - . 63.206
e ' 63.937 62.462 63.937 62,946
5 srEl0 - 5739 56.978 57.391
16 -y 62.500 62500 61.538 , 61.538
17 62.500" 61.069 61;582,;|_ 62.069
18 61.417 - 62.400 63.415 65.000
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SENSORY NERVE CONDUCTION VELOCITIES (m/sec)
80 - 160 Hz GROWP -

Subject 2 Minutes Pre ‘Inmediatew Pre Immediately | 5 Minutes

No. A Tfeatment ‘ Treatment | Post Treatment . Pos‘t_Rx
1 61053 . 62.282 61.457 -61.053
2 © 61.538 N 60.690 .61.638° . 59.864
3  58.873 B VR 59. 291 L 58.056'*
4 61579 61,987 T 62400 R R
5  63.582 . 62.647 °  + 60.857 » 607000
6 70387 " et ~ 70.387 72,208
75 61.844 6650 64 118 . 63.650
§ 59.301 v 86.913 54 359 ' .54.013 l
9 ” =t591847 . 63.740 - 2%60.775 ' 52.222
v 57083 50.210 . 66.389 58.417
1 v 63[358<::jii;) 62.000 66.260 ' " 8.824
12 0 - 69.000 . 66.774. 65.197  65.197
w13 62.857 '64.918 Y52.857 63.871
VRN 64.762 | 66.341 © 64.762 | 65.806
15 & '_ 65.197 - 64.688 L 62.256« J' 60.882
6 67.768  eh213 . 5§.1g9" | 66.129
17 62.727 - cMggs v '63.333 ‘ 62.256

18, 64.688 - 65.197  67.869 65.197
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SKIN TEMPERATURES (°C) RECORDED FROM DIGITAL THERMOMETER
CONTROL GROUP

L d

Subject Number
Minutes 1 2 3 4 5 ,//7 8 9

2 Pre*x 321 3.6 3‘.5 32.4 33.2. 33 0 31.4 33.9 31.9
1 Pre 32, 31.6 32.6 32.5 33.2 33.1 31 5 34.
Lot S B

wnaed

0
0 pret 32027 31.6 32.7 32.6 33.2 33.2 3. 6 34.0 32.
0

By 32.3 3.7 2.8 327 33.2 3.3 3.6 38.0 32.2
2 323 2.7 29327 3.3 334 3.8 34 324
3 2.3 3.7 3.0 327 3.3 335 3.9 340 3.5
4 ‘3 3.7\ 330 328 334 335 39 34,1 32.6
5. 32427 3.2 ek.s 3.5 36 320 7341 32.7
6 2.3 3.7, 3.2, 3gwpf E R A 381 32.8
32,3 31.7 33.3 32.8 33.5 337 32.0 341 32.8
¥ 325 317 3.3 328 385 388 2.0 340 3.9
9 ‘325 3.7 3.4 32.8% 3.5 -33.8 3.2 341 33.0
10 325 3.7 334328 3.5 3.9 2.2y 341 3.0
11 post™ 32.5 3.7 335 32.8 3.7 339 32,3 382 BT D
12 325 3.7 33.6. 32.9 ,33.7 3.9 32,3 34.2 33.2 ( i
13 32.5° 31.7 33.6 , 32.9 33.8 33.0 32.3 34.2 33.2
14 325 3.7 33.6 32.9 33.3- 380 32.3 34.2 33.3
15 325 317 33.6 3.9 33§ 340 2.3 4.2 33.3

* Pre indicates pre- treatment

t. 0 Pre indicates immediately pre-treatmefit -
Post indicates. post-treatment

< A
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SKIN TEMPERATURES (°C) Rsconnsn FROM DIGITAL - THERMOMETER
CONTROE GROUP - |
Subject Number_ ’ 5
Minutes. 10'; 11 12 13 .14 15 ° 16 17 18
2 prex 32,6 322 33.9 320 3.8 32.0 331 3.7 32.0
TPre 327 323 339 322 389 31 382 327 321
0pret  32.8 323 33.9 323 4.0 2.2 33 2.7 320
1 2.8 32.5 33.9 32.4 3401 323 333 B¢ 2.2
2 3.0 325 39 B4 M) 2. 33.4° 33.6:’”32;3 f ‘,1
3 33.0 32,5 33.9 32.5 34.2 73215 33.4 C13.0 ‘32-4, 1%*
4 33.1 32.6 33.9 32.5 34.25"32.6“;%33.5» B 324 |
"5 - 3.0, 3.6 3.9 2.5 3.2 27 35 B 25 ’
6 33.2 32,6 339 32.6 ‘,34.3~ 32.7 33.6 §§11 32,50
7 3.2 32.7 33.9 32.6 34.3 32,8 33.6 33.1 32.5
e //§93.3 ‘327 33.9 '32.6 34.4 32.8 33.7 33.2 32.6 /
9 33 3.7 3.9 32.6. 3.4 3gagtv BT gy 36
10 33.3 . 32.7 33.9 32.7 36.4 32.9 33.7, 33.3 32.6
1 Post™ 33.4 327 33.8 _32.7 3.5  13.0 337 33.3 '32.7
12 33.4 . R.8 3.8 3.7 34,5 -33.1 i33.7f 33.3 - 32.7
13 :33;4 32.8 33.8" 3.7 A3§:63 33Q1 33.7 3.3 43257;
14 33.4  32.8 33 B 365 537 L 3 ot -
5 334 :m ¥ .
i | & . s, ‘/’ o
"% Pre indicates pre-t 'atmer;t T I R )
,_I* 0 Pre indicates 1n'imed1ately pre—treatment (' ‘ %p P
Post indjcates post- treatment oy BN :



| 2%@ . .
) y: ,
SKIN TEMPERATURES (WE@EMenED -FROM DIGITAL PERHETER
' fHz GROUP - . ™. . e
ect-Numbe" , |
Miytes  1° 2 5 6 7 8 9
. ' 9 :
2 St 336 29.0 § 32.8 33.9 32.5 33.8 33.1.
1 pre  33.7 29.0 ,’32f2 31.8  32.8 34:0 32.6 33.8 -33.2
0 pret 337 20.0 32.3°:31.8 329 34.0 327 33.9° 3.3
1 33.7  29.0 32.3 3.8 3.0 '34.0 32.7 34.0 33.4
2 3.7 20.0 32.4 2.0 3.0 34.0° 32.8 ‘341 3.5
o3 33.7 20.0 32.4 32,0 33.1 340 32.8 342 33.5
4 3.7 8.9 2.5 2.2 B0 0 2.9 M2 3.6
; $ 33.8 jfg.g 2.5 32.31 33.28 3.0 3. 4.3 3.7
6 1.8 788 2.5 2.4 12 3.0 3.0 WA .7
T2 3.8 - 28.8 3§?§H~ 32.4 33.3 34.0 3. 34.3  33.8
8 3.8 8.8 2.6 2.5 383 3.9 3.2 344 3.8~
o ' 338 28.8 2.6 2.6 333 3.9 3.3 344 3.9
0 i 35:3 2.8 326 32.8 33.3 33.9 3.3 3.4 33.9
11 Post™ 33.9 8.8 32.77 32.8 33.3 33.9 33.4 344 34.0
12 33.9 ,28.732.7 32.8 333 33.9 3347345 3.0 ’
13- B39 28.8 327 3.9 33.3 3.9 I\ 34.5 "34.p~
1 mo me 28 28 133 2.9 35 M5 .0
5 A0 WY R 33.3 33

33.9

.ty

* pre indicates pre-treatment

0.Pre indicates immediately pre-treatment
/) Post indicates post-treatment ‘
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SKIN TEMPERATURES (°C) REGORDED FROM DIGITAL THERMOHETER 2

L%

y

Minutes

0 - 20 Hz GROUP

Subject Number

-

tA

3

3

o 12 1’3 1’ 15 1617 18
2 #rgf 33.2 32.2 -38.0 325 335 3.9 32,9 33.0 32.3
TPre 333 32,4 340 326 3.6 3.9 33.0 331 3.4
0 pret 334 32.5 34.0 32.7 33.7 32.0 33.1 e s
17 334 2.6 34.0 32.8 33.8 32.0 33.1 3.6 33.1
2 '33.5. 3.7 381 3.9 33.8 3. 3.2 337 3.2
3 33.5 32.8 36.2 33.0 33.8 321 33.3 338 33.2,
4 33.5, 2.8 3.2 33.0 3.8 32.2 3.3 33.8 333
5 33.5 3.8 342 3.0 33.8 32.2 3.4 338 333
6 3.5 2.8 342 33.0- 3.8 2.3 3.5 3.9 3.3
7 33,5 3.9 343 330 33.8 323 335 33.9 333
8 33.5 32.9 34.3 3301 33.8 32.4 33.5 3410 33.4
% ©33.5 33,0 34.3- 33.2 33.8 32.4 33.6 34.0 335
10 33.6  33.0 34.3° 342 33.9 32.4 33.6 4.0 33.5
11 Post™ 33.7 3. 343 3.3 339 325 337 4.2 33.6
12 T3 30 343 383 340 325 387 342 - 3T
13 3.7 3. 1' .34}3 3.3 38,0 2.6 3.7 343 3.7
14 33,7 | 33’3 3.3 .34.0 2.6 337 383 337
15. 3317 33.1 34,3 33.3 3.0 32.6 33.7 34.3 ,33.7

Pre indicates pre- treatment

0 Pre indicates immediately, pre-treatment

Post indicates post- treatment

N .
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sxxu TEMPERRTURES (°C) RECORDED FROM.DIGITAL THERMOMETER
, 80 - 100 Hz GROYP
, SubJect Number R
) T . ) “4 . N . :‘. ‘ “ . ‘Q - .
Minutes *. 10 11 = 12, - 13 14 15 16 17 is .
[ . o ¢ . N ’ * :

-

™ -, K N

2Prex | 323 33.8 32.0 31.8 34.2 318 33.0 3206 33.5.
S 1Pre 32,3 33.8 32.2 3.9 34.2 3.9 33.26 32.7 336,

R

CoPRet 3. ;L;‘e*i 32.37 32,0 343 32.0 3.3 32.8 3.6

1 32,477 359 32,4 320 34 3 w3201 334 33,0 ° 337

2" 32,5 33 9 32.56 32.1.34.4 .32.2 35;4\“3§fg any

* 3 \“7 32.6 33.9 32.7 32.2 34.4 32.3 33.4 33.3 “33.8
s 3 % 33u9 32.8 32.2 364 2.3 3.5 33.3  33.8 .
5 32,7 33.9 - 32{3-,;3g;3' 34.5 32 433 5 33.4 33.8

6 - 327 '33.9- 32.9 324 34,5 325 33,6 i3.5 .33.8
7. 3T 34.0 33.0 32.4 ™34.5 30,6 33.6 33.6 33.9

8 2.7 340 330 32.58 346 327 3T BT 339
9i © 32,8 341 33.0 32.5 - 34.6 ) 3;26 .33.7 +-33.8  33.9
100 738 T 3307 2.6 .6 329 3.7 339 3.9
1L Post™ 32.8 32 3T 32.6 7'34i72\ 32.97 3.8 34.0° 3.0
12‘ . ,32.8 34.3 ’33,1“’ 32.7  34.7 -f32.9 33.8 »é¢{o ;4;1 
13 .32.8';.34.3  33.2..,32.70 34.7 3.0 3. 8- 387 341
‘;iJ % 32.8 8.4 33.2 32.7 (348 "33.0 33 § ~ §4.1 34,1
15 32.8 0. 33.8 TR

34.4 ‘.33[é '32.7 34.8  33.

~* Pre indicates pre-trea ment * — ‘ :
0 Pre indicates immedixtely pre-treatment “ R I
Post indicates post treatmen




Post 1ndicates post treatment .

. ~ - - ) L 8\6
N B : ~
“~sx1n ‘TEMPERATURES (°) RECORDED FROM DIGITAL THERMOMETER
. " 80 -100 Hz GROUP
‘ ::‘v , " . _Subject qubgr o .
| // M1Ju;gs_ 1z 3 a4l 5. 6 .7 8 9
o -¢é~pgé; 322 323 152,6: 29.7- 332 4.5 320 320 34
1pre 2.2 32 3 32,8\ 30. 4 3.2 .6 320 3. 2 .2
bfpref | ;2.25 32.4 ‘vsg*g' 31. o 33}3/' 34.6 3201 32, 3383
[H | 32.2 32,4 3.0 3107 B4 M7 22 324 34.3
s 2.2 32.4 331 310 3.5 37 32.3° 32.4 1.3
S3 .32@2 '_32.5 3.2 %ggi;zi 33.5 . 34.8 32.4 32.5 343
4, 32 325 3.2 3.3 335 3.8 2.6 326 3.3
.5 "m.2 3206 3.2 3.3, 33.5° %9 32.7 3.7 3.3
6 22 32,6 3.3 3.4 336 1.9 328 2.8 3.4
C 7 " 32.2 j,§2.7 ©33.3, 31;5'4 33.6f; 35:0 32.9 - 32.9 ﬂ34.4
8 2.2 32,8 33.4 .31.6 3.6 35.0 32.9 32.9 4.4
9 2.2 32.8° 3. 4 31N 336 3B 33.0 329 3.4
10 32.; 2.9 3. 5 31,9 3.7 3. \33.§f 32,9 34.4
11 Post™ 32. 2 B 3s 2.0 3.8 .2 3] §t§z 34.4
12 ; 2.2 331 ,3;,5 32.0 33.8° 365.3, 33.1 32, ﬁ,:§4§4 ‘
13 - 322 330 3.6 32.00 3.8 35.3 3.2 2.9 4.4
i€ m2 330 ‘336 2.0 33.8 B4 I 329 3.4
15 .‘  32.2 33.1, 33.6 ég.of 33.8 55?4 5,33.3- 32.9 34,4
v I Pre 1’nd1cates pr treatmén%h ST
* 0 Pre indicates ,itmediately pre-treatment d
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", INTERFERENTIAL cURREuT‘mitusmEs/(mAi SN
. , . "’ N : o . " o
0°- 20 Hz GROUP . . © ©°80 - 100 Hz GROUP

* -~ .

Subject Curre‘n't oL Subject - Current

‘ Number v Intensitj " . Number - Intensity ‘ o

i

1T 8.0 .o T * 8.0

80 T 2 ., 90

%)

8.0 100
\ 6.0 . " 4 L

9.0-

e B W N
(5]
o
(4,1}

7.5 0 ©

o

A 85
.8 | 8.0 |
9 g.o.

o W o N o

0 7.0 - S

A O o

n

©® ~N ® o™ oo

wn

7
120 . 70 12
7 " ~—

13 7.0 13- v 07
RTINS 7.0 . L N8 8
15 85 ’ ~hs 8.

16 .- 5.5 - - 16
17 K R VAR

~J
o o o o o o

© o

18 7.5 | Y




