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ABSTRACT

The purpose of th1$ study was to examlne the effects of
different frequenc1es of therapeutic ultrasound on motor, an%/
sensory nerve conduction veloc1ty. Nlneteen,female subjects.
aged 19 to 24 years (mean age 20.4 years) were .tested on
four occasions, w1tn a dxfferent ultrasound frequency used ’
for each test. The frequengnes used wgfe 0.75, 1.5, 3.0 and
0.0 (control) MegaHertz, and were assigned randomly to each *
subject. ?he intensity (1.5 Watts per centimeter sqguared |
continuous mode) and duration (five minutes) of ultrasound
application were constant for each subject. The ultrasound

N

was applied to a ten to thirteen centi
.

ter segment of the
ulnar nerve coursing proximally rom i‘ulnar grooveronbthe
postero-medial aspect of the elb}&. Motof and sensory nerve
conduction data were collected four times during the téStu
procedUre£'1) one minute pre-treatment, 2) immediately
pre—treatment' 3)‘1mmed1ately post treatment and 4) one
minute post treatment. ‘

A two way analysis of variance with repeated measures
over four‘levels of both factors was used to analyze the
data. The results indicated there wete significant
differences in pre and post4treatment motor and sensory
nerve conduction velocities for all ultrasound frequencies.
Tukey post hoc tests demonstrated a significant difference

between one pair of freguencies (0.0 MHz versus 3.0 MHz) for

[ 4

both motor and sensory conduction velocities. No other pairs

of ultrasound frequency produced significant changes in

¢



ne}ve conduction velocities.

The results suggéSt two possible causes for the
significanf\dff{erences: a) the cooling effect of the
ultrasound transmission gel caused the decrease in motor and
Sensory conduction velocities with 0,0 MHz ultrasound, and
b) the large increases in motor and sensory conduction
velocities with 3.0 MHz ultrasound occurred due to more
superficial .absorption of the ultrasoundsenergy. The
superficial (subcutaneous) location of the ulnar nerve
éppeared to demonstrate a greater affinity for absorption of
high frequency ultrasound £han low freguency ultrasound.

The present study has provided informa;?ﬁﬁ&é&éﬁésting

1 4

different frequencies of therapeutic ultrasounéreh&rgy are

absorbed at different depths in human tissue.
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Chapter 1

THE PROBLEM

A. Introduction

Therapeutic ultrasound has been reported‘to increase
sensory nerve conduction velocity (SNCV),'-* and to both
increase®,*,*~'° and decrease®-* motor nerve conduction
velocity (MNCV). The increases‘ooeurring in nerve conduction
velocity are reported to be due to the thermal (heating)
effects of ultrasound.'-4,*-1°. |

f Therapegkic ultrasound can be delivered via a

continuous or pulsed mode,''-'¢ and at different
frequencies.''-?* It has been indicated that contihuous
‘ultrasound produces thermal and non-thermal effedtsﬂrwhile
pulsed ultrasound produces mainly non—thermal (mechanlcal)
effects.z-s,’,‘5 The frequency at which ultrasound can be
tdellvered is variable within a range of 0 75 MegaHertz (MHz)
to 3. O MHz, and the majorlty of ultrasound machlnes areb
manufactured to del1ver a fixed frequency somewhere W1th1n
that range. More reoently, ultrasound machlnes are belng
manufactured that allow for two or more frequencies to be

selected.,?'-23

Different frequencies of uitrasound are reported to

produce physiological effects at various de%?hs in human
tlSSUE '-?? This occurs due to the fact that the wavelength

of ultrasound is frequency dependent: the higher the

frequency, the shorter the wavelength; the lower the



¢
frequency, the longer the wavelength. A high frequency,
short wavelength ultrasound beam will travel less far in
human tissue than a low frequency, long wavelength
ultrasound beam,''-??

As ultrasound penetrates human tissue, it is
exponentially attenuated, with the major component of
attenuation being absorption''-?° (Fiqure 1). The term used
to describe the depth at which ultrasound intensity is
atteﬁﬁ%ged by fifty per cent of its original intensity is
half-value thickness or half-value depth,'t'~t'¢, 1® 20 mhe

r

half-value thickness in humans changes relative to
ultrasound frequé%cy and nature of the biological tissue
exposed to ultrasound.''-'¢,'% 2° The literature reports
differences in depths of penetration in human tissue
(Table 1), although many of the values obtained are not
substantiated by scientific evidence. Clinically, it is
suggested that high frequency ultrasound (3.0 MHz) is used
for superficial treatmehts,:and low frequency ultrasound
(< 1.0 MHz) is used for deeper treatments.''-2? In the
majority of physiotherapy departments and cliniés howe?er)
ultrasound units have one fixed freguency.?® Thus all

treatments, whether superficial or deep, are with an

ultrasound unit with a frequency that cannot be changed.



Intensity

1.0 A
I
| Intensity reduced
: by one-half
I
0.5 -
(Intensity further
*reduced by one-half
0.25 [ '
0.125
| 1 ! . I
H H H . H
Penetration Depth
FIGURE 1: Eipqnential attenuation of ultrasound

intensity. The intensity is halved each
time a depth of "one half-value thickness
(H)" 1is reached.

Reid, D.C.: Therapeutic Ultrasound. Master
of Orthopaedic Surgery Thesis, University
of Liverpool, 1980
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B. Statement of the.Problem'
The majority of the therapeutic effects of ultrasound
agg reported to be thermal when using .a continpoﬁs mode of
~delivery. Furthermore, it is cohgeivable that mére heating
will occur in superficial tissuéi using high frequency
ultrasound as oppdsed to low frequency ultrasound. Howéver,
there is nothing in the literature that compares aiffegent‘
ultrasound frequencies delivered by the same machine with
respect to the thermal effects generated at varibus tissue
depths. The problem, therefore, is to determine if varying
frequencies of ﬁﬁtrasound produce significaht differences in
‘thermal (heating) effects in‘subcutah90us human tissue ;s
evidenced by changes-in NCV when exposed to ultrasound.
Absorption of ultraéound_by peripheral nerves has been
reported as béing quite high, due to the high amount
(10-15%) of protein contained in peripheral pervés.z°,25
Fatty tissue, on the other hand, is a poor absorber of
ultrasound.?°,?* The relationship between absorption and
transmission is'depicted in Table 2. The anaﬁomical location
of superficial (subcutaneous) peripheral nerves would
therefore allow for ultrasound ;fansmission through the
skin, fascia and subcutaneoﬁskfatty layer and preferential
absorption by the nerve. The effects of ultrasound on NCV
have been demonstrated as being primarily thermal, resulting
in an increase in NCV.'-¢,*-'° If the nerve exéosed to
ultrasouhd is SUperficially (subcutaneous}y) located,

different ultrasound frequencies should demonstrate



different changes in NCV dye to the differential in depth of’

peﬁetration of ultrasound. ¢
Specifically, the higher frequencies should préduce

more heating in the superfﬁéial structures, and this in

turn, .should be reflected.in increased conduction velocities

of superficially located nerves.

R
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TABLE 2

Relationship between absorption and penetnation

(Ultrasound frequency = 1 MegaHertz)

Media . Absorption Penetration
Water 1 1200
Blood Plasma 23 52
Whole Blood 60 20
Fat = 390 : 4
‘Skeletal Muscle 633 2
Peripheral Nerve _ 1193 v 1

Table compiled by Griffin (25). Arbitrary units.
Tissues of high water content have little absorption and
tissues of high protein content exhibit the most absorption.

Penetration is inversely proportional to absorption,?®



C. Objective of the Study

The primary objective éf this study was to insonatenal
segment of the ulnar nerve with different frequencies of
therapeutic ultrasound and to record mjﬁor and sensory nerve
conduction velocities pre and post-ultrasound treatment.

D. Research Hypotheses )
(1) There wili be significant differencegviﬁ'the

{ N L,
post-treatment motor nerve conductionivelocities

Y .

associated with four different ultra
R

frequencies., : Lty

et

(i1) There will be significant differbncégﬁi 'tﬂe
post-treatment sensory nervgj” ‘
velocities associated with F

~ultrasound freguencies.

(iii) The magnitude of the post—treafment change in

| motor and sensory nerve conduction velocities
will be related to the frequency of ultrasound.

-

E. Operational Definitions

Therapeutic Ultrasound

Uitrasound 1s defined as mechanical vibration with
acoustic frequencies above those of audible sound.''-'*‘ The
range of audible sound of human hearing is 20 to 20,000
Hertz; therapeutic ultrasound frequency ranges from 0.75 to

3.0 MHz.''-'* Therapeutic ultrasound is used to provide a



variety of therapeutic benefits to patients, based on its

thermal and non-thermal effects.

Continuous/Pulsed Ultrasound”

Continuous ultrasound is delivered uninterrupted over
time, at a specific frequency and %ntensity. Continuous
ultrasound, through molecular vibration, produces a heating
or thermal effect in human tissues,?-*,'-'¢,'*-2° pylsed
ultrasound is delivered interrupted over'time,'according to
a duty cycle or pulse ratio.''-'*,'®,2° A pulse ratio or
duty cycle of 1:4 indicates the ultrasound is\"on" for only
one-fifth of the total insonation time. Pulsed ultrasound
does not produce a significant heating effect due to the

length of the "off" time, during which any thermal energy

build-up is dissipated or minimized.''-'*®,6'®, 2°

Intensity

Therapeutic ultrasound is delivered at an intensity
measured in watts per centimeter squared (W/cm?), which is
determined by dividing total power output (Watts) by the
effective (cross-sectional) area of the ultrasound
transducer head (cm?).''-'¢,'® 2° Therapeutic ultrasound

intensities range between 0.1 W/cm? and 3.0 W/cm?.'','?,



Therapeutic Ultrasound Dosage ’
Therabeutic ultrasound dosage is chosen arbitrarily,
and the literature reports no specific dosages have been
conclusjvely proven to be related to specific physiological
responses. Dosage refers to the intensity (W/cm,?) and ﬁhe
time in minutes of ultrasound delivered. Wadsworth and
Chanmugam'' have recently produced a guideline for
therapeutic ultrasound dosage, and they (along with several
others'?,'*~-"* 2+) recommend continuous ultrasound for 5
minutes at an intensity between 1.0 and 2.0 W/cm? ﬁfr the
thermal effects. Reid®® suggests an intensity range of 1.5

to 3.0 W/cm*® for thermal effects.

- Motor Nerve Conduction Velocity (MNCV)

Motor nerve conduction velocity is the difference in
latencies (stimulation and response) divided by the distance
between the two points of stimulation, ;nd is measured in
meters per second (m/s).?’ The normal motor NCV for the
_ulnar rerve 1s in the range of 47-73 m/s with a mean of

59.4 m/s.?*”

Sensory Nerve Conduction Velocity (SNCV)

Sensory nerve conduction velocity is the difference in
latencies (stimulation and response) divided by the distance
between the two points of stimulation, and is measured in
;

meters per second (m/s).?’ Normal sensory nerve conduction

velocities are 3-6 m/s faster than motor conduction
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velocities,,
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i
F. Limitations of the Study

1. The ability to consistently stimulate for NCV's
accurately over the same nerve points on |
successive occasions will“be limited by the
accuracy and technique of the investigator.

2. The accuracy of recording and analyziﬁg the
NCV's (motor and sensory action potenéials) from
one occasion to the next will be limited to the
accuracy and technique of the investigator.

3. The accuracy and consistency of ultrasound
applications on successive applications is
limited to the technigue used by the

investigator.

G. Delimitations of the Study

0 1. The study will be limited to 16 to 20 female
volunteers between the ages of 18 and 25, who
are informed volunteers with no known pathology
or disease.

2. The study will be limited to the intensity,
duration and frequencies of therapeutic
ultrasound as selected by the investigator,

3. The study will be limited to the parallel

stroking method of ultrasound application, given

over the medial aspect of the distal segment of



12

the dominaﬁt arm,

The study will be limited to testing of each
subject with a minimum of 24 hours rest between
tests to ensure no effects from the previous

test have carried over.



Chapter 11

" REVIEW OF; THE LITERATURE 0

Are Introduct1on
Therapeutlc nltrasound is an electrophysical agent with

its eﬁggcts occurrlng 1n human tlssue “due to thermal and -
»‘t

S8
mechamacal phenomena Pohlman in 1939 (cited in Reidz°)

"

was the first person to demonstrate the therapeutic effects-

.of ultrasound when he advocated its use for sciatica. Since

that time,‘therapeutic ultrasound has become a very widely

used eiectrophy51cal agent in med1c1ne. Although it has been

| used therapeutlcally for nearly fifty years, itvjs still one

of the most controver51al electrophy51cal agents used by

phy51otheraplsts and medlcal practitioners. #43This is due

pértly to the dlfflculty in understandlng the underlylng
X

physics assoc1eted with sound transmission, and partly due‘

‘to‘nelatiyeiy few well controlled clinical and laboratory

investigations‘intq its effects. and uses.?° One method of

determining the selective heating of human tiSsue exposed to

rtherépeutic ultrasoundtis'to'measure and record its effects

on nerve conductlon velocity.'-'° The amount of selective
~heat1ng is reported to be partially dependent upon the.
ﬁrequency of the ultrasound. -*° Measurement of changes in
nerve cdndg;tidndvelocity as a resultﬂpf exposure to
different-nltrasound frequencies is}one method of indirectly

'determingng‘the thermal effects of .therapeutic ultrasound.

TS this investigator's knowledge, this method has not been

w

13 a
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yf_reported_in the iiterature.
B. Ultrasound and Henting of Tissue

At any given temperature above absolute zero,%the
molecules within a ‘tissue are in a constant state df mot ion
or agitation.'®,*° This moke®ular motion occurs at an
average fregquency, and thid ;réquéncy of molecular motion ls
how the heat of the body is measured vs Ultrasound waves
produce mechanical vibrations:’ at a sp@c1f1c fi.huency and in
a longitudinal direction.'?®*-'§,2° 2° Ag the ultrasound moves
“through the tissues, it causes the@molecules to oscillate in
the direction. of ultrascund propagation, while thn molecules
are naturally oscillating in all directions. These
directions are continually and randomly changing as a result
of coilisions '5,2° The tendency is for the colllslons to
randomlze in the direction of the ultrasound vibrations and,
SO convert scund energy into heat energy.'*®,?° If any
natural oscillation of tne molecule corresponds to the
frequency of the ultrasound wavé} then’the sound will be
progressively abéorbed in the medium, thus being converted
into heat énérgy.f5 When the ultrasound frequency differs
from the average natural frequency‘nf molecular movement,
the natural range of frequency of the moledyles will énéble
some energy to be absorbed, and therefore‘some heat will be
produced.15 :
The amount of\uitrasound absorption iS—pf%marily

¢ N
dependent upon two factors: (i) the frequency of the
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ultrasound wave; and (ii) the nature of the medium to which

it is applied.

«C. Frequency of Ultrasound and its Effécts on Human”TiSSue
The higher thé frequency of ultrasound, the shorter the
wavelength, the more superficiai the absorption and the less
the penéfration depth. Conversely, the lower the frequency;
the longer the wavelength, the dgeper the Qbsorption and the

greater the penetration depth.''-'%,2° There has been

——

cohprehensive data gathered on the depth of penetration and
absorptioﬁ of ultrasound at various frequencies,®°,?' but
very little information is available comparing the effects
of different ultrasound freqﬁencies on human tissue.

;7 Griffin et al™"compared the effects of 0.89 MHz and
1.0 MHz ultrasound fregueéncies in one hundred and twenty
patients diagnosed as‘having chronic osteoarthritis or
periarticular dysfunction involving the shoulder, thoracic
or lumbar vertebrae, hip or knee. Sixty patients received
0.89 MHz ultrésound, and sixty’patien;s reéeived 1.0 MHz
u{trasound; standard treatmentvtime was five minutes per
twenty-five square inches of area. Intensity did not exceed
1.5 W/cm? for shouldeg or knee treatments, and éid‘not
exceed 2.0 W/cm? when ultrasound was applied.paravertebrally
or to the hip area. All patients were treated three times a
week for a total of nine'treatments (unless pain relief Wwas
achieved earlier), and at each hospital all treatments were

administered by the éame,the;apist. The ultrasound units and

g
LY
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transmission gel used were the same at all hospitals.

Patients were evaluated by theip referring physician
after completion of the treatment as being imoroved,
partially improved or unimproved. The rating scale was based
on relief of pain on active movement and presence of a
functionel range of motion. Griffin found 63.5% of the
patients treated with 0.89 MHz wefe evaluated as improved,
compared to 30.3% of the patients treated with 1.0 MHz. He
then cc ad the improved and partially improved patient
groups, «ud stated that 92% of those fréated with 0.89 MHz
Eompared to 69% of those treated with 1.0 MHz, responded
favorably. Griffin stated the significant dlfferences
observed in patient responses to treatment were brought
about by the effectiveness of treatment with 0.89 MHz
ultrasound in the management §§ pain with chronic
'osteoarthritis,edue to a greater depth of penetration of
uitfasound at that freguency. He suggested that when
patients with similar lesions do not respond satisfactorily
witQ?1.0.MHz ultrasound, treatment with a lower frequency be
considered. | |

"Although the results of Gfiffin}s study might be
considered encouraging from a‘clinical stahdpo{nt, it is
difficult to assess how effective the oltrasound treatments
were, based on the methodology of the stvdy. The diagnOSes
of chronlc ostecarthritis and per1QQX1cular dysfunction gave
no 1nd1catlon of length of illness, severity, swelling,

1nflammation~or other forms of treatment (i.e. medications),



all of which could affect the effectiveness of ultrasound
treatment. The ultrasound intensities were not consistent
throughout the study, ranging from an unknewn minimum to a
max imum of,1;5 and é.Oxw/cm’. As there was no control group
of patients, it’is difficult to determine how significant
the improvements in pain and functional range of motion were
with the ultrasound treatment compared to another form of
treatment or no treatment. o

Fyfe?' studied the effects of different ultrasound ,
frequencies on experimental oedema. Her hypothesis was that
3 MHz ultrasound may be most effective in the treatment of
_superficial lesions, whereas a lower frequency may be better
for deeper—seated lesions. Experimental oedema was inducedv
in an unknown number of rats by injecting 0.05ml of silver
nitrate intra-cutaneously on each side of.the abdomen
mid-way between the ribcage and the pubis. An
f?lbpm?ﬁ—binding dye, Evans blue, in a dose of 2.5ml/kg.of a
é-pe9/cent solution was injected into a tail vein,
fmmediately after the silver nitrate'injections,)one of the -
sitee was. insonated and the other site mock-insonated with
an identical technlque but with zero ultrasound 1nten51ty
The treatments were grouped according to ultrasound
frequency (0.75'MHz, 1.5 MHz and 3.0 MHz) and pulse-ratio
(1:1 and 1:4), and all treatments were given with an |
ultrasound intensity of 0.5 W/cm? pulsed mode. Treatment
durations for each of the three frequenc1es and pulse-ratios

were 2, 3, 4 and 5 minutes for successive groups of animals.
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Following the ultrasound treatments, the rats were killed,
and the areas of skin £reated were placed in reagent bottles
containing.3ml of 0.5 per cent sodium sulphaté and 7ml. of
acetone., The dye was extrapted by the reagents and th&‘
amount of dye was measured sEectrophotometrically and
Aexpressedlas absorbances. Quantitative‘comparison of the
dedema at insonated and mock-insonated sites was then
measured. The results demonstrated no significant
dif%érences between the insonated and mock-insonated groups
treated with 3.0 MHz and 1.5 MHz ultrasound. With a
frequency of 0.75 MHz, ¢hére were significant reductions in
oedema with 2 and 4 minute treatments and'at both
pulse-ratios. Fyfe stated these results were unexpected, and
suggésted further work would be necessary to determine the
relative impo'rtance of variations in duration, frequency "md
intensity of ultrasound to its effectiveness. The rgsults of
this study demonstrated that ultrasound was capable of
limitihg the development of oedemé, although they do not

Al
indicate anything about the effect of ultrasound on oedema

resolution,

Clarke and Stenner:? conducted a ﬁlinical trial
compafing the effects of different ultrasound fyequencies on
patients with‘rheumatoid nodules, and another group of
patients with plantar fasciitis. The trial of patients with
rheumatoid nodules proved inconclusive, pfimarily due to the
fact that four of the eight patients were classified as

having severe sero-positive and erosive nodules. There was
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no consistent trend of improvement in either the control or
treated groups of patientsu

A g;oup of nine patients diagnosed as having plantar
fasciitis were treated with different frequencies (0.75 MHz,
1.0 MHz, 1.5 MHz and 3.0 MHz), dif?erent intensities (range
1.0 to 2.5 W/cm?), and two pf‘the nine patients were treated
with pulsed ultrasound (no pulse-ratio given). Treatment
times for continuous ultrasound ranged from five to ten
minutes per treatment; pulsedlultrasound treatment tines
ranged from three to ten minutes. The number of treatments
berwpatient ranged from three to thirteen.
\M‘Although the authors state their results demonstrated‘é
subjective improvement in eight of nine patients, no
statistical analysis was done t6/attempt to show significant
changes: The patients were not grouped according to
frequeney, and two of the patients were treated with two
different frequencies. From their results it is difficult to
determine if any one ultrasound frequency demonstrated any
greater. or lesser effect in the treatment of plantar

fasciitis.

D. UltrasOund and Nerve Conduction Velocity

Studies indicate that peripheral nerves absorb
ultrasound quite readily, 2e°, 25 and that the anatomicgl
location of superficial (subcutaneous) peripheral nerves
would demonstrate more selective absorption of ultrasound

than skin, fasciae and subcutaneous fat, ', 2,15 16 20 a5
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The literature reports statistically significant and
statistically insignificant increases and decreases in motor
and sensory nerve conduction velocities after.eprsure to
therapeutic ultrasound'-'°,?*® (Table 3). Thé:éisparity,in
findings of these investigators is difficult to explain, but
may be due in part to the techniqug of aﬁgﬂggation of
uitrasound, and nature of the tissues expd@ed.

The recommended size of treatment area for ultrasound,
although variable, is frequently determiﬁed by the size of
the ultrasound transducer head. Oakley'®’ recommended that
individual areas up to 1.5 times the areé of the ultrasound
head be treated for\one to two minutes each. Reid and
Cummings?‘ and Summer and Patrick'® recommended treatment of
an area up to twice the size:of the ultrasound head, whi}e
- Faris?? guggestgd an area of three times the ultrasound
head. Wadsworth and Chanmugam'' recommended an area of 50 to
70cm?, depending upon the si?e of the ultrasound head.
Lehmann and De Lateur'* and Lehmann et al®® recommended an
area of 10cm by 7.5cm, but did. not relate this area to the
size of the ultrasound head. As is evidenced by these
authors, the areé of treatment with ultrasound is not very
large. Sevefai investigators®-*,2? however, applied |
ultrasound to the entire length of the forearm, and examined

conduction velocity of the elbow-to-wrist segment of the

nerve. This large an area is unlikely to receive an even
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heating effect,'','*,'*,?¢ which may be a reason why the
results obtained by these investigators were inconsistent.

A second factor which may have contributed to the
discrepancies in nerve conduction velocities from Table 3 is
the anatomical location and course of the nerves which wére
studied. Several investigators®-’ insonated the ulnar nerve
along the length of the forearm to the wrist. Cosentino et
al®? insonated the median nerve along its length in the
forearm. Both of these nerves are covered by muscle in the
proximalione—half of the forearm, and become more
supérfiéial as they approach the wrist, coveréd by ;kin and
fasciae.?* Because these nerves do not lie at a uniform
~depth or tissue bed along the forearm,’* the nerves might
not have been affected equally along their lengths in the
forearm by a single iﬁtensity of ultrasound. The observation
that ulnar and median nerve conduction Yelocities decreased
following ultrasound treatments might further be explained
by the cooling effect of the ultrasound transmission gel
over the digital portion of these nerves, which are covered
o%ly by skin and fasciae.*

The investigators who insonated nerves throughout a
smaller area (up to 12 cm long by 6 cm wide) all found
increases in nerve conduction velocity, and attributed these
increases to the thermal effects of the ultrasound.'-*,>,'"®
Esmat® treated the ulnar nerve in the forearm, and found
increases in nerve conduction velocity at 0.5, 1.0 and

2.0 W/cm?., He did not give measurements of the area of
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insonation, however the diagram in his paper appears to
demonstrate insonation to the proximal one-half of the
forearm. Esmat concluded the increases in nerve conduction
velocity were due to the thermal effects of ultrasound.

Farmer® suggests the increases in nerve conduction
velocity hg obtained at intensities of O.S.and 3.0 W/cm?
were due to the heating effects of ultrasound, while at
intensities of 1,0, 1.5 and 2.0 W/cm? the me;hanical effects
overpowered the thermal effects of ultrasound, thus Eausiné
a decrease in nerve conduction velocities. Kramer® compared
the effects of continuous and pulsed ultrasound, placebo
ultrasound and infrared radiation on nerve conduction
velocity. He concluded the méchanical effects of ultrasound
were not significantly operatiwv= a.: to the fact that
continuous ultrasognd and infrared treatments both produced
increases in nerve conduction velocity, while the placebo
and pulsed ultrasound treatments produced decreases 1n nerve
conduction velocity. The increased velocities associated
with continuous ultrasoun&"and infrared radiation were
consistent with incréased subcutaneous tissues temperatures,
and were therefore attributed to a thermal-heating effect of
the ultrasouna; Kramer further suggested that the decreases
in nerve conduction vélocities with pulsed and placebo
ultrasound treatments were attributed to the cooling effects
of the ultrasound transmission gel. This éooling is

a}fributed to the conduction of heat from the skin .surface

to the ultrasound transmission gel. Normal external (skin)

-y
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temperature is in a range of 28 to 33 degrees Celcius,??
Ultrasound transmission gel at a normal room temperature of
23 to 25 degrees Celcius would therefore, when applied to

the skin, cause cooling via conduction.

The effects of therapeutic ultrasound have been shown
to in&rease and decrease motor and sensory nerve conduction
.velocity. The method of application of ultrasound to
peripheral nerves appears .to affect the changes in
conduction velocity followiﬁg insonation, demonstrating the
importance of maintaining a treatment area that is not
excessively large. The physical principle that ultrasound
frequency is directly related to depth of penetration and
absorption has not been clearly demonstrated in the
literature, yet is recommended clinically.''-2? It ig
evident that a comparison of different ultrasound
frequencies applied to a superficially located peripheral
nerve might give some indication as to the amount of
absorption of ultrasound By the nerve, as indicated by

changes in conduction velocity.,
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METHODS AND PROCEDURES

A. Subjects

Nineteen females ranging in age from 19 to 24 years
(mean agem20.8 years) served as subjects for this study. All
were informed volunteers who repérted no history of
neurological trauma or disorders. Only female subjects were
uséd to allow for less variability in the nerve conduction
velocities because systematic differences in conduction
velocities have been shown to occur between the sexes.
Females (on average) demonstrate faster nerve conduction
velocities than males.?’ .

Nerve conduction data were collected from a ten ﬁd
thirteen centimeter segment of the ulnar nerve on the medial
aspect of the distal segment of the dominant arm of each of
the subjects. The literature reports controversy as to
whether there is a difference in motor nerve conduction
velocities between the dominant and non-dominant
arms.?’,%¢,?” By testing only the dominant arm, any
variation of motor nerve conduction velocity that might have
occurred- between dominant and non-dominant arms was
excluded.

All subjects were guestioned regarding any history of
trauma or neurological disorder affecting their dominant

arm. All subjects were given an information sheet and asked

to sign a consent form (Appendix A).

25
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B. Positioning of Subjects

Treatments, tests and examinations were performed with
the subject supine on a Ereatméﬁt couch and the tested arm
supported on a table. The tested arm was positioned in
approximately seventy degreds shoulder abduction, seventy
degrees shoplder lateral rotation, ninety degrees elbow
flexion®* and the forearm in mid-position between fuli
pronation anq full supination (Figure 2). All joint
positions were within the subject's normal active range of
motion, ??e forearm and hand were supported by small plllows\

in order/to ellmlnate the need for muscular effort in

maintaining the test/treatment position,

FIGURE 2: Position of the subject during
experimental procedure

o
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C. APfparatus *

Electromypgraph (EMG)

A TECA TE- 42 Electromyograph was used to perform the

J
'motor and sensory nerve conductlon studies (Figure 3) The

i

EMG stimulus was a rectangular pulse of 0.1 milliseconds

duration, delivered at a supramafimal intensity at a

27

'frequency of two pulses per second.?’ The EMG stlmulus was

'applled w1th a TECA 9523-1 b1polar stlmulatlng electrode.
The low and hlgh frequency cut- offs for motor and sensory

responses were 1.6 and 3,200 cycles per second, and 32 and

1 600 cycles per second respectively.

FIGURE 3: TECA TE-42 ELECTROMYOGRAPH

’
{
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The EMG ctlmulator surface disc (motor) and ring (sensory)

andfground electrodes are shown in Figure 4. Permanent

f/?;Eordlngs wf the EMG traczngs were recorded on Kodak

’ o
FIGURE 4: EMG motor electrodes, ground electrode,
bipolar stimulator, sensory ring electrodes

“Ultrasound E - o A
Ultrasound treatments were administerea using a Sonacel
Multiphon MK II Ultrasound unit, from Rank Stanley Cox
Limited, Hertggrdshlre, England (Figﬁre 5).,This ultrasound
unit has three separate sound-heads, eachAdelivéring a
differeht_ultras&und frequency: 0.75 Megahertz'(MHz),
1.5 MHz and 3.0 MHz. Thé tra .ssion coupling agent used

was Ultraphonic Conductivity Gel, Pharmaceutical Innovations -

Inc.,'Newark, New Jersey.



g

£

FIGURE 5: Sonacel Multiphon MK II Ultrasound
Unit and Ultraphonic Conductivity Gel

Timer

"
LI

All pltrasound treaﬁments during the experimental
.éfocedure were timed usihg a Gra-lab fimer, model 171
(Figure 6). This procedure eliminated any error that may
have occurred using only the spring-wound timer on the

ultrasound unit. ' a
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S

FIGURE 6: Gra-lab Timer, model 171

”

D. Calibration of the Ultrasound
Calihration of frequencies and intensity of the Rank
Stanley Cox Sonacel Multiphon MK II ultrasound unit was

carried out prior to the experimehtal proce

9 s by a
technician from Biomedical Ins,p@c-tion vServi;!‘Limited,
Edmonton, Alberta. Calibration waﬁkéerformed using a Russian
Ultraschalleistungmessgerat NMY-3 water balance calibration
device (see Appendix B for details). Calibration was checkéd
by the-invest&gator mid-way through and ag the end of the

experimental procedurle.
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E. Experimental Procedure .

On their initial visit to the test laboratory, the
-aubjects were given a full explanation of the test
procedures, and were asked to/sign a consent form
(Appendix A). Each subject was then assigned to a randomly
~selected order of ultrasound treatments according to
.ultrasound frequency (Appendix C). Each subject acted as her
own control (0.0 MHz frequency) by receiving 0.0 i;l/cm2
1nten51ty of ultrasound There was a m1n1mum of twenty-four
hs:r‘urs between test prQFedures, |
w Once the>Subjectlwas positioned~comfortably supine on

C——— - ' ' S \
the treatment couch, the dominant arm was exposed from th
upoer arm to the fingers. The'medialvaspect of. the distal
’yaegment of the arm, medial and dorsal aspectS‘oﬁ the hand
and fifth finger were cleansed with iaopropyl alcohoi. The
skin of the fifth finger was lightly debrided with fine
sandpaper to ensure effective pick-up from the two sensory“
rdng electrodes. o |

The motor EMG surface disc electrodes were placed two .
centimeters~apart (mounted qn a wooden bar)“ w1th the | |
prox1mal electrode placed over the muscle belly of abductor
dlgltl minimi. The sensory EMG surface'rlngvelectrodes,were
placed around the fifth f1nger one electrode'diatal to thev
distal 1nterphalangeal joint, and one electrode proximal'to,*
the proxinaleinterphalangeal joint. The ground EMQ‘surface 

disc electrode was placed 6ver the dorsum of the hand. All
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electrodes were securely held in posftion with adhesive tape

(Figuré’7).

FIGURE 7: Position of motor, sensory and
- *  ground EMG electrodes

o £

The EMG stimulator was placed over the ulnar nerve in

the ulnar nqggh at the elbow. The position of the stimulator
K . Y

‘at which the greatest motor and sensory action.potentials
were observed 6§'the oscilloscope was‘marked with permanent
ink. The course.of the ulnar nerve was followed proximally
along the medial.aspect of the arm, and the point of |
stimulation at which the greatest motor and sensory action
potentials were observed on the oscilloscope was markea.with
permanent ink. The distance between the proximal and distal

stimulation sites was ten to thirteen centimeters. Two
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- parallel lines, approximately three centimeters apart, were
drawn between the proximal and distal stimulation sites,
indicating the course of the nerve and outlining where the

ultrasound treatment would be applied (Figure 8).

Motor and Sensory EMG Recordings

Motor and sensory EMG recordings were taken by
stimulating both the proximal and distal stimulation sites
(Figures 9, 10). A permanent record was taken of the
responses by depressing a foot_switch which took a picture
of the EMG oscilloscobe tracing on fibre optic paper. Motor
and sensory nerve conduction daté were collecteaiat one
minute pre-treatment, immediately prior to treatment,
immediately followiﬁg treatment, apd one minute

post-treatment.



FIGURE 8:

Proximal and distal EMG
stimulation sites

34
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FIGURE 9:

FIGURE 10

EMG stimulation at the
proximal site '

EMG stimulation at the
distal site ‘

35
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Ultrasound Treatment
Each subject receivedufive minutes of ultrasound per
treatment session at an intensity of 1.5 W/cm?, continuous
mode. The five minute treatment,  time and 1.5 W/cm? intensity
are both within recommended therapeutic ranges.'','?,'*, "¢
The ultrasound frequencies used %ere 0.75 MHz, 1.5 MHz,
3.0 MHz and 0.0 MHz (control), and were assignéd to subjects
in a random order (Appendix C). Ultrasound transmission gel
was applied to the area between the two EMG stimulation
sites, and ultrasound was administered to the same area
(where the ulnar nerve is covered by skin and fasciae®*)
using a parallel stroking techniqgue, covering the area at
approximately three centimeters per second'' (Figure 11).
Immediately following the ultrasound treatment, the
transmission gel was wiped off the arm, and motor and
sensory nerve conduction data were collected from both EMG
stimulation sites. Nerve conduction data were collected
again at one minute post-ultrasound treatment.
All treatments, tests and examinations were conducted
;iQ a room temperature range of 23 to 25 degrees Celcius,
with doors, windows and ventilation ducts closed so as to
limit air currents, thus maintaining'a'stable temperature.
All’treatments, tests and examinations were conducted during
‘the day in a bright room with large windows. The overhead
"Kluorescent lights were turned 6ff to eliminate any possible

electrical, interference which could be picked up by the

electromyograph.



FIGURE 11: Ultrasound treatment

F. Ethical Considerations

The potential risks of any harm coming td any of the
subjects was very low. The ultfasound treatment is
innocuous, with perhaps oniy a mild sensation of warmth over
the<aseatment area ‘experienced by the subjects. The dosage
to be used (1:5 W/cm? for 5 minutes continuous mode) was
well within the recommended therapeutic range of ultrasound,
and ‘well below the maximum output intensity (3.0 W/cm?) of
the ultrasound unit. |

The motor and sensory nerve conduction velocityAtesting
required a brief electrical stimulus to be applied to the

ulnar nerve over the medial aspect of the distal segment of
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-
the arm and at the ulnar notch at the elbow. This

stimulation produces a buzzing sensation where the stimllus

1s applied, which may cause momentary mild discomfort.

G. Statistical Procedures

LUIEfégbﬁhd‘frequency and nerve conduction velocity data
were examineq using a two way analysis of variance with
repeated megéures on both factors.?’ A Tukey multiple
comparison of means test was employed to compare selected
means. *‘°® Pearson-Product Moment Correlation Coefficients?®?
were calculated for the one minute pre-treatment and
immediately pr%;treatment data for motor and sensory nerve
conduction velocities for all ultrasound frequencies. The
correlation coefficients were calculated to determine the

investigator's reliability in measuring nerve conduction

velocity,.



Chapter 1V

RESULTS

The major purpose of the study was to determine the
effects of different frequencies of ther«reutic ultrasound
on motor and sensory ulnar nerve conduction-velocity.
Nineteen healthy,‘ihformed female volunteers, with no known
history of neurological trauma or disease were examined,
with only the subject's dominant arm being tested. The age
range was from 19 to 24 years (mean age 20.8 years). Results
and discussion are based on the effects of fdur frequencies
of therapeutic ultrasound (0.0 MHz, 0.75 MHz, 1.5 MHz and

3.0 MHz) on motor and sensory ulnar nerve conduction

s
/

velocity.

There were significant relationships iﬁ motor and
sensory‘conduction velocities observed among the four
ultrasound frequencies at one minute and immediately before
ultrasound application. Table 4 shows the'correlations
between the one minute and immediate pre-treatment motor and
sensory nerve conduction velocities, based on the mean
velocities obtained for each frequency. All correlation
coefficients were statistiéally significant at the p < 0.001
level. The Pearson-Product” Moment Correlation Coefficients
were Calculéﬁed in order to determine the investigator's

reliability in measuring nerve conduction velocities.

~
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TABLE 4

Pearson Correlation Loefficients Between One Minute and
Immediate Pre~Treatment Nerve Conduction Velocities for

Different Ultrasound Freguencies

N

40

Criterion

Ultrasound Frequency (MHz)

Measure
0.0 0.75 1.5 3.0
MNCV % 0.89 0.95 0.89 - 0.94
SNCV** 0.93 0.82 0.80 0.87
* Motor Nerve Conduction Ve‘”'lty

**x Sensory Nerve Conduction Velocity

All values were statistically significant

(p < 0.001)
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Tables 5 and®6, respéctively, show the motor and -
sensory nerve conduction'velbcity means and sthndard
deviatio >‘=measured at one minute andbimmediatelyA
pre—tréatment, and immediately and one minute
post-treatment, with different frequencies of ultrasound.

Figures 12 and 13, respectively, are graphic representations

of motor and sensory nerve conduction velocities before and

after application of different ultrasound frequencies.

Table 7 indicates the mean change (immediate post?treatment

conduction velocity minus immediate pre-treatment conduction

~velocity) in motor and sensory nerve conduction velocities

~

following application of ultrasoﬁnd at different

+

A

frequencies.
a The two way analysis of variance tests wifh ;epeated
measures on both factors demonstrated statisgically
sighificant main effects for frequéncy, time (pfe»and post
treétﬁent) énd interaction for both motor and sensory nerve
éohduqtion velocities (p < 0.00J),'The analysis of variance

results for motor and sensory nerve conduction velocities

are presented in Tables 8 and 9, respectively.

S
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TABLE 5 | By

f

Mean and Standard Deviations of(One Minute and
Immediate Pre and Post-Treatment Motor Nerve
Conduction Velocities for each Ultrasound Frequency

/

\
il

MOTOR NERVE CONDUCTION VELOCITY (m/s)

)

Ultrasound One Minute Immediately Immediately One Minute

Fregquency Pre - Pre oo Post _ Post

{MHz) -Treatment -Treatment ~-Treatment -Treatment

0.0 61.54 © 62.39 58.52 . 58.24

(4.20) % (4.3Q) (4.60) . (5.49)

. ) . ) \

0.75 60.90 61.51 63.14 : 63.38

’ ' (5.35). (5.03). (4.99) (5.39)

1.5 60.42 61.08 2 63.11 62.78

\\ (3.99) (4.15) (3.87) v (3.98)

;\0 L 61.77 61,72 67.54 66,79

(3.93) (4.94) © (4.81) . (5.33)

% (standard deviation)



. | TABLE 6

Mean and Standard Deviation of One Minute and
. Immediate Pre and Post-Treatmgnt Sensory Nerve
Conduction Velocities for each Ultrasound Frequency

4
\

SENSORY NERVE CONDUbTION VELOCITY (m/s)

Ultrasound One Minute Immediately Immediately One Minute

Frequency Pre Pre Post Post
(MHz) ~Treatment ~-Treatment -Treatment -Treatment
0.0 '~ 65.12 65.24 61.54 61.04
: (4.53)x% - (4.56) (4.59) . (5.13)
0.75 63.07 © 63.73 66.56 65.80
‘ (3.94) (4.04) (5.16) (4.83)
1.5 64.43 65.05 66.14 65.57
(3.35) (4.01) (3.85) (3.47)
5 _
3.0 65.27 65.19 70.36 69.05
(2.86) . (4.23) : (4.55)‘ (4,44)

* (standard devia$ion) ;
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TABLE 7
Changes in Motor and Sensory Nerve Conduction

Velocity Following Application of Ultrasound
at Different Frequencies

Ultrasound Change in Motor ‘ Change in Sensory
. Frequency Nerve Conduction Nerve Conduction
(MHz ) Velocity (m/s) : Velocity (m/s)
/ . ) .
0.0 -3.87 -3.70
0.75 +1.63 : +2.83
1.5 +2,03 +1.08
3.0 | +5.82 | +5.17

"+" denotes increase "-" denotes decrease



TABLE 8
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Analysis of Variance for Motor Nerve Conduction Velocity

Source of Sum of Degrees of Mean F Ratio
Variation Squares Freedom Squares
'
Freguency © 707.254 3 235.751 8.26%
Main Effects ‘ '
Frequency X~ 1541.624 54 28.549
Subjects Within
Groups "
Time ‘ 189.202 3 - 63.067 14,38%
Main Pffects ' *
,;m
Time X 236.895 54 4.387
Subjects Within
Groups
Frequency X . 806.880 9 89.653 33.20%
Time Interaction :
Frequency X 437 .48 1 162 2.701
Time X Subjects : '
Within Groups
R | -

* denotes significance at p < ¢ N01



TABLE 9
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Analysis of Variance for Sensory Nerve Conduction Velocity

Time X Subjects
Within Groups

Source of Sum of Degrees of Mean F Ratio
Variation Squares Freedom Squares
Frequency * 697.546 3 232.515 B8.28%
Main Effects ’
Frequency X 1516.720 54 28.087
Subjects Within
Groups .
-
Time Main 123.003 3 41,001 B.62%
Effects ; :
Time X 256.816 54 4.756
Subjects Within ’
Groups
Frequency X 750.886 9 83.432 29.80%
Time Interaction "
Frequency X 453,488 162 2.799

* denotes~signifi¢ance at p < 0.001
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Following the demonstration of significant (p < 0.001)
main effects on the analysis of variance, Tukey post hoc
tests were employed to compare the six pairs of row means
calculated at each ultrasound fregquency for motor and
Sensdry nerve conduction velocities. Table 10 illustrates
the comparison of the six pairs of freqguency on motor
conduction velocity, one of thch (0.0 MHz vs 3.0 MHz) was

significanﬁ (p < 0.01). Table 11 illustrates the comparison
of the six pairs of frequency on sensory conduction
velocity, again one of which (0.0 MHz vs 3.0 MHz) was
significant (p < 0.01). Tables 12 and 13, respectively,
illustrate the comparisons of the six pairs of pre and
post-treatment measurements of motor and seﬁédry cdnduétion
velocities averaged over frequency. Of the six pairs of pre
and post-treatment motor conduction velocitieé, three pairs
(pre 1 vs post 0; pre 1 vs post 1; pre 0 vs post 0)
demonstrated significance at the p < 0.01 level, and one
"pair (pre 0 vs post 1) demonstrated significance at the
p < 0.05 level (Table 12). Two of the six pairs of pre and
post-treatment sensory conduction velocities demonstrated
significance, one pair (pre 1 vs post 0) at the p < 0.01
level, and one pair (pre 0 vs post 0) at the p < 0.05 level
(Table 13)..

The interaction effects for motor and sensory nerve
conduction velocities are graphically depicted in Figures 14

and 15, respectively.
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TABLE 10
Tukey Test Comparison Between Levels of
Ultrasound Frequency on Motor Nerve Conduction Velocity

\

Levels of ‘ Means Critical  Probability

Frequency’ ‘ Value

ft0 vs f1x 60.171-62.235 -3.37 NS
£O vs £2 60.171-61.848 -2.74 NS
£f0 vs £3 60.171-64.451 -6.98 < 0.01
f1 vs f2 62.235-61.848 ~0.63 NS
f1 vs £3 62.235-64.451 ~3.62 NS
£2 vs £3 61.848-64.451 -4.25° NS

+ ‘ TABLE 11

Tukey Test Comparison Between Levels of
Ultrasound Freguency on Sensory Nerve Conduction Velocity

Levels of Means Critical Probability
Freguency Value
f0 vs f1x -63.237-64.790 -2.55 NS
f0 vs f2 63.237-65.295 -3.38 NS
f0 vs £3 63.237-67.468 -6.96 < 0.01
f1 vs £2 64.790-65.295 -0.83° NS
£1 vs £3 64.790-67.468 -4 .41 NS =@
f2 vs £3 65.295-67.468 -3.57 " NS
x £t0 = 0.0 MHz

f1 = 0.75 MHz

£f2 = 1.5 MHz

£t3 = 3.0 MHz



T - "TABLE 12
Tukey Test Comparison Between Pre and Post-Treatment
Motor Nerve Conduction Velocities

Levels of . Means Critical Probability
Times , Value
pri1 vs prOx 61.156-61.674 -2.16 NS
pr!l vs po0 ‘T 61.156-63.078 -8.00 < 0.0
prl vs po] 61.156-62.797 -6.83 < 0.01
pr0 vs po0 61.674-63.078 -5.84 < 0.01
pr0 vs pol 61.674-62.797 -4.67 < 0.05
po0 vs po'l 63.078-62.797 1.17 NS

P TABLE 13

Tukey Test Comparison Between Pre and -Post-Treatment
Sensory Nerve Conduction Velocities

Levels of Means Critical Probability
Times : Value

prl vs prix 64.473-64.801 -1.31 7, NS
pr1 vs po0 64.473-66.150 -6.71 < 0.01
pr1 vs pol 64.473-65.365 -3.57 NS
pr0 vs po0 64.801-66.150 -5.39 < 0.05
pr0 vs po!l 64.801-65.365. -2.26 NS
po0 vs po! 66.150-65.365 3.14 NS
pr! = one minute pre-treatment

.pr0 = immediately pre-treatment

po0 = immediately post-treatment

pol = one minute post-treatment
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Chapter b

DISCUSSION

4

The analysis of variance tests for both motor and

sensory ulnar nerve conduction velocities demonstrated

w
statistically significant effects for freguency, time and
interaction, as illustrated in Tables 8 and 9.

There was a significant main effect over time for both
motor and sensory conduction velocities. This finding is in
agreement with several previous studies studies'-'°,*? which
repdrted changes in nerve conduction velocities follawing
the application of ultrasound. There is variability in these
studies relative té the pre-treatment and post-treatment
times of measurement of nerve conduction velocities. The
majority of investigators'-*,7,%,'°,?? measurgd nerve
conduction velocigies immediately prior to and immediately

following application of ultrasound. In contrast, Esmat® and

Madsen and Gersten® measured conduction velocities

immediately pre-treatment and waited fifteen and three

minutes, respectively, beforg&me%§uring post-treatment
, ? i

conduction velocities. BE

The post hoc Tukey tests comparing pre and
post-ultrasqgg? tteatment motor nerve conduction velocities:
(Table %é) demonstrated significant differences between four

. V\ . 3 K 0
pairs of means. The one minute pre versus immediate

post-treatment, one minute pre versus one minute

54
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post-treatment &nd immediate pre versus immediate
post—treatment times Werefsignificant at p <. 0.071, whiﬁe the
immediate‘pre versus one minute post-treatment time was
significant at p <'0.05..These results are attributed to the
effects of ultrasound on-nerve conduetion velocity, and are
eonsistent with previous reports®-'° which found‘significant
differences 1in motor nerve conduction velocities post
ultrasound;apolicétion, Kramer’,'® andiEsmat?® demonstrated
increases'in conduction'velocity, while Farmer?®, Madsen and
Gersten® and\Zankel’ demonstrated decreases rn,conduction
velocity; | }
The £Wo pairs of means that demonstrated .

.non- 51gn1f1cant changes in motor nerve conductlon veloc1ty
were the one mlnutekpre versus immediate pre-treatment, and
.immediate‘pOSt versus one minute pdst;treatment times. The
one mlnute pre versus 1mmed1ate pre- treatment measurement
tlmes would not be expected to demonstrate significant
changes in conductlon veloc1t1es because no treatment was
administered‘,’,‘° Thevimmediate post - versus one minute -
post-treatment mea§Urement't}mes‘lack of sionificant change'
dindieates that the effects &f the ultrasound on nerve ‘
rconduetionﬁvelocity remained’relatively constant for the“one
minute period between post-treatment measurements.§:‘°

| Table 13 1llustrates the Tukey post hoc tests comparlng
pre and post ultrasound treatment sensory nerve conductlon

veloc1t1es. Two pairs of‘means were‘statlstlcally"

 significant: the pre one minute versus immediate



cho '
‘also demonstrated no significant changes due to the effects

pairwise comparisons (one minute pre ve

.the expected direction.

relatively constant for the one minute period between -

56

¥

post-treatment (p < 0.01) and immediate pre vefsus immediate
post—tréatment (p < 0.05) conduction velocities. Tﬁese
changes in senséry nerve conduction velocities after
qlt?aSOgnd application are consistent with previous

studies.'-* Although the two other pre versus post-treatment

one minute post,

and immediate pre versus one minute greatment) did not

demonstrate significant differences, their changes were in

]

The one minute pre.versus immediate pre-treatment
comparison demonstrated no significant change because no
treatment was admigistered between measurements. *,’,'® The

immediate post versus one minute post-treatment comparison

of'ultrasound on nerve conduction velocity remaining

e

post-treatment measurements.®,’'?®

14

There was a significant main effect for ultrasound
frequency for both motor and sensory nerve‘conduction
velocities, indicated by the changes in conduction

velocities following insonation at different frequencies. To

the investigator's knowledge, this has not been pfeviously

. reported in the'literature. The post hoc Tukey tests

(Figures 14 and 15) demohstrated the significant main effect

for freguency was due to the 'large differences in pést

“ultrasound nerve conduction velocities between the 0.0 MHz

frequency and the other three freguencies (0.75 MHz, 1.5 MHz

».
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and 3.0 MHz). The largest differeﬁce occurred between 0.0
MHz and 3.0 MHz. This is attributed to the different effects
these two frequen;ies had on the ulﬁar ﬁefve‘during
insonation, W

1
i
[

 Both motor and égnsory ulnar gerve gonduction
vélocities dedreased significantly folléé@ng_the
administration of placebo (0.0 MHz) ultrasound. This is
attributed to the cooling effect of the ultrasound
transmission gel on the skin, fasciée and subcutaneously
located ulnar nerve, Thii finaing-is in agreement with
severéi pre&ious studies which‘found decrea§g; in nerve
conduction velocities with no emission of ultrasound
energy.*,’,'® Madsen and Gersten® and Cosentino et algg
found decreases in nerve conductfon velocities following‘
.placego ultrasound, but did’not discuss thé_possiblé |
mechanisms fof these reductions. Kramer*,®,'® concluded tﬁe”
decreases in nerve condﬁction'ﬁelocities were due to the
cooling effects of the ultrasound transmission gel when he
observgdﬂconcomitan£ decreases in subcutaneous tissue
temperéﬁures in thé area of insonation. In the present
study; 18 of 19 guﬁjects'deagggEfaped decreéses in motor
(mean decrease 3.87“m75) and sensory (@ deéréase 3,70
m/s) nerve conduékion velocities follo@ing inéSnation with
t%é 0.0 MHz freqguency. | o

Insonation of the ulnar nerve at the 3.0 MHz frequency

'pfoduced the greatgst increases in post—treatmeht métor and

sensory nerve conduction velocities (Figures 14 and 15). To

T
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the investigatcr's knowledge, the effects of 3.0 MHz
ultrasound on nerve conduction velocity has not’been
previonsly‘investigated. Theﬁfeasons for‘the large increases
‘'in motor’ and sensory‘conduction velocities following :' ”
insonagtion are assnmed to be due to the absorption and depth
of penetration characteristics of 3.0 MHz ultrasound. Tne
amount of uitresound ébsorption is primarily dependent en
two factors: (i) ‘the frequency of the ultresound;,and (ii)
the natUre of the medium to which.it is applied. S
The hlgher the frequency of mltrasound the‘snofter the
wavelength the more superf1c1al the absorptlon and the
less the depth of penetratlon. '-7‘}2° Low frequency, long
wavelength ultrasound.travels further in human'tissue than
- high frequency sncrt‘wavelength ultraéound."-22 This:is’due
to'absorptfon of the ult%asound ae it,enters the tiesues. In
. the present §tudyj the greatest difference infnefve
conductien &elocities following Ultfasounderplication to
the euperficialiy‘(eubcutaneously) ibcated Ulnarnnerve
cccurred between the 0.0 MHz andv3.0lMHz f;egdencies. The
significant”inCreeses ianQtor'and sensory -nerve conduction
velocities following insonaticn are not surprising because
of the snpe:ficialrabsorption ef 3.0 MHz ultrasound anc the

high absorption rate of nerve tissue. Tables 10 and 11 show

3
%

that the 0.75 MHz and 1.5 MHz ultrasound ffequenciesldid‘

g

demonstrate immediate post-treatment' increases in conguction,

velocities, but these changes were:th"statisticaily

¥

significant. It is assumed thlsmoé%yrred because the lower

i
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ultrasound freqguencies nave longer wavelengths, .and
absgrptlon of the ultrasound energy .occurs at a deeper
lével "-22 thus the majority of the ultrasound energy was
absorbed deep to the ulmar nerve.

The analysis ot variance tests demonstrated a
significant frequenty~x‘time interaction effect for both
motor and sensory components of the ulmar nerve (Tables 8

and 9). The Tukey post hoc tests represented graphically in

" Figures 14 and 15 demonstrate interaction among all

Y
1

frequencies occurred between the immediate pre and immediate
post ultrasound treatment measurements of nerve conduction
velocity. The interaction is attributed to the effects of
the‘ultrasound (0.75 MHz, 1.5 MHz and 3.0 MHz) and placebo
ultrasound @‘g MHz treatments.lvisual inspection of
Flgures 14 Sha 15 shows the most significant interaction
occurred btheen the immediate pre-&and immediate
post:ultrasound treatments for the 0.0 MHz and 3.0 MHz
frequenc1es for both motor and sensory veloc1t1es,
respectlvely This demonstrates that the 0.0 MHz and 3.0 MHz
ultraéound frequencies produced the largest dlfferences in
post- ultrasoundﬁtreatment nerve conduction velocities for f'i
both motor and sensory components of the ulnar nerve. These
dlféerences were expected‘because of the opposite effects
0.0 MHz and 3.0.MHz ultrasound treatment have on
suboutaneous<perlpheral nerves.

Several stud1es have demonstrated significant decreases

in nerve conduction veloc1t1es following application of
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placebo ultrasound.*,®,*,"'",*? Although no literature has
reported,the éffectsAof 3.0 MHz ultrasound on nerve
conduction velocity, several authors haQe sugéested that
high frequency ultrasound wili be absorbed )
superficially,''-*? and that peripheral nerves readily
absorb ultrasound't', '%*,'%,1¢ 20 25 The fesults of Ehe'
present study, demonstrating significant decreases in motor
and sensory nerve_coﬁduction velocities following 0.0 MHz
(placeﬂo)'bltrasound,,and significant increases in motor and
sensory nerve cbnduﬁﬁion velocities following 3.0 MHz
ult;aSound, are supported by this literature..

- The aifferencesybetween the eonduction velocities
observed at 0.0 MHz and 3.0 MHz'Ultrasobnd occurred due to
the oppbsite effects each ffequency had on the ulnar nerve.
Ihé:large decrease in conduction velocities observed with
0.0.MH2<may havé confounded the effects, tHereby making the

overall difference larger than if the 0.0 MHz results had

not been included in the statistical analyses. The inclusion

of the decreases observed with 0.0, MHz ultrasound in the

statistical énaiyses may have contributed to the -lack of

significant differences observed among all other paﬂ:-wise

comparisons of ultrasound freguencies.
A, Clihicalylmplications ' o

It has been ~suggested by several. authors that different
therapeutic ultrasound frequencies should be used for the

treatment of‘lesions found at different depths of

T4y

£
A
T



-

61

"5

tissue.''-?*? These suggestions are based on the physical 7§M
principle that different ultrasound frequencies have
different sound-beam wavelengths, and that diffe;ent
wavelengths travel to different depths in human tissue
before being absorbed. The trends in the present study of
increasing nerve conduction velocity with increasing
ultrasound frequency tend to support the premise that high
frequency (3.0 MHz) ultrasound is more superficially
absorbed £han low ffequehcy (< 1.0 MHz) ultrasound, and
provides empirical support for the clinical recommeﬁdation
that deep tissue lesions be treated with low freguency |
ultrasound and more éupq;ficially.located lesions be treated

with high frequency ultrasound.''-2?? However, it must be

‘realized that the tissue examined in the present study was

the ulnar nerve located superficially 'in the arm, and -
because this tissue is not representative of all human
tissues, this clinical recommendation is offeréd with some
caution, Furtﬁer empirical investigation is needed to

provide clinical validity to this contention.
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SUMMARY AND CONCLUSIONS

The purpose of the study was to determine the effects
of different frequencies of therapeutic ultrasound on motor
and sensory ulnar nerve conduction velocity. A sample of

nineteen females was used, with examinations and tests

conducted only on the dominant*arm. Each subject was tested

‘on four separate occasions, one for each frequency of

ultrasound used in the‘séhdy.

The testing procedure involved taging two pre-treétment
motor and .sensory nerve conduction velocity measurements,
applying a five minute ultrasound treatment at a fixed
intensity and randémlybchbsén frequency, and two |
post-treatment motor and sensory nerve conduction velocity
tests,

Different scores, post ultrasound treatment minus pre
ultrasound'treatment ﬁdtor,énd'sensory nerve conduction
velocities were analyzed to determine if signifiCaﬁt
differences existed due to the different‘fréquenciés of
ultrasoﬁnd treatment. A two way ahalysis of variance (two,
groups, with repeated measures over four ultrasound
frequencies and four nerve cgnduction measurement times) was
used to examine different values of motor and sensory nerve
conduct ion veiocities, as,dete;mined by nerve conductionv

velocity measurements taken at two pre and two

62
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post-treatment times (one minute and immediately pre, and
immediately aﬁd one minute post).

Further analysis on the significant time,‘frequency and
interaction effects was completed using a Tukey multiple
comparison test on the mean values of the raw scores
obtaiﬁed from the electromyograph tracings.

Pearson-Product Moment Correlation Coefficients were
;alcuiated to determine whether there was a significant
relationship between the one minute and immediate
pre-treatment mofor and sensory nerve conduction vFlocity
measurements. These>Coefficients were calculated fér each
~ultrasound frequency group, and were done in order to
detefmine the investigator's reliability in measuring nerve

conduction velocities.

A, Conclusions

On the basis of the preSeht study, the following

r3

conclusions were made:
1. There were significag; changes in both motor and
sensory nerve coﬁduction velocities following
application of ultrasound with four different

frquencies.'lncreases occurred at 0.75, 1.5 and

don

’

3.0 MHz; decreases occurred at 0.0 MHz. These

findings support'ré§earch hypotheses (i) and ®

(ii). | |

2. There were significant differences between the oy

effects of 0.0 MHz and~3IOvMHz ultré%and on
_ ‘ Yoy




64

both motor and sensory nerve conduction

velocities,

Although the changes were in the expected

direction, there were no significant differences

between the
compafisons
and sensory
findings do

(iii).

effects of all other pair-wise
of ultrasound frequencies on motor
nerve conduction velocities. These

not support research hypothesis
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INFORMED CONSENT FOR INVESTIGATIVE STUDY'

-

>

/7
p
EVALUATION OF THE EFFECTS OF THERAPEUTIC ULTRASOUND
@
FREQUENCIES ON NERVE CONDUCTION VELOCITY

Outline of Procedures (retained by the subjects)
. ‘ TN

Ultrasound ‘is a commonly used therapeut1c modality in
phy51cal therapy departments and CllnlCS Many of the
) phy51ologlcal effects of ultrasound are based on 1ts Zhermal

'or heatlng effect. Many sc1entlf1c studles have demon

5.

a thermal effect on m?tor and sensory nerve conductlon

.veloc1t1es however these stud;es used ‘ultrasound machlnes

trated

wlth one fixed freduency.‘Theiliterature purportS‘that with‘
different frequencies, thermal €ffects should OCQUr at
'different,suhtutaneous_tissue depths. This study witl
attenpt to compare'motor‘and sensory nerve conduction
velocwtles obtalned’u51ng dlfferent frequenc1es of
,’therapeutlc ultrasound.

‘ ‘. The study ins whlch you are belng requested to

5part1c1pa¢e w1ll apply a cllnlcal ultrasound treatment toff'

75_‘the 1n51de of'your~arm just above the elbow -and measure -

co ;-4‘4H
changes in nerve conductlon veloc1ty of a nerve. which
{

courses through the area to whic¢h the uﬁtrasound was

applled You are:- requested to part1c1pate in” four ultrasound
» : ) LI . X
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O
sessions, each approximately 30 minutes in lengthz and at
least one day apart from each other. The ultrasound

application will last 5 minutes, and you will note nothing

more than -a possibie sligﬁt%y warm sensation on yan.arm.
The motor and sensory_nérve conduction yelocity
determination utilfzes a mild intensity electrical
stimulation app}ieé to the nerve in yonr upper’arm. You will
feel a buzzing sensation and pernaps\mild discomfort, and
your little finger‘Wililtwittnkdue.toythe stimulation. This”

-

procedure is.associated with virtually no danger and every

-

safety precautlon has been monltored by the 1nve§tlgat)§ W

Treatment wi¥l be administered in the Iylng ggsltﬁ@n
: 4

with the arm being treated (dominant arm) p651t10ned

p.“.#”ﬂ

a

cdmfortably on pillows. You have;the right to withdraw from

participatien at any time during the study

No recordS"er'photegraphs which would permit your

1dent1f1cat10n will: ' be made public w1thout your written

@

'consent
In the event any queat;ons arlse concernlng theystudy,
please(ieel {%Eéwfo egn¢§ﬁ£%§be pr1nc1pleﬁ1nvestlgator, .

r,
;

. G.A. Rennie (£32-5973). Yo
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INFORMED CONSENT FORM FOR INVESTIGATIVE“STUDW

EVALUATION OF THE EFFECTS OF THERAPEUTIC,
-ULTRASOUND FREQUENCIES ON NERVE CONDUCTION VELOCITY

4

@%{

éu@ject Consentl(retained‘by investigator)

;?‘1 o

I , . do. herby agree to
participate 'in the study entitled "Evaluation of the Effects
of Therapeutlc Ultrasound Frequencies on Nerve Conduction
Velocity" to be conducted by Mr. G.A. Rennie and/or his
designate(s). The nature of this study has been explained to

'me and I understand that it is not intended as.a form of
remedial treatment. I am not presently suffering from any
pathology or disease. I have been advised that I may

& withdraw from participation at any time.

......................... R
Subject' s 51gnature Date ' : }
¢ 3 ‘.a
3
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'Calibration of the UltrasoundlUnit

Calibration of the three frequencies and_intensity for
each frequency was,carried out by a technician from
Biomedical Inspection Services'Dimited, Edmonton, Alberta.‘I
The calibratlondeyice used was the Russian
Ultraschallelstungmessgerat NMY-3 water balance. The water
container of the-NMY—B'unit was filled to the water mark
with‘distilled water, and’left to'sit)for two days to allow
) any gas bubbles to escape. The ultrasound head was «<overed
on its outer circumferencepby foam padding so that the 1
ultraSOund head fitted snugly ingo the opéning on the top of
:the water'container In order to ensure the face of the
‘ultrasound head was parallel to the wa er llne .a small

%

sf:p les‘el was placed on the back of the ultrasound head
re

e 16) fhe ult%?sound un1t was twurned on, and the ARR

‘_sw1tch'on the callbratlo?%unlt was pushed down SO as to’ﬁg'& '
release the metal defleétldh plate Bo@h the balance‘
deflectlon 1nd1cator amd total watt§ output 1nd1cator were -
set ‘at zero, aSAper 1nstructlons‘1n the NQY 3 mangél blgl ¥

¥

FS . .’ N . _ .
Callbratlon of ultrasound frequency was carried out as
- N
per 1nstructlons from Rank Stanley Cox Limited,

(:mapufacturers of tKe ultrasound unlt” Bis procedure -

required turning up the 'ultrasound ;nten51ty until the water A

balancg needle deflected away from the wvertical line.

Ad}ustment_of'the‘freduency_pot in the bach of the

ultrasound dhét was performed until the needle demonstrated
! : : ’

maximum deflection from-the vertical line. Once the
) ,
4

. S . R
R v \ !
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frequency was callbrated the ultrasound intensity was
* turned off, and the water balance needle was returned to the' ~ #

13

vertical line.
' Calibration_df ultrasound intensity was carried out as

‘per instruCtions from Rank étanléy Cox.lﬁhe intensity of the
ultrasound was turned up - to the 1nten51ty to be used in theigﬁu
}experlmental Qrocedure, .5 watts per centimeter squared
‘Thertotal watts needle 1ndicator was turned to 7.5, which is
the total watts to be delivered with an'intensit§ of s |
1.5 watts per centimeter squared. This value is obtained By/

multlplylng the surface area of the. ultrasoumd h%gg

.,,..

(5.0 cm?) by 1nten51ty (1 5 watts per cefu;
If thetlntenshgy output of~the ultrasoundin-‘

the water ibla&ge‘indicato_

vettical line. Tf the in froutput of the uitrasound
¢ , ' . _ o

rest on either side of thr\mﬂﬁfical line, indicating the

_&te&sity output of the ultrakound was either too low or too

high. Adjustment of the intensity pot in the back of the

ultrasound unit. was made until the waser balance indicator

..

 returned to the vertical line. - " .

Calibration of frequencyﬁ;nd intensity nas'performed on
each of the three ultrasound heads, as each of the

’ultrasoggg heads dellvered a different flxed frequency L
oY ‘,b{ ’2\ .

d'i: 75 Megahertz, 1.5 Megahertz and 3.0 Megahertz)
Tibration of frequenc1es and 1nten51ty was checked by the

1nvestlgator mid-wa through and at the end of the study. No

@

Saas 4 . - -
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~ further calibration adjustments.were necessary.
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FIGURE 16: Russian Ultraschalléis%gngmessgerat NMY-3

Ultrasound Calibration™nit and Sonacel
Multiphon MK II Ultrasound Unit
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Motor and Sensory Nerve Conduction Velocities

ﬁotor and sensory nerve conduction velocities were
calculated from the raw data obtained from the EMG motor angd
sensory action potentials reco:éed on fibre optic recording
paper (Figure 17). There were eight action potential
tracings recorded per subject per ul;raﬁound treatmegt:
proximal ano distal tracings at pre-one minute and
immediately pre-treatment, and immediately post aod one
minute post-treatment., The distance between EMG stimulation
sited (in centimeﬁers) and room temperature (in degrees
Celcius) were measured and recorded at the end of the
treatment session. o

X
Calculatlon of motor and sensory nerve_conduction

VEPBGItleS was perfa®med by the 1nvest1gator A horlzontal
scratch 11ne (using a dissecting needle) was made directly g

uqder the 1soelectric baseline of the EMG stimulus., Using a

. two power magnifying glass, a hole was pun’through the
' fibre~optic recofding peper at two points: o the point

y A ’3@ D - - @ c
of negative deflection of the motor action potential, and o ¢
one at the peak of the negative deflection of the sensorY°&‘7M%”

R

action potential. Using the gwo power magnifying glass and a
o

clear plastic T-square, two vertical sératch lines were made

on the EMG tracing: one through the hole indicating the

$
initial deflection of the motor action potential, and one

through khe hole indicating the peak of the sensory action .

\ . '
potential. These two seratch lines were made to bisect the

1

inclined dotted timing line found between the. motor and



B0

sensory EMG action potential tracings., i
i . . w;\.’;. PR

Each inclined row of ten dots on the electronic time e
ruler equals ten milliseconds. The length of time from ‘?
stimulus artifact to initial deflection of motor action _ = - ®

potential and peak of the sensory action potential is the o
latency time or conduction time, and is calculated by ‘
measuring and recording where the vertical scratch lines
cross fhe electronic time ruler. A four-power magnifying
glass was used to determine more accurately where the
vertical scratch‘lines crossed the electronic time rulert By
subtracting the time of the distal EMG stimulus from the
time of the pfoximal EMG stimulus, the time required for the
nerve impulse to traversé the segment of the nerve between
the two stimulation sites is determined. The length of this
segment (in millimeters) divided by the difference in
latencies (time in milliseconds) gives the conduction

velocity of the nerve accérding to the formula:*

‘

distance
Velocity = —_———————

f

. | “\‘ .
* Smorto MP, Basmajian JV: Clinical Electroneurography:
* An Introduction to nerve conduction tests, 2nd ed.

Williams and Wilkﬁns, Baltimore, 1979




The velocity is expressed in meters per Second using the

formula:*

. . Moy
‘ millimeters .
Lo fommmm s = meters per second
-milliseconds '

3

Motor and sensory conduction velocities are found 1n Tablesy 4

15 and 1é6. _ ¢‘,

:
b 4 B
/ -

* Smorto MP, Basmajian JV: Clinical Electroneurography:
An introduction to nerve conduckion tests, 2nd ed.
Williams and Wilkins, Baltimore,: 1979

ke
&



FIGURE

17

EMG Motor and Sensory Action '
Potentials on Fibre-Optic Recording Paper
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