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-  ABSTRACT

5 - s R

The purpose of thls study was to determlne what effect*
-if any, the appllcatlon of therapeutlc ultrasound ‘had on the‘“
level of bloodisugaruln the human.body uslng anvultrasound_s‘
\machine‘with a'frequeneyfof'eighthhundred andvseventy
'kllocycles | | ”

Two doses of ultrasound were used one'thermal and one f
'nOnethermal . There‘were four test groups - a control
placebo, and one rece1v1ng a- thermal dose of ultrasound,v
1and one recelV1ng ‘a subthermal dose of ultrasound Each‘

‘ subject in each group had four blood'samples taken - one.

_immediately prior‘tdfapplication of ultrasound one 4

db 1mmed1ately after appllcatlon of ultrasound one one. half

hour after appllcatlon of ultrasound. and one one hour after-
\ ,

: appllcatlon of ultrasound The subjects were selected by

';:means of a random table and a two way analysls of varlance'

w1th repeated measures on one factor was used to analyze the - .

. 'data The results 1nd1cated that the appllcatlon of 0. 5
~.watts and 1.5 watts of contlnuous therapeutlc ultrasound *’fb
ffqr ten mlnutes do not alter the level of blood sugar 1n1‘

fthe human body 51gn1f1cant1y "; ij;\di .
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B “CHAPTER I .

Statement of the Problem
# o e

e . . .
. . A

IntroduCtioh R - N ﬂfﬁ? _ |

' ngh frequency sound ‘waves (ultrasound) have been used

.

.for many years in detectlon dev1ces, dlagnostlc 1nstruments
and as a therapeutlc modality. }Inltlally, ultrasound was
employed in World War I in detect;on 1nstruments to. locate
-ﬁsubmar1nes,~ Between the world wars, lts use, in the'treat—'
ment»of'disease or injuries slowly advanced and}‘after World

o War II, the medlcal aspects of ultrasound moved to the fore~
5 : o : _
“ground (1, 2)

The therapeutlc ultrasound apparatus ma&es use’ of an

. .
osc1llat1ng generator whlchrcauses a quartz crystal 1n the‘

rtreatment head to v1brate at a hlgh frequency ' Therapeutlcf

/

. ultrasound machines usually have ‘a frequency of 1000 kllohertz

o
"o

or 870 kllohertz

The productlon of ultrasonlc waves depends on an elect—r

'\~r1cal cprrent and a C1rcular quartz crystal dlSC The

./ 3 ‘
appllcatlon of a selectlve alternatlng current to the crystal

causes the crystal to expand and contract in tlme w1th the-; -

-cycles of electrlc current Thls actlon is termed the Reverse

0..

‘PleZOelectrlc Effect. Each crystal v;brates*at 1ts own .

natural" frequency and s0 a generator in the ultrasound

_fapparatus must be tuned to the crystal (3 4) . Thefamplltdde '
o L : . R : .Qrf =

vy
-

"(D. ..
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\ .

.of the crysfal deformation is'extremely small (one to two

microns), but it is sufficient to translate the electrical .

A\ bscillations‘of the altefnating'current into mechanicaly
vibrations., ! lhese'mechanical yibrations set up~SOund waves
whlch pass through the protectlve metal cap of the treatmEW<
head into the air and surroundlng tlssues (3) Ultrasonic

waves cannot be transmitted_in a'vacuum and 1nvorder to get
maximum absorption into the tissues, a coupling agent is’,
(’:" . . : ) . . ) .A. . .
‘necessary There are many coupling agents available, some
s

are more efflclent than others 1n the transmlssron of sound

R orem
waves (5Y. .; '1 | .
. Sound- energy eXhlbltS sone of the propertles of llght
E - %
'energy, it may be reflected refracted and absorbed. Reflec— .
, tlon occurs at boundarles or 1nterfaces between tlssues of

different dens1t1es whlle refractlon occurs when the. angle of
'inci.:nce'ls fifteen degrees o; greater to the 1nterface oF:

tiSSUGS."AbSOIPthD varies both w1th the frequency and the
-
rure of the tlssue.. The beam of ultrasound waves does not

4

terminate durlng transm1551on but goes ‘on w1th ever decrea51ng
. S
e S

e wer (l 6)

The effects pr%?uc by the ultrasound are: malnly due

© . .

‘to the mechanlcal actlon of the sound waves on the tlSSUeSa‘
The v1brat1ng waves of ultrasound cause an agltatlon or‘ |

shaklng of the tlssues at a m croscoplc level | The prodpctlon d
- of heat as a result of the agltatlon of adjacent body partlcles}
leads to a local,lncrease 1n blood fle through the area'k ffyf

resultlng 1n lncgeased permeablllty of the tlssues.\\).yt"
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.waccomplish this increase in blooé flow, the sound energy must

1 . )

be applied contlnuodSly and have an intensity of at least

N L

. one watt per,square centimetra (1,7). Intensities,below

L 8

RN . T

this are consideisﬂ non thermal and those above this intensity
. o \ . . . r's .

are considered thermal.. Pulsed ultrasound allows for the -

dlss1patlon of heat between two 1mmedlately consecutlve
' -

pulses (l)f The heatlng effect of the ultrasound emhances

‘the passage of ions through cell_membranes, The mOVement of ss”

.

‘the ions is further enhanced by the stirring effect of the

»

high frequency sound waves and the acoustic or fluid stream-

ing. The streaming.is the result of compression and
\

decompre551on caused by the sound waves. The forces produclng

-’

he den51ty and rarefractlon are unequal and thls resultant

-'1mbalance aldS the unldlrectlonal movemtnt of the particles

{’,J’ L

'tlon w1th calc1um than woulg be ev1dent under normal c1rc '

(1, 7, 9,1%0,11,12,22).
5 ”\, %) .
M chanlcally, the ubtrasound energy causes collagen -

A

and flbrous tlssue to be pulled apart and pushed together .

-resultlng in tlssue which is softer and more pllable (1).

.Appkslatlon of ultrasound results in -an 1ncrease in aden051ne

2

'trlphosphate activity and a greater 1ncrease in its 1nterac—

| y “ . J.d
stances when the area was not treated w1th ultrasound (8)

' Although ultrasound has many beneflcial effects in the

_treatment of medlcal condltlons by 1t\Jactlons on- the tlssues,ff

it also may have a few harmful 51de effects 1f not applled

- with care An exce551ve amount oflhea may be produced partlc-~4s

Ve
)

ulsrly at tlssue 1nterface%§ resultlng 1n a burn to the patlent ;?
- L B :
o SEL e



which may be of the third degree variety (12,13,23). Taylor
and Pond (24) found that damage to the liver upon the
apolicatlon of ultrasound was_freouency‘dependent. They
felt that the inVersewrelationship between damage and
fréquency was not thermal,related.

Nervous tissue, because it absorbs more ultrasoundlthah
any othen/tlssues, may be more susceptible to damage espe-

B

~cially at hlgh doses of ultrasound ‘energy (8). For thrs
reason ultrasound mustgbe given with care in the areas of’
the eyes, brain, stinal cord'aud nerve trunks. Se;eral,"-
authors (1,9, 14415,16) state that ultrasonic energy has a

/

specific effect on the autonomic.nervous system espe01ally
«

the sympathetlc system whlch lsgetlmulated
. r e _
Ultrasound may also have'an_effect oh the chemistry of (/

the bloed influencing blood sugar levels and increasing

total oxygen uptake (l,§,%§,18). L

'Purpose of the Studx | '

Summer and Patrlck (l) and El'piner (18)_st'te'that.
ultrasound has an effect onAblood.sugar Ievels.in.a-person

but they show no data or referenges to collaborate this ;

sﬁatement ' Summer and.Patrick statef

In a number of cases the drop in blood sugar was as
-as much-‘as from 101 to 82 mg% : »

" The blood sugar . .level in 40° to 60% of patlents 1nsonat _
decreases - 1mmealately after ultrasonic treatment and may show -
‘a decrease which is 15.7 mg/ (average), but a max1mum of 57
- mg$ is on record ‘. S

THey do;not-state-the dosagé‘or frequency ofiultrasouhd
‘used, or the time period of application{ These statements

Pl R . 9‘ . . . ..‘



could have serious implications in 'the application of
Itherapeutic ultrasound. .

Thus, the oufpose of this study is to\determinerwhat
effect, if any, the application of therapeutic ultrasound
has on the level of blood sugar in the human body . B

v

Deliminations:

~

1. This Study is limited to tWo_intensitiesbof ultra-
sound one thermal (l 5 watts per square centimetre), ahd

one subthermal (0 5 watts per square ce%tlmetre), both of

‘which are w1th1n the normal cllnlcal range of 0.1 to 3.0

-~

watts~per square centlmetre.

2. The tlme llmlt of exposure for each‘subject is ten

minutes. ThlS time. was selected to give a suff1c1ent dosage
and 1s also con51dé\éd by many to be the maximum cllnlcal

treaement time of ultrasound.. —

3. The area of appllcatlon of ultrasound 1s llmlted to

the rlght forearm of each subject and the area rece1v1ng

:ultrasound is four tlmes theE31ze of the soundhead ThlS

.

\i
area was chosen because it is eas1ly access1ble and is an-

Varea whlch 1s treated w1th ultrasound 1n musculoskeletal
condltlonsw The'51ze of‘the area 1rradiated.was selected as

it is the usual area treated 1n the appllcatlon of” therapeutlc

Rel

ultrasound o
4. The study 1s llmlted to forty healthy subjects' o

(twenty female, and twenty male)

5;\ An ultrasound machlne with a frequency of BTEN

..



_ L
kilocycles per secong\§s used as this frequency is the one
most frequently used J&i@ﬂﬁdlly.

6. The selection of time intervals for the taking of

blood samples is set at'immediately before treatment, _
N

immediately after treatment, thirty minutes aftdr treatment,

and sixty minutes after treatment.

7. For the blood analysis method used, the normal
fasting'blood sugar‘levels'range from sixty—five to 105

. - . ] .
milligrams per 100 millilitres of blood (19,20).

. 4
3

: Definition of Terms:

‘l. Average Inten51ty {in watts per square Jentlmetre)
the total output 'in watts d1v1ded by the effectlve radlated
.4area in centlmetres.

2.'.Fasting Blood Sugar LeVei- the level of blood sugar
when tHEre is.an equlllbrlum between the rate at Wthh glucose
forms in ‘the liver, and the ra¥e at which glucose 1s used.ln
the tissub;A | |

3. Thermal boSageiog'Ultrasound' A ddsage of'uitra-

‘sound suff1c1ent to cause a subjectlve feellng of heat when o
applled usrng a standard cllnlcal technlque.,.

4. Non thermal Dosage of Ultrasound A dosage of ultra-"

sound not suff1c1ent to cause a. subjectlve feellng of heat

when applled using a standard cllnlcal technlque.
. » -
0 : ..
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Basic Assumptions:

This study will proceed on'the following basic
assumptions: | R

1. The actual intensity-outpﬁt”of the ultrasound
machine.and the reading_on the.intensity meter of the‘ultra-
. sound machine.are wfthin t fifteen per.cent'of each other

(21).

.

2. ‘The area'of anplicatiOn of-uitrasound is sufficient
to cause 1rrad1atlon of thé blood with ultrasonlc Waves
| 3. Under the condltlons which the study w1ll be
conducted, the changes Wthh w1ll be noted are the result

vwof ultrasonlc energy applled to the tlssues.

Hypothe51s

1. Verbal gypothe51s If contlnuous ultrasound energy

‘with a frequency of 870 kllocycles per second 1% applled |
. at the 1nten51t1es of 0.5 and 1.5 watts per square centlmetreb
.w1th contlnuous output to the right forearm of normal healthy
subjects for a perlod of ten mlnutes u51ng aquasonlc gelqD
as. a coupllng agent there w1ll be no 51gn1f1cant change or

'effect on the level of blood sugar in the blood at the 0. 5

1 of 51gn1f1cance 1mmed1ately after, thlrty mlnutes after

-one hour after treatment

g,'. o §ymboilc Null Hypothe51s

= “3 B ‘“4
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CHAPTER. I1

QReview of Literature ' N

Durlng the lait three decades there has been a vast

amount of llterature pertalnlng ‘to ultrasonlcs. The rev1ew '

>

.of llterature*fttempts to. deal first w1th the normal metab- \~§§

-4

ollsm of glucose, secondly with factors affectlng the level
of blood sugar, and flnally the effect of ultrasound on the

blood

fNormal~MetaboliSm_offGluCOse

There are several processes lnvolved in the metabollsm-

TTt——

T

' of glucose, some of: them anaeroblc, and ‘some aeroblc. ‘The
prlmary anaeroblc processhls Lalled Glycoly51s or the Embden— ‘
Meyerhoff Pathway (l 2 3 4, 5) B It con51sts of four stages.' |
&n the flrst stage, glucose lS converted to fructose 1, 6-f-
dlphosphate f/‘§hree steps by the actlon of three successlve 3'?“
enzymes. Glucose 1s acted upon by the en2yme glucoklnase.f:;_”

‘.resultlngdln glucose 6 phosphate, wh1ch in turn 1s acted -

-f upon’by glucose phosphate 1somerase resultlng 1n\fructose «;L”

-1 6 phosphate., Flnally, the fructose 6—phosphate, whlch 1nejh5e'

=3 volves the release of energy as does step one,»ls converted
to fructose l 6 dlphosphate by the enzyme phosphofructoklnase.;

The secondxstage ofnGlycoly51s 1nvolves the spllttlng

of fructose 1, 6—d1phosphate by the enzyhe aldolase to produce

e



- ;of the tlssues. Glycogen 1n the muscle 1s broken down by

‘@‘J‘ Ty

_dehydroxyacetOne phosphate and‘glyceraldehyde 3-phosphate
1,2,5). : )-‘ ar . o
’ The glyceraldehyde 3- phosphate is used 1n the thlrd
1stage'of Glycolysis., ThlS is the primary energy yleldlng
-stage and con51sts of three phases First, the glycerald-
ehyde 3~ phosphate is converted to 3- phosphoglycerlc ac1d
~ This. portion of. the process does not requlre ‘an enzyme,v
whlle the second phase requlres the enzyme glyceraldehyde
,3 phosphate dehydrogenase, and the third phase 1nvolves the b
.'enzyme phosphoglycerate kinase (1,2,5). | o
The flnal stage of Glycoly51s 1nvolves the recovery of
phOSphate groups “with the flnal product formed belng pyruv;c
ﬂ;aCld or lactic ac1d If the process 1s anaeroblc, lactlc
‘acid lS‘prOduCed' if the process lS aeroblc, or 1nvolves an
aeroblc part,’ pyrnV1c.ac1d is produced ’ ‘This flnal stage of
Glycoly51s also involves three phases w1th each phase hav1ng
lt own enzyme phosphoglyceromutase, phosphopyruvate hydratase,:-‘
-and p&ruvate klnase‘respectlvely (l 2 S 6) N
T The other anaeroblc process is. the Corl Cycle whlch 15'{{5
”uactually a part of Glycoly51s ThlS process occurs when .
| energy 1s requlred for W1gorous exer01se of brlef duratlon
.h:and the supply of oxygen 1s 1nsuff1c1ent to meet the dema?ds
:leycoly51s 1nto lactlc ac1d whlch enters the blood Thé‘TTSﬁgﬁg
fﬂllver then converts the lactlc a01d to llver glycogen by a, hv!
5Iprocess called gluconeogene51s 1nvolv1ng the conver51on of

"f”fat and protern to carbohydrate The llver glycogen lS then 5ffl
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split up into free glucose by a process called glycogenolysis
‘resulting in free glucOse‘in'the blood. This free glucose is

;used to replenlsh muscle glycogen (1,5).

5]

The prlmary aeroblc process 1nvolved in the metabollsm ;
of . glucose is ‘the CltrlC Acid Cycle or Krebs Cycle (1, 2 3, 4 5).

As with. Glycoly51s, the Krebs Cycle is lelded into four

»

stages.. In the prlmary stage, acetyl coenzyme A comblnes J

4

wlth oxaloacetlc acld through the actlon of the enzyme c1trate

synthase resultlng 1n citric acid. The c1tr1c acid is then

‘-acted upon by the enzyme aconltate hydratase to produce

xlspc1tr1c ac1d ﬁi S e '“;

" é .

The second stage 1nvolves lSOCltrlC ac1d belng converted
dto su001nlc aCld | The succ1nlc ac1d loses a carbon dlox1de\
molec le by decanboxylatlon resultlng in a- oxoglutarlc a01d
lThesef WO - steps of the second stage are catalyzed by-the f
enzyme 1soc1trate dehydrogenase. The a—oxoglutarlc ac1d
e,_Undergoes ox1dat1ve decarboxylatlon resultlng 'in succ1nyl
.coenzyme—A, ThlS change is due to the enzyme a—oxoglutarate
._dehydrogenase (l 2,4, 5) | | : _ e
The thlrd stage of Krebs Cycle 1nvolves the spllttlng

of sucéI§§1 coenzyme—A 1nto succ1nlc ac1d and free coenzyme-A.
'f~No enzymes are. 1nvolved in thrs stage; 7;»i't.,'p _.ffx lly;; |

B The flnal stage, llke that of Glycoly51s, lnvolves three yd
:phases.- The succ1n1c ac1d 1s broken down by ‘the enzyme ,
fsucclnate dehydrogenase to produce fumarlc ac1d The fnmarlc'i;

.;ac1d 1s acted on by fumarate hydratase resultlng in* mallc f'}f

_ aCld.A Flnally, mallc a01d is. debydrogenated by the enzyme,_f”r"
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- to glve one hexose dlphosphate molecule) (l 2 4)

li

L

., ) »

malate dehydrogenase to give oxaloacetic acid; resulting in

D3

.a completed'Krebs cycle (1,2,4). = )

A

The other aeroblc process is the Pentose Phosphate

\
Shunt or the Hexose Phosphate SHunt which prov1des an altern-

akd

ate pathway for glucose br pwn (1,2,4). Ihls.cyclej

>

process involves two phasge The first phase-involves'the

oxidation of glucose 6-p phate into 6—phosphogluconlc acid

by the,actlon of the enzyme glucose 6— phosphate dehydrogenase.

\

The 6~ phosphogluconrc acid loses a carbon dlox1de molecule

P

resultlng 1n a pentose called rlbulOSe 5-phosphate The

second phase of - the cycle, or conver51on of. pentose to

J

hexosé 1nvolves three main types oi reaction. The flrst;
A .
transkltolatlon, 1nvolves a reactlon between two pentose-
(] .
phosphate molecules. The second, .transaldolatlon, 1nvolvesv

the reaction between a trlose phosphat@ and a heptosé'

phosphate molecule résultlng 1n(§2hexose phosphate and a

ftetrose phosphate. The thlrd type of reactlon, the aldolase

reactlon, comblnes two\ldentlcal molecules to glve one

molecule (example two trlose phosphate molecules comblne .

\

— L AN

Factors Affectlng the Level of Blood Sugar

| There are seueral factors Wthh may lower the lempl of

| biood sugar 1n the human body., These 1nclude satletyty/

,;,exerc1se,.and 1nsu11n (4 7) o .;#fl«v

/o )
glucose dlffu510n in: the extracellular flu1d muscular

N

' ’Insulln, a. hormone, comes from the B—cell of the 1slets N -l

4,
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of Langerhans in the pancreas. 1Its function is to facilikate K

N f

the entry'of glucose into muscle cells and adipose tissue
and.it promotes the phosphorylation of glucose in the llVer,
'The phdsphorYlation is acComplished by insulin's action on
! the gluCOSe“transportation system‘(l 3,4,9,10, ll 12) .- Insulln .
helps to keep the blood sugar level from 901ng too high and -
an excessrve amount can lead to. hypoglycemla (l 4). The- |
release of insulin is stlmulated by the presence of . sugars -
in the body, amino acrdsﬂgnd ketones *%he hormones glucagon
~and growth hormone, and cycllc AMP, Inhlblt;gh»of insulin
release is due to starvatlon, the hormonesbadrenallne and
noradrenallne, and 2- Deo;yglucose (3)

Factors whlch tend to ralse the level of blood sugar in
the human body 1nclude hunger, glucose absorption from the
gut hepatic glucogenoly51s, the hormones adrenallne,
glucagon, growth hormone, glucocortlc01ds and gluconeogen51s
in the llver (4) - ,_ I '._ o ‘fy‘ ;]y 0

The liver attempts to malntaln a normal level of blood
sugar. It does this by regulatlng new glucose formatlon and
byhremov1ng glucose from the blood. HoWever, 1f the spllttlng
- up of glucose occurs in. the llver (glucogenoly51s), then B
there will be a ralse 1n blood sugar (4) | -

Adrenallne, a. hormone from the adrenal medulla, 3
| stlmulates glycogenoly51s 1n the llger and/&s used by the
body prlmarlly in an emergency when v1olent muscle actlonij

ls-requlred It stlmulates the release of - glucose from

storage by actlng on muscle stores as. well as’ llver stores,

Vo R K3 . ; Lo . o .
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and stimulates the formation of a specific'cyclic AMP "the

»
J

second messenqer" (l 2,4,5,6).
Glucagon is the first llne of defence a931nst hypogly-
~cemia just as 1nsulln is the flrst llne of defence agalnst
_hyperglycemla. »Glucagon comes fromcthe a—cellsuof‘the K4
islets ofALangerhans fn the pancreas.and stimulates insulin
release (1)6:8). Like adrenaline, dt.stimulates clchgenole‘fd
Hysis in thehlivér and the,formation'of‘cyclic'AMP which
increases the breahdowntof glycoéen into glucose\(l,Z,S,Q)J
A%ﬁwell‘ it stimulates;§luconeogenesis in the liver (2,4).
'Gluconeogene51s is the formatlon of sugar from non-
carbohydrate molecules such as proteln. o o .
_Growth hormone,.whlch comes from the anterior pituitary,tl'
is an insulin antagOnist It causes a lack of re onse to :
1nsu11n s0 that glucose is sparediwhenflt is 1n short supply.
r_As well~ ;t favours. proteln anabolism (l 2, 6 9)
Glucocort1c01ds,'ch1efly COItlSOl Wthh come from the
'adrenal cortex, are 1nsulln antagonlsts and 1nh1b1t '3
utlllzatlon of glucose by suppre551ng phosphorylatlon
(1,6, 7) ThlS fac111tates the actlons of glucagon, adrenallne-~
and growth hormone. The COItlSOl acts as a slow second llne‘
: of defence agalnst hypoglycemla (l) fé,h 1 "T«fi-
Extnacts of the anterlor pltultary, such as. ACTH, can
;tresult in hyperglycemla as they promote cortlsol secretlon o
(2 4). TherX1ne, a thyro;d hormone,vlncreases the rate of
glucose absorptlon from the gut and stlmulates glycogenoly51s

)

(l 2 4 5)



The Central-and Autonomic Nervous Systems also play a
role in.malntaininc the level:of blood sugar. 'before the
Central Nervous System'is stimulated to4action,'however,
there must be a drop in blood sugar;v The drop in blood
Sugar results in an increase in sympathetichactiyity and
the rate of adrenaline secretion lncreases. The hormone
land sympathetic impulses act together.to stimulate glycogenf

we

olysis (4,14,15,16). |

Effect of Ultrasound on_the Blood : ‘. .;..‘. ,f.\'

' Several studles have been done on ultrasound and 1ts.A
.effect on blood but most of these have deal¢ with blood flow;
bMost of these studles (14 17, 18 19.,20,21; 22 23) found that .

: blood flow was not affected untll the muscle temperature
1pcreased. ThlS 1ncreasedlflow remalned for at least 51xty
mlnutes accordlng to one study (17) -It was found~that in’
:order to get a cons1stent 1ncrease in blood flow, the 1nten—‘
}slty of ‘the ultrasound would have to be 3.0 to 3. 5 watts per o
square centlmetre, and the treatment time flfteen mlnutes L

(14,20).. »’Imlg (18) reported that subthermal doses of ultra-

”_sound had no- effect on blood flow.. Lota (17) found that w1th';:A

fthe lOCal appllcatlon of ultrasound (1ntens1ty l 0 watts»r '
‘per square centlmetre for flve mlnutes), max1mum blood flow

.-.did not occur untll after the treatmedt was completed and

the flow was Stlll sllghtly elevated after 51xty mlnutesrt

Other. authors (31, 36)Asupport thlS flndlng. llf-llﬂ

too The absorptlon of ultrasound energy ln normal blood 1s
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‘proportlonal to the frequency of the beam - the hlgher\the
-frequency, the greater the absorption (14) It is the A
-presence of protein molecules’whlch accounts for this |
absorption'(24;25,26,27,28). 'Enzymes,dwhich.are'primarily:‘
: protein, may also be affected by‘an’ultrasonic fleld{-a
El'piner (25) felt that theeeffect df ultrasound on enzymes :
_depended on theproperties of gas With.whichrthe investigated
solution was'saturated For example, enzymes were 1nact1vated
-by.ultrasound when oxygen was present As well, 1nsu11n
could be broken down by the spllttlng off of small peotldes
or 1nd1v1dual amino aC1ds on exposure to ultrasound (25)
On . the other hand ultrasound may enhance the~act10n of
enzymes,)partlcularly w1th cell membranes (25 29) |
Ultrasonlc energy 1mproves gas exchange across membranes’
-'and 1ncrease cellular transmembrane permeablllty (l4 19, 25,
29). It does thls by cau51ng a local 1ncrease in tenperature,
1ts stlrrlng actlon, “and 1ts acoustlc.streamlng effect (15, 2
| -26 30,31, 32 33,34). "'_ R f—
Accordlng to Summer and Patrlck (14) the blood sugar ‘
level 1n forty to 51xty per cent of the patlents treated
w1th ultrasound decreases 1mmed1ately after the treatment
and may show a decrease of 15 7 mllllgram per cent (average)
fln the blood sugar level These authors feel thlS may be due,

'j‘ln part; to the actlon of ultrasonlc waves on the Autonom1c‘r'}'

Nervous System.“ Blckford and Duff (20) felt any changes were c PA

'"p4due to the ultrasonlc waves and not due &o the massaglng i

) effect of the treatment head Wthh mlght pos51bly stlmulatefrﬁ_

. 'l-
Sy
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‘the Autonomic Nervous'System. El'piner_(zs) felt that . the

4
ultrasonic field'resulted in chemical changes in carbohy-. .

\
-drates 1f the dosage of ultrasound was five: to seven watts

A
per square centlmetre and the treatment time ten to flfteen
. minutes, both of whlch exceed therapeutlc treatment o
parameters : The changes occurrlng in the carbohydrates
%Ere partly due to heat and partly due to the mechanlcal
v1bratlon of the ultrasonlc energy Zlmlney and Head (35)
tfound that glycogen was reduced in all tlssues lrradlated .
.by ultrasound | o |

In summary,.lt appears evldent that because of the‘:
actlon of ultrasound on substances such as hormones and
:‘carbohydrates, and dreas of . thé\gody such as’, ‘the cell
membrane and nervous systems,_there are many places 1n‘the
”‘chaln of glucose metabollsm where ultrasound could potentlally :
~"act should the reported alteratlon 1n blood sugar 1n the

)human body be substantlated and an explanatlon of pOSSlble li

v:mechanlsms need to be offered .
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CHAPTER III

“Methods and Procedures .

Apparatus . ‘ - - . B "’

~ The’ ultrasound unlt was a Burdlck model UT- 420A whlch
operated at a frequency of 870 kllohert<z utr 121ng a ram«lc
: transducer. A plastic- template was -used to mark out iEé |
darea of ultrasound appllcatlon and aquasonlc gel R was used-
as a coupllng agent (l) The tlmlng of the ultrasound
;treatment was by means of a Gra lab Tlmer (model l7l)

- Blood samples were taken u51ng 21 guage sterlle VenOJect
blood collectlng needles wthh were l 1/2 1nches long, B D |
vacutalners w1th grey stopper (flve mllllgrams oOf thymol and
fifty mllllgrams of sodlum florlde),pand vacutalner holders.
The blood samples were analyzed at the Unlver51ty of Alberta4“

"Hospltal Laboratory utlllZlng a Technlcon AutoAnalyZer

system

'fSample Selectlon x'Q_\Lf‘,lgyy,ffuf,h:7l “ _Q»;h:7 .5{-'l%u o

4

- The sample con51sted of forty healthy volunteer subjects .
. \ el

;(twenty male and twenty female) The subjects were lelded

flnto four groups (control placebo, subthermal and thermal)"

S Each group consrsted of ten subjects (flve male and flve f'

'ﬁfemale) selected by means of a random table.e Once selected

r



28"

v
+

the'subjects were instfﬁcted to.refrain from|eating, smoking,
or drinking for. at least eight hours prior to the testing.
.In.this way; the blood sugar mould have had time'to stabrlize _
to a restlng state as the blood gluCOSe level can go as

hlgh as 140 to 180 mllllgrams per 100 mlllllltres of blood

' 1mmed1ately ollow1ng a meal (2) As well 1t has been

found ‘that/in fastlng subjects, the arterlal blood glucose

1s_on Y two or three mlll;grams per_one hundred mlllllltres-

higher in arteriai blood.than in vehous’blood'.beCause

durlng fastlng, the tlssues take very little sugar from the

, ‘blood SO that blood sugar levels 1n all of the blood of the
body.ls as near to equal as poss1ble (3). Prlor to belng .

1tested, all of the subjects were glven a medlcal questlonnalre
(see appendlx A) to help rule out any p0551b111ty of c1rcul—"‘
‘atory problems such -as thrombos1s, dlabetes,_varlcose ve1ns
-and heart dlsease 'No subjects were. rejected from the test

because of thelr medlcal hlstory. Two subjects were rejected

" for not!fastlng for'elght hdurS.:'“ - o n‘§f

-Testlng Procedure

On arrlval at the testlng lab subjects had the testlng
'-procedure fully explalned to them and then were asked to sxgn f
:'an Informed Consent Form (see appendlx A) nach subject wasfh -

1F:1nstructed to lle on’ the padded pllnth for one—half hour
gdprlof to the test belng performed (4) The subject lay

':w1th both arms exposed and hands 1n the suplnated p051tlon;‘,dff}

fE_Whlle the subject rested the area of the rlght arm to recelve
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‘the.application.ofbultrasound was.cleaned with alcohol'to
remove all traces on natural grease.' A plastic template was
'used to measure out the area of ultrasound appliCatlon"so
that this would be uniform for all.subjects; The template
size was four times the size of thedultrasoundrtreatment '
head,: N ‘ | " -‘ i . ' '. o

During the rest period, each subject was - tested for
‘hot- cold sensatlon, u51ng two test tubes,,one contalnlng
:hot water, and one contalnlng cold. Qouch—palnvsensatlon
was tested uslng a neurologlcal brush and planle

After the one-half hour rest perlod the area of the
f medlan cubltal vein of the left arm was . swabbed w1th
zephlranechlorlde,vand a flfteen mllllllter blood sample /

: v
was’ taken from the vein at the left elbow, just prlor to.

the appllcatlon of ultrasound A second sample of blood

‘was taken 1mmed1ately on cessatloﬁ of the ultrasound

f.appllcatlon ;fourth samples were taken one-half

'bhour-and'one_? %lvely after the appllcatlon of

ultraSOUndtblT. ;samples were taken by Y laboratory L

"{technicién;fa,f;
“1TPefu;tran; ;ransducer head was applled to the A%,]},

"right fprearmfoff; 5;subject by means of a contlnuous '77

;d for the placebo,'subthermal and therma137"

",'movihg'treatmehtf
3 g

:~groups. The con% ;ligroup recelved no treatment but the
.ptreatment tlme was observed so that blood samples mlght be
',.taken at the approprlate t1mes The treatment head was

’fmoved gently, w1th sllght pressure in’. a slow 01rcular pattern][”'

R
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s
~§bf overlapping circles at‘a rate of about two inches: per

second so that there was an even distribution of sound
energy (5,6,7,8). The treatment head was kept perpendicular
L to, and in full contact with the skin to prevent reflection :
of the sound energy (5, 6) Aquasonic gel ®was used as a
'coupling-agent‘(l). Upon completion of the treatment the
‘skin was cleaned of all traces of couplant |
On completion of the test, the areas of both arms used
- in the test were examined for possible injury. Each subject
uas advised to'contact the investigator immediately if'they:
_en¢ountered any problems such as‘&nfection over theifollow-'
ing week. S o o ;?,; -

Before leaving the room; each subject wasmasked'to
participate in a subjective sensation test for the two
therapéutic dosages of ultrasound using a standlng wave
field} #The treatment‘head, using aguason1c_gel<g)as»ap

j contact medium, was placed on ‘the dorsal aspect of the
i rlght hand _ Each subject was given a dosage of 0 5 watts,

: ‘L&J
- per square centimetre and the time was taken from the time

the ultrasound'energ as’ applled to the tissues until the

r

subject subjectively 1t pain or tingling : The.procedUre-'
‘was. repeated uSing l 5 watts per square centimetre, and the/£§

time recorded.\

7

The blood samples wereAlabelled with’the subject 'S .
humber and the symbol "A l“‘for before and "B 1", “B 2“
and "B—3"'for immediately after, thirty minutes after and .

one;hour-iﬁtervtreatment resPectively. The data obtalned
L . . . ’;‘ “ ' ) ) ‘ _‘ R ‘._ p ) . \{;) & . ]
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for each subject wasba blood sample showing blood sugar level
" before appllcatlon of ultrasound and three blood samples_
show1ng blood sugar levels after appllcatlon of -ultrasound -
at different tlme intervals. All samples were taken w1th1n
five minutes of the requlred time‘ The blood samples Were :
then taken to the Unlver51ty of Alberta Hospltal Laboratory

1

where they were analyzed.

Statistical Treatment

'%he method.used was the two=factor eXperiment havlng
hrepeated measures on the same elements as descrlbed by -
winer. - There were several advantages offered by thls
y“type of BeSLgn. It controlled 1nd1v1dual dlfferences
between experimental unlts and.rt‘prov1ded statistically‘
independeht estimates of treatment effects from all‘cells
" in the‘test . In addition, with each subject actlng as hlS/

her own control a smaller sample size could be used.
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" CHAPTER IV

Results and Discussion °

Results
\The.purpose of.thlslstu y'wasptohinVestigate the‘effectv
. of therapeutlc ultrasound on_human hlood sugar levels.‘ A
-sample Of_forty healthy subjects:was studled.i,: A
The method. used. for thelstatistical analysis of the‘
data_was'the two factor experimeht-haVingTrepeated'measures
on the same—elements.. 'In the’ analy51s, the terms group and
'.treatment tlme refer to the followrng l) Group.— The subjects
were’ assﬁé&ed, u51ng a random table, to four groups The" J
:control group recelved no.treatment of ultrasound The f
' placebo group recelved an appllcatlon of ultrasound w1th the
lnten51ty dlal readlng o. O watts per square centlmetre. -?hé'
subthermal group. recelved a treatment of ultrasound w1th theh,{
1nten51ty d1al on ‘the ultrasound machlne readlng 0. 5 watts |
per square centlmetre., The thermal group*recelved an admln-::

_ﬂlstratlon of ultrasound l 5 watts per square centlmetre as-

-:noted on the 1nten51ty dlal

,\__ R .

'2) Treatment\tlme - The tlme before treatment refers tojio
lfthe blood sample whlch was taken Just prlor to the appllcatlon;
;;of ultrasound “The: tlme after treatment refers to the blood

'_sample Wthh was taken w1th1n flve mlnutes of the cessatlondgf

-dof ultrasound appllcatlon.@ The tlmes thlrty mlnutes after

35
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tréaﬁment-and-sixtybminutes after treatment refer to the blood.
samples which werehtaken,thirty minutes“and'sixtylminuteSL |
after the administration of ultrasound

TABLE 1 presents the tlme treatment means for human blood
sugar for each group at dlfferent treatment tlmes “Flgure 8':
. shows ‘the table in graphlc form; - |

TABLE 2 shows the values obtained 1n the analysxs of
varlance using computer program ANOV23 at The, Unlver51ty of
falberta.- Flgure 9 1llustrates the mean blood sugar levels
for tlme treatment 1nteractlon _ The raw data for the |
statlstlcal analy81s may be found in Appendlx C Flgure 10
‘indicates’ the mean. blood sugar levels for dlfferent treatment
"groups. | | |

"Discussiont -

From the data dn4Table:2, there 1s no jlgnlflcant dlff--'
'erence 1n treatment effects or tlme effects

. ¥ . .
3grouPs However, if one looks at the interac 1on between ;‘

for the four

l”time and treatment .there 1s a 51gn1f1cant dlfference at the
05~level.f In analy51s of the data, the 1nteract1on between
tlme and treatment occurs between the contrdl and placebo
.and between the placebo and the subthermal group o Thlsilg-a"
fslnteractlon‘can be seen in flgure 9 N .. b
- The Technlcon AutoAnalyzer One whlch was used to analyze ;:h
ffwthe blood had a day to day and w1th1n day varlablllty of d}lf{;'h
ﬂ-approx1mately 8 5-per cent To test the relxablllty of theigftfk

'.machlne;,the Unlver51ty of Alberta Hospltal Laboratory uses
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a known‘sample~§f 188 milligram per;cent-sugar,and allows a -

" value ofipluS'Or‘minus six_milligram per cent at two standard

._devlations.
In the test the control group showed a varlablllty of

5.5 mlllrgram per cent whlch is less than the varlablllty

[}

jallowed by ‘the AutoAnalyzer | Also, the control group, whlch

recelved ‘the same treatment as ‘the other groups except for the o

appllcatlon of ultrasound showed greater varlablllty than the
‘.placebo or the two treatment groups: | | |
" The 1nteractlon between the control group and the placebo
group was srgnlflcant at the- O 5 level of 51gn1flcance."Noy

5fplaus1ble.explanat10n canxbe put forth fogéthls result ‘and .

4r‘
Al

flt 1s hypothesrzed thatVthis 31gn1f1cant dlfference 1s a -

-

chance statlst}cal aberratlon .
The.actlonlof the appllcatlon of ultrasound dld not },,f
fhavefa‘significant effect,‘overall, on the level of blood
| fsugar The results obé%lned ln thls study dlffer greatly d
ufrom those c1ted by Summer and Patrlck (l) They state that jr
the drop 1n blood sugar was obv1ous after the treatment of |
j"f'_,ultrasound They state that the average drop ln blood sugar
;b;was lS 7 mllllgram per cent and a max1mum drop 1n blood sugar ;f.f'
Jﬁof flfty seven mllllgram per centvls noted Furthermore, they.
distate that the decrease in the level of blood sugar was as'”A
'1fmuch as from lOl to elghty two mllllgram per cent.a In-statlng
.:fthese flgures, Summer and Patrlck do not grve the dosage of

25’ultrasound used the area of égpllcatlon, the treatment tlme, i

.:{or the s1ze or type of the SubJeCts.,;fyg‘:}T.
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1 .
Two authgr§5(2,3)Astate'thatjﬂiﬁraéound cﬁahges tﬂev
" ¢ompdsiti6n.of.céfbbhydtatés; However, the‘dosés>oﬁ ultra-
‘sound used fd';ausé this.chanée are ngifabéve thé thé:apeutic'

‘range and the time' of jeggpation is muCh greater'than4normal'

“treatment:timef :
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Summary and Conclusions

i

Purgose

L : 4 ,
' The purpose of the study was to determrne what effect

'if any, a subthermal-and thermal dosage of therapeutlc

o

-ultrasound would . have on the level of blood sugar 1n the

human body o
. ‘ “

. Hypothesis ,‘f
o

ice)

The . follow1ng null hypothesis was assumed throughout ,

%
i
I

txe study ’
Y If qpntlnuous ultrasound energy w1th a frequency of

- o

.870 kllohertz 1s applled as a subthermal and thermal dOSage

’w1th contlnuous output to the rlght foJearm of normal healthyf"

: subjects for a penlod of ten mlnutes u51ng aquasonlc gel.®

b \'bf‘

' as a coupllng agent, there w111 be no SLgnlflcant change or

e Tfect on, the level of blood sugar 1n the human body at the

".05 level of 31gn1f1cance 1mmed1ately after, thlrty mlnutesf =

SRy
after, or one. hour after treatment = symbollcally

Procedures

" The breétest‘pr0¢edures:invdlvedrthe'followingrstepsre
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1] Subjects were asked not to eat, smoke, or drink -
anything but water eight hours prior to the.test
2) Subjects were asked to lie on the bed for thlrty
minutes prror‘to treatment. Durlng thlS time, they were
asked to fill‘§ut a\medioalyquestlonalfe,'read three.sheets,
on_information to potential subjeots; and to sign an informed
consent form> Durlng the time perlod .they also had their
hotrcold, and touch—paln sensation tested and the outllne
#Pf theetemplate was_drawn on the-rlght forearm.
3) Immediately priorato the treatment, a blood sample
was taken | | | | o .
v~4) Each subject recelved a tenrmlnute treatment of a _
| predetermlned dosage of ultrasound whlle lylng down The
control group recelved no appllcatlon of - ultrasound but was.
timed for propér sequence of taklng of bloodjsamples.t_The _f
placebo group recelved an admlnlstratlon of ultrasound with
the 1nten51ty of ultrasound turned off. | The subthermal
group recelved a treatment of ultrasound w1th the 1nten51ty_
dlal on the ultrasound machlne readlng 0 5 waéts per square
.centlmetre The thermal group recelved an appllcatlon of
vultrasound of. l 5 watts per square centlmetre as noted on
the lnten51ty dlal N

]

S 5) Blood samples were then taken 1mmed1§tely after the o

:treatment tlme, and thlrty mlnutes, and 31xty mlnutes after

the treatment whlle the sub]ect ‘was lylng down. -



. per’ square centlmetre.f

Results

The results indicate the applicatlon of.therapeutig,
ultrasound does notusignificantly effect"the 1evelaof blood
sugar in the humanibody;, This result appears to hold true
for.therapeutic subthermal and therapeutic thermal doses of
.ultrasound Which are given for ten minutes:invan;area‘four
times.the size of the ultraSOunditreatment head to healthy

human beings.

Specifically, the results indicate that the_nullf

hypothes1s is accepted Any changesbin the level 'of blood_

sugar whlch did occur fall within the range oﬁ normal
'varlablllty ~ That 1s,'any change in blood sugar noted-in
' the treatment groups was within the range of varlablllty of

the control group.

Conclusions

 Using an'ultraSOund‘apparatus of 870 kilocycles per.
second and taking blood samples 1mmed1ately before the

‘treatment 1mmedlately'after.the treatmentg-thlrty,mlnutes.

47

after the treatment, 'and sixty minutes_afterfthe*treatment,'

~ the following>Conclusion57Were made4 7
1. There is no srgnlflcant dlfference in the level of

i

blood - sugar 1n the human body upon the appllcatlon of

'therapeutlc ultrasound using dosages of O 5 and l 5 watts
..;v : K ,

gt

2.: It is- hypothe51zed that the 51gn1f1cant dlfference L

hln the 1nteractlon between the control and placebo Was due

- to chance.’
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TO:  Volunteers who have agreed to paftjcipaterin the study.
to examine the effects of application of theérapeutic
,E) ‘ultrdsound on the level of blood sugar in the human
body \ ‘ ’
Dear
Thank you for beihg'willing to act'as a subject in this
.study. - It has been p0551ble to - arrange. your test app01ntment
at one of the tlmes suggested. by you
' Your appointment will be on'

at

a

I would be érateful if;ybu would let me know in advance
for any reason you'are'unable to attend for this éppoint;
mént You may get in touch with me elther by leaving a
_message in my mail box at Corbett Hall or by telephonlng.my
office -- 432 5985 -

You are remlnded that you shouid not eat drlnk or smoke”
for a pqriod of elght.hours pr;or to the start of yogr test
Please wear ?.E{-kit for the test session.
I look forwatdttd seeiﬁg yau,A' |

‘Yours sincerely,

David Magee
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TO: Each person who. has agreed to participate in the study to
examine the effects .of application of therapeutic ultrasound~
on the level of blood sugar in the body. :

FROM: David Magee

Thank you- for belng wllllng to participate in this study.

' In order that the. results of the study shall be as valfd as.
p0551b1e, I would be grateful if you would complete the details
belew. I assure you that these personal details w1ll not be dis-~
-.closed at any time to any third person in’ such ‘a way' that you
could be 1dent1f1ed from them.

PERSONAL DATA FORM

Name: I ‘ SENSATION TESTS (to be ¥illed
Address: : in by‘rnvestiga;or):
. 1. Hot-cold sensation:
‘Phone. number: . 2. Touch—pain'sensétion:
Age: : yearé . months ‘ h )
IWeight: pounds

Height} inches

Please indicate by answering YES or NO in the appropriate column
whether you. ‘'or any member of your immediate family have, to the
best of your knowledge, ever suffered from any of the. fOllOWlng
- medical problems -

SELF FAMILY

Heart Disease

.Raynauds Phenomenon:

Thrombosis

Varicose Veins

Swollen Ankles

Pins and-Needles in Hands or Feet

Eczema :
‘. Asthma ,
. - Hay Fevef :
* Allergic Reactlons to Drugs

Diabetes . ‘

Neurltls

LY

Do you smoke c1qarettes° -, If so, approx1mate1y how many per
Have you -given blood in the last year? : day? e
if so, when? (R ; }

Are you presently taklng medicatlon for any reason? S .

Date: L R tSighed;



R 4

Information to Potential Subiects‘

The testing session for each subject will take approx-
.1mately one and a half hourslat a'51ngle attendance. ‘No pre—l
tralnlng.ls required for partlclpatlon ln_thls studyiyhiCh is
.concerned wlth the effect of-therapeutic ultrasoundfon the |
level of blood sugar in the human body. | -

If you agree to part1c1pate in this study you w1ll be
asked not to eat, smoke, or drlnk for a perlod of elght hours
prior. to your arrlval in the testlng laboratory

One group of subjects w1ll act as a control group. and
Wlll receive: no appllcatlon ‘of ultrasound For.all_other"
'subjects, the follow1ng treatment applles.. o |

Zephlran Chlorlde w111 be used to clean the area to be
»treated and the area from whlch the blood sample‘ls taken.

A small amount of couplant jelly. w1ll be applled to"
your forearm area. The treatment head of the ultrasound
apparatus will be kept in contactlw1th the .skin whlle belng‘
fmoved slowly over the area for a perlod of ten mlnutes.'
During this tlme you w111 recelve a pre determlned doselof |
A ultrasonlc energy; At the end of the appllcatlon the treat-
sment‘head‘will be removed~and the skln cleaned'of_all traces~'
_of the couplant materlal | ! IS N B

-Whlle the apparatus is" sw1tched\on you may feel nothlng,'
. or a sensatlon of mlld warmth 1mmed1ately beneath the treat—. o
B ment head- You should not experlence dlscomfort at any tlme l

'durlng ‘or follow1ng the‘test perlod The doses of ultrasonlc :

}'energy whlch w1ll be used 1n thls experlment are well w1th1n
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.the lntensity.ranée in Wthh)treatmehts-haveﬁbeen given
over many.years to‘patients attending for physical,therapy.
wlthout produc1ng either- dlscomfort or’ 1njury Very occa-
'51onally, however, a person rece1vrng ultrasound may complaln
of parasthesia or paln during the treatment-eltherilmmedlately
beneath the_treatment headAor in some othervarea ofithe;body,
You should informvthe investigator,if you experiencetany
.other sensation but thatbof ﬁild warmth._vh'b |

Prlor to the appllcatlon of ultrasound a small sample
. of blood Wlll be. taken usrng a hypodermlc needle and tournlquet
fby a competent laboratory techn1c1an. As’ well, small samples”
of blood w1ll be taken - 1mmed1ately after the appllcatlon of
.ultrasound, one half hour after appllcatlon and one. hour |
after appllcatlon. .Each sample wlll con51st of flfteen (15)

<-ml' of blood At the. end of thlS tlme, you will be free to

* . leave.. Control subjects w1ll have blood samples taken at the

iSamelinterval _

It often happens that follow1ng ultrasound treatment
-some feellng of heav1ness in a llmb or a general tlredness"'r
tmay be felt ThlS lS purely temporary Although you do. not

'fneed to’ worry about elther of these sensatlons the 1nvest1gat0r'”
.fshould be: 1nformed of thelr occurende.il';7;7h'a;';‘ftf',.
The purpose of thlS 1nformatlon is to’ ensure that ».t"‘w
.;potentlal subjects dare 1nformed of and fully understand the

procedures.and potentlal hazards to whlch they w1ll be exposed ;i

~f1f they agree to part1c1pate 1n the study.j If you have

"unestlons please dlscuss these w1th the 1nvest1gator before



. - -.‘ | . SRS | . ‘ €4
you sign the Informed_Cbneeht'form. | | N
| Should you Schhoose,‘yOU’may_end youf;pertipipationAinll
this study at ahy time without being requiredltojexbiain'youri
,reasens for withdrawél S .
All petsonal 1nformatlon glven to the 1nvest1gator durlng
thls study will be regarded as confldentlal Your anonymlty
“will be protected by the use of a codlng system for sub]ect

ab\
-1dent1f;catlon. Only the 1nvestlgator wlll have the key to

4

this code. -
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INFORMED CONSENT FORM FOR RESEARCH STUDY -

‘I! ‘ U | .-’hereby give my consent

té part1c1pate in research study on the effect of therapeuglc
ultrasound on the level of blood sugar in the human body, thes
general plan of Wthh has been explalned to me lncludlng
A ant1c1pated beneflts, risks, and potentlal compllcatlons.

- I fully understand as 1t has been explalned to me that“
by notlce glven to the underSIgned prlnc1pal lnvestlgator
; that I may w1thdraw from thlS research prOJect anytlme that

-

I may elect to do so.

/’H: S y;,_ R Part1c1pant S Slgnature'

I hereby certlfy that I have glven to the above ;

1nd1v1dual an explanatlon of the contemplated study and 1ts_".

"rlsks and potentlal compllcatlons jl[;;,f‘{ oo *hjl_
B}

_ PrlnCIpal Investlgator

o

QII,-Q::'.';'Ij:ﬁhgf ;";h,vfﬂ5} certlfy that I was present
at the tlme the above explanatlon was glven ln Engllsh and ln
my oplnlon the subject understood the factors 1nvolved |

also w1tnessed the SIgnatures of both partles above.;f;"h

. WITNESS |




.Daily Blood Sample Timetable'
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1

.__Subjett Name ' Subject Number

Samgle‘thber;



Time

Group

‘DdilyﬁUltrasdund Timetable
% - -

Subject lame
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Subject Number

I

e et e et -

U




R 1

~ Table for Timing of Subjective Feeling of Ultrasound /

Subject Number _

Groun

" Pime for 0.5w/cm? (sec.) ..

l 'Timenfor 1.5%/cm? (sec,
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- ]
v\ g
P i
. ¥,
> ‘ ”.' o
" o

(NI
&




69

FORM ACCOMPANYING BLOOD SAMPLE TO UNIVERSITY OF

ALBERTA HOSPITAL LABORATORY

 PROJECT: Effect of Therapeutlc Ultrasound on Human Blood
S R < Sugar Levels,
. R .. . : ’ ’/ N " ‘»,' N . *
" PROJECT NQ;C DJIM- 1-75-U.S.B.S. RN el
v - o R e e
R : . : [ ‘
PROJECTllNVESTIGATOR: ‘David J.-Magee - o
N ‘ - School’ of- Rehabllltatlon Med1c1ne
, Un1vers1ty of Alberta -
_,.Edmonton, Alberta -
“Phone: 432-5985
N . ) . 2 ‘ ( . ‘ o : : - ‘ _. - ‘ o B -
SUBJECT NUMBER: .« v v v v & w o wia o 0 o o o &

y
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Laboratory Worksheet
Group Intenfsit‘y;
_Blood Sugar Level
Subject |  Before| . Immediately | One Half Hour | One Hour -
Number |+ Test After Test After Test = - | After Test




Abpendix,B

t

Des¢riptipn of Biodd'Sugar‘Analysis Method

a3




Slmultaneous Glucose-Urea Nltrogen Analysrs , '
o . e ; N
Introductlon ) ' ) :

In this procedure a double manlfold is constructed,
combining the two single manifolds as proposed by Technicon
. for individual determinations of glucose and urea nitrogen.
The method of double dialysis allows the use of only one
sample and yet maintains the desired degree of sen51t1v1ty
in -both. determlnatlons. -In" this study, one is 1nterested
only in the Glucose Measurement.v :

Gl&bose is determlned by the’ potassium ferrlcyanlde—
potassium ferrocyanide oxidation reduction reaction. The
yellow potassium ferricyanide solution is reduced to colorless
ferrocyanide. The reductioh in color 1is proportlonal to the-
amount of glucose contained in the .specimen and is measured
at ‘420 mu ln a colorimeter equlpped with a flow cuvette whlch
has a 15 mm. llght path. . :

. "Urea nltrogen is determlned by'a modification of the
carbamlde—dlacetyl reaction. It l$ based on the direct:
reaction of urea and diacetyl monoxime under ‘acidic conditions.
Diacetyl monoxime is hydrolyzed to diacetyl. which reacts
directly with urga in the presence of the acid reagent to form.
Trdiazine derivatives by an oxidative condensation reaction. -
. The presence of thiosemicarbazide intensifies the color of the -

‘reaction product, ellmlnatlng the need of concentrated acid
reagents. The colored" product of the reaction is measured
at 530 mu in a colorlmeter w1th a 15 mm. llght path flow:
‘cuvette. : :

‘”1Réagents"“' o I , }vl S o .b

1. saline: (used in Glucose Determlnatlon)
Sodium chloride -~ ~ 9.0 gm
Distilled H 0 g.s. - 1000 mls _
Place the Nacl in d one litre volumetric flask. Dlsolve
~in about: 500 mls of distilled water, dilute to ‘volume -

with water. ~Mix. Transfer to 1 lltre polyethylene c
jbottle, add 0.5: ml Brij- 35 et

2. lAlkallne Pota551um Ferrlcyanlde (used in Glucose x-r

: R e Determlnatlon)
'1ﬂSod1um chlorlde 9.0 gm- " T
R ‘Potassium Ferrlcyanlde 0.25 .gm
Sodium.Carbonate  : 20: 0" gm

.Dlstllled Water L 1000 ‘ml

s




- Brlg 35 ‘Mix. Store in an amber bottle.

- Mlx.,v'

4”1n a 500 ml graduated mixing cylinder.
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nl.Place the NaCl in a 1 litre volumetric flask, dissolve

in approximately 500 mls distilled water. Carefully

weigh out the potassium feprlcyanlde and .add to the NaCl
,solutlon Mix until dissolved. Add 20 gm. Sodiunm
'Carbonate to -the above mixture and stir with a magnetic’
stirrer Until solution is complete. Bring té 1000 ml w1th
distilled water. Mix well and transfer to an amber

"polyethylene bottle, add 0.5 ml Brij-3s. -

Stock Dlacetyl Monox;meg(used in Urea Nltrogen Determlnatlon)E ‘
Diacetyl Monoxime (2,3- Butanldlone -2~oxime) 25 gm. '
Distilled water q.s. 1000 ml.

: - Place dlacetyl\mon0x1me in a one litre volumetric
flask. Add. approximately 600 ml distilled water and
shake until the. diacetyl monoxime is completely dissolved.
Dilute to volume with dlStllled water. Mix and filter.
Store in amber bottle. k : ' '

1

.'.Stock Thlosemlcarba21de (used in Urea Nitrogen Determlnatlon):

Thiosemicarbazide (T.S.C.) 5 gm . .

Distilled water (.s. 1000 m1. o

Place thlosemlcarba21de in a one litre volumetrlc
‘flask. Add approx1mately 600 ml distilled water and mix
until T.S.C. is completely dissolved. Dilute to mark '
w1th dlStllled water Store in amber bottle. &

53

. Worklng BUN Color Reagent (used in Urea Nltrogen Determlnatlon)

Stock Diacétyl Monoxime - . 67 ml. = »
Stock Thiosemicarbazide = . = 67 ml, i o
Distilled water q.s. o 1000 ml.

~ Add" Stock Diacetyl Monoxime. ahdxStock Thlosemlcar-'
bazide to approximately 300 ml. dlstlt}ed water°in a one
liter volumetric flask. Dilute to volume. Add 0:5 ml. :-

© N

Stock Ferrlc Chlorlde'e Phosphorlc A01d R (used in Urea
Nitrogen Determlnatlon)

Ferric Chlorlde (FeCl 6H20) $.15 gm.

.~ Phosphoric Acid 85% - 3 B QOO ml.
’,4D1stllled water ¢.s. . S 450 ml. o
Dissolve ferric: chloride in 30 mlx dlstllled water-

ol phosphoric R
- acid slowly; while mixing g.s. to 450 mli¥with dlstllled e

“water. MlX,* Store in amber bottle.

Stock Sulfurlc Ac1 20% (used 1n Glquse Determlnat;on)‘
'  Conc. sulfuric adid - 77200 ml. :

"Distilled water g.s. . - 1000 ml. :

-~ While mixing, add sulfurlc acid to approx1mately -

600 ml dlstllled water in a 1 litre volumetric flask. _',@_, ’

“Allow to. dool ' Dllute to mark Wltw dlstllled water.~ e

o
.\ ‘
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8. Worklng BUN Acrd (used in Urea Nltrogen Determlnatlon)
Stock Ferric Chloride- Phosphoric Acid -~ 1 ml.
Stock Sulfuric Acid 20% . 1000 ml.
Place approximately 500 ml, stock 20% sulfuric.
acid in a one litre volumetric flask. Add 1 ml. of- -
the stock ferric chloride-phosphoric acid, mix. - ,
Dilute to volume with stock 20% sulfuric acid. Mixe .
- STANDARDS
1. Stock Urea Nitrogen. ' . :
Standard diluent: Phenylmercury acetate PMA 0.20 gm.
' - sulfuric acid (cmc) " 1l.4ml
' Distilled water g.s. 5000 ml
Add 100 ml. of distilled water to 0.2 gm. PMA in a
© 250 ml. beaker " Heat until PMA dissolves. After coollng
~ transfer quantitatively to a 5 litre volumetric flask.
. Add 1.4 ml concenfrated H SO4, mix. Dllute to volume
,w1th distilled water.

Al

For Stock Urea Nltrogen Standard (lO mg/lml) %
Urea C.P., A.C.5. 21.433 gm
‘Standard diluent g.s. 1000 ml.

Carefully weigh out urea and place in a1 lltre volumetrlc
flask. Add approxrmately 500  ml. standard diluent and-
mix untll dissolved.-Q.s. to vplume with standard diluent.
Mix well.” Store’ in amber polygthylene bottle 1n
refrlgerator .

2. Stock Glucose (10 mg/ml S T : -
~ Dextrose (Anhydrous) C.P., A.C.S. .20.0 gm.
' Saturated Benzoic Acid gq.s. = - 2000 ml.
Carefully weigh out 20.0 gm. dextrose .and transfer
‘to a 2-litre volumetric flask. Add some saturated benzoic
acid and mix until dissolved. Q. s. to volume wi h saturated

-

benzoic acid.  Mix well Store 1n amber bottle: i :
refrigerator Co /
P .
. 3...To prepare working standards 3
C . Stock glucose. Stock urea: 'diluentq. Flnal eong.
# Standard - 1€ mg/l ml . 10 mg/ml ‘g.S4 vglucoserurea
‘ S, . 5 ml ¢ .2 ml 2000ml - 25 =10 mg%
S5 10 ml _ '-?._.mll_fa 200 ml - 50 - 10 mg%: -
53 20 ml: o 6-ml - . .200,ml 100 - 30 .mg% -
Sy ~ 3oml © 10ml . 200ml < 150 - 50 mg%
‘55' .. 240 ml o ‘14 ml- - 200 mllg 200 - 70 mg%
 S¢ . 50ml . . ~18ml . 200ml " -250 - 90 mg%.
""S7. 8 ‘160.m1 {. : 24 ml‘ _200 mll;;f300rf‘120 mg%

=

Store all worklng standards in refrlgerator when not 1n user
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1.

g than é 3. mg% for BUN and é 8 mg% for glucose.g;‘

OPERATING PROCEDURE

Turn on both colorlmeters and recorders. Allow to warm
up for 15 minutes before. starting the run. Have all
manifold lines pumping water durlng this warm up period.

With 420 mu filters in the glucose colorlmeter and
reagent lines drawing H,0, turn on chart drive on glucose
recorder. .Using the- 1069T knob on the colorimeter adjust
the base line to 99%T (use any slit which gives a readlng
on the dial between 200-800). Place a zero slit in front
of the sample filter. in the colorlmeter and check the O-
reading on the graph, if necessary adjust pen to zero %T
with the 0 adjustment knob on colorlmeter. Remove O-slit.

Place all llnes in reagents, allow sample line to’ draw

water.

.When reagents reach the glucose colorlmeter the base . llne‘

should fall to 13 £ 3%T. If not adjust the ferrlcyanlde
agent - see note # (i). r c

Turn,;on chart drlve on. BUN recorder Set the pen at:
99%T using the 100%T dial on the colorimeter and any
slit which gives a reading between 200-800 on thlS dial.
Use 530 mu filters in the- colorlmeter ' L

Check th+%06T readlng ‘on the graph by plac1ng an O- Sllt
in front of the sample filter and make any necessary. -
adjustment with the O-adjustment knob on the colorimeter.

‘Remove theé O-slit, the pen should return to 99%T 1f not,»

adjust 1t to 99%T using the lOO%T d1a1

*Set up the sample plate w1th a 'series of standards flrstf.

The S, is run immediately" follow1ng ‘the 'series
o% sZandards, after the controls, and every tenth cup .
thereafter throughout the run. -It should not- vary more -

Q: B A,
Controls are ‘run at the beglnnlng, in the. mlddle and at

‘the end of the run. Both the normal Lab Pool and the

H1 Glucose Pool are run for controls.»-'

'-\

Begln tO/asplrate samples at the rate gf 60 spe01mens"
per. hour. . : : , _



76

CALCULATIONS

After completion of the run standard graphs:are drawn
on general purpose comparator ahd the corresponding values:
for glucose and BUN in the unknowns are read off these.

graphs and recorded.

NORMAL'RANGE and S. D.

BUN - normal range = 7.
‘ -2 s. D. = £ 3 mg% -

GLUCOSE - normal range (fasting) 65 - 105 mg%

zs D. =/ 8mgs
NOTES -
(1) If the glucose reagent baseline is hlghcr than 16°.
a stock solution of 5% potassium ferrlcyanlde in

- '0.9% NacCl is added. If the baseline is -lower than

. 108T dilute the ferricyanide reagent with 2% sodlum \

_carbonate ln 0.9% NaCl.
(ii) Blood spgcimens are drawn‘ln vacutainers contalning.‘

sodium luorlde as an anti- coagulant and glucc e pre—
servatlve ‘These spec1mens are spun ‘down and > :
plasma, free of cells; is used for ‘the determlnatlons.._
NB Do noct use whole blood : ‘ :

(iidi)y Samples are labeled as to ‘time of collectlon and 1f

' ~ the patient is fasting. This. information must -be
transferred to the work book and requisition in- order
to allow 1nterpretatlon of the glucose result S
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'As there was no inStrument available to test. the '
»output of the ultrasound apparatus, the two treatment

doses were tlmed for each dosage of ultrasound - 0. 5 and -
1. 5 watts per square centlmetre. The flrst dosage, 0.5

watts per square centlmetre lS con51dered a subthermal

“-dose whlle the second dose, l 5 wat;s per square centlmetre.

"Analy51s showed there was a’ 51gn1f1cant dlfference in tlme

for subjectlve feellng of ultrasound betWeen the two doses.

e
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To determlne lf there is a 51gn1f1cant dlfference
betwgem the‘two doses of ultrasound one may. use the
Slgnlflcance of the leference between two means for
correlQ%ed samples as descrlbed by George A Ferguson

;in'"Statlstlcal~Analy51s in Psychology and Educationf.
&
LD

/ j_zD" (ZD)ZJ'

N - l

-_é ‘5,03_”

> In a two talled test, ‘one needs té2 021 for a

51gn¥ant dlfferenCe between the twc' means. , Thus there S
: E S
is a- s1gn1f1cant dlfference between the two doses of ultra-

'sound
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