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ABSTRACT

The Hoffmann reflex represents a'relatively unexplored

phenomenon in neurology and neurophysidlogy. Its production

'by electrical stimulus and its prominent responses make it

not only easily elicitable but also readily guantifiable. The

-reflex was first produced in the calf by Hoffmann in 1918, and
its presence in the guadriceps femoris and human masseter has
been confirmed more recently. The purpose of this étudy is to
use the H-reflex to observe the effects on the nervous system
of agents which have a widespread effect (alcohol, aspirin, and
caffeine) and agents which have a local effect {(force and
~fatigue), to determine how sensitive the reflex is for use as

a model of the nervous system and to examine the possibility

of quantification 4n reflex testing.

Five paid undergraduate students of different disciplines
were used as subjects. The subject lay prone on a table with
pillow supports for the head and ankle. A ground electrode was

strapped on the calf and surface electrodes were placed just '

below the calf. The stimulating electrode was a small cathode

placed in the popliteal fossa while the indifferent electrode
was large and placed just below the patella. Control recordings

were made just before the test conditions were applied, care -

iii



being taken to ensure that subjects did not alter their

position.

From the experiments it was observed that force, alcohol,
aspirin, caffeine and fatigue had significant effects on the

Hoffmann reflex.

It is suggested that the facilitatory effects of alcohol
-and -caffeine canjbe,a,measa:e of the excitability of the. B IR T re——
nervous system. It is implied that guantities of alcochol and
caffeine greai%r than thosg used in this study may not have
facilitatory effects and may have other non-beneficial effects
on the body. The effect of coffee which was due to its
caffeine content {(100-150 mg) was marked potentiation of the
reflex and the direct muscle (M} response. This suggests an

increased arousal of the nervous system.

The depressant effect of aspirin on the reflex indicated
a depression of the nervous system. It is known that aspirin
kills pain by depressing pain receptors and suppressing the

release of bradykinin-like polypeptides which produce pain.

Facilitation of the Hoffmann reflex during fatigue was

projected to be due to increased feedback to the higher centers

which facilitate the spinal centers to compensate for loss of

iv



force. Other observations in the fatigue study were the

‘gradual rise in integrated EMG {IEMG) and a marked depression

of the M-response. Fatigue produced by the method used in this

study was blamed more on ischemia than on neuromuscular junction

 }

malfunction.

The reflex is projected as a diagnostic tool for a number

of pathological conditions and as a sensitive measure of the

effects of drugs on the nervous system.
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‘I. INTRODUCTION
A reflex is an automatic response to a specific stimulus .
and may be mediated by monosynaptic, disynaptic or polysynaptic

. pathways. Reflexes may be deep or superficial. Deep reflexes are

elicited by stretching muscles, (e.g. the muscle stretch reflex}
and superficial reflexes are produced bf<stimuiating the body
surface, (e.g. the flexor reflex caused by noxieus s;imuli).
Pathological reflexes accompany disease conditions; examples'
include the Babinski response and the grasp reflex. Many

reflexes are easy to test and are used to monitor the

physiological state of\\he neuromuscular system. Although the
i

.

-

characteristics of a reflex are not compiete confirmation of a
pathological condition they may suggest it, while giving way to_ ... .. _.

more elaborate methods of examination.

Stretch reflexes are important in the control of movement
and posture. For these deep reflexes the receptors are muscle
spindles and the gains are controlled by the higher centers of
the central nervous system (Matthews, 1968). Thus in uéper motof

neurone lesions (pyramidal tract lesions) such as hemiplegia, the

' stretch reflexes are freed from inhibition by higher centers. |
_ e e - ] E : » :i ' i | ] - .

is often characterized by clonus. Usually the testing of

__— ) !



» ,
reflexes involves comparison with the opposite body segments to

deterﬁine deviation from the normal, but these comparisons arc‘

hardly quantitative and cannot be fully relied upon when

estimating the severity of a pathological condition. Thus the .
need to guantify spinal reflex tests cannot be overemphasized.

It is for the purpose of quantification in diagnostic
refléxdlogy and for the evaluation of treatment -that the
Hoffmann reflex has become an imcortant topic of recent
research. Ungquestionably the reflex has desirable ) .
characteristics for cIinical use, and this research is therefore
directed towards determining ‘how thesejg%aractegistics can be

beneficially utilized.

The Hoffmann reflex is a monosynaptic’reflex and it is the

-~ electrical equivalent of the tendon jerk. It was first described-
" by Hoffmann, (1918)'and was named‘the Hoffmann reflex by
Magladery and McDougal, (195G). Its short form description is

the H-reflex.

The sciatic nerve (Fig. 1) from which the tibial nerve
branches is the major nerve of the lumbosacral plexus (Fig. 2)

with widespread roots of origin in the spinal cord (L4,5,

N p T . . T Ty . ""'4’ - T T T T T T T T T T g T T e T - Ty T T -
S$1,2,3). It is the largest nerve in the human body and the

" central motorneurone pool of innervated muscles is extensive. In

view of this large motonsurcne pool, nearly anything that

-
e



affecté the lumbar and sacral regions will affect some roots of
the nerve. The primary mediator -of the gastrocsoleus H-reflex is
the tibial nerve which is the largest brané%fbf the sciatic
nérve, having contribution from all its rooéétrThe H~-reflex is
obtainable in the soleus because the Ia afferents ére larger than
the alpha motoneurone éxons in the tibial nerve. :Thehseveral
roots of the tibial nerve and its extensive central neurone pool
make the H-reflex a diagnostic tool for monmitoring the neural

state of the lumbosacral region and to some extent the state of

the higher centers.

The method used to produce the H-reflex is shown in kFig.
3). Electrical percutaneous stimulation of the tibiai nerve
takes place in the popliteal fossa. The stimulus (S) depolarizes"
the alpha motoneurone axons resulting in the development of
electrical action in the extrafusal fibers. The M-wave

indicating direct stimulation of the muscle therefore appears.

The stimulus also causes a synchronous stimulation of the large
primary Ia afferents generating an impulse to the spinal cord
and to higher centers. When this impulse completes the

monosynaptic reflex arc, the H- reflex is produced and is

 represented by the H-wave recorded from the muscle.

The application of the electrical stimulus also produces an

-

antidromic volley along the large alpha motoneurone axons in the



spinal cord. When the stimulus is submaximal for the alpha
motoneurone axons, the antidromic volley will pot be strong
enough to block the reflex by collision or by activating sevéral
Renshaw cells; When the stimulus is maximal, the antidromic

volley (Fig. 3) will eliminate the reflex by these dual actions.

Characteristics of the Reflex

The H-reflex 'is a monosynaptic reflex which is elicited
with moderate electrical stimulation but eliminated by maximal
stimulétion. The reflex is due solely to low threshb@d Ia
afferents, mostly ffom the tibial branch of the sciatic nerve.
It can be blocked by antidromic volleys and depressed by

presynaptic inhibition. The latency rarnge is apg;gximately 25 to

e e

380 milliseconds and amplitude range is approximétei& B.44 to 1.1
millivolts. The Hmax/Mmax ratio is in the range #.22 to 8.69
(where Hmax and Mmax are maximum possible reflex and muscle

responses obtainable during eXperiment).

-

Clinical Importance‘

‘
Owing to the projected importance of the H-reflex in the

field of neurology, it has become one of the most studied human

reflexes. Most workers are in agreement that the reflex from the

soleus and quadriceps femoris can be of use in the following

A

areas: measurement and assessment of spasticity in a variety of

medical conditions, determination of the effectiveness of drugs,



e.g. Levo-Dopa {L-Dopa), Nembutal and Diazepam, evaluation of
the presence of Sl radiculopathy, studying early events in
spinal shock, determination 6f maturation in the nervous system
of infants, and the assessment of proximal nerve conduction in

lumbar and sacral disease conditions. Thus there is a general

‘need to better understand the mechanism of spinal cO;drrgf}exes

¥

and in order to do this, it was decided to investigate the
effects of a variety of common agents which are known to affect
both the€ peripheral system and the nervous system as a whole.
The present research will investigate»the effects of force,
fat{gue,alcohol, aspirin, and caffeine on the H- ex. The
potential benefits of this work inciﬁgz/;‘;;:;:;:j:2ion of how
useful the reflex is for use as a model of the nervous system
and examination of the possibility of quantification in the
testing of the reflex. ThefwdfﬁQShouia also provide an
indication of which nerves in ége body have Ia fibers bigger
than the alpha motoneurone fibers. In the normal adults only the
tibial nerve, femoral nerve and nerve to the masseter muscle
have some Ia fibers bigger than all alpha motoneurones. In
infants many other nerves could have larger Ia fibers, but as
development takes place, the alpha motoneurones grow bigger than

Ia fibers and the reflex disappears. Also in pathological

-

conditions, if the H-reflex can be elicited in conditions where

it is not usually present, there is an indication that alpha

motoneurones have been affected.



In Chapter 2, the history of the H-reflex is reviewed and’
the literature on its clinical and research applications is
discussed., The literature on the effects of force, fatigue,
alcohol, aspirin, and caffeine on‘the nervous system are

reviewed. Chapter 3 deals with experimental ‘objectives,

hypotheses, eguipment and methods including experimental - S
érocedure. In Chapter 4, the methods of data analysis are
discussed and the results obtained from the different
experiments are reported, while Chapter 5 contains discussion

and conclusions.




Figure 1 .

The Course of the Sciatic Nerve




Obturator N. (L2,3)

(L4).

(L5)

Ischial tuberosity
Giuteus medius

- Piriformis
/7 - Greater trochanter
Coccygeus 7/
N | \
\ x Sciatic N.-(L4,5,51,2,3)
\ \
\
\ \\ Adductor magnus
\ \
\ \
\ Biceps femoris
\ '
\
\
Point of stimulation of tibial N ——— =
' Popliteal foss8—4— /
_7 Common peroneal N
/ :

Gastrocnemius

—

R [ .
Medial plantar N. ‘ k
8

Achilles tendon

- Lateral plantar N

7



Figure 2

The Lumbosacral Plexué
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Figure 3
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Method Used in the Production of the
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II. REVIEW OF THE LITERATURE
The description of the Hoffmann reflex by Hoffmann in 1918
marked a new era in reflexology. A detailed study of the reflex

was made by Magladery and McDougal (1350). They repeated

S

Hoffmann's experiment by stimulating the tibial nerve in the
popliteal fossa and obtaining the reflex from calf muscles.
They gave it the name 'Hoffmann reflex,'—and used -the term - - — ———

H-reflex as a short form description (Fig. 3).

H~Reflex in Other Muscels

Although the reflex was originally obtained from the calf-
muscles (gastrocsoleus), other workers have searched for the
reflex in other muscles of the bod?. It has been obtained from
the gquadriceps femoris by stimulating the femoral nerve in the
femoral triangle just below the inguinal ligament {Mongia, 1972;
Guiheneuc. and Ginet, 1974). The reflex has been obtained from
- human masseter by Godaux and Desmedt (1975) who stimulated the
masseter branch ©0f the mandibular nerve, and from hand muscles

by percutaneous stimulatidn of the ulnar nerve of newborns and

~infapts (Thomas and Lambert, 1960), After the age of one, the

suppressed with age {Thomas and Lambert, 1960). It has also

been obtained from hands of spastic patients (Teasdall, et al.

13



1852).

Physiological Mechanisms Influencing the H-Reflex

Having identified the reflex in man it became necessary to
identify the factors which contribute to the reflex and how it
can be beneficial to clinical neurology. The relationship
between motoggu:ong poo;s in the spinal cord and the H-reflex
' has been studied. Jefferson and Benson (1953) determined that
between 12.5 to’26.5 percent of the motoneurone pool in the
spinal cord fire in the production of the H-reflex. Angel and

Hoffmann (1963) showed that the fraction of motoneurone pool

involved is represented by the H/M fraction (where H and M are

H- and M-wave amplitudes). Taborikova (1966) initially - S e e

reported that in man 100 percent of the motoneurone pool is
involved. When Taborikova and Sax (1968) repeated\the earlier
investigations they concluded that as small as 24 percent,
usually 50 percent and sometimes virtually 100 percent of
motoneurone pool could be involved in the elicitation of the
reflex. The fraction of motoneurone pool firing depends on the
background facilitation during the experiment and can therefore

always fall within the ranges postulated by both groups of =

o a e - o
wWOTXers. The 1ntg¥ence 15 that the strength oI the rerlex

depends on the general arousal of the nervous system.

14



The control of the H-ref%gx-from the higher centers has
been the subject of controversy. Accumulating evidence is in
favour of at least some supraspinal control. Jendrassik's
manoeuvre (after Ernest Jendrassik, a Physician in Hungary,
1858-1921) is a technique by which a subject hooks the fingers
of two hands together and forcibly pulls one against the other.
The manoeuvre wasﬂafiginally used fof testing of the kheérjefkri
reflex but now it is being used in testing other reflexes also.
The effect of this manoeuvre on the H-reflex is that of
facilitatiog'(Mark, 1963; Ferréri, et al. 1966; and Bussel, et
al. 1978). The mechanism by which Jendrassik'é manoeuvre

- facilitates the H-reflex is not completely clear. Burg, et al.
(1974) reported that potentiation of the reflex is due to
fusimotor drive. Spindle activation is often accompaﬁied by
some contraction of the extrafusal fibers meaning indirect alpha
motoneurone activation. Bussel, et al. (1978) emphasized that
facilitation of the Hoffmann reflex is not soiely due to gamma
motoneurone dctivation but that direct alpha motoneurone

activation could be an important contributing factor.

Though potentiation of the H-reflex by Jendrassik's

manoeuvre has to a large extent been attributed to fusimotor

activation, Procaine block of fusimotor fibers is unable to end

potentiation (Taborikova, 1973). It i& therefore postulated

that the supraspinal influences apart from acting on gamma

15



motoneurones aiso act oﬂ alpha motoneurones increasing their
excitaﬁility (Taborikova, 1973). 1In acute spinal shoék,
areflexia is due to the cessation of supraspinal influénces.
It has been suggested that stimulation of the anterior
cerebellum reduces Ehe excitability of motoneurones and could
depress or even eliminate the H-reflex through presynaptic

inhibition (Morris and Penn, 1978).

Taborikova (1973) has surmised that the following tracts
are the routes for supraspinal'influences on the Hoffmann
reflex: Corticospinal tract (CST) to the'motoneurones and
spinal interneurones; the reticulospinal tract {(ReST) to the
spinal motor center and to the motoneurones. The
vestibulospinal trad@/}VST) appears to influence the moto-

neurones either via the interneurones or directly.

The influence of the vestibular system on proprioceptive
reflexes of human lower limbs has been investigated (Delwaide
and Delbecq, 1973). Theyv reported potentiation of tendon
reflexes but not the H-reflex. Probably this wduld indicate

a pathological condition.
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Visual Influences

Evidence of visual influeﬁce on the reflex is available
in the literature. Using blindfolded and eyes-open subjects,
Shashami (1977) studied visual influence on the Hoffmann
reflex. 1In this study,_reflex amplitﬁde‘was depressed with
blindfolded and enhanced with eyes-open subjects.

Potentiation in eyes-open subjects could be due to increased
stimulation of the eyes compared to the decreased stimulation
of blindfolded subjects. This implies that the firing rate of
the central nervous system in eyes-open subjects is greater

than for blindfolded subjects.

Head Positions

The effect of tonic neck reflexes on the H-feflex was
studied by Isaacs, et al. (1968). They reported inconsistent
reflex changes associated with positions of the head and its
movements. ' Hayes and Sullivan (1976) reported greater
H-reflex amplitude when the right leg was tested with subject

looking to the right than in any other head position.
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Respiratory Effects

Forced inspiration causes facilitation of the Hoffmann
reflex but normal respiration produces no visible effects
(Bishops, et al. 1970). Facilitation of the reflex in forced
inspiration is likely due to the strong muscular contraction
as seen in Jendrassik's manoeuvre. Although the gamma
motoneurones are the primary recipients of facilitation
(Bishops, et al.1970) the alpha motoneurones also contribute

to reflex facilitation.

Sleep

Hodes and Dement (1964) investigated the reflex in man
during low voltage electroencephalograph (EEG) sleep and
noticed that the reflex was depressed in rapid eye movement
(REM) sleep and enhanced in reiaxed wakefulness. A similar
result was earlier reported in infants (gRodes and Gribetz,
1963) . The pathways involved in the depression of the reflex

in (REM) sleep have been studied (Shimizu, et al. 1966).



Clinical Applications

Parkinson's Disease

Changes in the H-reflex in Parkinsonian syndrome patients
have been studied. While doing eiectromyographic stuaies of
monosynaptic reflexes in these patients Ioku, et al. (1965)
noﬁiced abnormal facilitation of the reflexes. Increase in
alpha motoneurone excitability in Parkinsonism was reported

by McLeod, (1972).

Parkinson's disease is generally treated with L-Dopa, and
the effect of thié drug on the H-reflex has been investigated
in patients (MCLéOé and Vander Muelen, 1972; Herbinson, 1973).
The fact that L-ﬁbpa depresses the aﬁplitude of the H-reflex was
obtained by both groups of workers. 1In his own study of the
effect of L-Dopa on the reflex, Sax, et al. (1976) suggested
that the rate of regpvery of depressed reflex curve could be

used to determine e effect of medication on reflex activity.

s
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Detection and Assessment of Central Nervous System (CNS) Lesions

Measurement of tﬁé Hoffmann reflex appears to be a
sensitivé method of detecting and assessing upper motoneurone
lesions (Upton, et al 1972). Increased motoneurone
excitability and hyperreflexia in patients with upper
motoneurone lesions have been reported by Magladery, et al
(1952) . Diamantopoulos and Zaner (1967) observed an initial
decréase in spinal motoneurone excitability followed -by
increased motoneurone excitability. Garcia-Muliin, and Mayer
(1972) studied all grades of vascular hemiplegia and observed a
decrease in motoneurone excitability within the first two days
compared to the unaffected limb. In some hemiplegics whose
cases had becomg purely chronic, an increase in motoneurone
excitability was obtained. Thé reflex was also obtainea frém

the arm muscles of the chronic hemiplegics.

With the production of the H-wave, a temporary depression
of the anterior horn cell excitability occurs, causing an
interval of 100 to 200 milliseconds to elapse before another
H-wave can be produced (Magladery, et al.1952). Campbell,
and Green (1964) have shown that the interval between two
successive H-waves decreases @nrcggggngrggggfimgtggggrpne

lesions. The reduction in interval they claimed is due to

facilitatory impulses arriving at the anterior horn cells.
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In clinical absendés (seizures), it has been shown that
initial facilitation is.almost always followed by‘inhibition
of the H-reflex (Rabending, 1967). The marked'succeeding in-
hibition may be an attempt by the bodj to end the seizure by

reducing the excessive sudden discharge of the grey matter.

Graphospasm is a disease characterized by difficulty in
writing. Kaneko, et al. (1966) studied the H-reflex in
patients with this condition. They obtained calf H-reflexes
from the subjects while writing that did not differ markedly
from resting normal subjects; in the patient group the H-wave
amplitude obtained while writing was twice the value in
resting state. In normal subjects there are little or no
alteratlon 1n H-wave amplltudes durlng sonic, phOth
stimulation, mental arithmetic and hyperventllatlon (Sobue,

cited in Kaneko, et al. 1966).

bd

<,
The relatlonshlp between ankle Jerk and Hoffmann reflexes

in muscle dystrophy has been studled by Singh, et al. (1971).
They studied the follow1ng types: Duchenne, Llébglrdle and
Facioscapulohumeral. In the Duchenne type they reported

‘H-reflex being absent in 7 of. ll cases w1th4b11ateral ankle

jerks. This would mquﬁ;hg;ﬁonly,ﬁwhad H-reflexes. 1In three
cases with unilateral ankle jerk, the H-reflex was absent on both

sides. It was absent in two cases where ankle jerks were absent.
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In the Limbgirdle type, H-reflex of smali amplitudes was
present in 2 of the 5 cases studied where ankle jerks were

- present. In the remaining 3 cases there were no H-reflexes.
In the Facioscapulohumeral type, of the two cases studied the
H-reflex was absent in one in which ankle jerk was absent. 1In
the other case the ankle jerk was normal and an H-reflex of
small size was produced (it is possible that the Ia afferent
had been affected by the disease). They concluded their tests
with tﬁe observation thar the H-reflex is a more sensitive

index than the ankle jerk.

Determination of Motoneurone Excitability

Studies have been done on how the H-reflex could be used
to determine the excitability of motoneurones (Yap, 1967; Tobin, -
1969). Gottlieb‘and Agarwal (1972) studying the role of the
myotatlc reflex in voluntary control of movement (voluntary
isometric plantarflexions and dor51f1ex1ons of the foot at the
Aankle), suggested that the peak-to-peak amplitude of the H-wave
‘is proportional to the sensitivity of the spinalireflex arc.

They also observed enhancement of reflexes during spasticity.

" Widely- Accepted Diagnostic Areas S

The eventual prominence of the H-reflex as a dlagnostlc

tool is the result of its ingenious study by several workers
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(Angel andrHoffmann, 1963; Weaver, et al, 1963; Diémantopoulds
and Gassel,71965; Guiheneuc and Ginet, 1973, 1974; Braddom aﬁd
Johnson, 1974; Notermans and Vinderhoets, 1974; and Schuchmann,
1976, 1978). The use ofrthe H-reflex as a diagnostic tool in

root compression of L5 and S1 has been suggested by Notermans

and Vingerhoets (1974); and Schuchmann (1976, 1978). - They have

shown that latency will increase in root compression. The use
of the reflex as a diagnoétic tool in S1 root compression was
emphasized by Braddom and Johnson (1974) who enumerated several
workers' suggestions for clinical applications as follows:
anterior tibial muscle H-reflexes are diagnostic (except for
infants) of central nervous system lesions from the brainstem
rostralwards, in proximal neuropaﬁhy}and sl radiculdpathy the

H-reflex may be absent or show a deléyed latency when present,

the presence of the H-reflex in the arm of infants after the
age of one is diagnostic of central nervous system immaturity

or dysfunction.

Agents Under Study

Apart from localized fatigue and force, none of the agents

to be studied has been studied via the H-reflex. The effects-of

{1975}, and Dietz (1978). Both workers reported potentiation of
the reflex in fatigue. Other related experiments on fatigue

- include, Romanul (1965); Stephens and Taylor (1972); and

x
- -
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Stephens, et al. (1973) who showed a depfession of the EMG

amplitude in fatigue.

Gottlieb and Agarwal (1972) demonstrated potentiation of
the H-reflexrﬁith plantarflexion and depression with
dorsiflexion. During plantarflexion, as the force in thefcal£~ﬂ~ .
musclés increased, the H-refiex increased reflecting increased
facilitation of ﬁhe triceps motoneufone pool. During
dorsiflexion} when the fibiaiis muscle is contracting, triceps
alpha motoneurones receive reciprocal inhibition and hence the

H-reflex is depressed.




IITI. MATERIALS AND METHODS

Experimental Objectives and Hypotheses

One purpose of this study is to explore the effects of
somé agents which have a widespread influence on the nervous
system (alcohol; aspirin, céffeine) on the H-reflex. A second
purpose was to study the effects of localized phenomena (force
and fatigue). The intent was to verify how sensitive the

reflex is for use as a model of the nervous system, to examine

the possibility of quantification in reflex testing and to see

how it could be beneficial in understanding spinal motor control.-

It was hypothesized that alcohol of the quantity to be used
in this study would potentiaté the H-reflex. Low, et al (1962) -
have shown that low concentrations of alcohol facilitate
human neuromuscular junctions. Aspirin may depress theJH-reflex

since it is able to suppress pain and headache which are of

nervous origin. Caffeine would be expected to potentiate the

H-reflex since it is a central nervous system stimulant

{Topliss, 197DtE“‘F62cé‘is*anWﬁ‘tb‘eithér‘poteﬁtiaté‘cr‘ﬁépréés
the H-reflex (Gottlieb.and Agarwal, 1972). 1In this study
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sustained force would be applied and as such a depression of the
H-reflex would be expected. TFatigue may potentlate the reflex,,

as such an effect was reported by Hayes in 1975.'

i,

Methbds and Equipment

Five normal male undergraduate students between the ages
of 19 and 28 were chosen as subjects.%gThey were selected on the
basis that»théir H-reflex was easily eﬁ;qitapleifrgmrﬁgei;ig;}f77
muscles and that iﬁey had accepted the cohdi;ions of the
experiments by'sighing the subject consent forms' (see Appendix
A} . They were allrpaid for their services. ' |

) 5 :

Subjects lay prone on a table with pillow support for the
head and ankles. They were completely relaxed and were notr~w~f7—mf~j~
allowed fo mbve from the correct position. The neck remained
'straight such that the head was not turned to any side during
the period of the experiment. The pillow support for the,ankle
served a  dual purpose. Firstly, it contributed with another
arrangement below it to maintain the ankle and knee'at the
required angles. Secondly, it improved the subject's relaxation ,-

by releasing tension in the hamstrings. The angle béetween the

-posterior surfaces of the thigh and the leg was approximately
*%%efdegrees/*whrie4the4ankiE'WKS‘at‘thé‘mia‘range of piantar-

‘lex1on (Fig. 4).
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The ground electrode. (16x2 cm) waslplaced on the middle of
the calf such that it fitted the circumference of the leg, and
was connected to the EMG preamplifier. The recording surface
electrodes were placed 3 cm. apart at the lower border of the

calf along the midline. These electrodes were then connected

to the EMG preamplifier. The stimulating electrodes consisted
of a larée anode (6x4 cm.} placed just below the patella and a

small cathode of diameter 3.2 cm. The cathode was placed on

the popliteal surface, care being taken that the tibial nerve

was directly below it.

The stimulating current was drawn from an Ortec 4710 Dual
Channel Stimulator. The current passed through an SIU 4678

Grass isolation unit to which the electrodes were connected.

Rectangular wave pulses of 0.7 to 1.0 milliseconds duration were
used in all experiments. Stimulus was also fed to the TECA EMG
Unit to produce a stimulus channel on the output display for

comparison with the EMG channels.

)
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Connections from the stimulator and TECA EMG Uﬁit to the
oscilloscope in front of the subject made it possible for the
output to be displayed. This arrangement made it possible for
the subject to attempt to alter the reflex and also for the
experimenter to determine when the reflex response had been
obtained. For the purpose of this research, both the H- and

M-waves were reguired.

. In addition to the tests in a relaxed state, the reflex was
also studied with muscular effort. In this case the subject's .
test foot was comfortably strapped onto a force tranducer that
was connected to an amplifier which formed a channel of the TECA
EMG Unit. The amount of force exerted by the foot of the subject
was displayed on the oscilloscope and voluntary force regulation
was possible as the subject could see the display in front of
nim. The reflex was recorded with different force valuesrto help
determine how different force levels affected the reflex
response. FOxC alues were measured with the force transducer
which was ca::::§:;d with a known force value before each

experiment (Pig. 5).

Experimental Procedure

.. The following experimental measurements were made:

1. a. H- and M-waves in the normal relaxed subjects (stimulus

28



only) .
b. H- and M-wave changes with force in the normal

relaxed subjects.

2. H- and M-wave changes with alcohol in the relaxed
subjects.
3. H- and M-wave changes with aspirin in the relaxed = _
subjects.
4, H~ and M-wave changes with caffeine in relaxed
subjects. )
5. - H- and M-wave in localized fatigue of the calf
musclés. '

The experiments were done in the same order for all
subjects. There was an interval of at least one day between

6ne test and another. Subjects were advised before the day

of each test not to take any of the agents as food before
reporting for experiment. When subjects reported for the

experiment they were again ésked by the experimenter:what they

had taken for a meal just before reporting for the tests.

Force

This involved application of sustained and regulated force,

' the force transducer having been previously calibrated with a

known force. The subject exerted a regulated force on the Iorce
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transducer and recordings of the reflex were made as soon as —~\

the required force value was seen on the oscilloscope.

Alcohol

A 6 o0z. glass of Labatt's Blue beer (5% alcohol) was given
to each subject and after waiting for one hour for the alcohol
to enter the circulation, the reflex was monitored (blood
alcohol concentration reaches peak value one hour after intake
(Wallgreen énd Barry, 1970). For the}average subject this
would give a blood alcohol concentration of 0.012 percent (6 oz.

of whiskey for average 'sized man is about 0.12%, Cohen, 1966).

Aspirin

A dose of two aspirin tablets (lb gr.) wés given in each
case. Aspirin content of the blood reaches its peak between
1.5 to 2 hours after it has been taken (Wilson, et al. 1975).
.Thus H-responses were recordea 1.5 hours after aspirin had been

taken.

-
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Caffeine

Subjects were given a teécup full of Nescafe brand instant
coffee (1.3 g). It was a normal light coffee (caffeine content

about 106-150 mg.). Recordings were made after one hour when

much of the coffee was expected to have been digested and passed _

into the general circulation.

Localized Patigue

The subject stood on his toes on one leg with the weight on -

the front of'the foot (Fig. 6); the hands were used to maintain
balance. The position of the foot remained unchanged throughout
the period of the experiment. The reflex was monitored every
minute until the subject could not continue; each time a- - - -
recording was made the position of the heei above the wooden
platform was checked. This was done.by placing a small carton
below the heel such that the heel just felt it during the

recording period.

For all the agents tested, the stimulation voikages

depended on the ability of the subject to endurefit. The

‘stimulds pulse amplitude ranged between 24 and 184 volts.
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The EMG amplifier sensitivity was between 189 and 588
microvolts per division with a sweep durétion of 109
milliseconds per division. The paper speed was usuaily 50
centimeters per second and the low and high cut off frequencies
of the EMG amplifiers were set at 50 hz to,S'Khz reépectively.

The frequency of stimulation was one stimulus per five seconds.
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Figure 4

Experimental Design for

Relaxed Measurements
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Figure 5

Experimental Design for

Force Test
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Figure 6-

SN

e

Method used to study the effect

of fatigue on the Hoffmann reflex
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IV. RESULTS - -
In order to obtain useful inforﬁation'from'the experiﬁentalb
data, it was necéssary to contrql,;wherever»possibie;'for'4 g
systematic and random Qariations introduced by‘a number of-
factors. This is best unaerstbod'with the aid of diagrams
showing typical data collected in an exéériment (Pig. 7 andeﬁ).
These figures are»ﬁypica} of the Qa:iations of H- and |
M-wave amplitudes with'étimulus voltage fbr most experimental
situations and data were dollected.to'allow'such curves to be
drawn for all'experimenté excépt'tﬁo;é involving fatigue. The
curves labelled H(c) and M(c) représent data collected under a -

normal or control situation and H(s) and M(s) represent data - -

collected under an experimental situation (e.g; with\alcohol).

The following points summarize the difficulties in
analyzing data in th%s study. ‘
1, -Por a given subject in a given experiment, the respohse
curves will va;y with time. This can be due‘to‘chénges at

the skin electrode interface for both stimulating and

'VreCOfaihéméTEéEfbaéé'EEE*EETEEEH§éEmfﬁmfﬁéﬁiﬁEEfﬁiiﬁéiate of

4——the*subject‘4These4changGS‘can*bé‘control1ed for by running

repeated control (normal)

39
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Figure 7

H and M recruitment curves for

a typical normal subject
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Figure 8 : H and M recruitment curves for test
‘and contrcol experiments with a
typical subject to show the graphical

method of data analysis
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response/stimulus curves 6r, where ‘this ié not possible
_(e.g. after alcohoi has been‘admihistered), by‘u$ing the
M-wave amplitude as a control for the H-wave.
2. For a given subject, when different experimenté are
éonducted on different days, thé responsé curves may vary
due to small errors in electrodejplacement. The stimu;ating
electrode is particularly difficult to teplace with.acéuggcf
since very small changes cause different motor and sensory
fibers in the nerve to be stimulated. This is controlled:fot,
by running new normal response curves for each experiment.
3. For different subjects, there will be different response
curvés for the reasons stated above and because of
- - a
"differences between the subjects. The only control is to run
normal response curves. The M-wave is not a useful
inter-subject control.
Having established controls for each experiment, it is necessary
to. choose comparable features\on the response curves. The most
prominent'feature is the maximum of the H-wave response (Hmax)
-and this is selected for measurement. The data is then analyzed
either by comparing values of Hmax directly, Hmax(s)/Hmax(c) or
by first normalizing by dividing the Hmax by the corresponding

value of M,

i.e. Hmax(s)/M(s)

Hmax (c) /M(c)

where M(s) and M(c) are M-wave amplitudes obtained with Hmax(s)

44
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and Hmax(c) respectively.

The gquestion to be answered is whether in the experimental
situation Hmax(s) is significantly different from the relevant
control Hﬁax(c). Since each éxpe:iment ﬁuqt be compared with
its own contfol, the data is normalized by dividing by the
control value Hmax(c) - (éee Appendix B).

4

Data Analysis

The methods used in data anlysis include the graphical
method emp;pyed by Dietz (1978), the percentage method used by
"Fisher, et al»(1979), maximum H-amplitudes, Hmax/M ratios, and
histograms. |

1. Graphical method: H- and M-amplitudes were plotted against

voltage on the same scale for test and control. For the

fatigue experiment, ,a graph of H- and M-amplitudes,
integrated EMG (IEMG) and H/M ratios were plotted on
the same scale against time.

2. Percentage method

Potentiation = (H(s) - H(c)) £
- H{o) X IOQ ,
Depression = (H(c) - H(s))
, H(C) X 100

where H(s) is maximum H—amplltude for condition under test

H(c) is control maximum H-amplltude.
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H-amplitudes: This method involved obteining‘the highest )
three values of H-amplitudes for the test and eompariné'
them with fhe highest three H-amplitudes for the confrol.
The three value method was believed to be more reliable
then the peak valueralone. Potentiation or depression was
determined by H(s)max/H(c)max (when it is observed that the
three peak values were greater than 1, then there was
potentiation; if equal to 1, no change in reflex was \ 
reported; and if less than 1, a deprgssion of reflex was
noted.) |

Hmax/M ratio: In this method potentiation or depression

was determined by considering the H/M ratio for both

‘..

control -and test conditions thus

Potentiation or depression = (Hmax/M(s))
. ~ (Hmax/M(c))

where (s) indicates test condition

(c) indicates control.

Histograms: The H-amplitude values obtained

in (3) for each experiment with each subject were normalized

by dividing by the corresponding control values. These were
then averaged and plotted as a histogram in Figure 17, where

the bars indicate the standard deviations for each test.
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Measurements

H- and M-waves ampliﬁﬁdes were measured from the peak of

the wave to its lowest point irrespective of the position of
the baseliné (Fig.~3 and 9). The measﬁred values were in
millimeters but were later converted to millivolts by making
use of the EMG sensitivity used. |

¥

7

The interval latency period was measured from the beginning -

of the stimulus to the beginning of theAH-wave. This value was

obtained in millimeters and converted to milliseconds by making

use of the EMG paper speed (Fig. 3 and 9);

The H-reflex was obtained with submaximal stimulus for the

alpha motoneurone} and it appeared before the muscie response.

In all but one subject the H-wave did not appear below 40 volts

of the stimulus. In one subject it occurred as low as 24 volts

of stimulus strength (Fig. 9).
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Figure 9.

Printout showing the effect
stimulus intensity on the H

responses
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and M R ——

R
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The charaeteristics of the,H:ane,depended'on the following
factors: <condition under test, stimulus Voltage and'subject‘s
sensitivity,.eiectrode placement, EMG sensitivity, whether ‘
subject was relaxeduor}tensed up, angle between the posterior
Surfaces of the thigh and leg (the best angle range used was
115 to 125 degrees), and the‘ankle angle (midplantarflexionA

range) .
Normal . ' .
The ranges of H-wave. amplltudes were between 0 2 and 1. 5

millivolts w1th the mean range between 0.4 and l 0 millivolts

(Tables 1 and 4). The Hmax/M ratlorrange was 0.46 to-3.80.

The mean value of this ratio‘was 2.2i‘for all subjects (Table 2).

: The'ﬁmax/Mmax'ratio had,arrangeﬁof 0.227to 0.69 and~a mean‘value»—

of 0. 46 for all subjects (Table 3) The response curves for the

H- reflex and the M-wave of a subject are shown 1n Flgure J.

Force

BN

4

Submaximal phasic~forcesfbotentiatedﬂthe\H—reflex but
maximal sustained forces depressed the reflex.j The overall
effects of force on the H—reflex and the M-wave are shown in

Flgure lO for a typlcal subject.
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Alcohol

The H—ahplitude range was 0.17 to 1.57 millivblts with a

mean range of 0.44 to 1.34 millivolts (Tables 1 and 4). The

mean potentiation of the H-reflex was 10.6% for all subjects.

A\typical response curve with alcohol is shown in Figure 1l.

The Hmax/M range for alcohol for all subjects was 0.71 to

5.0 with a mean of 2,42 (Table 2). The Hmax/Mmax ratio was.

0.63 to 0.87 with a mean of 0.77 for all subjects (Table 3).
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Figure 10

H and M recruitment curves -
with force
1. considered with control,

2. graded force

.
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’ Figure 11 H and M recruitment curves
with alcohol compared with the -
- .+ control S
:
ﬁ

55

Sm el ays b




ool

(TOHOOIV) H

1
Te)
S 777,, - ,,,,,N,,,, N

8 & g

o

56




Aspirin

In all but one subject aspirin deg¥eésed the H-reflex as
shown by the response curves of a typical subject in Figure 12.

The mean depressionrof the reflex for all subjects was 13.7%.

'H-amplitude'range~{Tab1es'lfandf4),Awa570.25't071:25*miilivoits
with a mean range of 0.32 to 0.93 millivolts for all subjects.

The Hmax/M range for aspirin was 0.65 to 5.0 and a mean value

of 1.80 (Table 2). Aspirin showed a range of 0.42 to 1.6 with |

a mean value of 0.83 for all subjects (Table 3).

Caffeine

Catfeine lowered the gtimulus threshold for the

elicitation of the H-reflex in all subjects and is illustrated

for a typical subject in Figure 13. The mean potehtiation of
the reflex was 18%. The H-wave -amplitude range for caffeine

(Tables 1 and 4) was 0.25 to 1.75 millivolts with a mean range

‘o

of 0.54 to 1.33 millivolts for all subjects. The Hmax/M ratio

range for caffeine was 1.0 to 3.0 and a mean of 1.94 for all
subjects (Table 2). The Hmax/Mmax ratio range was 0.32 to 0.94

with a mean of 0.63 for all subjects (Table 3).
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Localized Fatigue
B o ‘ 7 L

Localized fatigue of the calfimuscles .resulted in a

potentlatlon of the H-reflex and a depre551on of the M-wave

(Figs. 14, 15, 16). A potentlatlon of 9.3% &as recorded as a
mean. for all subjects. The H-wave amplitude range washollseteeef~fmw~
"1.27 mllllVOltS w1th a mean range of 0.54 to l 2 mllllVOltS for ‘
all subjects (Tables 1 and 4). The Hmax/M range was 0.53 to

3.9 and a mean of 1.81 for all subjects (Table 2). A range-dfi

0.51 to 2. 07 was obtalned for Hmax/Mmax ratlo (Table 3). The
hlstograms (Flg 17) show the magnltude of the effects of all

the tested agents ‘'on the H-reflex and thelr‘standard dev1at10ns

(see Appendixvc).

H-Latency o

Interval latency time was measured at supranakimalﬁvoltages
when H-wave depression was high. Measurement was taken in thlS
condltlon because latency values were con51stentfor the subject
and measurement 901nts were well deflnedJ There was a latenCy
range of 27 to 32 milliseconds with a mean value for all

subjects of 29.71 milliseconds. H-latency was not affected by

“any of the conditions tested.

—_— v - '\“‘
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Figure 12 H and M recruitment curves
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Figure 13

caffeine plotted with the control

H and M recruitment curves for
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Hoffmann reflex changes in fatigue:
H and M wave response curves,

IEMG, and, H/M ratio

Figure 14
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TABLE 1 Hmax RANGES

CONDITION RANGE MEAN
Normal #.8-1.15 1.9
Alcohol 1.25-1.57 1.34
Aspirin #8.8-1.25 #.93
Caffeine 8.75-1.65 1.33
--——Patigue 888178 - - 1,27 —
s
TABLE 2 Hmax/M RATIO )
CONDITION RANGE MEAN
uoémal 9.46-3.88 2.24
Alcohol g8.71-5.8 2.42
Aspirin 8.65-5.8 1.88
Caffeine  1.88-3.8 "~ = 1.54
Fatigue #.53-3.9 1.81
TAELE 3 Hmax/Mmax RATIO
CONDITION RANGE MEAN
Normal 8.22-9.69 .46
Alcohol 8.63-8.87 .77
Aspirin 8.42-1.68 T, 8.83
e —f*42&%4&!iﬁe47—7f44154~43§éi2i4lr9444744424744444!r€3
Patigue glﬁl:2;§7 8.92
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TABLE 4 H=AMPLITUDE RANGE

CONDITION ~ RANGE

Normal = @.28-1.5
Alcohol { 8.17-1.57
Aspirin ' 6.25-1.25
Caffeine 9.25-1.75
Fatigue =~ $.18-1.27
" TABLE 5 FATIGUE
PARAMETER RANGE OF

PERCENTAGE CHANGE

H-AMPLITUDE 28~-116
H/M ratio 9g-~-216
M-amplitude 5¢-68
IEMG  38-55

k@AN RANGE
6.10-1.09
B.48- 1.34
§.32-8.93
6.54-1.33

8.54-1.280

TYPE OF caX&cz

Increase
Increase

Decrease

Increase
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V. DISCUSSION

The Effects of Agents with Widespread Influence on the

Nervous System

The experiments indicate that the H-reflex is a sensitive
and-guantifiable indicator of tﬁéfe££ect§ of tﬁ%egreemmﬂﬁfbut* S
quite different agents on the'ﬁérjous system. Because of this,
there is reason to expect that thi;'reflex can serve as an
easily accessible model for testing the general effects of

drugs on the CNS. Of course its use with each new agent will

have to be considered separately. Further study is necessary

7 tc'iﬁ#eéfigatémfﬁé éffééfsr6f”§££féféh£réééé§7§i££m£heﬁa§énts
tested here. . \
Alcohol

There was marked potentiation of the Hoffmammreflex and

the M-response one hour after subjects drank a 6 oz. glass of

Labatt's beer (5% alcohol, about 0.012 percent blood

literature. Low concentrations of alcohol have been shown to
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excite frog nerve-muscle preparations (Knutsson, 1961);
Curare-blocked neuromuscular junctions of a frog'srskeletal
muscle have been treated with alcohol and an increase in the
amplitude‘of endplate potential Cbserved (Okada, and Adachi,
1962). Low, et al {(1962) have shown that low concentr;tions

of alcohol facilitate human neuromuscular junctions. In

cholinergic nerve—muscle;preparations, alcohol was shown by
Sachdev, et al (1964} to potentiate muscle twitches. This
report is similar to the increase in M-wave obtained with

alcohel in the present study.

In a similar way to calcium, alqohol'causes the release of
acetylcholine from synaptic §esicles {(Wallgren, angd Barry,
1970). Cholinergic interactions of alcohol will invariably
affect sodium and potassium movements across qeii membranes,
causing generation of spikes. This therefore means that
alcohol will céntributé’in postsynaptic membrane depolarization.
Hence the increase in the H-reflex may be attributed not only to
the spinal cord excitability but also to a neuromuscular

phencomenpon.

Aspirin

the M-wave in all but one subject. This effect was revealed by
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the graphical and H-amplitude methods of data analysis. The
Hmax, Hmax/M and Hmax/Mmax ranges and means for all subjects,
when compared with values fér the normal subject revealed
depression but the mean of Hmax/Mmax indicated potentiation of

the H-reflex. This analgetic drug is not only antipyretic,

but also a potent pain killer. It eliminates pain by depressing

the pain fibers and suppressing the production of polypeptides

(e.g. bradykinin) which actually cause the pain (Mountcastle,

1968} Aspirin may produce depression of the H=reflex by
inhibiting prostaglandin synthesis and release (Vane, 1973).

N
Probably it depresses the central nervous system by

prostaglandin inhibition. Again, since the M-wave decreases,

o
the decrease of the H-wave could be due to a neuromuscular

phenomenon.

Caffeine

Caffeine caused marked potentiation of the H-reflex and
tfie M~response amplitude was markedly increased in all subjects.
These effects were revealed in all methods used for data
analysis except the mean of Hmax/M ratio. The Hmax and

Hmax/Mmax ranges and means for all subjects indicatéd potentia-

tion of the H-reflex but tqérﬁmax/u range and mean showed a
-

effect was obtained by taking coffee (caffeine content about

100-150 mg}. . . . . ..
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Caffeine stimulates the central nervous system (Topliss,
1970) and thus causes potentiation of the H-refIEx. Caffeine
inhibits thé hydrolysis of cAMP, has 1ipblytic aéiions and
potentiates the effects of epinephrine (Triggle, 1970). All

of these effects of caffeine constitute important factors in

12

the central action of coffee on the H-reflex. Again, as with
alcohol, it is seen that the H-reflex provides a sensitive

indicator of CNS stimulation.

The Effects of Agents with Local Influence

General

The experiments with force and fatigque show that the

H-reflex can serve as an indicator of the gain of the

specific sensory-motor reflex arc involved. Thus it should be
a useful tool for fundamental investigations of motor control

and for clinical evaluation of lower motorneurone lesions.

Force

e

The effect of force on the H-reflex was similar to the

effect of voltage on the reflex (Fig. 10). In most subjects

" phasic application of force produced potentiation of the reflex

— but as force became sustained a pronounced fall in the H-wave
amplitude resulted. The M-response, though unchanged in one of
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the subjects, was generaliy affected in the same way as the
H-wave (Fig. 10). These changes were revealed in the graphical

and amplitdde methods of data analysis.

The€8e observations on the effects of force are not easy to
explain. One explanation is that the decrease in the H-wave . ..

could be caused reflexively by the decrease in the M-wave.

~

Fatigue

It has been suggested in the literature that there are two
phases to the buildup of fatigue during a sustained isometric
contraction (Stephens and,Taylor, 1972). In the first phase

¢ *
the decrease in force is accompanied by a proportional decrease

in the synchronous muscle- action*potential (M-wave) whereas in———

the second phase the force fails,more quickly than the action
,‘potential. The results reported hererare not completely
consistent w1th this. In our experiment the total force was
maintained constant, presumably the build up of fatlgue in the
‘1n1t1ally recruited units results in decreasing force and
additional motor units are recruited.. fhisbaccounts for the'

observed increase in the H-reflex. "The decrease in amplitude

. of the M—waveris particulaxly marked in the later phase of

fatigue. These results show that the decrease in M—amplltude
is roughlx;parallel to the 1ncrease in H-amplitude. This is an

indirect 1ndicatlon that in our. experiment there-’is parallel
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decrease in force and synchronous action potential, i.e. the
two phases observed by other workers cannot be seen in our

data.

It has been. hypothesized by others (Merton l§54;AEdwards and
Lippold 1956) that the principal mechanism of fatigue is the
impairment of the contractile mechanism of the muscle,
possibly ‘due to ischemia. fhis would probably result in
force declining more rapidly than the action potential and
accounts for the second phase identified by Stephens and
Taylor (1972). Our data suggests a rather large decrease in
the action potential (M-wave) throughout the development of
fatigue and this suggests that other mechanisms may be
'inyolved. Other suggestions include, cessation in central
eécitatory activity (Bigland-Ritchie:cited in Dietz 1978),
impairment of neuromuscular transmission (Stephens and Taylor,
1972) and a drop inrspinal motoneurone firing rate (Dietz,
1978) . The H-reflex may be»a ;ééful tool to investigate these

—

suggestions.

Limitations and Future Work

This series of experiments was exploratory in nature and

the exXperimental design had definite limitations: a) there

was no real control of the subjects' diet before each experiment,

. "‘"‘&
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b) the experiments were performed in the same order for each
subject so a learning effect cannot be excluded; however the
series was repeated for one subject and essentially identical
results were obtained, ¢} the fatigue éxperiments were
conducted with only one subject d) only one dose level was
investigated for each agent tested, 'e) the possible :
psychological effect of knowing the nature of the experimental
agents (alcohol, aspirin and coffee) was not investigated by
repeating the experiments with a placebo, f) the H-reflex |
experiments are necessarily sensitive to many factors--1limb
angles, general arousal of subjects, diet of subjects,
electrodes etc. Consequently more reliable data would result
if more subjects had been usednsince random variations would
tend to cancel out. In spite of these reserQations we are quite
confident in the general conclusions we have drawn and in the

direction of the effects of specific agents.

In further work, a more elaborate experimental design could
be used to investigate the results of these experiments and
to use a wide range of doses for each agent. Probably the most
interesting direction for further work is in the use of this

- tool-to investigate neuromuscular fatigue in sustained — - —

. _.____ alternating contractions, .
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Vi. CONCLUSIONS

’

The H-reflex changee obtained by the.use of the drugs in

this study indicate that the reflex can not only be an effective

tool in testlng the’ exc1tab111ty of the nervous system but can

also determlne ‘the actlon and effectiveness of some drugs.

Quantification is possible in the H-reflex studies and this

would be an asset in its diagnostic use. In addition to these

general conclusions, this study has also given new or

conflrmatory evidence of the thlon of certain agents on spinal

reflexes. Specifically, alcohol (8.612 percent blood

concentration) potentiated the H-reflex and increased the size

of the muscle response, caffeine (1.3 g coffee) potentiated
reflex and the direct muscle response while aspirin (18 gr)
depressed both the refiex and muscie response. It was also
suggested that earlier explanations of fatigue in sustained

contractions need to be re-examined.
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APPERDIX A
INFORMED CONSENT
Subject's Naﬁe#g f , "~ Age:
I hereby authorize (name of person(s) who will perform

-procedure(s) or investigation(s) ahd/or such qééistants'as may

be selected by him/her to perform the following procedure(s) and

o

investigationfs):
on (subject)

The proceduée(s) and investigation(s) have been fully explained
to me by (name). I understand that the procedure(s) and.

investigation(s) involve the following possible risks and

;

discomforts:

and that the potential benefits of the investigation are as
follows: b
b

I have had ample opportunity to ask questions regarding the

above described procedures, risks, and benefits, and I have had

.

all such dueétibns answered to my satisfaction. Furthermore, I

understand that I may withdraw my consent and terminate my

participation in the study at any time. ’
RO - SRS

i

" ‘Date:’ - - . .. Subject's signature:
N r A -
Time: ; Signature of parent or guardian:(if necessary)

- Witness;
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Name:
Weight:

Date:

MEDICAL HISTORY

i

Check (x) if answer is yes:

* Past History:

Bave you ever had?
Rheumatic fever
Heart murmur

High blood pressure
Any heart trouble
Diseases of arteries
Vaxicose veins |
Lung disease
Operations

r

Injuries to back, etc.

Epilepsy

Spells of severe dizziness

Explain:

Is there a good physical reason not mentionéd here why yo

Present Symptons:

' Have you recently had?

Chest pains
Shortness of breath
Heart palpitations
Cough on exertion
Coughingkof blood
Back pain

Swollen, stiff, or

painful joints

Muscle or tendon injury

+

Age: |

Height:

u

should not participate in certain types of physical activity,

Fs

even if you wanted to?

Subject's signature:

Do you engage in sports? What? How often? .
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APPENDIX B
1 Peak H-Amplitudes -
:
‘ Subject Alcohol (A) Aspirin{As) Caffeine(Caj)
1 A 1.25 As 8.85 . Ca £.95
C 8.98 C 8.95 Cc 8.91
A/C 1.38 As/C 8.89 Ca/C 1.84
2 A 1.57 ‘ As @.85 Ca 1.65
- .. C 8.97 € 8.95 - C $.98
. % A/C 1.68 As/C 8.89 : Ca/C 1.83
-3 - A 1.3¢ As 9.88 Ca 8.75
C @8.85 C 8.80 cC 8.72
A/C 1.58 As/C 1.69 Ca/C 1.84
4 A 1.35 As 8.92 Ca 1.15
C-1l.18 c 1.12 . C 9.88
, a/C 1,29 As/C 8.82 ) Ca/C 1.38
5 A 1.25 As 1,25 Ca 1.15
C 1l.18 C 1.13 C 1.19
A/C 1.19 As/C 1.18 ; Ca/C 1.94
Mean . : , S
Ratios " A/C'1.377 ~ As/C #.94 Ca/C 1.25
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Subject Alcohol(A) Aspirin(as) - ~Caffeine(Ca)
No.
1 A 1.20 As 9.98 Ca 6.85
C 8.79 C 9.99 C 8.65
A/C 1.79 As/C 1.88 Ca/C 1.30
2 A l.48 _ As 0.82 Ca 1.45
- - o oo Ce .9y o c 8.9¢ ¢ 8.8
A/C 1.58 As/C £.91 Ca/C 1.78
3 A 1.25 As 8.77 Ca 0.78
C 8.75 c 9.77 C 9.66
A/C 1.78 As/C 1.060 oy Ca/C 1.86
- : —4 - A 1.38 AS B.98 Ca 1,18
' Cc 1.85 ~C 1.85 C 8.84
A/C 1.24 | As/C B.86 Ca/C g
5 A 1.15 As 1.85 .18
' C 8.95 cC 1.08 c 1.87
A/C 1.28 As/C 0.97 Ca/C 1.62
Mean T '
Ratios A/C 1.47 As/C 8.95 : Ca/C 1.28

Third to the Peak H-Amplitude

®
Subject Alcohol (A) . Aspirin(As) Cafféine(Ca) ,//
No. : . '
1 A #.70 " As #.68 Ca 8.786
oo o C@é.65 o Cc 8,8 T T8.e3

aA/C 1.16 As/C 8.78 . Ca/C 1.18

- , 715 —C€a 138
C 6.94 C #8.75 C ©.80
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Mean
Ratios

Mean Ratios (X,Y,2)

a/c 1.28

A l.18
cC 8.71

"A/C 1.68

A l.28
C 1.88
A/C 1.28
A 8.85
C 8.55
A/C 1.54

Category
X

Y-

Z

Total
Mean

Alcohol

- 1.37
"1.47

1.40
4.24
1.41

Aspir
8.94
“8.95
.91
2.880
.93

in

Ca/C
Ca

Ca/C

Ca/C
Ca

Ca/C

Ca/C

r 8

l1.68
#8.55
.47
1.18
$.92
.81
1.13
.95
g.60
1.60

Caffeine

1.25
1.28
1,38
3.83
1.28
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Standard Deviation

Subject No.
1

2
3
4
5
n

Mea

Deviations (d)

(S, VS I Sl

~ APPENDIX C

Alcohol

1.38
l.6¢
1.59
1.29
1.19
1.37

B.81
.23
.13
-8.17
-g.18
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d squared

1 0.0001
2 0.0529
3 0.0169
4 0.0289
5 0.0324
Sum 0.1312

Variance = Sum/5 = 0.026 - -

Standard deviation = Square Root of Variance = 0.16
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