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. ABSTRACT

Breathlessness may be defined as the conscious-awarenes8<of

*

respiratory muscie 'qffort. As with any skeletal muscle it is to be

4 : .
expected. that the sense of effort increases as the pressure

generated by this muscle increases as well as .the velocity and
extent of shortening. The purpose of this study was; 1. to quantify
the intenéicy of breathlessness during exercise and respiratory

loading; 2. to 1isoclate cthe contributions -of inspiratory muscle

pressure to breathlessness; 3. to see 1f extent of shortening,

velocity of shortening, frequency (fb), and duty cvele (Ti/Ttot)

-

~contribute. to the intensity of breathlessness independently. The

f

fﬁtensity of inspiratory muscle: pressure was quantified by
measurement of mouth 'pressure (Pm) as well as the estim ted
esophageal pressure (fes), the extent of shortening by tidal voiﬁﬁe
(ve), and the velocity of shortening by inspiratory flow'(Vi). Six
normal  subjécts underwent eight inéremenéal (100 kpm/min/miﬁ)’
exe;ciéé tests on a cycle ergometer to maximum capacity. ‘The first
and last test were unloaded and the intervening tests were performed
with external added resistancgs and elastances presented in random
order. The reﬁistaﬁces and elastances ;ere selected to DroQide'a
wide range inspiratory pressures, tidal volumes, and flows. The

inspiratory resistive loads (33, S7, 73 cm H20/1l/s) were used mainly

to vary the flow (functional velocitv of shortening of inspiratory

v

-~

muscles). The inspiratory elastic loads (21, 41, 52 cm H20/1) were

used mainly to vary the tidal volume (functional extent of



"

sharteniﬁg). At rest and at the end of each.mln during exercise the
subjects estimated the intensity of breachleséness (Y) by seleéctng
a- ﬁumbef ranéing from 0-10 (Borg psychophysical scale), 0 indicating
no appreciable breathlessness and: “10 zthe maximuﬁ':t;lerable
sensation.,

e -

When the velocity was altered (resistive -loading study)

breathlessness ~was significantly related to iinsniraﬁory pressure’

Cﬁk0.0001), peak inspiratory flow (p<0.0001), frequency of breathing

(p<0.01) and duty cycle (p<0.01). When the extent of shortening'wés

altered (elastic loading studv) breathlessness was significantly
- s . .
- L

related to inspiratory pressure (p&O-OOI), tidal volume (p<0.001),

and- frequency of breéthiﬁg (p<0.601)._ : ' -

-

The results iandilated that- the 'perceived magnitude of

breathlessness 1s closely related to the pressure genérated by the

inspiraéory muscles and the shortening pattern of these .c1p§'as
reflected in vt, Vi, Fb, and Tf&Ito:. The results afggptidica:ed
that the contribution -of these factors to the intensity of
bgeathlessness differs qﬁantitativelv between loaded %nd unléaded

breathing. Thus, 1in normal unloaded breathing the velocity and

deg e of shortening are * important factors contributing to

3 : ' .l..‘ .
breathlessness durimg . exercise; with resistive {oading the

»

inspiratory pressure, " the velocity, and the . duty cycle are
o .

important; with elastic loading the inspiratory pressure, the extent .

of shortening, and the frequency are important.

- - “

The major contributions of these studies were in quantifying
the intensity of ‘bfea:hlessness, and defining both the factors

contributing to breathlessness and the relative importance of each.

tv
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) /  CHAPTER 1: BREATHLESSNESS ¢

' v - s
1.1 INTRODUCTION S

" Man experiences a varlety of respiratory sensations under

i A

normal and pathological condicions, particularly when the act of
breathing is mecﬂénically hindered, either from internal-or external
factors, or whenever the btea:ﬁing volume is increased. The terms

“Dyspnea™, "Shortness of breath”, or "Breathlessness”, are variously

used by clinicians and physiologists; some u the terms

‘ " - -
interchangeably, but otherg consider that they describe sens ons
- ..\' "

that diffe; .in qualit;;or qhantity. In'phib‘thesis Ehe use of the
:erms,/is governed by the g following premises - that dyspnea or
brea:hlesiﬁess is a gensation, so that the general principles of the
~se$sory neurophysiology apply; th;E the sensations are mog&lcéhmonly
assoclated with increased activity or weakness of the respiratory
muscles{ and that the sensation may vary in intensity and éualicy;
but the intensity of breathlessness or dyspnea 1is independent of the
quality and dependent only on the intensity of respiratorv effort.

-

1.1.1 Dyspnea and Breathlessness

The sense* of respiratory distress 1is often divided into two
terns “dySpneaL and “breathlessness™. This division ascrihes to

“dyspnea” the awareness of difficulty in breathing such as occurs

S~

with asthﬁa, or when the breathing is mechanically hindered; and to

“breathlessness™ the awareness that breathing 1is increased, as in

heavy exercise. However, in both conditions it is the respiratory

—

. ] 1



- . -y

muscles .which carryi’the \burden of breathing. Thus during exercise,

'Qhen the metabdlic demands ificrease, the respiratory muscles have to
contract harder and faster to increase ventilation to supply the body

gas exchange demands, while in .patients with increased impedance of

’ -

the respiratory system the respiratory muscles have to generate more

[ 4
force to maintain the required ventilation. For this reason, in this

thesis dyspnea or breatMlessness are used synonym&hsly to describe the

" gsubjective sensation of the effort exerted by the respiratory muscles.

l.1.2 "Ouality vs Quantity

' Is the sensation perceived duriné the Qyéaanicai hindrance of
bréathing different in qualicy- from that perceived at the limit of
exercise of it is a matter of quantity ? Breathlessness felt at the
limit of exercise is different from the laboufed, difficult, and
uncomfortable sensation of 'ﬁindered breathing in the quality of the
sensation. ﬁowever, the ,magnitude of resnifatory muscle effort and
the intensity of breathlessness or dyspnea is comparable. Jurthermore,
hyperpnea, the awareness of increaseé ventilation, when it {is not
accompaﬁied by distress is often unaccompanied by significant
respiratory effort. This does not imply that thefe are not other
sensations which may be éssoc%s;gd with the sense of distress, such as
the sense of tightness in the neck or chest, or air hunger. 1In this
thesis breathlessness 1s dealt with as any other semsory modality, in
which the semnsation is a continuum with a threshold and sensory

magnitude.

4



7 l.l3 Bre§:;iessness and Subjective Sensory Physiology f

For any sedsory modaliﬁy the linkages between the physical
stimulus and the 6erceoniqu qonsist of the following elements (Fig

1.1)- the receptqr which is activated by ,the stimulus; the sensory
.
nexves which transmit the stimuli ¢to the central nervous system

. where they are processed and become a sensory impression or
- sensation. As a rule, the sensation 1s accompanied by an

interpretation with reference to what has been experlenced and

L
leatned, to result 1in a perception. The relation between the

intensity of -‘the stimulus and the perception may be measured using
»
psychophysical techniques. '

?

EXCITATION INTEGRATION

»
r

SORY : TRAL SENSORY.
| TRANSDUCER|+] SENSORY || CEN .

IMPRESSION
STIMULI NERVE NERVOUS -

SYSTEM

S

NEUROPHYSIOLOGY

-

“
. ho !
SENSORY IMPRESSION | — PERCEPTIOI‘{ - | EVOKED SENSATION

v

BEHAVIOURAL PSYCHQLOGY

Fig 1.1 Schematic diagram of the series of sequential processes
followed in the generation of conscilous sensation.

et

-

The relationship between. the  factors contributing to

o



breathlessness can be quantified using the psychophysical

techniques. This thesis will &efine quantitatively the factors

-

contributing to the perceived sensation of breathlessness resulting
from e;ercise and loaded breathing. This information may be used to

isolate specific receptors and nervous pathways utilised in ‘the

-

generation of breathlessness. e
€

1.2 The Dewvelopment of the Concept of Breathlessness

" The understanding Afibiéa:hlessness has reflected increasing
understanding of respiratory and néural physiology. As each new
advance has  become acceptedf physiologists aand clinians have
examined it to see what new light may be shed on breathlessmess. 1In
the last century, the underscandfkg of breathlessness began from the
interpretion of.clinical observations and evolved through studies of

r

the chemical, the reflex, the mechanical, and the nsychobhysical

factors that may contribute to the sensation.

1s2:] Clidicaﬁ'Observation Period X

During the early part of the last century dyspnea was

considered as a symptom. Its causes were interpreted by the
observations made by the physicians mainly in pulm;nary a;d cardiac
diseases. As an example William (1840) described dyspnea as the
following :" Dyspnea, difficult or disordered breac;ing, is the most
important general symptom of disease éf the chest, in as much as it

implies more or less interruption COthe due performancé of some

part of the great function of the chest vespiration. Dyspnea may be

4

cauged by circumstances affecting any one or more of the several

—



elements concerned in the function of respiration : viz the blood in
the ldﬂgs, Ehe air, the machinery of respiration by which these are
brought_ together, and - the‘.qervous system through which the
impression which ~prompts the respiratory act is coﬁveved from the
‘lung to the medulla, and thence‘ to the nuscles which move.éhe
machinery”. /&hus eveh at that time it was recognised that many
components might contribute to the symptom, including the

. resplratory muscles.

1.2.2 The Chemical Theory

With advances 1in research on the céntrol of breathing the
chemical ‘cheory r?garding the mechanism of dyspnea was developed.
Pfluger (1868) working on~ dogs found in one series of animals
breathingf/Aitrogen that arterial éxygen content fell from a control
value of 14 to 18 volumes per cent to ] or 2, with marked dyspnea
resul ng.‘ In another series, breathing 307 C02 and 70%Z 02 made CO2
contezz of arterial blood increased from 25-28 cto 50-A0%, with
moderate dyspnea occuring. Pfluger concluded “that hoth CN2 excess
and 02 lack stimulate breathing. But he considered oxygen lack by
far the stronger and quickeY stimulus. He also concluded that the
cause of dyspned must be ascribed é; the‘lack of free oxygen in the
tissues of the body and partiCulgrly in the medulla oblongata.

Miescher-Rusch (1885) examined the effect of breathing different
\ -

mixtures of C02 on human subjects. He stated that " a rather gross
dyspneic acceleration of breathing becomes ” apparent when the CN2

content of air 1in the lungs is i{ncreased considerably less than ]
N \/—~.‘
percent” and concluded that ~ics\.“\concentracion orobéply normally
\ ' (
'(\/ > \\/\.

»
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changes less than 0.l Z as 2 result of such process as nourishments

and metabolism. 'Hgldane and Smith—{1893) showed in experiments

carried out on subjects 'inside a closed chamber that dyspnea
éppeared wherr inspixed CO2 had risen to only 3% whéfgég‘when chg Co2
was absorbed by soda lime, no effect was observedfﬁntil,oé"fell.to
147. IWinterstein (1910) introduced hii: cﬁeory that ﬁhe arterial

concentration of hydrogen ions was the common stimulus of
- 8

respiratogy‘c;ctivif§. Haldane and Smith (1935), Winterstein (1921)

and many other authors, found that the activity of the respiratory

<

centre ’is dependent almost entirely on. the? hydrogen ion

concentration of the arterial blood. This was followed by the

“ % e
studies: of Gesell (1923) and Gesell and Hertzman (1926) which

demonstrated  the " importance of the blood flow through the
respiratory .centre in the regulation of the breathing.t This led‘to
the general recognition of the fact that increased acidity per se or
increased (€02 tension of either the arterial or the venous blood may
be responsible for greater ventilation.

In the first quarter of this century, because of the results
of these studieb, the mechanism of dyspnea was related to the
chemical factors that control breathing. Meakins (1923) stated
that dyspnea 1is produced by two causes: (1) want of oxygen ; (2)
carbon dioxide retention, absolute or relative. In his monograph on
the subject Means (1924) stated that acidosis is a direct producer
of hyperpnea and that hyperpnea wik} give rise to dyspnea to a
varyiag degree depending in safc’upon its inteansity and in part upon
those factors which determine the available supply of pulmonary

ventilation. Most of the causes of dyspnea in different diseases

> : .

\n
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were ilnterpreted according tolchis theory.

:.' . Although .chemical factors (COZ,OZ,H+ ionl;£ﬁ £he blood
are imﬁor;ant sources of'_Ehe respirﬁzéyy driéé;‘they are not in
tﬁemselves :esponsible for the sénsation of brgaihlessnesgi;_Thié
poiﬁi was most elegantly e?tablished by simnierexperiment;pf Fowlér..”
He showed that the disco;fort of breath holding can be relie;;d by
breathing gas mixtures which result in even further deterioration in

blood gases (Fowler,1954). Patients with chrd;ic airway obstruction
varied greatly in thelr breathlessness insoite of similar levels of
blood gases (Burns and Hoﬁell, 1969); Polio~encephaltéis involving
the medulla exhibited a progressive fallure of aECOmacic }espiratién
anq 5ﬁbsequently.an iﬁability to initiate the respliratory act (blum,
1970).  Abnormal chemical drives to breathe in blood must surely
have been ‘present, yet breathlessness 1s absent.

-
—

1.2.3 The Neural Theory

Cullen, Harrison, Calhoun, Wilkins, and Tims (1931) rgnorted
that nelther during exercisé nor after exercise were cthere
significant alterations observed in -hwdrogen ifon concentration,
‘carbon dioxide content, carbon dioxide pressure or oxygen cont;nc of
either arterial or venous blood in patients with heﬁrt diseases. .
They Jéuggested that there are some mechanisms other than the
. chemical changes of the blood to produce dyspnea In such patients.
Harrison, Harrison, Cahoun, .and Marsh kl?BZ) were amoung the first
Envesttgators to introduce the reflei.theory of dyspnea. Working on

\“\\__,225991 individuals, cardiac patients and animals he and his

colleagues were able to demonstrate that breathing could be

L
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stimulated"b; miscular @OVementg ;f the hand when the circuléinon
.was cut off by means’ Qf inflatablé cuffs. Also, in anesthetized
dogs with intact _sciatic nerves, breathing was stimulated when one
l%g was moved passively. When the sciatic nerve was cut, movement

"had no effect on Yegpi‘&%ion: and this was true whether the blvod
vessels were open or not. They demonstrated also that a reductioﬁ in
vicél lca;acity increased the :;scing ventilation Fyrough vagar
;eflexes from the’ iuug; They showed the increases in pressure in
the right sid; of the hearé and the central great veins also produce
reflex increases. fﬁ ventilation. ﬁarrison (}935), and Gesell and

. Mover .(1§3S) suggested that the afferent impulses from the thoracic
cage and from other vparks of the body can be factors imiche
production of dyspnea 1in cardiac and pulmonary diseases. Christié‘_
(1938) summarised the concept of dyspne; of this period as follgws :

R .

""Though the comiitions unde; which dyspnea occurs are wvarious and
manifold, gidinz rise fo an iﬁpression of com;lexiﬁz, the
fundamental causes are few and relatively simple. They consist of
chemical and reflex disturbiiées. Chemical dyvspnea HSuld seem,
however to be of mminor {mportance. Dyspnea is usually reflex in
origin™. . i

- %here is no doubt cﬁac the above two\factors, the humoral
and™ the reflex, are important in driving the breathing and therefore
they nay induce bre;thlessness-indirectly. This fact was confirmed
by the curar}zaﬁ&on studies Earried out by Campbell, Clark,
Freedman, Norman and Robson (1967) and Campbell, Clark, Freedman,
GodfFey, and Normgn [1969) 1in uhichAS}each-holdinq carbon didxide

response curves " were constructed from experiments’ in which

a
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gebreftﬁing and breath-holding alternated so. that exact control. of

chi and lung volume was obtained. They foudd thac-total paralysis
: . ®

’ i
. by curare not only grossly prolonged the breath-holding time (cthat

is, " the duration that the observers were oprepared to allow the
subject to remain apnoeic) but totally abolished any sensation

whatever 1in the subjects, even though Eﬁey were fully conscious.

I . .
This was true at ~such grossly elefﬁted C02 -pressures that the

subject would have been totally unable to hold his breath under
‘v

control conditions (Campbell et al., 1969). These experiments

“*¢®dicated that both chemical and non-chemical afferent stimuli only

indirectly ,induce the sense g‘breathlessness })v iﬁcreasing the

output qz?__;esoiratorv muscles: breathlessness required the

development of tension by the muscles.

1.2.4 The Imoortance.of Mechanical Factors

With the development of mechanicgl  studies of the
resplratory system, it became possible to meaéure all che forces ﬁdﬁ
impedances _.involvped in the act oé breathing. These included the
measurement of the compliance of .the Iung and chest wall, airway
resistance, pulmonary nonelascic. tigsue resistance and the total
work  of breathing. Thus in "~ the late thirties and torcies, the
attention was direccéd towards t§e respiratory m;sgles an% their
role in the genesis sf breathlessness. Th;;rtés of increased wqrk
of breathing And increased . oxygen cost of breathing prpvided the

most atctractive explanations of breathlessness during the cthird
- - 4

quarter of this.centurv.

¥
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+ modified to the following:

l.é.b.l .The Theory of Increased Work of Breathing ‘\

Thes}etical estimation of the mechanical work ?f breathing '
was  first introduced by Otis, Rahn, and Fenn (1950) based partly on

;peoretical .and partly on experimental findings. They derived the

~ “following equation for predicting\the mechanical work of breathing . .

. e
at low and moderate ventilation in which expiration is accodn@ished

.
-
C -

passively. - ’ s :

W ;fé ﬁsz + b ﬁz + ¢ ﬁ3

where W 1s the work rate or power requirement, a is the elastance of

the  chest and lung, b and c are the constants represernting

bl

notiiggéic resistance fovolved il moving gas and displacing tissues,

.

f is the frequency of breathing Bnd V is the ventilation. The First
Ny A .

*

term of the equation represents elastic work done in insviration and

recovered 1in  expiratigA. The second and third terms ‘represent
. .

nonelastic work. At higher ventilations where expiration involves

. \
active participation of expiratery muscles, the equation was

. .
w-z(bv*+,(:v3)

The direct measurement of the work of breathing became
~ . ~

L3

possﬁg}e after the 1introduction of intra-esophageal- pressure

Qeasurements. Marshall, Mcllroy, and Christie (1954) using this.

technique found that mechanical work of breathing of patients in

. heart failure was about twice as much at rest and four or five times
. : {

as much during exercise as that of normal subjects. They.caICulaied

the work of breathing in those patients by idtegrating the changes

-_—

in desophageal pressure and tidal volume. They suggested that the

' -
seasation of - dyspnea in such cases may be related to increased work
' v

-  —
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of breathing. Cherniack and Snidal (1956), also wusing the

esophageal pressure mnethod, found the mechanical work of breathing
usually to be greater than normal in patients with'éﬁphysema. .

-

There 1s. no doubt that conditions of increased work of

breathing are associated wiel breathlessnesss. However, work in the

strict.. sense {force x distance or pressure x.volume) cannot be the

.basis of sensation bep;use the most-extreme:dysonéa is cagsed by
respiratory obstrﬁction‘ in which the change. ig volume 1s zero
S . {McGrego¥ and .Blacklake, 1561)._ Hﬁen there is absolute obst;uction
(- and the sénsatipn is maximum, there is- verv,lit;le movement or -
v o displécement and therefore 1little work. Alsc there are some
clinical conditions associated with respirétory muscle weakness and
respiratory muscle paralysis, in which the work is not 'increased bdt_
"/ZT‘ patients are still suffering: from severe breathlessness.

- Furthermore, Marshall, Stone, and Christie (1954) and Nisell (1960)

found ~ in other studies that the increase in transpulmonary pressure

\
|

and not the work of breathing was more cloégly related to dyspnea.

Finally, evea 1if there 1s a general correlation between dyspnea and
the increased work ,of breathing the translation of w;}ﬁ into

4 sSensation must be very complex.
-

1.2.4.2 Oxygen Cost Theory

L PR This tHEb?& .was based on  two main observations made 1in
studies of the oxygen cost oﬁibreathfng.: First, the curvilinear
inc;ease in the oxygen uptake “ﬁy the respiratary muscles when .

~ ventilation 1is dincreased '(Campbeli, Westlake, and Cherniack, 1957:

Cournand,  Richards, Bader, Bader, and Fishman 1954; Bartlett,
:b
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Burbach, and Specht 1958) Second, the oxygen uptake of the

respiraforv muscles is higher for a given ventilation in patients

-

with pulmonary and cardiac diseases than in normal subjects

(Cournand et al., 1954). McIlroy- (1958) concluded that when either

-

the ventilation 1s increased, as during exercise, or the work of
breathing increased, as when the 1lung and chest are mechanically
abnormal, dyspnea occurs as a result of an increased oiygen cost of

breathing. He suggested that dyspnea occurs when the respiratory

- muscles incur an oxygéﬁ debt. Inadeq@ate supply of oxygenated blood .

to the respiratory _muscles resu%;ing in faé}gue would be a popular
presenf day extansion of this_hypothesis.

Oxygen uptake of the respiratory muscles increases with
force. generation. However, measured oxygen consumption by’ _the
respiratory muscles varies widely from study to study.l A recent
study from our own- laborato;y indicated that the oxygen uptai® of
the resplratory muscles may have been over estimated in manv of some
studies (Jones, Killian, S%mmers, and Jones, 1983, 1985); 1in
addition, the relation between the oxygen uptake of the respiratoty
muscles and their force generation was found te be a linear
function. Therefore with an inadequate supply of oxygenated blood
to the fespiratory muscles, their capacity to generate force wiIl be
reduced. Finally, this theory does not explain how dvsDnea_}s felc

or by what nervous pathways it is mediated.

1.3 The Psychophysicf of Breathlessness

“When - you can\\BEasure what vyou are speaking about, and

.o

express it in numbers, vyou know something about it; but when vou
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cannot measure it, when you cannot express it in numbers, your
knowledge 1is of a meager and unsh;isfactory'k;nd; it may be the
beginning éf knowiedge, but you have.scarcely,_in your thoughts,
advanced to the stage of s¢ience™. (Lord Kelvin, 1891).

Psychophysics examines the quantitative relatiénship between,
the. input parameters (i.e. the paramefers of s;imulus) and the
output parameters (i.e. the evoked sensory response). This sclence
has been confined to well defined domains, each of which asks
specific questions about the Dsychophvsicél relationship: Is there
{\; anything there (&etection)? Is :ﬂis different from cthat

(discrimination)?,  What ié it (recogaition)? How big is it
(scaling)?. Although all cthe domains are related, each queséion
addresses a different aspect of the psychophysical relationship.
Psychophysical studies. have been used to examine different
sensory  modalities. To quantify the relationship between the

-

intensity of the stimulus and the perceived sensory magnitude open

N

magnitude scaliag 1is the most valid but not always the most useful
technique (Stevens, 1957). The senscory magnitude is related to the
physical magnitude by a power function, such that
| We g Q"

where W 1s the sensory magnitude, 0 is the physical masnitude, and n
is the power function. This simple relationship 1s not only
intuitively appealing, but neural impulse frequency also Increases
as a' power function of the physical magnitude of stimulation for
many of the primary senses (Stevens, 1970), lending further
experimental SUpPpPoOTtL relating the sensory neural mechanism

subserving the sensation .
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Psychophysical studies regarding the respiratory sensation

have taken two forms, detection / discrimination studies and scaiing

studies.

1.3.1 Detection Studiles _ '

Campbell, Freedman, Smith, and Taylor (1961) incroduced the
detection _ﬁe:hod to breathing and defined the threshold of deteétion
of elastic loads in normal subjects. This method allowed for the
presentation of a range of stimuli, small added elastic loads.‘.The
subject signaled deﬁection or absence of a detectable stimulus, and
the threshold was def?ned 'asA the stimulus magnitude at which the‘
subject detected the stimulus with 50% probability (Campbell et al.,
1961): Later, thevy used the same method to define~the threshold
detection for resistive 1loads (Bennett, Jayson, Rubenstein, and
Campbell, 1962).

As a result of these studies, Campbell and his collegues

concluded that the mechanism of detection of such loads is most

simply and generally explained by the detection gf a disturbance in
the appropriateness .£etween the length and tension information
generated proprioceptively in the act of bfeathing. Theyl and later
Campbell and Howell (1963), suggested that in normal hreathing there
is an appropriate,.relatiénship between the force .or tension
developed by the respiratory muscles_ and the volume ;r flow thac
results. The presence of a mechanical hindrance to ‘breathing

disturbs this relationship and makes 1t inappropriate. Campbell

subsequently modified this theorvy as follows: " The displacement
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(volume, flow) achieved is less than the displacement expected " and
-

this was called "mechanical inaﬁpropriateness". Campbell suggested

that breathlessness in different diseases might be due to the

perceppibh of this inappropriateness.

Accordingly, Campbell (1966) suggested the following n;ural
mechanism for breathlessness. The respiratory stimulil integrated in
.the medulla'with information about the mechanical state of the lungs
are transformeﬂ into rthythmic nervous activity, Tﬁis activity,
which 4represents .the demand for a given ventilation, 1s then
. transmitted to two control systems. Each system consists of a
neural center and nerve fibers through which 1impulses are
transmitted to the resplratory muscles. The executive system relavs
impulses to the regular or extrafusal muscle fibers by means of
alpha;motoF fibers. The supefvisory system relays impulses to the
intrafusal muscle spindle by means of gamma wmotor fibers. The
spindle 1is parallel with the extrafusal muscle fibers. Its motor
units are in series with a sensory component, the annulospiral
en&ings, whose discharge 1is Increased by stretch. The arrangement
of the muscle flbers is such that the flow of afferent impulses from
the spindles 1s increased by the contraction of the intrafusal
auscle fibers and decreased with the contraction of extrafusal
muscle {fibers. Thus, variations 1in the rate of contraction of
intra— and extrafusal muscles will be reflected in changes in the
sensory output from the spindles. Additional information for the
proprioceot?ve control of breathing may be relayed from joint
receptors in the chest wall, volume receptors in the lungs and the

centers contgg;ling alpha- and gamma motor sSystems. There are
a
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several ‘mechanisms by which information abdut length and tension may-
reach consciousness: (1) The afferent impulses from th; peripheral
receptérs may be relayeé“ QIréétlv to .cortical areas subsefving
consclous .awarness. (2) The acEivicy of the respiratory center
{demand Eot alveolar ventilation) and the activity related to
executive and supervisory syscemslmay have access Ep consclousness.
(3) TﬁerprOprioceptive reflex may operate via the respiratory cénter
and change 1ts activity, this activity then being relayed to
consciousne;s.

The concept of ”mechanical-inappropriateness" initiated and
stimulated the modern period of research into breathlessness and

respiratory sensation in general. Thus psychophysical studies on
the per;eption of tidal volume, inspiratory airflow, and pressure
generated by the respiratory musélés have indicated that each of
these wvariables c¢an be perceived independently (Bakers and Tenney,
1970; Stubbing, %Xillian, and Campbell, 1981}. The pressure
generated by resniratory muscles and the effort required to generate
this « pressure, have been shown to be different and mediated by
different mechanisms (Killian, Gandevia, Summers, and Campbeli,
1984).  Furthermore, the perceived effort is found to be more

closely related to breathlessness than the changes 1in pressure

{Killian et al., 1984).

1.3.2 Scaling Studies

Scalag studies are cooncerned with the measurement of the
perceived magnitude of a stimulus with preset rules (Stevens, 1959).

Twoe types of scaling methods have been'used for the estimacion of
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resplratory sensations, magnitude estimation.and category-écaling.

The magnitude estimation method, is a type of ratio scaling,
in which the subjects assign a number that seems td them most
appropriate to represent the magnitude of the stimulus. This method
requires the subjects to maintain' proportionality throughout.
Sometimes a reference number is assigned to a reference stimulus 55
that the subjects have a reference modulus’, ‘However the use of open
magnitude scaling 1isg limited because it makes the direct comparison
of éensory estimation impossible across individual subjects.

The category scaling methed is a kind-of interval scaling,
in which a limited range of numbers are anchored to simple verbal
expressions. In this method the subjects estimate thelmagniﬁude of
the stimulus according to Cchese numbers and verbal expressions.
Although in certain aspects this scale 1is inferior to open magnitude
estimation, it 1is wuseful as it allows compgrison across the
individual subjects.and it is easy to use.

Baker and Tenney (1970) were the first to apply direct
scaling to the problem of respiratory senmsation. Using open
magnitude estimation, they showed that the perceived magnitude of
volume and pressure nositiveiy accelerated with increasing magnitude
of the stimulus. The pe;ception of volume and pressure grew as a
power function of the stimulus. They showed that these findings
were consistent in that the subjects reproduceﬁ volume and pressure

responses to arbitrary numga:sfin the same numerical relationship.

l"

Their findings indicated that subjects can independently nerceive

tidal volume, flow, pressure, and ventilation.

-

Gottfried, Altose,' Kelson, Fogarty, and Cherniack {197R)
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were the first to apply direct scaling to externallf added loads. In
a study on percetved magnitude of added resiscivé loads, they found
that a -group of both normal subjects and'patients with airflow
obstruction perceived the resistance on a ratio basils i.e.\w = K
R". Where K 1is a constant, R is the resistance , and n is =
power function. )

In a series of studies Killian, Mahutte, and Campbell (1981)
used open magnitude scaling to examine the quantitative relationship
between the sensation elicited by externally added loads to
'breathing and the magnitude of these loads. They found” that the
perceived magnitude of exrernally added loads follows a predictable
relationship 1in which the psychological magnitude (w) grows as a
power function (n) of the added loads. In these studies targeting
eicher increased flow with added.resistive loads or increased tidal
volume with added elastic loads increased the exponent of the added
loads. .

In another study, they (Killian, Bucens, and Campbell, 1982)
exanmined the nature of load sensation by examining the effects of
flow rate, tidal volume, peak inspiratory pressure, and insplratory
duration on the percelved gﬁﬁh&itude of a range of added resistive
and elastic loads to breathing. They showed that the percelved
magnitude of externally added loads to breathing was directly
dependent  on the inspiratory muscle force developed and 1its
duration, and indirectly on the added load. This relationshiﬁ was
again emphasized 1in a later study (Stubbing, Ramsdal, ¥illian, and

Campbell, 1983}).

They examined also, the effect of increased ventilazory




drive using hypercapnia, hypoxia and exercise on the perceived
magnitude of extet%ly added loads to breathing (Burdon, Killian, and
Caéfbell, 1982). They found that the per?eivif magnitude of added
loads increased with iIncreasing ventilatory drive in such 3 manner
that the increase in sensory magnitude is proportional to the increase
in inspiratory muscle force developed and suggested that som;thing

dependeni on this force mediates sensation. Altose er al.Jgkltose,

Fl

Dimarco, and Stéohl, 1981) reached a similar conclusion in another
study usling the integrated diaphragmatic electromyogéam as an Iindex of
ventilatory drive. In this study Altose et al. examined the effect of
drive on respiratory sensation by matching static inspiratory forces
generated against an occluded air;;§ above and #below functional

residual  capacity. Their results led them to conclude that

]

*
The relation between the perceived magnitude of added loads

respiratory sensation depended primarilyhin muscle tensfon.

and the strength of inspiratory muscles was examined by'Campbell et
al. (Campbell, Gandevia, Killian, Mahutte, and Rigg, 1980). They
showed that ‘the perceived magnitude of an ad&ed resistive load
'increasédw gfté; weakening of the inspirTatory muscie with a partial
neuromiscular blockade. In a later study Gandevia et al. (Gandevia,
Killian, and Campbell, 1981) demonstrated that the percelved effort
assoclated with maintainance of a maximal 1inspiratory pressure
increased with the onset of fatigue wher;as the perceived tension
declined with the development‘-bf fatigue, accurately reflecting

pressure.

Furthermore, Killian et al. (1984) examined the relation

Q
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between brea:hleésness, effort, and tension. They added inspiratory
elastic loads Qt both functiomnal régidual capacity and increased
lung volumes i1in nommal sdgj;ccs. They asked the Subjects to rate
the perceived magnitude of respiratory effort, tension, and
breathl?ssness at different lung volumes and elastt? loads, using
Borg scale.' The reproducibilt} of the results was examined by open
magnitude scaling and sengory matching. They found that cthe
pe;geived magnitude of /;espiratory effort and breathlessness
%%creased significdntly as the inspiratory pressure and lung volume
increased and both were highly correlated to éa;h ggher as sho;n in
figure 1.2. However; ché pe:ceived tension increased only as the
inspiratory tension increaséd and not as lupg volume iglcreased.

These results suggested ' that the sensation of breachlegéness and

effort are psychophysically the si&e and served by the same

mechanism whereas tension is percelved by a different mechanism.

.
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Fig 1.2 tThe perceived magniéude of breathlessness (A), perceived

e efforr (B), and perceived <rtension (C) at functional residual

capacity {FRC) and at increased lung volume with added elastic loads
(group means + SE) (Killian et al. (1984)).
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In a recent studies Jones et al.(1983, 19835) wused a

L]

progressive loading technique to fatigue to examine the enddrﬁnce of
the inspiratory muscles. Subjects were allowed- to freely adopt their
breathing fattern 1in one experiment and targeted a fixed inspiratory
duration . in another experiment. They found that the sense of
' e’

respiratory effort was related to the peak mouth pressure and to the

~
static strength of the Inspiratory muscles. .Thus for a given peak
mouth pressure, thé 'subjecﬁs with Epgk inspiratory muscles had a
higher sense of effort than subjects wit? strong Inspiratory muscles.

They also found that the sense of effort increased with the

prolongation of the pressure generated by the inspiratory muscles.

1.4 Summary
. "Many physiclegists and clinicilan have lwritten articles
entitled 'Dyspnea’ which were in fact articles on the regulation of
respiration, the causes of hyperpnea, or the causes of
hyperventilation - which in fact, had nothing to do with the sensation
of dyspnea”. This remark was made by the late Julius Comroe in the
opening statement of an International symposium on the topic of
breathlessness 1n 1965 (Comroe, 1966). This remarkf;as a reflection
on the extent of the efforts wmade to explain breathlessness using
chemiéal or neural theories of breathing control instead of explaining
the symptom on the basis of the factors contributing to .the sensation.
Common theories have involved increases in the mechapical work
and oxygen cost— of"breathing. Although che‘ mechanical work of
‘breathing increases with increases in ventilation it neither explains

all the circumstances of breathlessness nor does 1t have any
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neurophysioclogic basis. ‘The same arguments applies to the oxygen cost
of breathing theory. '

These early workers‘studied fact;rs which increased breathing:
although the sense of dyspnea.increased with increased ventilation, it
was ventilation and not dyspnea was beilng measured. .

A great step towards the. understanding of the sensation of
breathlessness was made by applying psychophysical techuniques cé

define the factors contributing.to breathlessness. Most of the work

done go -~ far examined these factors at rfest and In 1isometric

conditlions. The conclusions drawn frém these chgies were that
breathlessness represents the sense of respiratory effort and is
relgced to the force _generated by'-;he inspirgtoty muscles, the
duration and frequency of £force generated by these muscles ;nd to
their static strength. This concept echoed the definition of
breathlessness given by Jonathan Meakins 60 ye;rs ago =" Dyspnea is
- ~ hY
the consclousness of the necessity for increased respiratory effort”
(Mez}_k}ns, 1923). -

’ Although  this concept offers a unitary explanation of
breathlessness experienced when the impedance to breathing increases
and when the iﬁspiratory muscles are weak, without expansion it does
not explain ‘tﬁé—éccurrence of breathlessness during exercise. During
exercise the force generated by the inspiratory mmuscles is véry low

compared to that generated during impeded breathing but the intensity

of breathlessness is comparable.

22
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1.5 OBJECTIVE OF THE PRESENT STUDIES

——

‘The pregsent studies were undertaken to.exoang the findings
of the psychophysicg} studies omn breathlessness at rest to the
exere}ge condition. Thus main objectives of the present studies
were; l. to quantify'the intengity of breathlessness associated wiéh
exercise and respiratory loading; 2.to isolate the contribution of
inspiratory preésure to breathlessness; 3. to see if tidal‘volume
(ve) (functional extent of shortening), inspiratory flow (Vi)
(functional velocity of shortening), frequency of breathing (fb) and
duty cycle (Ti/Ttot) «contribute to breathlessness inéenendent.of
their effect onithe increasing pressure.

A secondary obective was to review the previous postulations
that the frequency response is determined by the criteria of minimum

work rate or minimum peak force.

1.5.1 The Hypothesis

L

Recent psychophgfical studies with added inspiratory loads
(Killian et al., 1981,1982, 1983, 1984, Jones et al., 1983, 1985)
indicated that both the capacity of the  inspiratory muscles to
generate force {the static strength of the inspiratory muscles}, the

-

pressure generated by these muscles, fregquency of breathing, and the

-

duty cycle are lmportant contributors to the sensations of perceived
— 2
load ﬁagnitude, inspiratory muscle effort and breathlessness.
During increased ventilation, as in muscular exercise, the
inspidatory muscles have to increase the tidal volume (reflecting

the functional extent of 'shortening), the inspiratorvy flow

(reflecting the functional velocity of shortening), the frequency of

-

e

I)‘
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breathing, and the duty cycle, to maintain the ventilatory demands

of the exercising muscles. In doing so the capacity of “the

inspiratory muscles to generate force (pressure) should decrease.

— . ) .
Thus we hyporhesize that the magnitude of breathlessness should
e

increase not only as pressure increases,but in additifg d%,tidal

AN

g#olume and inspiratory flow rate increase because of the-assoclated

- reduction in capacity. The perceived breathlessness should also be
- _ P
greater at any given pressure as Cthe extent and velocity of

~J ~, -

shortening increase.

1.5.2 Design of the Study 4

In the present work we wished to quantify the éontribucions
to égl sensation of respiratory muscle effort in a way that may be
-considered comparable to a study of s@elacal muscle effort. Thus we
wished to -sgudy a wide range of forces, velocities of contraction,
extent of contraction, frequency and duration of contraction: The
analogous variables are pressure generated (force), inspiratory flow
(velocity), tidal volume (extent), and frequency of breathing, and
duty cycle. We used'.exercise and externally added loads to

- ingpiration to 1increase the ventilatory forces, to provide a wide

range of tidal volumes and inspiratorysflows, and to have a

continuum of the sensation of breathlessness.
- 77 7 The externally added resisi)?éx_}oads to inspiration were

used to alter the inspiratory flow (functional velocity of the
inspiratory muscles). Similarly, the externally added elastic loads
to inspiration were used to alter cthe tidal volume (functional

length of the inspiratory muscles).
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-

Alcthough ihspiratioq is carrded out mainly by :he-diaphrégm,
the - role of the,intercostgl, accessory, and abdominal muscles cannot
be iénoredb especlally .wich' eithér impeded ot increased bre;thing.
‘ALl these muscles arewdifferent in_kheif anatomy and geometry, which

complicates the measurement of tension, extent and velocity of

shorteﬁing of each individual muscle. To overcome this problem some

-

approximations have been made; the pressure mneasured .(mouth or
. /‘

esophageal) represents the total :ene}on of the inéﬁiratorv.muscles;
: N

the ctidal volume represents the total extent of shortening of these
musclesy and the inspiratory flow represents the tq&ﬁl velocity of

shortening of these muscles.

The use of mouth pressure as an index of the total pressure
generated by the inspiratory muscles in present studies.mav be
criticised, as pressure measured at mouth does not include the
\breSSure 'rgquireq to overcome the impedance of the lung and the
chesc wall. W% opted to use an e;:iﬁace of the esnphageal pressure,
assuming normal pulmonarv dynamic .compliance and resistance for

simplicity, in cthat it reflects the pressure required to overcome
the external resistance and *impedance of the lung. The dynamic
elastance and resistance of the lung would not be expected to change

significantly over cthe study period. Thus the additional pressure

required to overcome the Iimpedance of the lung can be calculated

using normal values for the dynamic elastance and resistance, and
the tidal volume and flow rates. We validated estimares of peak
esophaggal pressure in two of the subjects by simultaneous
measurement of esophageal pressure and estimated esoohageal pressure

under similar operfating conditions. We did not attempt to measure
4

U
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or add the pressure generated by the chest wall for the following

reasons.; it is very difficult to measure; we believe that its value
, .
is very small, and 1f measured it will add to the pressure measured

under unloaded ;qé loédqd condition i.e.” it will not change our

results. As we were not attempting to precisely define the effects

of tension;v'velocity, extent of shortening, frequency, and duty

cycle but To show thei}_rela:ive contribution to breathlessness, we
feel this approach 'has- reasonable. Finally, both the esophageal .

pressure and mouth - pFessuré are only approximate measures of the
] .. . .

-

true inspiratory muscle tension.

N



CHAPTER 2: METHODS USED TO STUDY BREATHLESSNESS IN EXERCISE

The objective of the . work was to quantify varidus
contributions to the opercepticn of breathlessness in exercise by
imposing inspiratory loads to breathing in healthy subjects. Six
rnormal subjects exercised on a cycle ergomefer with and without the
adnition of a series of external ;esiscive or elastic loads to
inspiration;' the worﬁ loeds were inEreased progressively to chei;
maximum capacity. " Using a psychophysical technique the maQEQCude of
nerceived bpeathiessness was meas?red- The facrors contributing to
breathlessness were quantified. by using- the intensity of
breathlessness as the dependent wvariable, selecting independent
variables based on loéical inference, and taking their importance by
statistical regression analvsis. In.this analysis cthe.independent
variables were introduced in the .order of their importance, each
considered as contributing to Dbreathlessness 1{f {t significantly
"reduced ;he ;residual -ugzﬁability. The variables were selected on

“the basis of cirCums:antial and previous experinental evidence as to
thegi contribution to breathlessness. By varying the-magnitude of
the ad@e@ elastic, resistive loads and the intensity of exarcise,
ventilation, inspiratory vpressure, tidal Qolume, flow rate and dutvy
cycle varied uidelf as did the intensity of breathlessness (Fig

2.1). Thus the contribution  of each of these factors to

breathlessness c¢ould be ascertained.

27
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2.1 General Procedure

’

Each subject  performed 8 progressive increméntal exercise
tests 1In 8 different sessions to their maximum exercise capacity on

8 separate days. Exercise was performed on a calibrated

‘electrically braked cycle ergometer. The £irst and the eighth

exercise ctests wefe control tests in which no external imspiratory
loads were added. Three external elastic loads (21, 41, 52 cmH20/1)

and three external vresistive loads (33, S7, 73 cmH20/1l/sec) were

added to the inspiratory line in the remaining 6 exercise tests. 1In

any of thése loaded exercise tests, either an elastic or a resistive
load was used oun random basis :hﬂ an inspiratory load. This
Inspiratory load was constant for any %iven exercise test. Subjects
breathed. through the respiratory circuilt for 5 minutes at rvrest and
exercise u;s begun at 100 kpm/min (16.3 w); the power was increased
by 100 .kpm/min at the end of each minute up to the capacity of the
subjects (Jones ang Campbell, 1982). Measurements of respiratory
variables were reco;ded continuously. At the end of the resting
period and subsequently at the end of eaqh min during exercise the
subjects were - asked to _estimate thé magnitude of ctheir
breathlessness using the Borg scale. Hgviﬁg selected ; number it
was Iimmediately recorded by the observer. The breathing pattern was
freely adopted by subjecrts.

Before performing rthe first ‘exercise test, each subject
underwent the following baseline tests : ), Forced expirator;
spirometry (FEV1), and (VC). 2) Maximum static inspiratory mouth
pressure (MIP) recorded at FRC. ' ‘ o

During each exercise test the following variables were

A}

.
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monitored minute by minute : 1) Perceived Breathlessness. 2) Mouth

pressure {(Pm) and integrated mouth pressure, with time (InP). 3)

A

Tidal volume (Vt), inspiratory flow (Vi), freguency of'breathing
{Fb), ventilation (VE), and respiratory timing, inspiratory time
(T1), expiratory time (Te}, and total time‘(Ttpc):‘ 4) End tidal CO2

- (PELCO2), expired (7] (PE&OZ) arterial oxygen saturation (S5a02%),

oxygen consumption (V02), and carbon dioxide output (VCO2). 5) Rib.

cage and abdominal .displacement. 6) Heart rate.

2.2 Subjects . . . '

Six ,normal subjects were studied. The anthropometric and

pulmonary function measurements are shown in table 2.1. Four of

i

them had had previcus experience with vespirartory studies. Informed-

consent was obtained after a detailed description of the studv.

2.3 Apparatus and Measurements .

Subjects exercised on cycle ergometer (Nuinton Instrumment

B&&)- The 1initial power setting ﬁas‘lQO Kpm/ﬁin-increasing by 100
Kom/min at ‘che end' of each minute of the test. The pedalling
frequency w%s maiptained at 60 / min. The c&tle ergometer was
calibrated -by torsion balance before the study for power output and
pédalling frequency.

Subjects breéthed through a low resistance high velocit{ Hans

Rudolph. wvalve which had a resistance of 3emH20/1/s at a flow of SN0

l/min. ~Oa the inspired side the valve was cénnected by a short wide

C oy . .
.bore plastic tube to a 3-way valve. This valve connected the
- ‘ .

inspiratory tube to room air or to‘the resistive or to elastance



Subject 1 2 '3 A q 6 Mean £-5D  units
Age 33 34 31 35 24 23 30 + 5.2 yr
Weight 73 70 84 82.5, 67.5 68.4  74.9 £ 7.30 kg -
teight " 180 170 175 1a¢ 14 168 - 176 + 16.8 am

ve 5.9° 5 5.8 6.6 6,49 57309 1

FEV1 5.3 4.6 5.2 5.7 5 4.4 5+0.3 1 .
- MIPS 95 144 106 123 106 127 17178 . auio

Tab 2.1 'The anthropometric and pulmonary function measurements of .the 6 m:_domwm.

-
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loading circuits.  The expiratory side of the Hans Rudolph valve was
c;nnected to an automated exercise system (MMC Horizon system) to
measure ventilation and- other related variables. Mouth pressure,
inspiratory flow, and end tilidal PC02 were measured .at the mouth as

described beléw.

The Elastance Circuit (Fig 2.2) was essentially similar to

those described by Campbell et a¥. {1961). It consisted of a series
of airtight rigid -drums. Each drum was connected to the inspiratory
side of the respiratory wvalve by a tube with a side opening to connect
the” drum to room air. The side opening was closed by the hand of the
observer durigg inspiration and vented =0 the atmosphere following
each inspiration to avold wvariability in added elastic load.” Three
elastic loads were used; El = 21, E2 = 41, E3 = 52 cmH20/l. These
elastic loads were estabished by a preliminary study before the .

experiments (Appendix 7.4).

The Resistive Circuit (Fig 2.2) consisted of a brags tube (7

cmID) from which segments of the wall were removed leaving

N longitudinal and circumferential ribs. The tube itself was covered
with filter paper selected to provide the requisite resistances and

secured at the ribs by clﬁgps. Resistances were gselected by moving a

plunger with an afrtight seal from ridb to rib. This circuit allowed

the .resistances used to range from 10 to &09 cmH20/1/sec. Three

. - %\/_;gsistances were used; Rl = 33, R2 = 57, R3 = 73 cmH20/1/sec. These
' . ' resistances were also established by a preliminary study. These

resistances were linear over the range of the inspiratory flows used

- in these studies ( 0.3 - 5 1/s) (Appendix 7.4).
-

The Borg Scale was used to estimate the perceived

‘_ -
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BREATHLESSNESS O -wfeme BORG SCALE el 10

POWER OUTPUT 0 ~affeems KPM/MIN i 2000

MOUTH PRESSURE O -wifem= CMH20 === 80

INSPIRATORY FLOW 0.4 L/SEC - 4.5

—_

TIDAL VOLUME 0.5 ~f=m= L/BR vl 3.0 .
FREQUENCY 5 e BR/MIN - 45
DUTY CYCLE 0.2 e TL/Ttot  ===i= 0.8

\_~

Fig 2.1 1Illustraces the vcanges of Che variables in che present study.
b 4

Reslatance Clrcult

J-way tap HR Valve

¥
TR
Ly

ELASTANCE CIRCUIT

Fig 2.2 Reslstive and eclastic circulc.
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intensity of breathlessness (Fig 2.3) (Borg, 1980). The scale
consists of a range of numbers from 0710 anchored to simple verbal
expressions (categories); O denotes nothing at all and 10 denotes
maxiaouan. The incé;vening numbers are tagged to Simple verbal
expressions such as “very slight™ to “very very severe”. Thesge
expressions (cacégories) are arrangggift points selected to preserve
the ratio properties of thé psychophysical relationship hetween the
sensory magnitude and the stimulus (Appendix 7.1). When using the
scale the squects were permitted to use decimals - or fractions
betwéen integers; 1f breathlessness increased beyon@ what they had
previoifly rated 10, they were asked Lo select a number greater than

10.

-
o

MAXIRAL

Very, very savere (aimost maximal

Very savers

Woderate
Slignt
Vary siight

VYary, very sight  (just noticeabls)

o g “ N Wbt N O

Nothing at alf

Fig 2.3 Borg scale.

)

The Mouth Pressure was measured  using a differentiél

pressure transducer. (Hewlett-Packetd 267). This transducer was

calibrated by a water manometer and was accurate to 0.5 ¢mH20. The

response of the transducer was linear over the range of measurement.
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Mouth pressure was Iintegrated . against time using Hewlett-Packard
8815A resplratory 1integrator. . The integrated pressure signal was
calibrated by adaing a known pressure for a fixed period of time.
As the integral of a wave form is the area under that wave form, we
mcalculated the area under the added square wave and applied that

neasurement to the deflection of the lntegral signal.

Inspiratory Flow was measured wusing a Fleisch No. 3

pneumotachograph and a Hewlett-~Packard 270 differential pressure
transducer. Flow rates were calibrated using a variable flow source
(a2 vacuum cleaner\iﬁﬂ a rotameter) ( + 0.05 1/s). Insuiraggry tidal
volume was detéi;;ned ﬂy integration using a Hewlett-Packard 8815A
resplratory integrator. The integrated volume was calibrated with a
refergnce syringe ( + 100 ml). Respiratory times, Ti, ?e, and Trot
were measured from tidal volume trace on the recording paper.

Abdominal and Rib cage Displacements were measured with a

respiratory Iinductance plethysmograph (Respitrace) ( Cohn, Hftson,
Weisshaut, Scott, and Sackner, 1978). Respitrace was standardised
for the {ndividual subjects using isovolume manouvers as described
by Cohn et al. (1980). The respitrace data was used to give a
qualitative gontribution (Of the rib cage and abdomen to the tidal

volume during the test. r

End-tidal PC02 was measured at the mouth using an infrared

analyser (Godart 17070), galibrated with gases analvsed by the
Lloyd-Haldane apparatus and accurate to + 2mm Hg. Arterial oxygeg
~" saturation was measured with an ear oximeter (Hewlett-Packard
472104). The ear oximeter was standardised using an internal

- procedure designed by irs manufacturer and was accurate to 17

-



(Saunders, Powles and Rebuck, 1976). ,

Heart Rate A lead II electrocardiograph was used to measure

~

heart rate and for monitoring purposes..

Recorder Mouth _ pressure, integrated mouth preésure,
inspiratory flow, tidal éoiume, respiratory dugatioqs, rib cage and
abdominal displacements, end-tidal PCO2, and heart rate were recorded
throughout’ the tests on an eight = channel recorder (Hewlett-Packard
7758). The sensory magnitude of breathlessness and the reading of ear

oximetry were recorded at the end of every minute throughout the test.

The Automated Metabolie Measurement System (MMC Horizon

System) Ventilation, tidal volume, frequency of breathing, expired
C02, oxygen cousumption, and carbon dioxide output were measdred using
MMC Horlzon system. This is an integriated instrument opefated by a
microprocessor which employs éloppy disks for program and ;ata
storage.

Expired gases passed through the expiratory tube to a mixing
chamber inside MMC cabinet. The gases from several Suceessive breaths
over 15 sec were mixed in the 3 - liter mixing chamber to form an
average concentration of mixed explred gases. | These averages are
sampled by analyzers in the sample path. Explred gas temperature_and-
pressure are measured in the mixing chamber.

Oxygen is detected with a temperature controlled fast
respouse, polarographic sensor, and carbon dioxide with a dual-beam
infrared analyser. Expired volume 1s measured by a turbine volume

transducer mounted on top of the mnmixing chamber. | The turbine

generates a train of pulses for each expired breath. The total
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number of pulses per  breath is proportional to the volume of the
breath. A breath‘switch is attached to the top of the turbine. 1Its
function 1is to détect the start and the end of each expired breath.
Temperature 1s measured with a Yellow springs 44008 transducer and
pressure with a Honeywell 140PC traasducer.

Calibration procedures are built in to the system. For the
gas analyses, the processor samples a  zero gas (100% N2) and a
Dréc}sion calibration gas (nominally 4% CO2 and 1A% 02), sets Fhe
zero and gain of the 02 and COZ channels and uses these factors for
subsequent measurements, The process is automaticitfﬁe calibration
sequence includes tests for nolsey linearity and dré;;?'ﬁarnings are
. printed - when gain or zero are outside normal 1limits and an

iﬁterprecag:on of the calibration 1is also given. g%Tume calibration

is made by delivering fixed volumes at specific flow rates with a

manually driven pump. This procedure 1s monitored by the
microprocessor. Then the microprocessor Ilinearizes the volume
&

signal'_gy selecting anchor points at each flow rate and writes a
series of equations stored in the system calibration file. The
preésure transducer 1is automatically calibrated during the gas
calibration procedure by sampling gas at two pressuréﬁ'and deriving
the slope .and intercept relating the measured pressure to the actual
presgure "in the 02 and C0O2 sensors. The pressure correlation makes
the gas analyzers 1insensitive to opressure changes in the sample
system. :

A Ctime alignment procedure is incorporated into the software

to delay time periods and ventilation measurements and align them to

the gas concentration measurements. This alignment corrects fer
-+
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both fixed time delays (gas flows through the sampling system) and
those which depend on ventilation (transit time for expired air to

reach the wmixing chamber and the period of washing-in of the mixing

chamber).

During the time of the studies this anélysis system was
extensively validated against reference analysis methods (calibrated
syringes and Liﬁyd-Haldane analyses}. These studies indicated that
precision of measurements of ventilation and mixed expired gas
concentrations was high EJones, 1984). In steady-state exerc}se
(n=100) V02 was measured with a high pezcision ( + SD) of 66ml/min
(4-31); there was a small systematic underestimation of VC02, but

L

precision was c0mparable-wi:h‘V02, with + SD being 67ml/min (4.55%)

(r=0+993). Good agreement was obtained between measurements made in
. Drﬁgressive incremental exercise in healgay subjects with
correlation coefficients of 0.997 for VE, 0.995 for VN2, and 0.994
for VCO2. ' It.also showed that rapid changes in these variables were

followed accurately.

- Calibrations was carried out before and after each test for

all the Iinstruments used.

2.4 Variables Estimared from the Data

Peak esophageal opressure, power output of the inspiratory

muscles, and the predicted frequency of breathing were estimated

from our measurement as descrihbed below.

2.4.1 Estimated Peak Esophageal Pressure

Peak esophageal pressure was estimated by adding the
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measured mouth pressure to the pressure needed to overcome the

impedance - of the lungs (resistance and elasﬁance). The tarnspulmonary
pressure represent Cthe pressure ggner;ted by the inspiratory muscles'
to overcome the resistance and elastance of the lung and airways. The
pressure needed to overcome the elastance equals Vt * E, whe:e vt is
the tidal volume and E _is the dJdynamic elastance of the lung. The
pressure needed to overcome the resistance equals Vi * R, where Vi is
the peak flow and R is the resistance to a{Fflow.

As 1llustrated in Fig 2.4 péak mouth pressure and peak
esophageal pressure occurs lat 80% of the tidal volume (line f). Thg
sum of the peak—mOuch pressure and transpulqonafy pressure at 807 of

vt equals approximately the peak esophagegl pressure. The

contribution of the resistance and elastance to the transpulmonary

pressure can be calculated in the following wag?'the peak pressure
)

o] BOX of the tidal ;olume (hence the pressure generated to

overcome tha\\dynamic elastance = 0.8 * Vt * E). Because Inspiratory

flow rises qﬁickly to a peak value,. remains constant for most of the

" breath and declines rapidly, the pressure generated to overcome the

resistance = Qi* R. Thus the Pes {peak) can be estimated

<

Pes (peak) = Pm + (VL * R + 0.8 * Vt * E)
This equation can be -applied to both unloaded and resistive loading
conditions.

During elastic loading peak Pes occurs at end tidal volume.

Thus the resistive component does not contribute to the peak



esophageal opressure. Pes (peak) can be estiﬁg:ed during elastic

r—— —

loading as follows:

Pes (peak) = Pm + (Vt * E)

To validate this approach we measured - transpulmonary

pressure using an esophégeal balloon in 2 of our subjects.” Dynamic

elastance and resistance of the lung were measured using Mead and
Whittenberger  (1953) A technique atr different tidal wvolume and
inspiratory flows with inspiratory resistive loads 33 & 53 cmH20/1l/s
and elastic loads of 21 &.AZ cmH20/Ll. The estimated peak Pes was

cbmpared to the actual measured Pes (Fig 2.5). Extrapolating this

result to our data we assumed normal resistance (3 cmHQO/l/s) and

dynamic elastance “(3 cmH20/1 1f Ve < 2.0 L; 5.5 cmHQO/l if ve > 2.0
L) for all our subjects in the estimation of peak esophageal

pressures.

y

2.4.2 Estimation of the Power Output of the Inspiratory Muscles

) The power output of the inspiratory muscles was calculated
to evaluate the effect of - increased inspiratory work rate on the
measured v02. The total work rate equals the work done to overcome
the 1internal impedance of ihe respiratory system ﬁlus the work done

Lo overcome the external added Iimpedance. The {internal work was

estimated using the equation derived by Otis et al (1950):

: ? . 2 - 3
W (int) = Lsooo*fw(v:% + 150*(VE) + 3*(VE)]/100n00 kpm/min .
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where W(int) 1s the work rate (kpm/min) of the inspiratory muscles

to overcome the the internal impedance. Sf' the lungs. fb is the
frerquénpy of brea:ﬁing, vt is Ithé fidal volume, VE is ‘the to;al
ventilation. The external work was -calculated by multiplication of
the integrated pressi¥é and their mean fléw:

W (ext)b- { pde * Vt/Ti)/lOO o kpm/min

where W(ext) 1is the work rate (kpm/min) to _overcome theJadded
external {impedance. Pdt is the integrated mouth pressure
(cmHZO-seg/min) arid Vt/TL{ 1is the mean inspiratory fiow (1/s). The
total inspiratory work was the sum of both work done on the lung and
the external resistance. The work done on the chest cage was ignored

as its magnitude was small. relative to the work done against the

lung and external load.’

b g

2.4.,3 Estimation of the Predicted Frequencies

The following equations were used to calculate the predicted
freqﬁeacy to minimize work (fw) and peak force (fp):

1

Ew = (202RC) L[ (1+4n?ReAVA/Vd) Y/ 221)  (Mead, 1960)

£p = (Va/vd)/ 3(2nrey~2/3 (Mead, 1960) *

where R 1is the total resistance of the respiratory system and C is

tire total compliance of the respiratory system.

&

Rl

P
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To estimate the predicted frequency of breathing using the
criterion of wminimum work (fw) and minimum peak force (fp) the
following variables have been calculated from our data; 1. arterial

PCO2; .2. vphysiologic dead space ;va); 3. alveolar ventilatiomn (VA)

using the folloying equations:
- r : e

- P

PaCc02 = 5.5 + 0.9 PELCO2 - 0.0021 Vt “(Jones et al., 1982)

vd = ( (PaCOZ)‘I(PaCOZwPECOZ) )*Vr — apparatus dead space (Jongs

et al., 1982)

VA = VE - (Vd * fb) S \

- T -

2.5 Analysis of "the Results

-

The eigﬁt exercise tests performed by each sdbject were
named according to whether or not there was an addition of external
inspiratory load. The two control tests-zfiiiﬁtﬁadding external
loadé were called Cl for the first test and C2 for the last test.
The three tests with added resistive loads were called Rl for the
lower load, R2? for the medium load, and R3 for the biggest. The
three tests with added elastic loads were called El fo{_che lower
load, E2 for the medium load, and E3 for the biggest load.

Values for peak inspiratory pressure {mouth and estimated
esphageal), integrated mouth and estimated esophégeal pressure,
inspiratory £flow, tidal volume,.respiratory durations: fréauency of

breathing, oxygen consunption, carbon dioxide output, minute
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ventilation, end-tidal 'PCOZ, expired’ PCO2, rib cage and abdominal
displacement, and he__‘ rate were averaged for the regting period and
for each min during the progressive exercise tests. The rating of -
breathlessngss and_oxygeﬁ saturation at the end of each min were taken{
.as the repreéé%tive fbr each exercise work load during ghe test. {

The means of all the variables were calculated at each work

load during the control, each resistive load, and each elastic load

.~ tests at work loads c¢ompleted by all subjects (ﬂ at any wo;k load =

8). Because of the differences in exercise capacity of the subjects,
the £inal “points were calculated by averaging the maximum work leoad
achieved by each subjects ‘(n final = 6). The means of the measured

-variables at the mean maximum work loads of the control, resistive and

elastic tests were averaged in the same way.

Tgo approaches, statistical and graphi;al, were‘ Pse%\ in
analysing the results. The statistical method emploved unequal cwo-déy
analysis of vgriancé as well as multiple regression to assess rhe
.effect of exercise and loading. Multiple regression a is ;as used
on cthe individual data to examine the effect of the progressive
increase of work loads and the effect of the prdgressive increase in
inspiratory ioads. An Apple computer; utilizing the Statpro data base
:and statistical package (fsiof and Hewett, 1983) was used to perform
the calculation involved in the statistics. Unequal two-way analysis
of variance 'using SPSS, statistical package’for the socilal séiences
(Nie, Hull, Jenkins, SFeinbrenner, and Bent, 197%),'and the HP/3000
computer) was ‘also used to compare between the control and each of

the resistive 1loading (Rl, R2, and R3), and the elastic loading

(El,E2, and E3) tests. The comparison was also done between the
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u resistive loading tests themgselves and between the elastic loadin;\ )
" tests themselves. The relationship between .the measured V02 and the

power‘ output of both the leg and the inspiratory miscles were examined

~

Hsing multiple regression analysis. Paired T-test—was used_ to.compare

the signficance between the observed and predicted fféduency ‘of *
(= ~ ‘
breathing. The level of significance of any test was considered. at

r

P<N.05.

-

Using the estimate of breathlessness as the dependent variable
multiple linear fegres{%on (Appeadix . 7.5) was used to assess the
independent roles of Pm, Gi, vt, fb, and Ti/Ttot in contributing to
breathlessness under both unloaded and fesistive loaded con&itions and
unl;aded and elastic loaded conditions. |

The graﬁhi?al approach was also wused :5 demonstrate the

competition between the pressure required to increase Vt and vi and

the reduction in pressure generatihg capacitf that accompanies
'-l: R . ) ‘ .
BByt has been shown (Rahn, Otis, Chadwick, and

O

increases in Vt and V
Fenn,; 1949, Ringqvist: 1966, Leblanc, Bowle, Summers, Jomes, and
Killién, 1984) that the maximum pressure that can be generated feil by
182 for each 10% increase of the tidal volumé from FRC to TLC
expressed as V£/TLCX. The maximum ;ressure also fell bx approximately
6% for each 1l/s 1increase in inspiratory flow rate (Hyaﬁt gnd Flath,
1966, Leblanc et al., 1984). This coppecition between the pressure
required and the reduction in inspiratory wmuscle capacity is
illustfafed using the modified pressure~volume _and pressure-flow
curves developed by Campbell (1958) fFig 2.7). In unloaded and

resistive conditions peak pressure occured at 80% of tidal volume when

flow 1is maximé%; Thus the maximum predicted pressure that can be

1

\
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generated by the inspiratory mwmuscles was calculaﬁed taking 1into
account the effect of tidal volume and flow. In elastic loading the
actual pegk pressure occured at eud'inSpiration when the inspifgtory
flow equals zera. Thus the maximum pressure that could be generéted by
the 1nspiratory muscles was calculated at the‘same polnt from rest tP
naximum’ exerclise. Both the maximum pressure that can be generatéﬁ
and the acéual pressure were plotted against the incfeased worlk load-
in unloaded and elastic loaded studies. In resistive loading studies
a modified Camﬁﬁell diagram was used to illustrate the efﬁegé oflboth

P .
tidal wvolume and jnspiratory flow. Thus the values at mean maximum

achieved work load were used. ), -t



VOLUME (1)
+5

PRESSURE (cm H,0)

1

Fig 2.7 Tllustrates the competition between the inspiratory pressure
required to 1increase tidal. volume and inspiratory flow and the
reduction iIn pressure generating capacity. Thus the esophageal
pressure vtequired to generate tidal volume 1s represented by a-3.
The resistive forces within .a breath lead to the pressure curve
represented by apd. Similarly, the capacity to generate maximum
pressure does not follow the line c-¢ burt the curve c-q-&, due to
the effect of increasing both the extent and velocity of inspiratory
muscle shortening. Thus the proportion of the capacity that is
employed to generate a breath is not given by a/C but by p/q. In
this example this oproportion instead of being 20/70 is much higher
at 35/50.
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X - CHAPTER ;::>hESULTs

In this chapter the results of the thesié experiments will
Be‘ described by éxamining the ch;;EE in the perceived magnitude of
breathlessness associated with increases ian the intensity of
exercise and the added resistive and glascicginspiratory loads. The
metabolic cost of inspiratory muscle activity during exercise and
loading will be addressed, and the concept 4f an optimum frequency
of breathing that minimize the work ;f breathing and the peak force
will be reexamined in light of the current results.

3.1 Exercise Capacity

The exercise capacity of the six subjects pro¢ressively
decreased with increasing added elastic or resistive loads from 17133
1- 78.7 kpm/min (peak V02 3.3 + 0.23 1/ain) in unloaded stud; to 1193
+ 114.5 kpm/min (peak V02 2.1 + 0.18 l/min) with the largest elastic
load, and 733 _+ 68.5 kpm/min (peak V02 1.3 + 0.08 1/min) with the
largest resistive load (Table 3.1,3.2). The maximum ventilat{%n
achieved was 9% + 10.23 1/min in control study, 76 1-6'21? 55 + 5.37
and 48 + 5.50 l/min with El, EZ, and E3 resgéssively, and 49 + 2.82,
33 _+ 2.33, and 24 _+ 1.74 1/min with R1, th and R3 respectively
(rig 3.1).

The subjective 1limiting facter in the control stﬁdies (C1
and €2) was leg fatigue. However, even in the control studies the

mean 1ntensity of breathlessness at maximum capacity was as high as

7.9 _+ 1.9 ("very severe” to “very very severe”). During C2 there

48



Subject No. 1
Control 1 1800
Resistance 1 1600
Resistance 2 1100
Resistance 3 mcc

Control 2 1700

Tab 3.1 Maximm kpm/min achieved

2

1800

1300

900

500

1900

1700
1000
1000

700

1700

1800

1200

9200

900

1700

W

1900
1500
1160

800

2000

1400

1000

800

600

1400

Max kpm/min
Mean & 5D

\
1733 %

176
1267 + 250
967 + 121

73%,% 153

1733 + 207

VO 1/min
Mean + 5D
3.3 + 0,51
2.5 £ 0.34
1.8 + .17
1.3 ¢+ 0.08
3.3 + 0.40

by individual subjects with and without

resistive loading.,



oo T Max kpn/min VO 1/min

Subject No. 1 2 3 4 5 6 Mean t 5D Mean + 5D %
Control -1 1800 1800 1700 1800 1900 1400 1733 £ 176 3.3 + 0.51

Elastance 1 1800 1700 1400 1700 1900 1400 1650 + 207 3.0 t 0.43
Elastance 2 1400 1200 1100 1500 1700 1000 1317 # moa.. 2.7 £ 0.52 ‘\
Elastance 3. 1500 900 1000 1100 1500 1100 1193 + Nmm. 2.2 +0.31

Control 2 1700 1900 1700 \ﬁ.qoo 2000 1400 1733 + 207 3,3 & 0.40

Tab 3.2 Maximum kpm/min achieved by individual mccu..mcnm with and without elastic loading.

v .
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loads (3.1A) and alastic loads {3.18).
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was a small but significant reduction in the estimated-magnitude of
breathlessness cémpayed to that estimated i1in Cl at comparable,

workload (P < 0.05). However, at maximum ﬁorklohd there was no

——
-

significant'difference in rating between Cl and C2.

The main sﬁbjectige limiting factor with added resistive or

‘elastic loads was breathlessness. The -mean intensity of

breathlessness in resistive loaded éxe;ciseﬂtests was 9.7 + 0.33,
9.9 + 0.0.9, 10 + 0.0 in Rl, R2, and R3 respectively (Fig 3.2A).

During elastic loaded exercise tests Cthe mean intensity of
br;achlessness was 8.6 + 0;98, 10 i_0.0, 10 + 0.0 (very sgbere to
"maximum” i; El, E2, and E3 respectively (FigiB.ZB). Thus at a;§imum
exerclise capacity 19 both loaded and unloaded tests the inCeﬁsity of
breathlesdness was maximum (loaded) or close to maximum (unloaded}.

3.2 Fattors Contributing to Breathlessness

3.2.1 Quantification of Breathlessness —

The pﬁééeived magnitude of breaﬁhlessness progressively
t

increased with e progressive increases 1In workloads as well as

with the increase 1in agaed inspiratory loads in all exercise tests

(P<0.001).

Y - 0.005 * W + 0.08 R — 1.28 (z=0.82)

Y = 0.005 * W+ 0.08 E - 1.41 (rm=0.85)
. -ﬁ - . ) )
- - R

where Y 1s the éercieved magnfzude of breathlessness and W is leg

muscle power out put (kpm /min), R is the toral resistance

'(caﬁiollls), anf E 1§ the total elastance (emH20/1).
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The increase in the perceived. magnitude of breathlessness
showed a threshold and a slope. .During th‘e.cont:rol study (no added
load) no breathlessness was percelved until 230 + 45 kpm/min, when
b:;eathlesanesé was first appreciated. Above this thresheld the
‘ir.u:ensity of breathlessness increased progr;assively as exercisg

intensity increased with a slope of 0.4 (-+ 0.02) /100 kpm/min (Fig

3.3).

104 \
P
8- °
7
s :

s] ' °
& =
3~ o Q
2 Throshod -]

BREATHLESSNESS

1+ l e
N s
°€‘_°°°° oControl

O 400 800 1200 1600 2000

WORK LOAD kpm/min

b ]
Fig 3.} Rating of breathlessness plotted agailnst wock loada (concrol
study) {llustracing the threshold and che mlope.

In  contrast, with added el-astic loads all subjects ‘.;ere
symptomatic at rest, Borg score of 0.22 ( + 0.31), 1.98 ( + 0.30),
and 2.01 ( + 0.30) being obtained with E!, E2, and E3, respectively.
The slope of the intensity of breathlessness increased to 0.48 ( +
0.03), 0.56 ( + 0.04), 0.60 ( + 0.04) / 100 kpm/min with El, E2 and
E3 respectively. . W;ith added resistive loads the sut;jects also were
all symptomatic at rest rating the Intensity of breathlessness as 1.78
( _+ O.AS)’, 2.09 ( + 0.35), and 2.52 ( + 0.48) with Rl, R2, and

R3 respectively. The slope of the intensity of Dbreathlessuess
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increased to 0.45 ( _+ 0.06), 0.82 ( + 0.06), and 0.80 ( + 0.01) /

100 kpm/min with RI, R2, and R3 respectively.

Breathlessness increased signifcantly (p<0.001) both as
ventilation (VE=l/min) increased and as thé magnitude of the added

load increased (Fig 3.4).
Y = 0.11 VE + 0.08 E - 1.94 (r=0~81)
Y = 0.10 VE + 0.08 R - 1.45 (£=0.76) -

3.2.2 Breathlessness and Inspiratory Pressure during Exerdise
- 1

and Loading
In resistive loading the magnitude of breathlessness was

also closely related to peak inspifétotv pressure; esophageal or.

mouth (Fig 3.5).

<
Y = 0.14 + D.11 Pes (r=0.78)
Y= 1.54 + 0.09 Pm (r=0.72)

In elastic loading the magnitude of breathlessness was
closely related to. peak inspiratory pressure; estimated esophageal

3 .
or mouth (Fig 3.6).

Y = 0.07 + Q.11 Pes (r=0.71)

Y = i.65 + 0.09 Pm (r=0.61)
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3.2.3 Effect of Stressing Functional Force-Velocity Relationship
‘ N

{Resistive Loading)

Inspiratory resistive loads were used ‘to reduce the

inspiratory flow or functional #elociCy of shortening compared to

unloaded ‘condicion. Although the perceived magnitude of

breathlessness was yclosely related to peak inspliratory pressure, for

any given magnitude of peak Insplratory pressure, the subjects were
less breathless the greater the resistive load (CORIDR2DR3) (Fig
3.5) 1.e. the lower the inspiratory flow or the functional velocity
of shorteniﬁg. ‘ This effect may be.expressedlquanci:aively by the

following equations:

Y = 0.13 + 0.12 Pes - 0.02 R (t=0.80)
Y= 1.75 + 0.12 Pm - 0.03 R (r=0.74)

The effect of Vvt (functional extent of shortening) and Vi
(functional velecity of shortening) oa the capaclicy of the
inspiratory muscles to generate maximum pressure was examined
graphically (Fig 3.7) and theit contribution to breathlessness was
ekamine@ using multiple linear regression.

\ b

3.2.3.A The Graphical Analysis

The capacity of the inspiratory wmuscles Co generate pressure
decreased with the increase in flow and, tidal volume (Fig 2.5).
During exercise with unloéded control tests as well as resistive
loaded tests the peak pressure generated occured at approximately

80% of the tidal volume where the flow reached its peak value (Fig
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2.4) . At these polnts dufing exerclse the predicted maximum pressure
that can be generated by the inspiratory muscles was calculated taking
into account. the effect of volume and flow. ’1sing the modified
Campbell diagram both the maximum and tﬁe actuél generated éstimated
esophageal pressure at maximum level of exercise in unloaded and
resistive loaded tests were plotted (Fig3.7 A, B, C, and D). At
maximum level of exercise the drop in the predicted maximum pressure i1a
unloaded test; was greater due to the larger increase in both Vt and Vi
(Fig 3.7A). In resistive loading §tudies the drop in the predicted -
maximum pressure was less, however, the actual pressure generated to

overcome the. the added resistive loads was much higher than umloaded

tests (Fig 3.78, C, and D). .

3.2.3.B Statistical Analysis

3.2.3.B.1 Contribution of Tidal Volume and Inspiratory Flow

Using multiple linear regressiom and® breathlessness as
dependent variable and Pes, Vi and Vt as independent variables, Pes
and 1 were significantly and independently related to the percelved

magnitude of  breathlessness {(F = 501, 323). However, Vt was

not significant (Partial F = 1.5).

3.2.3.B.2 Contribution of Frequency (fb) and Duty Cycle (T1/Ttot)

Both frequency * and duty cycle were significantly and
ind@®pendently related to the perceived magnitude of breathlessmess (F

- 227, 172).°
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3.2.3.B.3 Contribution of Pes, Vi, Vt, Fh, and Ti/Ttot

The relationship between breathlessness (dependent variable)
and Pm or Pes, Ui, vt, Fb, and Ti/Ttot (independent variable) were

s. Pm, Vi, and Ti/Ttot

examined wusing Imultiple regression ana
vere found significantly related to rating of breathlessness
independently and collectively (P <0.01). The equation describing

this relationship was as follows :

.Y = 0.11 Pes + 0.61 Vi + 1.99 T4/Ttot + 0.04 £b = 2.60 (r=0.83)

Y = 0.10 Pm + 1.46 Vi + 1.98 Ti/Ttot - 1.83 (r=0.83)

where Y 1s the predicted pérceived magnitude of breathlessness, Pes
is the estimated peak esophageal pressure, Pm 1s the peak mouth
pressure, Ti/Ttot is the duty cycle, Vi is the peak inspiratory flow,
and fb 1s the frequency -of breathing. Tidal volume did- not
contribute collectively Cto the pgrceived magnitude of breathlessness
because thg difference between unloaded and resistive conditions was

small inspite of being significant.

)

/

3.2.4 Effect of Stressing Functiomal ULength-Tension Relationship

"(Elastic Loading)

Ingpiratory elastic loads were used to reduce the tidal
volume or the functional extent of shortenihg tve) of the
inspiratory muscles compared to the unloaded condition. Although
the perseived nmagnitiode of breathlessness was also closely rela£ed to
peak {;spira:ory pressure, for any given magnitude of peak

ingpiratory pressure (mouth or esophageal) the subjects were less
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breathless the greater the elastic load (COEIDE2>E3) (Fig 3.8) i.e.

the lower the tidal volume and the extent of shortening. This

effect may be expressed quantitatively in the following equations:

Y = 0.10 + 0.14 Pes - (01.04 E ] (r=0.76)

Y = 1.9]1 + 0.14 Pm - 0.07 E. ~  (T=0.66)

-

The contribution of the tidal volume, inspiratorv flow, and
inspiratory pressure were examined graphically and statis:icaily.
The contribution of the frequency of breathing and the duty cvcle

~was examined sratistically also.

3.2.4.A4 The Graprhical Analvysis

The efféct of Vvt and Vi on the maximum pressure generating
capadity of the inspiratory muscles was examined graphically during
elastic loading and unloaded exercise. The‘droo of the prediccéd
maximum pressure generating capaeity of the unloaded tests was
calculated as described above. However, during elastic loading the
peak pressure, occured at end inspiration where the flow was 0.
Thus, the predicted wmaximum pressure cha; can be generated by the
inspiragory mugéles was calculated at these points without craking
into account the effect of flow or the resistive component. TIn Fig
3.8 (A,B,C,D) both the maximum pressure that can be generated by the
inspiratory wmuséles at the points of peak pressure and the actual

peak pressure were plotted against work load. In elastic loading

exercise tests the drop due to increased Vt was not as much as
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unloaded condition i{i.e. The capacity of the inspiratory muscles was
reduced due to the increase in the actual pressgure generated by these
muscles to overcome the external added impedance (Fig'B-B B,C,D). Om
- - »
the other hand in unloaded condition the capacity of the inspiratory

muscles was reduced due to the increase in the extent and velocity of

shortening (Fig 3.8 Aa).

""3.2.4.B The Statistical Analysis

3.2.4.B.1 Contribution é6f Tidal Volume and Inspiratory Flow

The contribution of Pm, Vt, and Vi to breathlessness was
examined alsc wusing multiple rjgression analysis. The percelved
magnitude of breathlessness increased significantly with Pes (partial
F = 387) and witﬁ vt (partial F = 229). Both we;e highly significant
(P<0.001). Vi or vt/TL did not significantly contribute to the
percelived mwmagnitude of breathlessness. Both inspiratory flow rate
and meaﬁ inspiratory flow were similar at a given workload with and
without elastic loading. Thus they did not significantly contribute
collectivelg to breathlessness as expected from the graphical

analysis (partial F=0.5}.

3.2.4.B.2 Contribution of Frequency and Duty Cycle

Frequency of breathing (£fb) was significantly and
independently related to breathlessness (parial F = 280). However
Ti/Ttot falled to contribute collectively to breathlessness (partial
F=2.10) becayse the difference between the loaded and unldaded

-

conditions, although significant, was small.
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3.2.4.8B.3 Contribution of Pes or Pm, Vi, Vt, fb, and.Ti/Ttot

The relationship between :hes%’33;&§5fés and the perceived

. magnitude of breathlessness was examined using multiple rgression

analysis. Pes/Pm, Fb, and Vt were significantly related to the

percelved magnitude of breathlessness individually and collectively:

-

——

Y = 0.07 Pm + 1.7 Ve +.0.16 fb = 4.12 (r=0.84)

Y = 0.08 Pes + 1.14 V& + 0.16 fb - 4.10 (r=0.84)

3.2.5 Loading and Volume Contribution of Rib Cage and Abdomen

During the c¢ontrol studies the refativé contribution of RC
and ABD displacement remained approximately similar from the

beginning to maximum exercise (RC:ABD 2.33:1). The relative

-’

contribution of rib cage to the abdomen significantly decreased
during exercise tesc; with added resistive loads (2.13:1, 1.78:1,
1.70:1) with RI, R2, and R3 respectively (P<0.N5). During exercise
with added elastic loads chis-rabio decreased significantly further
te 1.63:1, 1.33:1, and 1.22:1 with El, E2, and E3 respect{vely
EP(0.0S). The trelative contribution of rib cage to abdomen was also
significantly decreased during the second control exercise tests
(1.20:1) (P<D.NS). Howevér, there was no paradox movement of rib
cage and abdomen at any time of rhe test.
</
The  relative wmovement of the RC and ABD was ot

significantly related to the perceived magnitude of breathlesﬁfess

during loaded or unloaded conditions.
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3.3 Ventilatory Control

3.3.1 Ventilatory Response to Loading

The mean ventilation achleved at the mean maximum workload
in exercise tests without added inspiratori }dﬁds (c1,c2)' was 96 +
23 and 94 + 23 1l/min respectively. The ventilation was not
significantly different 1in C2 test from Cl test. The mean maximum
véncilation achieved in exercise tests with added rvesistive losdds

+ \jijt 5.2, and 24 + 3.9 1/min in RI, R2, and R3} tests
/(Z:;;2325§IV\ (Fig 14). The mean maximum ventilation achileved in -
exercise cests with added elastic loads was 76 :_13;9, 55 + 12, -and
47 +12.3 1/min in El, Ei, and E3 tests respectively (Fig 3.1B). 'A:S
a given workload the ventilptioﬁ was reduced in exercise tests with

added resistive and elastic loads. This reduction was small bhut

significant (P<0.05).

VE = 8.35 + 0.04 W - 0.07 E  (r=0.94)

VE = 8.48 + 0.04 W = 0.10 R (r=0.93)

where VE 1is total ventilation (l/min), W 1is leg power output
(kpm/min), E 1is the total elastance (cmHZﬂ[l), and R {s the total
resistance (cmH20/1/s). This reduction 1is difficult to detect
graphically with elastic loading.

&

3.3.2 Ventilatory Response to Metabolic Nemands
4

VE was clgsely related to VCO2 in both control and loaded

conditions (Fig 3.9). There was significant reduction of the siopes
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with Rl and R2 and significant increase with ﬁ;- The intercepts

-
p

significantly decreased 1in resistive 1oa&ing condition. During
elastic* loading there was no significant difference between loaded
and unloaded conditions (F;g 3.9) (Table 3.3, 3.4).

In exercise tests with added resistance VCO2 (ml/ﬁin) was

slightly and insignificantly reduced (Fig 3.10):
GCOZ = 189.+ 1.75 W = 0.001 R (r=0.98, partial F=1611, 2.90).

V02 (ml/min) showed a small but insignificant increases with

added iﬁspiratory loads (Fig 3.11); -

- -
L -

V02 = 398 + 1.60 W + 0.0001 R (r=0.99, partial F=2119, N.5)
/
The measured VN2 was significantly related to the power
ouput (kpm/min) of the exercising leg muscles (p<0.0001) and the
power output of the inspiratory muscles (kom/min) (p<0.001):

V02 (ml/min) = 430 + 1.4 W + 8.8 Wresp (r=0.99)

+

“

o .
where Wresp is the estimated power output of the inspiratory muscles

_(kpm/min).

In exercise tests with added elastic-loads GCOZ increased

_very slightly but insignificantly as the elastance increased (Fig

3.105;

>

VC02 = 151 + 1.80 W + 0.0003 E (r=0.99, partial F= 11591,0.43).

+ b ‘
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Intercept & 5D

Control 1 0.83 £ 1.97
Resistance 1 4.35 + 2.67
Resistance 2 3.33 £ 1.86
Resistance 3 2.78 £ 0,76
Control 2 0,09 + 2.62

N

Tab 3.3 Ventilatory response as a

Slope + 5D
24.44 + 3.86
18.53 + 2.82
17.82 + 4.01
16.64 + 2.49
24.60 + 3.64

mcznnwoz of VCO,

rRZ + gD
.99 1,004

.99 £ .009
.98 £ 0.02

.98 + 0.02

I+

.96 + 0.08

in control and with resistive loading.
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Intercept + 5D

Control 1 0.83 £ 1.97
Elastance 1 2.20 + 1.93
Elastance 2 2.95 + 2.66
Elastance 3 3.70 + 1.93
Control M o.om + 2.62

v

Tab 3.4 Ventilatory response

24.44 ¢t

22,5 %

19.6

o d

20,0 4+

=+

24.60

as a function

Slope + 5D

3.86

3.85

3.33

4,17

3.64

of VC0, in control and with elastic loading.

R?
0.99
0.99
0.99
0.99

0.96

oo+

I+

1+

sb,
0.004

0.60
0.36
1.67

0.08
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V02 1increased slightly but significantly with the increase

in added elastic loads (P<0.05) (Fig 3.11);
V02 = 379 + 1.60 W+ 0.8 E _ (r=0.99, partial F=17686, 7.55).

The measured V02 was significantly related cto the power

f .

output of thef exercising leg muscles (p<0.001) and the inspiratory
| L

X3

museles. (p<0.001): P

[
L]
.

V02 (ml/min) = 425 + l.4 W + 6.0 Wresp-(r-0.99)
¢

3.3.3 Loading and Gas Exchange .

k PetCD2 increased significantly at same work load with added
resistive and elastic loads indicating a reductisn in alveolar
~ventilation (P<0.05). Thus at 500 kpm/min (the work load achieved
by ail subjects) PetCO2 increased from 4] mmHg in €1 to 44, 4R, and
49 mmHg in R1,R2, and R3 respectively (Fig 3.12A). Similarly at 840
kpm/min (the work lqad achieved by all subjects In elastic loading .
studies) PetC02 increased from 41 mmHg in Cl to 45, 46, and 48 nmHg ,
in E1, E2, and E3 respecrtively (Fig 3.12B). '

There was 1little or no decrease 15 San2 % with added
resistive and elastic loads. Thus.at 500 kpm/min San2 ¥ was 96 I in
Cl and 96, 95, and 25 % in Rl, R2, and R3 respectively (Fig 3.13A).
Similarly at 800 Kpm/min, Sa02 % was 96 % in Cl and 95, 95, and 95 %
in E1, E2, and E3 respectively (Fig 3.138B}.

3.3.4 Loading and Ventilatory Patterm

ige subjects wvaried widely in their ventllatory patterns in
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exercise tests without added inspiratory loads (appendix 7.3). The

peak and mean inspiratory flow as well as the breathing frequency

increased slightly but significantly at comparable workloads during

the second control unloaded exercise tests (C2), whereas the

inspirato;y time (Ti) aﬁd the dﬁty cycle were reduced slizhtly.but‘
significantly. ) <«
| With resistive. loadingr at the same work loads Ti, Ttot,

Ti/Ttor, and vt significantly inc;eased as fesistance increased

(P<0.05) (Fig 3.14, 3.15). At 500 kpm/min, the workload achieved by

all subjects during the three resisci#e loading conditions, the mean

of Ti increased from ]1.75 sec to 3.57, A.ﬁé, and 5.89 sec in Rl, R2,

and R3 respectively. Similarly the mean of Ttot increased from 4.164

sec to 5.6, 6.6, and 6.9 sec in Rl, R2, and R} respectively. Vvt

facreased also from 1.5 1 in Cl to 1.97, 2.0, and 2.0 1 in RI, R2,

and R3 respectively at S00 kpm/min. Gi and fb declined significantly

as resistance increased (P<0.N5) (Fig 3.16, 3.17). The mean of fb

at 500 kpm/min decreased from 15.8 b/min in Cl to 11.3, 10.5, and 9

b/min im Rl, R2, and R3 respectively. The mean of Vi decreased from

i.5 l/sec in €1 to 1.09, 0.74, and 0.77 1l/sec in Rl, t2, and R3

regpectively.

With elastic loading Ti, Ttot, Ti/Ttot, and Vt were
significantly reduced at comparable workload as the added elastance
increased (P<0.05) (Fig 3.14, 3.15). For example at 800 kpm/min, a
workload achieved by all subjects during the three elastic loadings,
Ti decreased from 1.69 sec in Cl to 1.13, 0.94, and 0.89 sec with
El, E2, and E3 reépectively.' Similarly Ttot decreased from 3.5 sec

in Cl to 2.84, 2.29, and 2.17 sec in El, E2, and E3 respecrtively.



4.0

78

Il (A)
© Control
* R1
O a4 R2
w 3.0- s R3 . 00 o
= o)
| ™ O
- . e0 $ .
| ) . N
g 2.0 o -.8 .‘. CF? A
_ u (o) Te) .
al A
2
= {4 o
= 1.0 06
) Oﬂl T T T T T
§ 9 400 800 1200 1600 2000
~
3-00+ o (B)
— o © o
= S ©
g 2.254 o -
2 © B gm
8 o © s = =
o n
> 1.50- © mam a
= omn®" L e
:g s © a A.A‘
H 0.75 " ;A..... O Controt
B o : i mE1.
A E2
e E3
0 I ¥ T T i
400 800 1200 1600 2000

WORKLOAD kpm/min

Fig .14 Tidal volume plotted againsc work luda'_ cenistive loads
(3.14A), elastic loads (3.148). .



Tl (sec)

Tiot {sec)

Ti/Tlol

79

10.04 20 _ (B)
(A) © Control . % 5 o .
- * R - -]
89 . . A2 : 15 LA SR
R = o 35, °°%,
8.0-n .l. - . » [ - .Y
.. -‘: b 2z 1.0-'--. ... e o
4.0 ¢ - - e e e *ta .. -
-'.:. . °
Q R \‘05 ]
i - .~ 5 -
2.0-°° 0000004 *
L= - . Y s
- -
o_'r 1] L 1 1 1] o- \ T 3 ] 1 1
10.0+ 10 A
r
a N
B8O~ as = - 8 -
. - E
go°. 6 -
. - tae =
., = felt
-3 0 [
4.0 ooocco;;; 4 3.33.:9Qo°°
Ooq‘: LI -a ;0
ta,."
2.04 ° © 2 e .l..i 20
Q- 0 -
' ' ' 7 i 7 T T T T T
1.00+ 1.0-ﬁ
4
0.8 -
.80 - . ~
et s .
.‘I - - .5 0.6 o
.a * - .-. : s o
.80 . " . = 0,90 0400
e T s = o4l 2°°:.§|nf.3-5 .
* e %c o g% "i',:'.'_ o Conalral
i gea  ® ° J° et
.40 . ° 0.2 - ea
[+ ]
a
o-
'20-1 T T T T T ' ! 1 I T 1 T
o 400 800 1200 160Q 2000 0 400 800 1200 1600 2000

WORK LOAD (KPM/min) WORKLCAD  (KPM/min)

-,

Fig 3.15 Inspiratory time (TL), ruaiu:orr Cime dyraclon (Ttot),
duty cycle (Ti/Trot) plocted agalnac ubrk loads, resiscive (3.13%A),
elastic loads (3.15B).

&

A



(1/8)

[

PEAK INSP FLOW

PEAK FLOW (i/s)

w
O
{

- N
&) . 0O
1 ]

0

CA) _
o -
)
O
OO
\ O
o .
. 0O 4 @
© o] ®
.9l e
C 4 A T O Control
© L ] A :
opesld . * Rl
‘! . ‘ A R?2
’ = R3

. i | ] { |
0 400 800 1200 1600 2000

(B) | ©
n P
X
pe”
a
‘ . LY
L |
% e ¢ Control
e s E1
AE2
e E3 -

i < - 1 [}
0 400 800 1200 1600 2000

. WORKLOAD kpm/min

Fig 3J.16 1Insplratory flow rate against work loads, resiscive loads

(3.16A4), elastic loads (3.168). 3



FREQUENCY (br/min)

FREQUENCY (br/min)

81

50 - S (A)
40
o)
30 -
o
000!3 ‘E
201
°© o050 OPOOA'
O . °© ] ) 4 md e © Control
10, 3 ‘QE ' e R1
£ . &~ R2
N a R3
0- ‘ & '
Y T T T T Y
o 400 800 1200 1600 2000
507 (B)
40 1
[ J A .O
30 gat ="
‘ ° 3 L O
L . R N = oo
20 - oo * A .OOOO
aoaéogaao
L © Control
10 - = E1
A E2 '
e E3
O . a.
|
0 400 800 1200 1600 2000
'WORKLOAD kpm/min
-»

Fig .17 !r-qmcy of bresthing plocted agsinst wotk loads,
resistive loads (3.17A), elastic loads (3.178).



1,

Similarly vVt decreased from 2 1 in Cl to 1.7, 1.2, and 1.0 1 at same

__work load. The mean fb \significancly increased in the exercise

tests with added elastic loads (P<0.05) (Fig 3.17). At 800 kpm/min
breathing frequency increased from 17 br/min in Cl to é3, 27, and 28
br/min 1in Ei, E2, and E3 respectively. vi increased‘slightlv only
in exercise' tests with added elaétic loads El and EZ, but this
increase was significant (P<0.05) (Fig 3.lﬁlpi

L S, o - —

3.3.5 Observed vs Predicted Frequency of Breathlng

-

The measured freqd@ncy—wwas compared with ~the calculated
values for predicted frequenc§ to minimize work and predicted

frequency to minfmize peak force.

During unloaded exercise tests the observed frequency was

consistent with the predicted frequency to minimize peak force {both

-

were not significantly different). However, the obsetved‘frequégéy

82

was significantly lower than the predicted frequency to minimize

work (p<0.05) (Fig 3-18a).
\
During exercise tests with the lowest added resistance (Rl)

the observed frequency was consistant with the predicted freﬁuency
to minimize work. However, the observed frequency ués significantly
(P<0.05) higher than the predicted frequency to minimiée peak force
(Fig 3.18B). BDBuring exercise tests with added resistances R2 and R3
the observed frequency was significantly higher than both predicted
frequencies (P<0.05) (Fig 5.}8C).

During exercise tests with added elastic loads (E1,82,E3)

L

the observed frequency was significantly lower <than the both

—

predicted frequenciles ‘under all elastic conditions (Fig 3.18D0,E)
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(P€0.0001).  Both predicted frequencies were in the unphysiologic

range of response of the respinatery pattern.

The frequency of breathing\\as quanticatively related to the

metabolic demands’ (VCOZ), the capacity of the 1nsp1ra:ory muscle to

generate force (MIP), the elastance (E), and the resistance (R) of

-‘J'

) C?e respiratory system as shown in the following equation:’

£b = 12.56 + 6.6 VCO2 (1/min) +.0.18 E - 0106 R - 0.04 MIP (r=0.85,

p<0.01).



e CHAPTER 4: DISCUSSION

- -

-

., Respiratory = loading during rest and exercise has been used

to examine the effect of Ioading on ventilation,. ‘ventilatory

. pattern, blood gases, and the work of breathing (Cerretelli, Sikand,

and Farhi; . 1969; Gee, Vassallo, and Gregg, 1968; Hanson, Tabakin,

Levy, and Falserti, -1965; Tabakin, and Hanson, 1960). The findings

in . the present study 1in general were similar to those of previous

§tcd}és. However, 1a this thesis exercise and dnspiratory loading

——p -

*  were used to ‘achieve different laims; First, to quantify the ¥
ingensity of °~ breathlessness assoclated with the increased
resplratory  forces. Segpnd, to 1isolate the contribution of
-inspiratory pressure to the perceived magnitude of breathlessness.

Third,- to see 1if tidal volume (functional extent of respiratory

e

" muscle shortening), inspiratory flow rate (functional velocity of,
respiratory muscle shorteaing), duty cycle, and frequency of
- breathing contribute to the sensation of breathlessness independent

of their effect in increasing respiratory pressures. Finally, to
evaluage oprevious hypotheses that the freaguency of breathing is

- v . .

selected - to minimise peak “inspiratory force or the work of

v a

breathing.

4.1 Sumﬁarv of the Findings

During exercise with and without added insq}ratorvjloads the
inteasity ¢f breathlessness increased as the/zentilacion increased.
= - '
However, at any level of exercise or ventilation’, the intensity of

~

-

as .



breaghlessness was greater as the added - resistance or elastance

increased. At maximum exercise in both loaded and unloa&éd exercise

the intensity of -~ breathlessness was close to maximal® and

approximately  similar. Breathlessness was variably - related to

.

pressure -gven when corrected for-the pressure required to overcome
N )

the ‘impedgnce of the lung. For a given pressure the percelved

-

magnitude of breathlessness  was less ‘with 1increasing added,

inspiratory load. This was true regardless of the nature of the

added load .(resistive or elastic). In resistive loading studies;'

the perceived magnitudﬁgfai breathlessness was higher for a given
th

pressure-—the higher inspiratory flow. Taking into account the

factors we hypothesised would coantribute to breathlessness in

resistive loading -~ inspiratory pressure, 1inspiratory flow,
frequency of beathing, and duty cycle - all significantly and
independently contributed to the percelived magnitude of

breathlessness. In elastic loading studiés} the perceived magitude

of breathlessness was higher for a given pressure as the tidal

volume increased. Again the variables that we hypothesised would °

contribute to breathlessness in elastic loading - inspiratory

»

pressure, tidal volume and frequency of Qreathing significantly and
independently conttiﬁu:ed lto the perceived magnicude of
breathlessness. !

The major contributions of the study were in quantifying the

intensity of breathlessness, and definini both the factors

 pr————

- contributing to breathlessness and the relative 1importance of

factors tending both to increase the forces and to reduce the

capacity to generate force bv the respiratory muscles. -
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4.2 Breathlessness and the Examined Hypothesis

- The hypothesié- exanmined in the preéénc stugy defined the
gsengation - of Sreathlessness as thé Squective sensation of
respiratory muscle effort. The hypothesisaimplieé that under most
of the ecircumstances 1in -which . sensation of breachleﬁsness QCCuUTS
there should be comnon factors contributing to 1its magnicﬁdé, and
that the sensation of breathlessness 1s related to the motor
funé!!?n of the respiratory muscles. The factors contributing to
breathlessness are recognized to be ﬁhe strength of the inspiratory -
musc;eg, ;he pressure generated by these @uscles (functiongl tension
ggneraCed), the tidal volume (f&nct;onal lengch of shortening), the
idsoiratory flow (functional velocity of shortening), the frequenc§
of breathing and Ehe duty cycle. The hypotheéis‘sugge§ted that ;he§
intensity of breathlessness increases ‘with any of the following
changes acting alone or in combination - gecreased strength of the
{inspiratory muscle; 1increased pressure generated; increased tidal
volume; increased inspiratory flow; - increased ‘ frEQu;ncy of
breathing; 1increased duty cycle. .The reasoning behind these faetors
will be discussed below. -

Before interpreting the findings in the pre;en: study
several points should be considered. First, with any Qoluntary-

muscle contraction a number of discrete sensatiops are generated.

To 1initiate a motor act, graded effort is generated. Subjects can

sense Cthe magnitude of this effort but also, as the effort results
in displacement and tension, the magnitude of teansion or

displacement may also be sensed. All depend on the impedance .

—— -
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-~

opposing‘ the motor act. For example'if'unimpedé¢.effort results in

‘high velocity and extent of shortening but little tension; whereas
if totally _ impeded effort results id temsion with little

. displacement. Both tens%gn and displacement‘tadd its derivatives

S -

.including the magnitude of impedance) can be sensed indépéndept-of

effort. The magnitude of effort required to generate a given

tension increases as the velocity of contractlon increases, and as

the length-shortenséiElmanshawi, Summers;;Campbell, Kiliiaq, 1986).
Second, the maximum force thét, can _be generffed' by. a muscié
decreases as 1its length decreases. However, the effbrtato generate
the maximum force at different lengths remains the same (Cafarelli
et al, 1979)l The maximum forcé also decreases as the velocity of
shortening increases. Third, the maximum tenslon that can be
generaced by a muscle approximately repesents Che maximum motor
output to this muscle (Gandevia et al., 1977, Cafarelli et al,
- 1979). Fourth, the effort perceived is proportional to the motor
' output to the muscle (McCloskey, Ebeling, and Goodwin, 1974,

——

McCloske_sr, 1978).

4.2.1 Breathlessness and Respiratory Effort

As mentioned —é;flier in the intfoduction, the hypotheses
that breathlessness is the perception of regpiracory work, power,
force, etc., failed to - explain the different circumstances
associated with the sensation of beathlessness. The perception of
regpliratory effo?t is suggested as an alternative explanation for

all the circumstances assoclated with breathlessness. Increased

impedance, weakness of rei?iratory muscles, or increased veantilation

-
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are the commonest cirCumstanc;s {n which breathlessness occurs. .
: " '
Respiratory effort increases under all these ciréumstances, and
assuging that the sensation has a  common mechéﬁism, a
neurophysiological process ;;st_ be common to all these
circumstances, as will be described latter in t?e discussion. The
design of_':hel present studvy allowed us to examine :he.factorS‘
contribucing. to the sensation of breathlessnesé with both -the

incfeaéed ventilation and the increased impedancé. - :
Breathing 1is a motor act and 1in common with ocher'motor
. acts, respfiatory muscle action can se oerceived. Thus the tension
generated' Pv these muscles, (the displacement, the velocity, the
impedance overcome by these wmuscles, and the effort required to
produce tension and dispiacement all can be ﬁerceived independently.
ﬁsing psychophysical techniques, Baker et al. (1970) showed that
subjects can perceive tidal volume, pressure and ventilation
independently. They found that the perceptual magnitude of volume
or pressure or flow was_;glated to the physical magnictude by a power
function. Wolkove, Altose, ﬁelsen, Konapalli, and Chermiack (1981)
found that tidal volumes can be matched with reference tidal volumes
in a group of normal subjects. Stubbing et al., (1983) and Killian
et al (1984) were able to illustrate the increase in the perceived
magnitude of insplratory muscfe -forge with the Iincrease in the
pressure generated by these muscles in normal subjects. 1In the same
. studies Kittian et al. (198&5.measured the perceived magnitude of
respiratory effort and breathlessness required for a given pressure

generated by the inspiratory muscles at different lung volumes.

. w————
They found that the perceived magnitude of effort increased as the
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pressure generated by respiratory muscle 1increased, but the
perceived - magnitude °f;qffifirac°ry effort and breathlessness were
‘similar for a gigen pressure and increased as the volumexincreased.'
These studies indicaped that sensations associated with the éct of
breathing can 'be percelved and qqantiﬁ}ea. Also, there was a high
cérrelation between the perceived ;aghitude of respiratorv effort
and breathlessness suggesting that both have a similar mechanism
(Killi;n et al., 1984). Thus in the present study, the Derceiyed
magnitude- of bFeathleSSness was defined as the subjecgive sensation
of the perceived effort exerted by the.resoir§cqu muscles.

Two characteristics are common to most sensory medalities -
qualicy and quanticy (intensity). For example, the sensation
pe;ceived while 2 muscle is contracting isometrically is different
in quality from that experienced during an isotontic contfaction.
However, the subjects can quantify the muscle effort for each task.
Similarly the sensation during unloaded breathing is qualitattvély
different froﬁ that during loaded breathing, but ;he resplratory
effort in both conditions can be quantified. -~ In the present
studies, at maximufy exercI;;, with or without locading, the intensity
of breathlessness was comparable. This observation suggests either
that there are many sensations associated with the act of breathing
that may be unpleasent and labeled ﬁs breathlessness, or that

something i{s common to ‘all conditions. We favour the latter

explanation, as developed below.

&.2.2 OQuantification of Breathlessness

The sensation of breathlessness, in c¢ommon with other



‘ \ Y ' |
. \ . ' . .
~ - . 91

sengory modalities, iends irself to quantification byxpsychophyéical
scaling. mechods_ including ratio scales’ (open magﬁitude estimation)
:(Steqens,19$$),. categorfl scaliéﬁ (Bogg scale) (Borg, 1980) -and
ordi;al ‘sé;les (Fletchexr, 1952). Tﬁe Borg scale used in this study
1;:-3' category sc%le with ;atio prqﬁerties.(ﬁorg, 1980). This ;;ale

Qas; used in ppgﬁsrence to other scales for :h; foklowing reasons.
Figst. the scale is widely usgd to measure the sense of effort
accompanying muscular exertion of many ‘types (Borg, 1982;T\\$econd3
in contrast to open magnitude scaling; it allowé‘comparis;ns‘acgoss
- individual subjects and within indfvidual subjects when testing has

- %
taken place at different times. Third, it is simple to use Jn that
the numbers are anchored to -verbal exgressions which are easily
o understood by most people. Finaly, it Tcovers the whole sensory
continuum de any given sensation (zero to maximum). 3

As most normal SUbjects and vpatients are limited during
exercise by either breathlessness or leg fatigue, the quantification
of breathlessness 1s wuseful 1in the interpreéa}ioﬁ. of limiting
factors to exercilse. t may usefully complement teé conventional
- physiolgical measurements of ventilation, heart racat etc.  The
results  of the present work -show . that the sensagion of
breathlessness 1is a continuum increasing in intensity with exercise,
as expressed by a threshold and a slope.- The threshold is lowered
and the slope 1s increased as the Iimpedance of the r§5piratory
systém increases tFig 3.2). The rating of breathlessness at maximum
exercise was maximum (loaded tests) or élose to maximum (unloaded

tests) (Fig 3.3). Yet the pressure generated under the two

conditions was quite' different (Fig 3.5, 3.6). During unloaded

(Y



92

exercise the peak pressure was approximately 40 cmH20, whereas
y

during loaded execise the peak pressure was approximately 80 cmH20.
These results suggest that there are other factors in addition to
the pressure generated by the inspiratory muscles that contribute to
bréathlessness.

4.3 TFactors Contributing to Breathlessness

The c;ntribucidn of the Dres;ure ‘ generated by the
inspiratory muscles, the static strength of these muscles; the
frequency of breathing and the duty é&éié were investigated by Jones
et al. (1983, 1985). All were found to contribute independently to

“breathlessness with inspirato y loading (JQnes-et gl.. 1983, 1985).
- . .
In the present: study, the contribution of these variables to
breathlessness, were examined at wider range of rextent and velocity
of _gyor:ening of inspiratory mugcles using incremental exercise and
8 » B
ingpiratory loading. Thus contribution of the tidal volume
{functional '-length of shortening) and (the- inspiratorvy flow
(functional velocity. of shertening) to breafhlessness has been
emphasised. The role of these two variables as well as the other

variables will be explained in the following sections taking finto

account the above mentioned points.

4.3.1 Contribution of Pressure, Tidal volume, and Inspiratorv Flow

—

In skeletal muscles effort {is _related to the tension

-

generated by these muscles and  the length of shortening of these

muscles (Cafarelli and  Bigland-Ritchie, 1979, Gandevia and



McCloskey, 1977). Cafaralll et al. (1979) examined the sensation
of perceived voluntary forces at different muscle lengths: ’The
subjects ;;kched a s;ries of _static voluntary contractions with
simultaneous contractions of the contralateral mggcle.' Excitatory
input was monlitored from smoothed rectified electrme?grams. The
measure for sensation was wmatching force. They found that when
contractions in paired mu;cles of different maximal strength were
matched on the basis of equal sggfation, the stronger muscle
gen%tated more force. When the 1length was a&jusced-so tﬁat_:he
tension producihg‘ capacity in bqqh' muscles was equal, boéh‘the
refetence “and the matching forces were neérly the same. They also
fouqd/'that the smoothed rectified EMG was essentially unaffected by
leggzhjx\ggggegfing that the degree‘oé°efferent command was c¢onstant
under each coﬁdition. Cafaralli et.al. (1979) f&ﬁnd also that the

~.maximum voluntary force decreased as the extent of shortening

increased. This was true whether the subjects contracted their

¥

nuscle voluntarily or by peripheral nerve stimulation. They!

concluded from the findings that for ‘any degree of activation in a
shortened muscle, the force declined but the sensation remain

constant. Thus to maintain the initial fgfce at a shorter length

!

required more activation and increased sensation.

———

We wmay apply the findings of Cafarelli et al. (1979) to the
hypothesis examined in this thesis. We hypothesized that during
increased ventilation, ag the tidal volume and inspiratory flow
increased the capacity of the respiratory wmuscle- to ‘generate

force would decrease and the perceived effort increase. We also

o3

’~

X
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hypothesizeé 'th;b-fdr a given pressure effort would increase, as the
velocity‘ and extent of shorteniné increase. Thus, the extent of
shortening (tidal volume) and the velocity of shortening
(inspiratory flow) are seen as important variables contributing to
the perceived vmagnitude of breathlessness, contributing both to an

I

increase in the tension (pressure generated by the inspiratorv

muscles) and a reduction in the functional strength of these

muscles.
As 1in other skeletal muscles, the maximum force that can be
generated by inspiratory muscles decreases with increases in the

extent and velocity of shortening. Previous work has egzablighed

that maximum negative esophageal pressure at FRC (approximately MIP)

- -

decreases to recoil pressure-of the lung and: chest wall as inspired
volume approaches TLC, and.also decreases by a further 6% for each
l}s increase in inspiratory flqw at any given volume (Agostoni et
‘al., 1960, Hyatt et al., 1966, Rahn et al., 19&9,iRingqvist, 1966,
\ —
Leblanc, Bowie, Summers, and Killian, 1984) (Fig 2.6).

Extrapolating these fundamental observations of
length—tensioﬁ, and force-velocity of the respiratory muscles &o our
data the following changes were observed. During é;;rcise QItHbut ‘
adding any inspiratorvi?loads the predicted ma;imum inspiratory
pressure that can be generated would decrease from 120 emH20 at.?RC
to 50 ecmH?20 at maximum exercise. However, the actual peak pressure
generated inc;eased gradually with the increase in volume and flow
until 1t approached cthe maximum predicted pressure at maximum work

load (Fig 3.7, 3.8). DNuring exercise with added resistive loads the

predicted chaages in wmaximum inspiratdcry pressure (at the point of
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peak inspiratory flow) are less than those in unloaded conditions at
maximum exercise because the changes in tidal volume and inspiratory

flow were less. The expected maximum pressure decreases from 120

cmH20 ‘to 70, 80, .and 90 emH20 with Rl, R2, and R3. respectively at

- -

maximum exercise (Fig 3.7). However, the ‘actual peak pressure
generated was higher ;ompared to the unloadqd condition (to overcome
the external added resf;éhnce)t and also approached the maximum
- prédicted inspiratory pressure at maximum exerclse (Fig 3.7).
During exercise with a;ded elastic loads the predicted maximum
{inspiratory opressure (at end inspiéation because peak pressure
occurs at end inspliration in elastic loading) decreases from 120 to
60, 70 a&gu-ﬁgo cmH20 with El, E2, and E3 respectively at maximum
exerclse. These reductions in the predicred maximum pressure were
less than the reduction in the unloaded condition as the change in
volume was small wiph elastic loading (3.8).

Thus the close / rating of breathlessness Co maximum in both
lpgded and unloaded exercise tests ar maximum exercise was due to
{ncreased tension generated by the inspiratory muscles as well as

reduction in tension generating capacity secondarv to increased

velocity and extent of shortening.

5.3.2 Independent Contribution of Tidal Volume and Inspiratorv Flow

to Breathlessness

" Tidal volume and inspiratory flow rate contribute to. the
pressure required by the 1inspiratory muscle to maintain the
metabolic demands of the body in the following way:

P = (Ve *E) + (VL *R)
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where P 1s the pressure generated, Vt is the tidal volume, E is the

elastance of the system, Vi is the inspiratory flow, and R is the

resistance of the system.

To produce the same  pressure while breacﬁing against
increasing resistance the veloéity will fall witR increasing
resistgnce. Also, to produce the same pressure while breathing
through different elastances,-the extent of shortening will be less
with increasing elast%s_ loads. Because shortening a muscle fibre
{(extent and velocity) reduces 1its capacity—ca generate force, more
effort is required to produce thé same pressure with a low
resisFanc; compared to a high resistance. Similar}y more effort is
required c& produce the same pressure with a low elastance compared
to a high elastance. In the present resistive loading studies, ar
any given inspiratory pressure the magnitude of breathlessness was
higher with the small?r ddded resistive loads  and with increasing
velocity of sh;}tening. Similarly, 1in the elastic 1oadiﬁg studies,
the perceived magnitude of breathles&s was higher at anv given
pressure che lower the added elastic load and the higher the extent
of shortening. These findings have been further validated bv a
recent study in our\laboratory {El-manshawi, Summe:s, Campbell, and
“Killian, 1986). 10 subjects targeted to 31 integrated inspiratory
pressures (30, 60, 106 cmH20.s/breath) whilst breathing through 3
different added inspiratory resistive and 3 elastic loads. The
loads were used to provide a wide range of inspiratory flow rétes
and tidal volumes. Perceived effort increased both as‘}ntegrated

‘pressure increased and as flow rate increased with resistive

loading. Perceived effort increased both as integrated pressure
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increased and as tidal volume increased. The results of this study
iﬁdicated_ that the perceived wmagnitude of respiratory effert was
independently and postively related to the integrated 1nspirat$ry
pressure, and to the extent and velocizy of shortening, and
negatively related to the isometric capacity of the insPiratéry
muscles to generate force (MIP).

LN
~

4.3.3 Effect éf Frequency and Duty Cycle

Peak pressure, duration, duty cycie and frequency all

-

contribute to the perceived magnitude of added imnspiratory loads.

®illian et al. (1982) derived the following emperical equation that

closely reflected the interaction between these variables and the
perceived magnitude of added *loads:

1.3

Y =K Pm * Tin'se

.2

* £3°

In those studies all the variables were randomly variled
while in the present studies thé& were not. However, the results of
resiscive loading studies showed that both an increasing fTequency
of breathing and an increasing duty cycle contributed to increases
in thé intensity of ©breathlessness, I1ndependent of the peak
inspiratory pressure and inspiratory £low. On the other hand, in
elastic 1loading studies, frequency of ;}eathinz. contributed to
increases 1in the intensity of breathlessness, independent of the
peak inspiratory pressure and tidal volume, while the duty cycle

failed to reach  significance. The exact mechanisms accounting for

the increase 1in breathlesness with increases in frequency and duty
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cycle remain {1l defined. But they are likely to be closely related -

to reductions in the capacity to generate pressure and to factors
contributing to evolution of fatigue.

4.4 Potential Factors Contributing to Breathlessness

4.4.1 Respiratory Muscle Fatigue and Breathlessness

P

Roussos and Macklem (1977) suggested that resﬁiratory muscle
fatigue plays an essential role im the sensation ;f breathlessness.
Although fatigue, defined as the inability to sustain the required
force with conc;nued concractioné, may not be 'a necessary
prerequislice to 'breachlessness,' facigge will intensify the symptom
of breathlessness compared to the sensation of effort Efberienéed in
absence of fatrigue.- Bellemare and Grassino (1982) measured
transdiapﬁragmatic pressure' to derive a tension-time index (TINi) -
the timé 1integral of pressure, obcéined from the product of
Pdi/Pdimax * Ti/Ttot. They ~were able to define the fatigue
threshold of the respiratory muscles by identifying the TTNLi at
which electromyographic eyidence of diaphragmatic fatigue occurred.
The fatigue threshold occured when TTDi exceeded N.15. During the .
present study we did not measure transdiaphragmatic pressure huc‘it
is reasonable to assume that the values in our subjects would be
considerably smaller under unloaded than loaded condition. ‘Under
unloaded conditions, the velocity and extent of contraction are
stressed, ?ith modest 1increases in tension, whereas during loaded
conditions the velocity, as in resistive loading, and the extent of

shortening, as in elastic loading, are small, buc the increases in

tension are large. At maximum exercise, the tension-time 1index of
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Bellemare andA Grassino would Qe in the non fatiguing range in the
unloaded condition despite the presence of severe breathlessness.

During loading, values of TIDi may well have exceeded the fatigue
threshold, considering bogh the high pressure and duty cycle as in
resistive loading or high p}gggure alone as In elastic loading. Yet
the subjects were ouly a little more breathless than under unloaded
condition at maximum exercisef. Because Iintensity of breathlessness
was a continuum, increasing with ventilation iﬁ both loaded and
unloaded conditions, the results of the preseﬁt study suggest that
while fatigue may contribute to the intensity gf breathlessness, it
is not necessarily a prerequisite.

2

4.4.2 Breathlessness and Oxygen Cost of Breathing

The sense of effort required to lift a weight ot perférm
muscular work increases when rthe perfusion to the lifting muscie is
reduced (Myers and Sullivan, 1968, Jones, 1983). Similarly failure
to maintain the metabolic demands of the respiratory muscles by
reducing any of the essential substrates inciuding-oxygen would be
expected to result in a reducrion in its capacity to generate f;rce
and -an increase 1in the perceived effort. Some authors argued that
the,/oxyge; cost of breathing may contribute to a limitation of
exercise capacity and development of breathlessness. (Ntis et al.,
1950; MéIlroy, 1954). As all our subjects were limitéd during
loaded. studies by breathlessness, it might be expec:ed.that the
oxvgen supply of the respiratory muscles might be a limiting factor.

During cvecle ergomtry an increase in oxygen intake is very

closely related to an increase in power. As in the preseat study
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‘ i
the power output - of the exercising leg muscles was assoclated also

with a wide range of inspiratory muscle power outputs (unloaded,
elastic and resistive loads) we may relate the measured V02 to the

calculated power output of both muscle groups. We were able o

ascertain that the power output of the inspiratory muscles both

contributed significantly to the measured oxygen uptake. However,
the contribution of the respiratory muscles to V02 was small (8.8
mls/kpm/min). Clearly the excess cost 1s difficult to estimate
unéer exerclse conditions where the oxygen cost of perfpheral muscle
force approaches 2000 - 4000 ml/min. In this study we cannot
confirm or deny that tissue oxygenation of the respiratory muscies
contributed to"breathlessness.

443 Brearhlessness and End-Tidal €02 and Oxygen Saturation
N

Reduction in ventiiiz:ry responsiveness would serve to

reduce effort by decreasing ventilation at a given VCO2. Desplte
the increased work assoclated tdth the elastic or resistive loading

ventilation was linearly reig:ed to CO2 outpu; under all conditions,
loaded and unloaded. However, the intercept increased significantly
and the slépe of the ventilatory response ¢to vCo02 declined
significantly as the resistance increased. The net result was a
rise in PetCo? and a reduction 1in arterial oxygen saturation as
respiratory résistance increased and as exercise Ingreased. These
observed alterations {in control (reduced ventilafory response to
ﬁcoz) coupled with the modificaci;n ‘of the respiratory pattern
contributed to reduce insplratory effort and breathlessness.

Finally as ventilatory demands 1increase the only adaptation to

-
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réducé breathlessness is to terminate exercise. Thus the senéacion
of breathleésness may act o procecgkthe respiratory muscles from.
fatigue, and. could be one reason why frank fa:igue-is difficult to
demonstrate during exercise. It\should be noted that in contrast to
resigtive loading elastig 1oading did not significancly alter
ventilaﬁory responsiveness to VC02. It seems unlikel; that the
difference occurs. at chemoreceptor level but is more likely reiated

to the muscular response and 1ts interaction with the Iimpedance of

the system.

4.5 Breathlessness and the Adaptive Respeonses in Breathing Pattern

For many years two ‘hypothei?s have been forwarded for
frequency optimization. The- first hypothesis suggeste% that the
frequency response 1is adjusted to minimize the work of breathing
(Rohrer, 1625, Otis ec,al., 1950, Yamashiro and Grodins, 1979). The
alternative hypothesis suggested that the .frequency' response 1s
adjusted ;o miﬁimizg tﬁe peak force generated by the ins;;;atory
muscles (Mead, f960). fhe derived equations used to predict the
frequency response lfrom both mechamtzal -models (Chapter 2, 2.4.3)
depend on four main wvariables; R or the ';esistance of the
respiratory system, C or the compliance of the respiratory system,
the alveolar.ventilation (VA), and the dead space (Vd). *

These equa;ions predicted that with an increase in R the
frequency will be low and with a reduction in C the frequency will
be high, assuming that there are no related changes in VA and &d.

It has also been demonstrated that frequency of breathing increases

and tidal volume decreases when an external elastance 1s added to

—
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normal subjects or when there 1s an increase&-glasgance of the iungs
(reduced C) (Weiq and Alexander, 1959, Burdon, Killlan, and Jo&es,
1979). In coﬁééast 'the frequency of breathing decreases and tidal
volume increases when normal subjects are obliged to breathe through
an external resistance or when there i1s an increase in the
resistance  of the 'respiratofy system due to obstructive - lung
diseases (h;zh R) (Cherniack, 1956).

in the present study we wer; able to examine these two
hyﬁotheses under a ﬁide range of metabolic demands and a wide range
of elastance ﬁcompliances) and resistances. The responses were
qualitatively similar to those of the previous studies. However,
applying eiﬁher the crit%fion of minimization of work (Otis et al.,
1951, Yamashiro.et al., 1971, 1979) or the criterion of.minimization
of peak force (Mead, 1960) to our data, large discrepancles were
noted. In the Lnloaded condition the observed frequency of
breathing was consistent with the criterion of minimization of peak
force and significantly lower than the predicted frequency to
minimize work. With the first added resistance (R1) the ohserved
fréquency of breathing was consistent with the criterion of
minimization of work, and was significantly higheér than the
predicted frequency to‘ minimize peak force. With the higher added
resistive loads (R2,R3) the observed frequency was significantly
higher than both predicted frequencies (i.e. 1inconsistent with
both). With all added elastic 1loads, the observea frequency was
much lower than both predicted frequencies. Moreover, both

predicted frequencies were in the unphysiclogic range. Thus the

observed frequency is not counsistent with criteria for the

&
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minimization of work or the minimization of peak forcetf;
It seems clear to us, viewing thgserhypothesessét a distance
of severél' years, that they were erected. by experiments in the
mechanics of breathing, rather ‘than the physiology of muscle since
they? gonsidered the output of the inspiratory muscles in purely
mechanical terms. They appear to negléct the changing capacity of
these muscles as ventilation increases. Under given conditions ;f
length and® veloéity .of shortening the force achieved by a muscle
contraction is proportionate to the the number of motor units
recruited and the intensity of their firing. The motor command ié
at a functional maximum when all motof units are recruited and
firing at maximum and achieving cheifféapacity to generate force.
Under any given condition this can be quantified in terms of temsion
or, 1in the case of the respiratory‘system, pressure 1f the subjects
can mnmaximally activate ali motor unilts. Most people appear to be
capable of achieving this objective in that supramaximum stimulation
directly to the active musele fails to increase force ' output
(Bellemare and Bigland-Ritchie, 1984). ' -

Under isometric conditions at a given length mgximum
inspiratory pressure represents maxinum functional motor command to
the inspiratory muscles. Similarly at any given length, extent and
velocity of shortening, maximum achieﬁable pressure or capa;i:y can
be experimentélly defined. Under dynamih contraction length, extent
anéd velocity reduce the maximum pressure or capacity. Expressing
the actual pressures developed as a ’proportion of the maximum

pressure achievable with the pattern of contraction allows a crude

estimate of motor command, as a proportion of the maximum functional
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motor command.

~

In a recent study from our laboratory it was found Ehat this
ratio was higher at end-inspiration rather than at the,poin; of peak
pressure, which occurred earlier in the breath (Fig 4.1). As the
nuscle shortens +the motor command required to generate a given
pressure increases. "The motor. command required to generate peak
pressure is less than that required to produce end inspiratory
pressure largely because' peak pressure occurs early in the breath
and shortening places a greater-]demand on motor output than the
difference between peak and end insplratory pressure.

Phrenic discharge starts at the onset of a breath, increases
to a maximum at end inspiraticon and then terminates §uddenly. Base&
ot . these findings we sgsuggest the following mechanism for the
frequency response. Minimization of peak st;;;s on the inspiratory
muscles through conscious sensation c¢f effort at end inspiration may
be 'the' mechanism which mediates the switch-;ff. Passage Lo
consciousness may not be obliggtory on every breath {in that
habituation may play the same role in respiration that it plays in
peripheral muscular movements. Metabolic demands are customarily
met and were met under all circu@stances of the present study. Thus
it may be the sense of effort, rather than the peak fdrce or work of

v
breathing, that thé system minimizes in setting the frequency’ of
breathing during e%ercise. CoﬁsciOus behaviOurai mecﬁanisms and

metabolic demands may be the dominant mechanisms dgtgrmininz the

pattern response.

LS
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Fig 4.1 The estimated loss in maximum esophagezl pressure (Pcap) (at
peak inspiratory flow) (4.1A) and at end inapiration (4.1B) and the
measured peak and end inspiraton pessure (Pes) generated duing
exercise plotted against work loads. T
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4.6 Neurophysiologic Mechanism of Breathlessness

There is an évolving confluence of opinion that the
sensation of wnmuscular effort 1is mediated centrally as the conscious
awarene;s ef the outgoing mo:ér cpmmand by corollary'discharge-
(Gandevia. and McCloskey, ié??; Gandevia and McCloskey 1977,1982;
Matthews,1982; McClosk&, 1978) . Tﬁe_ evidence supporting chis
opinion is 1largely circumstantial; collateral,dischgrge within the

central nervous system 1s known to occur (Gandevia, 1982) and the
~— —— .

sense of effort increases disproportionately to the developed

tension during fatigue (Gandevia et al.,1981), partial neuromuscular

blockade, and muscular weakness (Campbell et al., 1980) - all

situationg in which the motor command is increased. For-example?
Gandevia et al (1977) examined the apﬁreciation of heav{ness in é..
group .of patients with varying degrees of unilateral upper motor
neurons weakness without sensory symptoms or signs, and normal
sugjécts ﬁuring partial curarization oflthe forearm and the hand.
In all experiments both patients and normal subjeé;s weakened with
curare judged weights as heavier.when lifted py the weakened side.
The results of their exuefiments suggested that there 1s a
perceivable motor” command delivered to the muscles which is uséd in
weight and. tension est%mat%on. Although the sensory information
about the fog&e generated was preserved in both qroupg, subjects
lrelied on the effort that was put into the contractlon than on the
peripheral tension achileved (Gandevia et al., 1977). Another
example is the study of Gandevia (1982) in patients who suffered a
hemiplegia followed by partial recovery of motor function, patients

with lower motor neuron paralysis, and patients with spinal
&
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transections. Patients .witﬁ upper motor ﬁemiplegia reporged that
their accémp:s_ to move a completeifk‘paralysed limb were not
.agsociated wi;ﬁ any sensation of effort or heaviness. However,
when the first flicker of movement returned, it was ;ssociated with
the sensation of effort and heaviness. On the other hand, in
patients with lower motor neuron paralysis all cthe attempts to move
a completely paralysed 1limb were associated with the sensation of

-

effort and\ heaviness, Awhether the paralysis was recent or
longstanding. Even when there -:;s a complete sensory and motor
paralysis, as In spinal transection, attempts to move the paralysed
1imbs .were associated with the sensation of effort. All these
observations support the concept that the sensation of effort is
mediated centrally as the conscious awareness of the outgoing motor
command .

The mechanism’of the centrally media;ed sensation of effort
may be ideally suited to mediate the sensatlon of breathlessness
and can account -for all ecircumstances In which breathlessness
occurs. The percelved magnitude of breathlessness will be
proportional to the‘rmaznftude of motor output teo the respiratory
muscles. Using maximum effort to generate the maximum isometric

ingspiratory opressure at FRC Bellemare and Bigland-Ritchie (1984)
found <that the motor output‘to the respiratory muscle'was maximum.

.Cafarelll et al. (1979) also demonstrated that f?ing same effort to
match voluntary isometric forces at different_muscie lengths, the
tension generated decreased as the muséles shortened. However, the

motor output to these muscles was unaffected by lengtW suggesting

that the degree of efferent command was constant (Cafarelli et al.,
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1979). Thus to maintain the same force at shorterllengtﬁ'required

more ac;ivation and inceased sensation. This was 111usqatéd in
another = study (ElQmansha?i et al., 1986), iIn wﬁI;h the perceived
magnitude of resplratory effort increased as the imSpiratory flow
(velocity of muscle shortening) “nd/or tidal volume (extent of
muscle shortening) increased '\for a given pressure éenerated .
{(Elmenshawi et al., 1986). Thus the maximum pressure that éan be
generated by the respiratory muscles, taking into' account the effect
of volume and flow changes, can represent a crude measure of the
maximum motor output to the respifatory nmuscles. The closer the
pressure generated to the maximum pressure that can be generated tor
the given voiume and inspiratory flow, the closer is the déscending
motor output Eo the maximum output. The same argument may be
applied to the perceived magnitude of breathlessness.

In the present study (as 1llustrated 1in the graphical
analysls of figures 3.7 and 3.8) the " pressure generated during
exercise tests with and without added inspiratory loads approaches
the maximum pressure that can be generated taking into account the
effect of volume and inspiratory flow i.e. the motor output to the
musq}es aproaches wmaximum with the increases in exercise levels.
This was consistent with the increases in the perceived magnitude of
breathlessness during exefcise with and without added inspiratory
loads.

The motor output to the respiratory muscles increases when
the muscles are weak or when the ventilation increases or when the

impedance of the respirétory system increases. Under all these

circumstances the perceived magnitude of breathlessness Increased.
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The mnmotor commands‘are couvefted by the respiratory muscles
fnto force (Pm), velocity (Vvi), and shortening (Vt) Qi;h a ffquency
(£b) and duty cycle (Ti/Ttot) determined by the intenmsity of the
motor ;ommands and the impedance of the respiratory system. The

ventilatory demands of the body are mediated by chemicQI control

mechanisms but the consquence of these demands on the capacity of

‘the respiratory muscles to generate force Iis modulated by the-

conscious sensatiom of resplratory effort or breathlessness. Thus
the selecﬂion of a motor output pattern that minimises effort may be

no more than a simple ‘learned response.

4.6 Clinical Applications of the Present Study

Rreathlessness and leg fatigue are the commonest sensations

that 1limit patients and normalr subjects during heavy physical

activities. Breathlessness occurs with respiatory muscle weakness,

~
-

with. increased impedance of the respiratory system as with pulmonary
£idbrosis or airflow obstruction, and increased ventilation as during
:;xercife. The present'study'provided a comprehénsive understanding
of the occurrence of breathlessness under different circumstances.
The following are some exaﬁples to explain the application of the
finding. in the ®resent studvy o Interpret the occurrence of
breathlessness in different conditions.

In normal subjecfs the occurence of bféathlessness with
exercise 1s due to the increased ventilatory demands together with
the effeet of increased tidal ..volume and dinsplratory flow in

reducing the capacity of the inspiratory muscles to generate force.

Thus the pressure generated gradually increases as the tidal volume
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and inspiratory flow increase and appfoaches the maximum pressure

that can be generated for the given"volume and flow. This means chat
the motor output approaches maximum and also the seasation of

breathlessness.

In patients with fulmonary diseases the limitation of their
physicalr activity due to beathlessness ;an Se i}lus:rated from the
following examples appiying the findings of cthe present study.
E.J., a 35 vyear old man diagnosed as pulmonary fibrosis éomplained
of breathlessness with any physical activity. Tke subject achieved
907 of his maximum predicted power output during an incremental
exercise test. He stopped becau;e of breachlessne;s with a rate of
9 ("almost maximum”) on the Borg scale. The pressure generated
during the test ranged between 6 c¢cmH20 at rest and 18 cmH20 at
nmaximum exercise. However, the maximum pressﬁre he was able to

generate dropped from 100 cmH20 o 23 cmH20 (using the graphical

analysis, as described in the thesis) (Fig 4.2). Thyfs at the

-

maximum achieved exercise level the pressure generacad (18 cmH20)
was close to the maximum pressure (23 cmH20), and the motor output
was thus c¢lose to maximum; the sen;ation of beathlessness also was
close to éaximum. If only the pressure generated and the statlc
strength of the respiratory muscles (MIP) were considered, it would
have been very difficult to explain the patient’'s limitacion by
breathlessness. Such an analysis may be carried out without

esophageal pressure measurement if the lung volumes, FRC and -TLC,

and the maximum inspiratory pressure at FRC are known.
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Alse 1llistrated in che figure cotal lung capacity (TLC), maximum
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ratlog of breathlessness at different work loads.
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CHAPTER 5: SUMMARY AND CONCLUSION

Psychophysical techniques have 'peén used 1in an atctempt to
define the factors contributing to breathlessness. Most of the work
done so far [examined these factors.under resting conditions. The
results of these  studies ﬂshowed that the _-éénsation is
quantitatively related to the} force generated by the inspiratory
muscles, the duration and frequency of force éeneration, and the
strength of these muscles. These  studies suggest that
breathlessness may be the perception of respiratery muscle force or
tension and may be proportiénally related to the output of tendon
organs 1in the inspiratory muscles.

The hypothesis exam;ned n in this thesis is that
breathlessné;s in exercise is quantitégively related to {nspilratory
muscle function. The same factors shown to be important at rest are
also important in exercise, with the added factor of a functional
weakening of thé inspiratory muscle. The functional weakening is
assoclated with both iIncreasgd extent of shortening and increased
velocity of shortening that accompany the increased ventilation of
exercise. Thus _these factors contribute substantially :6 the
increase in effort required to produce a given tension and thus a

given ventilation.

Thus cthe purpose of this study was to quantify the intensicy

L
of breathlessness associated with exercise and respiratory loading;
and to 1isolate the contributions of inspiratory tension, length,

velocity, frequency, and duty cycle to the intensity- of
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breathlessness. The 1intensity of Iinspiratory muscle tension was
quantified by measurement of mo;th pressure, the extent of- -
shortening by tidal volume, and the velocity of shortening by
inspiratory £flow. Normal subjeéfs underwent incremental exercise
césts on a cycle ergometer to maximum capaciéy. The first and last
test were unloaded and the Intervening tests were performed with
external added resisténces and elastances in random order. The
resistances and. elastances wére selected to provide a wide range
inspiratory pressures, tidal wvolumes, flows, and patterns of
breathing. The inspiratory resistive loads were used mainly to
change the velocity of shortening of inspiratory muscles. The
inspiratory elaétic loadé were used mainly to change the extent or
‘length of shortening. At rest and at the end of each min during
exercise the subjects estimated the intensity of breathlessness by
selecting a number ranging from 0-10 (modified Borg scale), 0
indicating no appreciable breathlessness and 10 the maximum
tolerable sensation. 4;‘/,,/'

The sensation of breathlessness was found to be a continuum
that has ﬁ threshold and ’a slope as with other sensations. The
threshold 1is lowered and the slope is increase& as the lmpedance of
the respiratory system Increases. The ratings of breathlessness
were comparable at maximum exercise 1in loaded and unloaded
conditions suggesting that the velocity and extent of shorééninz of
inspiratory muscles play an important role by reducing the capacity
of inspiratory muscles to generate force. Thus the findings of the

present study support our hypothesis that not only the pressure

generated by the Iianspiratory muscles, the strength, the frequency



114

and the duration of contraction of these muscles are contributing to
the intensity oflbreathlessness, but alsc the velocity and extent of
contraction conéribu;ed independently. Thus when the velocity of
shortening was stressed (resistive loading study) the perceived
magnitude of breathlessness increased for any given pressure as the
inspiratorx‘*f}ow rate increased and as well as the duty cycle
increased. When the extent of shortening uaslstres§ed {elastic
loading stﬁdy) the percelved magnitude of breathlessness increased
for any gived inspiratory pressure as tidal volume increased as well
as the frequency of breathing. By making measurements during
exercise and. with loaded breathing the study established for the -
first time quantitative relatlonships between the forces generated
by resplratory muscles and the capacity té meer these demands in
exercise. Alse it established the relative contributions of these
factors to the intensity of breathlessness. The perception of the
outgoing motor command by means of coroll)ry discharge within the
central nervous system is ideally suited to subserve this sensation.
Another important finding, which was not an 1initizal intention of ﬁﬁe
study, was that cthe pattern of bréathing by the subjects did not
appear to minimize the work of breathing or the peak force generated
by the respiratory amuscles. Minimization of —rtespiratory efforc
appears to be a better explanation for the observed responses; thus
what 1is minimized 1is a combination wvf the tension generated in
relation to the capacity of the insoi}atory nuscles to generate a

force at a given length and velocity of shortening.
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The conteats of this chapter are :
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'5)

The development of the currently used Borg scale..

'Effect of velocity and extent of shortening on the perceive

magnitude of respiratory muscle effort.

The raw data of this Study.
Added inspiratory mechanical loads.

Multiple regression analysis.
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7.1 The DEVELOPMENT OF THE CURRENTLY USED BORG SCALE

The widespread ‘application of psychophysics in quantifying
sensation dates from the middle of the twentleth éentury. The
applicacioﬁ to percelved exertion was popularised by Borg at the end .
of 1950. Over 30 years Borg developed several scales which were used

around the world in the clincal lab to evalute exertiom in patients
and normal subjects. -

In this thesls we used the last version of his scale “the ten
point category scale with ratio properties”. The reasoning behind
this s;ale is presented iﬁ the following sections.

~

7.1.1 Historical Development of Sensory Scales -

Fechner (1860) was one of. the first investigators to suggest
a mathematical relation berween sensation and stimulus magnitudes.
He came to base his rﬁ% on the work done by Weber (1834). Weber
established that discrimi;ation is relative and for a sensory change
to be detected the amount by which the intensity of a stimulus
increases or decreaseé is a constant fraction of the original
'sEimulua- intensicty. Fechner made detecﬁed changes 1Into units by
which sensory magnitude could be measured. Thus the iacrease in
magnitude of a physical stimulus required to reach the threshold of
detection -was measured. This threshold was then rated as one
just-noticeable difference (JND). 8y summing JND's from, absolute
threshold the sensory magnitude of a stimﬁlus could be-tltidatéd.
Because the ability to detect a change in a stimulus is depeﬁgent on

‘the wmagnitude of background stimulus (Weber's law), the JND increases

3
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in absolute magnitude as a function of the log of the physical
magnitude (P): Y = b + m log P (b 1s a constant). Féchner‘s law can
be stated as, “Equal iﬁD's” of the stimulus incansity"prodqce equal
sensation (subjective) intervals. Most of the subsequent attempts
and procedures that were followed to quantify sensation were
Fechnerian in nature. They were indirect because the measure of
sensory magnitude comes about second hand, via the measurement of the
stimulus magnitude necessary to result in a just noticeable change ia
sensation.

Direct scaling methods were. introduéed at the end of the
ninteenth and- early twentieth centuries. Types of direct scaling
include direct interval scaling and ratio scaling methods. With the
interval scaling method the subject's task is to assign categories to
stinmuli in such a way that each succeeding category marks off another
constant step in sensation. In the ratio scaling (Merkel, 1888), the
subject's task was Cro set a variable stimulus so that the sensation
ic 'produced appeared twice§as great as that produced by a reference
stimulus. Ratio methods had not become popular until 1930s. By the
end of the 1950s S.S. Stevens (1946, 1951) had established that man
can directly estimate sensory magnitude. His approach was simple cn
that he controlled the magnitude of the stimulus and requested the
subjects to esc;mate the perceived magnitude. The subjects were free
to select any number but were constrained to use- the numbers in
direct ratio relatiouship to the perceived magnitude of the_stimulus.
The use of open magnitude scaling resulted in discovery of a new
psychophysical law in which lche' sybjective and the .objeccive

magnitude of cthe stimulus are related b& a power function, such that
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Y = KO where Y is the sengory magnitude, K is a constant and O

*
i3 the physical magnitude, and n 1is the power function. This
relatioship remains constant over wmost of the operating range,

departing at very low magnitudes. .

7.1.2 Psychophysical Scales and general rules of measurements

- Psychophysical scales used to measure the berceived magnitude
of génsory - modalities are not different from any other physical
measurement scales.l Measurement 1s defined as the assigning of
numbers: t objects or events in accordance with a systeﬁacic Tule.
For eacﬁ“m reméné tﬁgre is similarity between the relations among
the objects and :he‘ relations among numbers. The measurement is
considered to be valid if the rules are obeyed. The rules of scaling
are hierarchical in nature; l. Nominal; 2. Ordinal; 3. Interval; 4.
Ratio. ’

When measurement 1s nominal it ig mérely used to distinguish
one object or event from another. An example is the numbering of
football players - the number specifically denotes a player. With
ordinal scaling objects or events are scaled in ascendiﬁg m;gnitude.
As the magnitﬁde increases the scaie increases. Differences between
objects or evénts carry no nmeaning, for éxample the 1I.0Q. scale. An
individual scoring 80 on an I.Q. test is not half as intelligent as
an individual scoring 160. Interﬁals‘or ratios have no unique meaning

on ordinal scale. The scale is not valid if ascending order is not

maintain:j;/’_zhs——tﬁI;E‘thpe of scales, the interval scale, implies
: » i
that the” differences between objects or events bear a constant

relationship with the differences in the scale. A good example of an
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i;terval 5calqs is the temperature in F or C. The difference befween
a temperature of 20 — 30 C is the same as the difference between 40 -
50 C. if the~d1fferences on an interval scale do not correspond to
comparable differences in objects or events it 1is invalid. An
interval scale does not imply ratio properties. For example an object
with temperature of 40 C i1s not twdcé as hot as an object with a
temperature of 20 C. This applies only to measurement of absolute
tempera:ure." The fourth type of scales, the ratio scale, Implies an
absolute zero- and racio properties being _Preserved, for example
-metric measurement of distances. Thus a vroad which is scaled 20
meter oun a ratio scale is twice as great a; that scaled 10 meter. If
the ratios are not preserved the scale ié invalid.

The same rules are applied to sensofy measurement as to any
other measurement. The application of these 'Eules ol Sensory
measurement requires the identificatioﬁ §f the faectors contributing
to the sensation (input parameter or the parameter of the stimulus),

-—

a technique to apply the rules to measure the evoked sensation, and a
mathematical method =to quantify cthe relatlonship between the input
parameter (the stimulus) and the output parameter (the evoked

sensation). The most used scales in sensory measurement nowadays

are interval scales and ratio scales.

~— The category scales are the most used interval scales. As
all interval scales, they are based on the Fechnerian theory. On
using the category scaling method the subject ié given several
_instructions. de 1s told to judge the relative magnitudes of a
variety of stimulus intemsities that will be presented to him.' He 1is

given a set of categories and told to place the weakest of the



stiﬁuli inte the first and the s:rongest‘inco the highest categdry,
and he éay even be shown examples of these stimului. He is then tolﬁ
that he is to distribuce the stimuli among the categories in such a
way that the sensation level difference between categories is
constant. The curve discribing the relationship between the sehsory

scaling and the physical stimulus scaling is concave downward. This

—_—

relationship is found to be logarithmic. This means that the
sensation intensity equals the logérithm of the stimulus inteﬁsity
multiplied by a constant. Although the results of using category
scales are reproduceble, sensory scaling of the stimuli depends on
the spacing of the stimuli. \

Ratio scales are based on Stevens theory that the perceived
magnitude of evoked sensation Is related to the phya&cal stimu.us by
a power function. Several methods of ratio scaling are used -
Magnitude estimation, magnitude production, ratio estimation, and
ratio production are among the most common (Stevens, 1971). 1In

magnitude estimation the subjected 1is presented with a series of

stimuli in irregular order and is told to assign numbers to them. He

is told to assign any number to stimulus that seens
appropriate to him. For the foflowing stimuli he should assign
Humbers 1in proportion to Eif/pdmber assignpd to the first stimulus
depending upon the subjective perception of the magnitude of stimuli.
In magnitude production, the experimenter presents the numbers omne at
a time in {irregular order, and the subject adjusca-the stimulus to
produce an apparent match. In ratio estimation, the subject is asked

to wmatch numerical ratlos to apparent stimulus ratios. The stimuli

are presented in pairs and the apparent ratios are estimated. 1In

- -
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ratio produétiop, the subject 13 asked to produce the stimulus that’

seems to stand in a prescribed relation to a standard stimulus. All

‘the magnitude scalés, when ploted against the stimulus intensity, are

power functions. Iqucontrast to category séaling, magnitudé scaling
is independent of ‘thé spacing of the stimuli. This suggests that
the magnitude values are attached to the stimuli by the‘éubject,
where‘ as with category scaling values are attached to the
stimulus-within—thejcontext ‘of the display in which it apﬁeara{ The
ratio scaiing methodé seem Co glve  better representation of the
relative perceptual variation than any o;hér scaling methods (Borg,
1982). Howgver, the ratio methods only give relative intensities and
no  subjective “level™ for immediate interindividual comparisons. 1In
ratio scaling, the subjective intensities - are compared with one
another in relation fo some arbitrarily chosen subjective unit and
not 1in absolute sense. With category scaling direct level estimate
may be made, whether they are strong or weak Qccording to the long
life experience of the individuais or fundamental psychophysiological
responses.

The relationships between category scaling and magnitude
scaling for different sensory modalities has been examined (Stevens,
1957). When the category scales were plotted against the magnitude
scales for .different sensory modalities the curves were ﬁarallel and
curvelinear—-with negative acceleration. This was true regardless of
the sensory contimuum examined. The difference ﬁetweeq the two
scales 1s due to the attachement of\lﬁhe category sScale to the

stimulus—within-the-coatext of the display in which it appears. Also

imposing a limit on scaling leads to altered estimates of the
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percieved magnitude. - Another important factor is the dependance of
category scales on discrimination principles. In assigning cthe
categories noticeable differences become bigger due to the effect of
Weber's law with the increase 1in the intensity of the applied
stimulus.

The validity of the psychophysical scales can be tested by
the co;ﬁliance to the preset rules for the measurement i; combination
with ctheir reproduceability. A secondary suppért for the validity of
" these scales 1s cross-modality matching method. 1In this method the
subject 1s asked .to natch the intensity of-a sensory stimulus using
the intensity of a sensory modality of a known exponent such as the
force of handgrip. The resulfg‘shog that the subjects are able to
estimate the magnftude of the stimuli presented to them, a consistant
manner across sensory modalities. The vresults also confirm the
earlier findings where the numerical estimation had been used
{Stevens, 1966) . Other ancillary support is chs
neuropsychophysiological studies which show a strong relationship
.be:ween the neural respons;s and the perceived . magnitude of the
evoked sensation (Borg, 1967, §£evens, 1970).

Variability exists as it does in all measurements. The most
imporcant components contributing to the variabilty in psychophysical
scaling appear to be ﬁhe following (Stevens, 1958): 1) Vvarlability
due the obsever's modulus . to choose the level of matching
intensities; 2) Variabilty due to the observer's.concepcion of a
sﬁggéccive ratio; 3) vVariablity due to Biffering sense-organ
operating characteristics; 4) Variability due to the observer's

motivation. All these factors can be reduced by careful study desigm,
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detailed explanation of the scaling technique to the observers, and

preliminary training experiment for the naive subjects.

7.1.3 Development of Borg Scale .

2
The development of the currently used Borg category scale

with ratio properties took several steps. Borg -applied open
magnitude scaling to the sensation of perceived exertion and in
keeping with other seﬁkn;y modalities found that it éonfirmed to a
power function. The sensory.magnit&de increased three fold when the
physical magnitude increased two fold (exponent 1.6). There were
practical problems in using- the results of this scale particularly
;ompéring sensory amagnitude cross groups or individuals. He dréw
acttention to the fact that the physical magni%ude of the stimulus was

finite and wvaried from zero to rthe maximum work capacity that the

1
subject could develope and 'de facto' there must be a finite range of

sensory magnitude. He then suggested that man has a perception of
sensory magnitude 1in an absolute sense from minimum to maximum and

L

thus comparison 1is pessible. From these c;ﬁsiderations he developed
his range theory. Both the physical and sené&ry continuums were
- 1limited and the rate at which sensory magnitude grows at submaximum
levels of stimulation Is alsoc known. Using these facts he

counstructed a number scale ranging from zero to maximum. His next

step was the addition of simple verbal expressions denoting - very,

1

very slight; very slight; slight; moderate; 'somewhat severe; severe;
very severe; very, very severe; and maximal. He PYlaced these verbal

expression in relationship to the numbers such that the known ratioc

properties were preserved.

\\
)
J
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7.1.3.1 Ratio scales and the Perceived Intensity of the Physical

_vork

B;rg (1960) wms the first to quantify the perception of
exertion during rhythmic exercise of short duration (less than ! min
on a cycle ergometer). These experiments“employed the direct
pyschophysical methods established by Stevens (1958) of magnitude
estimation and magnitude production. The perceived intensity was
seen to grow with the physical i;tensity (kpu/min) and was
mathematically explained by a postive accelerating power function
with an exponent of about 1-6-‘ This exponent for dynamic cycling
exercise was quite similar to that deFermined by Stevens, Maék, and
Stevens, (1960) for the perceived force of static handgrip exercise.
Borg (1962) alsS evaluated his results using other ratio estimation
and production methods for cycling exercise of brief duration and for
longer exercise durations (each of an attempt of 6 min durations).
The exponent was 1.6 for these experiments. The main issues revggled
by cthese experiments included; l. the significance of the range; 2.
justification for starting from the subject's statments concerning
numerical ratio to obtain subjective ratio scales; 3. ratio scaling
was too ‘awkward for average persons to use; 4. Iimpossible to compare

the inteﬁsitﬂr of perceptions across Individuals; 5. difficulty in
—“—‘. o . ) “w
validatiQél comparison across the same 1individuals studied at

different times. Basically, Stevens method provided valid ratii/)

scales but gave no indication of absolute intensity.

7.1.3.2 Development of the Range Theory -

In order to solve the problem of interindividual comparisons
»
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Borg (1961) proposed that the perceptual range from minimal to &
~ maximal subjective intensity is the same for all individuals inspite
‘of the fact that the stimulus range wmay vary considerably. By
arbitfary setting the perceptal range equal Eorl all subjects,
individuaf functions wmay be drawm in cﬁe same coordinates and

interindividual comparison made (Fig 7.l.l).
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7.1.3.3 Deﬁelopment of the Category Perceived Exertion Scales

After a . period of trial and error o overcome the
difficulties associated with’ the tio scaling methods, Borg
developed a twenty-one point graded\ category scale (Borg, 1962).
Adverbs and adjectives were aunchored to the odd nuﬁbers on this scale
starting from 3 “extremely light™ to 19 "extremely laborious™ (Table
7.£T1). Heart rate was used as a measure of the physical magnitude
of the stimulus~ (Borg, 1962, 1972). The ratings according to the
scale g;ve' a high correlations with heart rate, e.g. in group of
healthy people correlations between 0.80 and 0.90 if work in:gns;:y

'
was varied from light te heavy work. THowever, the correlation

coefficients between ratings and heart rate at each work load were

approximately t = 0.40. This 21-point scale was used extensively in



135
evaluation of exercise performance and _perceived exertion of
individuals | in various age, arterial hypertension, and -vasoregulatory

asthenia (Borg and Limderholm, 1970).

3 11 Neither light nor laborilous
2 . 12
3  Extremly light 13 Rather laborious
4 14 )
5 Very light 15 Laboriocus
6 ' 16
-
7 Light 17 Very laborious
. 8 I8, _.
3 9 Rather light 19 Extremely laborious
10 . 20
21

Table 7.1.1: The 2l-point category scale for rating of

“perceived exertion (Rorg, 1962)

To 1increase the linearity between the rating and the heart

rate the scale was later changed to a fifteen-point graded category

scale by Borg (1970) (Table 7.1.2). This scale was aumbered from 6
to 20 uit;-every odd number anchored by verbal experssions such as
“very, very light™ at 7 and “very, very hard”™ at 19. This scale was
constructed in such a way that for healthy middle-—age men doing
moderate to hard work on blcycle ergometer or treadmill, the heart

rate should be abour ten times the rate of perceived exertion (60 to

200) .
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6 16

7 Very, very light 17 Very hard

8 . 18 |
g Very light 19 Very, Very hard
10 20

11 Fairly light

12 _—
13 Somewhat hard

14 Sgse T B .

15 Rard |

Table 7.1.2: The 15-point category scale for ratings of

perceived exertion (Borg, 1970)

The 15-point scale developed by Borg was the most popular

gcale for determining the rating Bf perceived exertion (RPE).

7.1.3.4 Development of the Géiegory Scale with Ratio Properties

In 1980 Borg 1I1ntroduced a new category scale with ratiloe
properties .permitting intérprocess comparisons. The rationale
underlying the construction of the new scale was based on several
considérations. The first was the acceptance of Stevens ratlo scales
as the ©best ones for general descriptions of the perceptual

.
variation. The second consideration was the range theory. For
direct interiadividual comparisons the perceptual ranges must be the

same for all individuais. TFor comparisons across sensory modalities

it was assumed that the ranges were roughly the same or close endugh.
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to Jjustify 'the -~ use of one. and the same scale in most practical
gsituations. The third consi&?raﬁion wés that édjectives and adverbs
may define the level of certain perceptual intensity and héw more
intense one perception‘is than another. These adjectives and adverbs
have interpretasion and pfecis;on." The interpretation 1is the
subjective intensity behind the expression and the precision is the
relative dispersion - how people agree on the intensity level of the
expression. Tn 2 serles of experiments Bofz et al. (Borg, 1964; Borg
and Hosman, 1970; Borg and Lindblad, ‘£Q76).determined the metric

-+

properties of several verbal expressions as well as the subjective

intensities of many different and frequently used'adjectives and
adverbs 1in descriptions of subjective sympCOms;

Tol‘ obtain a category scale with ratio properties the
expression; of the RPE-scale wﬁre plotted ro ratio scale and their
relative intensity levels on the-ratio scale were determined. The
verbal expressions of the category scalés were rearranged till chey

gain the same power function " of open magnitude estimation of the

3
3

) phystcal work.' This was done taking into acgount that the relation
between the RPE-scale and physicél work load is linea} and the ratioe
data between perceive& exertion and work‘logd has a power function
with an exponent of 1l.A. A 20-point scale ¥Xrom O, équal to no
éxertion at all, to 20, equal. to maximal exertion was firgt
construcqed. This scale was tested for transient work (less than a
minute) on a . bicycle ergometer and the exponent of - about 1.6‘uas
obtaine%; 56 achieve the goal of greater simplicity a more limited

range of numbers was used 0 to 10. However, the verbal expressiouns

were cg9sen to cover the same range of perceived inEensity covered in
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the 20-point scale. They were placed on the scale ratings su;h as
somwhat severe were found to be twice slight. Tﬁe advantage of this
scale over the open maknitude scale was that it allows the
interindividual comparisons “at levels of sensation and was not

confined arbitrarily numbers chosen by different subjects.

The rg scale may not be strictly valid but 1is reproducible,

stable and’ z:Ly to use. “!g~ the gubjects are asked to adjust the
level of exercise so that the intensity of effort was either double
or halved, the exefcisa intensicy might not preéisely coincide Qith
the wvalues .predicted from more valid ratia scales. This discrepancy
can be expected,‘because the subjects are confined to a c¢losed scale
and are inclined to bias their responses td the defined categories.

. )fhese systematic departures from -validity -are outweighted by the

"ability to compare across subjects and to indicate the absolute

magnitude. "

The pragmatic utilicy of cthis scale is supported by the
frequency with which 1t is used in answering sensory questiéns of a
diverse nature. In our own experlence in clinical exercise testing
and psychophysical studies the s¢ale has proved rugged. 1In the
present étudy this scale is used because 1t combines cthe
characteristics of both 'category and ratio scales, it allows
comparisons écross individual subjects and within individual
subjects, it is simple -to use in that numbers are anchored co verbal
expresslon which are gasily understod by most people, and finally.‘it
cover; the whole sensory continuum for any given sensation (zero to

. maximum).

To understand the relationship between subjective sensations

\
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(symptom) and the stimulus givingirise to thjé; senﬁations a method
. for the measurement of sensory intensities' 1is obligatory. To Dbe
generally .useful these method;r should be applicaple to most people
regardless of gender, age, circumstances, and national oriéin. The

Borg scale fulfills most of these criterion.

\ IR



140

7.2_ EFFECT OF VELOGITY AND EXTENT OF SHORTENING ON THE PERCEIVED

MAGNITUDE OF RESPIRATORY MUSCLE EFFORT.

A. El-Manshawli, E. Summers, E.J.M. Campbell and K.J. Killian . -

McMaster University, Hamilton, Ontario, Canada, L8N 3Z5.

The pdrpose of this study was to estimate the effect of
velocity and extent of . shortening on the perceived magnitude of

resplratory ort. 10 normal subjects breathed through 3 linear

inspiratory resistive loads (29, 57, 195 emH20/1/sec) and 3

-

inspiratory elastic loads - (25, 42, 73 cmH20/1) while targeting to,

integrated pressures of 33, 60, & 106 cmH20.sec/breath with each

inspiratory load. For example to generate an integrated pressure of"

-

60- cmH20.sec subjects had to inspire with the following inspiratory
flows (61) (velocity of shortening): 1.1, 0.5, 0.3-1/sec, and tidal
volumes (Vt) (extent of shorteping): 1.6, 0~7, 0.2 1 in Rl, R2, and
R3 respectively‘(Fig 722.1&2).<!?ch'trial consisted of 3 consecutive
brgaths and subjects rated their respiratory effort at the end of

the - third breath using a Borg scale. Inspiratory time and duty

cycle were constant. Loads were wused to provide.a wide range of

o

velocity (Vi) (0.2 to 1.9 1/sec) and exteﬁt of shortening (vt} (0.2

to 2.7 1l/breath). The perceived magnitude of respiratory effort

required to produce 60 & 106 cmH20.sec was significantly higher as

-

flow rate and volume increased (Vi, P<0.01, V&, P<0.001) (Fig

7.2.3). There was no significant differeﬂce between the perceived

!
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magnitude of respirgzbry effo(?‘J5§ 'fioé agd volume required to
produce the lowest integrated pressure {33 cmH20.sec) increased.
The perceived mnagnitude of respiratory ‘effort was found to be
}significantiy and posit;vely. related to the integréted mouth
pressure (P<0.01), the velocity of shortening (P<0.0l), the extent
of shorten;ng (P<0.01), and negatively related to the capacity of
inspiratory muscle to generate force (MIP) (P(O-O;S. These factors
independently and collectively contributed to ﬁerceive& respiratory
effort:
Perceived Effort = 0.22 + 0.05 IntPm +.1-A2 Vt‘+ 0.43 Vi - 0.0I’MiP
(r=0.80, P&O-Ol)- Thus the perceived effort required‘to produce a
given integrated pressure is related to the velocity and degree of

shortening and the capacity of the inspiratory muscles and is

independent of the quality of the inspired load.
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\\\7.3 TABLES OF THE RAW DATA -

The following tables (1-48) are the measured variables of
each subjec?s. The Tables consisted of a set of B i.e. from table 1
to 8 are the measured Gariables of the first suﬁject during unloaded
(first cdngrol), Rl, Ri, R3, El, E2, E3, and last unloaded or second

control exercise tests. This seQuence is fixed for all subjects.

, .
The main symbols of these tables are :

Dflag The record number in the work file

Code ’ . Subject I.D.-number

KPM Kilopound meter/min en the cycle ergometer

Borg ~ Borg scale (0-10)

P;mouth The pressure measured at the mouth (ecmH20)

ve (21) Tidal volume meaured usiag MMC Horizon system (1)
Vi Inspiratory flow rate (1/s)

‘FB " Frequency'of breathing (Br/min) .
TTOT Total time of respiratory cycle

Ti Inspiratory time

Ti/Ttot Duty cycle L

TE . Expiratory Time

P*Time The integrated pressure at the mouth

vt (6) Tidal volume measured from the incigra%lon of

N

the inspiratory flow

VE Minute ventilation (1l1/min)



vCoz,
Vo2
PELCO2
PECO2
Sa02%

HR

- ‘. - ‘ 145
Carbon dioxide outputtEIXmin)
Oxygen uptake (1/min)
End-tidal CO2 (mmHg)
Mixed expired CO2 '(mmﬁgj\:
Arterial oxygen sgturafion ()

Heart rate (Beat/min)

.



{n

cone kP coe borg PHOUTR VT ui FR TTOT m TifTtot TF

Dilag 1 4 » | A R 7 5 19 = ®
¢ f: 10000 0.0808 00000 2.4000  9.9500  0.4800  8.3408  4.3000  2.7000  0.3497  4.1000
¢ 2 10000 100.008  £.0000  2.7000  1.0408  9.9080 14.3300 41300 2.0700  0.5012  2.0400
* 3 10000 200.000  0.0000 3.1000  1.2100° 1.0000 14,3300  3.5300  1.4800 0.4759  1.8%00
¢ 4 10000 300.000  0.0090 2.3000  1.2906  1.0330 15.2600 A.5000 223U 0.495%6  2.2708
t 55 L0000 400,000  5.0080  3.1000  1.3100  I.IS00 17.5000  3.6000  1.7500  0.4881  1.8S00
¢4 1.0800 300000  0.5000 39700 - {.4900  1.3080 17.4300  3.3300 17000  0.507%  1.4%00
¢ 7: 1.0808 400.000  0.5000 37800 1.7300 1.5000 14.3%8  3.7000 17000  0.4595  7.0000
¢ 8 1.0000 700.000  0.7500  4.5400  1.9300  1.8000 13.4000  3.5000 1.7090 0.4722  1.9000
¢ % 10000 806,000 0.7500 5.7600  2.0380  1.7000 {7.8000 . 3.7000  [.8700  0.53054  1.3300
¢ 16: 10000 900.000  1.2500  7.9700  2.2100  2,5000 C18.2800  2.4000  1.3090  0.5000  1.3900
¢ 11z 1,0000 1000.00 1.2300 107000 2.1800  2.7000 21.3000  2.8000  1.2600  0.4%00  1.5400
¢ 12: 1.0000 1100.00 17300 97000 2.2200  2.4000 22,6500  2.8000  1.2400  0.4300  1.%400
+ 13: 1.0000 1200.00 2.0000  19.9400  2.2000  3.2000 25.1800  2.6000  0.9700 0.3731  1.4300
+ 14: 1,5000°1389.00 3.0000 14.4000  2.3100  3.4000 25.3800 2,2000  1.0300 0.4482  1.1700
+ 15: 1.5000 1400.00 3. 2308 13.4000  2.3900  3.4000 27.4000  2.1000  0.9400  0.4426  1.1400
+ 163 1.0000 1500,00 3.3000  13.9900  2.4400 37000 29.1500 1.9000  O.B000  O0.4211  1.1000
+ 17: 1.0080 1400.00 3.5000  19.5000  2.5200  4.1000 30.550C  .8000 0.7000  0.388%  1.1000°
¢ 18:  1.0000 1700.00 4.2300 22,2000 2.5600  4.3000 33.7500 [.B000 0.7000  0.3889  1.1000
L]

19:  1.0000 1B88.0O 5.5000 24.4000  2.6200  4.4000 39.1500  1.3500  0.5000  0.3704  0.8800

CO0E P PATINE  \T ot ven? o2 PETCD?  PECD?  Sad2 KR
Dflag 1 4 2 ] 9 13 14 11 34 12 18

1:  1.0080  0,0000 £.0000 0.8008  7.%900  0.2700 J.3300 40.0000 29.3000 95.0000  78.0000
2:  1.0000 100.000 0.0000  1.0300 17.0300  0.4100  0.4300 40.0000 31.1000 93.0000  90.0000
3:1.0000 200.000 0.0000  1.0300 17.0800  0.4400  0.7500 40.0000 32.5000 95.0000 90.0000

: 1.0000-300.000  38.0000  1.4000 19,4300  0.7400  0.3900 41.0000 33.2000 95.0000 94.0000
3+ 1.0000 400.000 0.0000 - 1.4000 23,2300  0.8900  1.0500 42.0000 323.2000 94.0000 102.000
6:  1.0000 300.000  €8.2000  1.5800 26.3300  1.0500  1.2200 42,0000 34.5000 95.0000 108.000
7: 10000 400.000  81.8000  1.4000 27.8300 - 1.1300  1.2400 43.0000 35.4000 9%.0000 108.000

i LU0 700.000  94.3008  1.5000 29.6800  1.2800  1.4300 43.0000 34.8000 94,0000 114.00C
$:  1.0000 B00.090  £9.0000  2.1500 34,1000  1.5300  1.4300 44.0000 34,8000  95.0000 124.000
10:  1.0000 900.000 137.309 2.2000  40.2000  1.7300  1.8400 L0000 38.2000 94.0000 138.000
{1:  1.0000 {000.08  170.400 2.4000 45,4000  1.9700  2.0400 L0000 35,3000 95,0000 144.000
12:  1.0000 $100.08  149.900 2.4000 30.2000  2.1400  2.1900 44.0000 34,8000 $5.0000 150.000
13:  1.0000 1200,00  189.008 2.4000 53.4000  2.3100  2.3100 44.0000 34,1000 95.0000 156.000
14 1.0008 1200.00  190.800 2.3000 38,3800  2.4300  2.4500 47.0000 34,7000 93.0000 142.000
15:  1.0000 1400.00  295.500 2.4000 45,3300  2.7000 , 2.4500 44,0000 34.8000  95.0000 148.000
16:  1.0000 1300.00  219.000 2.4000 71,1800 2.9300  2.8400 44.0000 34.5000 94,0000 148.000
17:  1.0000 1400.00 244,800 2.3000  77.1580  3.2000  3.0400 43,0000 34.1000 94,0000 174.000
18:  1.0000 1700.00  238.000 2.3008  88.7308  1.4700  3.2500 45.0000 34,4000 92.0000 180.000
19: 1.0000 1500.00  3¥2.000 2.4000 104.500 3.9800  3.3400 42,0000 33,7000 $0.0000 1B4.000

LRI I O e T T B I

Tab 7.3.1.1 Individual daca of subject 1, Cl.
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CO0E KRN cor borg PHOUTH VT v - FB o T TifTtot ¢
Délag 1 . ol 2 21 8 ? 5 19 - IR |

¢ 112;  1.0008  0.0000 0.5000 7.6700  0.8400 0.5350 7.9600  4.8000  3.1000 0,455  2.2000
¢ 113r  1.0000 100.000  0.5000  4.5080  1.1300  0.4000 12,2000 7.7000  3.8080  0.4935  3.5008
o 114:  1.0000 Z00.080  0.5000  4.0000  1.4400  0.4000  4.4000 12.1940  6.1000 05041  6.0000
s 1% 1.0008 300,000  0.7500 9.5080 2,190  0.7500  S5.4000 8.080  4.8500  0.4025  3.2000
o 104 10088 400800  0.7500 10.0000 2.5200  0.9080  S.5000  B.2000  4.1000  0.5000  4.1000
¢ 117: 10000 S00.090  1.0000 11.5000 2.2890  0.9080  €.3000 7.3300  4.4300 0.5986  2.9500
o 8 1.8000 400.000  1.2500 15.0000  2.4000  1.2000  G.4000  B.9000  4.0000  0.449¢  4.9002
+ 119 1.0000 700886  1.2500 167000  Z.1490  1.2300 11.4000  4.7000 28000  Q.S9%7  1.%000
¢ 120 1.0800 $00.000  1.5000 19.4700  2.2700  1.4000 13.6000  3.7700  2.3000  0.4181 1,470
¢ 121: LOGOO $00.000  2.0800 41.3000 2,510 17080 11.8000  3.9000  2.6300 0.5285  1.8700
¢ 122 1.0000 100000  2.7500 43.0000  2.3400  1.7308  15.1800  3.7000 2.0400 G0.5348  1.4400
¢+ 123:  1.0000 1100.00 ©  3.0000 467000  2.3300  1.8300 © 14.9000  2.8000  1.6700  0.5944  1.1300
¢ 124:  1.0000 1200.00  3.2500 S3.3800  2.0860  2.0300 20.8000  2.5700  1.6700  0.4498 . 0.9000
¢ 125:  1.0000 1300.80  3.5000 S7.3000  2.5300 21700 22.4000  2.1308  1.7000 0.7981  0.4300
¢ 126 1.0000 1400.60  4.0000 S9.0000  2.2200  2.2000 21.9000  2.3000  1.6700  0.7261  9.63%0
+ 127:  1.0000 1500.00  5.5000 42.0000  2.1060  2.3080 26.5000  2.2000 1.5000  0.4818  0.7000
+ 128:  1.0000 1408.08  ©.2500 66.7000  2.1400  2.4000 27.5000  2.0000  1.4600  0.7000  9.4000
. e N PTRE T 3 b e eeenz pecm s wbe
Délag 1 4 p. 8 9 13 s 1 % 12 "
¢ O12: 10000 0.9600 41.5000 11700  4.8860  0.2400  0.3500 40.0000 38.4000 §7.0008  72.0000
¢ 113:  1.0000 100.000 106,500  1.3000 13.9000  0.4900  0.5900 39.0000 32,0000 97.0000 $0.0000
¢ 114:  1.0000 200.000 127.400  2.5000  9.4000  0.3900  0.5000 44.0000 343000 94.0000  90.0000
o 115t 1.0000 300,000 108.100  2.3000 12,2000  0.5200  0.8300 43.0005 377000 97.0000  94.0000
¢ 196 1.0000 400.000 148.480  2.8000 14,8000  0.6700  0.9760 45.0000 39.1000  94.0000 104.000
¢ 117: 10000 S00.000 200.300  2.7000 19.0000  0.8400  1.1700 45.0000 39.8008 94.000G 108.900
+118: 10000 400.000 259.400  3.0000 20.2000 0,9300  1.0900 47.0000 40.5000 94,0000 108.090
¢ 119:  1.0000 708.000 309.400  2.5000 24.0000  1.1200  1.3900 44.0000 40.5000 94.8000 114.300
¢ 1200 10000 £00.000 347.200  2.2700  30.9000  1.3900  1.5900 46.0000 39.1000 95.0000 132.000
¢ 120 10000 $00.000 .314.900  2.4700 29.7000  1.4300  1.7000  46.0000 40.0000 94.0000 138.000
¢ 122: 1.0000 1000.90  796.500  2.4000 35.3000  1.7000  1,9100 48.0000 42.0000  94.0000 138.000
¢ 123:  1.0000 1100.00  782.500  2.0700 39.3000 1,910  2.0800 47.0000 42.0000 94.0000 144.600
¢ 124: 1.0000 1200.00  896.500  2.1900 43.3000  2,[600  2.2460 48.0000 42.0000 95.0000 150.000
+ 123: 1.0000 1390.00  1147.00 21300 477000 2,300  2.4300 49,0000 42.0000 95.0000 150.000
v 126: 1.0000 1400.00 1084.53  2.0000 48.4000  2.4300 .2.5400 S0.0000 43.4000 94.0000 162.900
¢ 127: 1.0000 1900.00  1317.00 1.9800 55.6000  2.7800  2.7800 SD.0000 43.4000 92.0000 148.800
+ 128 1.0000 1400.00 1324.50 2.0360 16000.9 3.1000  2.8900 S0.0000 43.4000 91.0000 174.000

Tab 7.3.1.2 Iadividual daca of subject 1, RIl.
b

o
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CO0E (i) cor Borg P-MOUTH Wt ) B TIO7 m TifMot 1¢
Délag 1 § o 0 A 8 7 5 R -3 28
¢ 194:  1.0000  0.0000  1.0000 13.0800 1,200  0.3500  3,4300 _10.4000  5.5000  0,5788  4.%900
+ 195 1.0000 108.600  1.8000  8.0000  1.4980  0.4300 7.2000 5.7000  4.0060 0.7018  1.7008
¢ 196 10000 200000  1.2500  10.0080  1.5830  0.3300  7.7203 10.5080  4.2000  0.5903  4.2000
¢ 197:  1.0000 300.000  1.2500 14.6700  2.,0800 0,470  7.0808 7.8000. 5.2000  0.4487  2.4000
¢ 198:  1.0000 400.000 15000 19.6700  1.9100  0.5000  9.07000  4.3000  4.2000  0.6467  2.1000
¢ 199 1.0000 500.000  2,8000 23.3000  2.3800  0.9700 7.2200 7.4000  4.5500 0.5%97  3.0500
¢ 200:  1.0000 &00.080  2.5000 32.4700  2,5500  1.1600  8.0700  4.5000  3.8000  0,3846  2.7000
¢ 201:  1.0008 700.808  3.0000 31.0000  2,5300  1.1300  9.0400  4.4000  3.9500  0.4172  2.4300
+ 202: 1.0000 B00.000  3.7500 38.0000  2.3200  1.2700 12.1400  4.%000  3.0000  0.6122  1.5000
¢ 203:  1.0000 $00.000 - £.2500 48.4700  2.2300  1.3300 13.3900  4.2500  2.4500  0.6233  1.4000
+ 204:  1.0060 1000.00 - 9.0000 78,0080  1.9700  1.4000 147400  3.8000  2.9300 Q7743 0.8300
+ 205:  1.0080 110000 10,0000 79.1700  1.3500  1.6300 199200  2.9000 2.2000 0.75B6  0.7000

coOE ke PATINE Wt Ve v G2 PETCO2  PECO?  SA02 MR
Délag 1 4 n s 9 1 14 1 % 12 1t
¢ 194:  1.0000  0.8000 64.3000  1.4000  6.8400  0.2400  0,3400 39.0000 3t.5000 57,003  72.2000
v o195 L fOmp00  54.9000  1.5000 187500 0.4809  0.5300 38.0000 32,4000 97.0600  £0.0300
¢ 196:  1.00g8 209.000 122,800  1.B500 12.2000  0.4800~ 0.7300 40.0000 34.0000 93,0000  94.0000
¢ 197:  1.000 300000 2S.400 28000 14.7000  0.200  0.9300 42,0000 34.1000 95.0000 90.0000
¢ 198:  1.0000° 400.000 462.450 2,000 17.5000  0.7500  1.0400 44.0000, 34.8000 95.0000 10B.000
¢ 199:  1.0000 500.000 447.100  2.4800 17,1808 07900  1.1000 44,0000 40.0000 95.0000 1§4.008
¢ 200:  1.0000 680.000 784.500  2.5300 20,5300  0.9700  1.2900 45.3300 395000 94.0000 114.000
+ 201:  1.0000 700.000 640,340  2.5300 22,8800  1.I1000  1.4000 46,6700 40,0000 95.0000 120.000
¢ 202 1.0008 600,008 1155.40 2.1700 781300  1.3300  1.5%00 48,0000 41.1008 94,0000 150.000
¢ 203 1.0000 900,000 2344.50 20000 29.8500  1.4700 1.7300 S0.000 42.xf0 92.0000 138.000
o 204:  1.0000 1000.00 2917.40 1.8300 32,9500  1.4%00  1.9200 $1.0000 43.9000 93.0000 144.000
+ S:  1.0000 1100.90 3334.80 1.7500 37.0500  [.7300  2.0800 51.3000 44,8000 91.0000 {48.00C

A

Tab 7.3.1.3 Individusl data of subject ), RZ.
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oot kP cor Borg P-MOUTH Ut Vi FB TToT T Ti/Ttot  TE
Béag i . » - 2 "8 7 5 19 25 8
o 258:  1.0000 0.0000- 1.2%00 100000 1.5580  9.3000  4.7700 13.2000 . 8.5000  0.643  4.7000
¢ 299:  1.0000 106.000  1.2500 24.0000 19808  0.4500  S.3000  4.0000  3.6000  0.4000  2.4000
¢ 268: 10000 200.000 1,200 190900  2.4680  0.4000  4.9000 11.4000 7.9000 0.4930  3.5000
+ 261: 10000 390,000  1.7300 30.0800  2.1300  0.5008  4.5000 12.3000  7.9500  G.6443  4.7500
¢ 262: 10000 400,000  3.8080 380000 2.400  0.7000 42000 10.5000  6.6000 0626  3.7000
¢ 243:  1.0000 300.080  3.7500 44.0008 2.2380  6.7000  9.9000  9.3000  6.1000  0.45%9  3.2000
+ 264: ° 10000 S00.000  4.5090 36,0000  2.1200  0.8008 10.1000  7.7000  $.0308  0.4532  2.4700
o0 245: 10008 700,000 S.5800 43.0000  2.0400  0.9300 12.4000  &.4500  4.2500  0.4589  2.2000
¢ 266 1.0000 800.000 77500 75.5000  1.9000  1.0000 15,4000  4.200  3.1300  0.74%0  1.1000
v 267: 1.0000 900,000  10.0000 78.0080  1.4400  1.2400 15.4000  3.0000  2.3900 u.n§7 £.7000
CooE KR PETIE Wt % W e PETLO?  PECO2  SAD2
Dilag 1 ] 2 [} 9 13 . 14 i1 36 12 10
¢ 258 1.0000  0.0000 263,000  1.3700  7.4000 -0.3200  0.4200 40.0000 34.8000 97.0008  72.0000
¢ 259:  1.0000 100,008 $48.000 1,150 10.6000  0.4600  0.5400 40.0000 35.2000 97.0000 90.0000
' 20:  1.0000 200000 418.500  1.9200 12.1000  0.5%00  0.8100 42.0000 35.4000  95.0000 96.0000
+ 280 L0000 300000 739.700  2.4000 14.0000  0.6800 0.9400 45.0000 40.5000 §5.0000 162.009
* 262:  1.0000 400.000 781,208 2.5000 14.3000  .8200 \A.I000 47.0000 42.0008 95.0000 105.000
¢ 23:  1.0000 500.00 1199.30 2.5000  19.4000  1.0300 O1.2800 48,0000 42.0000 94.80000 114.80¢
¢ 284: 10000 400.000 1514.20  2.4700° 215800  1.100  1.3800 SB.0000 43.0000  95.8000 126.000
¢ 263: 10000 700.80§ 1741.50 2,350 25.3000  1.3800  1.4200 S50.0000 44,0000  94.9000 132.300
¢ 266:  1.0000 £85.000 1839.40 20000 29.2000 1.S700  1.4500 $0.000C <S5.0000  93.0000 138.000
v 267: 1.0000 900.000 1899.40 14408 22,2000 1.3200  .2900  S4.0000  44.9000  92.0000 144.200

Tab 7.3.1.4

3

Indfvidual data of subject 1, R3.

\
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COOE KA O 8 L1 S ¢ TifTtat Y€
Délag ! £ -7 r 9 ? 5 B 2
¢ 308: 10000  0.0000  0.5000 10.4083 0790  0.5400 12.1900 47080 17000 0.3617 30080
+ 29 1.0000 (00.080 . 0.5080. 152500 1.1200 0.5 107700 4.4000 3,300  9.5000  3.3000
+310:  1.0000 -200.000 07300  13.7500  1.4990 11000 11.1100  €.2000  2.1000 04373 2.7000
¢ 311: 10000 300,000 Q.70 211700 13500 12000 15,6000  S.4000 200300 . 03759 3.3
+ 32 T.0000 400.900  1.0000 23.5000 17500  1.6000 10.6000  4.5000  1.9000  6.3878 3,000
¢ 33: 10000 S00.000  1.2510 28.4300  1.B410 18000 15.4000 49000  1.6000 - 0.3243  3.3000
¢ 34: 10000 400.000  1.2560 27.8400  1.9700  1.87D0 15.4000  4.4000  1.5400  0.3348  3.0600
+ 3S: 14000 708,005 17580 31,3400  2.1200 20080 139100 49000 1,530 0.2 3.370
¢ Mé: 10000 B00.000 27500 32.4800 21300  2.4000 144200 3.2000 1,140 0.3562 , 2.0600
o 37: 10000 900080  3.250 30.0000  1.9600  2.5100 21.2800 33000 1.0 0.2485  2.1300
+ 318:  1.0000 1000.00  4.0800 29,3000  2.0300  3.0000 19.600 27000  0.5%00  0.32%9 © 1.5200
¢ 39: 10000 1109.00 45000 310000  2.0400 2,800 23.3000 3.2000 10300 03219 24700
vo320: 010000 120000 S.5000 30,4400 20400  3.1000 22,6100  2.2000 0830 03773 . 1.3M00
o TA: 10000 130000 42500 34,4000  2.0300  3.0000 26,2400 2,000  0.9%00 - 0.3720  1.570
¢ 32 10000 1408.00  7.2500 35.8400 2,090  3.1000 24,8000  2.2000  0.8000. 0.3434  1.4000
¢ 323 10000 100,00 8.2500 354200 20100 33000 28.7000 20100 0.770  0.3831  1.2400
¢ ;10000160000 9.0000 36,1300 2.1780  2.9080 30.7300  1.G700 07300 03904 1.1400
¢ 325:  1.0000 1700.00  9.5000 . 36.4700 22100  4.4000 339800  1.4800  0.7000  C.é1é7  0.9830
¢ 328 1.0000 1800.80 10,0000 36,6400 22300  4.2000 377000  1.5060  0.3800  0.337  0.9200
GOE M PTIE vt V. Vo2 V02 L PEICD?  PECO?  SAD2 W
Délag 1 4 2 g 9 .13 14 - % 12 1]
¢ 308: 1.0000 0.0000 249.908  0.8000 9.4400 0.3390  0,3300 38.0000 29.8000 $7.000¢ 78.0000
+ 39 10000 100.000 447.500  1.ISI0 120300  0.4600  0.4700 40.0000 333000 94.0000  54.0000
¢ 310:  1.0000 200.000 364.400  1.3500 145500 0.4300  0.7000 38,0000 32.6000 94.0000 102,000
¢ Ui 10000 300.000  469.000  1.4000 15,4000  0.4500  0.8200 40.0000 35,2000 99.0000 102.900
¢ 312:7 10000 400.000 498.850  1.4000 T18.5300  0.8330  1.0400 42,0000 33.0000 95.0000 198.000
¢ 313: 10000 500.900 S$53.000 $1.8000 21,2000  0.9500  3.1400  44.0000 39,0000 95.0000 114,009
*34: 1.0000 600.000 44400  1.5000 29.3800  1.2900  1.3500 42.0000 30.0000  95.0000 120.000
¢ 315: 10000 700.800 63170  2.1000 29.4400  1.3400  1.4200 46.0000 41.0000 95.0000 126.080
¢ M6 10000 800.000 é43.898  1.9000 304500  1.4400  1.5300 44.0000 40.0000 93.0000 132.900
¢ UT: 10000 900000 478408 1.9000 41.6N00  1.8400  1.B400 45,0000 39.0000 93.0000 154.000
o 318:  1.0000 1000.00  479.600 . 1.8000 37.7500 - 1.9000  1.9700 44.0000 40.0000  95.0000 144.50C
¢ 319:  1.0000 1100.00  693.100  2.0000 47.5800  2.2000  2.1300 . 46.0000 40.0080 95.0000 150,000
¢ 30: 10000 1200.00  &79.000  1.900 47.3000 2,210  2.1R00 44,0000 40,4000 94.0000 150.300
¢ 1A 1000 1308.00  7I2.900 2,180 SIABOD  2.4000  2.3500 44,0000  39.0000 95.0000 162.900
¢ 320 10000 1400.00 474,960 1.9800 541000 25500  2.4800 44,0000 39.7000  94.0000 142880
¢ 323 1.0000 1500.00  7I2.500  2.3900 é0.4890  2.7000  2.8500 45.0000 392000 94.0000 148.800
¢ 324 1.0000 163000 712,50 2.1000 467300 3,080  2.8500 45.0000 40.0000  $3.0000 168.000
¢ 325:  1.0000 1700.00  248.400  2.1000 74.8500 3.3500  3.0200 45.0000 40.0000 93.0000 174,800
¢ 3 1.0000 1800.00  §08.500 17000 84.3000  3.7I00  3.2200 " 46,0000 38.3000  89.0008 184.000

N

Tab 7.3.1.5 Individual daca of subject 1 /%1,
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PP Y T R I I

CU0E KN cor Borg PMOUTR Wt vl 8 TIOv T CTifTtot T
Dlag 1 4 % % 2 8 7 5 19 5 Fo
¢ 413 1.0000 0.0000 1.25¢C 19.8080  0.500  U0.4000 13,0480  4.5000 1.5000 0.333  3.0000
o 414; 10000 100900  1.7500 27.8000 © 0.7900 0.7300 14.1000  4.1000  1.4000  0.3902  2.5000
¢ 415:  1,0000 208000 17300 32,4000  1.0800  6.9700 12.2600  4.3000  2.1600  0.4384 2,200
¢ 43: 1.0000 300.000  2.2500 43.1900  1.1500  1.1000 13.3160  S.0000  1.8000  0.3600  3.2000
+ 417:  1.0008 400.000  2.3000 43.5000 1.2500  1.1390 14.7%00  4.1000°  1.4000  0.3902  2.5000
+ 418 - 1,0000 $00.000 33000 49,2000 1.5500  1.9000° 12,4900 44000  1.7000  0.3496  2.5000
+ 419:  1.0000 480.000  3.5000 50.7000  {.4300  1.2000 14.4100  3.4000  1.3000 9.3824  2.1000
¢ 420: 10000 700.000  3.750¢ 34.4000  1.5200  2.7008 17.1500  3.2000  1.2000 0.3750  2.0000
+ 421:  1.0000 B00.000  4.5000 SS.1000  1.4800  2.1080 17.1000  3.1000  1.1000  0.3548  2.0000
¢ 422 10000 $00.000  5.5000 56.0000  1.7100  2.7000 19.7700  3.1006  1.0000  0.3226  2.1000
¢ 423: C 1.0000 2080.00 - 4.2500 5B.8000  1.7400  2.4000 22,3000 2.4000  1.0090  0.4147  1.4000
o 424;  1.0000 1£00.00 7.7500  $9.3000  1.6860  2.4000 25.1500  2.2000  0.9000  Q.4091  1.3000
¢ 4¥:  1.0000 1205.00 9.5000 40.9000  1.62000- 2.5000 27.3400  2.2000  0.8000  0.3438  1.4000
+ &24;  1.0000 1300.00 30,0000 43.5000  1.48090  3.4000 31,2200 1.8000  0.7000  0.3889  1.1000
¢ 427:  1.00G0 1400.00  10.0000 41.5000 1.7706  3.5000 34.4900  1.5000  0.4000  0.4000  0.7000
£o0E KPH BSTIME . Ut % V02 02 PETCO?  PECO?  SAQ? R
Dflag 1 4 n é g 13 14 1 34 12 10
413:  1.0000  0.0000 481.208  0.5006 7.3200 0,200  0.3500 34.0000 27.7000 95.0000  $0.0000
414:  1.0000 100.000 709.600  0.7000 §1.1000 0.4200  0,4200 38.0000 32.4000 §5.0000 94.0000
415:  1.0008 200.000 1039.50 0.9000 13,3000 0,5300  ©.7800 40.0000 34.7000 93.0000 - 108.000
416:  1.0000 300.000 1404.10 1.1500  15.8830  0.6400  0:9700 42.0000 34.2000 94.3000 108.500
417:  1.0000 400.000 1244.40 1.1800 18,3600  0.7900  1.1000  43.0000 37.2000  94.0000 120.000
418:  1.0000 500.000 1417.50 1.5500 19,4330  9.9100  1.2500° 44,0000 41,1000 93.0000 120.900
419: 1.0000 §00.000 1450.30 1.3000  23.8300 1.1300 1.4200 44.0000 40.4000 935.0000 132.000
420 1.0000 700.300 1227.30 1.5000  27.7000  1.2800° 1.5700 48.0000 40,4080 94.0000 132,000
421:  1.0000 B00.000 1472.80 1.6000 78.4500 1.3800  1.4460 S50.0000 41.BO0C  94.0000 144.000
A2:  1.0000 900,800 1415.20  §.4000 33.7500  1.4300  1.9400 50.0000 41.8080 94,0000 150.000
473:  1.0000 1000.00  1444.50 1.5000 38.8000  1.8500  2.1400 47.0000 41.1000 94.0000 $54.060
424:  1.0000 1100.00 1404.70°  1.6000 42,2300  2.0700  2.2400 49.0000 42.3000 92.0000 142.000
423: . 1.0000 1200.00 1B43.40 1.5000 44,2800 2.1500 2.3400 50,0000 42,5000  92.0080 148.000
424: 1.0000 1300.00 l§98.30 1.4000 52.4300 2.5000 2.5400 48.0000 41.4000 91.0000 174.000
427 1.0000 1400.90 1438.00 1.4000 44,4000 2.%200 2.8300 44.0000 39,0000 89.0000 148.00§
Tab 7.3.1.6

Individual data of subject |, E2.
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COOE  XPM  ° cor Borg P-OUTH Ut w FB mr T TifMot €

Dflag 1 LAV 2 8 ? 5 B2 L
¢ 498 10000 0.0000  1.3000, 23.9800  0.4100  0.4700 12.4108  4.8000 1,400 0.131  3.2000°
¢ 499: 10008 100000  1.5000 38.9600  0.B200  0.6800 157100  4.0800  1.6700  0.4093  2.4100
¢ S0: 10000 200.000 15000 35.9500 C.B90D . 0.700 1S.5400 - 4.200 1.3800  0.3262  2.8830
¢ 501 1.0000 300.000  1.5000 45.4008  1.0309 .- 0.9600 140600  3.4000  1.4000  4.3899  2.2000
¢ 302: 10000 400.000. 1,780 S3.5000 10800  1.3090 16.4700  3.4200  1.2200 £0.3567  2.2000
¢ X3 1.0000 500.000 2,700 41.8700 - 1.1700  1.4000 17.9000  3.6300  1.1200  0.3085  2.§00
+ S04 10000 600000  4.0000 43.6900 .1.3700  1.5060 182200  3.1300  1.0400  0.3373 2,090
¢ 05 10000 700.000  5.0000 44.3300  1.3900  1.7000 19.7200  2.5200  1.0800  0.3499  1.5400
¢+ 506 10000 800.000  4.0000 70.4300  1.4500  1.%000 20,7400 2,670 0.9800 0370 1.690
¢ S07: 1.0000 900000  7.2500 49.5400  1.4800  2.0500 24.1188 23000 0.9200  0.4043  1.3700
¢ 508:  1.0000 100000  B.7500 73.0200 15200  2.200 25.7300 21700  0.8i00 0.373 13400
+ 509: 10000 110000  9.5000 73.1700 15700 2.7000 28.8500  2.0300  D0.7900  0.3892  1.2400
¢ 510: 10000 120000  9.5000 71.1500 1.5600  2.8000 32.5330  1.%080  0.7600  0.4000  1.1400
¢ Sll: 10000 1300,00  9.5000 737100 14400 27000 36.2700  1.8S00  0.7400  0.4900  1.1300
¢ $12: 1.0000 1480.00  10.0000 71.0M00  1.5300  2.7000 380500  1.5%00  0.4300  0.3%62  0.9400
¢ 513 1.0000 1500086  10.0000 72.9400°  1.4100  2.7000 38.0500  1.4100. 6.7000 Q.48 0.9100

CO0E  KPM PITIE Ut Ve Uom w2 eTom oeEC2 02 W

Dflag Lo e 2 8 9 13 14 1 % i2 10
¢ 498: 10000 00006 388.000  0.2800  7.6500  0.3300  0.3700 36.0000 29,8000 97.0000  72.0000
499 10000 100.600 758.400  0.5200 12,8200  0.5400 0.6400 38.0000 32,3000 95,0000  80.0000
¢ S00: 10000 200.000 709.300  0.4000 13,5000  0.5408  0.7200 40.0000 35.5000 96.0000  99.0000
* S11: 10000 300.000 900.880  0.8000 (4.5%00  0.5100  0.8700 €2.0000 36.5000 9%5.0000 95,0000
¢ 502: 1.0000 400.000 1011.40  0.8200 17.7000 07700  0.9800 42,0000 37,4000 95.0000  98.0000
¢ 503:  1.000 500.000 1157.40  0.9700 20.9300  0.9400  1.1600 44,0000 %0.4000 95,0000 105.000
¢ S04 1.0000 400.000 1344.80  0.9800 75.0500  1.1800 1,370 45.0000 41.1000 95,5000 112.000
+ S05: 10000 700.000 1292.40  1.0400 27.3500  1.3100  1.4700 450000 42,4000 95.0000 126.000
¢ S08:  1.0000 800,000 120.80  1.1S00 302000  1.4%00  1.6200 46,0000 42,9000 95.0000 144.200
¢ S07:  1.0000 900.000 1537.40  1.1400 35.6880  §.8000  1.9200 49.0000 43.3000 93.0000 150.000
¢ S08:  1.0000 1000.00 1516.33  .1400 39.2000  2.0000  2.0800 49,0000 44.0000 91.0000 130,008
¢ S0%: 10000 1100.00 1538.40  1.3000  45.2300  2.2700  2.2600 49.8000 42.5000 92.0000 154,000
¢ S10: 10000 20000 1562.40  1.4000 4B.7500 24300  2.3480 47,0000 40.4000  50.0008 154,000
¢ Sl 1.0000 130000 1497.10  1.2000 52.3000  2.2100  2.0900 44,0000 37.4000 . 92,0000 150.000
¢ 512: 1.0000 1400.00 1530.0  1.1000 S8.2300 23100  2.3200 44.8000 345000 91,0800 §36.000
¢ S13: 1.0000 1500.09 145290 12000 61,3000  2.3100  2.2100 44,0000 35.9900  90.0000 142.000

Tadb 7.3.1.7 Individual dacta of subject 1, E3.
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-
COOE KR cor Borg PMOUTH Ut vl B W Ti/Ttot  TE
Délag ) [ 2 2 2 8 7 s 19 % 2
¢ S7S:  1.0000 0,000  0.0000 1.3008 0.8300  0.8300  9.278%  S.6300 . 1.7600  0.3126  3.8700
+ S76:  1.0000 100.000  0.0000° 1.9300  1.8800 1.0200 12.5200 6.2500 2.5200 0.4032  3.7300
¢ 577 1.0000 200000 90.0080  2.1800 09703  1.2800 12,8990  3.4400  1.3700  0.3983  2.0700
+ §78:  1.0000 300.000  0.0008  {.4800  1.1400  1.2300 12,9100 S.3000 2.6300  0.4962  2.6708
¢ 579 1.0000 400.000  0.0005  2.2800  1.2600  1.4400 146000 47700 21300  0.4485  2.8400
+ 580  1.0000 $00.000  0.2500 2.9800 1.4800 17200 11.8200  S.0500  2.1000  0.4159 2,950
¢ S81:  1.0000 4600.000  £.2500  4.2000  1.5400  1.8000 16,1200  3.8208  1.4000  G.41B8  2.2200
+ 382 1.0000 700.800  0.5000 2.7600  1.5800  1.8300 147500  4.3500  2.0000  0.4587  2.3400
+ 583:  1.0000 B800.000  0.7500  4.7000  1.8000  2.1800 14.8880  3.8308  1.5980  0.4151  2.2400
+ 584: ~1.0000 900.000 1,200 S.I700  5.7400 25500 19.3500  3.1300 12500 0.4120  1.8400
¢ S8S:  1.0000 1000.00  1.2800  4.5600  1.9200 25500 9.5908 27908  1.1400  0.4158  1.5300
¢ 586 1.0000 1100.00  “L70  £.9600  1.9180  3.0108 23.5800  2.4000  1.0400  0.4333  1.3600
¢ S87: 10000 1200.00  2.0000 7.8400  1.9100  3.3900 253880  2.3100  0.9200  0.3983 . 1.3900
¢ SB3:  1.0000 130000 ° 2.5000 8.9000  1.9800  3.4900 24.1400  2.2900° 0.9800  0.4279  1.3160
¢ 5B9:  1.0000 1400.00  3.0060  9.4000  2,0300  3.4900 263180 21200 0.9000  0.4245  1.2200
¢ S90: 1,000 150000  4.0000 99400  2.0300 4.0 29.4700  1.9100  0.8300  0.4344  1.0800
¢ 591: 1,000 140000  4.5000 11.4800  2.0900  4.1300 34.3300  1.5808  0.5400 03929  1.0700
¢ 92 1.0000 170000  S5.5000 12,9200 2.1300  4.7800 37.8500  1.4400 0,550 0.3819  0.8900
TOOE . PN PITIME Ut VE o2 o2 PETCO2  PECD? |, SA02 MR
0flag 1 4 4 [ 9 13 14 1 35 12 . 10
¢ S7S: 10006 0.0000  4.9900  0.8000 7.7100  0.2500  0.3700 37.0000 28.4000 97.0000  44.0000
¢ 576: 10000 100.000  19.48C0 1.3600 11.7800  0.4200  0.5800 40.0000 32.0000 94.0000  94.0500
¢ S77: 1.0000 200.000  20.4800  1,0500 W3.5300 0,450  0.7200 38.0000 31.2000 94,0000  95.0000
+ S78:  1.0000 300.000 20.4800  1.7800 14.8500 © 0.5800  0.8800 40.0000 34.1000 95.0000 102.902
+ 579 1.0000 400.000 R.7700 1.8400 18.3500  0.7300 1.0400 41,0000 34,1000 94.0000 198.000
+ 380:  1.0000 S00.000  42.1800  2.3200 19.5000  0.8400  1:2208 42.0000 36.5000 95.0000 120.000
+ 381: 1.0000 400.080 42,1500  1.8800 25,1800 1.0300 1.3206  41.0000 35.5000 94.0000 114.000
¢+ S82:  1.0000 700.000  47.1480  2.2000 24,4500  §.1000  1.3500 43.0000 326.2000 96.0000 126.000
¢ SE3: 10000 §00.000 S2.2200  2.4200 30.4300  1.2900  1.8200 44.0000 35.5000 96.0000 132.000
¢ 584: 10000 900.800 88.8700  2.3500 33.4300  [.5000  [.6900 44.0000 38.3100  95.0000 138,000
+ 565 1.0000 1006.00 94.0100 24300  37.7000 1.7200 2.0400 48,0000 39.1000 94.0000 144,000
e %84 10000 1100.00  97.4500  2,3300 44,5800  1.970§  2.1800 44.0000 38.3000 95.0000 150.090
C e 582: 1.0000 1200.00 117.98° 2.3800 48,3380 2.1 2.3400 44,0000 37,5000 95.0000 154.000
+ 5B8:  1.0000 130000 144,000  2.4300 47.7830  2.2100  2.4500 45.0000 39.8000 94.0000 148.000
¢ 389: 1.0000 1400.00 145,000 2.5400 353.2800 2.3000 2.4400 42.0000 40,3000 94,0000 148,000
o S90:  1.0000 150000 177.490  2.5700 59.5000  2.3800  2.8800 49,0000 41.2000 93.0000 174.000
- 591 1.0000 1400.00 1.7 2.0800 71.4800  3.5%00 3,110 48,0000 39.5000 92.0000 180.000
+OSP2 1.0000°1700.00 322950  2.0700 80.7000  3.500  3.3100 48.0000 39.1000  91.0006 189.000
. L

Tab 7.3.1.8 Individual data of subject 1, C2.
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Tab 7.3.2.1 Individual data of subject 2, Cl.

L0 o cor Rorq P4OUTH W1 NI . OFR o u TiMet €
Dlag 1 ¢ o] a - n 7 & ? 5 19 ro 2
+  0:10000.6 10000.0 100806  10000.0  10000.0  10000.0  18000.8  14000.0 189008  10000.0
«" 7:  2.0000 0.0000 00000 2.8008  0.4500  8.8800 13.5408 4800  1.4R08  0.3800 2200
¢ s 2.0000 100.900  0.080C . 2.0000  0.9500  1.2000 147700  4.7000  1.5700 03340 3.1300
« 72 20000 200.000  0.5000 2.0000  §.7200  1.4200 15.2508 S5.M000 23800 0.R2  2.4200
« 73 2.0008 200908  1.4000 2.8008 1.2980  1.0000 13.2609  S.0000 17800  0.30  1.2200
¢ M:  2.0000 408.900  1.2500  2.3000  1.3700  1.3900 54.SB00 . 4.340C  1.9800  9.442  7.5890
o 7S:  2.0000 09.050  1.2500  3.0000 1.5400  1.7300 14,9000 4,470  1.9000 0.4ZT1  2.5M00
4 2%6:  2.0000 408.000  1.7S00  4.3000  1.5200  1.1300  17.0408 35200  1.4200  0.4034 201800
¢ 27: 2.0800 700.080  2:0800 40000  1.7980  1.9400 17.2000  3.9800  1.4500 9.4201 2758
¢ 78:  2.6000 £39.830  2.5000 3.7S00 1.0 1.A700 179400 27798 1.2068 a4 15700
¢ 29: 2.0000 900.800  1.2500 3.6000  2.2080  2.5000— 18.9800  3.3008  1.5700  0.47S8  1.73%0
+ X: 2.0000 166900 2.5000  S5.5000  7.7908 .N80 20.1500  2.7008 1.7500 $.4A30 14500
« 3: 26000 1100.08 45000  5.3000  2.8700 2.5M8 17.2900  3.5000 1.8200 0.0%  1.7R00
+ 3 7.0008 1200.00 45000 480  3.0300  2.R800 17,7890 3LR200 17N 0.4987 - 1.9400
+ T 2.0000 4§00.90 §.0800  7.0800  3.3000  3.I000 14.9800  3.5000 1.7500  0.%000  1.7500
“ 4 A= 2.0000 :§u.nn £.0080  R.8000 20800  1.5000 21.0000  2.4%0  1.4000 0.5283  1.7%00
¢ TS 2.0000 100.00 7.7500 8.4080 1.2900  3.5000 Z:.1100  2.5000 1.2400  0.5840  1.2400
¢ 34 2.0000 1£00.08 2.5000 100000  3.3400 4030 75,0000  2.2000 1200 0.9 ).0800
¢ 37 2.0000 1700.80 9.0000 10.1400 3.2300  4.1200 29.7800  1.8800  0.7100  @.4840  0.9700
+ W 2.9000 1800.00 9.0000  12.6700  3.3M00 45000 0.4400 1.4500  0.7700 0.447 08800

C00€ kP PATINE Wt v v w o eeEce P Sam e
Dflag 1 4 Y] § ° 1 1 1 . 1? 18
+  0: 10086.6  10000.0  10009.8  10800.0  10000.0  10000.0  (0ROO.0 100800 1000050 10000.0
¢ 0: 2.0000 6.0000 10.1000  ¢.B100  B.R003  0.250F  0.3700 48000 25.4000  ¥5.0000  64.0000
¢ 2M:  2.0000 100,800  28.1000  §.0890 15.4300  0.57200  0.7200 44.0000 79,1000 94.0000 84.0800
' . 2.0000 200,800 731000  1.8008 18.4800 0.4380 0.8300. 43.0000 30.3000  94.0060 78.0000
¢ :  2.0000 00.000 27.1000  3.4500 17.1300  0.4390  9.83007- 44,0000 J2.0000 ¥5.0000 78.0000
¢ 2:  2.0000 400.900  298.3090  1.7080 19.9800  ©£.7400 1,000 44,0000 32.J000 93,0000 R4.0000
¢ 29:  2.0000 S00.000  S2.4000  2.8400 22.9500  0.9000  1.1730 44.0000 34.1080 94,0000 A4.3008
¢ 26 7.0000 400000 S4.5000  1.5700 25.9000  1.0460  1.3000 44,0000 34.R000  95.6000  90.0000
¢ 27: 7.0000 700.000  45.2000 2.270¢ 30.7800  1.2700  1.5490 44,0000 35.3060 94.0000  94.0000
« 78 2.0000 S0B.000 . 73.8008  1.4390 34.4300  1.4300  1,7000 44,0000 34,2000 93,0000 162.000
+ M. 2.0000 $60.006  J5.000  2.7300 AL.JRO0  1.7400  1.9500 47.0000 34,0900 94.0000 108.000
o M:  2.0000 1000.00  100.100 25000 45.0500  1.9106  2.1100  47.0000 34,2000  ¥5.0000 114.900
¢ 1. 2.8000 1369.90  104.800  3.0900 49.47200  2.J100  2.2200 4R.0000 34.9000  93.8000 170.600
« T 7.0008 120090 97.9000  3.4000 S2.3800  2.2800  2.430 49,0000 17.4000  94.0060 170.000
¢ T3: 2.0000 1300.80  109.000  3.7500  S6.4700  2.4400  2.5500 48.0000 17.4000  94.0000 174.000
¢ U:  -2.0000 1408.00 © 107.100  I.2600 44,4800  2.6800  2.7000 440000 347000 94,8800 138000
+ 5. 2.0000 1500.00 149700 3.2800 77.7300  3.8300  2.90 47,0800 4.2000 94,0000 144.000
o 2: 70000 1400.00  162.400  1.7500  £3.8300  3.3700  3.1600 47,0000  J4.RROR 94,5000 130.0R0
¢ 37:  2.0000 1780.00  180.160  7.R900  94.2000  3.4108  T.JR00  44.0000 37,7000  94.0000 142,009
o 3: 7.0008 180000 2I.500  3.0300 111.400  3.9900  3.40 44,0000  .2000  94.008% 148.800
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CODE KPM . cor Borg P-MOUTH Ut Vi 3] 70T T TifTtat  TE

Délag 1 1 4 » 2. 2 R 7 s 19 v )

* 0: 10000.0 18008.0 10080.0 10000.0 Iﬂﬂﬂﬂ.P IQU0.0 10008.9 T 10000.0 10000.0 10000.0
Vo129 2.6000 0.0800 3.0000 33.!000\ 1.1100 0.9800 15.0400 J3.4400 1.7000 0.4%13 1.7400
¢ 130: 20000 100.000  3.7500 33.5000{ 1.0400  0.9000 18.6700  3.1200  0.9800  0.3141  2.1400
¢ 131:  2.0008 200000  3.7500 29.4000) 1.3700  9.8400 17.2300  3.2600  1.9890  0.4037  1.3000
o 1227 2.0000 200,000 47508 30.5008/ 1.2500 - 1.0200 21.9800  2.5208 1.4800 0.5873  1.0400
¢ 1337 2.0000 400.000  S.0000 3S.8000  1.4000  1.0400 71.4800  2.8300. - 1.7000  0.4007 11300
¢ 134 20000 S00.000  5.2500 IS.Z000  1.2800 09800 211200 3.0000  [.900 0.4S3  1.0400
¢ 13T 2.0000 400000  4.2500 32.8800 1.2600  1.1300 18.5300  3.3000  1.5000  $.4345  1.8000 .
o 136 2.0000 700.000 47500 34.9000  1.3000  1.0600 21.1500  3.1400 17800 05449  1.3400
¢ 137:  2.0000 800.006  7.9800 39.7000 L4000  1.3200 19.5400  3.0000  1.7088  0.3667  1.3000
¢ 138:  2.0000 900.000  7.7S00 44.8800  1.3400  1.3200 * 19.9400  3.0506  2.0500  0.6721  1.5008
¢ 139:  2.0000 1000.00 8.0000 58.5000 145000  1.7800 25.8900  2.1000  1.4000  0.447  0.7000
¢+ 140: 2.0060 §500.09 8.2500 55.7008 1.3400 1.4908 28.5200 2.1000 1.59%00 0.7571 0.5100
+o141: 2.5000 1200.80 9.0000 $8.4000  1.5800  1.7700 30.5400  2.0000 1,506  0.7550  0.4%00
v 142: 2.4600 1300.00 10,0000 41.%080 . 1.4100 1.9000  33.9100 1.7800- .2500 0.702? 0.53080 -~

cooe bt POTIE W UF L2 vz PETCO?  PECD?  SAD? HR
Dflag 1 4 2?7 é A 13 14 1 k! 1? 10
_.# - »~

* 0: 10000.0 10000.9 !Uﬂﬂﬂ.ﬂ 18000.0 ° 190000.0 100040.0 10000 .0 Téﬂﬂﬂ.ﬂ 10000.0 30000.0°

¢« 129: 2.000040.0000 399.400 10800 147100 0.3900  0.3700  2R.0000 20.4000 97.0090  84.0000
¢ J30: 2.0000 100.000 475.000 [.3300  19.4800 0.5500 8.4500 30.0000 24.7000 97.0000 84.0000
¢ 131:  2.0000 200.000 719.300  1.2400 73.5300  0.7000  0.R300 32.0000 26,2000 98.0000  %.0000
¢ 132: 2.0000 300.000 -4593.400 1.0000- 27.5300 $.7800 0.8800 30.0000 -24.8000 9R.0000  84.0000
+ 133 2.0000 400,000 850.580 1.2800 N.UBﬂQ 0.?1900 0.9900 « 32.0008 24.2000 9R.0000 84,0000
¢ 136 2.0000 $00.000 B802.400  1.3300 24.9800  0.8500  1.0500 34.0000 27.4000 -98.0000  0.0000
[ k- H 2.0000 400,000 858.300 1.1000 23,3500 0.8200 1.1300° 4Q.0009  30.4000 .99.0000 84,0000
+ 134 2.00006 700.000 792.900 1.2560  27.5500 1.0100 1.3108 40.0000 JI.GMQ 97.0000 %0.0000
LI ¥ 3 2.0000 800.000 928.000 1.4200  31.4800 . 1.2200 1.3300 42,0000 33.2008  97.0000  94.0000
+ 138: 2.0000 900.000 1109.80 1.8800 34,5000 1.4100 l.?UQG 43.0000 35.4000 97.0000 107.000
(I v-H 2.0000 1000.00 1352.10 1.630_0 41,3000 1.4700 1.8400 43.0000 34.4000 97.0000 108.000
+ 140: 2.0000 1100.08 1339.2% 1.5500 43.8500 1.7900 1.9800 44.0800 35.4000 §7.0800 108.000
¢ 141 2.0000 1200.00 1748.30 1.5800 51.2300 2.1000 2.2000 45,0000 35.1000  97.0000 120.000
v 142: 2.0000 1300.00 °1433.73 1.5200 54.4000 7.2400 2.3310. 44,0000 34.1000  98.0000 120.009

Tab 7.3.2.2 Individual data of subject 2, Rl.
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/—\ EJ
FOOE kP cor Borg P-MOITH Ut b Fe . wk nme

Délag 1 ¢ rol by N 8 ? 5 19 Vol P

¢ 204:  2,0008  0.2000  3.5000 43.3000  0.8%00  0.8009 14.7900  S5.%000  7.%000  p.4%M%  2.0000
« 207:  2.0000 100.000 3.7500  35.0000  0.RS00  0.4400 149900 3.4700 . 2.4200 0.213%  1.0%00
+ 208:  2.0800 200,000  2.7500 42.0000  0.9900  6.7300 {5.5300  4.3000 2.0700  0.7140 1.7300
+ 209:  2.0000 300.000  4.2500 44,0060 O.RB00 0.7360 17.5200  3.0500  2.450n  0.8033 0,400
4 20:  2.0000 400.800  4.5000 3940600  1.6300  0.5600 17.7960 - 2.9500 12000  0.5763 . 1.7500
+ 211 2,0000 500,008  5.5000 43,3000  1.1S00  0.6700 19.2200  4.0500  1.5000  0.8A7  0.5%0¢
+ 212: 2.0000. 400.000 4.0000 47.0008  1.2100  0.8000 19.4800  3.2500  ?7.BS00  0.6749  0.4000
+ 213;  2.0000 700.000  4.2500 57.2000 1.2300  0.9000 20.7300 2,500  1.8500  0.7400  0.4500
& 214:  2.0000 800.000  8,2500 41.8000  1.2500  1.0000 23.2400  2.1000  1.5000  0.7143  0.4000
+ 215:  2.0000 900.060  9.5600 46.5000  1.1309  1.2000 30.2100  1.7600  1.4300  0.8412  0.2700

L00E P PATINE Ut U ucn? 002 PETCO2  PECO? SA02 HR

Mélag } 4 72 4 9 13 14 i % 12 11

¢ 24: 20000  0.0000 476.080  0.9000 12.0700  0.3300  0.2400 32.0000 25.5000 99.0000  44.0000
s 207 2.0000 100.000 4%0.100  0.9400 14,9500  0,4400  0.5700 34.0000 25.7000 98.0000  72.0000
+ 208:  2.0000 200.000 432.300 1.0080 15,3080  $.5300  0.7300 38.0000 29.8000 97.0000  73.0000
¢ 209:  2.0000 300.000 814.300 1.0060 15,3800  0.5800  0.8800  43.0000 31.9080 94.0000  78.0000
+ ?10:  2.0000 400.000 923.400  0.9300 18,7800  0.7000  1.0000  42.0000 32.4000 97.0000  R4.0800
¢ 2t 2.0000 $00.000 1230.80 1.550¢ 22.0500  0.8%00  1.1700 42,0000 34,7600 98.0000  R4.0500
4 212 2.,0000 400.000 1398.60 1.5000 23,5300 0.9800  1.2200 44,0000 34,2000 97.0000  84.0000
¢ 2T 20000 700.000 1804.4D 1.4000 75.5500  1.1500  t.2800 44,0000  34.9000 97.0200  94.0000
+ 214:  2.0000 £00.500 1515.50 1.0000 29.7500  1.2600  1,5400 47.0000 37.4000  ©8.0000 104.000
¢ 215:  2.0000 00,000 1871.30 1.1000  34.2300 1.4700  1.7100 44.0000 37.4000  94.0000 104,000

Tab 7.3.2.3 Individual data

of asubject 2,
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. Cooe kP cor Borg P-HOUTH Ut vi e I Te
B41ag 1 . » 2 02 8 7 s 19 s 08
¢ 268: -2.0000 0.0600 4.2500. 78.9000  ©.7900  0.9000 148408  3.1000  1.4008  £.5141 1,500
¢ 269  2.0000 100000  4.7560 £0.5000  1.6300  0.§380 14.4600  3.5000  1.5500  0.4306  2.0500
o 2: 7,000 200,000, 7.2500 72,7080  1.0800  0.8300 14.7808  4.500  1.8008  0.39%  2.7500
¢ 1 2.0000 300,003 87500 S9.5000  1.2700  0.8300 15.0900 4.0000 2.(300 0.5375  1.8708
V272 2.0000 400.008  B.7560 €5.9000  1.2980  1.2300 17.2300  3.4700  2.0300__ G553t 14400
« 27 2.0000 500600 100800 83.5000  1.2530  1.1200 20.0400  3.0000  1.0700  0.3547  1.9300
C00E kP PETINE Wt o W v PETEO?  PECO2 A0 W
Déag 1 4 .22 4 9 13 14 1 % 12 10
¢ 268:  2.0000  0.0000 1883.20  0.7300 11.4900  0.3300  0.4200 38.0008 31.3000 97.0000 84.8000
¢ 29: 2.0000 100,000 1773.8 0,700 (5.0300 0.7000  0.8000 40.0000 32.0006 97.0000  78.0009
¢ 2%: 2.0000 200,600 708.800  1.0000 15.9%0  0.4300  0.8000 40.0000 34.1000 94.0000  84.0000
o 271:  2.0000 300.000 1095.90 1.0300 19.2000  0.8000  1.0400 44.0000 34.3000 $7.0000  90.0000
¢+ 272:  2.0000 400.000 1290.00 1.0800  72.7506  0.9600  1.1500 44.0000 37.3000 94.0000  90.0080
+ 273 2.0000 500,000 1248.30 10400  25.0500 31,1000  1.3400 460000 38.4000  96.5000  90.0000
L3
Tab 7.3.2.4 Individual daca of subject 2, R3. .
. .
-
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co0E KM coc Borg PMOUTH U1 vl R Lt T TiMot TF
Dfiag 1 . » 2 8 7 5 19 el 7
W: 20000 0.0000  2.2500 23.5080  1.4R00  1.3900 137800  5.0800  1.5000  0.2953  7.3800
32R:  2.0000.300.000  2.5000 39,5000  2.0000  [.3R00 13.5300  4.8900  1.5100 0.30889  3.3800
329:  2.0000 200,000 27500 30.0000  1.9600  1.4000 127380  4.9000  1.4508 0,037  2.250
330:  2.0000 300.000  2.7500 34.9000  1.8800  1.9300 10.4300  7.0300  1.3000  0.184%  $.7300
331:.  2.0000 400.000  3.0000 32.5000  2.1500 . 1.3000 10.1200 k9000 L.B700  0.2710  5.0300
332:  2.0000 500.000  3.5000 35.9000  2.3308  1.1500 19.120 0500 2.1000° 0.3471  3.9500
33: 2.0000 400.008  3.5000 34,3000  2.4200 112500 .12.2100  S.0800  1.9000 . G.3740  3.1800
334: 20000 700,000 42500 39.7200  2.2008  L.9300 14,2100  4.5000 1.7300  0.3R¢  2.7700
335:  2.0000 800.030  5.0000 43.8000 2,540  2.2400 14.4000. 3.3500  1.4080° O0.4776  1.7300
33:  2.0000 900.000  S5.0000 33.5000  2.1500 17300 17.7000  3.6800  1.4500  0.4484  2.0300
337:  2.0000 1000.00  4.0000 41.3000  2.2800  2.1200 19.8000  3.0300  1.4000 0,460  1.4300
;82,0009 1100.00 8.0000 38.4000  2.5000  2.5838 19,4000  2.8500 1.2800  Q.44%1 1,570
39: 2,000 1200.00  8.2500 41,5080  2.3860  2.7000 22,5300  2.4500  1.3%00  C.509%4  {.3000
340:  2.0000 1300,00  8.7500 40.4000 2.4200  2.9000 25.2300 2,330 1.1500  0.4935  1.1800
341 2.0000 140000  8.7500  43.0000  2.5000  3.1500 -25.4400  2.2500  1.1000  0.4889  1.i%00
342:  2.0000 1500.00  9.0000 43.5000 2.5600  2.9800 25.8106  2.2700  1.1300  0.4978  1.1400
M3 2.0000 1490.00 7.5000 45.3008  2.7700 3.7000 24,9400  2.1000  1.0000  0.4767  1.1000
34:  2.0000 1700.00 100000 44,5700  2.8500  3.8000 3003100  1.8800  0.9000 04787 0.9800

COOE XM AIE Wt U we w PETCO?  PECO?  SAD2T KR
D+lag 1 T n é 9 12 7] 1 % 12 10
¢R7: 2.0000  0.0000 291.000  1,3300 20,4400  0.5000  0.4500 28.0000 20.5000 99.0000  78.8000
v I 2.0000 100,000 445.000  2.0900 77.2300  0.7300  0.7000 32.0000 23.5000 9R.0000  B4.000
¢ 329:  2.0000 200.000 454.000  1.7700 24,9800  0.7100  0.7800 34.0000 24,9600 98.0000 84.0000
+ 330: 2,000 300.000 334,300  1.7400 19.9500  0.4406  0.8500 34.0000 27.7000 98.0000 78.0000
¢+ 33M: 2.0000 400.000 455300  1.9500 21.7800  0.7700  1.0800 42.0000 31.3000 97.0000 84,0000
¢+ 332:  2.0000 S00.000 S43.700  2.7400 23,5800  0.9000 1.2700 40.0000 33.4000 . $7.0000 90.0000
¢ 333z 2.0000 400.000 S46.200  2.0000 29.5300  1.1500  1.4000 42.0000 4.1000 97.0080  99.0000
¢ 334: 2,000 700.000 412.200  2.2000 31.2000  1.2300  1.4300 40.0000 34.1000 99.0000  95.0000
+ 33S: 2.0000 £00.000 871,300 . 2.5200 41.6000  1.4100  1.790% - §0.0000 33.4000 98.0000 116.000
¢+ 336:  2.0000 $00.000 711.800  1.8800 38.7800  1.4100  1.B100 44,0000 36,3000 97.0000 104.000
¢ 37:  7.0000 1000.00  462.500  2.2900 45,2300  1.9300  2.1400 44,0000 37.0000 97.0000 108,000
+ 338:  2.0000 1100.00  743.400  2.3400 490300  2.1000  2.2300 44.5000 37.0000 §7.0000 §32.000
¢ 39\ 2.0000 120000  BAO.700  2.3200 S3.4300  2.3000 24100 44.0000 377000 96,0000 128.000
+ 340: 2.0000 1300.00  $89.408  2.2000 61.0300 - 2.5000  2.5400 44.0000 34,3000 97,0000 120.000
¢ 341: 20000 1400.00  920.100  2.3900 43.4830  2.4000  2.6600 44,0000 34,8000 . 97.0000 128.000
+ 342:  2.0000 1500.00  978.800  2.4200 44.1500  2.8500  2.3400 44.0000 37.7000 97.0000 140.200
¢ 3432 2.0000 1400.00 11277.40  2.4700 74.5300  3.2100  3.9300 45.0000 37.7000 97.0000 48.000
¢ 3 20000 1700.00 1119.20  2.6400 84.5300  3.5000  3.2000 43.0000 35.6000 97.0000 154.000

Tab 7.3.2.5 Individual data of subject 2, El.
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£o0E KR cor Borg PHOUTH Wt 1 F8 TTOT I TifTtot  TE
Dilag t ‘4 » 2 2 8 7 5 19 e P
¢ 428:  2.0000  0.0000  4.5000 - 45,4300  1.2306  1.2700 $3.2300  3.7080  5.0000  9.2703  2.7000
o 429:  2.0000 100.000  4.5000 549200  3.4100  1.6700 36.9900  5.0300  1.0000  0.1988  4.8300
¢ 430:  7.0000 200.000  4.7500 41,5700 1.4480  1.6400 107100  5.4000  1.2000  0.7727  4.2000
¢ 431z 2.0000 300.000  5.2500 42.8800 1.4%00  1.4800 12.4300  5.6000 1.4000  0.2500  4.2008
¢ 432: 2.0000° 4D0.000  5.5000 49.9200  1.4300  1.4800 15,0800  5.8000  1.2000  0.2400  3.7000
¢ 433 2,0000 S00.000  4.0000 74,3100  1.8700  1.8400 14.4100  4.3500  1.1500  0.2544  3.2000
¢ 434z 2.0000 400.000  4.2500  7.4306  1.7300  1.7000 16.3500  4.2500  1.3000  0.3659  2.9500
+ 433:  2,0000 700.000  4.2500 46.1400  1.5000  1.5100 22.4100  2.8800  1.1800  0.4997  1.7000
¢ 435:  2.0000 800.000  7.2508 43.2000  1.4400  1.5500 21,2200 2,700 12260  G.4435  1.5300
¢ 437 2.0000 900.000  9.0000 4%.8200 ).6200  1.8190 25.3500  2.2300  1.1200 0.5022  1.1100
+ 438 2.0000 1000.00 9.7500  70.9000  1.4400  2.0000 78.8400  1.9400  0.9300  0.4M5  1.0200
¢ 439:  2.0000 1100.00 10,0000 47.1300  1.4000  2.1000 313300 1.B100  0.M00  0.5028  0.9800
+ 440:  2.0000 1200.80  10.0000 71.8800  1.4800  2.9400 39.1000  1.4%00  0.7500  0.5034  0.7400

COE P PTINE Ut Ve o2 vo? PETCO?  PECO?  $A02 HR
Délag 1 4 2 8 9 12 1 1 % 12 1

428:  2.0000  0.0000 424,200 0.8500 14.2908  0.4000  6.3900 33.0000 21.2000 94.0000 78.0000
429:  2.g000 100.000  40%.900 1.1000 15.5300  0.4400  B.5800 38.0000 246.2000 97.0000 79.0000
430:  2.0000 200.000 S45.200 1.2100  15.4500  0.5300  0.7300 42.0000 29.7000 97.000C §0.0000
431:  2.0000 200.008 434.400 1.2400 18.8300  0.7000 - 0.9700 &4.0000 32,5000 93.0000 54.0000
432:  2.0000 400.000 721.700 1.3700  24.8000  0.7200 . 1.1400 44.0000 32,5000 94.0000 94.0000
433:  2.0000 300.000 BX3.400 1.4200 27.2500 1.0800  1,3100 47.0000 34.5600 94.0000 94.0000
434:  2.0000 400.000 882.800 1.4400 28.13200  1.1360  1.3300 4%.0000 34.4000  95.0000  90.0000
435:  2,0000 700.000 1044.40 1.2300 33.8000  {.3708  1.5500 48.0009 35.7000  94.0000 102.009
434:  2.0000 800.000 1237.30 1.2200  35.1800  1.5200 1.7100 30.000C 37.5400  95.0000 102.000
437:  2.0000 900.000 1330.%0 1.3500  40.9500 . 1.8000  1.9500 49.0000 37.7000 9A.0000 120.000
438:  2.0000 1000.00 13S2.50 1.3500  47.2300  2.0400  2.1300 50.0000 37.8000 §4.0000 §20.000
439:  2.0000 1100.00 1412.40 1.100¢ 49,9000  2.2100 2.2500 50.0008 38.2000 §6.0000 (24.000
440:  2.0000 1200.00  §341.80 §.2300 S8.0080  7.4400  2.4400 49,0000 34,8000 94.0000 126.000

P T A T

Tab 7.3.2.6 Individual data of subject 2, E2.
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CO0E KPN tor Borg PHOUTH VY vl FR afid n TiTat  TF

Dlag - ‘1 . be) 2 2 8 7 s 19 % ]

¢ 514 2.0000 0.0000 4.5000 42.0000  0.9000  0.9780° 15.2400 5.3 1.2000  0.733% .90
¢ SIS 2.0080 109.000  4.7500 S3.5000  1.1400  1.7500  1S.4700  4.1500  1.2500  0.3097  7.9008
¢ 514 2.0000 200.085  5.0000 54.0000  1.0500 1.32700 15.3300  4.7068  1.3700  0.2%15 370
+ SI7: 20008 308.000  S.5088 -32.3000  5.2000  1.3000 16.8480  3.2208  1.1700  0.3634  2.0%08
¢ SIR: 2.0000 400,000  4.7500 540000  1.1908 13500 20.7108° 2.8000  1.000  0.3750 1,750
+ 519:  2,0000 S10.000  7.5000 S57.3000° 1.2400  1.7800 22.2100 2.7S00  9.9300  0.3382  1.8200
¢ 320:  2.0000 400.000  8.27500 S6.0000  1.3100  1.7R00 22.7400  2.3800  1.0000  0.4202  1.3380
+ 5213 2.0000 700,080  9.7S00 43.0000 13960  2.1000 24.7000  2.4000  0.9308  0.3875  1.4700
+ S22: 20000 890.008  9.5000 52.8080  1.2500  2.2000 20.1400  [.4B00  0.700  0.434%  0.9%00
* 523:  2.0000 900.000 10.0000 50.3080  1.0008  2.5000 30.1400  1.e000" 0.6000 9.4285  0.3000

CO0E KPM PITINE Ut e - Oeg? 02 PETCO?  PECH? sA? R

Olag ! 4 n é ¢ 13 14 i1 3 1? 1

+ S14:  2.0000  0.0000 3R2.000  0.9000 13.7080  ©0.3800  0.4700 20.0000 20.4000 97.0000 77,0000
+ S15:  2.0000 1060.000 734.400  $.2000 18.1000  0.5800  0.6900 34.0000 28.3000 97.8000  84.0008
¢ 514 2.0000 200.000 05.000  1.2700 14.0800  0.500  0.7200 40.0000 30.1000 57.0000  99.8000
+ $17:  2.0000 300,000 ©SR.300  1.1300 70.2300  0.7S0C  1.0000 40.0000 37.5000  97.0000  %0.0000
¢ SI8:  2.0000 409,098 990.400  1.1500 24,7000  0.9100  1.1300 «40.0000 31.9000 97.0080  90.0000
+ 519:  2.0000 S00.808 958.800  1.1800 27.9300  1.0400  1.7700 41.9000 33.3000 97.0000  90.0000
+ 520 2.0000 400.000 1115.%0 1.1400 294800  1.1400  1.3700 42.0000 3.4000 97.0000 94,0800
¢ S2:  2.0000 700.008 1224.90 1.3700 344000  1.3300  1.5400 43.0008 34,0000 97.0000  96.0900
v S72: 7.0000 $0.000 1232.%0 1.0500 37,7500 1.4%00  1.7300 42.0000 14.7000 97,0000 108.260
v S23:  2.5000 990.000 1144.00 1.0000 30.1400  1.4900  7.3000 42.0000 33.3008 97.0000  94.5000

Tab 7.3.2.7 Individusl dats of subjecc 2, El.
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P=HOUTH

€ KN cor Borg vt U £8 T T TiMtet TE
DHag ! . ol 2 il 8 7 -3 19 I
¢ $93:  2.0000 0.0000 0.0000  1.5000  0.4300  0.7000 13.7700 5.1%0  1.8R00  0.3&%  3.2708
o+ S94:  2.0000 300000  0.0800 2.2000 1.0508 - 0.8S00 172700  5.2000  2.4038  D.4815  2.8000
o S9S:  2.0000 200.000  0.5000  3.0000 1,040  1.0300 14,3800  4.B300  1.9500  0.4043  2.B500
¢ $94:  2.0000 200000  0.7500 33008 1.72400 1,100 157000  4.4500  2.0000  0.M94  2.4500
v S97: 20000 400.000  1.7%00  3.8800  1.2800  5.3800 17.5300  3.4R00  1.5000  0.4076  2.1800
+ S9R:  2.0000 S00.000  1.2500  2.9000  1.5600  5.2400 14.5000  4.1500  1.7800  0.4%89  2.3700
¢ S99:  2.0000 400.000  1.7%00  3.3000  1.4980  1.5280 18,1700  3.3500  1.4200 0.473%  1.9300
¢ &00: 2.0000 700.008  2.7508 3.8000  1.é800  1.9080 17.5400  3.B000  1.6200 . 0.4243  2.1800
o &01:. 2.0000 B00.000  3.2500  4.4000  1.9080  1.8200 17.0400  3.9700  1.8700  0.4710  2.1000
+ &2 2.0000 900.000  3.7510  4.9008  1.8700  2.1100 19.5500  3.3400  1.5000  0.4491  1.R400
+ &03:  2.0000 1000.00  4.0000 _ 4.3008 ) 2.328  2,3700 19.4200  3.3400  1.5000  0.444  1.8400
+ 404:  2.0000 {100.00 - 4.5000  5.5000 ( 2.5308  2.3800 19.0400  3.1400  1.4400  0.4650  1.4800
¢ 40S:  2.0000 170000 S5.2500  4.2000 N 2.7700  2,6700 17.9300  3.1000 13700 Q.19 17300
+ 404: 20000 130008  3.7500  4.5000  2.5900  2.79%00 21,1100  7.8900  1.2800  0.4429  1.4100
« &07:  7.0000 1490.00 4700 7.3000  2.R300  3.0900 20.4d00  2.9400  1.3400  0.4527  1.4200
v &08:  2.0000 1500.00  7.7500  9.1060  3.0R0D  3.4400 22.8100  2.4400  1.4000  0.5243  1.2400
¢ 609:  2.0000 140080  8.7500 11.1080  2.3300  4.0300 23.8000  2.3200  1.0300  0.4440  1.2900
¢ §10:  2.0000 1700.00  9.0000 10.5900  3.3860 42100 27.4500  2.2500  0.9580  0.4247 1.29M
¢ é10:  2.0000 1800.00  10.0000 14.3000  2.4800  S.4400 32,3400  1.7100  8.8000  0.4478  0.9100
v 412:  7.0000 1900.00  10.0900 15.5000  3.3800  S5.7200  39.7000  1.4330  0.700  0.489F  0.7300
COE kPM PITINE Ut e e G PETCO?, PECO2  SA0? W
Délag ) . n s o* 13 i 1 % 12 10
¢ S93: 20006 0.0000 20.8400 0.4500  .3500  0.2400 L 0.XWO0 40.0000 24.8000 97.0000 44,0008
+ §94:  2.0000 100.086  31.3000  5.1400 18.0500  0.4000  0.8A00  40.0080 . 29.0000 97.0080 7R.0000
v S98:  2.0000 200.000  34.0400  1.4300 14,9500  0.5500  0.7500 42.0000 R1.R000 97.0000  84.0000
+ $96:  7.0000 300.000  25.7300  1.6300 [9.5000  0.7S00  1.M400  47.0000 33.2000 94.0000  84.0000
voS97: 20000 400,080 32,7700 1.4500 72.4300  0.8700  1.J300  43.0000 32.2000 94.0000  90.0000
e S9R:  2.0000 S00.500  30.6800  1.5800 25.4500  1.0180  1.3300 44.0000 33.9000 97.0000 90.0000
¢ S99r 2.0000 400.000 445400  1.5200 27.0300  1.0900  1.3200 44.0000 34.4000 97.0060  94.0000
+ 600:  2.0000 700.000 470700  1.8R00 29.3800  1.2100  1.3900 44,0000 35.3980 97.0000 102.008
¢ 601:  2.0000 800.000  S7.9000  2.4700 32.3800  [.3700  1.5700 45.0000 38.8000  97.0000 102.000
¢ 402:  2.0000 900.000  SR.4R00  2.3200 34,5500  1.000  1.8200 46.0000 37.4000 97,0000 120.000
¢ 403:  2.0000 1000.00 737900  2.5400 ¢S.4A0  1.9600  2.0500  34.8000 34.7000 97.0000 120.000
+ §04:  2.0000 1100.00  79.3800  2.5000 48.1300  2.0800 - 2.1500 44.0000 34.7000 97.0000 120.000
+ &S:  2.0000 1200.00  102.730  2.R00  49.4R00  2.1700  2.2000 45.0000 37.2000 94.0000 120.000
¢ &06:  2,0000 1300.00 105730  2.5400 54.5800  2.3400  2.3500 44.0000 38.:000 96,0000 126.000
v 807:  2.0000 1400.00 112,840  2,9900 57.8500  2.4600  2.4200 44.0000 34,7000 94,0000 138.000
o 408:  2.0000 1500.00 741580  2.1800 70.3300  2.8400  2.6900 44.0000  34.0000 97.0000 144,000
¢ 409 2.0000 1600.00 226,570 3.3100  79.1300  3.0%00  2.8900  43.0000 34,4000 97.0000 150.00
o §10:  2.0000 1700.00 191750 3.1100 92.7000  3.4R00  3.1400  44.5000 33.9000  §7.0002 155.000
¢ &11:  2.0000 1800.00 340,600  2.4000 112360 3.9500 24400 42,0000 31.8000 97.0000 148.000
Coa2s 2.000/1900.00 34400 2.9000 134250 45N 3700 400008 29.7000 570000 §74.000
- .
Tab 7.3.2.8 Individual data of subject 2, CZ.
T
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Tl o T TifTtst  TE
2ilag 1 4 n . ] ri| ] 7 3T pe n
e 3r: L0008 5.0000  0.6MS 14080 8758 .M 11.MI30 4N LK .XRT MM
o ag:  0.0000 180990 G080 3RS L2 1.7MO0 12,4800 S.48M 2.4000 B.4444 2oeM
¢ 41z 7.0989 208.400 18006  7.6500  1.3788  .Y200  10.BI0  4.9080  2.4608  L.4RVE 2.8
¢ 42 20008 00,003 19080 25800 1UMO0 11008 128400 D200 1800 G204 1B
4 43: 20000 450[800  1.5080  2.405%  1.4700  1.J080 12,1800  4.1060  1.8004  8.47T8 2. 00
¢ 44z 3.0000 m(cu 1.7588  1.4000 L7A0 1. 12,2900 47860 2.8 G401 2.4
« &5 1.0008 408808 17506 25088 28438 14000 128180 31008 2.4300  4.5018 2.0
e 4 20080 JBE.MNS  1LTSES 17888 1.YSE0 1L7HOR ISSKAE 44800 2108 .04 2.5
¢ 47:  J.0008 S06.600  2.7SB0  J.4808 2.2800  17BBE JAYMC 4,400 2.teE 04773 2408
4 48: . 1.0000 Y90.008  J.7SHE  I.9ME0 27180 2,1900 141268 1.6008 57030 0.4772  L.M00
 49: 0000 ISGE.B8 . 1T A 1808 23780 23808 18,4400  Z.4000  1.N900 B2 1.7990
¢ S3: 1.e008 119688 45680 . S.0080  2.5560  2.4000 IR.AVE0 11808 1.4000 0.4514  1.7808
Sz 3.0808 120058 4508 S.4388 2.480 2.8300 272.7M00  1.8008 1.0000  €.443  1.M09
+ S2: 3.9001 130988 7580 &880 2.500  1.7800 1990 72000 1.0000 6.4543 §.2009
¢ 33 3.0088 1400.80 7.7500 £.1900 2590 35080 24.7N0  2.2006  1.5039  8.3000 1,186
+ S4: 1.0008 1500.80 7.7580 73400 24808 24800 292180 2.1000  0.1300 .M 170
o SS: 0 2.8900 140089 2,750 B.7080 27480 180G 780000 22008 89400  0.4M4 1.2400
¢ S6: 2.8008 170804 7.0508 87088 27408 43000 J4000 17800 68300 04443 0.7S00
co0E . T PTHE W 3 o] 2 PETCN?  PECD?  SAD? ™

Délaq i 4 b7 ¢ ) % 14 1" M 17 "

¢ 39:  3.0008 0.9808  4.$208  1.1908 (I.1908  ©0.3400  0.4700 34,0080 24,8000 94.0008 #4.0050
¢ 40:  3.8000 109.980  &£.1289  1.S800. 139380 .4780 0.4200 330000 29.8%4%  97.0000 95,0008
o 41: 1000 200,860  £.4080  1.4880 117500  6.5180 4400  49.8008 31,9900  97.5000° TR.0000
s 42:  1.0080 30G.600  4.3080 1.3000 14.1808  @.5900  0.R000 3P.000C 31.8000 97.8000 §4.3800
¢ 43:  3.8000 405,800 .29 1 9080 20.1S88  0.7900  1.6400 42,0000 34,8000  17.0000  ¥4.0300
LI 7 1 3.0004 3506.800 45. 1014 . 2.0080 23,1800 0.71408 1.3400 49,0008 34,7000  v4.0000 4. 0004
¢ s 3.0009 408.600  30.4008  2.5800 24,3500  1.0400  1.2500 40.0000 I3.4000 97.0000 108,000
¢ 4i: 3.8008 708,800 _ 40.8888 23888  8.IS03  1.2200  1.4100 42,8000 35.1080  74.0000 109.008
o 47 3.0000 BO9.080 J77000  2.7800 GAMRE0 {43080 [.4000 44,0000 37.5000  97.0008 120.080
s 4g:  1.0000 T08.690 583000  1.1800 382000  1.500  1.8000 44,0000 34,9009 94,0000 129.008
« 493 3.0000 1828.80  S1.4800  2.7800 444500 1.8880  1.9708 440000 243000 97.0000 138.800
¢ S3:  3.0008 118088  £0.7383  2.%00 45.1800  2.0260  2.0900 «5.0000 34.2000  94.0000 144.808
€ Si: 30008 1200.80 824000  2.8000 SS.6589 22600 2.3100  44.0000 34,2000  0.7700 130.190
W52 3.0008 1306.80 12180 25000 S9.3000  2.4400 2,490  44.0000 IS.2000  97.0000 142.888
4 : 3.0088 10800 112.388 2.3008 42.73t0 2.70 24700 42,8000  JA 5008 94.0008 14B.800
¢S4z 3.0000 1520.58 119,480 2.8040 72060 2.8700 24200 443000 14,3000 948000 174.000
+ 55 J.0000 15009 133.M0 J.a00  77.2508 3.0800 .90 42,8008 J4.3000  94.900C 180.400
o %6: 2.0088 1700.80 212.400  2.8060 €S.939  3.32080  1.1200 .42.0000 31.39080  ¥4.0000 180.308

Tab 7.3.3.1

Individusl daca of subjecc 3, Cl.



——d

163
CODF kPN cor Sorg PHOUTH Ut v FR N TifTtet  TE
Délag 1 4 Fad 20 21 |1} 7 L8 19 L3 28
¢ 143:  3.0000  6.0800  3.7509 12,1390  1.2300 - 0.4000  4.7500  R.2000  4.0300 0.491S 41790
+ 144 3.0000 $00.000  5.5000 14,0860 1.4500  0.5000 7.7400 75000  4.3000 0.5733  3.2000
¢ 14S: 30000 200.000  5.5000 19,0800  1.5100  0.5000 7.8490  7.8000  R.4000 0.4413  4.2000
+ 144 2.0000° 200.000 4,250 26.0000 2.5308  0.5000  5.3800 11.0000 - 5.5000  0.5000  5.5000
v M47: 3.0000 400.000  .7580 340089 © 2.1000. 1.3000 9.4%00 72000  3.5000  0.48r  3.7000
¢ 148 3.0000 500.000  8.2500 35.3%0 1.2200  1.3000 17.2100  4.8000  3.0000  ©0.6250 . 1.B400
o 149:  3.0000 600.008  8.7500 42.0000 2.0200  1.4008 (3.1500  4.0000  2,1000  0.5250  1.5000
o I50;  3.0000 700.000  9.0000 41.0080 2.200  1.3500 13,0200 5.7000  3.2000 0.5614  2.5000
+ 1S1:  3.0000 200.000  10.0800 50.0000  2.4480  1.4300 12,0800  4.3000  2.4000  0.5381  1.9000
¢+ 152:  3.0000 900.000  10.0000 S4.5089  2.4400  1.8700 14,4500 4.4006  2.8500 0.6477 1.5
+ 153 3.0000 1000.00  10.0000 45.6780  3.0800  1.5000 §2.8500  3.8300  2.4000  0.4842  1.2000
COOE KM PITINE Ut 3 b2 ve? PETCO?  PECO2  SAB2 R
Dflag ! 4 7 4 9 13 14 1 % 12 1 -
¢+ 143:  2.0000  0.0000 779.700  1.1000  B.3100  9.2600  0.3500 31.0000 29.009C, 94.0000 72.0000
v 166:  2.0000 100.008 428.500  1.5080 11.2000  9.4300  ©0.5500 36.0000 33.4080 94.0000 78.0900
¢ 145:  2.0000 700.000 312.800  1.0000 12,4300  0.5180  0.7S00 36.0000 3I3.0008  96.0000  90.0000
« 146 3.0000 300.000 S13.600  2.5000 13.4300  0.5P00  0.5700 44£0000 34.9000 95.0008 94.0000
¢« 147: 3.0000 400.000 734.300  2.1906 19.8500  0.8400  1.1300  44.0000 37.4000  94.0000 102.00
+ 148 1.0000 500.000 1209.90  1.9000 21,0460  0.9200  1.2990 47.0000 39.1000 95,0000 108.000
¢ 149 1.0000 400.000 943,400  1.9900 26.5700  1.2000  1.4900  44.0000 39.1008 95.0000 108.000
» IS0 2.0000 700,000 130170  2.4000 78.5880  [.3200  1.5700 48.0000 40.3000 ¥5.0000 [24.000
v )Si: 3.0000 ©00.000 1188.78  2.4000 31.9380  1.5400  1.7500 49,0006 41.9000  95.0000 138,080
+ 152:  3.0000 960.000 1875.00  3.0000 37.6300 © 1.8960  1.9700 48,0000 41.2008 94.0000 138,000
+ 153:  1.0000 1000.00 1207.50  2.1000 39.5300  1.9700  2.1100 51.0008 «3.3000  93.0000 144.000
Tab 7.3.3.2 Individual data of subject 3, Rl.
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TO0E KM cor Borg PN Ut v R 107 T TifMol  TE
Mlag 1 oA e L] 2 8 7 3 19 pol "

¢ 214:  3.0008  0.0000  1.7500 20.%003  0.9X00  0.4700  G.50080  7.BO006-- Q0400 0.5477  3.8400
+ 27 3.0000 106.%00- 1.7580  29.3000  @.9500 . 0.3630 10.8100  3.0200  2.0000  0.3984  3.0000
« 1B 3.0600 290.000 17300  32.4000  1.7000  0.5000 10.8409  5.4000 2.4000  0.4815  2.B000
+ 219: 3.0000 300.800 2.7500 30.4300  1.4300 0,750 10.1408  5.8008  3.1000  0.5345  2.7800
+ 20 3.0080 400.000 4.5000 45,3200 1.4200  0.9200 10.5708  S.4500 2,970 DWW 2.480
+ 221: 1.0000 500.000 5.5000 38.1000  ?.1100  0.5300  7.9%00  B8.2006  5.2000  0.4341  3.0000
+ 222:  3.0008 &08.000 7.7500  48.3300  2.0880  0.9000 ' 9.0200  4.4000 ° 4.3000 04719 2.1000
+ r 3.0000 750.000 4.2500  47.0000  2.4500  6.53%%  6.5%00 7. 3000 49000 0 0.4717 2.4008
+ 224 3.0000 800.000 8.7500 43,2400  2.4500  1.2080 11.1200  5.1000  2.4000  0.4447  1.7000
+ 275:  3.0000 900.000  19.0000 47.8390  2.5300  1.2080 13.1400  4.0000  3.1000  0.7730  0.%000
v 72:  3.0000 1008.00 10.0000 47.4200  1.9500  1.1800 13.8000  1.7000  2.7000  0.7797  1.0000 -

CO0E  KPM PAITNE Ut e Uco? V02 - PETCO2  PECO2  SA0? MR
Délag i 4 2 4 9 13 14 11 k”] 12 10

.

N4 3.0000  0.0000 408,880 0.9700  7.9000  0.7900 - §.3508  37.0000 32.4000  97.0000  44.0000

+

+ 217+ 3.0000 100,000 497,900 £.4700 10,3000  0.4200  0.5300 40.0000 35,5000 O5.0400  90.090R
¢ 18:  3.0000 200.808 447.300 1.0000 12,9800 0.5500  0.7500 42,0000 24.7000 92,0000 94,0800
+ 219:  3.0000 300.000 702.400 1.J000 14,5300  0.4508  0.9200 45.0000 38.3000 940000 107.000 '~
+ 220 1.0000 400.000 1030.70 1,330 17.1560  Q.8000 1.1000 44,0083  40.4000 94,0080 108.000
« 221: 3.0000 500.000 904,700 1.9700 14,8300  0.5400  1.1300 &5.00n0  <3.0000 93,0000 114.000
L4 J.0000 400.000 1098.30 1.7800  18.7300  1.0000 1.3400  50.0000 45,0000 e3.nn0n 124.000
+ 223 3.0000 7900.000 1195.80 2.2000  77.0800 1.7000 1.4700  50.0000 44,2000 92,8060 124.000
+ 24 3.0660 800.000 1677.30 2,150 27.2000 1.5000  §.7508 52,0000 44.J000 93,0000 13R.000
+ 225:  3.0000 909.%00 2:141.20 1.9400 33.5000 1.8200 1.9700 50.0000 44,3000 92,0000 138.000
t 226 3,0000 1000.00 2141.20 1.9300  24.4000 1.8200 1.8000  51.0000  44.0000 92.0000 150,000

-

Tab 7.3.3.3 ladividual daca of subject 3, R2.
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o
LOE KM coe Borg P-NOUTH Ut o, fB T T TifTtet 1€
Dilag 1 4 rad 2 2 ] 7 5 19 5 »
¢ 24: 3.0000 9.0808 2,206 70.3008  0.8408  0.5000  8.1008  7.0000  3.4008  0.5143  3.4000
¢ 275:  2.0000 100.090  2.7300 30.2000  £.8886  0.4000% 9.80090  4.5000  3.7000  0.542  2.8000
+ 2761 30000 200.008  3.2%00 32.9000 1.0880  0.7000 11.2000  S.9000  4.0000  0.6780  1.9500
¢ 27: 1.0000 300.000  3.700 35.100  1.7000 0.7000  8.3000 7.7000  4.3000 0.6234  2.7000
¢ 278:  3.0000 400,008  4.5000 44.3000 1.3300  0.8300 11.1000  £.5080  4.4000  0.4467  2.2000
¢ 279:  1.0000 589.000  4.2500 S4.9000  1.5400  1.0000 12.1000  4.1800  2.7000  0.4585  1.4000
+ 280:  3.0000 4600000  8.2500 SI.6000  2.0300  1.0890 10.9000  4.7008  4.4000  0.4886  2.1000
+ 281: 3.0000 700.000  10.0000 S9.B000 2.3400  1.0000  9.0000  5.4000  3.7000  0.4852  1.7000
COE KM PeTRE ut € o, W W PEICD?  PECD?  SA? W
Délag 1 T4 n é .9 13 14 1. k13 12 1
¢ 274: 3.0000  0.0000 472.400  0.7000 . £.9400  0.2500  0.3200 40,0000 32.4000 94.0000  44.0000
+ 275:  3.0000 100.000 442,000  0.5000 10.6000  0.4300  0.500 42.0000 34.2000 9.0000 84,0000
* 276:  3.0000 200.080 929.800 - 1.3000 12.0000  0.5390  0.7400 44.%000 38,3000 94.0000  90.G000
¢ 7 30000 300.600 1047.20 1.6000 - 14.1800  0.8400  0.9800 47.0086 40.5000 95.0000 102.000
+278:  3.0000 400000 13283.0 1.7000 14,8000  0.7400  1.0700 48.0000 44.000 . 95,0009 »108,000
+ 279 3.0000 S00.000 15RR.10 1.4000 18.4000  0.9408  1.2600 45.0000 44.7000 95.0000 114,060
¢ 280:  3.0000 400.000 1797.60 2.1000  22.1080  5.1700  1.4400 $0.0000 44,2000 94.0000 125.000
¢ 281:  3.0000 700.000 1945.30  2.0000 21.2080  1.1800  1.4900 S0.0000 48.3000 92.0000 124.000
]
T =
- Tab 7.3.3.4 Individual data of subject 3, R3.
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CODE kP cor Borg P-HOUTR W1 (1) B b1 {11 A TiTtet  TE
Délag ' 4 Yol M 2 | 7 5 19 ! 2
o 3MS:  2.0000  0.0000  1.5000 47.3000  0.9200  0.9%00  7.4000  B.3700  2.4008  0.2847  S.9708
¢ M4 3.0000 $00.000 . 2.2500 21.0000  0.9300 T 1.4700 15.8300  S5.3500 15000 02604 3.8500
o 372 2.0000 200.000 | 3.2500 26.7000  1.3300  1.9000 10.4300  S5.2%00  1.4500  0.2742  3.8000
~ + %48:  3.0000 306.000  3.5300 27.8000  1.4100 17506 9.2800  4.0000  1.7000  0.2833  ¢.3000
v 349 3.0000 409.000  4.2500  29.4000  1.3900  1.9800 10.2000  3.6700  1.2500  0.3404  2.4700
¢ 3S0:  3.0000 SON.000  4.2500 30,0008  1.4800  1.9800 15,8000 2,900  1.1800  0.3984  1.7800
+ 351:  2.0000 400.000  .4.7%00 28.5000  1.2300  1.8808 20.2600 - 3.3500  1.7800  0.3821  2.0700
¢ 7§2:  3.0000 700.000  4.75C0 20.5800  1.5260  2.2008 17.1300  3.7000 1.2000 0.3750 2,000
« 3$3: 3.0000 800.000,  S5.2500 30.1000  1.4400  2,0200 20.3300  2.9000  1.2800  0.4414  1.&200
¢ TS4:  3.0000 $08.000  8.0000 29.7000  1.300  2.2400 22.1800  2.4200 -1.1200 0.4275  1.3000
+ 355:  3.0000 1000.00 8.0000 31.3000  1.5330  2.5400 27.4300  2.4400  1.1000  0.438  (.3400
+ 355:  3.0000 1100.00 9.0000 31.4000  1.6500  2.5400 28,5000  2.1200  0.9900  0.4470  1.1300
+ 357: 3.0000 1290.00 9.0000 35.9000  1.7960  2.7300 77,2300  2.4280  1.0400  0.4380  1.3400
+ 358:  3.0000 1300.00 9.0000 35.3000 1.8600  2.8500 7Z8.7R00 1,800  0.8800  0.488%  0.9200
+ 259 3.0000 1400.00 10,0000 SI.4000  1.9600  2.5700 27.4300  2,4700 0.9300  0.3765 1,500
o CODE KM PITIME W Ve v PETCI?  PELAZ 02 | W
" Dlag 1 4 7 3 9 13 14 1 % 12 0
: + 345:  3.0000  0.0000 249.100  1.0300 49800  0.2700  0.3200 40.0000 33.4000 94,0000 _44.0000
Y+ 244 2.0000 100.000 377.400  1.3700 10.5000  0.4400  9.3600 44.0000 35.0000 §3.0000  B4.00M0
¢ 347: 3.0000 200.000 502.800  1.5500 13.5500  0.4100  0.7900 48,0000 38.8000  94.0000  99.0000
« 3a8:  1.0000 30.000 496000  1.7600 15.0300  0.7200  0.9700 5O.0000 410080  94.0000  90.0000
o 349: 3.0000 400.060 4S4.100  1.4500 17.6900  1.0200  1.1900 45,0000 2R.0000 94,0000 94,0000
+ 350:  3.0000 $00.000 SS1.400  §.3400 23.0880  1.0890  1.7500 S0.0000 40.5000  94.0000 104.000
¢ 351:  3.0000 409.900 43,000  1.5000 24.2300  1.1800  1.2900 30.0000 38.8000  95.0000 102.000
¢ 32 3.0000 700.000. 437.200  1.4500 74.1000  1.7500  1.390C 49,0000 41.0000 94,9000 108.000
v 353 3.0000 £00.000 715.406  1.56400 30,7800  1.4400  1.5800 30.2033 41,7000  94.0000 120.000
¢ 354:  3.0000 P00.C00 7S6.300  1.5600 34030 107300 $.7800  57.0000 41,3000  93.0000 §37.000
s 355:  3.0000 1000.00  $75.700  1.4000 41.5330  1.9400  1.9S00 5!.0000 41,0000 94.0000 138.000
+ 36 3.0000 1100.00  775.200  1.4100 47.1300  2.1000  2.0700 S0.0000 40.2000  94.0000 12%.3G0
4 3S7: 2.0000 1200.00  912.800  1.7300  49.0008  2.3000  2.1900 50.0000 41.0000 92.0000 130.000
v ISB:  3.0000 §300.00  774.200  1.4800 53.0390  2.4500  2.3%00 51,0000 41.0000 92.0000 .150.000 .
v 399:  3.0000 1460.00  1072.00 1.5000 S53.9008  2.4000  2.3700  54.0000 41.7000  90.0000 156.400
Tab 7.3.3.5 Individual data,of subject 3, El.
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o3 KPH cor Borg P-NOUTH Ut vl Fa il m TifTtet  TE
oA oilag 1 ‘4 » r n 8 7 5 19 P2 ”
v a4l:  2.0000 0.0000 7.2500 24,5300  0.5600  O0.8700 10.3400 47000  1.3080 0,274 2.4000
o #42:  2.0000 100.000  2.7500 31.4880  0.4300  1.0400 13.8800  3.5000  1.1000  0.]43  7.4000
¢ 443 3.0000 200,000  2.7500  41.4308  0.7800  1.3600 15,0400  3.4860  1.1000 0,305  2.5000
+ 444:  3,0000 200,000  3.7500 do.7000  0.8500  1.4500 14.3900  3.5080  1.1000  0.3143  2.4000
¢ 4S: 3.0000 400.000  4.5000 47.3300 0.9360  1.5800 14.9200 37000  1.J000  G.2973  2.4000
¢ 444:  3.0000 M0.000  S.5000 41,2100 0.9200  (.4500 20,0200  2.9800  1.1000  9.34%1  1.8800
¢ 447:  3.0000 400.000  S.5060 39,9980  0.8200  1.7200- 24,2700  2.2000  0.8000  0.3436  1.4600
+ 44g:  3.0000 700.000 - 5.5000 44,7000  0.9500 1.9100 24,9390  2.5000  0.%000  0.300  1.5080
¢ 449:  2.0000 BOG.000  4.7500 45.1400  1.0900  1.8300 ?7.7400  2.3000  0.3700  0.3783  1.4300
+ 4S0:  2.0000 F00.000  7.7S00- S2.4000  1.0980  2.0000 27.7000 - 2.2000  0.9000  0.4091  1.3600
+ 4Si:  2.0000 1000.00 95080 S5.5800  1,2800  2.2900 28.7500  2.0000  .8800  0.4406 1.1200
o452 3.0000 1100.00 . 10.0000 369100  1.3000 24800 28.2500 17000 0.7700 .45 0.9300
CO0E i) peTINE W Ut Vel g2 PETCO?  PECO?  SAM? HR

Dflag 1 4 prd 4 9 13 14 1 % 17 1
¢ o4al: 20000 0.0000 434,600  0.%800 © S.R200  0.2800 0340 40,0008 38.0000  95.0000  §4.0000
¢ 42 3.0000 100.000 404,300  0.7400  6.4300  0.4300  0.5700 44.0000  40.0000  93.0003 102.000
¢ 443 3.0000 200.080 548.800  0.9400 11.4800  0.4100  0.8400 44.0000 41,0000 92,0000  90.0000
¢ 444: 30000 200,000 B44.480  0.780C 13.8500  ©6.7400  0.9R00 450000 40.0000  94.0000 108.000
¢ 445:  3.0000 400.000 697,400  1.1200 15.4500  0.8R00  D0.9800 95,0080 39.0000  $4.0000 1720.000
¢ 444:  3.0000 500.000 932.100  0.9400 18.4300 1.0700  §.7700 44.0000 40.7000  93.0000 120.000
¢ 447:  3.0000 400,000 §50.200  0.9400 19.5000  1.1400  1.3800 50.0000 43.5000 92.0000 [26.000
¢ 448 20000 700.000 113,30 T 1.6900 22.6300  1.3400  1.5100 S0.0000 44.0000  92.0060 137.000
+ 44%;  3.0000 §00.0C0 1098.00 1,1100  30.1200  1.5400  1.4800  50.0000 43,8000  94.5000 144.000
+ 4%0:  3.0000 900.000 1224.70 1,7100 30,0500  1.7700  1.9000 S4.0000 45.0000 92.8000 1S0.n90
+ 451:  3.0000 $000.30 1353.30 1.3600  3S.8500  2.1460-  2.1700 S4.0000 49.0000 92.0000 150.000
a 457 3.000 1106.00  1384.00 1.2900 36,4000  7.1400  2.1400  S1.0080  43.9000 93.8000 1S4.00D

»

Tab 7.3.3.56 Individual datas of subjecc 3, E2,
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CODE cor Borg P-HOUTH W vl 2] mw N TifTot TF r
Détag 1 4 » ] 2 8 7 s 19 re 3
o S4r 30000 0.0000 3700 79.2100  9.4402  0,5900 12,340  4.2300  1.A700 077 3.0400
¢ 575 3,0000 108.00C  3.7500 44,1206  0.7400  0.G008 14.9300  4.0300  1.1300  0.2804  2.9000
s S26:  3.0000 200.080  4.5000 44.4608  0.8200  0.9000. 14.1500  2.4000  1.0000  0.294]  2.4000
+ 527 2.0000 300.080  4.5000 49.4300 0.7700  0.9408 19.1300 1.7300  1.IB90  0.3144 2,350
¢+ S26: 3.0000 480.000  4.5000 45.9500  0.8880  1.2500 19.9706 2.2800 O0.8400  0.3529 .50
v SH:  3.0000 SA0.000  4.2500 57.4%00  0.9800  3.5500 20.5400 .7.R400  0.8800  0.3077  1.9800
+ $30:  3.0000 400,000 7,200 S54.9900  1.0500  1.4700 21,3500  2.5800  0.9600  0.348%  1.4800
+ S31:  2.0000 700.000  R.2500  47.2600  1.1200  1.7300 23.8300  2.1700  0.8800  0.4055  1.2900
¢ 532:  3.0000 800.300  8.7300 447800  1.3700  1.4900 24.5)100  2.%800  1.0400  0.4109  1.3200
+ S33: 3.0000 900.200  10.0000 48.7800  1.3600 . §.5900 27.7700  1.9400  0.5000  0.4592  1.0400
0 S34:  3.0000 1000.00  15.0000 4R.BOCO  1.3800  1.9700 27.7000  1.4R00  0.7R00  9.4443  0.%000

(w3 XPH PHTINE Ut vE VCo? o2 PETCO?  PECO?  SA02 HR
Dflag 1t 4 n é 9 13 14 1 3 12 1w
+ S24:  3.0000  0.0000 &02.800  0.4000  7.8700  0.2900  £.3700 47.0000 22.5000 9A.0000  44.0008
+ 525:  3.0000 100,000 704.000  0.8100 11,3200  0.4500  0.4100 43.0000 34,4000 94.0000  9n.0000
¢ S26:  3.0000 200.090. 1152.40 0.4800 12.2000  0.5408  £.7406 44.0000 35.7000  94.0000 90.0000
¢ S27: 3.0000 300.000 1051.99 D.4400 14,7800  0.4300  0.5200 44.0006 37.5000  95.0000  %0.0000
« S2:  3.0000 400.000 1087.50 0.5400 17,5800  0.7810  1.0000 47.0000 3R.9000  94.0000  94.0000
+ S29:  3.0000 500.000 1372.40 £.5400  20.0300 . 0.9100  1.1200  48.0000 39.2000 94,0000 108.000
+ 535 3.0000 $00.000 1579.40 0.7700  22.4800  1.0400  1.2000 S0.DO00 39.4000  95.0006  ¥0,0000
« $31; 3.0000 700.000 1927.40 0.8900  26.7500  1.2600  1.4400 S0.0000 41.0000 93,0000 4,000
« ST 3.0000 _800.000 1944.90 0.9300 .4500  1.4300  1.7500 S52.0000 42.1000 93.0000 132.000
v S3: 30000 W00.000 1442.90 £.9900 37.8300  1.9300  2.0300 52.0000 43.8000  93.0000 138,000
r S a.uouotun.un 1901.10 1.0300  7R.5a0 1,900 1.8500 52.0000 44,3000  91.0000 144.000

Tab 7.3.3.7 Individual data of subject 3, E3.
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oE K cor Sorg P-HOUTH W1 v FB ot T TifTtot  TE
Délag 1 4 bol y.] bil 8 7 5 19 o] i)
+ 413t 3.0000 ©0.0000 0.0000 2.8900  0.7000  1.7400 JI.4500  2.5%00  0.9900  0.3311  2.0000
¢ Al4:  1.0000 100.606  ©0.0008 2.2500  0.9500  1.3300 12.7008  4.7400 J1.A400  0.3302  3.0800
¢ 418 1.0000 X0.000  6.8008  3.2000  1.0700  1.5000 14,8200  3.600 2800 0,363 2.3400
s &14:  3.0000 300.000  0.5000 3.0000 1.5900  [.4800 11.7800  4.BA00  2,2200  0.4549  2.4400
s 417:  3.0000 400,600  0.5000 3.6200  1.3880  1.5080 14.8100  4.8500  2.1000  0.4330  2.7%00
¢ 418:  3.0000 500.000  0,5000 3.6880  [.7700  1.7300 14.4160  4.8%00  2.3808  B.4%07  2.4700
s 419 2.0000 400,000 1.0000 - 3.2300 1.9100  2.0100 14.1600  4.I1800  1.8800  D.4478 2,300
+ 420:  1.8000 700,000 1.0000  3.9000  2.1400  2.1300 14.5700  4.2000 2.0R00  0.4952  2.1208
¢ $21:  3.0000 90,000 17500 37300 1.9100 2,320 18,8900  3.3000  1.4900  8.4515  1.810¢
¢ &2 3.0000 900.006 2,700  S5.0000  2.1400 2,708 205700 2.4200  1.3200 0.5038  1.3000
¢ §7:  2.0089 1000.00 2750  S.4400  2.2600  2.9100 21,5200  2.9200  1.3800  0.4726  1.3400
¢ 424: 2.0000 1100.00 2.75%0  4.0908  2.2860  3.0800 22,2506  2.7000  1.2006  0.4444  1.5000
+ 425 1.0000 1203.80 2,750 &.1100 2.2900  3.2700  24.1700  2.4000  1.0700 0,445  1.3300
¢ 476:  3.0008 1386.00 3.2%00 5.8400  2.3000  3.2700 72.8000  2.5M0 ° 1.2000  0.484%  1.3700
¢ $27:  3.8008 1400.00 3.7500  4.8300 2,300 3.7000  22.9400  2.0800  1.0000  0.4%8 1,080
¢ 428:  3.0000 1500.08 4.5000 7.8900  2.4700  &.0400 29.3900  1.8700  0.B90D  0.4759  0.9800
¢ 4§79 1.0009 $400.08 £.2500  9.0400  7.5100 43300 30.3600  2.0100  0.9809  0.48726  1.0300
+ §30:  2.0000 §702.00 7.7500° 10.4100  2.4300  4.4B00 34,4000  [.7800  0.8000  0.4494  0.9800
Coot KPN POTINE Ut Ge Uco? unz PETCO2  PECO? SAW HR
Délag | 4 2 5 9 13 14 1 3 12 10
¢ 413; 3.0000  0.0000 14.2900  0.4100  8.1880  0.2700  0.3400 37.0000 30.5000  94.0000  44.0000
¢ 4147  3.0008 100.000  17.5400  1.4000 11.3300  0.4180  0.5400 38.0000 30.5000 94.0000  77.0000
¢ 415:  3.0000 200.000 24.7800  1.5200 15.8300  0.5808  O0.ROO0 3R.0000 30.5000 95.0000  90.0000
¢ 414  3.0000 300,000  23.510C  2.1000 18,7300 ° _0.7300  1.0500 40.0000 34.1980  95.0000  99.000
v 617 30000 400,800  31.0900  2.3500 23,2000  0.8M10  1.1700 40.0000 34.8000  95.0000 102.000
+ §18:  3.0000 S06.000 41,7100  2.5080 25.5068  1.0400  1.2900  41.0000 3s.1000 95.0000 102.000
o 4191 3.0000 400000 54,2900  2.4800 27.0500  1.1400 13980  45.0000 34.2000  95.0000 108.000
+ 420:  3.0000 705.800  38.9700  2.4000 31.5000  1.3400  1.5500 42.0000 34.9000  95.0000 714.008
+ 821t 3.0000 £00.000  49.0900  2.7008 35.3000  1.5200  1.7300 44,0000 35,2000  95.0000 124.000
+ 422:  1.0000 900.000  7B.4200  2,5100 44.4000  1.8700  2.0430 44.0000 352000  $4.0000 132.000
v 473 3.0000 1000.00  £0.7100  2.8500 48,5800  2.0500  2.1400 44,0000 34.2000  94.0000 144,000
¢ 424:  3.0000 110080 121396 2.8400 S0.6300  2.1400  2.2500 44.0000 34.5000  96.0000 144.000
¢ §25: 30008 1200.90  130.110  2.3200 33.1500  2.3400  2.3500 44.0000 34.3000 94.0000 138.000
¢ §28:  3.0000 1300.80  177.280  2.5700 525000  2.1500  2.190C 41,0000 34.9000 $4.0000 150.000
¢ 4£27:  3.0000 £400.00  BSP.070  2.9900 448400  2.4000  2.4400 47.0000 34.8000  V&.0000 [74.000
+ &28:  1.0000 1500.08 172,730 2.8900 727000  2.9100  2.8400 41.0000 34.1000, 94.0000 148.000
+ 879 3.0000 1808.00 223.510 3,7900  79.3300 _3.1400  3.0000 43.0060 34.1000  94.3000 {74.000
v430:  3.0000 1708.00 47,3500  3.0200 83.4800  3.34006  3.7000 43.0000 34.A000  $3.0000 180.000
y &
Tab 7.3.3.8 Todividual daca of subject 3, C2.
~ .
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Pe ] cor Borg P-MOUTH U1 i 8 oY m TifTtat 1€

Délag 1 4 s a 2 8 7 ] 1¥ 2] Fe]

+ S§: 40000  ©0.3000 0.8000  2.0000  8.5500, $.7100 145500  2.4700  0.9700  8.27%9%  2.5000
¢ S9: 40000 108500  0.0800 2.0000 D0.7003  5.5000 14.5060  4.0000 1.0 0.37%0  2.5000
¢ &0:  4.0000 200.008  0.0000  2.0000  0.7400  1.0300 13.4909  3.4300  1.2700  0.3499  2.3400
+ 613 40000 300,080  0.5800  2,7000  9.5480  1.3000 17.3000 ' 3.4000  1.350 0.3750  2.2500
v &2t A.0000 408.800  1.0080  2.3880  §.1489  1.1300 15,6700  5.2000  1.4000  0.3077  3.4008
+ 63: 40000 S00.M00 . 1.2500  2.4080  §.2000 °1.3000 17.9800  4.3500 1.2500 0.2874  2.1000
LI 1 4.0000 400.000 1.7500 3.0000 1.3400 1.3800 17.249¢ 3.2m0 1.4000 §.4893 1.4700
¢ 65: 40000 700.800 27500  3.00006 1.4500 _1.6500 17.8300  3.4300  1.4000 0.4382  2.0300
44 40000 £00.000  2.7500  3.0000  1.5600 21.6000 ‘“TB.1400° 3.5000 14000  0.4000 2,100
+  47: 40000 900,080  3.2500  3.7500  1.8100 . *B.B300  18.5400 3,500  1.4000  0.3977  2.1200
¢ 4&8:  4.0080 1000.90 3.5080  3.8000  2.8500 20400 16,9200  3.4000 1.5000  0:4412  §,9000
+ §9:  4.0000 1100.00 37500  3.8000 1.8480 2,100 21.4000  3.0000  1.2800  0.4247  1.7200
¢ 76:  4.0000 1200.00 37500  4.8000  2.9300 - 2.2500 18.7800  3.1%00  1.4800  0.4498  1.4700
¢ M:  4.0000 1300.00 50000  4.4000  2.1900  2.4000 18.7400  2.7500  1.4300  0.5200  1.3200
¢ 72 4.0000 1400.08 7700 5.8000  2.2400 "'2.8000 205100  2.4300  1.2000  0.4528  1.4500
+ 73:  4.0000.1308.68 77500 5.4700  1.9900 C2.8500 25.1200  2.5306  1.2000 0.4743  1.3300
¢ 74:  4.0800 1400.80 8.2500 B.0700  2.0100 . 3.4400 26,3300  2.1400  0.9600  0.4444  1.2000
+ 7S 4.008 1700.00 8.7500  9.8808  2.1700  3.9400 -28.8000  1.7800  0.8300  0.4863  0.9500
+ 74 4.0000 1800.00 9.5000 10.3000 2.2000  3.8200 29.0000  #:4000  0.4800  0.4857 0,700

C00€ KR PATINE WA e Uir) Uird FETCO?  PECOZ  SAQ? HR

DHlag 1 4 n é y - 13 14 1 3% 12 18
+  58: 4.0009 §.0000 8.0000 0.5300 §.1000 §.3000 0.3%00 38.0000 30.4000 940000 RE.004D
v %9 40000 100.000 14,4000  0.3500 10.1506  0.5900  0.A400 42.0000 32.7000 94.0000 114.008
T T 4.0000 200.880 0.4068 0.7100 §3.8300 0.5%00 0.8400 43.0800 34.5000 95.0000 100.000
¢ 4l 4.0000 300.900 25.1000 1.5000 r4.7000 6.4300 0.700C 44,0000 34.8000 95.0000 100.000
v 82 4.0080 4958.000 8.0000 1,6000 18.1800 8.7400 1.0100 44,0000 37.7000 95.0000 104.000
v 43 4.0000 S30.000  14.4000  1.4800 21,5800  0.9200  1.1700 47.0000 27.7000 94,0000 115.000
+ M 4.0000 400.900 17.4000 1.2500  23.1000 1.0400 1.2600 45,0000 29.1000 94.0000 120.000 -
e &5 4.0000 700.000  44.4008  1.7500 29.8500  1.1400  1.3700 48.0000 39.8000 97.0000 128.000
L. 4.0009 8060.000 27.8080 1.7008 28.3000 1,3308 1.5700 47.0000 41,2000 94,0000 134.000
o &7:  4.0000 $00.000 49.3000  1.9400 3I3.5500  1.4700  1.8400 48.0000 49.7000 95,0000 137.080
¢ 48:  4.0000 1000.00  44.5000  2.1300 34,4800  1.6400  1.8700 48.8000 42.0000 95.0008 [44.000
+ 49 4.0000 1100.00 5é.1000 2.1400 39.7500 1.9800 2.1608  S0.0000 42.0000 4.0000 1%50.808
o 70: % 40000 1200.00  93.2000  2.3900  48.0800  2.0700  2,1700 50,5000 42,5000  94.0000 163.000
+ N 4,0800 1300.00 96,9008 2.3100 41,0300 2.2000 2.3400 49,4000 42,5000 935.0000 144.009
s 77 A.0000 1400.00  80.9008  2.3%00 45.9400  2.4800  2.5400 50.7000 42.4000 94.0000 §67.000
+« 73 4.0008 1500.00  115.400 2.4500  49.9808 - 2.4700 2.4500  49.9000 43.3000 95.0000 174,000
[ H 4.0000 1460.00 115.300 2.4500  S2.9309 2.7400 2.4900  49.5000 43,7000 95.0000 188.000
¢ Th: 4.0000 1700.00 188.400 2.4200  42.3000 3.0 ?.32“0 4R.0000 41,2000 95.0060 188.00¢0
[ H 4.0008 1800,00 144.400 2.3200  42.5000  3.2900 2.9790  45.4000 38.4000 94.0000 188.000

Tab 7.3.4.1 Individua) daca of subject 4, Cl.
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-CODE XPH cor Borg P-MOUTH Ut ul fB ot TI Ti/Ttot  TE

Dilag. 1, % 0 2 B ? 5 19 -] n

[ 1< H 4.0000  0.0008 1.7580 10.0880 0.870 ¢.3508 8.4400 7.7000 31.2000 0.4154 4.5000
+ 1SS:  4,0000 100.000  1.7S00 722.5080  1.0800 B.7500 10.2100 12.B000  4.1000  0.474  4.7000
o 154: 40008 200000  ?2.0000 19.4808  1.0808  0.5000 10.5400  R.7000  4.5000 0.5172  4.2088
o 157:  4.5000 300.080°  2.2500 25.0060 1.4700 9.7300  9.7400  9.8000  S5.2000  9.5%09  3.4000
+ $58: 40000 400.000  2.7%00 77,1008  ).800  £.8500 13.4700  7.1000  3.5000  8.4930  3.4000
+ 159:  4.0000 36.000  3.7500 30.5000 1.4400  0.9300 11.5000  5.8080  3.0000 0.5172  2.8900
¢ 140:  4.0000 400.000  4.5000 - 34.7000  1.5800  1.0500 13.4400  5.i000  3.0000  0.53%2  2.1008
o 141t 40000 700.000  4.0000 34.3000 1.5R80  1.1000 14.5900  5.5080  3.0000  0.54S5  2.5008
¢ 142:  4.0000 B0S.000  4.5000 37.5000  £.8100  1.1000 151400  4.7000 2.5000 0.59%2  1.7008
+ 143: 40000 900.000  S.0800 47.7000 1.9608  1.3000 15.5300 4.9000 2.5000 6.6250  1.5008
¢ féd:  4,0000 100,00  4.2506 50.3000  1.9100  1.4000 {B.7200  3.1000  ?2.8500  0.5453  1.0%00
¢ 145:-—4.0000 1100.80  7.2500 43.8000  1.9900  1.4300 19.4700  3.000 2,2000 0.7897  0.%000.
¢ 184  4.0000 120000  10.0000 S3.4600  2.1200  1.4400 20.2400  2.7000  1.R00C  0.4667  0.9000

~
COOE kP PTG Wt v Uco? w2 PETCO2 = PECO2  SA2 KR

Dflag 1 4 s é 9 13 14 1 % 12 10

¢ 1S4;  4.0000  0.0008 345.000  0.5000 7.5400 O0.2800  0.3800 34.0000 32.4000 94.0000 78,0000
¢ 155 4.0000 3100.000 238.800 1.5000 10.9800.. ©.4500 0.6200 40.0000 34.7000 95.0080 102.008
4+ 134 4.0000 200.000 ° 301.800 1.5000 11.1808 0.4500 0.7500 40.0000 37.4000 95.0000 107.000
¢ 157:  4.0000 300.000 380.800  1.7000 14.3000 0.5000 130000 44,0000 39.0000 94.0000 108.000
+ 138:  4.0000 400.000 S515.200  1.7500 14.1300  0.7700  1.1000 44.00C 40,0000 95.0000 114,800
¢ 159:  4.0000 S60.000 577.500  1.4000 18.1890  0.9400  1.7300 44.0000 42.0000 95.0000 120.600
¢ 140 4.0000 408.000 778.700 1.9360 21.580% 1.1400 1.4100 48,0000 43.0000  95.0000 125,000
+ 141 4.0000 700.000 453.780 1.70080  23.0500 1.2600 1.5100 50.0000 45.0000 95.0000 124.008
+ 182 4,0000 800,000 935.100 1.9000 27.3300 0.1530 1.7400  $2.0000 44,2000 94,0000 132.000
¢+ 143: 4.0000 700,000 1118.20 2.0000 30.4300 1.4400 1.97200 S54.0000 48.500C  94.0000 150.000
+ 144 4.0000 1000.00 1338.5%0 1.9000 35.8000 2.0990 2.1900 .56.0000 50,3000 93.0000 154.008
145 4.0000 1100.00 1321.%0 1.9%00 38.7000 2.3200 2.3500 54.0000 S0.000C  92.0000 154.000
S T.Y.H 4.0000 1260.00 1489.40 §.9000 42.8500. 2.5800 2.5500 ss.nhnn 50.0000  g9.000C 148.000

Tab 7.3.4.2 Individusl data of subject 4, RI.

-
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tor Borg P-MOITH Ut v R TTOT T Tiffot  TE
D4lag 1 4 Yl . 2 8 7 5 1) pel L)
W 27 40000 0.0000 2.7500 19.5000  0.8990  0.4000  7.9400  9.7300  5.5000  0.%441  4.7500
+ TH: 40000 100.000  3.2500 19.2000  1.2580  0.409¢  7.1400  7.80086  4.1000  0.58%7  2.%000
+ 729 4.0000 200.000  &4.0000 18.3000 1.0700  9.3500 92100  4.9000  S5.0500 0.731%  1.3340
¢ 270:  4.0080 300.000  S.0000- 30.6000  [.5000  0.5080  8.2100  S.4S0  3.8000  0.6972  1.4308
o 731: 40000 450.000 - S.5080 33.2000  1.4700  0.4300  8.4509 41000 4330 0.0 .70
+ 237 4.0000 S00.000  4.2500 39.3000  1.5000  0.5500 10.5500  4.0700  3.1000  0.5107  2.9702
¢ 733 40000 £00.808  7,3009 47.2080  1.4100  0.7300 12,4100 5.8300  3.6700  0.4438  1.9400
¢ 734 40008 700.000  B.750n 48,0008  1.200  0.7880 18.7100  3.0300  1.8000  O0.5%41  1.2300
¢ 235:  4.0000 B00.000  9.5000 42.8000  1.900  0.7800 28.5100  3.4890  2.6800  0.7701  0.8000
a 734:  4.0000 900.000  18.0800 45.0000  1.4006  1.0600 21.0000  3.1000  1.9300  0.6226  1.1700
£00F P PITIE Ut Y ez e PETCO2  PECO?  SAG2 W
Bflag 1 4 yz) s § 13 1 1t k'3 12 0
\
¢ 227 4.0000¢ 0.0000 495,940 1.1000 7.1800 §.28080 0.3800 41.0000 35_.6000 §7.0000  84.0000
+ 228: 4.8000 180.000 N%4.900 1.0000 8.9300 0.4008 0.5300 45.0000 38.4000 94.0000 %4.0000
+ 2 4,0000 200.000 432.990 0.9500 9.8800 0.4300 8.4700  &4.0000 39.1000 94.0000 94.0000
« 7. 40000 3200.000 484.700  1.2300 12.2800  0.5800  0.8400 49,0000 41.7000 95.0000 114.800
¢ 03 4.0000 400.900 1001.47 1.5000 14,4000 5.7100 1.0400 50.0000 44,1000 93.0000 114.000
¢ 272:  4.0000 S00.000 1243.50 1.2000 15.8800  0.85G0  1.1%00 59.0000 44.0000 94,0000 114.000
+ 233 4.0000 £06.000 1334.40 1.5400 17.7800 1.0100 $.3100 54,0000  49.5000 94.0000 124.000
+ 34 4.0000 708.000 1210.50 1.03080  23.4800 1.2400 1.5000 53.0000 44.2000 94,0000 137.000
¢ 735:  4.0060 B00.000 1880.80 - 1.1700 24.3300  1.3400  1.5300 8.0000 48.4000 93.0000 138,000
v Z3:  4.0000 §00.000 2118.70 1.4900 29.4008  1.4000 1.3500 57.0000 51.2000 ¥3.3000 1 g0.
Tab 7.3.4.3 Individual data of subject 4, R2.
L 3
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—eee - (O0E kP cor Borg P-MOUTH WA u 8 eT T Ti/Ttot TE
Délag 1 4 o 2 2 1 7 s 9 B 28
¢ 287:  A0000  N.0000 2,2500 5.5680  .8400 9.3000  7.0308  9.5000 5.8500 .53 4.7500
¢ 23 40000 100.000,  2.7500 17.5000 1.550¢  4.4580  4.2200  8.3000  4.3000  0.5181  4.0009
¢ 7841 40000 200.000  3.0000 38.2000 1.4100  0.4300  4.0400  9,20030  4.2000 0.4345  5.0000
¢ 285: 4.0008 300.980  3.2500 24.0000  1.5340 . 0.4500  8.8700  4.7309  3.6500  0.3407  3.1000
¢ 2B6:  4.0000 400.609  3.7500 29.3000  2.0100  0.7000  4.4800 8.4500 5.2M0 8.4713  3.2000
o 267:  4.0000 S00.000  4.5000 40.9000  2.1300  0.4700 ° 8.4500 7.2000  4.4700 0.5208  2.7300
o 28:  4.0000 600,000  S5.5000 43.5000 . 1.9200 0.4300  9.2800  4.5000 44300 0.7173  1.8700
o 289 40000 7F00.000  4.2500 49.5008  2.0700  0.8400 10.7300  4.8300  3.8000  0.7867  1.6300
« 79:;  4.0000 800.000  8.2500 43.1000 1.9506  0.8800 12,7780  4.7008  3.9000  0.8298  0.8000
s 291:  4.0000 900.000  10.0000 43.2000 1.5080  1.0708 12,8000  3.1400  2.5500  0.8070  D.4100

COE PN PTIE Ut L3 oz v PETCO2  PECD2  SM2 W

Détag 1 ] 2 4 9. 13 14 11 % 2

4

e
+ 782:  4.0000  0.0000 121.900  0.9000  S.8900  0.Z600  0.3800 44.0000 34,7000 95,0000 78.0000
¢ 283 4.0000 100.000 326.500  1.4580  9.4300  0.4900  0.5800 44.0000 41.7000 94.0000 102.000
+ 764: 40000 200,000 296700  1.4%00 .9.7300  0.4800  8.8500 47.0000 43.1800  95.0000 102,000
+ 285: 40000 300.000 S94.200  1,B000 12,5300  0.7400  0.9400 49.900¢ 45.2000 97.0000 108.000
v 784:  4.0000 400.000 564,500  Z.1000 {3.4580  1.9400  1.3700 S0.0000 44.3000 94.0000 120.0060
¢ 287: 40000 500.000 f111.80 2.6000 17.9500  1.0400  1.4300 55,0000 48.000C 95.0000 124.008
« 288 40000 400.000 979, 1.7060 17.7200  1.1000  1.3800 58.000¢ 50.0000 94.0000 124.000
¢ 09: 40000 700.000 1354.60 1.6000 22.1000 1.3800  1.6200 §7.0Q00 52.0000  93.0000 139.000
+ 290: - 4.0000 800.000 2028.10 1.5000  24.8006  1.6100  1.8000 40,0000 52,8080 §3.0000 144.000
« 291:  4,0000 900.000 2202.90 1.8506 245000  1.4100  1.508 40.0800 53.0000 $0.5000 144.009

Tab 7.3.4.4 Individual data of subject 4, R3.
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COOE KA cor Sorg P-HOUTH Ut ol F8 110 S TiMot 1€
Dé1ag 1 . ral | 21 8 ? s 19 ol 78
+ 348: 40000 0.0080 0.5000 83308  0.5300  0.450 17,8300 3.7S00  1.0300  0.2747  2.7200
o 380t 40000 100008  B.S000 144000  0.7200  1.5800 16,1608 . 3.4400 0.9300  0.2555  2.7100
+ 362: 40000 200800 1.0000 22,4800  0.8800  1.3200 18.4000  2.8700  G.8000  0.2787  2.0780
¢ 363: 45000 308.000  1.0000 19.0208 0.9200  1.1300 12,3000 3.2000 0.9500 0.29%9 2,230
¢ 344 40000 430,000  1.0000 723380  0.9R00  1.3800 20.1000  2.9500  1.0300 . 0.3852  §.8790
¢ 2S: 40000 0.000  1.2500 28.3000  1.1300  1.6000 19,0000  3.4008  1.1300 0.3139  2.4700.
+ 344 40000 400.800  1.7500 222000  1.2900  1.8008 (R.Y080  3.4000  1.0300  0.3829  2.3700
+ 367 40000 700000  2.2500 30.1000 - {.4100 1.8800 19,2000  3.2580  1.0000  0.3077 27500
¢ 348: 40000 §00.000  2.7500 31,8000  1.4300  1.9800 21.3000  2.0003  1.0000  0.X33 2,000
+ 349 40080 900,000 2,700 35.4000  1.7400  2.2060 19.7000 ) 3.1000  1.1080  0.3548  2.0000
+ 37 4.0000 100088 3.0000 344000 [.7100  2.2800 22,2008 2.7000  0.900 0.5 1.7400
¢ 371: 40000 110090  3.2500 403000  1.BI80  2.5000 22.7000  3.0008  0.9300  0.3100  2.0700
+ 372:  4.0000 120090 3.5000 40.1000  2.6100  2.8400 221000  2.9000 . 0.8500  0.2931  2,0500
¢ 33 40008 130000 37500 45.1000  2.0400  3.3000 24.7000 25000  0.8400  0.3340  1.4400
¢ 374r 40000 143000 3,5000 43.7000  1.9900  3.2400 -26.5000 2.2400  0.RM0  0.3705  1.4180
¢ IS 40000 150000 3.7S00 441000  1.9300  3.4800 30,3000 2.1200  0.8200  0.38  1.3000
o 36 40000 160800  4.0000 39.9000  2.0000 3.4%00 31.3000 1.BR00 07000  0.3723  1.1899
+ 377 40000 570000 45000 440000  2.1000  4.1400 327000 1.4500  0.7000  0.4262  0.9508
e kM PATINE Wt Ue e e PETCO?  PEC?  SA2 KR

Délag 1 4 2 8 v 13 14 1 3% 12 10
¢ 38 40008 0.0009 114.200  0.4800  9.4400  0.3300.  0.4000 41.0000 30.4000 97.0000  90.0000
¢ 31: 40000 108,000 235.200  1.0706 13.0000  0.5100  0.6400 43.0000 33.8000 92,0000 90.0808
+ 362 4.0000 200.000 270.506  0.8200 14.2000  0.6700  0.3200 44.0000 3S.4000  97.0000  96.000
+ 33 46000 300.660 261.100  0.8300 15.9000 0.6R00  0.8330 44.0000 37.0000 97,0000  94.0903
+ 34:  4.0000 490.000 269.460  1.1600 19.7000  ©0.8400  1.0180 45.0000 37.0080  94.0000 108.000
+ 363: 40000 W0.000 393.300  1.3390 215080  O0.9800  1.1300 46.0000 39.5000 94,0080 108.800
¢ 366:  4.0000 00.000 298.800  1.3080 24,5000  1.1200  1.2480 47,0000 39.R000 94,0000 114.000
¢ 367: 40000 700.000 389.800  1.3000 27.1000  1.2400  1.3400 48.0000 39.8000 94,0003 126.000
¢ 38:  4.0000 £00.800 485.400  1.5000 305000  1.4450  1.5300 49,0000 40.5000 97.0000 132.000
o 39: 40000 900.000 490,500  1.5000 34.3000 1.6500  1.7100 49.0000 40.0000 94,0000 138.000
+ T0: 40000 1000.00  486.200  1.6300 38.1006  1.8300  1.8360 50.0000  42.0080  94.0000 142,009
+ I1: 40000 110000  531.200  1.8090 41.1000  2,6500  2.0%00 50.0000 42.3000  94.0000 150.00
¢ W2 40000 1200.90 614,590 1.7000  44.4000  2.2200  2.1900 48,0000 48.0000 94.0000 134.008
o T3: 40000 130000  442.200 20400 S0.7000  2.4300  2.3400 50.0000 -42.0000 97.0080 135000
¢ 4:  A.0000 1400.80  641.200  1.9000 52,8000  2.4000  2.4000 470000 40.0000 95,0008 142.000
¢ 375: 40000 1500.00  772.700  2.0500 $8.4000  2.8500  2.6000 48.0000 43.8000 96.0800 148.000
¢ 6:  4.0008 1&08.60  701.100  1.8000 42,7008  3.0900  2.7000 50.0000 43.4000  §5.0000 174,000
o W7 40000 1700.00  846.400  2.0200 47,4800  1.4060  2.8000 48.0000 43.0000 94.0000 188.000

Tab 7.3.4.5

Individual data of subject 4, El.
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CO0E

X

v
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cor Borg ut F8 ot Ti/Ttot  TE
Délag 1 4 % 2 2 8 7 5 19 P 28
¢ 4S3: 40000  0.0809 45000 73.5000 0.400 07000 14.5700  2.2000  0.7008 0.3182  1.5400
o A%  4.0000 100.000  2.7500 26.9000  ©0.4300  1.1000 26.4100  2.0800  0.000  0.2885  1.4804
o 4SS:  4.0000 200.9000  2,7500 32.0680  6.4600  1.3000 28,1180  2.4000  0.B200  0.3154 ' 1.7808
o 4S5 40000 00000  3.0080 340000 0.5790  1.5000 26.4800 2,540 0.7800 0.3047 1.7800
¢ 457:  4.0000 400.000  3.7500 49.7006  0.7400  1.5300 24.0500  2.4400  £.9500 0.3398  1.6708
» 453:  4.0000 S00.000 15000 40.0080 07980 1.7800  25.5400 2.2500  0.8000 6.3338  1.450
o 459:  A.0000 400.009  3.7300 411000  0.8000  1.7608 -28.4900  2.2000 .76 0.3591  1.4100
o 440: 4.0000 700.080  4.5000 47.9900 0.600  2.1000 299700  2.1000 9.7800 0.4 1.320
o 44l:  4.0000 $00.000 . S.0000 49.4008  9.9500  2.3700 33,0000 2.0000  9.7408  0.3700  1.2400
o 42:  4.0000 900.600  6.2500 S0.2080  1.0900 ' 2.6000 31.2600  1.8000  0.7808  0.3889  1.1%0%
¢ 463+ 4.0000 1000.00  6.700 52.2000 1.1200  2.5900 34.1200 , 1.6008  0.4900  $.4313  0.9100
o &4 4.0000 1100.00  7.7500 S4.8000  1.2400  3.0000 34.3400  1.4900  0.6500  0.3844  1.0408
o 4gS:  4.0000 120000 BD.2500 59.0000  1.3208  3.1990 34.0300  1.4000  0.6900  0.4313  0.9100
¢ 434:  4.0008 1308.00 9.0000 S8.1000  1.3200 2.9880 35.0200 1.5000  0.7000  0.46&7  -0.8900
o 467 40000 1400.00  9.5000 49.5000 1,310  3.4000 35.3000 1.7000  ©.7000  0.4118 1,008
+ 48:  A.0000 150000 18.0000 S9.1000  1.3500  3.2000 34,7300  1.4400  0.4700  0.4035  0.9990
OO KM PITINE W1 € - o 02 PETCD?  PECOZ  SAOZ HR

Dflag i 4 z 8 b 13 14 " % 12’ i
+ 453: 4.0000  0.0000 Z79.000  O0.4800  4.5400  6.2700  ©0.3700 40.0000 35.5000 94.0000  94.0000
¢ 4S4: 40000 100.000 325.780  0.4000 11.2300  0.4700  0.igo0 42.0000 36.2000 97.0000 102,008
o 4SS:  4.0000 200.000 392,000  0.7000 13.0000  0.5700  0.7900 _43.0000 38,3000 95.0008 108.008
+ 454: 4.8000 300,000 404.200 0.7400 15.0800 9.7200 0.9900 44.0000 40,0000 95.0000 126.004
¢ 457 4.0000 400.000 592500  0.G500 17.4800  O0.800  1.1400 45.0000 42.5000 $5.0000 §20.000
v 453:  4.0000 S00.000 &44.000  0.9700 200500  1.0300  §.2600 46.0000 43,0000 94.0000 124,808
-4 439; 4.0000 500.000 4£32.000 0.9900 22.4500 1.1880 1.4000  47.0000 43.0000 94.0000 132.330
1T 440:  A4.0000 700.000  83.0800  1.1700 25.3300  1.3300  1.5300 44.0000 42.5000 95.0000 138.008
-"J_ 441 4.000¢ B£00.000 982.400 1.1780  78.5800 1.5300 1.7300  49.0000 42.5000 ¥5.0000 150.800

I 40000 $00.000 991700 1090 341500 18700 2.0100 49.0000 43.0000 54.0000 168.008
Te d83;  4,0000 100800 1047.90 1,700 38.1380  2.1000  2.18R00 S0.0000 44.0000 94,0000 148.000
¢ 434 4.0000 1700.00 1191.80 1.3000  €2.4500  2.3300  2.3706  49.0000 44.0000 94,0000 174.508
455 4.0000 1200.00 1380.06 1.4800 44.7508 2.4700 2.4700 50,0000  43.4000 94,0000 174.000
¢ 486:  4.0000 1300.00  1294.40 1750 46.2300  2.5800  2.5%00 S$5.0000 48.0000 92.0000 §74.000
v A42: 4.0000 1400.00 1127.00 1.5000 44,4000 2.4400 2.4300 S2.0000 43.0000 92.0000 180.008
+ 448: 4.0000 1500.00 {374.00 1.4300 49,5800 2.8498 2.7600 SA.0000 49,5000 92.0000 189.000

Tab 7.3.4.6 Individual data of subject 4, E2.
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cor Sorg PMOUTH Ut ol FB Tor n TifTtot 1§
Délag 1 4 2 el 2 - 8 7 s 19 Fol 2
*535: 40000  0.0000 2.7500 20.350  0.3700  0.4100 19.4300  3.4003 12700 0.3 2.1300
+ 334: 4.0000 100,000 3.2500 24,0480 0.3200 0.7000  19.3400 4.0300 1.2300 0.2084 2.8000
v 537: 40000 200806 37500 35,4700 0.4100  0.8500 18.2900  3.4000  1.0000 0.2778  2.4000
¢ S38:  4.0000 300.800  3.7508 33.2900  0.4600  0.9800 21.4108  2.7700 - 0.9700  0.3%02  1.8008 "
+ 539: 40080 402.000  4.0008 28.7800  0.7200  1.0760 22,4800 2.700 11560 0.4212  1.3800
¢ SA0:  4.0000 S00.000  4.2500 IS.4700  0.4900  1.2800 27.4700  2.9000  1.0008  0.3448  1.7000
¢ SAl: 40000 400.008  4.5000 4S.4100  0.5700  1.3900 221500 2.7000  0.9%0  0.3819  1.7%8e
+ S2:° 40000 700,000  S5.0080 45,1000 1.0300  1.3400 22.7900  2.6300  1.1700  O.4449  1.4400
¢ 343:  4.0000 BDO.080  4.2500 57,5000  0.9700  1.5600 24.8160  2.4300 _ 1.0500  0.3918  1.5300
+ S44: 40000 909.000 - 7.7530 56.4300  1.2700  1.5400 23.0080  2.2000 0.8500  0.3844  1.3508
¢ SAS:  4.0000 1008.80 9.0000 542800  1.1830  1.4400 27.4700  2.0400  D0.8800  0.4277  1.1806
¢ M6 40000 110000 10.6000 S0.4300 10400 20000 ILEOD  1.E0D  0.6300 0330 1.1
R K PATRME Ut vE 2 v0? PETCO2  PECOZ SAQ? W

DHlag 1 4 22 &, 9 13 14 11 3 12 18

+ 525:  4.0000  0.0000 S05.670  0.4400  7.2100  0.2200  0.3200 48.5600 29.0000 94.0000  46.0000
¢ $3:  4.0000 100.000 S31.300  0.5200  9.5309  0.3400  0.5500 447500 32.4000 95.0000  94.0000
¢ S37: 40000 200.000 B49.380  0.7700 15.2000  ©.4800  0.7400 50,0200 34.B000  93.0000 102.000
¢ 533+ 4.0000 300.000 $85.200  0.5600 14.0800  0.4200  9.9200 S2.7300 3B.2000 94.0000 102.009
¢ S39: 40000 400.800 - 955.100  0.6700 14.2800  0.7500  1.0300 $2.2500  40.0000  94.0000 108,000
¢ S40:  4.0000 S00.000 §32.100  0.75%00 19.0000  0.9300  1.1900 545800 42.5000 94.0000 114,008
v SA1; 4.0000 480.000 1097.40 0.8400 21.5300  1.1200  1.3300  $5.2200 44.4000 95.0000 129.000
¢ S42: 40000 790.000 1098.30 0.9300 23.5800  1.2400  1.4200 59.3400 44.0000 94,0000 144.000
¢ 543 4.0000 800.000 101,10 1.0988  24.0800 1,4200 1.4000 S4.7500 47,4000  94.0000- 132.000
¢ S4: 40000 $00.000 1255.50 1.0400  79.1300  1.4700  1.8000 S6.8900 49.6000 93.0000 150.000
¢ S43:  4.0000 1000.00 §§88.28 0.9900 32.6500  1.9100  .9700 58.9100 50.3900 93,0008 140.000
¢ Sdée 4.0080 1100.40 1218.18 0.8400 35.2700 _2.080¢ 2.1400  41.3400 S1.0000 92.0000 134.000

Tab 7.3.4.7 Individual data of subject 4, E3.
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o
CO0E KPM cor Borg POUTH Ut v ' s T, Ti/Ttot T€
Diag ) . el » 2 8 7 -8 19 s ®
+ 431:  4.0008  0.0008  ©0.0000 2.0880  0.5680  0.6700 143998 3.8700 1.2700  0.3282  2.4000
o 4321 40000 100000  9.0000 3.70  0.7080  1.0080 14.0080 49300  1.2700  0.2576  3.4400-
v 47 4.0000 700.000  0.5000 3.3390  0.9108  1.1080 14.8000  4.3000  1.3700  0.3185  2.9%%0
o &W:  4.0000 290,000  0.0000  4.0080  1.1700  1.3200 14.1880  4.1200 1.3800 0.330  2.7400
¢ 438 4.0000 400.000  0.5000 48008 10880  1.5208 18.7080  3.4409  1.3000 0.3757  2.1400
o &34:  4.0000 %08.000  0.5000  4.9800  1.4780  1.5488 15.2060 2.9600  1.1000  0.3716  1.8400
o §37: 0000 600.000  1.0000 40000  §.4108 1.0 19.2000 3.9000  1.5300 0.3923  2.3700
¢ 438 4.0000 700.800  1.7500  4.0008  f.4200  1.8800 21.3080 2.3500 1.178¢  0.3493  2.1808
v 439: 40000 980.000  1.700  S.4G00  1.6780 2,376 205000  3.0500  1.3000 0.4262 1.7509
. oAl: 48000 990.000  2.200  4.0000 1.8308  2.1280 21.5000  3.5600  1.3000  0.3452 . 2.2600
s &A1:  4.0008 100000  2.5000  4.0000 1.9700  2,53%0 22500  3.0000 §.1500 6.3833  1.8500
« 442:  4.0000 1100.00  3.7500  4.8000  2.438¢  2.7900 - 21.2000  3.2100  5.3600  0.4237  1.8500
v M 40000 120000 2.7S00  4.4700-  2.5900  2.8800 21.1003  2.9300 1,230  0.4198  1.7000
o &4 40000 125000 3.5000  6.0800  2.3980  3.3600 22.8000  2.4800  1.1200  0.451&  1.3400
¢ ST  A.0000 1400.00  3.7S00  7.5000  2.7088  3.3600° 24.7000  2.3600  1.0008  0.4237 13400
v sAé: 40000 150060  4.0000  9.1700  2.7680  3.8800 25.8000  2.2400  0.9600  0.4248  1.3000
v 47:  A4.0000 1408.00  6.0000 11.2000  2.4100  4.5050 28.6000  1.7800  0.7700  G.4326  §.0100
+ 48  4.0000 1700.00  6.7500 11.8000 ° 2.5400  4.509 335080  1.5400 07100  0.4329  0.9300
CO0 KPH PATINE Ut 3 e w2 PETCO?  PEC2 SAD2 R
Délag 1 . 2 s 9 1 14 1 % 12 1
¢ 631:  4.0000  0.0000 29.0000 0.7300 .3.0400 0.2900  0.3300 42.0000 31.3000 97.0000  B4.8000
¢ 6T 40000 100.000 29.4000  1.0300 11.2000  0.4300  0.5200 45.0000 33.4000 97.9000 90.0000
v 43 4.0000 200.000 24.4000° 1.0300 13.4080  ©.5500  0.6700 44.0000 35.6000 94.0000  95.0000
o 636 40000 300.000 37.4300  1.2700 14,4000  0.7080  0.8500 44.0000 34.3000  94.0000 102.002
v 435:  4.0000 400.000  40.0700  1.3000 20.1000  0.8700  1.0300 4S.0000 37.7000° 97.0000 10R.000
¢ &3: 40000 S00.000  44.S100  1.2800 22.3000  0.9980  1.1000 47.0000 37.7000 94.0000 114.000
« &37: 4.0000 400.000  43.9300  1.5000 27.0000  1.I960 1,360 47.0000 39.1000  95.0000 120.000
» 438: 40000 700.000  47.7400  §.6200 30,4000  1.4000  1.4600 44,0000 39.1000  95.0000 126.000,
¢ 439 4.0000, 800.000 49.3500  2.0200 34.3060  1.5800  1.6300 47,0000 40.5000 §7.0000 138008
¢ &40:  4.0000 900.000  61.8100  2.3600 39.3008  1.8500  1.9100 50.0000 41.2000  95.0000 144.000
« GAl:  4.0000 1000.00  70.8400  2.1300 44.3008  2.1800  2.3400  49.0000 42.0000  97.0000 144.000
o &A2:  4.0008 1100.00  72.8300  2.7000 SI1.6008  2.4960 - 2.3400 520008 42.7000  95.0000 154.006
¢ eA3: 40000 1200.00  BS.7300  2.4000 S4.4800  2.6208 02,4300 52.0000 42.7000  94.0000 142.080
¢ 6M: 40000 1300.00 112.580 27000 S4.4890  2.6500  2.4800 4R.0000 39.8000 95.0000 154.300
¢ WSt 40000 140000  112.040  2.R800  44.6000  1.8300  2.4500 - 48.0008 33.4000  97.0008 174.000
o #Ad:  4.0000 130000 144.470  2.6508 71,2000 3.2180  2.730  49.0000 38.4000 94.0000 174,000
o OM7: 40000 1400.00  179.020  2.8000 74.4000- 3,3708  2.B400 48.0000 37.7000  95:0000 189.800
' s48:  4.0000 1700.00  174.700  2.5000 £S.7000 3.6000  2.9000 44.0000 34.3000 94.0000 180.000
Tab 7.3.4.8 Individual dsca of subject &, C2-
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cor Borg P-HOUTH V1 a FR e T To/Ttot  TE

Dilag 1 4 r4) » 2 k] 7 5 19 e n
T S.0008 0.0008  0.0000  2.080  0.5%00  0.7500 19.8008  3.2000 _ 1.2008  0.3730  2.0000
o 78: S.0008 100.08¢  0.0000  3.0600  0.R800  9.R00C 19.0100  3.R00C 17000  0.4474  2.1000
o 79:  5.0000 200.008  0.5000 3.0000  0.8900 07350 142990 - 2.0M30  1.4000  0.44&2  1.4000
« §0: S.0000 300.800  0.0000  S.0000  1.0000  1.0060 15.3800  2.9800 ° 1.1000 0.3793  1.B00
o 81 5.0000 400.000  0.5000  4.4000  1.2200  1.5000 17.4800  3.4000 © 1.4000 04706 1.ROO
+ @2:  5.0000 S00.080  §.2%00  4.0008  1.5400  1.6000 14.7200 ° 4.1000  2.8000  0.4878  2.1000
v @ 5.0000 460000 17500  7.0000  1.4300  1.3000 17.2000  3.4000  1.5000 - 0.417  2.1000
v B&:  S.0000 708.000  1.7%0  7.7000  1.4100  1.4008 17.3200  3.8000  1.5000  0.3947  2.3000
« 2% 5.0000 €09.000  2.2500  7.4000  2.0560  1.5000 15,5000  3.3000  1.9900  0.5000  1.5000
+ 84 S.0000 980000 27800 7.5000 2238 2.1000 15.4808 - 3.9000  1.8000  0.4415  2.1000%y
+ 87 5.0000 1500.00 3.7500  7.5000  1.4908  2.5000 29.3500  2.2000  0.9008  0.4091  1.3003
¢ 88:  5.0000 1109.90 3.2500  7.9000  1.590  2.5000 29.3700  2.0000 9.9%0 0.4730  1.0500
¢ 89:  S.0000 1200.00 37500  8.000  1.4190  2.8000 30.8700  1.9500  0.%000  0.4415  1.0560
v 55;  5.8000 1308.00 37500  9.6000  1.8500  2.9000 30.900  1.9800  0.9500  0.47%8  1.0390
v91:  5.0000 1400.00 3.7500 10,4800  1.9100  3.0000 30.5900  1.5800  9.9700  D.4444  1.0400
¢ 92:  5.0000 1500.00 45000 11.3000 2.09%0 3.5000 31.1080  1.9300 0.9100 9.4715  1.0200
¢ ¥ 5.8000 1400.80 AS000 12.6000  2.3200  3.000 0.7200 1.8800  0.8800 0.7 0.9700
+ 94:  S5.0000 1700.00  (5.0800 12.8000  2.4600  3.B000 31.3800  1.9100  0.9200  0.4B17  8.9900
+ 9% 5.0000 1808.00 42500 13.1000 27200 4.3000 32,4200 1.6500  0.pa0  0.8091  0.8100
¢ 96  S.0000 1909.00 67510 15.7000  2.8300  4.7000 35.6500  1.2000  0.4500  0.5083  0.%%00

et a—— —— —— i — —— o — —— -

£00E K . BATIME Ut e ven? V02 PETCO?  PECD?  SRO? HR
0élag 1 4 22 6 9 13 14 it 3% 12 1o
¢ 77 S.0000  0.0000 10.2000  0.4000 10.8900  0.7800  0.3400 37,0000 22.4000  9R.5000  60.0000
« 76 S5.0000 100.000  15.4000  0.8500 19.7308  0.5000  0.4500 37.0080 24.2000 98.0000  72.0000
v 79:  S.0000 200.000  18.7000  0.9000 14.5000  0.4700  0.5460 38.0000 28.2000 98.0000  B4.0000
+ 80: S.0000 00.000 34.4000 0.7000 14.3860  0.5600  0.7500 38.0000 29.8000 98.00060  R4.0000
¢ 81:  S.0000 400.000  49.6000  1.4000 21.3300 . 0.7400  1.0100 38,0000 30.5000 98.0000  84.0000
¢ £2:  S.0000 S00.000  42.5000  1.4000 22,1800  ©.8S00  1.060C 39.0000 33,3000 98.0000  90.0000
+ B:  S.0000 400000  S5.3000  1.0000 24.4300  0.9400  1.1400 39.0000 32.2000 98.0000  90.2000
+ 84:  S.0000 700.000  &2.i000  1.4000 27.8800  1.1100  1.3400  40.C008  33.0000  98.0000 102.002
+ 8S:  S5.0000 800.000  47.4800  1.7500 31.7800  §.3300  1.3200 42.0000 34.3000 9R.0000 108.000
« B4 S.0000 $00.000  69.9000  1.8000 34.5300  1.4400  1.6600 42,0000 34,9000 98,0000 107.060
o 87:  S.0000 1000.00  78.5000  1.5000 44,0300  1.650  1.8500 4i.0000 32.6000  98.0000 120.000
+ 88:  S.0000 1188.00  §3.7008  1.6000 44.7000  1.8000  2.9200 42.0000 33.3000  97.0000 174.000
« B9:  S.0000 1208.00  179.400  1.7000 49.7000  2.0000  2.2200 47.0000 35.5000 97.0000 120.000 -
+ 90: 5.0000 1300.00 130.000  1.9000 S&.7800 22400  2.3700 42.0000 34.7000 98.0000 137.008
o 91:  S.0000 1400.00  130.000  1.9000 S9.2000  2.3&0  2.9800 42.0000 347000  ©7.0000 132.000
o §2:  5.0000 100.80  134.000  2.1000 65.0560  2.43)0 27300 42.0000 35.5000 $7.2000 13R.000
+ 93 S.0000 160050 130000  2.1800 71.7800  2.9400  2.9400  42.0000 35.R000  §7.0000 130%.000
¢ 94:  S.0000 1700.00  156.400  1.5400 77,2000  3.3306  3.1300 42.0000 35.1000 98.3000 150.000
¢ 95 50000 180080  188.000  2.1000 8S.1800  3.5000  3.39%00 42.0000 34.0000° 94.0000 13.008
e O4:  5.0000 1900.90  217.000  1.9600 100.900  <.0100  3.7000 44,0000 34.7000 94,0000 162.000
i
Tab 7.3.5:1

Individual d._-ta of subjec:t,;. £l.
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£00E KR cor Borg P-MGUTH - W1 Vi ] oY n Ti/Ttot —TF
- Dflag IR | 2 n 2 8 7 5 19 pod )
v 167:  S.0000  0.0000 17508  9.4500  1.1200  0.310  7.9200  9.9%0  7.1800 0716 2.7M0
¢ 1887 S.0000 100,080  2.2500 19,1400  1.4100  0.4400 -9.7300 4.7500  S.3000  0.7852  1.43M0
+ 169:  S.0000 200.000  2.2500 14.9100  1.8200 07200 7,030  R.4008  7.2000 0.8571 1,200
o 170:  5.0000 300.888 27500 21.1700 1.4  0.8500 7.23%00  5.8000  4.8000 0.R274  1.0000
« 171:  S.0000 400.800  3.2500 26,3800  2.0900  0.6700 -6.2900  4.0000  4.%008 0.8033  1.2000
e 172:  5.0000 $00.000  3.7500 28,4300  2.5000 1.3000  4.5100  4.5000 S.1000  0.7R44  1.4000
v 173 5.0008 400.000 40000 JS.590  2.7500  1.0300- 7.7%60  7.3000  4.2000  0.BAF3 1.1000
o 174:  5.0000 700080  4.5000 33,6400  2.5%00  1.0700  9.0000  5.6500 4.8000 0.84%4  0.BS00
. 175:  S.0000 608.000  S5.5000 "I8.7400  2,5200  1.4600 10.0%00  S5.4500  4.5000 8795  1.1500
o 17 S.0000 900.000 - 4.0000 49.6080 27800  (.7400 11.1180  5.5000° 47500 0.8434  0.7508
« 177+ 5.0000 1008.50 L7500 S2.0400  2.6700  1.7%00 12.1500  4.B000  3.9300  O.B1&7  0.8700
¢ 178:  5.0000 1100.00 7.7500  45.2800  2.8700  1.3800 12.2100  4.4000  3.8300 0.8705  0.3700
. 179: 5.0000 1200.00 . 87500 707000  2.8a00  1.7000 37900 .3.9300  3.1700  O.RO& 0.7400
¢ 180; © 5.0000 1300.00 9.0000 74.2000 1.0400  1.7700 12.9500  4.6000  4.0000  0.8496  ©.4000
+ 181:  5,0000 1409.00 9.5000 #0.5700  3.0300  L.6900 140700  4.1000  3.7308  0.9098 9.3704
« 182:  S.0000 1500.00  10.0000 813500 2.7000  (.8S08 17.930  3.3300 2.9700  0.BA1e  0.5400
COOE KM g PTINE Ut E Wo? U2 PEYCI?  PECO? SAR? MR
D¥lag i 4 2 4 s T3 14 nooou ) 1
¢ 167:  5.0000 0.0000 &5.1000  1.2400  B.8400  0.3306  0.3700 42,0000 33.9000 94.0000  40.0000
o 1s8:  5.0000 100.000 202.460  1.2600 13.0000 _ 0.5600 -0.7000 44.0000 34.8000 95.0000 78.0000
s 149: +5.0000 200,008 211,400  1.9900 . 12.7600  0.5800  0.7200  45.8000 38.9006 94,0000 §7.R000
v 170-  S.0000 300.000 335.900  2.0400 14.1300  0.6700  0.8300 47.0000 40.3000 94.0000 84,0000
+ 171:  5.0000 400.000 474.700  2.2800 17.3500  0.8400  1,0600 48,0000 41,7600 93,0000  4.0000
+ 172:  S.0000 500.000 588,500  2.8000 14.3000  0.BS00  1.0800 50.0008 42,5000 96:0006 102.000
¢« 173:  S.0000 400.300 651.200  2.8000 21,3000  1.0700  1.2600 30,0000 43.8000 94,0000 102.000°
o 174 5.0000 700.000 789.300  2.6600 23.2800  1.1900  1.3800 30.0000 44.5000  93.0000 108.000
¢ 175 S.0000 §00.000 §86.900  2.5100 25.4960  [.3300  1.5500 53.0000 45,2000 95,0000 114.000
o 176 S.0000 $00.000 1227.70 . 3.2600 30.9600 1.5900  1.8300 52.0000 445000 95.0000 126,808
« 177:  35.0000 1000.00 - 1281.80 2.9000 32.3%00 1.7300  2.0000  54.0000 44,7000  94.0000 124.000
« 178:  5.0000 1100.00 i577.80 2.7800  35.0000  1.9200  2.1900 SS5.0000 48.1000  94.0000 132.000
o 179:  5.0000 1700.00 1679.40 2.5000 39.1000  2.1400  7.3900 S7.0000 33.2000 92.0000 138.000
+ 180:  S5.0000 1330.50 1850.20 3.1000  79.3500  2.2800  2.5100 SB.0000 5Q.€000  §1.0000 144.000
+ I81:  S5.0000 1409.00  2068.90 2.2000 42.4300 ° 2.4R00  7.4700  62.0000  51.4000 89,0000 130.0600
¢ 182:  5.0009 1500.00  2088.00 2.7700  48.4000  7.880¢  2.9100 $2.0000 51,8000  @5.0000 130.000
) Tab 7.3.5.2 Individual data of subject 3, Rl.
- - N
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" tooE P cor Borg P-MOUTH Ut vl F8 alud T . YifTet TE
Dilag 1 4 s x ;2 3 7 5 19 5 28
+ 737:  S.0000 . 0.0000 2.7500 13.9900  1.5080  0.2080  S.4505 10.4000  7.4800  0.49R1  3.2000
¢ 23:  5.0000 100.000 27500 20.4000  1.5400  0.4300  S.RR00  8.1008  7.4000  0.93R3  0.5008
s 239:  5.0000 200,000 - 3.7500 33.4800  1.6200 _ 0.5800  4T7000 13.4000 10.2600  B.747  3.2000
+ 240:  5.0000 300.000  4.0000 35.9000 2.7460 0.4500  5.2200 12.4000 11.0000  0.8471  1.4000
¢ 74 S.0000 400,000  ,5000 46.4000 2.9700  0.4080  5.4000  9.1000  8.5600 0.3  0.4000
v 242 5.0000 500.080  4.0000, 44.5000 3.1000 0.3996  S.5760  9.4000  9.3000 °0.9487  0.300
+ 243 5.0000 400.000  4.2500 52,1000 2.9800  0.7000  $.9300 12,1000 10.8000  0.R924 , 1.3000
.26 50000 700.880  9.2500 S6.1008 2700  0.8500  7.4400  4.4000 ° 5.3000  0.R781  1.j000
o 245;  5.0000 800000  8.7500 41.8000—-3:0390  0.800  7.208  R.8000  7.5000 O0.8S23  1.3080
e \246: . S5.0000 900.000  9.5000 S1.8000 2,508  0.9500 - 8.4R00  7,3000  4.4000  0.8747  0.9008
¢ 247:  5.0000 500000  10.0800 4L.4000  2.7208  1.2000 12,5100  5.4000  4.4000  0.8714  1.0080
¢ 748: - 5.0000 100.00  10.0000 44.8000  2.0900  1.0300 13.4%00  3.4000  3.1000  0.8611  0.5008
COOE - KT PHTINE Wt WE Wo2 U2 PEIen?  PECO? AR L MR
Bélag 1 . ” 6 9 1 14 RV 3% 12 n/
« 77:  S.0000  0.0000 579.900  0.9000 B.1500  0.3008  0.3400 41.0008 33.2600 97.0000  £4.0000
¢ 728:  S5.0000 100.000 984.500  1.300¢  B.3800  0.4000  0.5200 49.0000 - 38.8000 94.0000 54.0000
v 239:  5.0000 200.000 1071.40 20000 12,3000 0.4100  0.8500 52.0000  43.1000 94.0000  84.0000
+ 240:  5.0000 300.000 1192.80 1.4000 14.4690  0.7400  0.9700 SS5.0000 43.8000 94.0000  94.0000
¢ 241:  5.0000 400.000 1224.70 15000 — 16,2300  0.8500  1.0200 S5.0000 44.5000 97.0000 192.000
+ 242:  S5.0000 500.000 1295.00  2.4000 17.3300 , 0.9400  1.1300 60.0000 44.4000 94,0000 104.009
+ 4% S.0000 600.000 1331.98  2.4000 17.1800 . 0.9706  1.[400 40.0000 48.7000 94,0000 [0R.000
+ 244 50000 700.000 1553.50°  2.4000 20.4500  1.1700  1.3800 40.000p 49.4000 94.0080 114000/
245 5.0000 B00.000 574.80 2,5000 21.8800  1.2900 < 1,5000 42.0000 $Q.8000  93.0000 1{14.000
¢ 294:  S.0080 900.000 1914.80 19000 22.2300  1.3800  1.6000 64.0000 S3.0000 94,0000 §20.008
+» 247: 5.0000 1600.00 1571.2 1,700 27.8000  1.7160  1.8800 42.0000 S3.7000 9R.0000 129.390
+ 248:  5.0000 1100.00 1345.40 1,850 28.5700  1.8100  1.9300 44.0000 S4.4000 92.1900 152.000
- ' *
‘ Tab-7.3.5.3 Individual data of subject 5, -
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CODE  XPM cor Borg P-MOUTH Ut o . kR o T TifTtet  TE
0flag ) 4 » e 2 8 ? s 19 5. n
27:  S.0000  0.9000 2.7500 72.5000  1.6700  0.7000  4.2600 12.2000 10.5000 . 0.8407  1.7000
293:  S.0000 100008  3.2500 33.1000  2.1200  0.3000  4.3200 15.1000 12.8000  0.8477  2.3000
294:  5.0000 200.000  3.5000 41.8000  2.3400  0.4000  4.4400 _13.8000 11,7000  0.847%  2,1000°
295:  5.0000 300.808  S.5000 SD.7000  2.9700 . 0.5000 © 4.3000  13.3600 §1.2000  0.8471 .2.1000
_296: S.0000 400,080  4.2500 SB.6000 2,830  90.5000  4.8900 12.1000 10.4000  0.6S9S  1.7000
297 S.0000 S00.000  7.7500 43.4000  2.9500  0.6000  £.2100, 11,1500  9.1000  0.8161 2,030
298:  5.0000 $90.000  B.2500 64.3000 - 2.7300  0.8000  6.4800  2.1500  4.9500  O.8S2R  1.2000
299:  S.0000 700.600  9.0000 74.4000  2.3000  0.8000  ©.4900  6.4000  S5.5000 0,833  1.1000
200:  5.0000 §00.000 10.0000 76.7000 2.0400 0.8000  9.2200  4.5000  5.2000 " 0.8008  1.3000
LOOE KM PATIME UL % o W PETCO?  PECNT  SAG? - MR, -~
Délag 1 . 2 6 - 9 13 1 M % 12 10 -
¢ 72 S.0000  0.0008 928.106 - 3.1000  7.1200  0.3200  0.4200 450000 29.7000 98,0000  40.0000
o 293 5.0000 100.000 930.700  3.0000  9.J590  0.4408 05900 46.0000 37.0000 96.0080  78.0000. -
794 SA000 200.000 1391.50  2.2008 105800 0,540 07100 47.0000 42,0800 97.0000  7R.0000
295 S.0000 300.000 I1S47.20°  2.4000° 12.7800  0.6500  0.8700 S0.0000 44,0000 94.0000  B4.0000
Y 296 5.0000 400.000 1446.78 ° 2.4000 13.8500  0.7500  0.9700 52.9000 45,0333 ~97.0000  90.0000
¢ 297+ 5.0000 S00.000 1955.40  3.0000 15.1800  0.BS00 . 1.0B00 S4.0000 47.5000 95.0000 102.008
v 298 CS.0000 400,000 220000  1.9000 17.7000  1.9330  1.2200 S4.0000 48.0000 94,0000 102.000
+ 799:  5.0000 700.008 2357.30  2.0000 19.5300  1.1400 .1.3400 S4.0000 _ 48.0000° 94.0000 108.000 ..
.« o0: S.0000 £00.000 2450.88  2.0000 18.9508  1.1300  §.3400 84,0000 48.0000 93,0000 i14.000- T

Tab 7.3.5.4 Individual d.aca.
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Y A . .
P
» - .
CoOE  KPM cor Borg PMOUTH Wt o FR m e TifMtet  T¢
Dé1aq ) . A 2 v. B 8 7 s 19 { 75 28
" y s X T

¢+ I78:  5.0008 0000 _5.0000 14,1000  0.4500  0.9203 201500 ° 2.7300  1.2000  0.43%  1.5308
s 79:  S.0000 100.080  1.0000 14.8000 0.6300  1.1700 23.570  2.3800 1.0580  0.4412  1.3308
+ 380:  S5.0000 200,080  1.0000 (2.0180  0.6700  1.1700 23.3400  2,3300  1.0000  0.4202  1.3800
. 381:  S.0000 06.000.. 1.2500 14.0000 0.750  1.5200 24.7300  2.4500  1.0000 004082  §.4500
. 38 S.0000 400.000  2.7500 18.5000  0.9000  1.4500- 23.2700  2.4800  §.1800  9.4758  1.3000
¢ 3W3:  5.0000 500.000  2.7500 17.9000  0.9400  1.6300 26,4800  2.2000  1.0000  0.4345  1.2000
¢ I84:  5.0000 408000  3.2500 19.7008  0.9400 T1.7980 T27.4400  2.0800  0.9200  0.4423  1.1600
+ 33:  S.0000 700000  3.750 17.4000  1.0200  2.090 30.408  1.8500- 0.7700  0.4162 . 1.0800
+ %a:  S.0000 £00.000  4.5080 183000  1.0200  2.1600 34,3500 - 1.7700  0.8000 0.4520  0.9700
‘ 3g7:  S.0000 900.000  S.0000 21.4000  1.0400  2.3500 355000  1.7300  0.7400  0.4373  0.9708
. 183:  5.0000 1600.08 °  S.0000 21.5000  1.7000  2.5380 35.5400  1.7300  0.8300  0.4798  0.%000
+ ag9:  S.0000 1100.00  S5.5000 23.1080 1.2700  2.7800 34.7500  1.5500  0.7600  0.4%03  0.7900
. 390:  5.0000 1700.00  S5.5000 21.7000  1.4200 2,843 35.0800  1.3800  6.708  0.4855  0.7100
+ 391: ° S.0000 1300.00  6.2500 23.1000  1.3500  3.2800 40.4560  1.4700  0.7100  0.4830  9.7400
+-797:  5.0000 1400.00  6.7500 28,5000  1.5800  3.5008 41.3700  1.5000  0.7100  0.4733  0.7900
« 797:  S5.0000 1500.00  7.7500 31.4000  1.6100  3.3388 29,0700  1.4000  0.8300  O0.5i88  0.7700
o TM:  5.00003480.00_  B.2500 20.6000  1.4300  3.8000 41,3200  1.4800  0.4900 0.4&2  0.7900
+ 9% 5.0000 1700.00  B.5000 31,0400 17200  4.0000 41,5900  1.4480 . 04900  0.4726. 0.7700
+ 394:  5.0000 1800.90- - $.0000° 34,9000 1.8800  4.3000 43.0000  1.4700  0.4700  0.4558  0.8000
s 397:  5.0000 1900.00  9.5000 47.6000  1.8000  3.7800 43.0000  1.4700 _0.4700  0.4358  0.5000

Loof kPN PATIME Ut 3 e W PETCO?  PECR2  SA0? - WR

b¥lag 1T o 4 ? 3" 1 3% 12 10
« IR S.0000  0.0000 241.800  o0.5850 139100 0.3700  0.3800  32.0000 22,6000 940000  &0.00R0
¢ 39 S.0000 100,000 264.000  0.6500 155000  0.4900  0.5500 TED000 27.5000 940888 72,0000
v 3. S.0000 200.000 237.300  0.4500 16.9%00  0.5800  0.7100  40.0000 29.7000  95.0000  84.0000
v 381 5.0000 200.000 368.300  0.8000 18.0500  0.7000 ~ 0.9300 43.0000 33.8000 940000  84.0000,
¢ 382:  5.0000 480.000 475.800  0.7808 21,0000  9.8400  1.0S00 45.0080  34.0000  95.0000 - 94,0000
+ 83:  S.0000 S00.000 431,600  0.9300 0 1.0300¢  1.1508  44.0000 35.3000 95.0000  98.0600
+ 38e:  S.0000 600.000 425.300  0.9100 26,2800  1.0900  1.2700 44.0000 34.5000 95.0000  94.0060
. 38S: . S.0000 700.000 391.800  0.9900 311500  1.2900  1.4300 45.0000 34.3000 95.0000 107.800
+ 384 - 5.0000 800.000 S54.500  1.0100 35.1300  1,4300  1.5000 44.0000 35.9000 93.0000 108,000
+ 37:  S.0000 900.000 497.000  1.0400 36.4800  1.5900 ' 1.8000 47.0000 37.4000 94.0008 120.080
v 2m8:  5.0000 1000.00 411100 ),1800 43.4500  1.8960  2.0000 44.0000 38.1000  #4.0000 120.000
o 39:  5.0000 110000  599.020  1.5600 44.8000  2.0200 2,100 44.0000 38.)002  54.0000 126.000
v I90:  S.0000 1200.00 484100 1.1100 49,7300 2.1303  2.2100 480000 37.4000  93.0000 132.000
v WI: S.0000 1300.00  622.600  1.2300 S4.7300  2.3980  2.9900  48.0000 38.1000 93.0000 §38.000
« 397: S.0000 1400.00 802,400  1.4700 45,2300 2.8300  2.7200 47.0000 37.4000  93.0000 144.000
v 393 5,0000 1500.00  §000.20 1.4600 42.8080  2.Bi00  2.8300 49.0000 39.R000 92,9000 150.000
o 4 S.0000 1400.00  ®O9.500  1.4100 6B.2600  3.0400  3.0900 48,0000  38.8000  92.0000 150.000
v 39%:  S5.0000 1700.00  B11.000  1.5800 71.4000  3.1800  3.1500 47.0000 38.1000  91.0000 162.000
+ 39&:  5.0000 [800.00  €90.300  1.4700 77.5300  3.5900  3.4900 51.0000  40.2000  $1.0000 142,000
¢ T S.0000 1900.00 90,300 1.5380 éS.8000  3.5960 ' 3.4500 S1.0000 431000 B9.0000 14A.000

Tab 7.3.5.5 Individual data of subject 5, El.
L%
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COOE &P cor ‘Borg P-OUTH™ Ut T Ttet T TE
Délag 1, 4 B - 2 - rl ]
+49;  S.0600  0.0000  1.0000  17.5060 0.5200 ¥ 0100 2.2200 « 0.8200 | 0.3494° T 1.4000
o am:  S.00of 1007500 1700 21,2080 0.4200 10.7000- °30.0808  2.3790  -0.9700  9.4093  1.4808
¢ 1: 50008 200.000  2.7500- 23.3500  0.5000  1.3000 342760 (.9700- 068 9.3401  £.3000
¢ 472: 5.0000 309.000 2,700 26,8000  0.5200  3.1400  32.32007- 2.1400 0.8000  0.3704  1.3400
o 473:7 5.0000 490.000  3.2500 29.4000 06700 1.A800 | 29:9300 - L B 07400 9.3458 114000
+ 474 . 5.0000 S00.600 3758 32.40007 0.7200 1.8008 31LZ506. 71,9200 © 0.8800 0 0,342 ©° 1.400
¢ 435 5.0000 6000807 40008 33,8000  0.8300  1.4000 3148067~ 2.0008 7 8.7800  0.3900 - 1.2200
¢ 476:  5.0000 700.000  4.5000 344000  A09100  1.7483 3r.ze00 " TLR7A00 0,384 1.1800
¢ 477:  5.0000 806.080  5.5000 43.2000 0.9900  2.i200 J4L1400.%. 0.7800  0.4043 . '1.J400
o -478:  5.0000 900.600  4.0000 49.2000 - 1.1000  2.4100.. 327980 - . 0.8800 ™ 0.3598 - 1.2100
+ &79:  5.6000 1000.00 S.2500 S3.6000 102100 Z7.4400 33,4400 19400 707600 0.3878  1.2000
o 4g0:  5.0000 1308.08 47500 S7.00004 1.2500 .2.6808 343700 . 1.9800..0.8000 '  0.4040 ' 1.1800
+ 485:  5.0000 1200.08 7950  40.8000 - '1.3700 -2.9400 551400 5.8800-0 0.7200 | 0.38%0  L.1é00
¢ 482;  S5.0000 130000  8.7500 S59.8600  1.2500°  2.9000- :40.9890°. 1.5400 © 0.6600 . 0.4024 49800
+ 483:  5.0086-1400.00 9.0000 63.6000  1.4900  3.2800 34,5300 Y 17080 0.500  0.3824 *1.0300
+ 4B4:  5.6000 3500.00 9.5000 4£2.4800  1.8500 ° 3.4700 - 7.1 ;EISBO0 . 0.4000-  0.3797  0.9800
+ 4gS:  5.0000 1400.00  10.0000 43.4000 1.6980  3.5800 39.0908 . 1.5000  0.4000. 0.4000  0.9000
+ 484:  5.0000 1709.00  10.0000 &7.6000  1.7600  3.480p .. 39. mn TES0 068 24079 99000
_ COOE KM PITIME Ut & Geoz. VoY oeEiooz, D02, W02 R .
T oitag ! 4 psJ 6 9 13- ‘.Ja’.i" AL 12 ﬂ) ]
LR - o

¢ 449:  5.0000  0.0000 380,400  0.4000 §4.4B0f  0.4100 . n:mu ;muou. 23.4000 98,0008 43.0000 .
¢ 420: S5.0000 109.000 699.006  0.5060 12.7500  B.4200 . .0.5100° . 37.000Q .28.3000 97.0000 72.0000
©-471: S.0000 200.000 509.400  .0.4800  17.0500  0.4200. -0NG300 40.0060° 31.2000- 97.0009 - $0.0000
o 472 5.0000 300.080 627.000 - ¢ 0.500 19.8800  0.7800 -L.BBOD 40,0000 32.4000° 97.0000 ' 78.0008
¢ 472:  5.0000 400.000  450.400  0.6800 20.5800  0.7900.. 0.%400 - £:000D 33.3000 -94.0000 °90.0000
+ 474;  5.0000 S500:000 © 404,300  0.7000 224300  0.5900 - 1.0400 | 42:0une" 34.7000 © 94.0000 - 90,0000
o 475:  S.0000 405.000 720.400  0.7600 26.0500  1.0500 1,100 . 42,0000 34.7000  97.0000 94,0000
¢ A76:  S.0000 700.000 754.000  0.8000 28.4500 11400 1.2900 41.0000 35.4000 960000 102.000
 477:  S.0000 808.000 1007.40 0.9400 33.6500  1.4300  1.5700 #4.0000 34.8000 95.0000 114.000
‘¢ 478:  5.0000 $00.000 1043.40 1.1080 38.4500 .- 1.4100  1.7700 " 45.0000' ) 38.2000 93,0000 120.000
¢ 479:  S.0000 1000.00 1212.20 1.1600 403000 1.8000  1.8800 44,0000 39,9000  94.0000 124.000
+ 480:  5.0000 1100.00 1432.23 1.2000 43.0500 - 1.9400  2.0400 34,0000 38.%000 94.0000 132.000
¢ 481:  5.0000 1200.00 1384.70 1.3200 49300  2,2300 .2.3100 47.0000 - 4B.4000 © 95.0000 138,000
+ 482:  3.0000 1300.00 1700.70 1.2600 S1.0300 - 24300 2.4400  48.000G.. 41.1000 . $3.0000 150.900
+ 483:  5.0000 1400.00 1370.40 1.4700 54,3300  2.6000  2.5400 48:0000° %1.4000  92.0080 130.000
¢ 4B4:  5.0000 1500.00 13%4.90 1.4400 41,2000 2.9300 2 8300  30.0000 ~41.1000 92.0000 136900
o 485:  5.0000 1400.C0 1456.10_  1.5000 45.8800  3.2500 © 3.0400 50.0000 42.5000 91.8000 134.000
+ 484:  5.0000 1700,90 1587.20 1.4000 49.8000  3.3400 . sm 51.0800 43.5000 99.0000 142.000

Tab 7.3.5.6
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CO0E K co» Borg vt F8 TIa7 T Ti/Ttet  TE
Dilag 1 - 2 8. ? s 19 25 P
o S47: . S.0000  0.0000 1.7500 23.9000  6.5400  0.5300 25,2200  2.4200  1.1000  0.4198  1.5200
' : S.0000 100.000  2.2500 26,0700  0.5300  0.8400 28.2400  1.9808  0.9200  0.4544  1.0400
+ S49:  S.0000 200,089  2.7500 26.9830 0.3300 0.8506 28.4709  2.1500  0.8400  9.3907  1.3100
¢ 550: 5.0000 309.000  3.0000 31.4640 0.5300° 1.1200 27.8900  2.0880 0.7200  0.3442  1.3400
o SSI:  4.0006 460,000  3.7500 35.4800  0.4880  1.3983 31.8500 1920  0.4700  0.34%0  1.2500
+ S52:  5.0000 $00.000  4.0000 42,8700  0.7000 1.3700 30.9700 2.0000 0.B300 0.415  1.1709
¢ TSI 5.0000 400.800  4.00007 45,8000  0.8400  5.4900 29.8080  2,0008  0.4800  0.3400  1.3200
+ 354 5.0000 700,000  4.5000 47,5300 C6.9900  1.5%60 38.4106  £.9200 9.8200  0.4271  1.1000
+ 355: .5.0000 800.008 47500 47.3400 10580  1.5080 36.4500  1.9200 0.8200  0.4271  1.1000
¢ S54: 5.0000 900.000  4.0000 S2.3700 1.0500 —1.9900 39.5%00 1.99%00 A.7000 0.3518 1200
-+ 557 S.0000 1090.09 4.7500  52.7300  1.0390  2.1500 32.5100  1.8000  0.7000 ~ 0.388%  1.1908
+ TSB:  5.0000 1100.99 7.2500 42.4400  1.1200  2.3000 33.4000  1.7300  0.4330  0.3642  1.1000
v SS9 5.0000 1200.00 8.7500 48.3400  1.1800 2,300 34,4800  1.7100  0.4208  0.3824  1.0900
+ 540 5.0000 1300.00 9.0000 71.4200 1.2400 2.5700 37.2600  1.430F  0.4400 0.3926 0.9
+ S41:  5.0000 1400.08 9.5000 740100 1,399 2.7800 35.1900 17100 0.4400  0.3743  1.0700
¢ 362:  5.0000 1500.80 106060 §7.0000  1.3400  3.0160 37.0400  1.4000  0.4808  0.4250  0.9200 -
CODE KPr PATINE Wt VE oz . v2 PETCO?  PECD?  SAN? HR
Délag 1 -4 n . é 9 13 14 11 kT 12 10
+ S47:  5.0000  0.0000 442.400  0.3000 11.5400  $.3200 0,343 34.0000 23.300% ¥5.0000  40.0000
‘e S48:  5.0000 100.900 S47.900 ©  0.4080 15.2000 ~ 0.4400  6.5600 38.0000 26.2000 95.0000 72.0000
+ SA9:  S.0080 200.000 596.200  0.4000 15.0500  0.4900  3.7180 4B.000C 28.3000 94.0000 78.0000
+ S%: 5.0000 300.000 430,70  0.5000 14.8500 '9.5406  8.8200 43.0000 31.8000. 94.0080 84.0008
+ 581:  5.0000 400.000 B3S.500  0.6006 25.5300  9.8360  I.1000 43-8G00 33.2000 §5.0000  50.0000
+ TS2:  5.0000 500.000 1049.40 0.4200 21.1300  9.5700  1.1306 44,0000 35.1000  93.0800 102.000
¢ " 553;  5.0000 400.000 1010.20 9.3000 25.7006  1.0908~ —1.2900 44.8000 34.8000 94,0000 102.000
o TS 50008 700.00% 1215.20 0.7000 27.6300  1.27200  §.4000 45.0000 38,2000 94,0000 314.300
+ %35:  5.0000 820.080 1291.10 0.8000 30.7500 1,390  1.5800 47.0000 38,9800 93.0000 129.000 .
» 56 5.0000 .900.000 1332.00 0.8400 32.0800  1.5100  1.7000 48.0000 40.7000 94.0800 120.008
~¢-557:  S5.0008 1900.08 1284.20 0.9000 33.3306  1.6000  1.8200 49,0000 41,7000 72.0000 132,000
¢ TS8:  5.0000 1190.00 1389.40 1.0000 37.5300  1.8500 - 20700 49.008C 42.8000 91.0080 138.000
+ 53%:  5.0000 1200.00 1527.50 1.0300  40.7800 ©  2.0400  2.2300 52.0000 43.5000  91.0000. 144.000
+ S40;  5.0000 1300.00 (B04.48 1.0500 46,3300  2.3100  2.4300 52,0000 43,1600  90.0008 144.000
+ S41:  5.0000 1400.00 1703.20 1.3000 48.3000  7.4600 °2,5300 51,0000 44.2080 93.0008 133.000 -
+ 362:  5.0000 1500.00 1930.80 1.3900 S53.330 2.7100 2.7300  52.0000 43.8000 B9.0000 150.089
Tab 7.3.5.7 Individual data of subject 5, F3.
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) COE XM . cor Borgr PMOUTH Ut v 8 T M TiTlo 76
Déiag 1 ‘“ »_. B )| 8 7 s 19 o %
9:  5.0800  0.0080 - 8.1900 2.0500  0.5400. 0.8300 22.5600  2.3990  1.0100  0.3495  1.8890
¢ 5.0000 100.080  0.0000 2.8000 0.7000  8.9%03 24,1900  2.8060  1.1200  U.4000  1.4800
&S1:  S.0000 200.000°  0.0080  3.2000° 0.8500  1.2800 22.5700  2.8000  1.1000 .39 1,708
£: S.0000 00.050  0.5000 27000 0.9980. . 1.3530 21.3900 2,408  1.8400  0.3910  1.4208
3t CS.0008 400,000  0.5800  3.3000 10400  1.5500 21.5363  3.1086  §.1300  G.2643  1.9700
&S6:  S.0000 S08.000  0.5000  3.9900 1.1100  1.5600 23,2300  2.8880 1.0 0.4179  1.4308
&S5:  S.0080 400,000  £.5090. 3.5080 -1:296¢  1.5000 728080  3.0500 . 1.2500  0.4078  1.B000
. S.0800 700.080  U.0000 3.0500  1.4800  1.4400 19.4800  3.1000 1,230 0.3948  1.8700
§57:  S.0000 $00.888.. 1.0000  4.3008 17000  1.9600 29.1880  3.0000  1.2300° 0.4100 17708
&S 5.0000 900.008  1.2500 4,300 . 1.8700 2.2700 20.5300  2.8000 1.2006  0.4286  1.4000
&9 5.0000°1000.08 1.7500 52000  1.9700  1.9800  20.5400 -2.6000  1.1800 D453 1.4200
660:  5.8000 1160.08 1.7500  5.0000  1.8700 2.3400 22.0100 2,500 . 1.0700  0.419 . 1.4800
461 5.0000 1200.00 1.7500  4.5060  2.0300  2.2100 22.1200  2.5000  i.1300 3.4%20  1.3700
462:  S.0000 $300.08 ° 22500  6.1000  2.0300  2.4200 242300 2.4000, 1.0400  0.4417  1.3400
663;  5.8008 1490.00 2.0500 40000 2.0600  2.6000 267600  2.2080% 1.0400  0.4727  1.1400
ss4t  S.0008 150000 2700 _ 7.3000 22680  2.8300 24.7900 2,370 10400 0.473 13100
&5 5.0009 1400.00 2,750~ 8.5000 YOW:3100 2,998 75.4400  2.3000  1.0400  0.4409  1.2400
666:  5.0000 1700.00 3.2%00  £.8000  2.4700—_ 23,1000 25.3900  2.3200  1.0200  0.4397  1.3000
47:  S.0008 900,80 43000  9.9000 - 2.4400  3.6000 32.0000  1.7400  0.8400  0.4%28  0.%000
+  S5.0000 1900.00 [s008  12.5000  2.7700  3.8400 3S.B300  1.A400 08000  0.4819  0.8400
449 5.8000-2000.00 000 14.3000  2.8400  4.2700 38.2000  1.5000  0.7200  0.4800  0.7890
C0E K™ PTIE Ut E o2 o2 PEICO? PECD2 SA02 KR
BHlag 1 4 p7) § 9 13 14 1" 3% T2 1
M9:  5.0000  0.0000 26,8000  0.5300 12.0800  0.3400 *0.4000  34.0000 74.3000 95.0000 44,8000
sS0:  5.0000 100.000 Z7.7090  0.6500 14.8880  0.5100  0.5800 39.0000 248000 97.0000  78.0008
Shigp 5.0000 200,800 32,0200 -amu\w.naon 0.4300  0.7700 45.0000 30.4000 94.0600, 99.9000
&52: . S.0000 300000 32.8900  0.9300 21.1800  0.7706  0.9000 40,0008 29.7000 94,0000  90.0000
&St 5.0008. 400.000 42.6700. §.1100 22.8300 —— 14,8500  1.0100 41.0000 31.8900 94.0000  90.5000
&S6:  5.0000 S00.006  39.7900  1.2500 257300  0.9800  1.1100 40.0000 33.2000 94.0000  95.3000
G55 S.0000 400.000  30.9000  1.0850 29.4000  1.1200  1.2200 42,0000 33.2000 97,0000  94.0000
56 9.0080 700.000  49.4000 ' 1.3400 29.1800  1.1900 MF.2300 42,0000 34.4000 96,0008 102.008
&S7: 5.0000 $00.008  S4.8000  1.6200 34.7500  1.4000  1.5400 44,0000 -35.2000 97.0600 114.000
8:  5.0000 990.000 D 66,3000  1.7000 38.4000  1.4100  1.7900 <4.0000- 36.0000 96.0600 120.000
659 5.0008 1000.00  184.860 — 1.6000 40.4500  1.6900  1.8300 44,0000 34.0000 - 97.0000 114,060
s0:  S.0008 1109.00  94.7200  1.7000 41.0800 17260  1.8400 44,0000 347000 98.0000 120.00@
&1:  S.0008 1200.00  94.9400  1.7300 44.9508 - 1.8800  2.0780 46.0000 35,3000 97.0000 120.000,
&2:  S.0000 1300.08—— 99.4400 L8200 49.1300  2.0300 21500 44,0000 33000 970000 12.000
463:  S5.0008 140000  110.900 19300 S3.8880  2,2200  2.3500 ¥ ¢5.0000 353000 97.9000 132.000
s64:  S.0000 1300.00  §0A.670  1.8900 S4.5300 2.3200  2.4500 44.0000 37.4000 98.0000 138.000
&5:  5.0000 1600.00  102.448  2.1700 59.7300. 2.5400  2.4100 47.0000 37.4000 97.8000 138.300
‘66 S.0000 1700.08  126.958 20200 42.7800 27000 27100 44.0000 37.4000 97.8000 150.080
&7 S.0000 1890.00  205.570  2.2600  78.4500  3.2000  3.1000  44.0000 34.0000 94,0008 148.000
&8:  S.J040 1900.00  168.20  2.2180 99.0808 . 4.1000  3.5700 44.0000 34,8000 97.0000 14,000
&9: S0 00000 VAT 2300 1948 4000 37000 45.0600 34:6000  96.0000 174.000 _
-»

Tab 7.3.5.8 Individual dats of subject 5, Q.
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Qo corBrg PO WV F8 Tigr - M Tifftot  TE
délag y L4 2 2 w . 8 .7 5 19 o] !

Y 97 5.0000  0.6000  ©9.8080 1.8900  B:3400  0.5000 14.0006" 3.5900  0.5700° 2.7700  2.4200
. 98 60000 100800  0.0000 °2.2090  0.6380  1.4000 15.0008 . <4.4900. 1.5000 0.398  3.190 -
. 0. 40000 W00 0.0000¢7 24008 L3S 1.6000 15.4000  3.3000 1,100  0.333 22000
¢ 100:  6.0000 0000 0.0000 2,400 U200 1.3000 1R.7000  2.5800  1.2000  8.4138 1.7008
o 101: 40080 400.000  9.0000 3.2000 12400  1.4600 14.7400  3.4000  1.5000  0.4167 ~ 2.1000
. 1020 4.0000 %0000  0.0800 3.4000 1.8508 1.5000 13.7400  3.9A00- 1.8000  0.43Z3 © Z.1800 .-
. 103: 40000 0000  0.900 3.7600 15500 17000 17.7000 3,500  1.400 04170 2.0430 °
Y 104: 40000 700.000  0.0080 5,080 17200  1.B066 1B.5400  3.4500 1.530 04493 1.9800
. 105  4.0000 $00.000  0.0000  6.1008° 1.8800  1.5800 19.9200  3.1000  1.5100 -O.4E71  1.5%00
e 1045 6.0000 90.000  0.S088  4.1000 1.9100 2,300 22.6%00  2.9100  1.4%00 g.5120  1.4208
107 60000 180000 - 0.5008  7.8000  2.5600  2.3000 18.2000  3.8500 1.9000  0.4935 1,700
v 108:  6.0000 370088  1.0000  B.0800  2.3400  2.6090 22,3500  2.5800 1.2700 D.47Z2 1.9168--
T 109, 60000 1200.00  1.7500 11.8000  3.0400 3.0000 20,7600  3.2000 17700 0.5t .10
o 110:  6.0000 1300.00  3.7500 13.3000 37400 - 3.2000 20,7200  3.4000  2.0000  0.58R2 - 54000
+ 11: 40000 1460.00 - S.5000° 19,3500 33700  3.1000 23.8500 25000  1.6900 0.470  0.8100 -

- . - - -

Cooe KP4 PeTiME W E wgz . ue? . PETEN?  PECM SAQ2 HR

tlag . 1 42 $ ? 13 WM 34 o

o+ §7: [4.0000 0.0000 1S.0000 0,500  7.8400  0.2700  0.3300  26.0000 730000 97,0000 72.0000
v 98; °5.0000 100.000 78.1000  0.4100 9.4500 0.5100  0.6200 29.8000 24.0000 97.0000 “B-vt00
¢ 99 40000 200.000 444000 1400 21,1800 05900 0.7000 20.0000 18.5000 95,0000 95.0000
Se o 100:  6.0000 200900 729.9900  1.2000 209700  0.4800  0.8400 24,0000 20,0000 9470000  94.0608

+ 101: 0000 408.000  26.9000  1.5060 20.1500  0.7000  0.5700 28.0000 23.8000  ¢5.0000  98.3000
¢ 102: /6.0090 500.000 28,3000  1.8900 25.4300  0.8600  1.0700 24,0000 23.0000  95.0006430.304
« 103 { 6.0000 600000 39.4000 1.4700 27.5080  0.9500  1.1400 26,0000 22.9020 d¢.9200 105.000
o4 104 40000 T00.000  46.3000 15000 31.4800  1.0900  1.2700 26,0000 2.3000 © 94,0000 113.900
+105:  6.0000 800,000  S5.7000  2.1600 37,3800  1.3006\ 1.4900 24.0000 22,0000 94,0000 117.000
C ¢ 104 4.0000 900.000  7.0000, 21000 43430 1.4500  1.6200 36,0000 21.0000 94.0000 120.000
Wa 107:y - 4.0000 1000.00  80.0000  2.8000 45.7000  1.4200  1.7600 26.0000 23.1000 | 94.0000 125.000
¢ 108: -4.0000 1100.00  $0.9000  2.1000 52,200 1.8200  1.9400 24,8000 20.0000 96.0080 130.000
¢ 109:  6.0000 1200.00  1f4.470 34000 63.0480 . 2.1890  2.71080 25.0000 26,0000  94.0000 135.80
+ 1107 &6.0000 1300.60  134.806  3.8000 71,3500 ~ 2.4400  2.4200 24,0000 26,2000 94.0000 142.000
+

111:  4.0000 “00_.00 155.800 _ 2.8000 79.7500 2.3900 2.9508 24,0000 A000 97,0000 143,000
’ ’ i

" ’

Tab 7.3.6.1 Individual daca of subject 6, Cl.
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- Délag 1 4 29 n 2 ) N S 19 bt n
et e e R
¢ 183 .6.0000  0.0008  0.5000  4.5000  1.4500  0.4500  4.6488  3.5400  2.000  0.5214  ?.4600
¢ 194 4.0000 100.000  0.5000  9.0000  1.4800  0.4000  2.3000 4.2000  1.4500 0,588 _ 7.9%00
¢ 185:  4.0000 208.000 _9.7500 10.2080  2.4300  0.5000  4.1800  §3.0000 © 9.0000 0.4923  4.0000
¢ 1B6:  4.0000 200.000  1.0080. 17.1800  2.7500  1.0000  7.0900  4.5300  4.3500 2.2000
+ 1871 46.0000 490,000  1.0006 19.B000  2.4400 .30 - 10.0530  5.5000  3.7308 1.7700
+ 188:  46.0000 500.000  1.7500 23.1000  2.8700  1.1008  9.5400 4,150  4.3000 1.8508
+ §89:  4,0000 400.0500  1.7500  20.1000 . 2.5900. -1.I300 12,1360  3.4300  4.0%0 ° D~ 1.4000
v 190:  4.0000 700.000 27500 225000  3.1200  1.2000 11.3000  5.2300  3.4700 07617 1.3400
¢ 191:  5.0000 £90.080  3.7500 27.4000  3.1188  1.4000 12,5006  4.0000  2.9%00  0.7375 ___1.0%00
s 192:  6.0000 900.000  B.7S0 33.8000  3.2900  1.4080 134200 3.4300 | 2.4700  0.73%5 0,740
¢ 193:  4.0080 §000.00«  $0.0000 S8.7808  2.7200  1.8380 19.0200 ~3.1%00  2.3808 0,732  ©.&M0
006 M - PTIME W Ve Usr) v PETCO7  PECO?  SAO2 . HR

Dilag t 5 I 9 13 14 1 ) 1 1

 1g3:  6.0080  0.0000 145,500 1.000C 11.2700 © 0.3400  0.4000 35.0000 .28.1000 95.0000 78.0000
+ 184:  6.0000 100.000 225.500  1.7000 §2.3000  Q.4400  0.5800 39.0000 © 31.000  97.0000  90.00MF
o 18S:  4.0000 700.000 311.500  2.8080 14.2500  0.5200  0.8400 43.0000 33.0000 94.0000  94.0000-
o 184  4.0000 300.000 514400  2.9000 19.4800  0.5000 - 1.0600 41.0080 35.2000 97.0000  94.0000
+ 1870 . 4.0000 400.000 S98.000  2.8080 24.4800  1,0000. 1.7360 41.0000 33.2000 97.0000 108.000
+ 188:  6.0000 $00.000 596.400  3.2000 27.3500  1.1500 1.3400 40,0000 33.0000  97.0000 108.004
« 199:  4.0000 400.800 717.500  3.5000 31.4300  1.2900  1.4800 47,0000 33.3000 94,0000 ~114.000
+ 190:  4.0000 7002000 885.700  2.8000 35.2500  1.4400  1.5900 41.0000 33.0080 94,0000 120.000
¢ 191:  4,0000 800.008 10711.58 1.1800 38.8300  1.4000  1.7600 42.0000 35.2000 97.0000 132.000
+ 192:  4.0000 900.000 1295.20 3.4000 44.1300  1.8300  1.9900 43.0000 35.9000 97,0000 138.000
¢ 193;  4.0000 1000.00 1485.50 2.9%0 $1.7000 2.1500  2.2300 43.0060 35.5000  95.0000 150.000

Tab 7.3.6.2

Individual data of subject 6, Rl.
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oM. cor PMOUTR Wt - VS B T "o T Ti/ttaly TF
Déag ml ‘ ”M 2 n 8 7. 05 . 19 zs_} 2
e9:  6.0008  0.0000  0.500 G.5088 12700 0.8 2.9 10738 4408 0.5983 4. 0M
76 60000 10000 ,0.800 Z.4000- 15460 0428 BT SaX0 3680 8419 19500
751:  4.0000 700,000 }n.nm 240008 1.5400  0.4890 (0500 7.5000  S5.0700  0.6760  2.4308
e 60000 0,000 7 12500 345000 1.600  G.6M0 109000 .50 24200 0.4875 1008
73 60000 K0.000  2.7500 AL1000  2.0400 0.0 10.990 30000  2.3%00  9.7039 ° D.7%00
2 40000, SI0.000 270 .00 1950 8.8800 13038 4280 37400 £.8847  0.490
7S L0000 00000  6.7500 S.4000  2.4900  0.9700 11990 43400 3.4000  0.EHS  0.7400
5. 40000 700008  6.2500 S7.4600 27500  1.6000 14.8100  S.2600 44000 0.835  0.8400
7. 40000 80.000  10.0000 47.2000 2.5400  1.00D 184000  4.0400  3.3%00 "0.8325 0.6800
) COOE KM - PaTIME Wt 3 wp  wr el PR S W
Otiag i rd prd é 9 13 14 11 . k! 12 1]
[} 4.0000 0.0000 234.400 1.3000 ﬂﬁ: $.3900 0.5300 38.0000 29,1000 93.0000 7R.0000
o 7% 6.0000 100.000 &F3.700  1.600 1313800 ~.0.F00  0.4700 370000 319000 97,0040 102,000
2 Bt 40000 200000 593300 1.48--16.2000 5.6200 0.8500 38.0000 33.4000 93,0000 192.000
o 72 40000 300.000 944500 TR0 18.1006N\ 0.6%0  8.9500 38,0000 33.4300 93.0000 105.000
+ T $.0000 404.008 973.808 1. < .5500 0.8400 1.15%0 40,0900  33.4000 94.0000 108.000 °
s 2%:  6.0000 \S10.800 1Z76.40.  1.8300 53800  0.9960  1.2600 40.0000 34.{000  95.0000 108.900
. 7S5. 4.0000 400.000° 1418.40  2.0200 29.8300  1.1800 1YA300 40.0000 341000  93.0003 120.880 .
. 7.~ 6.0000 700,000 [764.60 27000 33.0000 1.3 1.SH00 400000 34.8000 4,000 124.800
v 187 4.0000 £006.000 1741.30 2.0400 37.7_?“ 1.5100 [.7400 47,0000 34,9000 95.0000 132.000

a —

Tab 7.3.6.3 Individual data of swbiect 6, R2. :3
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COOE KM cor Borg PWNTH Ut o /B ™ T Tifttot TF
Délag.. 1 . el .| 2 8 ? 3 19 el ”
¢ 301: 48008 0.0008  2.7500 24.0800  1.850 4.3300 5.5 2000 4.7000  8.7783  2.5000
*O282: 48000 HOO.000  3.2500 7.500  1.9300  0.5300  7.040  9.7000 4,800 4.7008  2.9000
¢ 3M3: 4.0000 200.000  4.0000 361000  2.3100  0.4305, 6.9200° 109900  S.4060 0.9  2.3008
¢ 304: 60000 0.000 45000 384800  2.5100  0.5000 6.6300  4.6708  S.6000  O.BISI  1.270
¢ 33: 40000 400.000  6.2500 353808 27300  0.5800  7.R00 73500 5.9  0.8082  1.4000
+ 306:  4.0000 500.000  5.0000 347300  1.8900  0.5300.° 472800 4.5088  S5.1000  0.7845  1.4000°
©307: 40000 400.808  10.8000 74,6700  1.8400  0.6300 rSI1200  4.1000  3.3000  0.8049 08000
C0E M PaTIN Wt UE Yoz U2 MR PECIZ SR MR
DF1aq 1 . 7 49 13 14 1 "3 17 1
¢ 301: 40000 0.0000 431.000  1.9500  9.4100  9.3700  0.4500 38.0000 34.0000 94,0000 84,0000
+ 302:  6.0000 100060 946.100  1.7000 13.6000 0.SS00  D.7060 420008 347000 95.0000 102.400
¢ 33: 40000 200.000 120240 19500 1S.9700  0.4500  0.8500 41.0000 3S.0080 93.0000  9.0000
¢ 04: 40000 00.000 139340 17700 147800 0.7300  0.9580 40.0080 34.0000 93.0080 94,0000
«\305:  5.0000 402.000 1750.20  2.2000 21.2500  0.9300 13900 42.0000  36.0000 94,0080 108,000
+|384:  4.9000 S00.000 1782.40  1.6500 _ 23.2000  1.0500 . t72800 38.0000 34.0000 © 95.0000 120.008
¢137: 40000 400.000 220.40 1700 776700  1.2500 ©1.3000 43.0000 38,0008 94.0000 126000
T Tad 7.3.6.4 Individual data of subjéct 6, R}.
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. 3 . - \_ -
L0 ke cor Borg P-NOUTH Ut v, F L2 S ¢ TifTtot 1€
Dilag * ¢ U 2 2 q 7 5 19 ol .}

¢ 398: 40000  0.0000 0.0800 13.8000 0.9800  0.8080 14.1000  4.2000  1.4000  O.3BI0  2.4000-
¢ 399: 6.0080 100.000  0.0000 13.4000 1.4800 0.5S00 11.3000  4.4000 " 1.2000 0.2609  3.4008
+ 4Of: 5.0000 200.000  0.0800 33.4900  1.5200  2.7000 10.1380  4.7000  0.9000 .13  5.8300
¢ 401z 60000 300.000  0.0008 28.5000  §.3200  1.B080 12,5000  4.9500  1.1600° 0.2222~ 3.8508
¢+ 402:  6.0000 400.000  0.0000 247830 1.4200  1.B348  14.2000 4.5::? 1.0300  0.2382 - 3.8200
+ 403:  6.0000 S0M.000  0.5000 30.5000  1.4408. 1.5008 17.0080 2.9 1.0880 0369  1.5800
¢ 404:  5.0000 408.000  1.0800 34.5000 1.8100 2.2000 13.2000 3300 1.078 83175 - 2.3880
o 405: 4.0000 700.809  1.7500  3S.2000  1.4080  2.1500 19.9008  3.3700  1.7700- 0.3749  2.1808
¢ 46r  5.0800 B90.808 17500 43.8000  2.0600  3.0000 29.4000  2.838%  8.308  0.3321  1.9700
o 407:  6.0000 V00.800  2.2500 .39.8000  2.2000  2.7300 20.8008  2.6500  0.9000  0.3396  1.7508
¢ 408:  4.0000 1000.00 . 3.2500 N46.8000 2.3260  3.2000 205000  2.7888  1.0280  0.349  1.7500
¢ 409:  5.0000 1100.00  3.7500 320000  2.5500  3.7000 23.3000  2.3000  0.9000° 0.3913  1.4000
¢ 410 4.0000 1200.00 °  4.5000 gh{gu.sm 3.9000 25.8000  2.1000  0.8500  $.4048  1.2%00
T AIE: 4.0000 130000 . 4.2500  S4.40 6200 4.1000 28.9000 1.9400 0.7100  0.3859  1.1300
A12: 60000 140000 B.7500 SI.7000 2900 4.2000 345000 140 0.7H8 0430 0.0

. £00E R PeTIME Wt 3 e w? mmgvfmz SA07 R
Dﬂﬁ; 1 . 4 2 & 9 13 14 H | 34 _12 1

+ -398:  4.0000  0.0000 210.100 0.4300 _12.4200  0.3400  0.4300 31,0000 74.9008 95.0000 98.0000
* o 4.0000 100.000 141.400 0.4500 -16.3000  6.500¢  0.3700 33.0000 24.3%00 9s.0000 90.0000
+ 400:  4.0000 200.000 201.000 1.5000 15.4000  9.5100  0.7000 34,0008 29.2000 93.0000. $4.0000
¢ 401:  4.0000 300,008 291.330 1.5000 15.5000 0,590  0.8300 38.0000 31.3000 94.0000 94.0000
¢ 402:  4.0000 400,000 320.800 1.3000 23.0000 0.8300  1.0%00 38.0000 31.4000 94.0000 94.0000
+ 403:  4.0000° 500.000 350.400 1.4000 24.4008  0.9100  1.1960 38.0000 32.400B  ¥5.0000 102.800
¢ 404:  4.0000 400.000 J14.400 1,4700  27.4000  1.0200 1.2300  39.0000  32.0000 950000 102.000
+ 405:  4.0000 700.000 557,200  1.5S00 31.8000  i.1800  1.4000 38.0008 32.0000  §%.0000 108,404
+ 404:  4.0000 £05.000 483,500 1.8800 42.0000  1.5100  1.4308 38.0000 31.7000 94.0000 114.008
¢ 407:  4.0000 900000 3538.700 1.8200 45.4000  1.4400 1.7000  38.0000 . 31.3000 94.0008 320.000 °
+ 408:  4.0000 1208.00  448.%00 2.3000 48.4000  1.7500  1.8500 38.0080 31.3000 94.0000 132.090
+ 49 4.0000 110400 705.000 2.4000 39.3000 2.1200  2.1400 37.0000 30.4000 94.0000 138.000
+ 418:  4.0000 1200.00  709.500 2.3000  44.3000 . 2.3000  2.3000 35.0000 29.0R0  94.0000 130.000
¢ 41t:  4.0000 1300.00  7BS.100 2,270 73.9000

¢ 42 4.0000 1400.90  843.180 2.3000  90.9000

2.5350 2.5000 34.0000 29.2000 97.0000 154.000
L8400 2.8000 34.0008 27.7040 97.0000 148.008

. » ' . c T . [
Tab 7.3.6.5" Individual data of subject 6, El.
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COOE  KPM cor Borg lqmn v vi 3 ] ™I T Ti/Tet  YE
By 1 «. B 2 8 7,8 L e n
o 487: 60000 0.8000  1.0000 147088 11980 04500 B.I300 77000 4.6 0534 1.2
v o483 40000 100.0800 1200 9.2388  1.4888 0770 8.49 - 4.0000 © 3.5000  2.5808  2.3800
v 489 4.0008 200.800 17500 49.3080 13080 D.8500  B.820 438008 2.5000  0.3514  1.%o0s
o 490:  6.8000 300.000  2.2500 344390 1.7080  1.¢ooe. 15.8400 42000  2.4000 0.5 1.0
Vo491 50000 400.000  4.508 47840 1.8900  1.6000 1176008 23008 1.8008  0.5455  1.500
o 492:  4.0000 SO0.088 42580 48.3%00  1.5180  1.5000 17.3800 ° 3.1000  1.4000  0.451  1.70¢
e 493 40008 460.000 10,9080 SO.4100  1.3169  2.1080 75,8908  2.2008  1.1008  0.5000 . 1.1800
o 494:  6.0000 700.050  10.0000 47,4400  1.4100  2.0000 27.3400 23000 1.3080 LMW L.oWe
¢ 495:  6.0000 £00.900 10,0000 454800  1.239¢  1,9380 32,3980  1.7000  0.300 0.3388  0.73M4
o496 60000 990000 106000 37900 1.4200  2.9000 34,2000 . 17000 0,830 0.5M0 0.6
o 497:  6.0000 1000.80  10.0000 SS.800  1.5900  3.3080 33700 1470 07400 0.4t .m0
COCOE KM PaTE W, U e PETCI? . PECD? SAO? KR )
Tlag 1 ] n § 9 13 14 - 1 34 12 1
¢ 487:  6.0008 B.0000 584.000  0.5080  9.700  0.3500  0.4300 310008 24.3030 97.0000 7R.0800
v 438:  6.0000 109.000 1829.80  0.B300 12,7300  0.5200  0.4800 38.0000 35.1000  95.0000  90.0800
<+ 489:  4.0000 200,000 1703.30  0.4400 14,1000  0.6400  0.8800 —~36.0008 3§.0000 ¥%.0000  $0.6000
¢ 490:  6.0000 300.000 1224.60 - 0.9400  19.2800  0.R000  1.0800. 40.0000 34.7000 95.3000 10A.g00
+ 491:  6.0000 400.000 155670  1.1000 21.1800  0.9080  1.1400 39.0000 35.0000 ~ 94.0000 108.00
v A92: 4.0000- 300.000 71,0 1.0398 26,5500 TUUTIIIOO—H:3580  44.0000  34.2000  9.0000 108.000°
e a93:  4.0000 400000 144020 10100 33,8500 13700 1.5300 38,0000 32.7000  94.0000 120.800
+ 494c * 6.0000 700.000 152149  1.2700 38.4800° 1.5330  1.4400 40.0000 34.0080 94,0000 .70.000
¢ 495:  4.0000 590000 144940  1.2000 399390 15700 1.7300  40.0000 34,7000  94.0000 132.000
_ 6 o494 40000 900500 ISS2.70 15000 48.4000  1.9200  2.0108 39.0000 34,0000 94.000¢ 138.000
Ceo437: 4.0000 1009.08 1714 1.4000 37580 2.0108  2.8700 40.0000 35.0900, 94.0000 144.000

_Tib 7.3.6.6 Individual data of subject 6, E2.
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- COOE KPY cor Borg PHOUTH vl ) 22111 S ¢ Ti/Ttat 16
Déag 1 « - 0w n 2 8 7 s 19 o b=}
v S43:  4.0008 L 0.0000 0.080  37.7000  0.5100  1.9700 22,1500  2.8000  0.4000  0.142%  2,4000
¢ Sid: 40000 100.000  0.5000 24.7000  0.5500  1.5500 30,4000  1.]603  0.3008  0.2727  0.5000
o S45: C 6.0000 200.008  1.7%00 27.3000  0.6%00  2.0700 32,7800  1.7000  6.4000  $.2333  1.3000
¢ 564  6.0000 300.000  2.2500 SS.0008 0.7700  2.4000 32.4890 15000 0.3700  0.1947  1.5300
¢ SE7:  5.0008 408.008  2.7500 SO0  0.9200  2,7008 310000  J.GB300 0.4300 0.23%0  1.4000
o Si3:  4.0000 S00.060  3.7S00 . 52,7000  0.7100  2.7000 33.4000  1.9000  0.4000  0.2103 1000
¢ S4P:  4.0000 400,000  4.3000 53.6000  0.9780  2.5000 32.9000  1.9400 © £.5000  §.2551 p—.mﬁ/
¢ S0: 60008 700000  S.5000 63.4000 1.0400  2.9800 35.2000 1.8000 .0.4700  0.2411  1.3300
+ ST 40000 908,000  4.2500 3.8000  0.1500  2,8600 35.2000 1,5000  0.4500 9.3047 ‘1.0480
s ST -4,0000 908,800  8.2500 44.4000  1.0000  3.1400 449000 1.2800  0.4500  0.351&  0.8300
+ 573 4.0000 1000.00 8.7500 43.2080  1.290)  3.2000  44.5000  1.2000  0.4000 £.3330  0.8000 -
¢ S74;  4.0000 1300.90  1C.0006 78.6088  1,3600  3.7000 45.9000  1.1000  0.3800 9.3455  0.7200
CO0E KPH PATINE WY v Ui ug? PETCO?  PECO?  5AQ2 HR
Délag 1 . n 6 9 13 14 1 4 12 1"
+ S43:  4.0008  06.0008 281.300  0.5300 11.5400  0.3400  0.4300 34.0000 24,3000 94,0800 78.0000
+ Se4:  4.0000 100.000 284.480  0.4000 16.9800  0.5100  0.4%00 35,0000 24,3000 94.0008 94,0000
o SE5: 7 4.0000 700.000 434.500  0.5000 22.4000  0.7308  0.9500 36,0000 28.1000  95.8000 102.000
v Seéy  4.0000 00.000 438.400  0.5000 26.0000  0.8400  1.1100 40.0000 28,4000 §%5.0000 102.800
v SET C 4.0080 400.000 460,380  UJP000 26.4000  B.9700  1,2400 38.0000 29,2000  §5.0000 §14.060
v S48:  4.0000 S00.000  448.000 80 30.4000  1.0500 1,200 40.0000 31.3000  95.0000 114.000
¢ S6%: 4.0000 400000 EVS.100 —0.%000 31.5000  1.1400  1.4100 40.0000 31.3000 95,0000 120.000
¢« S70:  6.0000 700.000 929.300  1.0009 34.7000  1.3100  1.5%00 40.0000 30.9000 95.0800 126.808,
+NS71:  4.0000 800.000 1042.40 0.9800  41.4000  1.5400  1.8100 40.0000 32.4000 94,0800 132.000
+ J572:  5.0000 900.000 1203.30 1.0200 483000 1.7600  1.8100 38.0000 31.3000 94.0000 138.800
oJS7T3: 4.0000 1000.00  1147.40 {.1400  57.7000  2.0400  2.1800 39.0000 30.9000  7.0000 144.000
+ S24:  5.0000 1100.00 1529.%0 1.3000 £3.5000  2.2400  2.3400 38.0000 30.9500 97.0080 §50.000
Tab 7.3.6.7 Individual dara of subject 6, E3.

/
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L
ConE w cor Borg P-HOUTH Wt u 3] TTOT 7 TifTtot  TE
Dflag ! 4 2 r. ] 2 8 ? ] 19 o . 3
+ &M 40000  6.0000 0.0000 1.8200 0.5600  0.9330 13.3000  3.5700  0.5700 0.2717  2.4890
+ 47M: 46,0009 100.000  0.0085  2.2000  0.5306  1.4080 25.3000 4.8000 1.5509 03229 1.25M
+ &72:  4.0000 200.000 . 0.0000  3.0000  0.9100  1.49%0 22,8000  2.2400  0.9036  0.39B2  1.3s00
+ 673:  5.0008 300.000  0.0000  3.4600  1.0800  1.800% 25.2000  2.2200  0.9400 - 0.4324  1.2400
+ &24;  4.0000 400.800  0.5000  2.4000  1.2400  1.B380 192000 3.1500  1.1480  0.341%  2.0100
¢ &75:  6.0000 S00.006  0.5800  3.9000  1.2400 . 1.8800 19.4000  3.7200  1.4400 0.3925  2.2408
¢ &76:) 4.0000 408.009  1.0000  3.5060  1.2508. 2.0200 17.7000  3.8506  §.4800  0.3844 2,38
+ &77:  4.0000 .700.0080  1.0000  4.1000  1.4008  2.1280 21.4000  2.9400  1.2690 0.42%  1.7000
¢ &78:  4.0000 600.000  1.7500  4.5000  1.4500  2.2700 20.7000  7.9900  1.3500  0.A51S  §.4400
¢ §79:  4.0000 $00.006  2.2500  4.4008  1.7108  2.2208  23.4000  2.7000 1.2700  0.4704  1.43%0
¢ 489:  4.0000 1000.00 > 37500  4.5000  1.7100  2.3800 22,9000  3.4300  1.7000  0.49%  1.73%0
+ 681:  4.0000 1100.80 37500 9.3000 ¢ 2.0500  2.9800 24.3000  2.6100  1.2400 04731 1.3700
+ 482:  4.0800 1200.00 4,500 7.0000 2.2200 27,2900 21.4000  7.4400  1.2500  0.3081  1.2100
+ 483:  4.8000 1300.00 §.2500  9.0100 2.8100  3.9400 24.1000  2.5300  1.2700  0.5020  1.2500
+ 454:  4.0008 1400.00 72500 10,1300 28708 4200 27.8000  1.9000  0.9400  0.5033  0.9400
Cove P PTINE Wt 3 dCo2 {02 PETEO?  PECO?  SADR HR
Délag 1 4 pr) 4 9 13 14 11 3% 12° 10
s &78:  $.0000  0.0000 25.4500  0.4400  8.5800  0.2700  .0.3500 34.0000 26,3000  95.0000  78.0000
+ &71:  6.0000 106.600  47.7900° 1.8800 15.5000  0.5100  0.5400 39.0000 29.1000  0.9500  90.0000
» §72-  4.0000 200.000 52.5700  1.0800 20.5000  0.7100  0.5400 40,0000 29.{000  95.0000 102.000
& &73:  6.0000 300.000  70.8000  §.5100 27.1008  0.9000  1.5400 33.0000 29.1000  9%.0000 162,800
o &74:  4.0008 400.000  40.3d00  1.7000 Z3.7000  0.8500  1.1000 39.0060 39.i000  95.0000 102.009
¢ §75:  6.0000 500,000 58.2800  2.1200 . 24.5060  0.9100  1.1800 40.0060 32.0000  99.0080 102.000
s 476 4.0000 400.008  £9.2500  2.2400 24.800& 0.9300  1.1700  44.0000 32.0000  95.0000 102.200
+ &77:  5.0000 700.000  73.7S00  2.2000 31.3000  1.1300  1.3700 40,0000 32,0600 95,0000 198.000
¢ 478:  4.0000 §00.000  $4.8700  2.5000  35.3000 03000 1.5300 40,9000 31.2000 94,9000 108.000
o £79:  4.0000 $00.060 123,270 2.2400  40.3000 '.mn 1.6700  40.0000 31.2000 95.0000 128.000
v 4B80:  4.0000 1000.00  112.780  3.0200 44.8000  1.4900  1.BS00 40.0000 31.2000 95.0000 132,000
¢ &81:  6.0000 1100.00 145,870 3.0000 S3.9000  1.9200  2.0700 40.0000 30,5000 93.0000 132,000
+ 487:  4.0000 1200.00  178.570  3.2900 40.7000  2.1400  2,2400 39.0000 79.8000  §5.0000 144.008
¢ 483:  4.0000 1300.00  208.020  3.5700 49.3000 2,300  2.4600 37.0000 29.1000 §4.0800 150.000
¢ -4B4:  4.0000 1400.00  221.740 44300 £3,3000  2.4700 27500 37.0000 28.4000  94.0000 142,000
Tab 7.3.6.8 Individual data of subject 6, Q.
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7.4 Added Inspiratory Mechanical Loads

/

-

Fxternal mechanical loads weré used in this study (resistive

and ealstic eircuits) to simulate the resistive and elastic

\;haracteristics of the respiratory system. The structure of these two

circuits are described in chapter 2. This section aims to expland the

rationale of using these load.

7.4.1 Forces Generated by the Respiratory Muscles
%

The forces generated’ by the respiratory muscles are required

-

to overcome the elastance of. the system, the resistance opposing the

-

airflow and the movement qﬁlehﬁk tissues and chest wall, and the
inertance of the system . .Thgiequation of motion that describes the
generated forces to produce displacement and the opposing forces may
be exp@asséd as follows (Mead and Milic-Emili, 1964):

. poo

v )
Pmus = (Vt * E) + (V * R) + (V * I) or

Pmus = PE + ?R + PI

where Pnus is the total pressure developed by the respiratory mscles,
PE = V&t * E is the pressure generated to overcome the elastance to

r N
generate volume, PR » V * R is pressure generated to overcome the

resistance to generate flow{ and P_ = ¥ * I is the pressure to

I
overcome the inertance to produce acceleration. The inertance 1s very

small in the reépiratory system and can be ignored. When extermal

loads are added the equation of motion of the respiratory system can
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. be_rewritted as follows: ",
Pmus = (VT * (E +AE)) + (V * (R +AR))

where E 1s the exgernalf‘ added elastance and R 1s the externally

- 7
added resistance.

In the present study added elastic loads were used to alter
5 .

the tidal volume, and added resistive loads were used to alter the

inspiratory . flow. Thus changes in tidal volume , inspiratory flow,
and inspiratory pressure are independent of each other.

7.4.2 Mechanics of Added Elastic Loads

Elasticity 1is a property of a material that returns it to an
original shape on cessation of a distorting f;éce. Ag‘mencioned above
the f;rces required to ovetéome the elastance of the respiratory
system can he expressed as follows:

-
?E = VT * E or E = PE !/ vt - -
)

The idea of breathing from an’airtight rigid dru& {N) is to
increase the elastance of the system by changing the relationship
" between the pressure and volime . ?his change can be illustrated from
the following examples. ' Suppose we have 3 airtight drums the capacity
of each £s 10 1 (D1), 100 1 (D2), and 1000 1 (D3). If the drum ig open
to air the pressure in each drum will be 583 cmH20 (atmosphric
‘pressure}- The relé:ionship between the pressure and the volume of the

gas (air) in each drum is described by universal gas law: P * V = NRT

.
o
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where P 18 the atmééShric pressure (OBBL cmH2), v is the volume
occupied by the gas (= the volume of the drum), N is the number of the
mole of the gas, R is a universal constant ,and T is the temperature.
Thus the rel;cion between the pressure and the volume of the gas In

-each drum _is_as follows:

For Dl: 988 * 10 = Nl * R * T
for D2: 988 * 100 = N2 * R *T

for D3: 988 * 1000 = N3 * R * T

Suppose each drum is connected to a standard 2 liter syrnge by
similar large diameter connecting tubes (Fig 7.4.1) and 1 1 is
extracted by each syringé from - the corresponding drum without any&
change -in the temperature. According to Boyle's law the new cﬁanges
in ‘pressure and volume (P2 * v2) equal the product of the initial

. o
pressure and volume in each drum (Pl * V1):

In D1 988 * 10 = P2 * 11 P2 = R98 emH20
In D2 88 * 100 = P2 * 101 P2 = 978 cmH20
In D3 988 * 1000 = P2 * 1001 P2 = 987.01 cmK20

According to the third law of motion the applied force to
extract one liter from any of these drums is the pressure difference
between Pl and P2 which is -89.8 cmH20 in the firét case, -9.8 cmH20
fn the second case, and —0.99 cmH20 in the third case. If two liter
is exﬁracteded under the same conditions the required pressures will

be - 164.7, - 19.4, -1.97 cmH20 and so forth if more volume is
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e cted. Thei flow will not affect the change in pressure as lon as
- . ) :

.=

e resistance is low. !

-

Extrapolating this examole ts the respiratory system, the

¢

lungs represent . the syringe and the inspiratory muscles represent the

pump driving _the syringe. Thus-breethiug from an ai;tight drum will

add to the elastance of ’the fespiracory system - by affecting the

\‘.

relation of the tidal volume and the requireﬁ pressure t&‘achieve this

volume. Thg_ smaller the airtigho- drum _the higher is the pressure

required to extract a given volume. - - Rt

7.4.3 Mechanics of Added Resistive ’oads

Resistance neans opposiscion Co mocion which is caused by the
forces of friction.- JAs mentioned above, the required forces (pressure
diﬁference generated‘:by tha respira;pry_muscles) to move the air in
and out ther.fespira:ory system is d;fectly oropagcional to both the

total resistance of the ‘sYSCem'(fric:ional forces) and the required

-

airflow; P = R * Vi. Té change the .relationship between the flow and
the required pressure to generste this %lou the resistance can be
changed. . One way of changing the resistance is by having the subjects

to breath from a brass 'tuoe: from which ‘segments of the wall were

removed leaving longitudinal and circumfrential w#bs. The tube itself

is covered with filter paper and secured' at the rihs by clanmps.

Resistances can be selected by wmoving a plunger with airtight seal

-

:from rib- to rib. The resistance to airflow (breathing) in this tube

HAr

will be proportional to prooefty of the filter paper, the diameter and

tﬁe length of the tube. To.b;eath from this tube the air has to flow

through the filter paper aund then through the tube lumen. Thus the

e
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smaller the area of the wall through which the subjects are allowed to
breath through," the hizher is the resistansg. The pressﬁre difference
required to _move alr from atmospher to the 1uﬂzs through this tube
ﬁ}ll be proportional to the magnitude of the added resistance. This
magnitude can . be calculated by measuring the flow rate at orifice of

the tube as well as the differential pressure between the mouth

pressure (generated by te respiratory muscles to overcome the external:.

" . -
resisance) and the atmospheric pressure from the equation R = P !/ vi.

i)
Linearity of this resistance can be examined by having the subjects to

target several airflows .and measuring th pressure gradiant at each

S flow. ,
3 ] N |

Conclusion_

-3

Pmus = Vt * (E +AE) + U ** (R +AR)

from a mechanical point of view 4ncreasing F s similar. to increafing

-

stiffness of the lung or chest wall where as increasing R is simtlar

to owing airways.
4

~
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LS

Required force
to

o extract 1 Rter

¢
o
-]
©
1
o
@

-89.8 ni:»}

_ 2 liter uc-rx.uo

‘ _\ low resistance tube

D110 11
D2: 100 |
. . : P1 x V1 = NRT
D3: 1000 | : _ P1 x Vi = P2 x V2
| v2 ="Vl + 1
i ﬂ\ /.3 = P1 x Vi/V2
_ _

‘Fig 7.4.1 Hustrate the mechanics of the elastic _ona-.\ The required force to extract 1 Eo...

progressively Increases n.c the volume of the drum decreases.

.

o



7.5. Multiple Regreassion Analysis

:

Mutiple regression  analysis is a _general statistical

technique used to analyse the .relationship between a dependent

variable amd a set of independent contributers. This.techanique may

-

be viewed_ as a , descriptive tool or as inferenial tool. Tsing the
A ter \

technique as 2 descriptive tool, the linear depé&dance of one
»variabk//’on others Is summarized and decomposed. MWhile using the
“technique ‘as an inferential tool, the relationships in the popula:iézf
are evaluated from the examination of the samﬁle data. - - |

' The basic principles of the multiplé regression analysis is *

the same as that of qpe bivariate case. Ibg\general form of the
- . (r -
regfesiion is

2

Y* = A+ Bl * X1 + B2 * X2 + B3 * X3 + ....+ Bk * Xk

, e

-

where Y' Trepresents the estimate value for Y {dependent -variable), A

. ~
is the Y intercept, the Bi are regression goefficients. The F and BRi

coefficlents are seleéﬁed in éuch a way that the sum of\quared
residuals (Y - Y} is ﬁinimized.'4.Thi; least-squares criterion
implies that any other values for A and Bi would'yiekd a larger (Y -
¥'). _ This also ilmplies that the correlation between Lﬁe actual Y
values and the Y' estimated values 1s maximized, - while. the”

correlation between the independent v&g}ables and cthe residuals (Y -

¥') 1is reduced to =zero. A partial regression coefficient (Bi),
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- Tepresents the .expected change in Y with a change of one unit in Xl
when X2 ’thFough Xk are heid constant. It can also be viewed as ;
simple B for the regression o% Y on-the residuals of X! from which o
the effectg of X2 through Xk are taken out. |

- As in bivariate case the total variation in the dependent
vafiablg (sums ‘of squares in- Y, 5Sy) can be partioned‘into two

-

independent components, one  that is explained by the regressiqn

T
a,r

(SSreg) and the other that 1§ Gnexplained (SSres):

SSy = SSreg + -~.SSres

m— -

The proportion of variance of the\dependent variable explgined (the
goodness ofafit of the regression equation) 1s evaluated by examining
the square of nultiple correlation which is*che Qériation in the
dependent = variable explained by the éﬁmbined linear influence of fﬂe
‘independqnt variables (SSreg) divided by the total varigtion in- the
dependent variab}e (SsSy). The contribution ofﬁ a particular
independentﬂ/;ariable can also be evaluated by measuring the partial
and part correlation of this variable. Part correlationis a simple
co;relaéion betueen_ the original dependent variable Y a;d the
residual of‘ independent - variable X1 from which the effects of other
iﬁdependent variable X2 are taken out. It also'meaﬁs the absolute
increment ]ﬁh R2 due to the addition of X1 co equation already
containing X2. Partial correlation is simplg correlation between two
residuals, the residual of the dependent.variable and the residual of

the independent variable X1 from both of which the effects of ¥2 have

taken out. It also mneans the proportional increment in explained
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. .

variation due to X1 expressed as a propprtion of the variation

.

ﬁhexplained.by i?. -

Oﬁékall' F test 1is used to determine the - significant
contribution of all the K independent var;pbyes taken together to the
predictién of the dependent yariable : f"& )

— 5

F = (SSreg/k) / (SSres/(N=K-1))

Where SSreg 1s the sum of squares explained by thé eqciré regression
equatiph, SSres is the residual unexplained sum of squareQL K is the
numﬁer pf independent vﬁriables in the equation, and N is %hq\sample
size. partial F test is used to assess whether or not the addition
of any specific indepeﬁdent variable to the equation f;proves the

prediction of the dependent variables and reduces the residuals:

Parttal F = (Incremental reg due to XZ/1) / (SSres/ (N - X - 1))
where the. incrementa szeg of a specific variable = (SSreg-of all
independent variablg - Sgieg of all the independent varinle except
the one examined). B

In cthe present study the multiple regression analysis was
used as a descriptive tool. Thus the'relﬁtionship of the perceived
magnitude of breathlesness (the dependent variable) and the pressure,
inspiratory flow, tidal volume , frequency and duty cycle (che
independent variables) were evaluated and their contributioﬁ to

.

breathlessness was quantified.
v

kS



