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ABSTRACT 

Bronchial asthmA is on obstructive respiratory 

disorder characterised by recurrent attacks of 

breathlessness. 

Some studios have sugqested that the exacerbation 

of asthma by exorcise ia probably due to the tact that 

asthmatics are poor in phynical fitness and that small 

amounts of exertion may produce d1sproportionato hyper­

ventilation and onset of exercise-induced asthma (EIA). 

Several studies have shown that regular physical exercise 

has no adverso effects on tho respiratory function of 

asthmatic children. Rather, it had beneficial effects • 

on thoir physical and psychological growth. Several 

researchers have recommondod regular physical activities 

!or asthmatic children but with a pre-exercise admini­

stration of a bronchodilator drug to suppress the onsot 

of EIA and enable the asthmatic child to exercise safely . 

The aim of this study was to find out whether asthmatic 

children can engage in regular physical exercise without 

the pre-exercise bronchodilator therapy and with no 

resultant adverse effects on their respiratory function. 
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Fourteen asthmatic children participated in a 

graded endurance exerc~se programroe thrice weekly for 

12 weeks. Five aath"\!tic children W1o did not particlp.1te in t.t.! 

exorcise served as controls. Forced expiratory volume 

in the !irst second (FEV
1
), forced vital capacity (FVC) 

and peak flow rate (PPR) were used as indices o! 

respiratory function. 

The mean number of aathmatic attacks three months 

before the programme wao 1.64 + 1.5 in the experimental -
subjects and 2.4 + 1.5 in the control subjects. Tho 

baseline respiratory function measurements showed that 

all the subjects were poor in respiratory function when 

compared to the predicted normal values (PNV) for normal 

Nigerian children. 

None of the sub)ects developed frank or full blown 

asthmatic attacks dur1ng exercise seas1ons. 

At tho ond of the programme, t-teats gave signifi­

cant increases only in the Prn and FEV
1 

in tho experi­

montlll group. None o~ those showed aigni!icant increases 

in tho control group. ANOVA for both groups gave signi­

ficant F-ratio for only the PFR and FEv
1 

in t he 

experimental group . Significant increases in resting 
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PPR and FEV
1 

wcro observed after 10 and eight weeks 

of training roapoctivoly. 

Only the oxporimental group had oignificant docronsc 

(t • -3 . 135; P < 0.01) in the number of asthmatic 

attacks during the programme. Absenteeism from school on 

account or asthma during the programma came to an nggro- · 

gate of 10 dayo and 14 days in tho cxporimontul ond 

control groups roapoctivoly compared to tho 56 days and 

28 days which woro reported three months before the 

programme. 

It was concluded that regular physical ox.•rciae 

training can be tolerated by asthmatic children without 

a pre-exorcise bronchodilator administration if the 

programme is carefully designed and monitored. The 

physical conditioning programme had no adverse effects 

on their respiratory function. Rather, by tho ond of 

the programme, the asthmatic children had improved in 

their respiratory function measurements and their 

clinical status. 

It was recommended that tho complete treatment 

programme for asthmatic children should include physical 

exercise programme . 
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CHAPTER 1 

INTRODUCTION 

1 . 1 I ntroduction 

Bronchial asthma is a chronic respiratory condition 

vhich was thought to be common among caucaslans but rare 

among African children (Warrel et al, 1975; Dobbs, --
1979). However, the reports by Aderele 1979 and 1982 

seem to refute thiS impres~iOn. Aderele a979) was Of 

the view L'\at astht::ol is on.! of the commoucst causes ot 

chest diseases in African children. Asthma is primarily 

on obstruct1ve respiratory condition in which there is 

1mpedance to ventilation . It man1fests by paroxysmal 

episodes of dyspnoea, wheezing, cough, increased mucus 

reduction and a sense of constriction in the chest 

(lt.A.ln, 1964) . 

It is a common clinical observation ~~at exercise 

a a specific prec1pitont of asthma (Aderele, 1979 ; 1982; 

nd l98S; and Hct:eil,et al, 1966). -- This can be 

xplai ned on the basis of incroased ventilatory 

equirementa. Creater transpulmonory pressure• arc 

quired t o increase the rate of airflow through the 
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2 

airways. This makes wheezing pronounced in asthmatics 

during and after exercise. several studies ~ones,£! 

al 1962 and 1963; Buston, 1966 and Fishe~et al 1970) - --
have confirmed that exercise induces bronchoconstric-

tion in asthmatic patients. According to Aderele 

U979, 1982 and 1985), exercise is one of the conunonest 

precipitants of asthmatic attacks in childhood. This 

phenomenon, according to Holgate Q983), is due to the 

fact that asthmatics are poor in physical fitness and 

even small amounts of oxortion may produce dispropor-

tionate hyperventilation and therefore, broncho­

conatriction. 

In the past, physicians, parents, teachers and 

other members of the society tended to insist on pro­

longed period of bed rest and a generally low level of 

physical activities for the asthmatic child (Itkin, 

1964). The asthmatic child is often exempted from 

household chores at home and from physical education 

sessions at school. lie is considered unfit to play 

games or participate in any atronuoueactivitics, and 

generally over-pampered. According to lfonrikaon and 

Nielaen(l983), exercise induced bronchoconatriction 

• 
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airways. This makes wheezing pronounced in asthmatics 

during and after exercise. Several studies Oones,£! 

al 1962 and 1963; Duston, 1966 and Fishe~et al 1970) - --
have confirmed that exercise induces bronchoconstric-

tion in asthmatic patients. According to Aderele 

(1979, 1982 and 1985), exercise is one of the convnonest 

precipitants of asthmatic attacks in childhood. This 

phenomenon, according to Holgate (1983), is due to the 

fact that asthmatics are poor in physical fitness and 

even small amounts of exertion ~Y produce dispropor-

tionate hyperventilat1on and therefore, broncho­

cona tric tion. 

In the past, physicians, parents, teachers and 

other members of the society tended to insist on pro­

longed period of bed rest and a generally low level of 

physical activities for the asthmatic child (Itkin, 

1964). The asthmatic child is often exempted from 

household chores at home and from physical education 

sessions at school. lie 1a considered unfit to play 

games or participate in any stronuouaactivitics, and 

qenerally over-pampered. According to llonriksen and 

Nielsen(l983), exercise induced bronchoconstrlction 

• 
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and environmental over-protection are reasons why ~ny 

children with bronchial asthma avoid physical 

activities. In the same vein, Scherr and Frankel 

{1958) believed that the combination of over- protection 

by parents and physical incapacitation due to asthma, 

can lead to the ast~tic child being deprived of all 

physical activities. The asthmatic child grow1 up to 

see himself as fragile and special f he often grows up 

to be lazy and unable to withstand normal stresses of 

life. Due to the fact that the symptoms of acute asth-

matic attacks can be troublesome and frightful, the 

asth~tic child may be physically and emotionally 

isolated by his peer group. This may result in great 

mental suffering and loss o! much initiative and confi-
I 

dance which should nor~lly aid his personality adjust­

ment to life ~cherr and Frankel, 1958). 

There is a tendency for asth~tic patients, 

particularly children, to subscribe to low level of 

physical activity for fear of provoking asthmatic 

attacks. Some studies (Jones £! !!• 1962 and 1963; 

Itkin 1964; and Seaton!! al, 1969), on the effect of 

physical exorcise on asthma , tend to imply that it is 
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unsafe to make asthmatics exercise for more than five 

minutes at a stretch. This is because the respiratory 

function indices would fall below the resting level and 

severe exercise- induced bronchoconstriction would ensue. 

If , however, the respiratory endurance of the asthmat~c 

child can be built up gradually by exercise, then his 

respiratory function ~ght improve. Several workers 

(jones et al, 1962 and 1963; Itkin, 1964; McNeil et al, -- --
1966; Henriksen and Nielsen, 1983 and Holgate 1983) , 

have shown the beneficial effects of regular physical 

exercise for asthmatics, but have highlighted the pro-

blem posed by exercise-induced bronchoconstriction 

following exercises of more than three to five minutes 

duration. These workers have therefore,recommended the 

administration of a bronchodilator drug prior to 

exercise in order to overcome bronchoconstriction and 

enable tho asthmatic child to exercise safely for longer 

periods. 

1.2 Statement of the Problem 

Th~ main aim of this study was to evaluate tho 

e f fects of graduated general conditioning or physical 

• 
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fitness exorcise programme of 12-week duration at a 

frequency of three exercise sessions per week,on the 

respiratory function of asthmatic children without a 

pre- exercise administration of a bronchodilator drug. 

The specific aims were as follows: 

1. To determine the effects of general conditioning 

exercise programme of 12-week duration at a 

frequency of three exercise sessions per week on 

the pre-training values of the ventilatory func­

tion variables. 

2. To determine the effects of general conditioning 

exercise programme of 12-week duration at a fre­

quency of throe exorcise sessions per week on the 

frequency of asthmatic attacks during the 

programme. 

3. To find out whether asthmatic children could 

engage in physical exercise on regular basis . 

4. To sec whether asthmatic children could adjust to 

and benefit from graduated regular exercise without 

pre-exorcise administration of a bronchodilator 

drug. 
• 
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1 . 3 Hypotheses 

1.3.1 General hYf?thesis 

Endurance exercise programme of 12-week duration 

at a frequency of three exercise sessions per week with 

no pre-exercise bronchodilator administration would 

have no signif1cont effect on the respiratory function 

of asthmatic children. 

1.3.2 Specific hypotheses 

1 . There would be no aign~f1cant difference between 

tho initial and final pro-bronchodilator values 

of tho forced expiratory volume in the first 

second (PEV1 l of the asthmatic children following 

a 12-week endurance exerc ise programme. 

2. There would be no significant difference between 

the initial and final pre-bronchodilator values of 

the forced vital capacity (FVC) of asthmatic 

children following a 12-weck endurance exercise 

programme. 

3. There would be no significant difference between 

the initial and final pro-bronchodilator values of 

tho peak flow rate ~FR) of asthmatic children 
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following a 12-week endurance exercise programme. 

4. There would be no significant difference belween 

the pre- and post-training values of cheat expan­

sions of asthmatic ch4ldren following a 12-week 

endurance exercise programme. 

5 . There would bo no significant difference between 

the frequency of asthmatic attacks during the 

12 weeks of endurance exercise programme and the 

12 weeks pre-programme period. 

1.4 Oolimitation of Study -
The scope of this study was as follows: 

1 . Selection o! SubJects was lim4ted to patients who 

havo boon diagnoaod as having bronchial asthma by 

a paediatrician, baaed on the normally uaod crite­

ria such aa a history of at loaat
1 

three attack& of 

breathlessness, often associated with cough and 

auscultatory findings of wideaproad respiratory 

rhonchi. This was to exclude other respiratory 

conditions that have soma common features with 

asthma, such as bronchitis, tuberculosis, emphysema 

and bronchiectasia. To ensure this, subjects were 
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selected from the Paediatric Asthma and Chest 

Clinics of the University College Hospital 

(U.C.H.), Ibadan. Asthmatic children in tho mild, 

moderate and severe groups according to tho classi-

fication of Adorclc (1979) were included in the 

study as they became available . 

2. Only subjects whose asthma was uncomplicated by 

such respiratory conditions as pulmonary tubercu­

losis, other childhood diseases of the l~ver, 
• 

heart, k1dney and blood and any physical,visual or 

auditory handicap were used. 

J. Only subjects between six years and 12 years were 

included in tho study. This is because children 

below six years might not be able to carry out 

instructions concerning exercise programme and 

the assessment of their respiratory functions, 

while those above 12 years are outside tho usual 

paediatric age group. This age range was also 

chosen for easy comparison with results of atudies 

on ventilatory functions in normal Nigerian achool 

children by Aderele and Oduwolo U98Ja) and Oduwole 

at al (1983). -- • 
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l.S Limitations 

The limitations encountered in the study were: 

1. The numbor of subjects was few for the following 

reasons: 

a. The consent to participate in the study was 

required from both the subjects and their 

parents. Consent was refused by some parents 

Cor fear that the study could make the asthma­

tic condition of their children worse in spite 

of assurance and willingness of the asthmatic 

children to participate. Refusal to give 

consent was encountered mostly from the 

fairly well educated parents. 

b. The age range of subjects included in the 

study greatly limited tho number. Aderele 

(1979) reported that the ago at presentation 

• 

in U.C.Ii . of children with asthma was from 10 

months to lJ years and that 49\ of the patients 

revie-..od \oCro less thAn five yea.ra old. 'Iherefore, go.1.ng 

by this report (Adcrcle, 1979), an appreciable 

number of the asthmatic patients senn at the 

clinic did not qualify to participate 1n the 
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study. 

Poor and irregular attendance at exerc~sc 

sessions lad to the results or soma of the 

SubJeCtS being discarded . This was because 

they had missed more than half of the exercise 

sessions and fortnightly reassessment sessions . 

Their results could not represent the effect 

of 12 weeks programme. The d~scarded ·eeults 

further reduced the number of subjects. It 

was aimed to have about 50 experimental 

subjects and about 20 controls. However, it 

was not possible to recruit 70 subjects for 

eight weeks from two clinics per week. ~he 

Children ' s Cheat Clinics on Mondays and the 

Children's Asthma Clinics on Thursdays). 

2. It was not possible to control what the patients 

did at home in terms of medication and physical 

activ~ties which could affect the outcome of this 

study. The patients were instructed not to carry 

out tho exercises at home but that they should 

continuo with their normal activities of dally 

living. 

• 
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), Since much rullance w~a plnccd on parents ond 

p11t1cnts to qivc lnforlllAtion concerning frequency 

ond aovor1ty of oethmat1c attacko at home, drugo 

ueod and their doaagco, type• of physical activi­

ties nt home ~nd oth r relevant information, it 

wns not possible to fully ascertain whether or not 

the pat1cnts and th 1r pnrcnta gav~ accurate 

information. 

4 . Poor and irregular att ndnncc posed a aer1oua 

problom. Thla waa in apita of 1111 attempts to 

encouraqc regular attendance auch •• offering 

tranaport !area and providing rofreahmcnta for 

eubjocto and parents. 

1.6 SlqniClcancc of Study 

AlthmAtic children ore not olton Qncouragod to 

participate in phyalcal oxorciae programme because 

exerciae ia believed to mako nathma worao. This low 

lovol or 1•hydcal acti vi tiaa hu be on ahown to have 

adverso cffccta on tho physical and paycholo9ical 

dovolop1110nt of th nth~Ml.lc child. The outcome of 

thla atudy will throw moro llc;Jht on tho importftnc or 
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physical exercises in the management of asthma in 

children. It will shed light on whether it is necessary 

in all exercise situations to give a pre-exercise 

bronchodilator drug to asthmatic children. This is 

particularly important in view of the economic situa­

tion in Nigeria where some essential drugs arc scarce 

and when they are available, they are very expensive. 

The magnitude of the problem can be appreciated when 

one conaidera how many timea in a day the asthmatic 

ch.ild finds himself in tho rrood for exercise. 'II ill he 

require a pre-exorcise bronchodilator each time? Or 

doea he abstain totally from physical exercise? The 

outcome of th~s atudy will alao shed light on the mini­

mum duration of training required to attain !~roved 

respiratory function measurements in the asthmatic 

children. The outcome of this study will be particu­

larly useful to the following people: 

1. Tho doctor, especially the paediatrician, who 

would bo able to apply tho outcome of tho study 

to take a decision on tho safety of exorcise 

therapy for asthmatic patients. flo will be able 

to decide whether general conditioning exLrciaoa 
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prescribed for the asthmatics on continuous basis 

can improve their resp1ratory efficiency and 

make them better prepared for stress and able to 

lead normal lives. 

2. The physical therapist; who will be able to decide 

with more confidence, tho extent to which he can 

work up the asthmatic ch1ld 1n a rehabil1tat1on 

exercise programme either as a routine or as part 

of a programme for an asthmatic child with other 

presentation on referral. He w1ll be able to 

decide whether he can usc general conditioning 

exercises to improve the lot of the asthmatics in 

terms of frequency and severity of attacks and the 

extent of airway obstruction between and during 

attacks. 

3. The physical educator; especially tho classroom 

teacher, who will have more knowledge about asthma 

and physical activities and thus MAke approprlatc 

dec1sions about the asthmatic child and school 

physical education activities. 

4. The parents and guardians of tho asthmatic child 

who with a bettor knowledge of the scope of the 

• 
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asthmatic child from the point of view of phys1cal 

ac tivities , can help him to grow into a physically 

and psychologically fit adult. 

s. The asthmatic patient himself who would know and 

understand himself better as far as his condition 

. is concerned, he will be able to know his own 

limit of physical activities based on his experience 

·and not on his fears. 

1.7 Definition of Terms 

The following terms arc defined as they are used 

in this study: 

Initial Pre-bronchodilator Value 

This refers to all the measurements taken as part 

of tho initial assessment of tho subject before the 

administration of the bronchodilator drug. 

Initial Post-bronchodilator Value 

This refers Lo oll the measurements taken as part 

of the initial assessment of the subject after the 

administrationof the bronchodilator drug. 

Final Pre-bronchodilator Voluo 

This refara to all the measurements taken at the 
• 
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end of.the 12 weeks of endurance exorcise programme as 
• 

part of the final assessment of the subjects before 

the administration of the bronchodilator drug . 

Final Post-o ronchodilctor Value 

This refers to all the measurements token at the 

end of the 12 weeks of endurance exercise programme as 

part of the final assessment of the subjects after the 

administration of the bronchodilator drug. 

Ventilatory Variables • 

'l'hoso ro!or to the mcasurcmonts o! the rcv1 , FVC , 

PFR, respiratory rate and chest expansion at the three 

levels (apical, lateral costal and diaphragmatic). 

Bespiratory Function 

This refers to the total mechanism of ventilation 

whereby air is drawn into the lungs and expelled. It 

includes tho function of the thoracic cage, the respira-

tory muscles, the respiratory tract and the lungs. In 

this study, respiratory function was assessed by timed 

vital capacity (F£V1 and FVC), flow rate of expired air 

t hrough the respiratory tracts (PFR) and movement of 

• 

the thoracic cage during respiratory excursions ~hest 

expansions at apical, lateral costal and diaphragmatic levels. 
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Normal Subjects/Children 

This refers to non-asthmatic children who are 

apparently healthy and who have no personal or family 

history of acute or chronic cough and breathlessness 

or clinical evidence of respiratory, cardiac o~ other 

major systemic illness. 

Predicted Normal Values (PNV) 
• 

These are already determined values of the rcspira- · 

tory functions of normal (free from any respiratory 

diseases) Nigerian children between the ages of 

four and 18 years. For the purpose of this study, pre­

dicted normal values of PFR, FEV1 and FVC for each 

subject were eat~mated using the values obtained by 

Adercle and Oduwole Cl983a) and Oduwole et al (1983) • --
~ee Appendices 86 and B7) . 
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CHJ\PT&R 2 

REVIEW OF LITERATURE 

2.1 Definition and clin1cal features of asthma 

The word • a a thma" is .1 Greek derivation w.lich 

signifies •panting". The earliest use of the word was 

traced to Hypocrates ~60- 70 B.C.) who used it to 

describe episodic shortness of breath (Scadding , 1976) • 

The American Thoracic Society ( 1962) defined 

bronchial asthma as a disease of the respiratory 

passage characterised by dyspnoea of an obstructive typo 

which is predominantly expiratory, partially reversible 

and of varying severity and duration. Hcrxhcuncr ( 1975) 

described bronchial asthma as a tendency to transient 

attacks of dyspnoea by bronchial obstruction which may 

occur at any time of the d~y or night but most uaually 

• 

in the evening, during the night or early in the morning. 

Also, that tho obstruction may be broughL about by spasm 

of the bronchial muscles o· by oedema of the mucoaa or 

by mucus secreted into the bronch1al lumen or by any 

combination of these three factors . 
• 
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Aderele ( 1985) defined asthma as a respiratory 

disorder characterised by recurrent attacks of breath­

lessness due to bronchospasm and obstructive secretion. 

According to Itkin (1964) , it is preferable to 

consider asthma as a chronic diffusely obstructive 

disease of the bronchial lree made manifest by paroxysmal 

episodes of dyspnoea, wheezing, cough, increase mucus 

production and a sense of constriction within the chest. 

The characteristic symptoms of asthma are wheezing, 

laboured breathing with prolonged expiration, a tight 

and dry cough with viscid sputum, (Thurlbec~ et al, 

{1970) 1 Aas, 1972). 

The disease may occur in acute attacks with free 

intervals lasting from a fow hours up to several years, 

or it may occur in chronic form in which the patient 

is constantly combating bronchial obstruction with 

severe acute exacerbations. The disease ~y be 

so mild that it hardly a!Cects normal function of life 

or it may develop into an unbearable menace with 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



19 

continuous respiratory emb~rrassment and incapacitation 

( has, 1969; Swineford, 1971). The acute attack may be 

of short duration or it may be extremely prolonged; it 

may even lead to death due to lack of oxygen((has,l972) . 

Apart from the airway obstruction which is charac­

teristic of asthma, restric tive dimensions get added 

to the problem as the cond1tion becomes more chron1c. 

During the acute phase of asthma, due to the severe 

obstruction (more pronounced during expiration), the 

chest still remains in an inflated inspiratory position 

at the ond of expiration. With each added inspiration, 

the magnitude of the change tends to increase (Itkin, 

1964). With subsequent attacks particularly in child­

hood, the result ot the above is that pressure changes 

within the thorax tend to bring about bony and cartila­

gcnous distortions which ~ake up the typical chest 

deformities of the asthmat1c patient. The deformities 

according to ItkinU964) 1nclude the sternum b'coming 

prominent, tho ribs assuming more horizontal position, 

the anterioposterior diameter becoming equal to or 

greater than the lateral dlamotor, giving tho typical 

•barrel• cheat deformity in asthma. There 1a a tendency 
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fo r the s houlders to become elevated and for kyphosis 

of the spine to become greatly exaggerated . These 

changes do not become fixed until after a number of 

attacks, particularly those occurring in childhood . 

Other clinical featurns of asthma which are not 

necessarily peculiar to a-thma alone include breath­

lessness on exercise (McNrll, et al, 1966; Jones, 1976 --
and Herxheimer, 1975) and reduced lung function (in 

terms of lung volumes) dutlng an acute attack or in 

the asymptomatic phase in chronic cases. 

The aetiological and precipitating factors in 

bronchial asthma include allergy (specific foods, 

animal epidermis, atmosphrric and chemical pollutants), 

her edity, infection, emotion or psychological factors 

(Cohen, 1971 and 19771 Vavra et al, 1971) and physical 

oxor cise (Pemi-Pearse, 1974; Arsdel, 1976; Jones, 1976; 

and Adorcle, 1982). Two studies on childhood asthma 

• 

in Nigeria (Aderele, 1979) ~nd 1982) have shown exercise 

to be the moat prominent precipitant of asthmatic attacks. 

In the study of the aetiological and preclpitating 
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• 

factor s in bronchial asthma in 380 children, Aderclc 

(1982) observed exercise to be the precipitating 

factor in 171 (45') of the cases. In an earlier study, 

Adcrele (1979) reported that 60 ( 30\) out of 200 cal'es 

i n the study presented with exercise as the precipitant 

of asthma. 

The exact incidence of bronchial asthma in many 

parts of the tropics is unknown (Aderelo, 19851. 

However, bronchial asthma is reported to be one of the 

colM'lOnest causes of chest disorders in African children 

C Aderele, 1985). Sofowora (1970) estimated an incidence 

of 2.4 per cent in Nigerians . According to Fem1-Pearsc 

(1974), there were about one million asthmatics in 

Nigeria out of an estimated 60 million population and 

about 42,500 of them 1n Lagos alone . Aderele (1979, 

1981 and 1982) studied 200, 280 and 380 asthmatic 

children respectively at the Paed1ate1c Asthma Clinics 

of the University College Hospital (UCH), Ibadan. 

• 
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2.2 Bronchial response to exercise and exercise-

induced asthma (EIAl 

2.2.1 Bronchial response o! normal subject! to 

physical exercise 

According to Itkin(l964), muscular exercise in-

creases the rate and depth of respiration in the normal 

healthy individual, it also increase the consumption of 

oxygen and the rate of diffuaion of gases. Itkin (1964) 

reported further that this increase ~n pulmonary venti­

lation occurs without changes in the expiratory volumes 

such as PFR, FEVl and FVC. 

2.2.2 Bronchial response of asthmatic subjects 

to physical exercise 

According to McNeil et al (1966), it is a common --
clinical observation that ~xerciae makes asthma worse. 

Jones et al (1962 and 196 1) and Femi-Pearse (~974) also --
agreed with this. Cotes (1963), McNeil ot al (1966) --
and Seaton ~ !!!. ( 1969) exploined this observation on 

the basis of increased ventilatory requirements. 

Increase in airways resist~nce of some degree after 

exercise can be observed in a high proportion of patients 
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with asthma of extrinsic or intr1nsic types fficadding, 

1976). When the 1ncreased airway resistance gets to a 

l evel when the symptoms of asthma are induced, the 

condition is referred to a~ exercise-induced asthma 

(Ell\) (Scadding, 1976). 

Accordinq to Godfrey (197 7) , EIA was first 

described over 300 years ago by Sir John Floyer who 

observed that •all violent exercise makes the asthmatic 

to breath short•. From then on,many investigators 

(1\derolc, 1979 and 1982; McNeil et al, 1966; Jones, --
1976 and Pemi-Poarse, 1974 ) have noted exercise as a 

potential cause of whoezinq in their asthmatic patients. 

Baaed on the outcome of studi es, Godfrey (1981) defined 

EIA as a post-exercise fal l in PFR of greater than 10 

per cent. In another report by Godfrey (1977), the 

typical pattern of response to exercise in an asthmatic 

child as it differed from healthy normal child of simi­

l ar aizo is as shown in Fiqure l . Both children were 

well at the time of the study and both had PFR within 

normal ranqo. They both went through a six-minute 

r unning on a treadmil l. In the healthy child , there 

was a little random oscilla tion o! PPR during and after 
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the exercise but no signi'1cant change. By contrast , 

i n the asthmatic child, the PFR rose for the first t wo 

mi nutes of running,then it began to fall sharply and 

reached its lowest point a t one minute after stopping 

the exercise when it had fallen by 57 per cent . The 

PPR slowly rose towards the base line over the next 

20 minutes. 

Godfrey (1981) found a similar pattern of response 

in another related study. He was able to illustrate 

the changes in FEV1 in an asthmatic child in response 

to a six minute treadmill running. He observed that it 

was rare for the onset of EIA to curtail the completion 

of the test; when and if LIA set in at all during the 

test, it was a mild one. However, the major broncho­

conatriction and fall in FCV1 appeared after the exer­

cise had been stopped. Th~ fall in rev
1 

reached its 

most severe level about two to throe minutes post 

exercise, it then rose back gradually towards t he rest-

ing level. According to Godfrey (1977), depending on 

the degree of fall in FEV1 , it is the post-exercise 

bronchoconstriction that 1s the EIA itself. The lunq 
• 

f unction index (FEV1 or PFR) used to document the change 

• 
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caused by exercise does noL matter. All the indices 

of airways obstruction ref lcct the same patter., as 

in Figure 1. 

2.2.3 Bronchial lability 

Physical exercise may cause bronchodilation or 

bronchoconstriction either after the exercise or both 

during and after the exerc tse. The form the exercise 

tAkes, whether running or walking (Figure 2), can deter­

mine the degree of dilation or constriction. The higher 

the level of exercise in l e rms of duration and intensity, 

the greater tho dilator and constrictor response (Jones, 

1976). In order to quanti fy the effect of exercise on 

the bronchial status of th~ asthmatic, indices which sum 

the bronchodilator and thr EIA (bronchoconstriction) are 

employed. One such index is called tho Bronchial 

Lability Index or the Exerc ise Lability Index which is 

tho total bronchial labil ~ly as a result of exorcise 

(Godfrey, 197S, 1977 and 1?81). While exercise lability 

index reflects the total e xorcise induced bronchial 

lability, it does not ref:ect EIA as EIA is only a part 

of bronchial lability (Jon(s, 1966 and 1976; Godfrey, 
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1976, 1977 and 1981) . 

2. 2.4 Mechanism of EIA and bronchial labilitX 

In order to make understanding of the mechanism 

of EIA and bronchial lability simple, Godfrey (1981) 

s ummarised EI A as follows: 

1. EIA is a brief attack of asthma which only becomes 

manifest after stopping exercise; during the early 

part of exercise there is often bronchodilation. 

2. EIA is only associated with exercise which results 

in enough hyperventilation of relatively cool dry 

air such that airway cooling occurs. The EIA that 

seta in as a result, i s proportional to the heat 

lost from the respiratory system. Airway cooling 

occurs during exercise while EIA occurs after 

exercise when airway temperature has returned to 

normal . 

3. Prolonged exercise may result in much less EIA 

than brief exercise despite more prolonged hyper­

ventilation and cooling. 

4 . Repeated exercise at short intervals exhausts tho 

mechanism for produc1ng EIA and renders tho subjects 
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refractory to EIA. The subject is not however, 

refractory to antigen-induced asthma . 

s . The drug cromolyn sod•um has a protective effect 

on CIA when given before exercise. It does not 

inhibit the onset of f.I1\ when given immediately 

after exercise even if it is before the onset of 

any significant bronchoconstriction. While cortic­

osteroids do not inhibit EIA whether given before 

or after exercise. 

6 . Late reaction or delayed reaction has not boon 

reported for EIA. 

According to Jones (1976), the sequence of dilation 

followed by constriction on exercise in the asthmatic, 

suggests that two nechanisms are operating with opposing 

effects. The effect on the bronchiole during exercise 

depends on which of the two mechanism. is dominant. 

Though the cause of each of these mechanisms is not 

known precisely. Jones (1976) suqg~sted that the early 

bronchodilation could be due to catecholamine release 

on exorcise while hypervenlllation~lsher et al, 1970) 
-- I 

metabolic acidoais ~eaton £1 !!• 1969 and Widdicombe 

et al, 1962) and a rcleaae of a conatrictor aubstance --

• 
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during exercise (Kerr~ al, 1970) are possible causes 

of bronchoconstriction. 

According to Holgate (1983), the precipitating 

eve nt in exorcise-induced bronchoconstriction is cool-

ing of the airway mucosa during humidification of 

inspired air. Weinstein ct al (~76), Bar-Or et al - - --

• 

(1977) and Chen and Borton Q977) noted from their studies 

that breathing humid air attenuated EIA. They noticed 

that exercise in warm humid atmosphere, produces less 

bronchoconstriction than exercise performed in cold, 

dry conditions. They used this to explain the low 

asthm4genicity of swimming ; that EIA occurs more fre­

quently in runners than i n swimmers doing the ~arne 

amount of work. 

Anderson Q984) contended that the initiating event 

in EIA might bo the loss o f water and not the loss of 

heat from the airway . 

From all these differPnt views on the mechanism 

of EI A, there are some areas of agreement which are of 

clinical importance . It i s generally agreed that 

physica l exercise is a precipitating factor of asthma, 

even in aathmat~c patients who are in clinical nmd .. ion. 
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I t is also generally agreed that the severity of EIA 

can be manipulated by the appropriate choice o~ type, 

duration and intensity of exercise. 

2.2.5 Effects of type, duration and level of 

exercise on EIA and bronchial lability 

According to SlyCl970) and Godf rey (1977), the 

type, severity and duraLion of exercise influence the 

incidence and the degree of EIA. Godfrey(l977) con-

tended that some types of exercise can be tolerated by 

the asthmatics, particularly swimming , in which Olympic 

Gold Medals have been won by asthmatics . 

Jones n976) I Silverman and Anderson (1972) and 

Anderson !! !! (1971 and 1975) ha~ ntportftd tht'\• tiifferent 

types or nature of exercise evoke the constrictor 

response in bronchial lability ~IA) to varying degree. 

Jones (1976) reported thaL walklng, sw1mming , stepping, 

running up and down the stuirs, bicyclo orgometry, 

treadmill running and running on a flat surface evoko 

the constrictor response in ascending order of potency 

from walking to running on a flat surface. If an un­

suitable type of exercise 1s used, an asthmatic patient 

• 
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migh t fail to demonstrate the typical post exerc~se 

bronchoconstriction (Jones et al, 1963). --
Godfrey (1975 and 1977) and Fitch and Horton 

(1971) in their studies, c,1rried out serios of exercise 

t ests in which they used different typos of exercise 

on asthmatics . Their results were similar to those 

of other workers (Silverman and Anderson, 1972; 

Anderson et al, 1971 and Jones, 1976). In each of the --
exercise tests, the subjects exercised at the same 

• 
level of oxygen consumption and for a standard six­

minute period, such that the exercises were comparable 

fro~ tho metabolic point of view . Fitch and Morton 

(1971) found that froo-ranqe running around the hospi-

tal grounds or the corridor was most potent asthmagenic 

stimulus resulting in 47 per cent fall in PFR post 

exercise. Treadmill running caused about 33 per cont 

fall in PFR, cycling caused 25 per cent fa l l ~n PFR 

while s wimming and walking caused the least EIA with 

post exorcise fall of betwoon 13 per cent and 15 per 

cent (Figure 2) • 

variations in duration of exorcise affect the 

onset and severity of EIA. Jones et al, (1962) --
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reported the effect of exercises of long and short 

dura tions on the FEV1 of 34 asthmatic children. 

Following exercise of short duration (one minu~e or 

brief exercise) there was an increase in FEV1 (broncho­

di lation) in all the subjects although the change was 

small in most of them. Tho peak increase was reached 

in 24 subjects during the first minute post exercise 

and in the remainder, one to five minutes post exercise. 

Twenty subjects returned to their resting level of FEV1 
wi thin five minutes and the others from six to 39 

minutes. There was no EIJ\ or EIB (exorcise induced 

bronchoconatriction) from this duration of exercise. 

• 

• 

Following exercise of long duration (five to 10 minutes), 

the PEV1 increased slightly during the early part of the 

exercise. Immediately after exercise, FEV1 waw above 

or near to tho resting level in some subjects while in 

others, there was a pronounced poet-exorcise fall . The 

maximum post-exercise fall in FEv1 occurred between one 

and five minutes when it was 75 per cent of resting 

level . After this point, the FEV1 rose sharply in all 

the children and stabilised near tho resting value 

between 10 and 15 minutes. 

• 
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Exercise lasting up to 16 minutes produced less 

bronchoconstriction than exercise lasting six to eight 

minutes ~llverman and AndPraon , 1972). Godfrey (1977) 

reported that brief exerc1se even if it is quite 

strenuous does not usually give much trouble and that 

intermittent exercise is usually well tolerated by the 

asthmatics. He further reported that the worst types 

of exercise for the asthmatics are those that last for 

six to eight minutes such as middle d1stance running. 

Longer and more strenuoU3 r xercisc such as cross country 

running was found to be we ll tolerated by asthmatic 

patients. (Figure 3) . The result of tho study by 

Mahler et al (1981) were s 1milar to those obtained by 

Godfrey U977). 

The intensity or level of exercise also affects 

the onset and severity of EIA. According to Fisher et ...... 
al (1970), there is an inc rease in airway resistance ...... 

• 

and a decrease in maximal expiratory flow after s t renuous 

exertion in some patients with asthma. Silverman and 

Anderson (1972) found thal increasing the work load by 

changing t ho gradient of lhe treadmill, caused an 

increase in tho amount of bronchoconstriction: thoro was 
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a higher bronchial lability. Maximum value of bron­

chial lability and EIA were obtained at gradients of 

15 to 20 degrees. There was no significant difference 

between values obtained at 10 degrees, 15 degr~es or 

20 degrees gradienta,but they were higher than tho 

values of zero degree and f~ve degrees gradients. 

In agreement with the finding& of Silverman and 

Andoraon (1972), Jones (1976) reported that the more 

strenuous the exercise, the greater the dilator and 

conatrictor reaponae ~ronchial lability). According to 

Jones (1976) and Godfrey 11977), although the aubjects 
• 

need ~ot work to exhaustion, a submaximal exercise with 

a pulse rate of 180 to 190 per minute should produce 

the maximal bronchial lability. Godfrey (1977) found 

that running upatairs mado asthmatics to wheeze while 

running downstairs (boing "negative work") did 10t 

cause the subject to dovelop EIA. 

Apart from the effects of type, level and duration 

of exorcise on EIA, several worker• (McNeil et al, --
1966; Godfrey, 1977 and 1981; Jonea, 1966 and 1976; 

Jones !! ol, 1962 and 1963; and Silverman and Anderson, 

1972) have reported the offocta of the frequency of 
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exercise teats within a short period on EIA and 

bronchial lability. The workers found that repeated 

exercise testa within a relatively short period or 

intermittent exercise tests of constant duration and 

intensity have a diminishing offoct on EIA and bron-

chial lability. Jones et al (1963) observed that --
exercise in the form of short bouts, is more suitable 

for asthmatics than prolonged continuous exercise even 

when this is at a level that would not make the subject 

unduly breathless. 

2.2.6 Effects of drug on EIA 

EIA is a good model of clinical asthma in many 

respect. For this reoaon, EIA has been used to study 

the effects of various pharmacological agents both from 

the therapeutic point of view and for the light such 

studies can shed on the pathogeneaia of asthma (Godfrey, 

1977). Godfrey (1975 , 197 7 and 1981), and Jones et al --
(1963) have suggested tho use of exerciac teats to 

evaluate the efficacy of drugs used in the management 

of asthmatic patients. Drugs, according to Jones ot al --
(1962) and Godfrey (1981) have been used to either 
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suppress, abolish or cause exacerbation of EIA. 

Jones et al ll962 and 1963) reported that the --
effect of exercise on the respiratory function of 

asthmatic patient can be ~d1fied by bronchodilator 

drugs in two ways: Exercises lasting less than 2 

minutes preceded by a bronchodilator drug, prolucod o 

greater increase in FEV1 than exercise alone. Broncho­

dilator before exercise lasting from five to 10 

minutes reduced or abolished fall in FEV1 . They recom­

mended the pre-exercise usc of bronchodilator like 

isoprenalin sulphate, adrenalin or noradrenaline. 

While all sympathomimetic drugs arc effective in .. 
the protection of the asthmatic subject from EIA, the 

selective beta stimulants such as salbutamol , orci­

prenaline and terbutaline are more appropriate prior 

to exercise than those drugs which cause ~hycardia 

such as isoprenaline and adrcnalin (Godfrey, 1977). on 

the other hand, Sly a984) and Godfrey (1977) a~vocated 

the uso of aalbutamol aoroaol aa prophylactic agent 

for the patient or asthmatic athlete who is troubled 

clinically by EIA. This is due to its bronchodilat1ng 

efficiency, rapid onset or action, prolonged effect, 

• 
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relative lack of adverse effects and convenience; the 

aerosol should be inhaled before starting exerc ise. 

In a study of clinical pharmacology of oral and 

inhaled salbutamol, Walker ot al (1972 ) found that --
FEV1 rose within 10 minutes o f inhalatio n while peak 

rise in FEV
1 

was seen between one and three hours after 

an oral dose in six subjects. 

Several studies (Godfrey, 19 77 and 1981; Jones 

et al, 1963; Jonas, 1976: Silverman and Anderson, 1972; --
McNeil et al, 1966; Fisher et al, 1970; Sly, 1984; -- - -
Orenstein and Reed, 1984 ) r ecommended a pre-exercise 

administration of a bronchodilator to suppress the onset 

of EIA which might not allow the asthmAtic to cxerc1se 

safely and for a long time. 

An international symposium on the special problems 

and management of allergic athletes held in 19841 was 

necessitated by tho fact t hat 1984 was an OlyMpic year 

and because individuals wi l h allergic diseases o!ten 

compete at a disadvantage i n athletics. Not or. ly do 

such athletes have disabil ity associated with the 

disease but they are depri ved tho use of a large number 

of druqs particularly if t hey are competing at 

• 
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international level such as the Olympics (Godfrey, 

1984). For example , theophylline derivatives have 

been shown to be effective ~n inh~b~ting EIA in about 

80 per cent of individuals tested. They can therefore 

be administered to asthmatic athletes prior to their 

events in order to prevent the onset of EIA during 

competition. However, it is known that theophylline 

improves muscle contractil~ty, it may also prevent 

development of fatigue not only of the respiratory 

muscles but also of other skeletal muscles !Ellis, 

1984) . If theophylline is administered to an asthmatic 

athlete prior to his event, the effect of the drug, 

while inhibiting EIA, will put him at a performance 

advantage. Thia constitutes ergogenic aid as defined 

by Fox and Matthews (1981). In view of this, Ell1s 

(1984) recommended inclusion of theophylline derivatives 

in the list of drugs banned for use in international · 

sports. 

2.2.7 Effects of physical training on EIA 

Tho effect of physical training or physical con­

ditioning on EIA depends on tho factors discussed 
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earlier . Tho onaot and s~verlty of EIA a s a result 

of general conditioning exercise programme would 

depend on the duration of the exercises in the pro-

gr~, the level or intensity of exercise, the type 
• of exercise, whether the exercise ia inte~ttent or 

• 
continuous and whether or not there is pre-exercise 

administration of a bronchodilator. (Jones, 19761 

Jones et al, 1962 and 196 3; Godfrey, 1977 and 1981) . --
Physical training will not provoke severe EIA if 

the duration of exercises in the training programme is 

brief or lasts more than 12 minutes ~ones et al, 1962 --
and 19631 Silverman and Anderson, 1972; and Godfrey, 

1977 and 1981); if the level is submaximal (Jones, 

1976; Godfrey, 1977 and 1981)1 if the nature or type of 

exercise is non-asthmageni c such as swimming or walking 

on flat surface (~ones, 19761 and Godfrey 1981 and 1977) 1 

if there ia a pre-exercise administration of a broncho-

dilator lSly 1984; McNeil ~ !!• 19661 and Godfrey, 1977 

and 1981); and if the exercise is intermittent (Jones, 

1976; and Godfrey, 1977 a nd 1981) . 

According to lfolgatc C 1983), exercise itself serves 

only to increase tidal vol UJ!IC and respiratory rate. It 
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is not essantinl to brcnchoconstriction. tle was of 

the view that when the eff~ct of exercise on EIA is 

being considered, it should be noted that asthmatics 

arc in poor physical condition ~nd even small amounts 

of exercise may prod .ce dispro~ortionate hyperventila­

tion and therefore bronchoconetriction. 

2.2.8 Clinical imolic~t~ons of EIA 

According to Godfrey (1977), EIA sometimes pre­

sents n clinical ~roblem especially in children as it 

prevents then fro~ taking their desired amount of 

exercise. Although it is rare that EIA is the only 

obvious menifeotation, tathmatics who develop EIA 

should be enc uraged to carry on w~th most exercises 

since the tjpe of exercise encountered in everyday 

life and even in sports, may not be asthmagenic. 

HcNeil et al (1966) and Godfrey (1977) havo recommended --
that asthmatics who develop EIA can participate in 

intermittent exercises as obtained in football and some 

types of gymnastics but will not be able to cope with 

continuous running for up to eight minutes. He also 

recommended a pre-exercise administration of an 

.. 

• 

• 
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appropriate bronchodilator such as salbutamol, to pro­

tect the child from EIA anrl enable him to exercise 

safely and with confidence. This is also the stand of 

the ~~rican Academy of Pediatrics (1970). 

Another clinical impl1cation of EIA is the usc of 

exercise tostinq in clinic~! investigation of an 

asthmatic (Godfrey, 1975 and 1977). Exercise test can 

be used to confirm the diagnosis of asthma in a patient 

who is clinically fit at the time of initial examine-

tion; it will thus serve to differentiate asthma from 

other respiratory problems ~odfroy, 1975, 1977 and 

1981; Jones at al, 1962 and 1963 and Jones, 1976). --
With the growing knowledge of the mechanism of 

EIA and the factors precipitating it, exercise prescrip­

tion for asthmatics is made easier, bearing in mind the 

safety of tho patients. Thoro is conclusive evidence 

from the reports of aovoral studioe~otoreon and 

HcElhenny, 1965; Graff-Lonneviq et al, 1980; Henriksen ---
and Nielsen, 1983; Strick, 1969; and S~ and frankel, 

1958) that asthmatic children can derive a lot o( 

physical and psychological benefits from taking regular 

physical exorcise. Asthm.ltics should exorcise regularly · 
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in spite of EIA 1 provided the precipitating factors 

are avoided in the course of exercise prescription. 

Godfrey (1984 ) 1 while rev1cwing the contributions to 

the symposium on the special problems and the manage­

ment of allergic athletes, noted with delight that 

eight and 10 per cent of the Australian Olympic Team 

were asthmatic in the 1976 and 1980 Olympics respec­

tively, and that slightly more than half of them were 

swimmers. The asthmatic a thletes must have been 

encouraged to swim as it t s known that swimming has 

about the lowest asthmagenicity of the various sports 

and exercises. 

2.3 Effects of asthma on the physical and psycho­

logical growth of n child 

According to Graff-Lonnevig et al (1980) 1 children --
with bronchial asthma are afraid of developing EIA 

while thoir parents and t~achcrs compound their fears 

by being overprotective. As a rosult , there is lower-

ing of the working capacity of asthmatic children. 

They find it difficult to keep up with healthy children 

in thoir physical and psychological growth. Tho effect 
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is that this may lead to social isolation of the 

asthmatics. They lose self-confidence and develop the 

feeling of being the "loser" . 

All the 28 children 1n the study of Henriksen and 

Nielsen (1983) were found to be poor in physical 

fitness. These workers implied that asthma disturbs 

the physical and psychological development of the 

asthmatic child. Sly (1976) reported a psychological 

consequence of inactivity on asthmatic subjects. 

Aderele n981) on the other hand,concluded from a 

study of the physical growth of Nigerian children with 

• 
bronchial 9sthma that, asthma on ita own, is not a 

usual cause of sevorc growth retardation in childhood . 

He was of the view that the observed differences in the 

growth indices of the subjects could be primarily gene­

tic and socio-economic rather than boing due s)lely to 

tho severity and the duralion of asthma. 

Gershwin U981) reported that during a United 

States National Survey, asthma was found to be the mo t . s 

frequent eause of absence from school and work . 

Peterson and McElhenny (1965) had earlier reported that 

tho 20 boys studied by them missed an aggregate ofl85 
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school days in the school year before the study . ... 
Peterson and 1-lcElhenny (1965) were of the view that 

the presence of asthma wh1ch is a chronic and disabl~nq 

ailment, creates in a child psychological, physical and 

emotional disturbance. 

During the psychological assessment of the subjects 

~n their study, Peterson and McElhenny (1965) found most 

of the children to be emot1onally immature and sub-

standard as far as their capacity for physical activity 

was concerned. 

According to Scherr and Frankel (1958), the combina­

tion of over protection by parents and physical incapa­

citation due to asth~,can frequently lead to the 

asthmatic child being deprived of all physical 

activities. This, they contended, may lead to great 

mental suffering and loss of initiative and confidence 

whi ch the asthmatic needs, to aid his personality adJust­

ment to life. The dcfic1~nt personality adjustment to 

life may cause the asthmatic child to suffer behavioural 

and peraonelity disorders. lie may become unJMnageable, 

irritable and dependent on others. At tho other 

extreM, he may become ag11ressive, hostile, demanding, 
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bullying hie parents and other children around. He 

fools that ho must compete with non-asthmat~c children 

and where he ia unable to do this successfully, he 

becomes moro of a problem in hie management. Strick 

a969) suggested that asthm4tics are deprived of the 

physical and psychological benefits of general con­

ditioning exercises as a result o f their ailment, while 

Holgate(l983) was of the view that asthmatics are poor 

in physical condition and d uo t o the frightening and 

troublesome nature of asthmatic symptoms, they may bo 

isolated by their peer groups. 

2.4 Respiratory functio n tests 

According to Jones 0976) , asthma has an unusual 

property of impaired ventilatory function. At the same 

time, asthma causes fluctua~ons in the level of respi­

ratory function over the period of time the attack 

lasts. 

The most important and moat easily performed 

pulmonary function test is to assess the respiratory 

organs and their ability to ventilate (Garbe, 1978). 

According to Garbe U97B), the main function of respiration 

• 
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ia tho aupply of oxygen to all tiaauao of the body and 

the aubaequont removal of carbon dioxide (C02> which 

is a wasta product of metoboliam. Any impairment of 

this function as is found 1n bronchial aathma, is 

significant and may have serious consequences. 

According to Aderele and Oduwole (1983b), moat 

respiratory problems in childhood can be diagnosed and 

managed without pulmonary function tests1 the teata 

however, add objective parMr()tars to observable clin1-

cal phenomena. The teats reveal defects in some 

aapects of lung function which arc not accessible to 

routine clinical mothods of examination. 

2. 4 • 1 Spirometric ~ndicea of ventilation 

(Dynamic lung volumes and airflow) 

Spirometry is the molt u1ual •crooning test of 

ventilation. It is the procedure commonly referred to 

as •pulmonary function test" (Francia, 1978). According 

to McFadden ot al (1973), tho spirometric assessment ia --
either the absolute volume expired in a given time such 

as FEV1 and FVC or rate of change of volume with time 

or flow rate such as PFR and maximum expiratory flow 

• 
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rate (HEFRI. Jones (1976) described FVC as VC 

mcasurod during forcod expiratory effort. Tho FVC 1s 

tho maximum volume of air that can be expelled as 

rapidly and completely as pouible after maximum 

inspiratory effort(Garbe, 1978). Accordin9 to Itkin 

(1964) 1 that portion of FVC which is expired by the 

end of tho first second is c alled forced expiratory 

volWM in the first second (FEVl). FEVl is a measure 

of timed vc and it is the most commonly used measure 

of timed VC. FEV1 is a mcanure of FVC in a 9iven 

time just as FEV2 and FEV0 . 75 • 

FVC and FEV1 can be obtained from a single spiro~ 

metric troclrq or apirogt'm~igure 4). They are both 

expressed in litre• ~ranc1s, 1978J Garbe, 1978;and 

Jonas, 1976), and they bo t h vary with the anthropome­

tric characteristics of tho subject such as a,c, 

height, body weight, surface area and sox. (Froncis, 

1978; Gorbe, 1978; Jones, 1976 end Herxheimer, 1975). 

Another measure of ob1olute volume of expired air 

in a 9ivcn time is the forced expiratory volume in the 

firat 0.75 seconds (FEV0 . 51. Jonas (1976) was of the 

view thot FEV0 . 75 is a better index for children because 

• 
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forced expiration is austaine~ tor a shorter time than 

the FEV1 • The FEV1/FVC per cent is also used as an 

index of airway obstruction. It decreases in asthma 

(Jones, 19761 and Francis, 1978). 

!oleasuromcnts of rate of change of volume with time 

in spirometry are done in litrea per minute. Tho most 

commonly used of these measures is the peak flow rate 

(PFR) . PFR aa an index of lung function ia the maximum 

flow rate attainable during forced expiration (Aderele 

and Oduwolc, 1983a). According to Herxheimer (1975) 

PFR is a measure of airflow during the first 0.01 

aecond of forced expiration after maximum inspiration. 

PFR, like the FEV1 and the PVC is also effort dependent. 

It correlates well with FEV1 and is highly valuable in 

asthma (Jones, 1976). The advantage of PFR in spiro­

metry is ita relative aonaitivoneaa and simpli~lty of 

meaaurement~onoa, 19761 Horxheimor, 1975). Aa with 

FEV1 and PVC, the PFR dopenda on the anthropometric 

characteriatica of tho ind i vidual. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



52 

2. 4. 2 Clinical implications of spirometry in 

lung function test for asthmatic childron 

The measurements of spirometric indices can be 

uaoful in the diagnosis of bronchial asthma and for 
• 

tho differential diagnosis of asthma from other obstruc-

tivo airway disease such 3S chronic and wheezy bronchi­

tis and emphysema (Rerxhe1mer, 1975). For example, the 

PEV1/FVC per cent which i~ betwoen 95 and 70 per cent 

in normal subjects ia below 70 per cent in asthma and 

other obstructive diseases. 

In o clinical setting, spirometry is used to 

detect airway obstruction by the degree of response of 

the airway to bronchodilator administration (Francia, 

1978). Also, spirometry con be used to test tho effi­

ciency of drugs used to troat asthma. (Godfrey, 1977, 

1981 and 19841 Sly, 1984 and Horxheimor, 1975). 

Spirometry is useful in tho assessment of prognosis in 

asthma, According to llerxheimer (1975), it is well 

known from spirometry thal lunq function is below normol 

during an acute attack of osthma, it would not however 

be possible to prove this unless the lunq function 

values before the ottack arc known. 
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Aderelo and Oduwole il983b) recommended that pul­

monary funct1on tests be performed routinely in all 

asthmatics during clinical follow- up even when they 

are in clinical remission. This will make it poss1ble 

to detect those who have residual bronchial obstruction. 

The rccommcndalion was ba~ed on their findings that a 

lot of asthmatics during remission have poor pulmonary 

function. 

2. 4 . 3 Measurement and instrumentation in 

spirometry 

(a) Forced expiratory volume in the !!rat second 

(PEV1 ) and forced vital capacity CFVC) 

PEV1 and PVC are usually measured during the same 

expiration. Thoir values arc dotormined from forced 

expiratory spirogram aa shown in Figure 4 . F~v1 an~ 

PVC ore measured using a dry or wet spirometer or gas 

meter (Herxheimer, 1975). A recording spirometer such 

aa the Vitalograph spirometer is preferable as the 

values of FEV1 and PVC con easily be read off from the 

tracing. 
• 

• 
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(b) Peak Flow Rate (PFR) 

Although PFR can be measured by sophistic,ted 

techniques (Jones, 1976), the Wright Peak 

Flow Meter (Wright and HcK~rrow, 1959) provides a 

simple technique of measurement. Tho Wright Peak Flow 

Meter is a small and very handy instrument which serves 

as a welcome supplement to the absolute spirometric 

examination { llerxheimer, 1975) . According to Chiang 

and Han C 1965) , the Wright Peak Flow Meter can be used 

for children below the age of 2~ years. The suitability 

of the instrument in children was confirmed by the 

studios of Aderele and Oduwole (l983a) who measured PFR 

in normal children between ages four years and 16 yea r s. 

They did not report any dift1culty of meaaure~nt in 

children below the age of s ix years which Oduwole et -
al (1983) encountered in a similar population during -
the measurement of l'EV 1 and rvc. The at \dies of Onadoko 

et al (1984), Hurray and Cook ( 1963), and Aderole and --
Oduwole (1983b) have reported successful mensuremo~ t of 

PI'R in children using the Wr1ght Peak Flow Meter . 

• 
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2.4.4 Merits and demerits of the respiratorx 

function indices 

(a) Forced Vital Capacity (FVC) and Forced .;xpiratory 

Volume in the first second C F'EV ll. 

According to Herxheimer (1975), the PVC spirogram 

can be easily recorded if the patient is cooperative . 

The ma)or advantage of FEV1 according to Herxheimer 

{1975) ia its relative si~plicity and ease of measurement 

compared with FVC. This is because forced expiration is 

auatalned for only one second in FEV1 . This accounts for 

the.frequont uao of FEV1 relative to FVC (Jones, 1976; 

and Herxheimer, 1975). 

According to varioua studies , it would seem that the 

demerits of FEV1 and PVC o~igh ~ir ~rita in clinical 

use on asthmatics. For exu~ple, Jones ( 1976) has 

reported that many patients get tired easily during 

forced expiration for FVC measurement which is not time-

dependent. .. 
Herxheimer {1975) noticed that forcod expiration 

from maximum inspiration caused bronchial spasm in the 

sonaitive bronchi of an aethmAtic. lie concluded that the 

FVC is an unsatisfactory procedure which is likely to 
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produce low values in a number of patients . The FEV1 

has a similar disadvantage of being tiring to some 

subjects , resulting in low values especially with 

r epeated attempts. The harsh expiration pr essure as a 

r esult of the fast and forcible expiration has been 

known to cause bronchial obstruction in some subjects. 

(Berxheirner, 1975) . 

Nowa.X et al { 1979) observed a difficulty in --
obta1ning a spirogram in some patients in acute 

asthmatic attacks. They expressed the view that this 

difficulty of obtaining spirogram in illness, greatly 

limite the usefulness of spirogram. 

The small instrumental dead apace of the 

Vitalograph spirometer makes it possible to obtain a 

spirogram in children provided tho inatructio1 is 

well understood. The studies of Oduwole ct al ( 1983) --
and Onadeko et al Q979) showed that it ia possible to --
obtain a pi rogram in children . Chiang and tlan (1965) 

however, reported that il ia impossible to obtain a 

satisfactory apirometric tracing in children below the 

age o! five yoara . The di fficulty encountered by 

Oduwolc et al (1983) in their study seemed to confirm --

• 
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produce l ow values in a number of patients . The FEV1 

has a similar disadvantage of being tiring to some 

subjects, resulting in low values especially with 

repeated attempts. The harsh expiration pressure as a 

result of the fast and forcible expiration has been 

known to cause bronchial obstruction in some subjects. 

(Herxheimer, 1975). 

Nowak et al ( 1979) observed a difficulty in --
obtaining a spirogram in so~ patients in acute 

asthmatic attacks. They expressed the view that this 

difficulty of obtaining spirogram in illness, greatly 

limits the usefulneas of spirogram . 
• 

The small inatrumental dead apace of the 

Vitalograph spirometer makes it possible to obtain a 

spirogram in children provided tho inatructio1 ~s 

well understood. Tho studies of Oduwole et al C 1983) --
and Onadeko et al (1979) ahowed that it is possible to --
obtain spirogram in children. Chiang and llan n965) 

however , reported that it is impossible to obtain a 

satisfactory spirometric tracing in children below the 

age of five yeara. The d1!f1culty encountered by 

Oduwo le et al (1983) in the1r atudy seemed to confirm --

• 

• 

• 
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the report of Chiang and Uan ( 1965) . The number of 

s ubjects below the age of ·.ix years in the study of 

Oduwole ot al (1983) was v~ry few because of the diffi­

culty in getting this age qroup to perform the test 

satisfactorily. The children either did not expire 

forcefully or they were unable to sustain the forceful 

expiration beyond the one second point. As a result, 

Oduwole et al (l9e3) were only able to record FVC and 

FEV1 in 14 per cent of the subjects below six years. 

Prom this report, the suit1bility o! FEV1 and FVC as 

respiratory function teats in normal children was 

doubtful below age six yea rs . One would conclude that 

with ill or asthmatic children, the difficulty will be 

aggravated. 

Another demerit of FVC and FEV1 as mea!ures of 

respiratory function is tho dependence of the 1.oasuring 

instrument such as the Vit~lograph Spirometer on 

electric! ty supply. This qreatly limits tho use of the 

sp~rometor in a situation whore electricity supply is 

not available or where it 1s inconsistent . 

( b) Peak Flow Rate (PFR) 

The main merit of PFR which makoo it the method of 

• 
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choi ce in clinical monitoring in the hospital and at 

ho~ is its simplicity of m~asurcment C Herxheimer, 

1975; Jones, 1976; Chiang lnd Han, 19651 Aderele and 

Oduwole , 1983o and 1983b; OnodekO et al , 1984; Murray --
and Cook, 1963; and Wright and McKerrow, 1959). 

According to Onadeko ct al (1984) , measurement 

of PFR is used to assess respiratory function in clini-

cal practice particularly 1n young children who might 

not cooperate adequately when a sp1rometcr is used to 

study their lung function. PFR measurement can be 

tolerated by the younger ch1ldron because the forced 

expiration is sustained for only 10 milliseconds. 

Unlike the FEV
1 

and FVC me~surementa, Chiang and Han 

(1965), concluded from the1r study that the peak flow • 

meter is a vory useful instrument for paediatric 

practice. According to Rosenblatt et al (1963) , the --
peak flow meter has the adv~ntage of boing portable, 

small in size and relatively easy to uae even by 

extremely 111 patients. This is why the Wright Peak 

Flow Meter is useful for the screening of obstructive 

pulmonary diseases. 

The apocial clinical advantage of tho peak flow 
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meter is 1ts independence of electricity supply 

(Wright and McKerrow, 1959). This makes it particu­

larly useful in field test1ng and for home monitoring 

of patients. The subject himself or the parents can 

be easily taught to use the peak flow meter at ho~. 

2. 4 . s Predicted Normal Values (PNV) 

The values obtained from pulmonary function teats 

can only be accurately interpreted if they are com­

pared to the values obtained from normal subjects. 

According to Francia ( 1978), predicted normal 

valuoa ( PNV) arc based on values from normograms in 

which the mean values obtained from large groups of 

healthy or normal people are varied with their height, 

weight, age, body surface and sex. .. 
As much as possible, the normogram for prediction 

should be obtained from a population which is similar 

to that of the study. The most important similarity 

is racial similarity botwoen the study group and the 

prediction (normal) groupCOnadeko et al , 1979 and --
1984; Adorclc and Oduwole, l983a and 1983b; and 

Oduwolo et al, 1983). According to Onadeko et al --

• 
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(1984), it is unsatisfactory to use the PNV of cauca­

sian children for studies on African((negroid) child-

ren as the values are known to differ in the racial 

groups. There arc ventilatory function studies on 

normal subjects in a number of racial groups wh~ch 

can now be used to obtain PNV in studies on asthma 

and other obstructive disease conditions. Sucn studies 

in children include the reports of Oduwole et al --
(1983); Aderele and Oduwole 

(1979 and 1984); Hurray and 

(1983a) 1 Onadeko 

Cook (1963); and 

et al --
Chung 

and Han ( 1965). The stud1cs of Aderele and Oduwole 

( l983a) and Oduwole et al ( 1983) were on normal --
Nigerian children of Yoruba origin who lived at 

Ibadan(See Appendices B6 and 87). The boys and girls 

in the studies were aged between 41s years and 16 years. 

The studies by Onadeko et al (1979 and 1984) involved --
normal Nigerian school children of Yoruba origin who 

livod in Ibadan and wore between the ages of seven years 

and 18 years. 

The i~portance of PNV in studies on asthma is that 

it gives basis for the compariaon or value obta1ned 

from the subject to what 1t should be; this gives some 

• 
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indication ot the deqree or obstruction. 

2. 5 Physical treatment o f asthmA 

Accordinq to Haas et al ( 1976) physical condition-- -
ing is paramount in a well ba lanced rehabilitation pro-

gr amme for asthmatics . It ensures proper continuation 

of physical and mental health developmental processes. 

They were of the view that phys~cal conditioni1g and 

breathing exercises are particularly i~ortant in child-

ren who are kept away from exercise by their parents for 

fear of EIA. Several othe r studies (Fein and Cox , 19551 

Scherr and Frankel , 1958; Bus ton, 1966; Peterson and 

McElhenny, 1965; llyde and Swarts, 1968; Str:ick, 1969; 

Holgate, 1983; Fi t ch ~ !!• 1976; Gra£!-Lonneviq et !!• 
19801 and Henriksen and Nirlacn,l983) have reported the 

beneticial offocta o! physi cal exercises on the asthma-

tic children. 

Fro~ the principle of treatment outlined by 

Swineford ( 1973), physical exercise would feature in 

both the specific and sympLomatic treatments 01 asthma. 

Avoidance of physical exorc ise constitutes specific 

treatment of asthma in pattents with tho tendency for 

• 
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severe EIA on slight provocation. Several studies 

(GOdfrey, 1975, 1977, 1981 and 1984; Jones, 1966 and 

1976; Jones et al, 1962 and 1963; McNeil et al 1 1966; - --
Anderson 19841 and Silverman and Anderson,l972) have 

reported that the occurrence and severity of EIA 

depend on the duration, level, type and frequency of 

exerciae. Thoroforo, tho specific treatment of EIA is 

not the total avoidance of physical exercise but the 

avoidance of specific asthmaqonic oxcrciao situations. 

The benefit derivable from the use of physical exercise 

as part of the symptomati c treatment of asthma include 

the balanced development of the physical and mental 

health of the child with asthma. If the exercise is 

carefully prescribed, the fear of EIA can be removed. 

2. 6 Principles of oxorc iso prescription for 

asthmatic children 

Accordinq to Nickerson~!! ( 1983), the optimal 

safe exercise prescription for asthmatic children is 

controversial. Several studios (Itkin, 19641 Fein and 

Cox, 1955 1 ~dcrcle, 19821 Peterson and McElhenny, 1965 1 

Sly, 19761 Holgate, 19831 Henriksen and Nielsen, 19831 

• 
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Godfrey, 1984; American Academy of Pediatrics, 19701 

and Graff-Lonnovig et al, 1980) hay' racommondod that 

asthmatic patients should engage in regular physical 

exorcise. 

From the studies of Fitch and Morton( 1971), Jones 

( 1966 and 1976), Sly (1976), Silverman and Anderson 

C 1972), Anderson et al (1971), Anderson ( 1972 and 1984), 

Godfrey (1975, 1977 and 1981) , it h known that some 

forma of exercise situations (type , duration, level) 

are more asthmagenic than others. While some authors 

(Fitch and Morton, 1971; Anderson ~ al, 1971; Silverman 

and Anderson, 1972; Anderson 1984; and Godfrey , 1984) 

recommend only forms of exercise that are unli :ely to 

provoke EIA, others (Nick~rson ct al, 1983; Peterson 

and McElhenny, 1965 and I t~ in, 1964), encouraged any 

form of exercise. 

From all the above Clled studies, it can be con­

cluded that asthmA could qot worse on exercise, that 

severo EIA is not evoked 1n all exorcise situations 

• 

and that roqular exercise is beneficial to the aethmatio 

child. Silvorm!n and And~ rson (1972) reported that 

exercise has become an accepted practice in the mana9ement 

• 
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of wheezy chlldren. Therefore, exercise prescription 

for the asthmatic children should be such that the 

exorcise programme is of appropriate duration that 

would not provoke severe EIA. It should contain appro­

priate types of exercise such that the overall effect 

of exercise will be non-asthmagenic. The intensity of 

exercise should be aubma~mal such that peak heart 

rate during exercise, does not exceed 180 per minute in 

children. The exercise programme should be in form of 

intermittent exercises; the frequency should bt at 

least twic~ weekly for a m1nimum of six weeks for 

maximum benefit. 

2.7 Exorcise protocol 

2.1.1 Duration ot exercise 

Jones ( 1966), Fitch and ~lorton ( 1971), Silverman 

and Anderson (19721, and Godfrey( l9i7 and 1981) 

reported that peak post exercise bronchoconatrlction 

occurred in exercise o! between six to eight minutes 

duration. The degree ot P-IA (bronchoconatrlctionl 

decreased on either side oC this peak. Exerci~es of 

longer duration such as the Marathon have been reported 

• 
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to be well tolerated by asthmatics (Nickerson et al, --
1983; and Mahlar et al, 1981). However, post exercise --
bronchodilation has in fact, been known to o~cur 

following brief exercises or between one and two 

minutes duration(Jones et al, 1962 and 1983). Fitch --
et a1 (1976) in their swimming training for asthma~c --
children, gradually increased the daily duration of 

swimrndng until it reached one hour. 

2.7.2 Type o! exerc1so 

Exercises such as frer range running and tread-

mill running are known to b~ highly asthmagenic while 

exercises such as swimming and walking have low 

asthJnagenicity . (Jones, 1976; Anderson, 1972; Silverman 

and Anderson, 19721 and Godfrey, 1977 and 1981). 

(Figure 2) . 

Haas et al ( 1976) recommended the use of light --
calisthenics while Jones ct al (1962 and 1963), Itkin --
(196 4), Jones (1976) and Godfrey (1977 and 1981) recom­

mended boll games , especially football. Adore1e (1982) 

recommended swimming as a sultablo form of exercise 

for aathmatl c children. 

• 
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The asthmatic subJects in the study reported by 

Itkin C 1964) hod calisthenics followed by period of 

games. Measurements of their performance were done in 

sit-ups, pull-ups, shuttle run, 50 yard dash and 

treadmill running. No adverse effects were observed. 

Scherr and Frankel 11958) recommended the usc of 

breathing exercises, postural exercises and non­

respiratory gymnastics. They reported a study in wh1 ch 

the exercises included rope climbing, swimming, tumbl-

ing and apparatus workouts with Roman rings, horizontal 

bars and medicine boll. The children were also taught 

skills of boxing, judo and self-defence. Graff­

Lonncvig ot al (1980) designed their exercise programme --
such that during the warm-up period, they did not 

allow any running, the warm up was followed by circuit 

training. Peterson and ~lcElhenny C 1965) included in 

their physical fitness teat~ exercises such as SO yards 

dash , standing brood jump, sit-ups, soft ball throw, 

agility run, pull-ups and rope climbing. It was 

envisaged that these exercises would improve tho sk1lla 

of running, throwing and catching . llyde and Swarts 

(1968) gave a group of prrennially asthmatic children 

• 
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The asthmatic subjecrs in the study reported by 

Itki n C 1964) had calisthrnics followed by period of 

games. Measurements of Lheir performance were done in 

sit-ups, pull-ups, shuttle run, 50 yard dash and 

treadmill running. No adverse effects were observed. 

Scherr and Frankel C\958) recommended the use of 

breathing exercises, postural exercises and non-

respiratory gymnastics. They reported a study in which 

the exercises included rope climbing, swimming, tumbl-

ing and apparatus workouts with Roman rings, horizontal 

bars and medicine ball. The children were also taught 

skills of boxing, JUdo and self-defence. Graff­

Lonnevig et al (1980) designed their exercise programme --
such that during the warm-up period, they did not 

allow any running, the w~rm up was followed by circuit 

training. Peterson and McElhenny ( 1965) included in 

their physical fitness t~st~ exercises such as 50 yards 

dash, standing broad jump, sit-ups, soft ball throw, 

agility run, pull-ups and rope climbing. It was 

envisaged that those exorcises would improve tho skills 

of r unning, throwing and catching . llydo and Swarts 

(1968) gave a group of perennially asthmatic chlldren 
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such exerc~ses as strengthening of the abdomin'l 

muscles , flexibility techntques to stretch the muscles 

of the upper limbs, rope climbing, tumbling and relays. 

Henriksen and Nielsen ( 1983) made the~r asthmatic 

subjects perform five to s1x minutes running on the 

treadmill with gradually increased work loads as the 

exercise test, while the actual six weeks training in­

cluded various ball games, running, ~tics , circuit 

training and team games such as relay race. Fitch et 

al !1976) designed a·flve-month swimming training for ..... 

46 asthmatic children. 

The American College of Sports Medicine (ACSM) 

(1978) recommended that the mode of endurance ,1c tivity 

should be such that would uoc large muscle groups as 

occurs in swi~ng, rope skipping , run/jog, b1cycling, 

skiing and other forms of onduranco activities. 

2.7.3 Intensity or level of exercise 

The ACSM (1978) recommended that the endurance 

exercise tor healthy adults should be sub~~mal to 

achiovo botwoen 60 per cent and 90 por cent of ~ximum 

' heart rotc reserve or 50 per cent to 85 per cent of 

• 
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maximum oxygen uptake cvo2 max.). However, several 

studies (Godfrey, 1977 and 1981; llolgnte, 1983 and 

Jones, 1966) on asthmatic ~hildren recommended sub-

maximal work load falling ~hort of provoking EIA such 

that will not exceed heart rate of 120 to 180 beats 

per minute. All the studie s prescribed a level that 

will not exhaust the child and a level that can be 

individual! sed. 

Graff-Lonnevig (19801 was of the view that each 

child should be encouraged to try to improve on his 

own record of cross country skiing rather than compare 

himself with other children. Peterson and McElhenny 

(1976) and Schorr and Frank~ l (1958) reco~nded that 

exercise should be individualised and no atte~t should 

be made to exceed the tole rance limit of the individt"Ja. 

Aderele (1982) recommended that asthmatic children should 

not be discouraged from physical exercise as long as 

they exercise within their limits of tolerance. Strick 

(1969) however, reported that asthmatics can tolerate 

graded vigorous exercise programme. Similarly, 

Nickerson ot al ( 1983) recommended that aathmat~c --
children who are receiving adequate drug therapy be 
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allowed to participate in vigorous exercise programmes, 

including the forms of exercise that can provoke EIA . 

2.7.4 Intermittent exercise programme 

Several studies have shown that interrupted exer-

cise is less likely to cause EIA than continuous 

exercise Pones, 1966 and 1976; Godfrey, 1975, 1977 and 

19811 Haynes ~ al1 19761 Jones et al, 1962 and 1963; 

Silverman and Anderson, 1972). 

Many endurance exercise programmes for asthmat~cs 
• 

have been designed with thts in mind (Henriksen and 

Nielsen 1983; Hyde and Swarts, 19681 Gratf-Lonnevig et -
al1 1980). -

2.7.5 Supervision or exercise 

Peln and Cox ( 1955), Scherr and Frankel (~958) 1 

Henriksen and Nielsen ( 1903) 1 Haas ct al ( 1976) 1 and --
Graff-LOnncviq et al C 1980) specifically recommended --
that physical exorcise programme for asthmatic child­

ren should bo supervised. Close supervision of asthma-

t1c children during training could be implied from the 

studios of Peterson and McElhenny (1965) 1 Hyde and 

Swarts (1!168) and Pitch £1 ~ ( 1976). Graff-LOnnevig 

• 
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!!! al (1980) made ~e asthmatic boys 

supervis~on of a physical education teacher while 

Fitch !1!! (1976) assignej each subject to a pro-

fessionol swimming coach. 

• 

2.7 . 6 Frequency of ~xercise per week and total 

duration of programme 

The ACSH (1 978) recorn~ndcd three to five exercise .. 
sessions per week for at least 12 weeks with each 

exercise session lasting b~twoen 15 to 60 minutes of 

continuous aerobic activity for the development and 

maintenance of fitness in healthy adults. 

The 36 asthmatic subjec ts in the study reported by 

Itkin C 1964) ox.orcieed daily for three months . . The 

asthmatic subjects who partic ipated in the f~ve months 

swimming progra~ by Fitch ~ !! (1976) started wi th 

three exercise sessions per week and the frequency 

increased gradually until Lhcy exorcised daily. In 

the study reported by Scherr and Frankel (1958), the 

programme was run twice a week with two sessions • 

daily; lhe subjects were instructed to practise at 

home daily. Tho 15 asthmatic childron who participated 
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in the distance running reported by Nickerson et al --
(1983) ran for four days in a week,for six weeks. 

The eight months programme Cor asthmatic boys reported 

by Peterson and McElhenny ( 1965) had three sessions 

per week. The subjects in the study by Henrik9en and 

Nielsen (1983) participated in 90 minutes of supervised 

physical training twice a week for a period of six 

weeks. Orenstein and Reed (198 4) studiod the response 

of asthmatic children to !our months running programme. 

Winder et al (1979) demonstrated that threo weeks of --
endurance training was enough to demonstrate increase 

in work capacity in healthy adults, while Henriksen and 

• 

N1olaonC 1983) felt that s1x weeks were enough in 

asthmatic children. Peterson and McElhcnny (1965) fourd the 

greatest amount of improvement in tho first four 

months of the programme. 

2.7.7 Moac ot exerc ue -
In the studies of Sohrrr and Frankel (1958) , 

Pe terson and McElhenny (1965) , Graff-Lonnevig et al --
(1980), Fitch £!!!. (19761, Haoa £.!!.! ( 1976) and 

Henriksen and Nielsen (1983), tho phyucal conditioning 
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programme 1n asthmatic ch1ldren were essentially aero-

bics whioh made use of large muscle groups all over 

the body. Circuit training, with exercises in sta-

tiona was used in the studi<"'. of Graff-Lonnevig et al 

(1980) and Henriksen and Nielsen (1983). 

2.7.8 Progression of exercise 

Haas et al (1976) recommended that exercise pro---
grammo for asthmatic children be gently graduated. 

Henriksen and N1elsen (1983) increased the distance 

gradually to 3.2 km. Fitch et ol (1976) progressed --
the aw1mming exorcise by 1ncreasing the frequency from 

three times weekly to once daily and by increasing the 

duration to one hour ot sw1mm1ng. The exercise 1n tho 

study by Graff- Lonnevig (1980) was progressed by 

changing to strenuouscross-country skiing for one week 

at five monthly intervals. 

(.8 Effects of endurance exercise training on tho 

respiratory function of asthmatic children 

When the exercise protocol is carefully worked 

out such that the exorcise is submaximal and the type, 
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duration and frequency are appropriate such that severe 

EIA is not evoked, many studies (Nickerson ~ !1• 19831 
• 

Fitch et al, 1972; and Haas et al, 1976) have reported -- --
no adverse effects of general conditioning exercise on 

the respiratory function of asthmatic children . 

At the end of the six weeks of distance running, 

Nickerson et al (19 93) found no change in the clinical --
status and the need for treatment of the children. 

They reported reversed episodes of EIA during the 

programme. There was also no change in the res-ing 

pulmonary function. In the study reported by Itkin 

(1964) on 36 asthmatic children who wont through three 

months exercise conditioning programme, the result 

revealed no worsening of the asthmatic condition. There 

was no significant change in FEV1 . This signified n6 

change in the degree of bronchial obstruction. Itkin 

(1964) reported no signi!icant difforonco in tho amount 

of medication required. Following a six-week period of 

physical training for 28 asthmatic children, Henriksen 

and Nielsen (1983) found no change in the resting 

pul monary function I they however, found a significant 

reduction in the degree of EIA. In the study reported 

• 
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by Scherr and Frankel (1958), there were some improve ­

men~~.in the clinical state and pulmonary function of 

the 25 asthmatic children who parti cipoted in the • 

study. The frequency and sever ity of aathmat ic 

attacks decreased in the subjects as a group. None of 

them required hospitalization, while in tho previous 

year, almost half of them wore hospitalised for asthma . 
.. After five months of swimming trainipg for 46 

asthmatic children, Fitch ~ al (1972) found s : gnificant 

decrease in the medication received and in the continuous . 
monitoring of the asthmatic state of the children. 

They found that tho frequency and severity of EIA after 

r unning, ~ras unchanged by swiJmling training. On tho 

whole, they observed no significant adverse effects 

either in the form of increased asthma or change in 

pul monary function during lho study. 

Graff-Lonnovig Q1 ~ ( 1980) at tho end of tho two ­

yea r follow up of asthmatic boys to who~ they did not 

give any pre-exercise bronchodilator , found an increase 

in the respiratory and circulatory dimensions. They 

noted that when EIA oocurr~d durin9 tho progran.~, it 

always subsided within 10 to 15 minutes without medical 

• 
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treatment (indicatJ.on of mild EIA) ; inhalation of 

beta-receptor stimulant was needed only occasionally. 

They concluded that long-term phyaical training had no 

apparent adverse effect on the reapiratory or circula-

tory coefficient• and functions in the asthmatic boys. 

2.9 Effects of endurance exercise training on the 

phyaical and psychological development of the 

asthmatic children 

Report• of many studJ.es while recording no chan~e 

(~dv~rae or poaitive), in the pulmonary function of 

aathmatic children following endurance exercise pro­

gramme, were almoat unanimous in reporting probably 

aome paychological benefit• aa well aa improvement in 

phyaical conditioning of tho children (Fitch et al, --
1976; Vavra et al, 19711 Scherr and Frankel, 1958 1 --
and Graff-Lonnevig et al , 1980). --

Hyde and Swart• (1968) contended that although 

exorciaea could not olim1nate the diaeaae of aat~a, 

however, aa a reault ot participation in the physical 

conditioning programme, the children were able to 

participate in mor~ schoo l gymnastics and were able 
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t o cope with extra physical demands. They then 

s uggested that a complete programme for perennial 

asthma should include the conventional medical , 
t herapy as well as special exercises to improvu the 

pa tients ' physical capabilities. Based on tlleir 

recults, they suggested that the exercise programme 

should be continued for as long as obstruction persists . 

The study by Graff-Lonncvig et al (1980) have --
shown that all the boys who participated in the 2-year 

follow up training progr~me showed very good ability 

to participate in the phys1cal activity programme at 

about the same level as the physical education given 

at school ·•it:hout ?re-exercise medication. This was 

because the exercise prescription was appropriate. 

Nickerson et al (1983) reported improvement in the --
fitness levels of their distance runners as measured 

by the specific teat for the training which was the 12 

minute run. 

Sch~rr and Frankel (1958) found that all the 25 

children in their study had deMonstrated improvement 88 

a result of participation 1n the programme by way of 

improvement and increase in school, homo and church 

• 
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activities as well as loss of fear of asthmatic 

attacks. They observed definite emotional improvement 

in each child . This was demonstrated by better adJuSt-

ment to others in ~aily activities. Many of the child­

ren wero able to participate in activities such as 

summer camping and school sports activities. Some 

of the children took up jobs as delivery boys and news 

boys. All theRe, according to Scherr and Frankel 
• (1958) were activities which the asthmatic children 

would not previously have attempted because of lack of 

confidence in themselves. Scherr and Frankel (1958) 

claimed that soue of the i\Sthmatic children gained tho 

respect of their friends and classmates by no longer 

being the coward or weakling of the peer group. 

Henriksen and Nielsen (1983) reported a beneficial 

effect of endurance training programma on EIB, physical 

fitness and physical workjng capacity. Tho scbjecta • 
• 

with the moat severe EIB were the least fit and they 

were the ones who gained moat from the training. 

Holgate (1983) recormcnded that rogulor phyaical 

activities are needed by asthmatic child ren to maintain 

their fitness and help th~m through difricult periods. 

• 
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From reports of s tudies carried out in Australia and 

the Nor th of England investigating the e ffects of pro­

gressive exercise training on asthma, Holgate (1985) 

was of the view that there seemed to be little change 

in obj ective measurements but quite a marked chanqe 

in the pat1cnt~ ' approach t o their disease and to 

sports. 

Peterson and McElhenny (1965 ) at the end of their 

eight months of endurance programme tor 20 boys con­

cluded that asthmatic children can benefit physically, 

• 

socially, emotionally and mentally from parti cipation · 

i n specially dosiqned, phys ical fitness programme. Thoy 

drew the conclusions baaed on the following findings1 

a . 80 per cent of the cl~aeroom teacher s were of the 

opinion that the children had improved in the 

• deqree of acceptance by other children in tho 

claae room , that the a ethmatic boyl par ticipated 

more fully in play qround activities and improved 

in emotional stability . 

b . There was an increase in tho intelligence score 

a s woll aa improvemen t in the subject s sociability, 

se l f - assertion and qroup activities . Ther e waa 

• 
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enhanced peer group acceptance as a result of the 

exercise programme . 

Itkin (1964) in his study on 36 asthmatic children 

reported that after the three months of physical train-

ing, subjectively, many of the children believed they 

had improved. Objectively, there was a statistically 

significant increase in the measurements of their ability 

to perfo~ the testa. 

The Acerican Academy ot Pediatrics (1970) recom­

mended that asthmatic children should participate 1n 
• 

carefully prescribed physical exorcise and sports for 

their paycholoqical well being . • 

• 
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CHI\PTER 3 

MATERIALS AND METHODS 

3. 1 Materials 

The materials used for this study ore listed 

below: 

Mater~als used for exercis~: 

l. IJooden bench (33 em high) • 

2 . Cassette player. 

3 . Recorded cassette of the Long Play record, "Be 

Hy Friend• by Dizzy ~. Falola. Track - "Baby 

kilode•. 

4, Skipping rope (2.4 mecro long). 

5. TWo batons made !rom rollod up now1pa?er (14 em 

circumference). 

6. Stop watch. 

'· TWo plastic balls (0.67S metre circumference) 

Materials for measurement• 

1. Plaltic tape ~••ure calibrated from zero to 

150 em. 

2. Lange Sklnfold callipor cal ibrated from zero to 

• 

.. 
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60 mm (Cambridge Scientific Industries 

Incorporated, Maryland). 

3. Mini-l~right Peak Flow Motor (Figure 5) calibrated 

from 60 L/min to 800 L/min (hirmed, england). 

4. Single Breath Wedgo Bollows Vitalograph Spiro­

~eter (Figure 6). (Vitalograph Ltd., Buckingham, 

England) . 

5. Paediatric Mouth Pi~ce adaptor. (Vital1graph 

Ltd., Buckingham, England). 

6. Paodiatric disposablo mouth pieces. (Vitalograph 

7. 

8. 

Ltd., Buckingham, England). • • 

Stadiomoter (Weight and Height scAles) calibrated 

froa zero to 140 kg (weight)and 75 to 200 em 

(height). (Wagebereich, Germany) . 

Stetho1copo1. (3M Company, England). 

Drug used to a11iat recovery froo exarci•e-inducod 

wheezing: 

1. Salbutamol aero1ol called Ventolln Inhaler (Allen 

and Hamburys (Glaxo) Ltd., London). Bach canister 

contains about 200 lnhalotlona. Each inhalation 

or puff delivers 100 oicrograma of aalbutamol. 
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60 mm (Cambridge Scientific Industries 

Incorporated, Maryland). 

3. Mini-Nright Peale Flow t-letcr (Fl.qure 5) calibrated 

from 60 L/min to 800 L/min {Airmed, England). 

4. Single Breath Nedgc Bellows Vitalograph Spiro­

meter (Figure 6). {Vitalograph Ltd., Buckingham, 

England) . 

5 . Paediatric Mouth Piece adaptor. (Vital1graph 

Ltd., Buckingham, F.ngland). 

6. Paediatric disposable mouth pieces. (Vitaloqraph 

7. 

8. 

• 
Ltd., Buckingham, England). 

Stadiomcter (Weighl and Height scales) calibrated 

froo zero to 140 kq (woiqht) and 75 to 200 em 

(height). (Wagebercich, Germany). 

Stethoscopes. (JH Coopany, England). 

Drug used to aaaiat recovery from exercise-induced 

wheezing 1 

1. Salbutaool aerosol called Ventolin Inhaler (Allon 

and lleburys (Glaxo) Ltd., LOndon). each canister 

contains about 200 inhalations. Each inhalation 

or pu!f delivers 100 oicroqracs of solbutamol. 
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Tho Sinqlc DrcRth W~dgc Bellows Vitologreph 
Spirocet.cr 

I 
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3.2 Subjects 

3 . 2.1 Selection of subjects 

To ensure that for thLs study only patients who 

have been properly diagnosed as being asthmatic were 

se~ected, all subjects were those attending the 

Paediatric Asthma and Chest Clinics of the University 

College Hospital (UCB), Ibadon. The following attri­

butes or factors were cons1dered in the selection of 

patients: 

1. Severity of asthma: It was originallv intended 

that subjects would be chosen from tho mild and 

moderate qroups usinq Aderele's 11979) 

classification. However, due to the inadequate 

nura.ber of subjects av.lilable, the sever! ty of 

asthma could no longer be u~ed as a criterion tor 

subject selection. Subjects for the experimental 

and the control groups wore therefore selected 

from the Qild, moderate and severe groups as they 

became available. 

• 

2. Ago: The subjects were between the agca or six 

years to 12 years. Children belov six years wcr 

excluded because it wns thought that they might not 
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cooperate with the exercise training and tho teats 

of respiratory function. While those above 12 

years are outside the usual age of paediatrics . 
• 

This ago range was also chosen because normal 

values wore available for the assessment of respi-

ratory function in Nigerian children within this · 

age range (Onadeko et al, 1979 and 19841 Aderele --
and Oduwole, 1983a;Oduwole et al, 1983). --

3. Sex: Boys and girls wore included as they became 

available. 

3,2,2 Rosponao rate 

A total of 35 asthmatic subjects were recruited 

over a period of eight weeks from the Monday Chest 

Clinic and the Thursday A~thma Clinic of tho Children 's 

Out-Patient Dopartmont of U.C . H. They wore to partici-

pate in the study either ~s control or as experimental 

subjects. Some parents r~fused to give their consent 

probably out of fear that exercise would worstn tho 

asthmatic condition of their children. This attitude to 
• exercise was also reported by Aderele (1985) . These 

children woro excluded. Out of tho 35 children, 23 were 

allocated to the experimental group on tho basis of the 
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willingness of thQir parents to allow them to partici-

pate in the programme. Twelve subJects were allocated to 

the control group on the b~sia that their parents said 

they wou ld not be able to find time to bring them three 

times a week for the programme. This was either due 

to the children being in the afternoon shift in school 

or the parents having irreqular hours of work. 
~ 

Fourteen of the 23 expcri.Jrcntal subjects complct:cd the 

pro<Jramme. The results of other subjects were cancelled 

because they missed at least, 25 exercise sessions and 

at least,five or the six fortnightly reassessment•. 

Five of the 12 eubjecte in the control group completed 

the programme. Three subjects had their results can­

celled because they did not come for up to five of the 

• 

eix aeeoaemonte and the final assessment. Four subjects 

did not even xoep their first appointment. 

On the whole, 19 subjects completed the study, 14 

as experimental subjects and five as controls. Tho 

s ubj ects in the experimental group were identified by 

numbers from &1 to El4 in order of their rocru tmont 

while tho controls were identified by numbers from Cl 

to C5 aa they wore recruited. 
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3.2.3 Education of subjects and parents 

The subjects and their parents were enlightened on 

the effects of physical exercise on aatnma. This was 

considered to be very important due to the serious 

nature of asthma in children . McCombs (1976) advocated 

that parents should be educa ted on the nature of asthma 

and the various therapeutic measures available. In this 

study, it was enviaaqed that improved parents' education 

would make the parents to qive more effective cooperation 

to the entire treatmont plan. The parenta were taught to 

observe their asthmatic children mor e closely and 

regularly. 

After aelecting the subjects, the purpose of the 

training and the teats were explained to them and their 

parents. Informed consent was then obtained from the 

• 

parents to enable their children participate in the atudy 

in compliance with the Dec laration of Helsinki of 1975 

~orld Kodical Assembly, 1975) and the American College 

ot Sporta Medicine (ACSM), (1979) . All the aubjects 
• 

were instructed to report any asthematic attacks which 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



• 

88 

occurred at home between oxercise sessions and the 

treatment they received. One orientation meeting was 

held with parents and children prior to entry into 

the programme to acquaint them with the purpose of the 

stud~ . It was stressed to the parents that the success 

of the programme and the maximum benefit to their 

children depended largely on their cooperation in ensur­

ing the transportation of their children to the pro­

gramme venue regularly and promptly. 

The children were motivated to work hard during 

evory exercise session and to attend regularly and 

promptly ao that they could derive maximum benefit from 

the programme. Some bit of self and group competitions 

were encouraged even though each aubject waa to exerciae 

at hie own pace ainco there waa no fixod cadence for 

performance. The children wero given amall gifts for 

regular and prompt attendance and for working hard at 

the sessions. At the and of each exercise seaaion, the 

parents and children wore given aome material inducements 

as part ot maximum encouragement to attend all the 

aeaa1ona. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



89 

• 
3 . 3 Methods 

3.3.1 Study design 

This study was an experimental clinical trial in 

which asthmatic children between ages six and 12 years 

participated in an endurance exercise programme tor 12 

weeks at a frequency of three exercise sessions per 

week. The endurance training and the testa were con­

ducted at the Physiotherapy Department, College of 

Medicine, U.C.H., Ibadan. Some of the ~red instru­

ments which were not available in the Physiotherapy 

Department were borrowed from tho Departments of 

Paediatrics, Medicine and Anaesthesia of the U.C.H. 

All patients enterinq the programme either into 

the control or the experimental group had detailed 

history of their illness and treatment taken. The in­

formation obtained from tho informant was compared 

with that of the patient's hospital case notes. Where 

there was conflicting informa tion from both sources, 

especially on issues pertaining to tho occurrence and 

severity of asthmatic attacks and the treatment given, 

the information in the hospital case note was upheld. 

• 
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Severity of asthma was computed from the number of 

asthmatic attacks as recorded in tho hospital caso notes, 

using the classification by Aderele (1979) • 

The following variables were measured pre-training: 

Forced expiratory volume in the first second (FEV1), 

forced vital capacity (FVC), and peak flow rate (PFR), 

respiratory rate, pulse rate, height, weight, cheat 

diameters, chest expansions and skinfold measurements. 

These were referred to as the initial pre-bronchodilator 

variables . 

Still pro-training, a bronchodilator aerosol 

C 9albutamol inhaler) was administered to tho subjects . 

The steps outlined for the correct uae of inhaler by 

Kelling et al (1983) and Lee (1983) were followed . --
Fifteen minutes later, the following variables were 

moasured& FEV1, FVC, PFR, respiratory and pulse rates . 

These woro roforrod to as tho initial post-br onchodilator 

variables. 

The initial pre- and post-bronchodilator variables 

served as baseline values to each subject to which 

subsequent values wero compared . In addition, there 

• 
• 
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was a control group to the entire experimental group. 

The control group was selected from tho available popu­

lation as described in section 3.2.2. 

The experimental subjects went through an endu­

rance exercise programme for 12 weeks at a frequency of 

three exercise sessions per wook. Tho exorcises wore 

arranged in stations in a circuit. They were all 

aerobic in nature. 

Before each exercise session, pre-exercise observa­

tions of the subjects were done. These included pulse 

and respiratory rates, presence of cyanosis, dyspnoea, 

audible wheezing, wheezing on auscultation and cough. 

History was taken of any asthmatic attack after the last 

exercise sossion and the details of treatment given. 

Any residual illness was also noted. From all the above 

observations, the suitability of the patient to partici­

pate in the day's exercise session was determined. 

The subjects in the experimental group ~~nt 

through all the exercise stations which constituted the 

cir cuit at any given exorcise aoasion. At each 

exercise station, subjects were closely observed for 

signa of exorcise-induced asthma (EIA) • They were 
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specifically observed for the presence of cyanosis, 

dyspnoea, audible wheezing, wheezing on auscultation 

and cough. From these observations, the suitability 

of the subject to continue with the exercise was 

determined. The subject was stopped from proce~ding 

with the exorcise if he was found to be excessively 

breathless accompanied by audible wheezing. Apart from 

s topping the exercise, salbutamol inhalation was 

administered and the patient's pulse, respiration and 

all the earlier stated observations were assessed at 

one minute, five munites and 10 minutes later. If 

after 10 minutes, the patient hadn ' t recovered or had 

gone into full blown asthmatic attack, it was arranged 

that a doctor would be contacted for the appropriate 

management of acute asthmatic attack. Even though this 

provision was made, it waa never utilized as the 

subjects recovered within 10 minutes. 

At tho end of each exercise seaaion, a post­

exercise observation was done. Thia included respira­

tory and pulse rates monitoring, prosonce of cyanosis, 

dyspnoea, audible wheezing, wheezing on auscultation, 

cough and onset of severo ~xercise induced asthma. 

• 
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These observations were done at the one minute, five 

minutes and 10 minutes post-exercise. The post exercise 

observations were used to assess recovery from exercise. 

In order to cope with emergency treatment of severe 

exercise-induced asthma during the entire programme, a 

tray was set up containing ampoules of Adrenalin inJections, 

ampoules of Aminophylline injections, J cc ard 10 cc 

disposable syringes, disposable needles, cotton swabs, 80 

per cent ethanol and salbutamol inhaler canisters. There 

was an arrangement with two paediatric Medical Registrars 

who could be called in case of emergency to give prompt 

treatment for acute asthmatic attack (as a result of 

exercise) depending on their assessment of the need of 

the patient . This provision was howeve~ never utilized. 

After the programme had commenced, repeated tests­

were administered fortnightly. On each test day, the 

following measurements were taken pre-exercise: PFR, FEV
1

, 

and PVC. At one minute and 10 minutes post-exorcise, 

these measurements were repeated. On test dLys (reassess-

monte), the usual pro- and post-exercise observations 

were done as for the other exercise sessions. Absence 

of a subject on any of the fortnightly test days 
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and the exercise session immediately followin~ the 

tost day, meant that the subject had missed the parti­

cular test and would be assessed during the next 

tort~ightly teat day. If however, he was present on 
• 

the exercise session immediately after the test day, 

his fortnightly assessment was done. The exception 

to this was the 12th week assessment C 6th reassessment) 

which was done only on the scheduled day because the 

final assessment was only one week away. 

One week after the last exercise session of the 

12 weeks training programme, all the initial pre-

bronchodilator measurements were done. They were 

referred to as tho final pre-bronchodilator ne. swe•cnts. 

Salbutamol inhalations were then administered. 

Fifteen minutes later all the initial post broncho-

dilator measurements were taken, they were referred to 

as the final post- bronchodilator measurements. 

For the control group, apart from obtaining the 
• 

detailed history of illness, the initial Md final pre- and poet­

bronchodilator measurements woro done juat as tor the 

experimental group. Pre-test ~asurc~nts were taken 

fortnightly as for the experimental group. Koweve~ no 
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exercise training was given to this group. The number 

of asthmatic attacks as well as the treatment given 

were closely monitored for tho control group throughout 

the 12-week period of the study. 

At the end of the 12-woek exercise programme for 

the experimental subjects and 12 weeks of only 

fortnightly measurements for the control subjects, they 

were all closely monitored mainly via their hospital 

case notes and also through personal contact for six 

weeks after the programme. 

3. 4 Exorcise protocol 

3.4.1 General dosign of exercise programma 

The exercises in this programme were chosen baaed 

on the various reports on exorcise and EIA and consider­

ing the local needs, ability and interest of the sub­

jects as well as the facilities available. While it was 

the objective of tho exercise design to avoid highly 

asthmagenic exercises, it was also desired to constantly 

' 

• 
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atimulate the intereat of the children, hence the 

inclusion of such activities as shuttle run, dancing 

and ball bouncing in the programme . Few people have 

access to swimming pool 1n Ibadan, even if a swimming 

pool was available, the children in the present study 

could not swim. One could therefore not include swim­

ming in the exercise proqramme in spite of the known 

low asthmagenicity of awimming. In order to encourage 

the asthmatic child to exercise regularly, the highly 

aathmagenic types of exercise were included in the 

programme hoping that with gentle graduation and close 

observation, severe EIA would not be evoked. 

The training progr~mme which waa made up of 

general conditioning exercises lasted for 12 weeks 

with three exercise sessions per week. Each 

aossion waa held between 4.00 and 6.00 p.m. 

The programme contained exerciaes which worked 

up the muacles in the whole body eapecially the large 

muacle groups sufficiently enough to have effect on the 
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~o-respiratory systems. While it was desirable for 

the exercises to be vigorous enough to cause mild 

broathlossnoss, severe breathlessness was considered 

dangerous and was avoided as severe exercise-induced 

asthma could be precipitated. Therefore, any ti~ 

excessive breathlessness or wheezing was observed 

during the excrcis~ the subject was stopped from fur-

ther exorcising for the particular soaaion and he was · 

given salbutamol inhalation to aid recovery from 

exercise. 

It was a group training with tho exercises in 

stations and arranged in a circuit . Each station was 

supervised by an assistant who ensured that the exer­

cises were performed prop~rly and who counted the num­

ber of times (repetitions) each exercise was pcrformod. 

Group training waa preferred for the subjects because 

they were children. Tho npirit of competition 

generated by the group tr~ining mado each child to put 

in his beat. Even though tho children exercised 

together, thoro was only one subject at a time in each 

station. Croup training was preferred for the children 

bt!causc it 1o0.1ld 1!\lkc e4ch child to fool thllt he was not 
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alone with his problem. There was one minute rest 

between exercise stations during which each subject 

carried out breathing exercises. The timing was uni-

form for the rest period~ and the exercise periods 

for a group. This exorc~se protocol was chosen 

because it was envisaged that the effect of circuit 

exercise would mimic excrc~ses of short duration per-

formed one after the other. (Jones et al, 1963). The --
following were the exerc~aes included in the circuit. 

Station 1 - 17 ~tre shuttle run. 

Station 2 Rope skipping . 

Station 3 - Ball bouncing on the wall. 

Stotion 4 - 38 metre walk/run. 

Station 5 - Bench step . 

Station 6 - Dancing. 

Station 7 - Zig zag broad jump. 

Station 8 - Running on the opot. 

Station 9 - Ball bounc~ng on tho floor . 

Station 10 - Jump to wall point. 

The subjects could nnter the circuit at any 

station but they all moved in clock-wise direction 

until they completed the circuit. 
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3.4.2 Specific dcacr1pt1on of exercise 

stations 

Station 1: 17 metre shuttle run 

For this exercise, the shuttle run teat designed 

by Matthews (1978) was used. Two parallel linea were 

marked on the floor 17 met res apart. Two batons mode 

of rolled up old newspapers were placed behind one of 

the parallel lines. The s ub j ect stood behind the other 

line which was then designa ted the •start line•. On 

the signal •co", the subject ran to the opposite line, 

picked up one of the baton· and ran back to the "start 

line• behind whi ch he placed the baton. The subj ect 

then ran back to pick up the second baton and placed 

it behind the "start line•. A cyclo was completed when 

the two batons were behind the "start line•. Tho next 

cycle began immediately wi t h a reversal of the "start 

line" so that there would be no need to return the 

batons to the initial posilion at the end of each 

cycle. Tho score was the number of completed cycles 

in the apocified period of Pxercise depending on the 

stage or progression as scheduled in the exerc1se 

programme as shown in Table 1. 
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Station 2: Ro!>! skipping 

II 2 . 4 metre long rope with a wooden handle at 

either end of the rope was used for this exercise. 

Each subject skipped using • suitable a 

length of rope for his height. Since the heights of 

the subjects varied, the length of rope was adjusted 

to the individual height . The rope was knotted in 

several places to shorten it while the knots were 

loosened to lengthen it for taller eubjects. The score 

was determined by countinq the number of timea the rope 

hit the tloor in front of tho subject for the duration 

of exorcise. 

Station 3: Throwing and catching a ball 

A plastic ball with ~ circumference of 0.675 

metre was bounced againot the wall and caught by the 

subject on its rebound. The subject stood two motrea 

from the wall, he was inetructed to throw the ball to 

a point about 20 centimetres ~m) above his height on 

the wall and to catch the ball on its rebound. The 

score was determined by the number of timos the plastic 

ball hit the wall for the duration of exercise. 

• 
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Station 4: 38 metro walk/run 

At this exercise station, the subject could 

either walk or run (Figure 7) !or the whole Ol ' part 

of a marked out rectanqul~r area with a perimeter of 

38 metres. The score was the number of times the 

subject went round the marked out area for the dura­

tion of exercise. 

Station 5: Bench stee 

A 33 em high bench w1s used for thia exerciae 

which was done at the sub Ject 's own cadence. The 

height of the bench was 1n conformity with the adapta­

tion of the Ohio State Un1versity Stop Test by Callan 

(1968) for elementary school boys. The subject was 

instructed to step up the bench and step down one leg 

after the other continuouRly for the duration of the 

exercise. Tho score was the number of times tho 

subject stepped up and down (one cycle) tor tho dura­

tion of exorcise. 

Station 6: Dancing 

At this station, the subjects danced to some 

popular local music which stimulated their interest. 

Each sub)ect was free to dance in hia own style. Only 

• 
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Subject Pcrl nrminq 38 m~trc wolk1 run. 
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the duration of dancing was recorded. 

Stat1on 7: Z19 zag broad jump 

The subject jumped two rowe of five •squares" 

each from one "square" to another 1n a zig zag 

fashion~lgures 8 and 9) following the adaptation of 

a teet advanced by Matthews (1978) • Each square had 

dimensions of 98 em by 90 em and had markings in tho 

centro indicating whore tho foot of tho eubjoct should 

be placed on jumping. A cycle was completed whon a 

subject jumpod from the "start" to the "tinish". 

Since the exercise was continuous for the duration 

alloted, at the end of each cycle, there was a reversal 

of the "start" and the "flnish". The number of cycles 

completed in the duration of exercise constituted tho 

score . 

Station 8: Running on the spot 

Tho subject ran on the spot for tho dura ~ion of 

exercise. No repetition of exercise was recorded 

for this station . 

Station 9: Ball Bouncing on the tloor 

A plastic ball with ~ circum!erence of 0.675 metre 

woe continuously bounced about on tho floor (Figure 10) 

• 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



104 

S!rART) 
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Fi9ure 8 : Zi9-zaq broad jump (Adapted from tlatthews, 1978). 
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• 

• 

• 

Piguro 9: Subject Performing Zig-Zag Broad Jump. 
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Subject Performing Ball Bouncing on the 

Floor. 

• 
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by tho subject for the entire duration of exercise. 

Only the duration of exercise was recorded for this 

station as it was difficult to count the number of 

repetitions. 

Station 10: Jump to wall point 

The subject was required to jump to reach a mark 

on the wall. The mark was made on the wall ~t about 

15 em from above the tip of the middle finger of the 

subject ' s outstretched r1ght arm (Figure 11). This 

was to make room for the individual variation in 

height. Tho number of jumps made in the duration of 

exorcise was the score. 

3.4.3 Progression o f exercise 

The duration of tho exorcise sessions was made to 

progress by increasing the ime spent at each station 

and therefore the total lime spent to complete the 

exercises in the circuit. Altornativoly, the exorcise 

was progressed by adding on more stations to the 

c i rcuit. There was a minimum of five sta tions and a 

maximum of 10 stations. The periods of rest were not 

considered as part of the duration of oxorcl so . The 

• 
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Fiqur e ll: Subject Performing " j ump to woll pointft . 
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time spent at each exerc1se station was from a minimum 

of one minute to a maximum of four minutes . The 

exercise programme was progressed weekly as shown in 

Table 1. 

Irrespective of the ti~ allocated to bo spent 

at each station, exercises were performed entirely at 

subjects own pace although the number of times the 

patient performed the exercise in each station was 

recorded. Since it is not desirable for the training 

to produce undue distress , the subJect should exercise 

to a level below the maximum of which he is capable in 

order to exercise safely. Therefore, no attempt was 

made to make the level of exorcise uniform for the 

group as a whole. Each s1mject was allowed to adjust 

to his individual tolerance. There was no pre-exercise 

administration of a bronchodilator. 

Although the American Colleges of Sports Medicine 

U978) recommended a minimum of 15 minutes per exercise 

session for an endurance programme for healthy adults, 

for the purpose of this study, the total duration of 

exercise was started at f1vc minutes and gradually 

increased to 40 minutes . Starting at 15 minutoe 

• 
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TJ\DIE 1 

~ly ptOJteBSlCJ'l of exercise progc&n•e 

NIJTber of Tim' spent at TotAl duration 
• e>COI'Cl.M eachatatim of eJCilt'Cise 

atation.s l minutu) 6nlnutes) 

-
l 5 1.0 5.0 

2 5 1.5 7.5 

3 6 1.5 9.0 
• 
' 4 6 2.0 12.0 

5 7 2. 0 14.0 

6 7 2.5 17.5 

7 8 2.5 20.0 

8 9 3.0 '24 . 0 

9 9 3.0 27.0 

10 9 3.5 31.5 

ll 10 3.5 lS.O 

12 10 4.0 40.0 

• 
• 
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durat i on might produce such a dra.tic fall in lung 

f unction measurements that the subjects and their 

parents might lose confidence in the programme as a 

result of excessive breathlessness. Tho excrc~se 

programme was designed such that the respiratory 

endurance of the subjects would be gradually built up 

from spendi ng one minute pe r exercise station with 

t o t al duration of exercise of five minutes to spending 

four minutes per exorcise btation with total duration 

of exercise of 40 minutes. 

3.4 . 4 Exercise sess1ons 

Each exercise session was described such that the 

week and the day of the exerc ise was depleted. Each 

of the weeks one to 12 was doscr1bed by tho correspond­

i ng number. Tho days of the week wore designated 1, 2 

and 3 for Monday, Wednesda~ and Friday respectively. 

For example, the Wbdnesday exercise session in the lOth 

week was described as 10:2, while 6:1 reforrod to tho 

Monday session during the 6th week. 

There were supposed t o be 36 cxorciso soss1ons in 
• 

tho entire programme, but only 34 were hold as t wo ot 

• 
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the days fell on National Public Holidays. 

3. 5 Measurements ttestsl 

Before measurements w~re commenced, there was a 

pre-test run of procedures Each child was asked to 

repeat each test until he was familiar with the techni­

que, then the initial pre- and post-bronchodilator 

aaaesamenta were done. Menaurementa for tho initial 

assessments were not done duri ng or immediately after 

on acute attack ot asthma. They were taken in between 

attacks. Tho initial assessments included the follow­

ing measurements. 

3.5.1 Peak Flow Rate IPFRl • 

Th1s was measured us1ng a Peak Flow Meter. In 

order to overcome tho probl em of excessively largo 

dead apace which would not record PFR below 150 litres 

per minute aa obtains in the Pulmonary Monitor 

~y Vitalograph Ltd., Engla nd), a Mini-Wright Peak 

Flow ~eter specifically doa ignod for paediatric 

measurement was usod. ~~aquremcnts aa low aa 60 litres 

per minute could thore!ore be recorded (See Figure 5). 

• 
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PFR was measured with the subject in sitting 

position(Flgure 12). The t echnique of performing the 

teat was demonstrated until the child had become 

familiar with the proccdur~ . Each subject was in­

structed to take a deep bre ath and apply his lips 

tightly round the edge of t he disposable mouthpiece, 

and to breathe out as hard and as fast as poaa1blc. 

The teat was repeated thrc~ times . The best record1ng 

was taken as the value of PFR. The measurements were 

recorded in litres por mi nute. Predic ted normal 

value of PFR for each chil t was estimated from age and 

sex using the values obtained by Aderale and Oduwole 

a98Ja). See AppendiX 86. 

3.5.~ Forced Vital Capacity (FVC) and lorced 

Expiratory Vo lume in the First second 

(FEVll 

rvc and rev
1 

were moas urod using a spirometer. 

For this study , a single b readth wodgo bellows 

Vitaloqraph spirometer was used. Prior to spiromotry, 

each child was made to prac ti ~ full exhalation with 

the use of brightly coloured baloona. A little 

• 

• 
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• 
PFR was measured w1th the subject in sitting 

• 

posi t ion(Flgure 12). The technique of performing the 

test was demonstrated unti l the child had become 

familiar with the procedur~ . Each subject was ln­

structed to take a deep bre ath and apply his lips 

tightly round the edge of t he disposable mouthpiece, 

a nd to breathe out as hard and as fast as poss1ble. 

The test was repeated three times. The best recording 

was taken as the value of PFR. The measurements were 

recorded in litres per minute. Predic ted normal 

value o! PFR for each child was estimated from age and 

sox using the values obtained by Aderele and Oduwolc 

098Ja). See Appendix 86 . 

J.S.~ Forced Vital capacity (FVC) and lorced 

Expiratory vo lume in the Fir st Second 

(FEVll 

FVC and FEV
1 

were mea s ured using a spirometer. 

Por this study, a single breadth wedge bellows 

Vi ta lograph spirometer was used. Prior to spirometry , 

each child was made to prac ti•~ full exhalation with 

the use of brightly coloured baloons. A little 

' 

• 
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l~asurement ol PFR using a Mini~riqht 

Peak Flow ~lctcr. 
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competitlon was lntroduced into the baloon blow1ng. 

Each child was allowed to take away as many baloons as 

he could inflate fully. The technique required maxi­

mum 1nspiration followed by a forced, rapid, maximum 

expiratory effort. Tho following were the procedures 

prior to testing. 

a . The splrometer was connected to electricity supply. 

b. The vitalogram chart was inserted into the carrier 

which was moved to the starting position such that 

the stylus point was on the "stylus startft line 

of the chart just off the grid (Figure 6). 

c. Tho paediatric adaptor was cleaned and fitted 

into tho breathing tube, the disposable mouthpiece 

was fitted tightly into tho adaptor. 

d. The test procedure was explained and de~nstratcd 

several t1mes to the sub)ect. All forms of restric­

tions in the subject's clothing were removed. 

e. The measurements were taken with tho subject 

seated on a chair wi lh a back rest. 

After these preliminnries, the teat commenced. 

Each subject was instructed to take in a deep breath, 

apply his lips tightly round the edge of the mouthpiece 

• 
• AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



116 

and broatho out as fast and as hard as possible into 

the mouthpiece while the operator pressed the 

•Recor ding" knob (Figure 1 1) • At the preliminary 

stage, the subject's nostrils were clipped between 

the operator ' s thumb and middle finger to prevent a1r 

leakage via the nose and get him used to exhaling com-

pletely through the mouth. The actual teats were done 

without nose clipping when the patient had got used 

to breathing out via the mouth only . The subject was 

encouraged to cont1nue to breathe out until the stylus 

point no longer showed any movement . 

The measurements were recorded using the BTPS 

volume scale on tho right hand aide of the chart. 

Similar to the reports by Nowak 2! !!C(l979), Onadeko 

et al (1979), Oduwole et al (1983) and Henr1ksen and -- --
Nielsen (1983), the test was performed three tJmes on 

each subject and the best recording was used. Prom 

each teat, tho FEv1 and FVC were determined from the 

vitalogroph tracing . (Figure 4). . Both the FEV1 and 

FVC were measured in litrer.. Predicted normal values 

of FVC and rev1 were estimated for each child from age 

and sex us1nq tho values obtained from Oduwole !! al 

• 
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Measurement oC rcv1 and FVC using o 

Vitalograph Spirometer. 

• 
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1 1983). See Appendix 87. 

3.5.3 Chest diameters 

Cht!st diameter measur "ments included anten.o­

postcr1or diameter to the right and left, and lateral 

diameter, using non elastic tape measure and recorded 

in centimetres. Measurement of lateral diameter was 

taken at t:ru level of d-e tip 01 the stcmun (by locatit q the tip of 

the xiphoid cartilage) from the midaxillary line on the 

left side to the midaxilla ry line on the right side. 

Measurement of the anterio- postcrior diameter was taken 

at the level of the tip of the sternum from the ante­

rior midline of the body to the posterior midline of 

the body, on the left and right sides. 

3.5.4 Chest expansions 

~~asurem@nts of chest expansion were taken at 

maximum inQp1ration and th~n at maximum expiration. 

The difference between the measurements represented 

chest expansion. Measurements wore taken at three 

levels namely: apical, lateral costal and diaphragmatic. 

Apical expansion was measured at the level of the 

•terne>-I"UilWriun junction (,,nglc of Louis) • Measurement 

• 
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of lateral costal expanaton was taken at the level of 

the tip of the sternum (llp of xiphoid cartilage), 

diaphragmatic expansion was measured at the level of 

the tip of the tenth rib. All measurements were taken 

using a non-clastic tape measure, and recorded in 

centimetres . 

Measurement of chea t expansion at var1ous levels 

served as somo pointer t o restrictive chest condition 

in addition to the obstruc tive airway condition of 

asthma. 

3.5 . 5 Respiratory and pula~ rates 

Respiratory rate per minute was taken by listening 

to respiratory movements using a stethoscope. The 

number of excursions per minute was counted using a 

atop watch. Pulse rate was estimated by count1ng the 

radial pulse per minute using a stop watch. Radial 

pulse was obtained by liqhtly pressing the middle 

finger against the raidal artery above tho wrlst. 

3.5.6 Weight and height 

Each subject was weighed with only his under­

clothes on. Weight was recorded in kilograms. !Ieight 

• 
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of each subJect was mcasuzed and recorded in centi­

metres! 1t was token without shoes on. Weight and 

height were measured us1n1 the stadiometer. 

3.5 . 7 Body compos1t1on 

The effect of training programme on body composi­

tion was assessed by estiPatlng lean body weight (LBW), 

per cent body fat (\ tat) and body density (D8 ) . In 

order to estimate the above, a Lange Skinfold calliper 

was used to measure subscapular and triceps sk1nfolds . 

The following Parizkova Equations (Parizkovo, 1961) 

were used to compute body density for tho age group 

stated by the equation as woll as for children between 

ages six to eight years a~ thore was no other appro­

pria~ equation for them. 

Males 

9 to 12 years: 

Females 

9 to 12 years: 

De • 1.108 - 0.027 log triceps 

- 0.039 log subscapular 

D
8 

• 1.ors - 0 . 014 log triceps 

- 0.036 log. subscapular 

Siri ' s Equation (Siri, 1961) wos usod to compute \ fat 

for all the subjects from tho known body density !D8). 

• 

• 
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Siri's Equation: ' fat = - 450. 

3.5.8 Final subjective assessment 

At the end of the 12-week training period, the 

parents of the experimental subjects were requested 

to subjectively evaluate the programme and its effects 

on their children. The questionnaire (Sec Appendix F) 

was administered on the p~ient or guardian who usually 

brought tho SubJect for the exorcise sessions. 

3. 6 Treatment of data 

l. The percentages of r&v1 , FVC and PFR values from 

the tests to the pred1cted normal values were 

dete~ned for all the subjects for the entire 

study. 

2. The summ4ry values showing mean and standard 

deviation were comput~d for all the measured 

variables. 

3. 2 Paired t-tests and the chi square (X l testa woro 

used to determine the significance of differences 

or changes during the programma. 
• 

4. The analysis of variance CANOVA) procedure was used 

' 

• 
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to determine the over~ ll changes that accompanied · 

the 12 weeks ot the e ndurance programme. The 

changes were considered to have taken place over 

eight stages of the programme . The eight stages • 

were: Initial pre-bronchodilator, Reassessment 1 , 

Reassessment 2, Reassessment 3, Reassessment 4, 

Reassessment 5, Reassessment 6 and Final pre-

bronchodilator . 

5 . Each hypotheais was t t's ted at 0.05 level pf 

significance. All th<' tosts ~2 , t-tosts and r­

ratio) were significant at tho 0.05 probability 

level. 

6. The data analyses were done both manually and 

using a computer. 

• 
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CHJ\I'TER 4 

RESULTS AND DISCUSSION 

4. 1 Results 

4.1.1 . Physical Characteristics of Subjects 

(Appendix Cl 

• 

The baseline (pre-programme) physical character­

istics of the subjects in both the experimental and 

control groups are shown 1n Table 2. There were six 

qirls and 13 boys in the entire group. 

The experimental group was made up of three girls 

and 11 boys while the control group was made 1p of 

three qirls and t wo boys. There was no significant 

difference 1n the mean age of tho t wo qroupa (t • 0.263s 

p > 0 .os) . 

4.1.2. Clinical History of Subjects 

C Appendix A} 

This refers to the clinical history of the asthma­

tic condidon in all the subjects with special emphasis 

• 

on the clinical history durinq the period of three months 

before the commencement of this proqrammc. 
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TABLE 2 

Physical Characteristics of Subjects ~re-exercisel 

• 
~ end Standard r.cnaticn 

l'tlyaica.l 0\a.ract:erlstic:s 
Elcpt ~ Q:nt:ro1 ~ t-Value 

i'qa (Yaara) 9.18 + l. 74 9 + 2.12 0.263 (N .S . ) 

Hei~t (all) 129.34 + 12.47 126.1 + 10.96 0.55 IN .s. l - -
WQJ.~t (kq) 23.97 + s.as 40.68 + 5.68 1.10 (N .s.) - -
Bodt <B•J.ty (ltg/11 tre) 1.(!;0 + 0.004 - 1.054 + o.oos 1.62 elLS.) 

Pcr'a!nt fat l8.0 + 1.9 - 19.6 + 2.6 1.26 (N .s.) 
Fat \obicjlt (kq) 4.4. + 1.4 4. 1 + 1.4 o:4l (N .s.) - -
I.ein 8odi We.icjlt (kq) 19.6!. 4 .6 16.6 + 4.3 1 . 31 (N .s .) -
Lateral Chest Dlaret:er (C111) 31.9 + 2.6 29.8 + 2.4 1.64 (N , S.) - -

30.7 + 2.7 28.9 + 2.0 - 1 . 56 (ll . S .) 
• 

Lett. .., t:eri.ortXlSterior chest. 30.7 + 2 . 7 28.9 + 2 .0 1.56 IN .s . l -
Dllrl!t:er (CD) 

N. S. • Not siqnificant 
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Tho moan and stanaard deviation ot ago at onset 

of asthma in the oxporimcntal and control groups were 

3. 5 ! J.l years and 4.5 ! 2.4 years respectively 

(Table 3) • 

The moan and S.D. of duration of illnesa(asthma) 

were 5 . 6 + 2.47 years and 4,4 • 1.8 years respectively - -
in the experimental nnd control groups (Table J) . 

There was no aigni!icnnt dif ference in the moan dura­

tion of illneaa of the experimental and control qroupa 

It • 1.153; P > 0.05). 

The entire group was made up of four mild aath­

IIIAtics, 13 moderate Asth.r:mtics and two severe asth-

mattcs. The oxporimcntal group was mode up of throe 

~ld asthmatics, ten moderate asthmatics and one 

severo asthmatic. There w~s no significant difference 

in the distribution ot severity of asthma in both the 
2 experimental and control groups (X2 = 0.64; P > 0.05). 

The factor precipitating asthma was unknown in 

ll ot the entire subjects. Five of tho 19 subjects 

gave cattarrh AS the known precipitating factor. In 

one SUbject, exercise was the precipitating factor. 

• 
• 
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TABU: 3 
Clinical !list:ory 

5 
l'qo at ~tial NIJTt:e.r of lbsenteei.sm 

tudt Nl.mlor Ol3Ct of illness Severity of Precipit:Bnt asthnatic school at ac'XXlU' 
(yo..ara) {~) ast:tum of asthma at;tad(s 3 of ast:hmil 3 

~t:hs before I'I'Cilt:hs bcfoJ:e 
Pl?i!tlltuu progtilitne(dayal E>cpo r1r.cn tal Cro\§.:! 

E1 0.92 7 .08 z.txbrate ll'll<no.n c 2 5 
D.Q Catt.Ari:h - .... ;> 

E) 2 5 U'\lcna.m E4 l.t\kno.'n ll'\lcno.m ~rdse ES 4 7 !-txbrate Ullcno.n Nc e E6 0.33 5.67 Hot\! rate c:attarm ....... "M'lt cable • £7 3 5 Mild ll'\Jcncwn 1 1 £8 9 1 Mild ll'\Jcncwn 1 NCI'Ie E9 6 4 l'b?rate Eating bread 1 3 E10 l lO }tbjprate Cattarm 2 Tel:poraxy vi Ell 3 5 M::Y<'> rate ll'\Jcncwn 1 1 EU 4 6 !-U.ld ll\kno.TI Ncne Ncne El3 10 2 ~•ate Cat tanh 3 lO 
£14 0. 75 9 . M::lderate Cattarltl 2 6 t-u en 3.25 5.21 - - 1.64 J.S I S . D. 3.14 2.81 - - 1.5 3.6 

cmuo1~ 
5 tot>rerate lhl<naoTI 2 5 4 

C2 5 2 MXSerate tWcncwn ~ 10 
C3 7 3 M::lderate ~ 2 5 
C4 6 6 Seve.re Dust ~ 8 
cs 0.67 6.33 M1.ld U'llcncMI None Ncne 

5.6 I 4.53 4.47 - - • l'blln 
l.S 3. 8 2.43 1. 89 - -S.D. 
1. 8 ~.J 3. 59 5 .02 - -0\larall *-' 
1.5 3. 7 2. 96 2. 57 - -s.o • 
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He waa a severe asthmatic tnd was 1n tnc experimental 

qroup . The other severe asthmatic, who was in the 

control group had asthma precipitated by exposure to 

duety environment (Table 3) • 

~ wns a positive history ot asthma in the 

fandly of five &ub)octs; two of these (C2 and C3) 

were siblings (Sec ~ A ) . Tho number of asthma­

tic attacks three months before tho start of the atudy 

in the entiro group ranged from zero to aix with a 

moan and S.D. of 1.8 + 1.5 ~ttacks. Throe of the -
sUbjects had no nltack at nll. Two (1 ~.3\) of the 

SUbjects in the oxporiment.tl group were symptom-free 

in tho three months prococllnq the programme while 12 

(85.7\} had asthmatic attacks. Four of the controls 

had asthma three I"'nths be fore the programme while 

the fifth subJect was symptom-free (Table 3) • 

One subject was admitted into hospital on account 

of asthma dur1ng the three months pre programme period. 

The Subject was severely asthmatic and in the experimen­

tal group; he was admitted into hospital three times. The 

~r of Attcnd4nces at tho 1\sthn.l Clinic during three months 

• 

• 
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before tho programmo,rang~d from one to 11 in tho 

ent1rc subjects. 

All the aubjocts war~ routinely placed on inter-

mittcnt bronchodilator therapy by their doctors. Tho 

drugs were usod only when required . The bronchodi­

lator drug used by all the ~ubjects was snlbutamol 

(Ventolin) . Salbutamol w~s administered as syrup in 

three subjects while it was used in tho tablet form 

in the remaining 16 subjects (Appendix A ) . Each 

tablet or Smls syrup cont~tns 2 milligramms ( mg) of 

salbutamol B.P. Thoro wa no significant difference 

in t hemoan daily dosage of aalbutamol between the 

experimental and control groups 

2 tx 2 • 0.434; r > o . OS) . 

Absenteeism from school on account of asthma 

three ~ntha before tho programme ranged from no 

absenteeism to temporary withdrawal from school 

(Table 3). One of the subJects had not started school. 

One subject who was in the experimental group lad 

Withdrawn temporarily from school for the rest of the 

• 
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achool yoar duo to too fr~qucnt abaonteoia~ from 

achoo l which had resulted in an ~y poor academic 

performance. Tho 17 SubJects who wore attending 

school miaaod an agqreqatc of 73 school days because 

of asthma , as reported by the parents. Twelve of 

these subjects were in the experimental group; they 

aissed an agqroqate ot 56 school days while the five 

Subjects in tho control group missed an aqqroqato of 

28 school days because of nothma. 

4.1.3. Daaolino pulmonary function testa 

(See Aepondicca 82, 83, 84, 85, B6 and 87) 

4.1 . 3.1 Peak flow rnte C PFR) 

The baseline values (initial pro-bronchodilator 

values) of PFR of Lhe entire subjects ranqed from 100 

to 260 litres/minute with a mean and standard deviation 

(S . D. ) of 192 + 45.9 litrc~ 'Min. -
The initial pro-bronchodilator (IPRB) value of 

• 

PPR i n the exporimontal qroup ranqod from 100 to 260 

litres/min with a mean and s.o. of 197.5! 44 .49 litrca/ 

•in. The IPRB value of PFR in the control group ranged 

• 

• 
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fro• 120 to 2&0 l1trea/m!n. with o mean and s.~. of 

178 + 56. 75 H tros/m.ln. -
Table 4 shows tho relationship between the base­

line values of PFR and the predicted normal value 

(PNV). It also shows the relationship between the 

IPR8 value and the initial post bronchodilator arOB) 

value ot PFR. All the subjects had IPRB value leas 

than the PNV of PFR. No subject had IPRB value less 

than SO\ ot PNV, while none or them had IPRB value 

above 90\ of PNV of PFR. There was no significant 

difference in tho \ PNV of initial 

PPR in the experimental and control 

p ) o. 05) • 

pre-bronchodilator 
2 groups C x3 • 4.3891 

Fifteen ~nutos after the administration of 

ventolin inhalation, all the subjects had increased 

PPR values (Initial Poet Bronchodilator value). Thia 

increase ranged from 9 . 5\ ot the ~nitial pre-broncho­

dilator value ot PFR to 45\ with o mean and S.D. of 

20.83! 11.54\. There was no significant difference 

2 IX4 • l.9JJ; p > 0.05) in tho percent increase of 

the initial pre-bronchodil~tor PFR between the t wo 

groups atter bronchod~lotor administration . 
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TABLE 4 
BASn.IN£ \OOlES OF PFR JlS REIA:I.m '1'0 PNV A'«> lPOO VALLES 

St~ t.\.r:ber Aqc PNV of n;RB val~.e \ PNV of llU! value 
(years) PFR 0t@ IPRB value of PFR 

\ llU! value 
of IPRB 
value 

f?ilcrinental. Gt'?£ 
El 
E2 
EJ 
E4 
E5 
E6 
r:7 
E8 
E9 
E10 
Ell 
El2 
Ell 
I:H 
~ban 

S.D. 
Clal t.ro1 Gro\.p 

Cl 
C2 
C3 
C4 
cs 
~an 

S . D. 
()..lernl1 ~an 

S .D. 

8 
8 
1 

10 
11 
6 
8 

10 
10 
11 
8 

10 
12 
10 

9.21 
1.72 

9 
7 

10 
12 

7 
9 

2.12 
9 . 15 
1.77 

260 
260 
211 
294 
310 
181 
260 
294 
294 
310 
260 
294 
332 
281 

274.74 
39.5 

270 
216 
294 
332 
216 
265.6 
50.39 

272.37 
41.33 

( ) (IJM[N)__ _ 

2X> 
185 
1&J 
l&J 
2.50 
10) 

lSO 
240 
160 
200 
210 
1&J 
260 
2«> 

197.5 
44.49 

1&J 
l..D 
200 
260 
120 
178.0 
56.75 

192.4 
45.9 

88.5 
71.1 
82.9 
61.2 
&J.6 
55.2 
57.7 
81.6 
54.4 
64.5 
&J.8 
61.2 
78.3 
76.2 
71 
11.65 

66.7 
60.2 
68.0 
78.3 
55. 6 
65.76 

8 . 6 
69.6 
10.96 

260 
"10 
200 
215 
2&J 
145 
2CX) 

2JO 
190 
260 
2X> 
2X> 
290 
2JO 

232.14 
41.4 

220 
l&J 
240 
295 
lJO 
221.0 
50.29 

229.21 
42.73 

113.0 
llJ.S 
111.1 
l..l9. 4 
112 
145 
133.3 
112 .5 
118.8 
1X> 
109.5 
127. 8 
111.5 
112.5 

119 . 28 
10.69 

122.2 
138.5 
120 
113.5 
141.7 
129.18 
12.27 

120. 83 
11. 54 

lPRB - Initi al pxe b ra!dlodilator 
IPOB - Initial post-bronchodilator. 

• Increase 
1n IPIQS 
val~.e 

13.0 
13.5 
11.1 
19. 4 
12.0 
45.0 
33.3 
12 . 5 
18.8 
X>.O 
9.5 

27. 8 
u.s 
12 .s 
19.28 
10.69 

22.2 
38.5 
20.0 
13.5 
41.7 
29.18 
12 . 27 
20.83 
U.S4 
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4.1. 3 . 2 Porccd Expiratory Volume in the 

first Second (FEV1l. 
The baseline valuoo (IPRB value) of FEV1 in the 

entire subjects ranged from 0.3 litre to 1 . 35 litrea 

wi th a moan and S.D. of 0.958 ! 0.294 litre (Table 5). 

The IPRD values ot FEV1 in the control 9roup ranged 

from 0 . 3 litre to 1 . 3 lilrcs with a mean and S.D. of 

0 . 85 ! 0.424 11tro. The lPRD values of FEV1 in the 

experimental group ranged from 0.6 litre to 1 . 35 

litrcs with a moan and S.D. of 0 .996 + 0 .255 litre -
(Table 5) • 

Table S shows the relationship between the baoc­

lino values of Ftv1 and the PNV of FEV1 . It also 

shows the relationship between the IPRB value of FEV1 

and the IPOB values . All the subjects had IPRB values 

leas than PNV of FEV
1

• N~ subject had IPRB value of 

FEv1 leas than 20\ ot PNV wh1le none had value above 

90\ of PNV . There was no signi f1cant diffe.rena! m the \ PtN 

o£ the in1tial FEVl in the two groups (X~ a 3.45; 

p ) 0 .05) • 

• 
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T A BLE 5 
fEVl: as related to PNV and IPCI! 

St1Jdt Nu!tler ~ PNV of IP!e val~ \ PNV of IPCB val~ 
\ IPCB \Increase 

(YcA111) rev1 of rev1 IP!e val1.2 of FEV1 
wl~of in IPI6 
IP!e value valoo 

E)qleri:rcnta1 Gxu.p 
£1 8 1. 34 0.8 59.7 1.05 131.25 31.25 
E2 8 1.34 0.6 44.78 0.85 141.67 41.67 
EJ 7 1.32 0.95 71.97 1.15 U1.05 21.05 
E4 10 1.68 0.85 50.6 1.2 141.18 41.18 
ES ll 1.79 1.2 67.04 1.5 125.0 25 . o 
E6 6 l.U 0.6 53.57 0.9 150.0 50.0 
E7 8 1.34 0.75 55.97 1.0 133. 33 33 . 33 
E8 10 1.68 1.35 80.36 1.7 U5.93 25.93 
E9 lO 1.68 0.9 53.57 1. 75 194.44 94.44 

• £10 ll 1.79 1.3 72 . 63 1.7 130.77 30.77 
Ell 8 1.34 1.1 80.09 1.5 136 . 36 36.36 
E12 10 1.68 1.25 74.41 1.5 uo.o 20.0 
Ell u 1.87 1.25 66.85 1.6 U8.0 28.0 
EH 10 1.47 1.05 71.43 1.3 123.81 n.o1 

t\lan 9.21 1.53 0.996 64.5 1.33 1lS.9 35.9 
s .D. 1.71 0.23 0.255 ll.4 0".31 18.9 18.9 

0%1 trol GrO\.p 
Cl 9 1.5 1.3 86 .67 1.6 123.08 23.08 
C2 7 1.15 0.55 47.83 0.8 145.46 45.46 
C3 10 1.68 0 . 9 53.57 1.05 116.67 16. 67 
C4 u 1.87 1.2 64 . 87 1.35 lU.S u.s 
cs 7 1.15 0.3 26.09 0.55 183.33 83.33 

!-ban 9 1.47 0.85 55 . 81 1.07 136.2 36.2 
S.D. 2 .12 0.32 0 .424 22.3 0. 49 29.3 29.3 

0.~ t-ban 9.15 1.52 0.958 r2.2 1.27 136.0 36 . 0 
S . D. 1.77 0.25 0 . 302 14.8 0.35 21.0 21.0 

~ 
ForoBd ~irotoey Vo1~.r.C in the fiz:st seoond -- Predicted Nozl!l!ll Value 
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Fifteen mtnutea aft~r tho a~n1stration of 

ventolin inhalation, all the subjects had increased 

FEV1 valuoa. The increase ranged froQ 12.5\ of IPRB 

value of PEV1 to 94.4\ wi th mean and S.D. of 36! 

21 . 2\. Tho moan and S.D. percent increase in the 

experimental group were 3S .9 ! 18.9\ while they wore 

36 . 2! 29.3\ in the control group. The difference in 

tho two groups was not a1 qn1 ficant (X~ • 4 . 457; P > 0.05)• 

4 .1. 3. 3. Forced Vitcd Capac! ty {FVC) 

Tho basoline ( initial pre-bronchodilator) values 

of rvc in tho entire aubj~cts ranged from 0.51 litre 

to 1.7 litros with a mean and S.D. oC 1 . 118 + 0.311 -
litres ( Tablo 6). The bnse line values of FVC in the 

experimental group ranged from 0.7 litre to 1.7 litres 

with a mean and S.D. of 1.154 ! 0 . 2086 litres (Table 6) • 

The baseline value of FVC 1n the control group ranged 

from o.s litre to 1.451 l1tres with a mean and S.D. of 

1.02 + 0.419 litres. -
Table 6 shows the rc l.ltionship between the base­

line values o! FVC and the PNV of FVC, it also shows 

• 
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Stui.f Nl.rrber /lq:! (ycam) 

8 
8, 
7 

10 
11 
6 
8 

10 
10 
11 
8 

10 
12 
10 
9.21 
1.71 

9 
7 

10 
u 
7 
9 
2 . 12 
9 . 15 
l. n 

FVC - Fouled Vital Cllpoc1ty 
1'NV - Pted1coted NotmiU Va l m 

T ABLE 6 

PNV of 
F\oC 

1. 47 
1.47 
1.36 
1.89 
1.95 
1.27 
1.47 
1.89 
1.89 
1.95 
1.47 
1.89 
2.04 
1.6 
1.69 
0.268 

1.66 
1.29 
1.89 
2.04 
1.29 
1.63 
0 .34 
1.67 
0.28 

IPR! 
valtX! of 
f'\.C(L) 

0.95 
0.75 
LOS 
l.OS 
l.JS 
0.7 
0.85 
1.7 
1.1 
1.4 
1.3 
1.4 
1.4 
l . lS 
l.lS 
0.286 

1.45 
0.7 
1.05 
1.4 
0.5 
1.02 
0 .419 
l.ll8 
O. J ll 

. 

\ PNV 
of IPm 
value 

64.63 
51.02 
n.21 
55.56 
69.23 
ss.u 
57.82 
89.95 
58. 2 
71.8 
88.44 

4.07 
68 .63 
71.88 
68.1 
12.0 

87.35 
54 .26 
55.56 
68. 63 
38.76 
60.9 
18. 8 
66.2 
13.73 

ll'US 

value of 
fVC(L) 

1.3 
l.OS 
1. 3 
l.S 
1.7 
1.1 
1.1 
1.95 
1.35 
1.85 
1.6 
1.7 
1.8 
1.45 

"1.48 
0 . 29 

1.7 
1.0 
1.25 
1.65 
0.7 
1.26 
0. 43 
1. 42 
0.34 

\ IPCE 
vali.X! of 
IPR! value 

136. 84 
140 . 0 
U 3 . 81 
142 . 86 
US. 93 
lS7 .14 
U9. 41 
114. 71 
122.73 
132.14 
U3.08 
U l. 43 
128.57 
U6 .09 
137.48 
29 . 32 

117.24 
142 . 86 
119. OS 
117.86 
140. 0 
U 7. 4 
U .86 

134.83 
26~04 

\ Increase 
1.n IPm 
valw 

36.84 
40 . 0 
23 . 81 
42 .86 
2S .93 
57.14 
29 .41 
14. 71 
22 . 73 
32.14 
23.0 
21.43 
28.57 
26 . 09 
37. 48 
37 .48 

17. 24 
42.86 
19. 05 
17 . 86 
40 .0 
27 .4 
U . 86 
34.83 
26.04 

IPR! - Initial p~rax:hocl.1.lator 
.'JPa3 - InitiAl poet-brcnchod1J.4tor. 

• 
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the relationship between the baseline value of PVC 

and the initial pont bronchodilator value. Al' tho 

aubjocto had baseline PVC l ess than PNV of ~vc. No 

subject had boocline value below 40 of PNV 7 while no 

subject had baseline value a bove 90\ o f PNV. There was 

no significant difference i n the ' PNV of the initial 

rvc in the two 2 3 .386 7 0. OS l • groups 0<3 p > 

From Tables 4, 5 and 6 , the relationship between 

\ PNV of baseline PFR ond \ PNV o f boseline FVC and 

FEV
1 

con be dotorminod. Also tho relotionship between 

\ PNV of baaolino rEV
1 

and \ PNV of baseline FVC can be 

determined. 

The correlation between \ PNV of FVC and \ 

PNV of F£Vl is 0.9858. 

r • 0.9858 

t • 24.07 

p < 0.01 

Tho correlation betwoon ' PNV of FVC and \ PNV of PFR 

is o. 7614 
r .. 0.7614 

t • 4.842 

p 0.01 
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The correlation botweon J PNV of FEv
1 

and t PNV of 

PPR is 0.7195 

r • 0.7195 

t a 4.2685 

p < 0.01. 

Fifteen minutes after the administration ot 

vontolin inhalation, all tho subjects had incroaaod 

rvc valuos. The increase ranged from l4.7t to S7.14t 

with a moan and S.D. of 34 . 83 + 26.041. The moan and .. 
S . D. of percent increase tn tho experimental group 

were 37.48 t 29.52 while Lhey were 27.4 t 12 . 86 in tho 

control group (Table 6). 

4.1.3.4 Baseline cheat expansion (Appendix 85) 

The c host expansion measurements at the three 

levels wore tho differences between maximum inspira .. 

tion and maximum expirat1on. 

Apical chest expansion measurements in the entire 
8 ubjecta ranged from lcm to 4cm with a mean and S . D. 

of 2.79! 0.98. Apical ~asurements in the experimental 

group ranged from lcm to 4cm with a mean and S.D. of 
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2.71! l.03cm. Tho range in the control group was 

2cm to 4cm with a moan and S.D. of 3 + l.Ocm -
(Toblo 7) • 

Tho range of lateral coat~l expansion in the 

experimental group was l. Scm to 6cm while it was from 

lcrn to 4cm in tho control group. The mean an,' S.D. 

of lateral costol cheat expansion in the experimental 

group were 3.14 ! 1.29crn while they wore 2.4 ! 1.14cm 

in tho controls. 

Diaphragmatic expans ion in tho experimental 

group ranged £rom lcrn to 2.Scrn with a mean and S.D. 

of 1.64 ! O.S7cm. While the controls had mean and 

S.D. of 1.4 + O. SScrn (Table 7). -
TABLE 7 

MEAN BASELINI:: CII~ST EXPANSION MEASUREMENTS 

Level of chest expansion. Experimontal 

Apical 
Lateral Costal 
Diaphragmatic 

2. 714 + 1.032 -
3.H3 
1.643 

+ 1. 292 -
+ 0 . 569 -

Control 

3. 0 .! 1.0 
2. 4 
1.4 

+ 1.14 -
+ 0.5 48 -

• 
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There were no significant diCfcrcnces in the basehnc 

chest expansion moasuremenls at the three levels in 

the experimental and control qroups. 

t (apical) • 0.546 ) 
) 

t (lateral costal) • 1.207 ) P > 0.0!» 
) 

t (diaphraqmatic) • 0.843 ) 

4 . l. 4 Endurance exercise progrAQQC 

C See Appendicl's Dl to 010) 

The total attendance nt exercise sessions by the 

experimental group rnngod from 25 days nJ.S\ of regular 

attendance) to 33 doys(97.1\ of regular attendance) The 

regular attendance was 34 days as there were two public 

holidays during the programme. The mean and S.D. 

attendance were 27.1 + 1.9 days. This waa 79 . 7\ of regu--
lar attendance (Table 8). Table 8 shows the number of 

times each subject was considered suitable for the day's 

exercise. Appendix 08 shows the individual mean repeti­

tion per minute for the enlire 12 weeks of training for 

each exercise station . Table 9 shows the group weekly 

mean repetition per minute for each of the exercise 

stations• The pro- and post-exercise respiratory and 

pulse rates monitor are cor tained in Appendices 09 and 

DlO respectively. 

• 
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T A 8 L E 8 

Attendance and observations at exercise sessions 

Suitab.i lity Oc:x:urrence Of Nutbe.r of 
Study 'l'ot:Al for e»m::ise-indu::cd pes t:-e.>erci se Severity 
Nu!bc.r attendance eJCrclse whooz:i.ng and brado:lil.atar of asthma 

(Nu!ber of di SCXlntinua t:ion i.nhala tim • 
t.i.nes) of~ 

E1 27 26 l 1 
E2 25 2S 0 0 
E3 27 26 0 0 1-trlcrate 
E4 27 25 1 5 Se\~re 

£5 33 33 0 0 ~"·rate 

E6 25 25 0 1 H:x~rate 

E7 27 27 0 0 Mild 
E8 28 28 0 0 Mild 
E9 25 25 1 1 ~rate 

£10 27 25 2 5 M:x\erata 

Ell 27 27 0 0 'b"l .. ratc 

£12 27 27 0 0 Mild 

El.3 27 26 0 2 

£14 27 27 0 0 ~rate 

27 .1 26 . 6 - -- --

1~1 Mean 
o-: 36 ----- -

S.D. 1.9 2.1 .63 1.8 -
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TABLE 9 

Week 
~Y rrcan repeti b.m per minute 

Station 1 Station 2 Smtion 3 Station 4 Statim S Station 7 Station 10 

1 3.3 50.9 46.8 14 31.3 
2 3.0 41 40.1 7.7 27 
3 3.4 46. 7 46.1 8.7 29 . 9 -
4 2.9 41.1 36.0 7.6 2:..3 
5 3.2 45. 5 42.2 0 .1 28. 5 3.3 -
6 3. 0 41.6 40. 2 8.< 6 .b 3. 8 -
7 3.2 43.6 43.1 8.2 26.4 4.4 
8 2.9 34 . 6 38.2 7.1 23.3 4.1 
9 2.9 38.2 35.7 5.9 22.6 3.8 -

10 2.5 31.3 30 5.4 19. 6 3.3 -
11 2 28.2 26.5 5.0 17.8 3 24.9 

12 1.5 22 . 7 20 . 9 3.8 14.1 4.3 22.5 

~ 2.8 39.2 37.2 7.6 24.3 3.8 23.7 -
S . D. 0.56 8.1 7.9 2.6 5.1 0.5 1.7 
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Discontinuation of exercise due to 

onset of exercise induced wheezing 

None of the 14 subjec t s in the experUnental group 

had full blown acute attac ks of asthma as a result of 

exerc1se. Ten of the experimental subjects never had 

t o discontinue from exercise due to onset of exercise • 

induced wheezing . Three of these were mild asthmatics, 

while the remaining had moderate asthma. 

The four subjects who had to discontinue exercise 

due to onset of wheezing, did so on a number of occa­

sions which rongod from one t o two times. Thr~e of 

these subjects were moderate asthmatics, the fourth 

was a severe asthmatic (Table 8) . Three of the subjects 

discontinued from the day' exercise only once. The 

only subject who discontinued twice was a moderate 

asthrnatic. Table 10 shows the stage of the exercise 

programme at which discont .nuation occurred. It shows 

that exercise was disconti nued five times during the 

eighth week and four times during the twelfth week. 

4 .1.4.2 AdministraLion of post exercise 

bronchodilator inhalation 

Eight of the subject& in the experimental group 
did not require poet exerc iso bronchodilator (Salbu­
tamol) inhalation throughou t the 12 week• of exercise. 

• 
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TABLE lD 

Diacontinmtim of ellllltise and post-exetcise bronchodilat:Dr i.nhalatim 

NIJTtxl.r of Duration Di scxntinuntim N\ltbcr of pc.et-
Week e>ercl.ae per statioo e>erclse 1.ri\a.la tions of~ stations ( mi..ns) of bronchodilat:Dr 

1 5 l.O 0 1 

2 5 1.5 1 1 

3 6 1.5 0 0 

4 6 2.0 0 0 

5 7 2.0 1 1 

6 7 2.5 0 0 

7 8 2. 5 0 1 

8 8 3.0 1 5 

9 9 3.0 1 2 

10 9 3.5 0 0 

ll 10 3. 5 0 0 

12 10 4.0 1 4 

Total - - 5 15 
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'Jhis included all the th.rcc mild asth:ratics who were in the 

experisrental gro\.t) . 

• 

'Ihe ai.x slbjects "ho required po&t-eJercise brmc:b:xti.lat:or 

i.nhalatioo, had it fran beb.f>etl one and five tirres ~t the 

12 loeeka of eJcP.rclse. Post~JCI?rcisc salbutmrol i.nhalatioo was 

required 15 tirres out of a total of 372 possible t:iJres, this was 

ebout four per oent of the tot."ll tiJ!'CS possible r 4l of 372 t!raq) 

'lllree of theso subjects rT'q\lired brcnchodilator inhalation 

jUit once, they 1oere both nodi!rate ast:hrnatics. Q1e subject 

required two inhal.ations. ~ wn.s a noderate asthmltic. 'lhc two 

subjects \ooho required fi"~ inhnlatia'\S each, we~ mer lP of one 

at w>>Crnte Md ore severe oatmat:J.c. Table 10 shor.ls the Bt.1<Jl of 

tho c>erciac ptogtamro of lohi.ch post-exercise bronchodilator 

inhalations \ooere requ.Lrod. 

4.1.5 Eftecta of trninim on ['Ulnorwy function tests 

Gee Apfcndiccs 132, 83, BJI and B5) • . 

'Ihe ctfecta of tra.iniNJ or lndt of training oo the pul.rrorlezy 

fl.rct:l.on testa wem det:etml.ned by the c::twlqes fran the bascl.irc 

Plllnalacy fll"'ctioo toata t.h.rough the six fortnicj\tly reasscssm:mt:s 

to the f1Ml asseas11cnts. '1he nurber of albject.a lootlo we~ present 

for each of thei!O ~ts hold effect on the rrean valu.!s. 

'bible 11 aho.m the ot:tcn&noe at the testing sc.esions . 

• 

• 
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TABLE ll 

At~ ot_ ~ fmct:l..on t9Ung eesuons 

• 

NUTber and per ~t of s\bjccts present 
Testing Session Expcrincn tal O::lntrol TotAl n • 19 n = 14 n • 5 

Initial or baseline 14( lOOt) 5(100\) 19 ~100\) 

Reassessrrent 1 
( At the end of 2 ll (78.6\) 5 (100\1 16(84.2\) 

\oleCks) 

Ri!a.ssessucnt 2 
!At the end of 4 11(78.6\) 3( 60\) 14 (7J . 7\) 
weeks) 

Reas9e6suent 3 
CAt the end of 6 1((100\) 2 (40\) 16 (84. 2\) 
weelts) 

~t.e.aarren t 4 
!At the end of 8 10 (71. 4\) 4(80\) u (13. 7\) 

weeks) • 

~a!l8essrrcn t 5 
< At the end or 10 u 78.6\) 3(60\) 13(68. 4\l 

weeks) 

fWlssess!lent 6 
(At~ end of u 9 (64 . )\) 2(40\) ll (57. 9\) 
weeks) 

f'ino1 14 (100\) 5(100\) 19(100\) 

• 
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4. 1. 5.1 Peak Flow Rolle !PFR) 

~ fl.nal value of PFR (Final pre-braochcrli Iator value) in 

tro subJects at tro end of 12 lo.Cek-pi."'CJtatttte ranged frxrn 140 

llt.res/minut.c to 350 llt:res/nnnuta with a JrCM and S.D. of 241.58 

± 64.16 lltn!s/minute (Table 12). n.. range of f.inD.l pre-broncho­

dilator (f'PRB) value in tro ~tal group was 170 litre.s/ 

minute to 350 lit.res/minute ~on th a rrean and S.D. of 257.14 + -
61.85 lltres/tninutc . ~ rlliYJC in tro control c;rrcq> ...as 140 

litrca/minuto to 270 lltrca,.1ninuto with a roan and S.D. or 198.53 

:!:. 53.57 lltrea/minute. TahlP 13 lhcws tho relatiCI'I5h...p t:cb.een 
• 

initial pre-bronchodilator and final pre-bronchcx:lilator values of 
• 

PF'R. 

An&lyah of tho relationship brltw:xm tho initial and final 

pre-bronchodilator values of Pf'R to predicted noD'IIIll value showed 

that five mcparinental wbjecta tud final pre-bronchodilator PFR 

CJteat.er than loot of PNV but neue of the controu did. 

'Ihe changes whl.ch occurcd in the rrean resting PFR values frcn 

Wtial pra-bronc:hcd11ator value throu9h the aix fortnightly re­

asaessrents to the final pre-bronchodilator value are sho.ln in Table 14. 

Table l5 ~ the c~ which occurred in the por cent 

diiferonoea ootloCCil rrcan PNV and rroan resting values of PF'R !initiol 

and final pro-bronc:hodilator ,l/ld pro-eM~U"Cuo values of ~nts 

one to aix). 
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TABLE u 

Chanqe.s 1n \ PNV of initial and final pre-bta\dlodilator P~ values 

ScYerl.cy Final Pm- \ PNV of \ PNV of 
Diffe-

Incrcma 
Stu:tj NI.Jtber l>q!/Sex bra!d'lo:i1- I.PR.B. F.PR.B. (CllJin9e) of As~ renee lat:ar wl.~ wl.oo wl.oo 1n \ t't.V 

I 

~tAl.Cl?£ 
8/H ~~rate 280 88.5 107.7 1.9.2 21.7 £2 8/H ~rate 220 71.1 84.6 13.5 19.0 

E3 7/H 1-tx'e.rn t:e 200 82.9 97.2 9.3 11.2 
E4 10/H Severe 190 61.2 64.2 3 4.9 
ES U/H ~rate 340 80.6 106.7 26.1 32.4 
E6 6/F ~rate 170 55.2 93.9 38.7 70.1 
E7 8/H Mild 185 57.7 71.2 13. 5 23.4 
E8 10/H Hl.ld 350 81.6 119.1 37 .5 46.0 
E9 10/H Mo':erate 210 54.4 71.4 l7 • 31.3 
&10 ll/H MQr'i(>ra tc 255 64.5 82.3 17.8 27.6 
Ell 8/M ~\erate 290 80.8 lll.5 30.7 38 
&12 10/H Mild 290 61.2 98.6 37.4 61.1 
£13 12/F l>t:x"rate 340 28.3 102.4 24.1 30.8 
E14 10/F !-bderate 280 76.2 99.6 23.4 30.7 
~ 9.2 - 257.14 71.0 93.2 22.23 32.0 
S.D. 1.7 61.85 ll.7 16.5 ll.O 17.64 

Control Gr:op 
cl 9/H M:l\erate 210 66.7 77.8 ll.l 16.6 
C2 7/F M::ne.rnte 150 60.2 69.4 9.2 15.3 
C3 10/H Moderate 220 68.0 74.8 6.8 10.0 
C4 12/F Severe 270 78 . 3 81.3 3 3.8 
cs 7/X_ Mild 140 55.6 64.8 9.2 16.5 
~ 9 - 198.0 65.76 73.62 7.86 12.44 
S . D. 2.1 - + 53. 57 3.62 6.58 3.12 5.36 

1 Mean • 9.~ - 241.58 69.6 88.08 ~8.4~ 

:~::: S.D. 1.8 - 64.16 ll.O 16.9 ll.48 

I .PR.B - Initial pxe ta:a-tolilator PtN - Prodicted Noaral ValUI!. 
F . PR. B - Final pte bz:a-chodJlatDr 
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T A 8 L E 13 

Differeroes bebolecn the I1'C4nS of the initial and 

final pre-brcn:::hodilator PFR values 

• 

l'EAn ii\Itia:I-pre- r-t!an fi.nal pre-
~ brachodil.at:or btaiChodllatDr Dl.ffc.rence ~ cent t-value P value 

PFR ( 1/lrin) PFR (1/min) lJCiene 
· ------------~~~~------~~~~----------------------------------

E:Xpc.riJrental 

n = 14 

Control 

n .. 5 

197.5 + 44 . 49 -

178.0 +56. 75 -

257.14 + 61.85 59.6 -

198. 0 + 53. 57 20 -

N.S. • tot significant 

30.2 2.84 p < 0.01 

11.2 0.62 N.S 
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TABLE 14 

0\a.nges in rrcan ~ting PFR vallES during the 

proqramrc 

Testing Session Resting PF'R( lltres/mi.nute) 

Ini.tie) pre-bronchodi­
Lator 

~tl 

RDassesszrent 2 

~aasessucnt 4 

Jeassess:rent 5 

Aeaasessrrent 6 

f'1naJ. p~b~ 

197. 5 + 44.5 -
199.09 + 47.82 -
215.00 + 52.15 -
220. 7l ± 51. 25 

.!40.5 + 49.35 -
261.82 + 60.84 -
260. 55 + 72.91 -
257.14 + 61.85 -

Control • 

178 + 56 . 75 -
179 + 56.5 -
176 + 32. 14 -
200 + 75 .5 -
188.75 + 64.85 -
193.33 + 37.86 -

± 91.92 

198 + 53.57 -di.l.at:or 

-----------------------------------------------------~ 

There waa a •ignificant difference Ct. • 4.0761 

P < 0.01) between the \ I'NV of the initial and fin41 

pre-bronchodilator PFR valuos in the experimental group, 

whllo tho difforenco wa• not significant Ct • 1 . 62; 

P · ('I . OS) in tho control cJroup (Table 12). 
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TABT.E 15 

0\aN:JeS in ' differerce between rrean PNV and aean 

resting PFR values 
• 

' di fference between ~ PNV and foSn 

Testing Session resting values 

f:)cperilren tal O:mtrol 

Ini ti.al pre-btot ~ -28 . 31 + 12. 21 dilator -34.25 + 8 . 64 - -
~tl -28.04 + 11.87 -33.87 + 8.97 - -
Rea.aesstrent 2 -20. IS + 11.56 -32.26 + 2 . 77 - -
~seesszrcnt 3 - 21.42 + 12.94 - - 28 . 45 ! 1J.97 

-15.22 + 16.36 -28.43 + 10.67 - -
feassealilcnt 5 -6.11 + 14.9 - -25. 88 + 6 . 45 -
~asnessrent 6 - 6.ll + 18 . 62 -26.93 + 11.68 - -
Fi.na.l pre-broncho-

-6 . ~1 + 16.67 -26. 362+ 6.58 
dilator - -

Table 16 shows the paired t-tests between the 

initial pre-bronchodilator PPR values and each of the 

SUbsequent assessments. Table 17 shows tho analysis 

of variance ( ~OVA) of PPR values for tho eight stages 

of the programme. 

• 

• 
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'17\SI£ 16 

Paired t-t:ests bctlo'ccn tJ-e initial 

~t111 

Paired teats 

t:-value P-valt:e 

Initial pre-brcn::hodi.la tor 
versus roas!ICssnent 1 -0.04 N.S 

Initial pre-bronchodilator 
wrsus rea.ssess:rcnt 2 - 0 . 76 N.S 

-1.09 N.S 

Inibal pre-bronchodilator. 
versus reasscssrrcnt 4 -1.99 N.S 

Initial pxe bronchodilator 
versus reasse.ssuent 5 -2.88 P<O.Ol 

Initial p xe b.xadiOdilator 
ve.t'll\11!1 tea81!11eSSIICI1t 6 -2 . 66 P<O. OS 

-2 . 84 P<O.Ol 

N.S • HaC Si~t:. 

• 

COntrol 

t-vall.lC P-vall.lC 

• 

-<1.02 N.S 

-0 . 03 N.S 

-<1.53 N.S 

-0.35 N.S 

-<1. 34 N.S 

-<1. 62 N.S 

-0. 62 N.S 
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Source of 
varlanoe 

Between~ 

Within ~s 

Total 

152 

• 

TABLE 17 

Analysis of variance t"llble for PFR for &e eicllt •ta<r-a of the 
PXOCJ1<1i'i'0 

tegrees of 
b:eedan 

Sun of 
8CJUil%eS 

~ r.qua.rea F-ratio F-pr•*»biliey 

Expt. CD\trol Expt. CD\tro1 Expt. O:lntrol Expt. QJuUol Expt. O:lntro1 

7 7 59808.20 4314.70 8544.03 616.39 2.84 0.16 P<O.OS N.S 

87 22 261403.90 83132.0 3004.64 3TI8. 74 

94 29 321212.10 87447.0 

Pooled est.ismt:e of s.o. - Expt. • 54.81462 

Control • 61.471464 

N.S. • Not significant 
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Post e xercise fall in resting (pre e xercise) 
• 

value o t PFR constituted exercise i nduced broncho-

constriction ~lB) or EIA. The severity of EIB was 

determi ned by the degree 01 fall in the resting value 

at any given time post exercise . ~IB was represented 

in this study as percent or resting value at one 

minute and 10 minutes post exercise crable 18). Changes 

in EIB whicn on~y appl~ed to subjocts in the experi­

menta l group were as shown 1n Table 18. Figure 14 

shows changes in EIB with total duration of exercise 

whi l e Figure 15 shows changes in EIB with number of 

exercise stations . 

4 .1.5 . 2 ~orcod Expiratory Volume in th~ 

Firat Second (f' l::V
1
l. 

The final pre-bronchodilator value of FEV1 in the 

SUbjects ranged from 0.4 litre to 1 . 85 litrea with a 

~an and s .o. of 1.176 + o.J4 litrea. The range of -
f inal pre-bronchodilator FEV

1 
in the experimental 

9roup was 0 . 8 litre to 1.85 litroa with a mean and S.D. 

o t 1.27 + 0.273 l1tres. The range in the control group -
vaa 0. 4 litre to 1.35 litrcs with a mean and S.D. of 

0 · 91 ! O. 4 ( Table 19) . 

• 
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TJIBT.f: 18 

<l\antJ!S in e>erclse-induced bronchooonstrlction (EIB) 

as \ difference fran rrean pre-exercise vnloos of PFR 

le4sacasrren t 1 

~t2 

Jeassesmrcnt 3 

Jeessea•m:mt 4 

1\oasoolllii'!"Cnt 5 

Jeassesa1cnt 6 

I 

\ difference fran rrean pre-exercise PFR 

EIB at l minute 
poste>a:-rcisc 

10.20 + 3.29 

15.15 + 6.52 

14. 77 .. 5.29 -
15. 68 ' 6.12 

13.07 + 6.97 -
14.07 + 6.97 -

EIB at 10 minutes 
post eleerci&e 

-1.28 + 3.49 -
2.7 + 3. 75 -
0. 74 + 3.84 -
3. 82 + 1.28 

3. 89 + 1.17 -
3.98 + 1.48 

£18 = Exercise-Induced oronc:hcXXlnStrictioo. 

t (EIB at l min for 1\ ver.us ~) • -1.88 (N.S) 

tUna at 10 m1.ns for '\ ~rsus ~~ • -5.19 CP < o.oll 

• 

• 
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10 20 JO 40 
Total duration of exerc ise fmina) 

Relationship between changes in exorc1sc­
induccd bronchoconstriction 1:&10) (Crorn PFR) 
and totol du1at1on of excrctsc. 
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156 
• 

5 6 7 8 9 ' 10 
~Urtlcr of CJ<Cteiac ataticns 

ChDngoa Ln oxcrcl&c-induccd bronchoconatriction 
O::ID) (from PPR) 41nd number of exercise stations. 
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TABLE 19 

Cl1a.nges in \ PNV of initial and final pre-btadlodilator EW1 val\leS 

-
Final pre- \ PNV of l PNV of Di.fferenoc ~ Study N\m:ler bronc:ho-

I .PR.B. Value F.PR.B.Val.ue (i r. :r ease) (increase) 
dilator EW1 in\ PNV 

£)cperiJrcnta1 
group: 

Ill 1.2 59.7 89. 55 29.85 50.00 
E2 1.05 44.78 78.36 33.58 75. 00 
E3 1.1 71.97 83.33 ll . 36 15.78 
E4 0.95 50.6 56.55 5.95 u. 76 
E5 1.45 67.04 81.01 13.96 20.84 
E6 0 . 8 53.57 71.43 17.85 33.20 
E7 1.2 55.97 89.55 33.58 60.00 
E8 1.85 80. 36 110.12 29.76 37.03 
E1J 1.1 53.57 64.48 10.91 15.08 
E10 1.6 72.63 83.38 10. 7S 14.80 
Ell 1 . 45 80.09 108.21 28.12 JS.ll 
El2 1.4 74.41 83.33 8.92 11 . 99 
Ell 1.3 66. 85 69.52 2.67 3. 99 
£14 1.35 71.43 91.84 20.41 28.57 
Mean 1.27 64.50 82 . 90 18.41 29.50 
S . D. 0.237 ll.40 14.98 10.73 20.54 

Olntxo1 gxoq:»: 
Cl 1.35 86.68 90. 00 3.32 3.83 
C2 0 . 6 47. 83 52.17 4. 34 8 . 1 
CJ 1.0 53.57 59.52 5.95 ll . ll 
C4 1.2 64.17 64.17 0.00 0 . 00 
C5 0. 4 26.09 34 . 78 8.69 33. 31 
~ 0 . 91 55. 81 60. 13 4.46 ll . 27 
s .o. 0 .40 72.30 20. 09 3.21 ll. 02 

OVIItrall MeAn 1.197 62. 2 76 .90 1 4 .74 24.7 
S . D. O. lSS H. Q 10.92 11.19 20. 26 

I . PR. B . - :E:mti41 pre ba:ca•chodU.ator r .PR.B. - Nnal ~.r.c:or 
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Table 20 shows the changes which occured in the 
" 

initial and final pro-bronchodilator values•of FEv
1

• 

The changes which occurred 1n the moan resting FEV
1 

values from the initial prc-br~~hodilator values 

through the six fortnightly reassessments to the final 

pre-bronchodilator values are shown in Table 21 . 

Table 19 shows that two (10.5\) patients had 

final pre-bronchodilator greater than 

100\ of !':-lV none of the baseline values excee1ed 90\ 

of PNV. The relationship between the initial and final 

pre-bronchodilator FEv
1

, t o PNV of FEV
1 

is as shown in 

Table 19. The changes which occurred in the per cent 

difference 

values of 

between mean PNV of FEV1 and mean rest1ng 

FEV (initial and final pre-bronchodilator 
1 

values of FEv
1 

and pre-exercise FEV1 of reassessments 1 

to 6) are shown in Table 22 . There was a significant 

difference (t r 3.06; P<O.Ol) between the mean \ PNV 

of the initial and final pre-bronchodilator FEV1 values 

in the experimental group, while the difference was not 

significant (t. 0.322l P ~O .OS) in the control group 

(Table 19) . 
• 

Table 23 shows the pa1 red t-tests between the initial 
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'DU!LE20 

Differences bct:woon the II'Can5 of the initial and final pxe btcunodllatgr value~~ 
of rev

1 

Nl.nber of 
sl.bjects 

Izu tiAl. pte­
b.t:achcdilatx)r 
FEV1 (L) 

Final pre­
bzolChodilator 
FEVl CL) 

( 

\ 
Difference Differenc:c t-valuc P-value 

Experi rental 14 0 . 996 + 0.225 1.27 + 0.237 0.274 27. 5 2.66 Podl.OS ... 

Cont.rol 5 0.85 + 0.424 0.91 + 0.4 0.06 7.059 0.46 N.S 

I.. • lit:re.s 

N.S • tbt Significant • 
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TIIBIE 21 

Olanges in ncan resung FEV1 during the progrcume 

~ting Session 
~ ting FEV 

1 
( li t..tes) 

E><pcrinenta1 Control 

Ini ti a 1 pre-
bradlcrli l.ltor 0.996 + 0.255 0.85 + 0 . 424 -

A?assesS'Irent 1 1.0 + 0.25 0.82 + 0.41 -
Reassessncnt 2 1.0 3 + o. 25 0 . 917 + 0. 325 • 

~sessrn:!nt 3 1.1 + 0.26 1.2 + 0.07 -
~t4 1.265 + 0 . 29 o. 788 + 0.42 • - -
R>ASSCSSIIent 5 1. 29S + 0 . 3 0.966 + o. 3S 

Raaaecaszrent 6 1.255 + 0.31 0.8 + 0.566 -
Final pre-
bradlcxU.Lator 1.2 + 0.273 0.91 + 0.40 - -
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Tt'IBIE 22 

Olanges in \ difference be~n rrcan PNV and rrcan 

resting FEV 
1 

val\JCS 

'l'cs ting Session 

lnitial pre-
bronc:hodila tor 

~nssessrrent l 

~t2 

!Cassessrrent 3 

~t4 

ReaS'S<l8GITClnt 5 

IWlaseSSIIt!nt 6 

f'inalpm-
bronchodilator 

\ difference beboleen rrcan PNV and 
resting FEV

1 
valli!S 

Expcrinenta1 Q:lntro1 

-3'ii. 36 + 11.63 -44.34 + 22.22 - -
-35.78 + 11.37 -43.73 + 23.24 - -
-31.98 + 11.44 -36.97 + 17.6 - -
-28. 43 + 11.78 -28. 58 + 4.21 -
-18.66 + 16.81 -38.88 + 27.54 - -
-18.09 + 14.73 -33.88 + 18.17 - -
-'17.94 + 17.18 -38.49 + 37.8 - -
-16.60 + 15.0 -35.6 + 23.2 - -

• 
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pre- bronchodilator FEV1 values and each of the subse­

quent assessments . Table 24 shows the analysis of 

variance (ANOVA) of FEV1 values for the eight stages 

of the programme. 

The changes in EIB as determined by post exercise 

measuremen ts of FEV1 at one minute and 10 minutes are 

as shown in Table 25. 

4.1.5.3 Forced Vital Capacity (FVC) 

The range of fina l pr~-bronchodilator FVC in the 

entiro subjects was 0 . 6 li t re to 1 . 9 litres with a 

mean and s.o of 1.3 + 0.346 . FVC in the expcr'mcntal 

subjects ranged from 0.95 li tre to 1.9 litrcs with a 

mean and S.D. ot 1.35 + O. J . The range of pre­

bronchodilator rvc ~n tne control subjects was from 

0 . 6 l~tre to 1 . 6 litres with a ~an and S.D. of 1 . 15 

~ 0. 455 l~tres (Table 26). 

Table 27 shows the changes whi ch occurred in tho 

lni tial and final pre-bronc hodilator values of FVC 

during tho programme. The chongos which occurred in 

the mean resting rvc values from the mean initial 

Pre-bronchodilator PVC through the six fortnightly 

• 
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'17\&E 23 

Paired t-testa bcboO!n initial pre-braiChod.Llator FEV
1 

lll1d e4Ch of the 

5\bsequmt aa&eSSII"CClt:s 

Paired tests 
Elcperirrcnta1 COntrol 

t-va1ue P-value t-value P-vzUI.C 

Initial pre-broochodilat:or 
versus reassessrent 1 -0.16 N.S 0.07 N.S 

Ini tia1 pre-bronchodila t:or 
versus reassessrrent 2 - 0 .16 N.S -1.19 N.S 

Initial pre-brcn:hodilat:or 
versus reassc.ssm:mt 3 -1. 07 N.S -1.31 N.S 

Initial pre-bronchodilator 
versus reassesszrent 4 -2.37 P<O.OS -0. 23 N.S 

Initial pre-bronchOOi la t:or 
wrsus reasse.ssncnt 5 - 2. 71 P<O .OS -o.33 N.S 

Ini tia1 pre-broncho:h la t:or 
-0. 37 versus reassessmmt 6 -2.22 P<O.OS N.S 

Initial pxe-bxonc:bodi la tor wnn• 
final pxt:-bxa IChorU 14 t:or -2.66 P<O.Ol -0.~6 N.S 

N. S - Noe SigniliCMt 
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'J2\B1£ 24 

Analyai.JI or vuiAI'ICit for n:-11 !or the eicjlt. s~ 

Cbpees of 
ftu:Am 

S\111 of 
aquues 1-t!an I!ICJ\.IIlre8 

of the px()CjDI:c.c 

F-ratio F-pt•hmiliey 

~t.. Central Expt. Ccntro1 £)(pt. Ccnt.rol Elcpt. Ccntro1 Expt. 

7 7 1.41 0.46 0.20 0.07 2.70 0.29 P<'O.OS N.S 

85 2l 6.36 4.81 0.07 0.23 

92 28 7.77 5.27 

Pooled est:.i.mte o£ S.D. - £)cpt • 0. 27355244 

Oontrol - 0.47869286 

N.S '• Not Significant: 
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TABI.E 25 • 

0\an:]es in EIB as \ difference frcrn n:ean p1"e-e>2reu;e 

values of FEV 
1 

Testl.ncJ 5essioo 

~t1 

~t2 

leassessm.mt 3 

Fe..,saesmrent 4 

~asscssncnt 5 

~t6 

\ difference fran rrean pre-exercise rev
1 

E.IB at 1 minute 
post e.><ercise 

13. 07 + 7 .67 

16.05 + 6 .13 

16. 59 + 6 .69 

16 . 32 + 6 .32 -
19.84 + 5 .61 -
22. 38 + 8 .95 

E.IB at 10 minutes 
post eJ<ercise 

6.1 + 2.il6 -
6.15 + 2.57 

3.89 + 4.9 

5.57 + 4.2 

6.92 + 2.9 -
6.85 + 4 .28 -

EIB • £)(erc1.se-induced bta1Choooi1Strlction 

t(EI.B at 1 nd.n. for ~ versus ~) • - 3.0 (P < 1).01) 

t(ElB at 10 mins. for '\ vcxus ~) • -o.S47 (N.S) 
• 
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TABLE 25 

~s in EIB as \ difference fran ncan pi'e""emrcise 

values of FEV1 

"IMting SeSSlOI'\ 

~tl 

~t2 

Je.ls.MSSIT'Cn t 3 

~nesSZTent 4 

~t5 

Reaanssncnt 6 

\ diffe.renc:e fran rrean pre-eJerclse FEV1 

EIB at 1 minute 
post C»!rcise 

13. 07 + 7 .67 

16 . 05 + 6.13 -
16 . 59 + 6.69 

16 . 32 + 6.32 -
19.84 + ;, .61 

22.38 + 8 .95 -

EIB at 10 IT!Ulutcs 
post eJere:Lsc 

6.1 + 2.06 -
6.15 + 2. 57 

3.89 + 4.9 -
5.57 + 4.2 

6.92 + 2. 9 -
6 . 85 + 4.28 

EIB • Elcerc.Uie-i.nduocd brcncho<Xt'Wtrlction 

t(E:lB at 1 min. for 'i. wl'IJUS ~) • - 3 .0 C' < '.l .Ol) 

t (EIB at 10 rni.na. f o t '\ veNS ~) • 
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TABt.e 26 

0\anges in \ PNV of the initial and fiml. pre-btaiChodl.Lator PVC valt.CS 

study N\.rrtle.r 
Final pre­
bn:Jnc:hodi lator 
FVC (Li. tre) 

\ PNV of 
I.PR.B.FVC 

\ Pt.V of 
P .• PR. B.FVC 

E?q?eriJrcntal GrOIO£ 
El 1.2 64 .63 81.63 17.00 
E2 1.0 51.02 68 .03 17.01 
E3 1.2 n.21 88.24 u.o3 
E4 1.3 55.56 68.78 13.22 
ES 1.7 69.23 87. 18 17.95 
E6 0.95 55 . 12 74 . 8 19.68 
E7 1.0 57.82 68.03 10.21 
E8 1.9 89.95 100.53 10.58 
E9 1 . 2 58.2 63.49 5 .29 
E10 1.55 71.8 79. 49 7 .69 
Ell 1.4 88.44 95.24 6.8 
£.12 1.5 74.07 79.37 5.3 
El3 1.8 68.63 88.24 19.61 
E14 1. 3 71.88 81.25 9. 37 
f't)a.n 1. 36 68.11 80. 31 12.2 
S .D 0 . 3 U.O 10.89 5.2 

\ Difference 

26.3 
33.3 
14.29 
23.74 
25 . 93 
35.7 
17.66 
11.71 

9.09 
10.71 

7.69 
7. 16 

28.57 
13.04 
18.92 
9 . 8 

ContrOl··· Groi.Jl 
CI 1.6 87. 35 96.39 9.04 10.35 
C2 0.8 54.36 62.02 7.76 14 . 2 
C3 1.15 55.56 60 . 85 S. 76 10.37 
C4 1.6 68.63 78.43 9.8 14.28 
cs 0 . 6 38. 76 46 . 7 7. 74 19.97 
!~ 1.15 60.91 68.84---. . 8.02 l3.85 
S .D 0 .45 18.18 19.11 1.54 3.94 . 

OVerall ~ 1. 3 65.69 n . .3 11.1 n.sg 
S.D O. lS 14 .96 13.91 4.9 8.85 

X • PR. D. • Xn1 ti&l pre-bi:IOII'IChodi 14 tor r. PR. B. • f'in.:ol ~b:lonchodll•cor 
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TJ\8I.E 27 

Dlfferenocs be~ the roans of the initial and finAl pre-bronchodU.ator 

valte~ of FVC 

NuTber 
of 

sl.bjects 

14 

5 

Initial p~ 
br:crchodila t::or 
F\C (Li t.tes) 

1.15 + o. 286 

1.02 ... 0 .419 

Finlll. p~ 
bxoo~lator 
fVC (Li t:re8) 

1.36 + 0 .3 -
1.15 + 0.45 

' Diff.e.Ienoe Difference t-value 

0 . 21 18.26 1.99 

0 . 31 U . 75 0.21 

P-value 

N.S 

N.S 
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reassessments to the f1nal pre-bronchodi lator FVC are 

shown 1n Table 28 . 

The relationship between the initial and final 

pre-bronchodilator FVC and the predicted normal rvc 1s 

shown in Table 26. It shows that only one subject had 

a final pre-~rochodiiator FVC more than 100\ of PNV 

of FVC. The changes which occurred in the per cent 

difference between mean PNV of FVC and mean of the 

resting values are shown in Table 29. There was a 

s i gnificant difference (t • 2.82; P<O.Oll between the 

mean \ PNV of the ln1tial and fipal pre-bronchodilator 

PVC values in the experi~ntal group, while the diffe­

rence was not significant (t = 0.0661 P>O . OS) in the 

control group (Table 26). 

Tab\e 30 ahowa the P·lired t-teata between the 

initial pre-bronchodilatol FVC values and each of the 

subsequent aaaeasmcnta. Table 31 shows the analysis 

of variance (ANOVA) of PVC values for the eight stages 

of the programme. 
0\angea in exerciao induood bronct.ooon!ltdctim (EID) is dctctminod 

by IJOIIt OlCI!lel ae fa.ll in po:e elC• ·rei~~~>. F\(; at 10 Jl1inutee and at one 

1111nuto a.re shown in Table 32. 
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TliBIE 28 

Ol.anges in~ restulg FVC vali.ES during the programrc 

'Resting fVC (Li tres) 

Testing Session 

Q)ntro1 

Initial pre-
btcn::hodila tor 1.15 + 0.29 1.02 + 0.41 

• - -
Reassessrrent 1 1.18 + 0.3 1.01 + 0 . 41 -
lea!isesSIT'ent 2 1.19 + 0.32 1.07 + 0.33 -
~sessnent 3 1.23 + 0.29 1.45 + 0.07 • 

~t4 1.33 + 0.29 1.06 + 0.53 -
A:!asscssnent 5 l. 36 + 0.28 1.13 + 0.35 

~&CSSIIeJ\t 6 1.38 + 0.36 1.075+ o. 74 -
Pinal pre-
brordlodlla tor 1.36 + 0.3 - 1.15 + 0.45 -
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TIIBLE 29 

0\anges in \ diffcrc.nc:e bcbieen nean PNV of ~ am 

Testing session 

Initial pre-
bronchoc1ila tor 

Jeassesmrcnt 1 

~!ICas:tcnt 2 

huess:ront 3 

leusessnent 4 

1\!assesmrcnt 5 

~ssessxront 6 

final pre-
bt01 d'iodila tor 

· diffcnmce between nean PNV 
and resting FVC valms 

<:mtrol 

-32.01 + 12. 15 -39.09 + 18 . 18 - -
-11.08 + ll.03 -42.14 + 16.48 

-27 .7 + 12.45 -33.99 + 15.92 -
-26.79 + 12.61 -29.65 + 19.77 - -
-22 .94 + 14.37 -41.68 + 22.3 -
-22. 18 + 9 .49 -29 . 81 + 17.57 --
- 19.86 + 13.77 -49.27 + 11.45 --
- 19.85 + ll.13 -35.05 + 18.65 --
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T1\BtE 30 

Paired t-test:s be~ initial pre-btadlcdil.Ator ~and e4Ch of the 

albscqumt AS6CSSI!t!Jlts 

Paired tests 

Initial Prc-bron::hodila tor 
versus .reasscssmmt 1 

Initial pre-bronchodilator 
versus reassess:rront 2 

Initial pre-bronchodilator 
'-'erSUS reassessrrent 3 

Initial pre-brondlcxli la tor 
versus reassessrrent 4 

• Ini ti a.t pre btachodilator 
versus reasscssrren t 5 

Initial pre-bronchodilator 
versus reasscssncnt 6 

Initial pre-bronchodilator 
versus final pre-bronchodi later 

El<pe.riJrcntal 

t-value P-va112 

-0.41 N.S 

-0.45 N.S 

- 0. 35 N.S 

-1.79 N.S 

-1.92 N.S 

-1.92 N.S 

-1.99 N.S 

N.S • Not Signi!ie&lt 

Control 

t-value P-vall.'C 

-o.2S N.S 

-0 .17 N.S 

- 0.60 N.S 

-o.J7 N.S 

-0.71 N.S 

-o.46 N.S 

-0.21 N.S 
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• 
'DIBIE30 

Paired t-t:ests oot:wccn initial P~I'Oidlodil.Atx>r f'\C and each of tho 

S~t a.s&essr!Cnts 

Paired tests 

Initial pre btachodilator 
versus reassessncnt 1 

Initial pre-btOJcho-h later 
versus reassess;rent 2 

Initial pre-bronchodilator 
\'Crsus reassessmmt 3 

Initial pre-bronchodilator 
versus reas.sessuent 4 

• I ni tia4 p~.ronchodila tor 
versus reassessrrent 5 

Initial pre-brouc:hcrli later 
versus reassesszren t 6 

Initial prc-bronchodi la tor 
versus final pre-btaldJOdi latx>r 

E>cpe.rincntal 

t-value P-valuc 

-o.41 N.S 

- 0.45 N.S 

- 0 . 35 N.S 

-1.79 N.S 

- 1.92 N.S 

- 1.92 N.S 

-1.99 N.S 

N. S • Not SignifiCAnt 

COntrol 

t-valuc P-va.lue 

-o.25 N.S 

-o.n N.S 

-0. 80 N.S 

- 0.37 N.S 

-o. 71 N.S 

-o. -46 N.S 

-0.21 N.S 
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'l'.AlliE 31 

Analysis of varianc:c table for fVC for the eight ata<JeS of the p[OCJLG: I e 

D?gtees of S\Jll of 
I 

t-Dan Squl:ces F-ratio F-probabi lity freedan squares • Source of 
variance 

f:)q:>t. COntrol f:)q:>t. Cc.ntrol EJq>t. Cc.ntro1 Elcpt. Cl:lltro1 f:)!pt. Ocntro1 

.Bebolec.n grol4)S 7 7 0.93 0.28 0.13 0.04 1.49 0.28 N.S N.S 

1-."'i thin c;roups 85 21 7.60 3.o..; 0 . 09 0 .14 

Total 92 28 8.53 3. 32 

Pooled es tiJtB ted of s. D - E~t • 0.29897ll8 

Cc.ntrol • 0.38055936 

N.S • Not Signi.fic.11lt 
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TJ\BLE 32 

0\anges in EIB as \ difference from nean pre-exercise 

value of FVC. 

Testinc:J Session 

ReassesSII'ent 1 

ieas&CSSII'ent 2 

~ssessnent 3 

~t4 

~t5 

Reassauzrcnt 6 

\ di fferonoo fxan rean pre­
eliC r:cise fVC 

Elcped.rrcn tal a:rttrol 

16.6 + 9.2 8.0 + 7.6 - -
l5.4 + 4.6 6.0 + 3.7 -
16.5 + 10.1 4.0 + 4. 3 -
23.3 + 5. 1 5.6 + 2.1 -
24.0 + 5.2 6.7 + 3.4 -
25.1 + 6.8 9.2 + 7.5 - -

t (EIB at 1 min. for Rl versus ~) • -2.77 <r < 0.05) 
t(EIB at 10 mins. for Rl versus ~) .. -o547 (N.S) 

4.1.5.4 Cheat expansion • 

The effect of the proqramme on t~c cheat expans1on 

measurements at various lovela waa as shown in Table 33. 

~re --rn ~s in t:ro chest exp.'ll'l&i.al at tho t:hroo lewlo in 

both qrcup.. How:~r, only th'" increases in the apical and diaphmg­

llltic Clcpllnaiona in tho cxpcriJTJ•nta1 groop ~ro aic;nlfic.VIt. 
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'D\BlE 33 

Effect of training oo the rrean values of chest rucpansioo ~ta 

Apical Expa.nsioo Lateral Costal £)q:)ansioo Di.DphraCJrO ti.c t::xpa.nsion 
Test 

~t. ())ntrol Expt. Cbntrol Expt. Cbntrol 

Pre-prtXJrilllll'e 2. 71 + 1.03 3.0 + 1.0 3.14 + 1.29 2 . 4 + 1.14 1.61 + 0.53 1.4 + 0.55 - - - - -
Post- ptograuuc 4 . 14 + 1.2 3.7 + 1.2 3.96 + 1.41 3.2 + 1.15 2.40 + 1.06 2.3 ... 1.2 - - - - - -
t-t!an chffe.rence 1 .4 3 0 . 7 0.82 0.8 0.85 0.9 

t-val\X! 3 . 38 1.0 1.58 l.ll 2.68 1.52 

P-val\X! P<O .Ol N.S N.S N.S P.O.(!) N.S 

N.S • Not SignifiC41lt 

• 
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Effects of tratning on the clinical 

status of asthma during the programme 

(See Appendix El) 

The number of asthmatic attacks in the entire subjects 

during the 12-week period or the programme ranged from no 

attack to three attacks wi th a mean and s.o of 0.63 + 0.80. 

Nine of the subjects had asthma attacks during the programme 

while the remaining ten were symptom-free. Four of the nine 

lubjects who had asthma during the programme wore in the 

control group while five subjects were in the experimental 

group. The relationship between number of asthma attacks 

before programme and during programme is shown in Table 34. 

None of the subjects wos admitted into hospital an account 

of aatnma throughout the 12-week period of the programme. 

The number of attondancm l't the ,1\sthna clinic 

i n the entire aubjecta ranqed from one to six times 

Vith a mean and S.D. of attendance of 3 .4 + 1.6. The mean -
and S.D. of i 1 ubj cts were attendance in the exper menta s e 

l.l! 1 . 5, while the mean and S . D. of attendance in the 

controls were 4.0! 1 . 7. The frequency of intermittent 

bronchOdilator were 1.8 Qlld l .O tilrcs for the expcrunental 

and co t 
n rol groups respectively. 

• 
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v.BLE 34 

Diffcrena:a bebolecn rrcan numer of astl'IMtic att.adts three IT'Onths before 
tre pz:ogramte and during the p~ 

Nlllber of Before Duri.nq 
sl.bjects proqraiiTTI! progtanue Di fferenoe \ ()!crease t-villoo P-val.\2 

14 1.6 + 1.4 0.36+0.48 1.24 77.5 -3.135 P«l.Ol - -
5 2.4 + 1.5 1.4 +1.0 1.00 41.7 -1.25 N.S - -

N.S • t-Ot significant 
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The daily dosage of salbutamol (routine broncho-

dilator) required by the experimental subjects ranged 

from 2 mg to 12 mg with a mean and S.D. of 6.0! 3.5 mg. 

The daily dosage of salbutomol required by the control 

sUbjects ranged from 2 mg to 12 mg with a mean and 

S.D. of 6.4 + 3. 2 mg. Table 35 shows an overall ... 
reduction (though not statistically significant) in the 

daily dosage of salbutamol during the programme. 

In tho 12-wcck period of the programme, the 17 

subjects who were attending school missed an aggregate 

of 24 school days on account of asthma compared with the 

73 school days missed dur i ng three months before the 

Programme. The 12 subjects in the experimental group 

alaaed ten days compared with 56 days before the 

Programme. This was a significant reduction 

~ • - 2.29; P<0.05). 

group miased 14 days 

the Programme (Tablo 

Tho f1vc subjects in the control 

compared with the 28 days before 

36). The decrease was not signifi-

cant in the controls (t • -0.732: P>0.05) • 

• 
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TMUE lS 

Dif!eronocs bet:wccn uoan daily doea90 ot salbutatrol three I!'Clrltl'w 

before the ptoguuuto and during p•uou•:"u 

Nu1be.r of 
8\.t) .l,.;:.o: - t • 

l4 

5 

• 

~dosage ot 
salbutaml before 
progranuc ~) 

6.6 + 3. 2 

6.S + 3. 2 -

l't!a.n dosage 
during . 
pLOgr'al!'rre ltrg l 

6.0 + 3.5 

6 .4 + 3.2 -

M'!an 
difference 
~) 

0.6 

0.1 

9.1 

l.S 

-(1.474 ·t~.s 

-o.049 t:.S 
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TABIE 36 

Diffe.rcnC""' between absenteeism flan school on ~t of cSSthrro three 

rronths before prcxp:a:nre ani during pnxnanot .. 

N\nber of 
5\bjccts 

12 

5 

Abscnteci sm 
(days) before 
pro;tamre 

56 

• 

28 

AbsentJ>el sm 
(days) dw:::l..ng 
programre 

10 

14 

Di ffe.tc.nce 
(days) ' decrease t-val~ P-val~ 

46 82.1 -2.229 P<O.OS 

14 50.0 -0.732 N.S 

• 
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4. 1.6.1 Six weeks post-programme follow-up 

Th~ clinical status o f each of the subjects was 

followed up for a period or six weeks after the pro-

gramme (Sec Appendix E2) . On tho wholo, there was no 

worsening of the clinical status of the children. Nine 
• 

of the subjects in the experimental group and four con-

trols were symptom-free during the follow-up period. 

4 . l. 7 Effects of training on the physical 

characteristic s of the entire subjects 

{See Ape!ndix C2) 

·rhe changes in some anthropometric features of 

• 

~e SUbjects are shown in Table 37. Both the experimental 

and control groups had increases in the rrean lean body W!ight 

bf the end of &e pu:qrawc. n-c expcritrcntal gr«:a.~p had a IT'(!..n increase 

1.n the per oent body fat ...nile the controls had a l"'!an c1ecreAse. 
~r, rene of the chanqeB -.ere aiqnificant. 

4. 1.8 Subjective evaluation of programme by 

earents(See Appondicoa Fl and F2) 

Thia evaluation was done by the parent or guardian 

of the ~ experimental subj ects who usually brought the 

IUbjecta Cor the exercise aesaiona • 
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'I'1'IBIE 3 7 

Effect of training on the rrean values of sare anthropc:J!"etrlc 

features 

Per 
cent body ht Lean Body ~icjltCkg) 

Test 

ExperiJ'rontal Cklnt.rol E)cpcriJrental COntrol 

l're--programre 18 . 0+1.9 19.6+2.6 19.6 + 4 .6 16 . 6 + 4.3 - -
Pte t-proqt aune 20. 4 + 4.6 17. 7 + 4. 3 18.5+1. 9 19 . 4+2 . 4 -
~ difference 0.5 -o.2 0.80 1.10 

t•val~.e 0.696 -O.U1 0.46 0.404 

P-valw N.S N.S N.S N.S 

• 

N.S • Not si~ficant 

I 

• 
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No parent wanted the training programme to die-

continue; some wanted the frequency to remain nt three 

times weekly while others wanted a weekly exer~ise 

aeaaion. Host parents felt that the exercise waa not 

too atrenuots; it was just alright. No parent wanted 

~e intensity increased while two parents wanted the 

intensity reduced. On getting home after exercise, moat 

of the children were not tired but remained playful and 

excited all day . Moat of the children looked forward 

to the next exercise session. During the programme, the 

parents noticed that the intensity of group playa nt 

home increased in nine subjects . The intensity of runn­

ing around and doing other household chorea increased in 

seven subjects. 

Twelve of the parents felt that the frequ~ncy of 

asthmatics attacks had dec reased in their children 

although the clinical reco rds of three of the subjects 

showed no change in the f requencyJ no parent felt that 

the frequency had increased . All the parents observed 

8 decrease in the frequency of their children boing 

unwell during the while seven parents reported pro 9 r allii!IC 

that they observed increaoed activity and alertness in 
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~cir children during the programme . Ten parents saw 

the exercise as part of the treatment of asthma while 

four (21.1\) parents were not sure of this . 

4 .1. 9 Hypotheses testing (using paired t-tests) 

Hypothesis 1 : 
• 

There would be no significant difference between 

the initial and final pre-bronchodilator values of 

PEv1 of the asthmatic c hi ldren fol l owi ng a 12-week 

endurance exercise programme. The observed t-value of 

2.66 was greater than the tabulated t-value. The null 

hypothesis is therefore REJECTF.D. This implies that the 

• 

final pre-bronchodilator V<llue of FEV1 was significant ly qt."e&tlllr thlll'l 

the initial pre-bronchodilator value of FEV1 • 

!!YPQtheaia 2: 

There would be no significant difference between 

the initial and final pre-bronchodilator values of FVC 

of ••th~tic children following a 12-week endurance 

exarciae programme. The observed t-value of 1.99 was 

leas than the tabulated t-valuo . The nu ll hypothesis 

1a there fore 1'f!lJ>If11. . Th l s irrpliu that the final pre-

• 

br:actcxulator value of FVC wua not al.cp\J.f'1canUv qreater thlll'l the initial 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



104 

pre-bronchodila tor value or FVC . 

Hypothesis 3 : 

The re woul d be no sLgnificant difference between 

~e initial a nd fi na l pre-bronchodilator values of 

• 

PFR of asthma t ic children following a 12-week endurance 

exerc i se progr amme. The observed t - value of 2.84 was 

greater than the tabulated t-value. .The null hypothesis 

11 therefore REJECTED . Th 1 s ill'olies that the final 

pre-bronchodilator value of PFR ..as significantly qreater than tle 

initial pre-bronchodilator value . 

Hypothesis 4 : 

There would be no significant diffe~cnce between 
-

~e preJ and post-training values of chest oxpansiona 

of asthmatic children following a 12-woek endurance 

exercise progranane. 

Since cheat expansion was measured at three 

levels: apical, lateral costal and diaphraqmatic, 

observed t-va luos of the d1fference will be given for 

each level . 

Observed t (apical) - 3.38 (P < 0.'>1) 

Observed t (lateral c,stal) - 1.58 ~1.5) 

Observed t (diaphragtMtic) - 2.68 (P < 0.05) 

• 
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on the basis of the above given data, the observed 

t -values at only two levels of chest expansion measure-

ments were greater than the tabulated t-value . The null 

hypothesis is therefore PARTIALLY ACCEPTED. This 

~lies that not all the post-training values of chest 

expansion measurements wer~ significantly grealer than 

the pre-training values. 

Hypothesis 5: 

There would be no significant difference between 

the frequency of asthmatic attacks throughout the 12 

weeks of endurance exercise programme and the 12 weeks 

pre-programme period . The observed t-value of -3.135 

was greater than the tabulnted t-value. The null 

hypothesis is therefore REJ ECTED. This implies that 

the frequency of asthma at t acks during the programme was 

significantly lese than the frequency of asthma attacks 

before the programr~~e. 

Using analysis of variance (ANOVA) procedure to 

teat •om.e of the specific hypotheses, gave the same 

Picture: 

!!Yisothesia 1: The observed F-value of 2 · 70 for FEV 1 

wae,qreater than the tabul nted value of 2.12. The null 

• 
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hypothesis is therefore REJECTED. This suggests that 

the exercise programme was responsible for the larger 

cllfference between the pre- and post~ Ft.V 1 .values. 

Hypothesis 2: The obscrvrd F-value of 1 . 49 for FVC 

va1 less than the tabulated value of 2 . 12. The null 

hypothesis is therefore ACCEPTED. This suggests that 

the exercise programme had no significant effect oo the post­

exerciae FVC values. 

Bypothuia 3: The observed F-value of 2 . 84 for PFR 

vaa greater than the tabul~ted value of 2. 12. The null 

hypotheaia is therefore REJECTED. This suggests that 

the exerciae programme was responsible for the larger 

dl!fez:~nce be~ the pre- And poat-exerci"" PFR. 

4 · 2 Discussion 

This study took 14 asthmatic bOys and girls between 

the ages of six and 12 yearo through 12 weeks of 

endUrance exorciae programme. The exercise training ~as 

deaigned to improve the physical conditioning of the 

IUbjecta. Thia was ai~d nt l~rovinq tho ability of 

~ aa~tlc ch1ldren to cope with the phyaical demand• 

Of life without undua respi ratory diatrass. 
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It is known that exercise can make asthma worse 

(McNeil , 1966: Femi-Pearse, 1974) . The fear of 

exercise-induced asthma (EIA) makes asthmatic children 

to subscribe to low level of physical exercise . This 
• 

is a sort of physical handicap which can have adverse 

effects on the physical and psychological growth of the 

asthmatic child. It is known that some exercises (such 

as running on the flat surface) are highly ast"unagenic 

(Godfrey, 1975; Jones, 1976; and Silverman and 

Anderson, 1972) and should be avoided . On tho othor 

hand , swimming, which is known to be one of the least 

asth~gcnic forms of exercise, is highly recommended 

for asthmatics. • 

• 

The outcome of this study has demonstrated that 

asthmatic children can participate safely in a general 

conditioning exercise programme. It has also demonstrated 

that asthmatics can partic1pate in exercises of high 

••thmagenicity. This result confirms previous studies 

(Cratf- Lonneviq ot al, 1980; Nickerson ~ !!• 19831 and --
Henr iksen and Nielsen, 198 3) which have shown that 

carefully graded exercise programme has no adverse 

ef fects of asthmatic children. on tho respiratory function 
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Tho 14 asthmatic sub)ccts who participated in the 

• 
exercise programme showed qreater changes in their 

respiratory function measurements than the controls 

who were also asthmatic subj ects but who did not parti- · 

cipate in the exercise programme. The changes in the 

respiratory function parameters reflect physiological 

adjustments due to improved physical conditioning. 

4.2.1 Baseline pulmonary function measurements 

All the subjects had baseline pulmonary function 

ueasuremcnts less than the predicted normal values for 

their age and sex. The menn and S.D. of per cent pre­

dicted normal values (PNV) of the baseline values of 

PPR, PVC ond FEV
1 

wero 69.6 ~ 10.96, 66 . 2 ~ 13.37 and 

62 ·2 ~ 14.8 respectively. It could thus be inferred that 

the Sub jects in this study were poor in pulmonary func-

normal Nigerian children (See Uon when compared with 

~PPendicea B6 and B7) . This is similar to the findings 

of Nickerson et al (1983) 1n which 15 asthmatic child ren 

between the ages of seven to 14 years had mean baseline 

P'!Vl values of 68.9\ of PNV. Aderele and Oduwole Cl.9B:bl 

found that out of 145 asymptomatic asthmatic children 
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studied, 61(42.1\) had PFR values below predicted mean 

(PKl minus two standard deviations. 

Thera was no obvious relationship between the per -
cent PNV of pulmonary function testa and the severity 

of asthma. J\derele and Oduwole (l983b) also renorted 

this same finding. 

The mean baseline pulmonary function measurements 

in the experimental group were hiqher than the control 

group. Statistical analysts however, showed no 

aigniCicant difforoncc in lhe mean age and in the nean 

~r cent PNV of PFR, FEVl 1nd FVC in both groups. This 

shows that no group had better baseline pulmonary func­

tion than the other. The fact that all tho subjects 

recorded higher pulmonary function measurements after 

ealbutamol inhalation implied that they all had some 

degree of bronchial obstruction. It was found that the 

poet-bronchodilator per cent increase in lung function 

leasurement also had no obvious relat~onship with 

• 

~verity of asthma. The fact that Chi square analysis 

lhowed no significant dif!crence 1n the per cent increase 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



• )"10 

ln baseline pu lmonary funclion post-bronchodilator , 

ill()lied that the ini t;.i;AL degree of pulmonary obstruction 

vu s imilar in both groups. 

4. 2. 2 Exercise programme 

Tne circuit training design for physical condition­

i ng exercue programme in l:his study was similar to that 

~ed by Henriksen and Nielsen (1983). Sly (1976) and 

Hclfeil et al U966) have advocated the ad.ministration of --
a sui t able bronchodilator be> fore such training sessions . 

However , no pre- exorcise bronchodilator was given to sub­

jecta i n thia study just as was the case in the study 

repor ted by Craff-Lonneviq ~t al (1980). --
Swimming ia recommended (or asthmatics because it 

ia kro.in to oo one of t.re lea.aL 4 sttunagenic exercises (Fltch 

~ !!• 1975; Fitch and Horton, 19711 Silverman and 

Ande raon , 1972; and Godfrey, 1975) . However, swi~ng 
training for asthmatic children in Nigeria is unsuitable 

because of inadequate awimmlng facilities . To insist 

on awi~ing in thio situation ia like prohibiting asth­

.. tic chi1dr~n from exorcio1ng and thus from attaining 

• Ad 111a1 1 Other forms of ntAlning adequate t1tness lovo • 
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exerciaos con be safoly g1vcn to asthmatic children 

p~vided they ore well monitored. Running, which is 

known to be most asthmagenlc was safely used by 

N~ckcraon ~ al ( 1983) for training cardio-respiratory 

endurance in asthmatics. Similarly, the use of cir­

cuit training cons:Lsting of exercises of varyiug 

asthmagenicity in the prese nt study was safe and was 

not associated with adverse effects on the subjects. 

Several authors, including Fcmi-Pearso (1974), have 

reported that running for nix minutes will provoke EIA 

in an asthmatic subj e c ts; t his will probably occur only 

during exercise testa and i n unconditioned subjects. 

It is believed that carefu lly graded and supervised 

endurance exercise tra:Lninq programme even if it is 

&ade up of running (Nickerson £1 !!• 19831 Mahler £! !!• 
1981) will not provoke asthma but would rather build up 

Physical fitness in the s ub jects just as reported by 

Graff-Lonnevig et al (1980 ) ; Henriksen and Nielsen --
(19831 1 Peterson and fo\cElhe nny (1965); Scherr and 

Frankel (1958) and Nickerson et al (198)) • --
Even though exercise- i nduced wheezing occurred in 

~study, none of the subj ects went into frank or full 
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blown asthmatic attacks probably because they were 

helped to recover promptly by the administration of 

post-exercise salbutamol inhalation. It is prcbable 

that the subjects would have recovered spontaneously 

vi~out medication as was reported by Henriksen and 

Nielsen( 1983) among asthmatics in whom EIA which 

occurred during exercise subsided spontaneously within 

f1ve to 10 minutes without medication. Spontaneous 

recovery was not encouraged in this study so as not 

to alarm or frighten the pnrcnts who might default from 

~e programme as a result of prolonged exercise-induced 

wheezing. 

Since there was no pr~-cxercise bronchodilator 

administration, as recomme nded , one would have expected 

more severe EIB which might have progressed to frank 

as~tic attack in the subjects, or there should have 

been more cases of exercise-induced wheezing than 

reported in this study. The fact that these did not 

happen was probably due to the following reasons: 

1. ~11 the 

dilator 

aubjects were on intermittent broncho­

therapy in the form of oral salbutamol. 

The subjects who were on 2 or 4 m9 salbutamol 

• 
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r l 0 ., 

h •• t ur • eo a a 

t w lk r 1 (l aa\ • • • - -
peak pl II 1 1 t.hr ho ra • ft.•r • 
inq at.lon. Thh prot bly pr nt. d t 1 

nt of aev r JA r la -1 d • 

This r aeon c nnot lW yo hold for 'II ry reh 

a uion nono of th eub eta v • on continuo • 

• bronchod1l tor th r 1 

many of th 11 r nt.o ,.w.r' IA 

It w a dleco r that 

not giving th oral 

aalbutnool to th ir chtldr n a preecrib d. TheY 

w re in fact giving und rdoaco for th oxpreaa d 

roaaon of non- vail b lity of tho drug to buy on4 

for tho probably un pr ae d r aeon of financial 

constreinto. Koat of the parent• by virtue of 

their lev l of ducation and their occupation 

could be cat goriaod into tho lower aocio-oconooic 

group. !Appendix AI . 

Th typo of x rclao lnclud d ln the circuit pro­

bably did not nllow tnr dev lopmont of saver EIA. 

lt "'All A combinntion n f cxorciooa of var)·in9 
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ast.l'lnlgenicity with a resultant leu aathragenic effect . 'the 

ovcrall l eu ast:hrM<Jcniclty is evident fran the fact that the 

highest post-ecc.rcise fall in PFR in this stmy was 15.6\. 'lhis 

value is OCJitl!U"D.ble to the 13\ and 15\ fall in PFR reported by 

Fitch and f.t:lrton(l97l) aftl'.r cwiJrrning ard walking respectively. 

l. 'lhe intensity o.nd duration o f exercise were gradually built up 

fta11 five cxc.rclsc statio~ to 10 exercise stations. 'lh1s 

allOolt'ld for gradu:al build-up of (i\ysical conditioning, hence the 

failure to obtain the t:ypic.ll response AB fran CJ(DI'clse testirq: 

4 • ere l.JTtx>rtant Cnctor which CAn acoount for the ron-<Jeveloprent 

s. 

of frank or Cull blcun nst:lml during mcercise programre is th,. 

one minute rest periods bet¥~een CJCCrCise stations. several 

attrlies (Jones et al, 1962 and 19631 Godfrey, 1975; Jones, 1976; 

f'itch ard 1-'orton, 1971; Silverman and l\nderOOn, 1972) hllvo lhcWn 

that intermittent ~se design as used in this st:udy, produce 

less ICVC.re EIA than c:onti.mxlus exercise deSign. 

Close and constant observation of the subjects pre-

exercise , during exerctsc and post-exercise most 

probably contributed i~mcnsely to the non-developaont 

of full blown asthmatic attacks at exercise seasions. 

Ill and wheezing subjec ts were not allowed to 

Participate in the day's exercise. When wheozinq 
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was observed during exercise, further participa­

tion was stopped for the day . 

6. Salbutamol inhalation was the bronchodilator 'o f 

choice in this study [or the arrest of exercise­

lnduced wheezing because, according to Sly (1984), 

Godfrey (1975) and Wa lker ct al (1972) , it ia an --
effective bronchodila tor. It acts quickly, lasts 

long and is relatively free from aide effects. It 

is also convenient and easy to administer. Prompt 

post exercise salbutomol inhalation quickly 

reversed the exercise-induced wheezing episode and 

did not lead to frank asthmntic attack requiring 

additional treatment. 

The weekly mean repetition per minute per station 

vaa found to diminish gradually, though unevenly as tho 

n~r of exercise stations and the total duration of 

exercise increased. This could be explained by the fact 

that no fixed cadenco of 

tated to the subjects. 

adjust to his own pace . 

exercise performance was die­

Each subject was allowed to 

The subjects probabl Y slowed 

dovn as duration increased, the 
slowing down could also 

be due to having more work to do since tho number of 
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e.arcise stations also increased. 

Stoppage of exercise due to onset of exercise­

induced wheezing and post-exercise need for broncho­

dilator inhalation did not seem to have any obvious 

relationship with the number of exercise station or 

vith the total duration of exercise . Discontinuation 

of exercise and post-cxerr. Lse bronchodilator inhalation 

aeemed to occur mainly belwccn the 7th and the 9th 

veek. They also occurred ot the 12th week and the 

first and 2nd weeks. The need for post-exercise 

ventoHn inhalation for 15 out of a possible 372 times 

implies that the subjects did not develop severe EIA 

for 357 times . 

The degree of exercis e-induced bronchoconstriction 

~lB) (post-exercise fall in resting pulmonary function 

leaauramenta) at one minute and 10 minutes were deter­

ained as per cent fall from resting pulmOnary function 

leaaure~nt. A similar mrthod of estimating EIB waa 

uted by Henriksen and Nielsen ( 1983) · The changes in 

the degree of EIB as the programme progressed bOre no 

c:onai t in the n~r of 
8 ent relationship w1th increase 

•-.rc:ise stations and increase in the total duration of 

• 
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exercise . From Table 18 nnd Figures 14 and 15, it 

could be seen that,on the whole (when tho degree of EIB 

at five exercise stations is compared to the degree of 

EIB at 10 exercise stations), the degree of EIB at one 

• 

cinutc post-exercise; had inc:reaS(.'d though insignificantly as the exc.rcise 

progressed . However, the changes in the degree of EIB 

at the various stages of the exercise programme were 

inconsistenl. The sharpest increase in the degree of 

EIB (from PFR) at one minute post-exercise occurred in tho 

fourth week when the numb< r of exercise stations was six 

and the total duration of exercise was 12 minutes. This 

staqc also had the greatest per cent fall of PFR at one 

minute post-exercise from the pre-exercise PFR. The 

aharpcst decrease in the degree of EIB from PFR occurred 

in tho tenth week when the number of exercise stations 

vas nine and the total duration of exercise was 31.
5 

adnutea. This stage d~d not however, coincide with the 

ltaqe of least per cent Coll from pre-exercise PFR. 

'l'he least per cent fall from pre-exercise PFR occurred 

in the aecond week when the number 
of exercise stations 

vas five and tho total dutation of exercise was 
7

·
5 

aunutes. Tho least EIB occurred in the second week 
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probably because progressio n 
• 

of exercise at this stage 
. 

vas by incrcooe in the totc1l duration only . Tt.e 1n-

consistent increase and dec rease in the degree of EIB 

41 the exercise progressed c an be attributed to the 

fact that there was no f ixc d cadence for exercise 

performance. Each subject responded to the progression 

of exorcise differently, C•'Ch s ub ject worked himself up 

at the various stagoa inconsistently. If the cadence 

vas fixed or uniform for o l l subjects, one would be able 

to attribute n foll in the degree of EID at one minute 

po1t- exercise to the response of the rcspi~atory func­

tion of the subjects to thr more strenuous work as a 

reault of progression of e xe rc ise. 

Tables 25 and 32 show an overall significant 

increase in the degree of CID by the end of the 

Proqrllll:tle. The inc rease in the EIB was more consistent 

vith PEVl and FVC. The least post-exercise 

fall tat one minute) in FEV 1 
and FVC from the 

Pre-eve i in the second week when 
~ rc se values occurred 

the nlll!lber of exercise s tations was five 

• 

the o f exercise 
was 7.5 minutes. 

total duration 
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The greatest post-ex~rcise fall in FVC and F£v1 

from the pre-exercise valu~ occurred at the twelfth 

veelt when there were 10 exr.rcisc stations and the 

subjects worked for a total duration of 40 Minutes. 

The pattern of change in EtO from FEV1 and FVC (at one 

~nute post-exercise) aa the exercise progressed, 

suggests that the increaserl work caused greater post -
exercise fall. 

The difference in the changes in EIB (as exercise 

progressed) from PFR compared with the changes from FEV1 

and FVC cannot oosily be explained because the same 

Subjects were involved in the same exercise situations, 

and tho teats were taken one after the other at about 

~e same time. The possible explanation could be the 

difference between relative eaao of obtaining the PFR 

~hich requires forceful expiration for only 0.01 second 

compared to the forced exp1ratory spirogram which 

requires sustained forceful expiration for six seconds. 

Especially since the measurements ...ere taken post­

exerclae when the subjects were very tired and getting 

out of breath. 

Th 10 · tea post-
e changes in the deqrec of EIB at ~nu 

• 
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exercise showed an overall increase (significant only in 

PER) by the end of the programme . The difference in 

the pattern of EIB at OQe minute and 10 minutes is 

aa~ly seen from the eighth week for PFR, FEV1 and PVC. 

rrom the eighth week, the degree of EIB at 10 minutes 

re=alned about the same till the twelfth week. Apart 

froGI servinq as a pointer to the effect of progressive 

• exercU!e proqrammo on the ventilatory response of 

aa~tic children, the degree of EIB at 10 minutes 

post-exercise could also b~ seen as a measure of recovery 

frcxa exercise . The constant degree of EIB from the 

eighth week to the twelfth week could be seen as i1 pointer 

to improved exorcise tolerance in spite of progression 

or exerc lac. 

The overall increase in the degree of EIB with 

exercise progression aa aeon in this present study differs 

froea Other 

on Nickerson at al (1983) reported --&athmatic children. 

reveraed episodes of EIB in their study on 

diata nt running for aathmotic children. aenri\acn and 

tcielaen U98l) found 

degree of EIB in the 

a significant reduction in 

aubj~cts while Fitch 2! ~ (1972) 
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found no change in the frequency and severity of EIA 

after five months of swimming training. However, while 

Nickerson et al (1983) and Fitch et al ( 1972) measured -- --
EIB from FEV 

1
, Henriksen and Nielsen C 1983) measured 

tiB from PFR. The design of this programme whereby 

there is progression in the number of exercise stations 

and the duration of exercise, makes it difficult to 

effectively assess the effect of the training, on EIB . 

The situation is further complicated by the fact that 

each subject exercised at his own pace, which was 

not necessarily consistenL during the programme for 

the same subject . If the duration of exercise, number 

of exercise eta tiona and cadence of performance were 

fixed, one would be able to assess more effectively. tho 

effect of endurance training on the degree of EIB . .. 
4.2.3 Effects of exercise training 

Similar to tho outcome of other studies (~ickereon 

!! !!. 1983, and nenrikaen and Nielsen, 1983), there 

~re no adverse effects of endurance exercise programme 

on the respiratory function of asthmatic children in 

this •tudy. Rather than being adverse, exercise train1n9 
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in this study improved the respiratory function tests . 

!his is similar to the results of Fitch ~ al ( 1976) : 

Graff- Lonnevig et al (1980) and Scherr and Frankel --
(1958) . Itkin ( 1964) and Nickerson et al ( 1980) did -
not report improved pulmonary function measurements 

after endurance exercise programme . They, however, 

ntported no adverse effects of training. 

The fact that ~control group showed some improve­

lent or increase (though not significant) in the pulmo­

nary function measurements in spite of non-participation 

in exercise programme could be attributed to improved 

parents education or awareness of the physical capabilities 

of asthmatics. It is howcver,more likely that the 

!~roved pulmonary function measurements in the controls 

~due to improved familiarity with or underst,nding of 

test Procedures resulting in improved performance. 

Since there WlUI m oignlfic."nt di.ffererat in the per cent FtN 

of PPR, FVC 11 values in both and PEv
1 

in tho base no 

groups, and since the improvement in the pulmonary func-

tion lleasurementa in tha experimental group was more than 

that in tho controls, the 

t.o the effect of enduranc 

difference could be attributed 

exercise tralning. While 
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~ere were significant increases by the end of the 

programme Onlv in the Pf'R and n:v1 rreasurerents of the 

e~rimental group, none of the measurements s1owed 

siqnif~cant increases in the controls. This is in spite 

of the fact that there was no significant difference in 

~e baseline values in both groups. The difference in 

the post programme respiratory function measurements in 

both groups was also highlighted by the analysis of 

variance (ANOVA) of the respiratory function indices. 

There were significant F-rntio (2 . 84 and 2.70 respec­

tively) in the PFR and FEV 
1 

measurements in the experi­

mental group, while nci ther the F-ratio of the FVC in 

the experimental group nor in any of the throe indicea 

in the control group were significant. ( ~ables 17 • 24 

and 31). This suggest• that the experimental ~eatments 

(endurance exercise programme) is responsible for tho .. 
larger •between group variance", to produce significant 

P in the experimental group. It oleo shows that there 

are more extreme scores of both onds of tho distribution 

in tho experimental than in the control 9roup. Thi• 

differe nce can only be due to the effect of tho endurance 

exercise progratNll6. Tho non-significant r-ra tio in t.he 
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rvc of the experimcntnl qroup when the rsvl had signi­

ficant r could be due to t:hc relative difficulty of 

obtaining FVC in a forced expiratory spirogram than the 

rrv
1

. Forced expiration hao to be sustained for only 

one second to obtain the rev1, whereas it has to be 

sustained for about six seconds in order to obtain the 

rvc. If the subject gets tired during the forced 

expiratory procedure, the FVC ia more likely to be 

severely af!octcd thnn the FEV 1• 

ratrcd t-teat" betweln the initial pre-bronchodi­

lator values and onoh of t.he aubsequant asaeaamenta woro 

meant to show tho stage ot the training progr~ at 

which aiqnifioant chango (increaao) started to occur. 

Thia was with the aim of rccoll\fl\endinq a ndnimum duration 

of exercise training for building respiratory endurance 

in asthmatic children. It was observed fron two of tho 

three ~aaurea of respiratory function utili%ed in this 

ltudy !PPR,FEV 
1 

and rvc) , tho t aignificont increase 

ttarted to occur after oight weeks of exorcise proqr~ 
Cor P£V r---- thil study, it M5 1 And after 10 wooka for PFR. ·~ 

been demonstrated that a mlntmum of oight woeka of 0~ 
•••ret,~ trntnlng at throe exercise aossions por veok 
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vas required to bring abou t significant improvenent in 

~~ respiratory function of asthmatic children. Winder 

et•al (1979) demonstrated that three weeks of e.tdurance --
uaining were enough to demonstrate increase in the 

vorldng capacity in heal thy adult&. Henriksen and 

Nielsen (1983) demonstrated that six weeks of endurance 

training were enough to bring about improvement in the 

physical working capacity of asthmatic children. 

• 

A pattern of better (or relatively higher) P~R result 

~an rev
1 

and FVC in both experimental and control groups 

prevails throughout this report. This can probably be 

explained by the fact that both FEVl and FVC are obtained 

fro~ the some spirogram and according to Jones (1976), 

many patients get tired dur i ng forced expiration. There 

18 • stronger correlation be tween per cent PNV of FVC and 

Ptvl tr • 0.9858) 

PPR (r • 0. 7614). 

than between per cant PNV of FVC and 

The strong correlation between per cent 

PIIV of FVC and FEV should be expected since they were got 
1 

from tho same spirogram. The lower values of par cent FEVl 

•nd rvc compared to tho values of the per cent PNV of PFR 

can be attributed to the relative difficulty of obt.!ll.ni~ the 

foriOoiid bfliratcey sphogram. '1'h<' forced expiratorY spirogra.~ requirea that 
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a subJeCt cxp1.ros fo r cefully and maintains 1.t for about 

six seconds. This , partic-ularly in children, could be 

tiring and t he inability Lo blow forcefully and sustain 

~e for ce could be the cause of low FVC results espe-

dally Wlth repeated attCI"I>ts. Oduwole et al (1983) --
had a similar experience C'spccully with chtldren below 

~e age of six years who w~rc unable to blow forcefully 

and sustain tho forceful ~xpiration beyond one second . 

Jones U976) and Hcrxhcimer (1976) have expressed a suni­

lar vl.ew. On the othc r hc,nd, PFR is obta1ncd easily, 

it is not t irinCJ even with several attempts, 1t is more 

convenient i n terms of being less cumbersome a\d it is 

independent of electricity supply. 

ALl t he subjects hnd tncrcasca (though not signifi­

cant i n all cases) in the degree of cheat expansion at 

the threo levels. The increase could be due to 1 roprovcd 

famlllar ity of the subJeCt~ with the technique of loca­

l ised and deep breathing wh1ch constituted tho test 

Procedure. The oxperimcnLol subjects hod significant 

i ncrea aea in apical and dJ tphr.:~gmotic chest cxpanuon 

~aaurcmcnt:n probably bccnuso they carded out broathing 

exerciaco during tho ono-mlnulo rest poriods botwc~n 

• 
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e~tercisc stAtions and possibly because the exercise train­

ing developed some of the respiratory volur..cs. The non­

llCJnHicant increase in lotcral costal mcasuree.ent in the 

e~~ri~ntal group could be due to the difficulty of under­

standing 11\SU'\JCtions for localised breath1ng at thu level. 

From the clinical status of asthma of each subject 

dJring the 12-w,.ek period Qf the program:!~ comPAred t.o 

the three months pre-programme period, it could be 

1nferred that all t.he subjects had improved clinically 

during the progrArMIC. Improvement was observed in terms 

of nWI\ber of asthmatic attacks, admissions into hospital 

on account of asthma , attendance at cl1nic on account 

of Uthna, frequency and dosage of intermittent broncho­

dilator therapy and ab•ent.ceism from school on account 

of 18'h"'a, From the fact thl\t no n!" of the children 

req~ired ndmiosion during the progr.,mmc , one could infer 

~t the fc~ oubjecto who had asthmatic att4cks had Qild 

Ottacke -n ich were not severe enough for ad~sslon into 

~101pltal d · A similar report wa• given by Scherr an 

PcanJ,;el d 1 n 11958). Since clinical improvement occurrc 

bot.t. e Xperi rncnca 1 

Cllnt 
Cal l mprov m 

and control oubjects, the general 

nt con be ottrlbuted primarily to 
t.hc 
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enliCJhtenment of the asthmatic children and their parents 

concerning asthma. This probably resulted in better 

cooperation with the various aspects of the treatment of 

as~. The better clinical improvement in the experi -

~~ental group l.S attributable to the effect of exercise 

traintng for 12 we(.kS. 

Nine of the experimental subjects were symptom-free 

durtn9 the programme compared to two (14. 3\) who were 

•~tom-free three months before programme. Eleven 

178.6\) SubJects tn the experimental group had reduction 

10 the number of asthmatic attacks during the programme 

cc....,ared to pre-progranune, while three ( 21. 4\ l did not 

have any change in the number of asthmatic attacks. 

!lor-e of the subjects in both groups had an increase 1.n 

~ nu:Der of asthmatic att~cks, however, only ~he 

e~rioental group had signif1cant reduction in the 

n~ r of aath!:l4tic attacks. 

Fitch ct al (1972) nnd Scherr and Franlcel (l9S 8l --
1110 repor ted significant decrease in the number of 

"'th=a 1 d cc t c attacks in the children after en uran 

exe rc: 1 se progral'l'llllC , while. Itkin ( 1964) and Nickerson 

tt •l ( -- l98)) reported th n-·-""•r of no chanqe in e w•~ 

-
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There must be other £oct.ors Un ttte 

,e-M t atudy) oport !rom the effect of excrcis train­

t o account for the r eduction in asthr:.atic attAcks 

control subjects. Although ~c 

ee~ t could be )U&t by chance , it is cor probable 

• lllprovcd parents ' education about astho.a could be 

• s•:- ~~factor . A.c:cording to Fitch et al ( 1976), the - -
participated tn their swi~nq tra1n1n9 bad 

• !~t• ter 1nsic;ht into tho1r children's aathma. In the 

t r.t l, parents education came in the torm of 

•• -lar counselling especially on the i oct nc 

ro tin aothmatic drugs and the general 

care of lr chi ldrcn , as it concerns elos 

ob&erva•1 na ot all ti s for the s:Lqna of ast 

r ll~s ftd f dinq and clothi • 
I q ft 

nl ygi nc; 

~r api t.a l t.O 
t v1sitl tO t.h h 

r • r th fort i tlY re 

tr l • 
tl 

• u •• of t 

•• • • t 

r • ins t I I D 

• •• ll H • 
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features such as running nose or cough was advised 

to consult the paediatrician immediately . This 

could have helped to abort some attacks of asthma. 

There were reductions ( though statistically in-

significant) in the mean daily dosage of oral salbutamol 

1n bOth groups . Going by the mean difference between 

t:lle pre- and post-progratm\e dosages in both groups, there 

vas a more marked reduction in the mean daily dosage of 

tntermittent bronchodLlator therapy in the experimental 

l@)ects which could be attrlbuted to the exerc1se 

training. The frequency or intermittent bronchodilator 

~rapy, three months before the study was 2.9 and 3.2 

U~:~ea in the experimental and control groups respectively. 

~ ~ end of the 12 weeks of the study, the frequency of 

lnLt:ruittcnt tronchocHlator had r~duced to 1.8 and 
3

·
0 

tu•u l.n the experimental and control groups respecuvely. 

Leaa frequent lntermittent bronchodilator therapy duung 

the pr oqr~~ indicates reduced requirement . 
Nickerson 

U !! ( 1983) and I tk.in ( 
1964) found no change in the 

While Fitch !! !! !ledicati on required by the children. 

U972) and Scherr and Frankel ( 1958) reported significant 

decrease in ThiS improved 
the medication required. 
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chnical status in the present study cou l d be as a 

result of exercis e and improved parents ' educa t ion on 

asthma. 

Absenteeism from school on account of asthma a l so 

reduced significantly ( t • 2 . 27 4) during the exercise 

trai ning in the experimental group. The 12 subjects 

1n the expe r imental group who were attend1.ng scho 1, 

mssed an aggregate of 56 school days three months 

~fore tnu pr~9r~~~ compur cd t o ~n agg reg~ tc o f 10 

school days during the programme . The f 1. ve controls 

lliued en aggregate of 28 s chool days before the pro­

gr~ and a n aggregate of 14 school days dur1n9 the 

proqramme , hP decrease in the controls was not statis­

tically significant . The reduced absenteeism from 

school ~ n the exper1mcn~al ano c ontrol groups c o uld ~ 
considered aa one o f the indicatio ns of i~proved clinl ­

cal status. A similar reduction 1n the number of 

lllisaed s chool days as a result of asthmA was reported 

by Peterson and HcElhenny ( 1965) following eight months 

o ( endur ance physical training for 20 as~tlC bOYS · 

At the end of the 12 weeks of study , the subjects 

'~~ere f 1 0 lD'ttcd up for a 
period ot six weeks mainly via 
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hOspital case notes and during oourt.esy calls at the 

Physiotherapy Department , U.C.H . Nine of the expen­

~~ental sub jects and four controls were found to be 

a~too- free during the follow-up period. From the 

results, i t could be seen that none of the subJects 

qot 1o1or se during the follow-up period cor.pared with the 

study ~r iod. Havinq observed no adverse effects fro111 

the prograa:re, the parents probably allowed their child­

r~n to t ake more active parts i.n physical exercise while 

they continued to be observant of them. 

The post-programme changes in the mean oor cent bOdy 

fat and the lean body weight in bot:h groups were not 

•tatht1cally significant. en the contrary, Henriksen 

and Nielsen ( 1983) reported s1gni ficant increase in 

~Y wetght after oix weeks of physical training pro­

qr~ in the tra1ninq group and in the control group 

a: O.Ol level. The subJects who participav-1 in the 

hve 00 t.h ri- h ct al 
n • sw1~ng trDining reported by ~c --- ---

11976 ) h h b t ad post-training 1ncreased body wcig t u 

red~~ed body fat. The increase in bOdY weight (though 

inal9nificant) in all the oubjects in this study can bO 

•tt.nbut e d to the normal growth of children· ThiS 
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agrt!eS with the observat1on of Aderele ( 1981) that asthma 

is rot a usual cause of significa."\t growth ret.a.rdation in child.r:en. 

4. 2.4 Subjective evaluat1on by parents (~ r 2l 

Post-programr.e subjective evaluation by the parents 

of experi~ntal subjects indicate a high degree of enthu­

slasill and acceptance of the exercise training by the 

as~tic sub)ects and their parents. This is si~lar 

to the report by Scherr and Frankel ( 19S8). Peterson 

and HcElhenny { l9o9l reported that lo out of the 20 

I!Others of their subjects Celt that there was a marked 

reductlon 1n the number and severity of asth!Mtl.C 

attac%s in their children. Seven of the mothers in the 

study of Pet~raon and HcElhenny ( 1965) observed excellent 

overau h:~roveoent in their children while nine mothers 

Cleeelfled the observed overall improvement as being 

c;OOd, Itkin 0 964) a lao reported a subJective belief 

Of 1 Rprove~~nt in the patients even though there were 

r.o ab)cc:Uve chanqeG 1n the FEV
1 

and in the medication 

required. t study From the response in the preson • 

eaPec:ially d the in-from the fact that no parent wante 

t.enai ty of exercioe increased , it could 
be seen that 
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vh1le the parents were still slightly sceptical about 

exercise, 1110st of the children wanted more exercise . 

It could be inferred that the fear of exercise was 

expressed by the parents more than by the asthmatic 

children themse 1 ves . 

Ten o f the parents in the programme who saw exer-

elSe as pa rt of the treatment of asthma probably felt 

blte th is f r om their experience with the study and the 

observed effects of exercise training on their children. 

Four of the parent"' were not sure that exercise was part 

of t he t r eatment of asthma. This is not because they 

ve re not convinced about the observed benefits of the 

exe rcise training for their children, they probably 

felt that only drugs can be used for treatment , and that 

trc~~nt Clln only be effected ·.~hen the subject is in 

acute attac)( of asthma. 

4. 2 . 5 Overall effects of exercise tra1ning 

Based on the subJective evaluation by parents and 

~ ob jective observations froM the respiratory function 

~asuremcnta , it can be seen that the 14 asthmatic 

•t:b j mme had ec t a who partlcipated in the exercise proqra 

benefttted from it . The exercise training did not have 
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any adverse effects on the respiratory function of the 

asthmatic subjects. Rather, there were some 

1~rovements in all the respiratory function measure­

~~ents as well as in the clinical status of asthma. Hence, 

three of the hypotheses which stated that there would 

be no significant changes in the respiratory function 

~sts and the clinical status of asthma as a result of 

12 weeks of exercise training were rejected because 

there were changes indicating improvement at the end of 

the programme. 

The beneficial effects of endurance exercise pro-

qr~ were achieved in this study probably because the 

••thoatic children exercised under supervision. 

Exercise in a non-clinical set-up cannot be avoided for 

"•thaauc chlldren, b"!<:aW~e lt 15 inposs~ble to p::-c.,.ent 

the asthmatic children from joining peer group plays at 

•chool and at ho~ to varying extents : from roere 

lpectatorahlp to the ~~st aggressive part~clpants. rn 

order to encourage asthmatics to exerc1ae but to exer­

cise Within safe limlta, there is need for some sort 

of IUpervlsion at all times. Supervision of asthmat~c 

Children should be done at all tlmea but in particular, 
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during exercise outside a clinical setting . 

4.2 . 6 Response rate 

rne response rate of 54. 3\ in this present study 

vaavery poor when co~pared with the 99.9\ reported by 

Burr ~ !.!. ( ~974) where only one subject out of 817 

defaulted. Sixteen subjects defaulted in the present 

study out of a tot a 1 of 35 subjects recrui ted. 

The experimental group attended exercise sessions 

for a mean of 27.1 days wh1ch was less chan 80'6 of 

regular attendance ( '34 days) and defaulted for more than 

20' of the time. The irregular attendance could have had 

d~ning effect on the results in terms of exercise 

perfon~ancc, respiratory function measurements and effect 

of exercise on the clinical status of the subJects. ~ 

lia!lar pattern of irregular attendance was found at 

~e fortnightly pulmonary function reassessment sesslons 

l),ppendix 88) • The irregular attendance was more: marked 

~nq the controls who recorded 40l attendance at ewo 

teating sessions and 60\ attendance at another two 

testing acasLona. Since more emphasis was placed on 

qroup rather than 1nd1vidual results , the group rocan 

Values kept fluctuating not ao a rooult of changes due 
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to the programme but due to the varying number of sub-

3ects at the testing and exercise sessions. Attendance 

at fortnightly testing session was fairly better in 

the experimental group probably because they were 

requ1red to attend more often in order to exercise. 

So:::ae of the experimental subjects attended fairly regu­

larly because they felt. they were benefitting from the 

prog r&r.:le. 
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CHAPTER 

SUMMAR'i, CONCLUSIONS AND RECOMiiENDATIONS 

s . l s 1llm\Cl ry 

The a1m of this study was to find out whether 

astluMtic children can safely engage in general condi­

tioning exercises on regular basis without a pre­

exercise administration of ~~onchodilator drug, with 

the hope o! graduall:r· trat.,;!lg their respiratory 

endurance. The aim was to determine the effects of 

graduated general conditioning exercise of 12-week 

duration at a trequancy of three exerc1se sessions per 

week on the respiratory function of asthmatic children 

without a pre-exercise admJnistration of a broncho-

a1lator. One general hypoth~sis 

hypotheses were put forward. 

Pulmonary function was investigated using the 

Vitalograph spirometer and the Mini-Wright Pea~ Flow 

Keter • 50111(! 
f t he sub). ecta 

anthropometric features o 

using the akinfold calliper and the tape were measured 
me f bOth sexes who 

asure, Nineteen asthmatic subjects 0 
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were aged SLX to 12 years, completed the study, 14 in 

the experimental group and five in the control group. 

The exper imental group went through an endurance 

exercise programme of 12-weck duration at a frequency 

of three exercise sessions per week. Aerobic exercises 

of varying asthmagenic1ty were arranged 1n a circuit. 

Progression was by increasing either the number of 

stations ( Irom five to 101 or the tirne spent at each 

station (from one minute to four minutes) every week for 

the 12-week duration. 

All the subjects in the experimental group were 

closely observed durinq pre-exercise, exercise and post­

exercise sessions for symptoms of asthma and ElA. ~y 

Subject who was found to be wheezing or in acute attack 

~as diaallOWPd from further participation 1n exercise 

and given ~ppropr1ate medical treatment. 

The pulmonary functlon tents ~ere repeated at t~~ 

• eekly lntcrvals tor bOth the experimental subjects and 

the controls. At tho end of the programme. all the 

Childr•n had function and anthropometric " their pulmonary 

measurements taken. The data obtained were analysed 

both manually and using a coroputer. 
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The mean age at onset of asthma in the entire suL-

lects 'tlollS three years while the mean duration of 1llnens 

~as 5 . 25 years. Four of the subjects were classif1ed 

as c.ild asthmatics, 13 as moderate asthr.latics and t'tiO as 

se.,-ere asthmatics. Statistical analyses shO'oled no signi­

flcant d1fferences between the age, the duration of 

1llness, the age at onset of asthma and the severity of 

as~ in the experimental and control groups. The 

oean nutiber of asthmatic attacks in the experimental 

subjects three months before the programme -as 1.64 

attacks ~hile it was 2.4 in the controls. ~o experl­

~ntal bnd one control subjects were symptom free during 

t.hree months before programme. All the subjects '-"Cre 

routlnely placed on intermittent bronchodilator 

( Sal1n:tar.!)l) th,.rapy by th~lr doctors. The s®jects in 

tr¢ experimental group were absent from school for an 

aggre9at ot 56 ochool days during three months pre 

progra~~ whlle the subject in th~ control 9roup ~ r 

abacnt for an aggregate of 28 days. 

hll tho aubjocts had baselin peal!. fl . rate (PFR) 

valuea below Normal V41U ( Pl-"1.') for th 1r 

thf) Predict d 

II:JO and ll I(, 
r c nt. PtN of t>fR in th control 

Th 1!1080 p 
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and experimental groups were 65.76 and 71 respectively . 

Fifteen minutes after ventolin inhalation, mean baseline 

PFR increased by 19.28\ and 12.27\ in the experimental 

and control groups respectively. 

The mean per cent PNV of baseline forced exp1ratory 

volur.e in the first second ~tv 1 > were 64.5 in the experi­

oental group and 55.91 in the controls. Post broncho­

dilator increase in baseline FEV1 were 35.9\ and 36.2\ 

1n the experimental and control groups respectively . 
• 

~~an baseline forced vital capacity (FVC) values 1n 

the experimental and control groups were 69.1\ and 

60,9' of PNV of rvc r~spectively. Statistical analyses 

ahowed no nignificant ditferenccs between the per cent 

PNV of initial PFR, FVC and FEV1 as well as the pre­

exercise chcot expansion mcasurecents in the experi~ntal 

and control groups. 
., .. 1 

The mean att~ndance at oxercise sessions was L,, 

daya out of a maximum of 34 days . The repetition per 

- • n nlY as the ~ Ute per station decreased though uneve ' 

"u:ber of exercise stations increased from five to 
10 

And the total duration of exercise increased from tive 

to 40 1111nutea. 
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Exerc1se 1nduced wheellng occurred on five ~si~ 

1n four subjects who were stopped from further partici­

pation with the day's exerc1se and given salbutamol in-

halation to a1d prompt recovery from exercise. Post-

exercise wheezing also qual1fied some subjects for 

ventol1n inhalation. On the whole, six subjects re-

quired ventolin inhalation for a total of lS times 

( h of a tx>t:al of 372 possible times) throughout the 12 

~•eks of the study . Non~ of the subjects went into 

full blown or frank attacks of asthma . 

The six fortnightly reassessments of respira~ory 

function tests as •.Jell as the final assess~nts, sho~o.~d 

gradual increase from the baseline measure~ents for 

both the control and the experimental groups. Per cent 

!~~rcacce ln PFR, FEV
1 

~nd FVC were 30.2, 27.5 and 

18· 26 respectively in the experimental subJects and 

11•2• '.06 and 12.27 reapect1vely in the control sub)ecta. 

Onl . th e-ru:~ntal 
Y ~hf lncreauc in PFR and FEV1 ln ° Ar-

•Ubjecta were significant , while the increases in the 

PFR, FVc, ~EV in the control group were not significant. 
1 

Analyau of variance (At/OVA) gave algnHLcant r-rauo 

in the PPR and ~EV for the experimental group. The FVC 
1 
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in the expenmcntal group and the PFR and fEV 1 in 

the control group did not have significant F-ratio. 

Paired t-tests between the initial pre-bronchodilator 

values and each of the subsequent assessments, showed 

that significant increases in the PFR and FEV1 resrectiwly 

were first observed in the experimental group after 10 and 

eiqht weeks of training. The post programme per cent 

PNV of PFR, FEV
1 

and FVC in the experimental group were 

93.2, 82.9 and 81.25 respectively while in the control 

SubJects they were 73.62, 60.13 and 68.84 respectively. 

While the differences in the in1tial and final pr6-

bronchodilatc r per cent PNV of PFP, FVC and FEVl w~re 

lignificant in the exreri~ental group, they were not 

aignificant in the control group. 

Both groups showed decrease in the nu=.ber of 

asthmatic attacks during the programne. \ihlle the 

experimental group showed a decrease of 77.5\, the con­

trol &ub)ects had 41.7\ decreaae. However, onlY the 

experimental group had signif1cant reduction in the 

nu=ber of asthmatic attacks . 

tl 
~as a .. -1 t~·d into hospl tal on 

one of the subjects - ~ ~ 

account of aatnma during the progra~· 
There was 9 .1\ 
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decrease ~n the daily dosage of salbutamol in the 

e~rimental subjects and 1 . 5\ decrease in the control 

subjects, neither of these was sign~ficant. The fre-

quency of intermittent bronchodilator therapy during 

~e 12 weeks of programme was 1.8 times in the experi-

aental group and three times in the control group. 

The experimental subjects were absent from school 

on account of asthma for an aggregate of 10 days giving 

82.1\ decrease in absenteeism from school while the 

control subjects missed a total of 14 school days 

giving a SO\ decrease in absenteeism from school. 

However, only the reduction ~n absentee~sm from school 

in the experimental group was statisticallY significant. 

During six weeks post programme follow-up, the 

SUb)ecta d~d not h•v~ poorer clinical status, there 

were i=Provementa in some aspects and no changes in 

Others. 
bY parents of 

SubJective evaluation of prograr.me 
of the~ wanted 

experimental subjects revealed that all 
the HOlt parents felt that tho 

Programme to continue. 
number of asthmatic attacks and the frequencY of feeling 

unvell had decreased during tho programme vhile theY 
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observed increased activeness and alertness in their 

children. 

Three of the specific hypotheses were rejected 

because there were changes which can be attributed to 

the effect of exorcise. 

From the baseline pulmonary function measurecents, 

one could infer that the subjPcts in this study were 

poor in pulmonary function and that they all had some 

degree of bronchial obstruction even though they were 

not in acute attacks. The insignLficant differences in 

the statistical analyses in the per cent PNV of the 

basehne f'EVl, f'VC and PFR of the experimental and 

control qroupa, imply that no group started the pro­

qracme with better pulmonary (unction measurements. 

ine observed changes at the Pnd of the proara~ could 

Uu~refore be attrl..buted to the effect of exercise. 

t:o pre-exercise bronchodilator was given to th 

CUbjccta · tlonc of them had [rank asthmAtic attacks 

during exorcise. There were no adverse effects a& a 

r•ault or exercise, rather, the experimental group 

•h~cc1 improved respiratory (unction. 

The controls also showed clinical improvements 
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~ough not as much as the experimental subjects and 

in mos t cases, statistically insignificant . The 

i mprovement in the controls can be attributed to 

icproved familiarity with test procedures, improved 

parental education on asthma and the frequent visits 

~ the hospital for the fortnightly reassessments during 

~hich the subjects were observed and advised to consult 

the1.r doctors early, if necessary. 

5 . 2 Conclusions 

The subjects in the experimental group showed more 

icproveoent in their rPspiratory function indices tha~ 

the subjects in the control group. They also showed 

bette r clinical improvement than the control subjects . ~ 
cn!]d thl!roforc infer that the differences in the results 

of the experimental and control groups were due to the 

end EvAn if the res~lts had 
urance exercise programme. ~ 

shown no a1.gnif1.cant differences in the two groups at 

the end f f t that the subjects l.n o the progr&i!lilll!, the ac 

the 
worse in their rcspi­

experimental group did not got 
rato ~;ere indications 

ry function and their clinical status 
th aafe tor 

at the endurance exercise programme wae 
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as t hmatic children. However, with the better 

improvement in the experimental group, one could 

gener a l ly conclude that well graded and supervised 

exercise programme is both safe and beneficial to 

as t hmatic children , it should be encouraged. 

The following specific conclusions were also drawn 

from the outcome of this study: 

1 . Asthmatic children are poor 1n pulmonary function 

with varying degrees of pulmonary obstruction 

even when they are symptom free. 

2. Regular physical exercise is safe and can increase 

the physical conditioning in asthmatic children 

even without pre-exercise bronchodilator adminis­

tration, provided that the exercise is carefully 

dcsi~ncd and graded and there is some !orm of 

supervision or ~onltoring. 

l . An asthmatic patien~ should not be restricted to 

~wi~ng as the only safe t~ of excrc1se, espe­

cially where facilities and the s~ill for svi~ng 
are lacking. An asth=atic can participate ln 

exercise of varying asthmAgenicitY including runni 

provided it is carefully graded and the patient is 
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closely monitored. 

4. Phya1cal conditioning exercise progracme has no 

adverse effects on the respiratory functions of 

asthmatic children. Rather, it causes clinical 

improvement of asthma and improves the pulnonary 

function measurements. 

S. Frequent follow-up appointments for asthmatic 

6. 

patients can contribute immensely to clinical 

1::-.provcn:.cnt ilS it affords the po.tic'ltS r::ore 

frequent observations which can help to abort 

asthmAtlC attacks qu1ckly. 

Aasoaamcnt of pulmonary function LS eas1er, 

quicker and less cumbersome via PFR measurement 

than l"EVl and FVC which tend tD cp.w 

(especlally FVCl in children. 

7· There is need to formalize and intensify parents' 

and patients' education on many aspects of asthma. 

Such as the need to use rout1ne asth~tic drug• 

as prescribed, close observation of asthmatic 

d • eek ~dical 
Children at all times and the nee to 

They should knOW the physical 
Attention promptly . 

capabilities of the 
d the bencH ta 

asthmatic child an 
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of regular physical exercise. Parents should be 

educated on the limits and the place of exercise 

in the management of asthMa. 

8. An endurance exercise progrAmme of 12-week dura­

tion at three exercise session per week will bring 

about change (improvement) in the respiratory func­

tion of asthmati c children. 

9. An endurance exercise programme for asthmatic child­

ren should be of at leas~ eighl weeks duration at 
. 

a frequency of three exercise sessions per week 1n 

order to obtain a aiqn1ficant increase in the 

respiratory function test ~alues . 

S.l Recommendations 

The followin9 rPco~ndations are pertinent for 

effective and aa!e exerc1se condi tioning progr~ for 

··~~tic children and for further studies: 

1· The complete therapeutlC programme for asthe4tic 

children should include exercise conditioning. 

Physical conditioning should, hovever, not be 

Use of drugs, they 
taken as a substitute to the 

ahould both go on together. 
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2. ASthmatic children should be encouraged to parti­

cipate in physical education (PE) sess ions in 

s chools. These exercises should be made up of 

short bouts of exercise of varying asthmagenicity. 

3. In order that the asthmatic child can participate 

safely in the P . E. sessions in school, he should 

take his routine bronchodilator drug in the morn­

ing before going to school so that the two to three 

hours (or thu or~l drug t o reach peak plas~ le~c­

will coincide with the break period or P. E. sess1on . 

4. Parents should be encouraged to discuss the1r chlld­

ren's medical condition with the class teacher so 

that the teacher can put the asthmatic child into 

consideration when planning physical education ex~r­

cisea and when asa1gn1ng school dutle& to s~~c nt&. 

s. Teachers should, as part of their training, kn~· a 

few things about the claasroom manogeeent or care 

of children with certain medical conditions such as 

ast.hm4. Teachers, for oxa~r~ple' ahould )I now that 

i Cxerciao but that theY 
••thmatico con participate n 

~ if the exercise is 
can go into asthmatic attnc~s 

1 1 and intensity. 
nappropriate Cor typo, durat on •• 
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6. The parents should be in the habit of regular 

observation of their children for signs of running 

nose, cough, wheezing , dyspnoea, sudden decrease 

in physical activities and other behavioural 

changes suggestive of the child being unwell. 

These signs w~ll warn the parents to be extra 

vigilant on the asthmatic child ~nd exercise, since 

exercise induced wheezing could easily progress 

t o frank attack of asthma. 

7· Parents should not discouraqe their children from 

joininq peer group play at home or sporting activi­

ties in school. They should on their own part, 

ensure adequate use of prescribed drugs . 

8· Follow-up appointments at children ' s asthma clinics 

:h~ul-:1 not ~· les s fr<>q uPnt than once a fortnlaht. 

9. 

10, 

Respiratory function measurement, preferabl)' the 

PF~should be assessed routinely at follow-up 

clinics for aathmat~c children )USt as the routlne 

weighing of patients. 
P1tn up in every hospital, 

oss clinics shoulo be set 

f Can be carefully 
or aathaatic children whore they 

prog ressed on exercise programme. 
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11 , The asthmatlc ch1ld should be taught to monitor 

himself and be able t o interpre~ changes in 

himsel f duri ng exercise at home or in school . 

The se lf discipline to be able to pull out of the 

game even when it is most exciting, should be 

i nculcate d in him. He should be taught to report 

proroptly to h1s parents 1f he has difficulty in 

breathing or has a feeling of constriction w1thin 

the chest . 

12 . Suggestions for further studies 

a . Changes in phys1cal working capacity of the 

asthmatics should be determined objectively 

as the exercise programme progresses. This 

could serve as an objective measurement of 

physical fitness . 

b . Spontan~ous recovery of exercise induced 

wh~ezinq sh~uld be studied. If it is eaallY 

reversible, the c!ependency of aattunatic 
wlll be reduced 

patlent for assisted recovery 

t Thi. could ~~e o only the bad cases. 

cxe rc1se lese handlcappinq £or aattunatic 

children. 
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c . The ef fects of specif1c training programme 

f o r the va r ious sports on the respiratory 

function of asthmatic children s hould be 

studie d . The outcome of this would make it 

e asy to recommend specific sports to asthmat1c 

children. 

d. The effect of endurance exercise progra~me on 

t he degree of exercise induced broncho-

constriction ~l B l should be studied. The pro­

gramme should be des1gned such that the dura-

t1on, intensity and cadence of exercise are 

f i xed. This will ensure a more reliable deter-

minatlon of the trend of changes 1n EIB. 

e . The effect of exercise on the respiratory !unc­

tion of asthmAtlC children can also be doter­

mined by the changes in bronchial lability at 

the various stages of the exercise . This would 

ho~ever require the extra c!fort of oonltoring 

i lndic(! 8 during exercise resp ratory functlon 

per formance. 
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~:W.x ~ 

!Jldividu.U total at~ at. Jl\llra'I4IY nnction 

~ti.n9 sessions 

~rurentAlGr?:£ 
El 
E2 
E) 
E4 
ES 
E6 
E7 
t:8 
E9 
£10 
Ell 
£12 
Ell 
El4 

~and s.o. 
0::.1\trol Groq2 

Cl 
C2 
Cl 
C4 
cs 

l'can ard S.D. 
(),oc roll ~"can aSYi s . o . 

'l'Ot:.al 
a tt;endanee 

(Ai!(j\llar attel'l&llc:e 
.. 8) 

\ A29Ular at~ 

6 
6 
7 
7 
8 
7 
6 
7 
I 
6 
7 
7 
7 
6 

6.7 + 0.6 -
7 
b 
s 
6 
s 

S.8 + 0.8 
6.5 + o.e -

75 .0 
75.0 
87 .5 
87.5 
100 
S7 .5 
75.0 
87.5 
87.5 
7~.0 
87 .5 
87.5 
87 .5 
75.0 

S3.9 + 1.6 -
87.5 
75.0 
62.5 
;s.o 
1)2.5 

72.5 + 10.5 -80.9! 9.7 -
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• 

~X 85 

Pre and post progranre chest e>cpanSicn ncasurerc."lts (an) 

- Lateral oostal oiapt\ia9fi1tic 
Apical expansicn 

Stllli expansiO'I ~icn 

1~ Pre Post Pre Post Pre Pest 

£1 3 4 3 3.5 2 3.5 

E2 3.5 4 4 4 1 1 

El 3 6 3.5 3.5 1 1 

E4 1.5 2.5 1.5 2.5 1 l.5 

E5 4 5 5 5.5 2 4 

E6 2 4 3 3.5 2 2 

E7 3.5 3.5 3 3 2 2.5 

E8 " 6.5 b 7 2.5 4 

£9 2 3 1.5 .; 1.5 l 

£10 1.5 4 2.5 6 2 3 

Ell 4 5.5 4 4.5 1 2.5 

£12 3 3.5 2 2 1 2.5 

Ell 1 2.5 2 2.5 1.5 2.5 

£14 2 4 3 4 2 3.5 

Cl 4 4. 5 2 4 2 4 

C2 2 3 1 l.S l 1.5 

CJ 3 4 2 2.5 l .1 

C4 4 5 4 4 2 3 

cs 2 2 3 4 1 2 -
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Jlf?pc:ndi..x 06 

Predicted nonm.l valle s of pc.lk flo.~ rnto C litres/mi.nl 

(~rc . "' .ltld Od\.&.olc , 19 8 Ja l 

M a 1 e s Femo1es 
!>qe 

~oors) No. of 
'b<ln 

S t:.md:u:d No. of 
s\bjccts D.!V1otion S\bjccts 

»:!.lll 

4 55 141-000 27.595 55 132.000 

s 52 165.865 '8 .314 58 152. 414 

6 so 183. JOO J4 ·479 51 1U1· 176 

7 43 217.326 41 909 42 216.071 

8 53 259·811 35-921 48 241.875 

9 so 270-200 55.346 58 2(>1.810 

10 52 293-846 45.729 60 2t;Q. 66 7 

11 51 310-196 4 7. 791 53 310.660 

12 53 324.151 45·854 73 3:12.329 

13 57 340.088 49·031 50 JG1 . 400 

14 51 350.392 51 859 63 373.651 

15 54 J6J.6ll 5 1·109 SJ 380·566 

16 52 407·855 5·1 407 50 3?11.500 

StM'd.ud 
~violtion 

30.116 
29.974 

)4 .243 

40.972 

44 .166 

46.052 

47.883 

S1.S16 

so. 718 

51·160 

49·637 
4).926 
)2. 768 
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'wcndix n, 
I>n.'Clictcd rornul wlms < ,f rrean ll:.V

1 
~ (lit.rcal Mll FVC (Utrnsl 

( Oclu« 'lc £!;.. .\ t,, 1983) 

M o 1 t• 8 Females 

fJ9e Forcca c.xpi nl tory s tand.-u·d Ftll:a:!d 
(( Yean) Nurbcr volure Jn the vi till 

Devial:.lon s.o. n.vl S.D. FVC S.D. No. ) first secxlnd ~ity 
No. 

( FEVl) ( S.D.) (F'-C) 

4 2 0.975 0.106 1.175 o. 247 1 o. 700 - 0.950 

5 1 1.000 - 1.200 - 6 0.975 0.199 1.075 O. l7l 

6 19 1.103 0.145 1.219 0.150 15 1.117 0.235 1.270 0.266 

7 36 1.233 0 . 205 l.3S8 0.232 31 1.153 0.177 1.287 

8 48 1.342 0.2 8 1.46S 0.225 34 1.235 0.202 1.371 0.2 

9 47 1.501 0.34 1.661 0.328 42 1.375 0.242 1.508 

10 45 1.684 0 . 216 1. 893 • 0.341 47 1.471 0. 347 1.604 

11 so 1. 789 o. 316 1.948 0.356 47 1.698 0. 326 1.861 

12 
48 1.855 0.326 2.071 0 . 363 69 1.874 0.388 2 . 041 

13 55 2 .016 0.387 2.220 0. 438 48 2.107 0 . 393 2.285 

14 51 2 . 180 0 . 3 76 2.373 0.417 62 2.303 0.414 2.486 

l5 47 2 . 383 o. 4 '3 :!.590 0.470 52 2.486 0 . .)65 2.676 0 . 386 

16 49 2 . 796 0 . 597 3.016 0. 6).J 49 2.532 0.370 2. 754 0 .448 
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25\1 

~X Dl 

Weeltly rcpeUticn per minute 4t: staticn ltl7 rrctrc tlhutt.le tU\) 

\-leeks 0 f tt· .:linlnq ~ S.D. 

Study 
NUtbcr 1 2 3 4 5 6 7 8 9 10 11 u 

E1 3.2 3.3 - 3 3 3.3 3.7 3.2 3.2 3.3 ).2 2. •I 3.2 0.3 

t:2 2.5 2.3 ).} 2.4 3 2.8 3.3 2.5 - - 1 . 1 1.1 2.4 0.8 

E) 3.2 3.2 - }.8 2.8 2.5 2.5 2.3 2.5 1.9 1..5 l.) 2.3 0.6 

E4 3 3.4 3. 4 2.8 - - 2.4 2.4 2 1.7 1.9 1.4 2.4 0.7 

ES 2.8 4 ).3 ) 3.5 2 . 5 2.9 2.9 3.0 2 .• 3 1.9 1.8 2.8 0.6 

1::6 2 2.1 - 1.9 2.3 2.1 2.1 2.2 2.0 1.5 1.4 1.2 1.9 0.4 

E7 2.3 2.2 3. 3 3.2 3 3 2.9 1.8 1.8 - - 0.9 2.4 o.a 

E8 5.5 3.7 - 3.4 3.0 2.8 3.3 3.6 3.7 3.1 2.5 1.9 ).3 0.9 

• 
E9 2.) - 1.3 1.9 3.5 3.1 2.9 2.cS 2.3 l.G 1.4 - 2.3 0.8 

E10 4.5 3.5 4 3.7 3.8 3.4 4.8 3 3.3 ).5 2.3 1.2 3.4 1.0 

1::11 4.5 3. 2 4.3 3.8 4.1 ).2 2.9 2. 8 3.8 3. ) 3 ' 2.5 ).5 0.6 

EU 3. 5 2.5 3.9 - 3 2.8 2.9 2.7 ).1 2.7 2.3 l.S 2.8 0.6 

E13 3.2 2.7 ).4 3.8 4.4 ) . ( , 3.2 2.5 - - 1.4 1.1 2.9 l.O 

El4 4 3 3.5 ).4 2. 6 4.1 5.2 5.2 4.3 2.7 2.1 1.8 ).5 1.1 

~ill'\ 
).3 ).0 3.4 2.9 ).2 ). 0 3.2 2.9 2.9 2. ') 2 1.5 2.8 -

s .o. 1.0 0 .6 0.8 0.7 0.6 o.s 0.9 0.8 0.8 0.7 0.6 0.5 o.s -
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25'J 

"ep;ndh ~ 

Weekly ll!petitim p~r nlinut:e at &1:4t1on 2 !rcoc llk.ipptngl 

Stl.Jdf Weekn 0 c training N~r 

""*" S.D. 
1 2 3 4 5 6 7 8 9 10 11 12 

-- - ---
E1 29.3 23.3 - 31.1 4.0 31.2 43.1 4l.7 4:!.6 26. 3 20.4 21.8 32.1 8. 7 
£2 20.3 20 37.1 30.8 35.7 35.1 34. 1 26.7 - - 15.1 11.7 26.9 9.3 
£3 38.7 36 - 30 33.8 29.7 36.5 34.9 30.7 16.3 15.4 14 28.7 9.1 
£4 17 16.7 31.5 25.2 - - 28.7 33. 1 30. 9 23.0 20.4 14.9 24.1 6.7 
ES 75.3 61. 1 68.7 90.8 78 b5.S 70.1 71.2 61.9 60.0 71.6 58 69 .4 9.2 
£6 35 26 - 24.5 30.3 28.9 28.7 23.3 22.0 19.6 13.4 11.7 23.9 7.1 
£7 26.3 20.3 20 18 22 19.5 26.4 25.6 17.4 - - 8.9 20.4 5.3 
ES 90.7 80 - 60.5 72.3 GS 72.3 64.3 63.7 Sl. 7 52.4 45.4 65.6 13.2 
E9 47 - 33. 7 32.1 13.8 46.3 44.4 29.8 21.6 16.3 ll.4 - 32.6 12.9 
E10 74 65 83.3 66.5 '>2.7 51.2 55.6 51.6 44.3 38.8 38.8 :l6 54.0 16.2 Ell 57 42.3 48.3 48 ,a. 1 46.7 45.3 42.8 46.1 30.9 33.8 25.4 43.8 9.8 E12 82 59.7 64.2 - J5 35.6 37.6 41. ') 43 ) 36.2 30.1 21.4 44.3 17.5 KlJ 56.3 42 44.7 40:2 •14 .5 39.9 42.1 30 - - 19.1 16. 3 37.5 U.J El4 63 40 35 36 . 3 44.5 43.5 45.3 34.7 33.3 25.6 23.9 19.8 37.1 11.6 ~an 50.9 41 46.7 41.1 4>.5 41.6 43.6 J9.6 38.1 Jl.J 28.1 22.7 38.6 -24.0 20.2 19.7 20.5 16.2 14.1 14.1 14.2 1s.o H.J 17.5 14.1 16.6 -

s.o. 
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StUd; 
Nurt:lcr 

£1 

E2 

E3 
£4 

ES 

E6 

E7 

E8 

E9 

ElO 

Ell 
EU 

Ell 

El4 
t-'can 

S.D. 

• 
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/g?cn<lix OJ 

Weekly repctit.ia'l per miJ\Ul.E; for stat.ia'\ 3 (Ball bounci.ng a\ the wall) 

Weeks 0 f trs1n1nq 

1 2 3 4 <; 6 7 8 9 10 ll 

32.2 33.2 - 24.5 2o.8 27.2 J2 .4 27.4 23.3 16.9 18.3 
25.3 26.9 29.6 27 24.8 33.3 38.7 30.7 - - 20 
33.3 29.6 - 23.5 26.7 28 34.8 26 23.2 18.9 l9 

26 27.7 44.7 .JO - - 36' 
• 40.'} 43.7 32.4 33.1 

55 57.3 54 50.3 62.7 61.7 74.7 74. ·I 61 52.6 JO 
26 23.7 - 25.3 36 7 37.1 37.2 27 22 16.4 16.9 
43 30.3 28.7 25.2 34 31.6 35.5 31.4 27. 4 - -
56.3 45.3 - )6 . 2 48.5 43.6 -18. 7 43.9 47.8 47.3 45.9 
47 - 32 29.8 39.2 45.1 45.1 28.7 23.1 23.6· 25.1 
66.3 59.7 60 63. 5 61.5 48.4 42.8 45.2 42. 7 34.9 34.6 
51 35. 7 37.7 36.3 45.2 35.5 24.1 22.5 22.3 20 17.9 

56 48.3 63.3 - 50 50.4 65.3 59.7 56.1 38.6 35.0 

67 48.7 50.4 38 41.5 38.1 ~4. 4 38.3 - - 22 

71 54.3 61 48 50.8 42. •I •IJ. 6 38 35.7 28.5 26.9 

46.8 40.1 46.1 36 . 0 42. 2 40 .2 H.l 38.2 JS. 7 .}() 26.5 

16.1 U.6 13.5 12.1 12.4 9.7 13.1 14.1 14.3 .12.4 8.8 

lo\s_.. S.D. 
12 

12 2S.l 6.8 
15.5 27.3 6.7 

16.6 25.4 5.9 
25 lS 7.3 

32.3 55.5 13.7 

12.6 25.5 8.6 

14.4 30.1 7.4 

35.6 45.4 5.8 

- 33.9 9.4 

28.4 49 12.9 

14 30.2 11.6 

22.9 49.7 13 

19.3 40.8 13.7 

22.5 43.6 14.4 

20.9 36.9 

7.6 lO.J 
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Stuc}f 
Nulber 1 

El 6 

£2 6 

EJ 5.7 

E4 6 

E5 10 

E6 5 

E7 6 

E8 8.5 
• 

1:.'9 8 

ElO 10.5 

Ell 5.5 

EU 8 

Ell 12. 3 

E14 22 

Ma~ 14 

S.D. 4.5 

261 

lfilCl\d!x 0 4 

Woekly Iepetitim per mt.nute for otat.lm 4 (38 11etre w.:illVI'\11) 

Weeks 0 f tro1n1nq 

2 3 4 s h 7 8 9 10 11 

7. 3 - 4.8 8.5 7.5 7.3 5.6 5.6 3. 4 6.3 

5.8 6.7 6.3 9.3 8 8.6 (,.7 - - 5.1 

4 - 5.5 8. 7 9.9 12.2 9 . 8 7.5 5.1 3. 7 

5.7 7.4 8 - - 6.4 6.3 5.9 6.9 4.3 

7.6 8 9.5 9.5 9.3 8.8 8 7. 4 7. 4 7 

5 - 4.8 8.2 8.9 9 (,.) 5.3 4.2 3.4 

8 7.3 6.5 B. 7 8.1 8.4 6.1 4.6 - -
8 - 7.8 8.1 7.7 7.7 6.7 5.0 5 .9 7 

- 7.8 7.4 8 7. 7 7.5 (, 4.4 -1.6 4.6 

8. 7 9.7 9.5 9.3 9.2 8.1 11.1 6.3 5.3 4.3 

4. 5 6.5 6.4 7.8 6.8 7.3 7.3 5.5 4.3 3.9 

8 8. 2 - 8 8 6.9 6.8 6.1 -1.9 3.6 

10. 7 10.9 B.J 8.9 7.1 7.1 5 . 8 - - 4.3 

16. 3 14 14.5 14.8 10.9 9.7 9.2 7. 7 7.7 6.8 

7. 7 8.7 7.6 9.1 8.4 8.2 7.1 5. 9 5.4 s.o 
3.2 2.3 2.6 1.8 1.2 1.5 1.7 l.J J. 4 J.J 

I'\:! an S.D. 
l2 

5.9 6.2 1.4 

4.6 6.7 1.5 

2.6 6.8 3.0 

3.0 6 1.5 

6.7 8.3 1.1 

3.3 5.8 2.0 

1.9 6.6 2.1 

5.9 7.1 1. 1 

- 6.6 1.5 

2.8 7.9 2.6 

2. 8 5.5 1.5 

2.7 6.5 1.9 

3.8 7. 9 2. 9 

3. 7 ll.S 5.0 

3.8 7.1 -
1.5 J.S 
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Stuctt 
N\6ltlcr 

1 

El 24.7 

t:2 22.3 

EJ 19.5 

E4 18 

E5 32 

E6 32 

E7 21.7 

E8 44 . 3 

E9 24.5 
• 

E10 43.3 

Ell 33 

cu 33 

El3 40.3 

Ell 49 

~an 31.3 

s .o. 10.0 

~··. 

262 
J\f'IlCildlx o

5 

Wook1y rupcUtJ.cn pc1 ITI1nuw Cor ouaUon 5 (lend'l at.cpl 

Week a of t r a 1 n 1 n q 

2 3 4 s 6 7 8 9 10 

24 - 17 27.7 30.4 25.5 25.7 21.8 14.3 

22.4 28.9 27.8 31 22 21.2 16.3 - -
21.6 - 27 29.8 28 27. 9 19.6 20.5 15.4 

23.8 29.6 29 - - 76.4 29 .6 26.2 20.3 

34 35. 7 31.8 35. J 32.1 34.1 35.3 29.2 26.7 

22. 7 - 17.8 21. 7 18.4 22.5 21 20.5 17.2 

17 13.3 lS 22.8 23.2 26.1 19.6 17.9 -
33.3 - 23 25.8 27.2 30.8 27.9 30.6 26.9 

- 22 22.8 28.3 13.5 21.5 18 16.8 16.6 

34 )).3 28 27.8 24.9 26.7 22.4 l9. 3 22.1 

26 28.7 23.8 25. 3 22.1 20.3 16.7 15 •. 9 12.8 

24 28.9 - 21 19.6 21.5 20.3 ;.>) 18.4 

28 28.9 23 ."4. 7 20.9 25 . 7 22.3 - -
39.7 so 43.5 48.7 40.7 39.2 31 30 25.1 

27 29.9 25. ) 28. 5 25.6 26. 4 23.3 22.6 111.6 

6. 4 9.4 7.4 7.2 6.1 5.) 5.8 !i.2 5 

Meal S.D. 
11 12 

15.9 13.9 21·9 5.7 

.12.9 u. 3 21.7 6.4 

15.7 14.4 21.8 5.6 

18.4 16.3 23.8 5.1 

24.4 17. 7 30.7 5.4 

1J.9 9.3 19.7 5.7 

- 8.5 18.6 5.4 
26.1 22 28.9 6.1 

16 - 21 4.0 

23.7 14.4 26.7 7.6 

9.6 10.3 20.4 7.1 

15.2 11.321.5 6.0 

16.4 14.2 24. 4 7.3 

22.8 18.9 )6.6 10.8 
17.8 H . l 24.1 -
5 J . Sl 6.5 -
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26) 

/I;?P£ndix DC. 

Wcdtl~ !!'PCti tion (?21:" mi. nul•! Cor st.:nt.ion 7 lZi~ zo9 bro.ld juTp) 

w c c k a ., r lrlli.ning 
Study t~ •uan S.D. 

5 6 7 8 9 10 u 12 

£1 2.4 J . J 4 ) 3 4.3 2.9 2.8 3.) 0.6 

E2 2.6 4.5 5 .3 4.7 - - 2.9 2.9 3.8 1.2 

£) 3.2 4.9 6.5 4.4 3.8 2.9 3 2.4 3.9 1.3 

£4 - - 2.4 2.) 2.9 2.2 2.2 2.0 2.3 .3 

E5 4.7 4.4 5.2 4.9 6.4 6.3 6 4.1 5.3 0.9 

E6 2.5 3.1 3. 7 4 J .2 2.6 2.1 1.5 2.0 0.8 

£7 1.7 2.3 3. 3 4 3.2 - - 1.9 2.7 0.9 

E8 3.6 2.8 3. 9 4.! 3.8 3.3 4.1 3.4 3.6 0.6 
• 

E9, 3.9 3. 5 3.4 .4 2.5 1.4 1.6 - 2.8 1.0 

E10 3.6 3.4 3.9 4.1 3.8 4 4 1.5 3.5 0.9 

Ell 2.8 3.8 4.5 3. 8 3.1 2.3 2.5 2.4 3.2 0 . 8 

El2 3 2.9 4.3 3.4 3. 3 2.4 1.7 1.1 2.8 1.0 

ElJ 3.2 3.5 .6 3.2 - - 2.0 1. 7 2.9 0.8 

El4 5 . 3 6.8 7.9 7 .. 4 6 4.8 3.6 2.9 5.6 1.8 

~an 3.3 3.8 4 . 4 4.1 3.8 J.J J 4.J 3.5 -
s. o. 0.9 1.2 l . 4 1.2 1.:1 1.4 1.2 0.72 l.o 
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4 

I( o, 
ly rcr.r u t.lon p r for •• t ~ 10 

(] > to 11 P'!rt) 

St.Ui'J lv.t .0. 
11 12 

Ill 27.4 JO.B 29.1 2.4 

E2 11.9 10.1 16.S S.l 

El ll.l 12.9 17.~ 0.4 

£4 6.9 10.0 Si.S 0.6 

w <lij, • .c. • • ... 
fli 15.7 15.6 15.7 0.07 

E7 - u.s u.s -
1!8 36.7 36.9 36.6 0.1 

t9 9.4 - 9.4 -
£10 20.3 24.5 22.4 3 

Ell 27.4 25.8 26.6 1.1 

El2 37.7 24.3 3.1 9.5 

1::13 ~. 7 24 25.4 1.9 

CH 37.4 38 37.7 1.0 

lblzl 21. g 22.5 22.8 -
s.o. Q.S 10.2 -11.1 
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Stu.Jy 
Nurb.!r 

El 

E2 

E3 

£4 

E5 

E6 

E7 

E8 

E9 

ElO 

Ell 
El2 

Ell 

E14 
I'Can 

S.D. 

265 

rg?cndl" oa 
Individw1 ITt!<1ll n.>petition pur rm.nuw !or the cnt.ire prugra.~ 

1-\~ t'C'P(?tiUal per nu.nutr Cor 1:?. ~ 

s til t.ion 1 s til t.ial 2 StllUort 3 St.tt.lon 4 St.olim 5 Stntlal 7 

3. 2 32.1 25.1 6.2 21.9 3. 3 
2.4 26.9 27.) 6.7 21.7 3.8 

2.3 29.7 25.4 6.8 21.11 3.9 

2.4 24.1 J5 6 23.8 2.2 

2. 9 69.4 55.5 8.3 .)().7 5.3 

1.9 23.9 25. 5 5.8 19.7 2.8 

2.4 20 .4 .)(). 1 6.6 18. c, 2.7 

3. 3 65.6 45 . 4 7.1 28.9 3.6 

2.3 32 .6 33 . 9 6.6 21 2.8 

3.4 34.0 49 7.9 2(,.7 3.5 

3. 5 43.8 30.2 5.5 20. •I 3.2 

2. 8 44.3 49.7 6.5 21.5 2.8 

2.9 37.5 40.8 7.9 24..1 2.9 

3.5 37.1 43.6 11.5 )6 .c. 5.6 

2.8 38.6 36.9 7.1 24.1 J.S 

0.5 16.6 10 . . ) 1.5 6.5 l.O 

StAtion 10 

29.1 
16.5 

12.6 

9.5 

34.6 

lS . 7 

11.5 

36.9 

9.4 

22.4 

26.6 

31 
25.4 

37. 7 
22.8 

10.2 
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AfP.!ndix 09 

W'CXly ql:Oup 1'101111 p~ and poet-<~xcrciao renpi.rntory role rmnitor 

W;!clt P'ro-clccrc:i 8C 
l minut..• 5 rninu~ 10 mlr.ltes 

poet-cxcrc: i sc post-cXCLcloo poot~XI:!rd.J:C 

Initial pre-
brordlodi la tor 28.3 + 4.4 - - -

1 23.2 + 2 . 9 26 . 2 + 2. 7 24.2 + 2. 7 23.1 + 3.2 - - - -
2 23.~ + 2.8 27.8 + 3.5 25.2 + 3.:3 23.9 .. 3.2 - - - -
:3 24.6 + 3.8 28.8 + 3.6 26.3 + 3.9 24.7 + 4.2 - - -
4 24.1 + 3.5 29.0 + 3.7 26.2 + 3.7 24.3 .. 3. 7 - - -
5 22.8 + 1.9 28.1 + 2.6 25.5 + 2.4 23.6 .. 2.5 -
6 23.2 + 2.0 28.4 + 1.8 25.8 + 2.0 23.7 + 2.1 - - - -
7 23.4 + 2.9 29.1 + 2.6 26.1 + 2.8 24.2 + 3.0 - - -
8 24.7 + 2.9 30.8 + 3.1 27.7 + 3. 1 25.7 + 3.2 -
9 24.3 + 3.0 29.8 + J.2 27. l + 3. s 25.6 + 4.1 - - -

10 25 . 1 + 3.0 30.9 + 3.5 
-··-

28 ..1 + 3. 3 26.6 + 3.0 - -
11 25.1 + 2. 7 31.3 + 3.8 - - 28.) ~ 3.4 26.5 + 2.9 - -
12 23.9 + 2.8 31.1 + 3.1 28.2 .. 3. 3 26.5 + 3.3 - - - -

Final pre-
bronchodilD.tor 27.7 + 4 .3 - - -
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W:'Ck 

Iru ua1 pre--
bronc:hodi1a tor 

l 

2 

3 
4 

5 

6 

7 
• 

8 

9 

10 
ll 

12 

Firul pre-
bronchodi1a tor 

267 
~!ndlx 010 

W."C:kly 9I"'Up llU3Jl pr('- and post~ac pulse raw nonitor 

Prc-cxcrciac l minute s minutes 10 minu~ 
poo t-excrci IIC p:l8 t -ex10rcu;e pout. -elCIIlrc.i. 

100.6 + 9.8 - --
84.3 + 3. 7 88.2 + 3. 7 85.8 + 3.5 84.5 .. ).6 - - - -
85.3 + 5.1 90.8 + 5.0 87.2 + 5.1 85.4 + 5.0 - -
87.0 + 4.7 92.2 ; ).4 88.9 + 5.8 87.0 + 5.1 - - - -
86.6 + 5.5 92.0 + 5.3 88.8 + 5.1 86.5 + 4.6 - - - -
85.5 + 2.9 91.4 + 3.4 88.3 + 3.3 85.8 + 3.2 -
87.6 + 4. 5 94.2 + 4.6 90.8 + 4.8 88.5 + 4.8 - - -
86.6 + 3.2 94.4 .. 4.5 91.1 + 4. 5 88.6 + J.S - -
88.4 + 6.0 96.7 .. 6.2 92.6 + 6.3 90.1. + 6.3 -
88.3 + 5.4 95.8 + 5 •. 9 91.3 + 5.8 88.8 + 5.2 -
88 . 4 + 4.4 95.6 + 4.4 91.9 + 4. 3 90.2 + 4.4 - - -
89 . 5 + 5. 3 97.2 + G. 3 94,') + 5. 6 91.5 + 6.0 - - - -
89 . 5 + 5. 3 97.2 + 6.3 94 .o + 5.6 91.5 + 6.0 - - - -

101.1 +10.5 - -
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• 

~X Fl 

Fil'lAl sl.b jec ti w asSCSSII'C!nt 

ror the study 0'\ the effects of endun..'\0:! exercise pro,;ra.":n' 

on the r espiratory function of asthmat1c ch1ldren . 

A. Personal Information 

( 1) Naoe: 

( 2) Hospltal Number: Study NUJ:Iber: 

( 3) Sex . 
• 

( 4 ) Info rmant: 

( S I Age: 

( 6} Home Address: 

B. Assessment of Programme 

(7 t o c ont:nl!c? {. I l ::ool d you like this p r.;,;r.lr.::-.c r,. __ _ 

1 - Yes f o r s ome ti~' 

2 - Yes indef1nitely 

3 - No for some time 

4 - No indefinitely 

( 8) What do you feel about the frequency of exercise 

session per week? I I 

1 - Too frequent 
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Appendix Pl contd.) 

2 - Not frequent enough 

3 - Just all right 

( 9) What frequency would you recorr.~nd: 1 7 
l - daily 

2 - once a week 

3 - twice a week 

4 - as it .1.s now 

5 - fortnightly • 
C 10) ::hat do you feel about the 1ntensity of CXerClSC? 

I I 
1 - Too strenuous 

2 - Alright 

3 - Not str~nous enough 

Ill) Do you see this as part of the treaLment of asthr.-4? 
I I 
~-

1 - Yes 

2 - No 

3 - Not sure. 

112
1 On qettlng hooe after each exercise scss1on, hew 

dcea your child react? ._! _ _.! 
l - Too tired to do any other work 

2 - Not tired but playful and axel ted all day 

3 - Not tired, ready to do household chores. 
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Appendix Fl icontd.) 

Q3) Does your child look fon.rard to the next exercise 
session? I I 
l - No 

2 - Yes and excitedly 

3 - Yes but not excitedly. 

(14) S1nce the conunencement of the proqracune, how would 

you described the intensity of your child's: 

(a) Part1c1pat1on 1n group plays end games at 

home ::...1 __ 1 

(b) Runn1nq errands and do1nq other household 

chores I I 

1 . Same as before 

2. More than before 

3. Less than before. 

llS) How woula you descr1be the pat1ents' general state 

of health s1nce commcnccrncnt of programme tn ter~ 

of: 

(al Frequency of asthmat1c attack I 7 
(b) Frequency of feeling unwell I 7 

( c) Act1veness and alertness I 7 
1 - Same es before 
2 - More than before 
J - Less than before. 
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