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ABSTRACT

Flows and volumes measured from maximum expiratory 
flow-volume (MEFV) curves were used to determine the effects 
of postural drainage on ventilatory function in subjects 
with stable asthma. Ten subjects with a diagnosis of asthma 
who were free from acute exacerbation for a minimum of two 
weeks prior to the study participated in the study. Each 
subject participated in two randomly assigned treatment 
sessions one to three days apart. Treatment A was postural 
drainage while Treatment B was sitting in an upright posi
tion. For each treatment session, composite maximum 
expiratory flow-volume (MEFV) curves were obtained initially, 
five .minutes after one inhalation of a bronchodilator, five 
minutes after completion of a treatment session, and 60 
minutes after completion of a trestment session. After the 
administration of the bronchodilator in Treatment A, there 
were significant increases in isovolume Vrnax^q and isovolume 
Vmax^g. At 5 and 60 minutes after either treatment session, 
there were no significant changes in FVC, PEFR, isovolume 
VmaXgq and isovolume VmaXyg. There were no significant 
differences between the two treatment sessions. The dat# 
do not support postural drainage as affecting expiratory 
volumes and maximum expiratory flows in subjects with 
stable asthma.

x



CHAPTER 1

INTRODUCTION

Asthma is a disease characterized by an increased 
responsiveness of the trachea and bronchi to various stimuli 
and is manifested by a widespread narrowing of the airways 
that remits either spontaneously or as a result oftherapy 
(A Statement by the American Thoracic Society 1962)„ This 
excessive irritability of the airways is evident in patients 
with both immunologically and non-immunologically induced 
asthma. The pathological features of asthma include 
bronchoconstriction, edema of the bronchial mucosa and sub- 
mucosa, and the presence of viscid mucous plugs in the 
bronchi and bronchioles. This pathology results in diffuse 
airway obstruction and an increase in the resistance to air
flow through the airways.

The treatment regimen in asthma is directed at the 
airway narrowing and mucous plugging. Drug management, 
including sympathomimetic agents and xanthine derivatives is 
utilized in the prevention and reversal of bronchoconstric- 
tion. Another important component of the treatment regimen 
in asthma is to maintain and improve the efficacy of airway 
mucous clearance mechanisms. Simple hydration and postural 
drainage, percussion, and vibration are thought to be very



effective in mobilizing the tenacious secretions of asthma 
(Bardana, 1976) .

Despite the widespread usage and acceptance of 
postural drainage as a mode of therapy in asthma, there are 
insufficient scientific data to support its use. Studies on 
the effects of postural drainage on airway clearance and on 
ventilatory function are especially lacking. Many clini
cians advocate that postural drainage does facilitate sputum 
clearance and results in an improvement in expiratory flows. 
In contrast, other clinicians suggest that postural drainage 
may be detrimental to the asthamtic subject and results in 
a worsening of ventilatory function. The present study in
vestigates the effects of postural drainage on sputum 
expectoration and maximum expiratory flows in subj ects with 
asthma. . •

Statement of the Problem
Postural drainage is frequently incorporated in the 

management of asthma. This therapy is assumed.to assist in 
the removal of secretions and thereby relieve airway ob
struction due to mucous accumulation in the peripheral air
ways. With the elimination of airway obstruction, it is 
further assumed that there will be an increase in air flow 
through the airways as measured by maximum expiratory flows.

The effect of postural drainage on airway clearance 
and ventilatory function in the asthmatic subject is unknown.
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Studies evaluating the effects of postural drainage in other 
chronic respiratory diseases indicate a reduction in periph- 
eral.'.airway obstruction as measured by maximum expiratory 
flow rates; at low lung volumes.

Clinically, patient response to postural drainage 
varies. Clinical impressions are that some asthmatic 
patients are improved by postural drainage, others are un
affected, and most importantly, many others are made worse. 
Postural drainage is a time-consuming procedure and is not 
entirely without risks. Therefore, it behooves the prac
titioner to delineate the effects of postural drainage in 
the asthmatic subject.

The present study was designed to investigate the 
effects of postural drainage in subjects with asthma as a 
means of facilitating sputum clearance and reducing airway 
obstruction. How does postural drainage change mucous 
clearance as measured by the amount of sputum expectorated 
during and following the therapy? How does postural drain
age change air flow as measured by maximum expiratory flow 
rates following the therapy?

Definitions
The following terms are defined as .they were used 

in this study.
Postural drainage— Postural drainage is the posi

tioning of a subject so that gravitational clearance of



airways occurs - The subject assumes six positions corre
sponding to six lung areas: anterior apical and posterior
apical of the upper lobes and.anterior basal, posterior 
basal, ahdiright and left lateral basal of the lower lobes 
(see Figure 1)- Each position is maintained for five 
minutes. In this study, postural drainage also includes:

1. Percussion. Percussion is the act of striking the 
chest wall rhythmically with cupped hands over the 
lung area to be drained. The area is percussed for 
one minute.

2. Vibration. Vibration is a technique of applying 
manual compression and tremor to the chest wall.
The practitioner performs vibration by tensing the 
muscles of the shoulder girdle while extending a 
downward pressure using the palms of the hands to 
produce a fine vibratory motion. Following percus
sion in each position, this technique is performed 
four times while the subject does a slow expiratory 
vital capacity maneuver.

3. Cough. Cough and sputum expectoration are en
couraged prior to each position change if the 
subject has not done so spontaneously.

Hypotheses
1.. Compared to the post-bronchodilator baseline, there 

will be a significant decrease at the 0.05 level in
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Figure 1. Postural Drainage Positions —  Taken from Feldman 
(1976) with written permission from the author.



FVC, PEER, VmaXgQ, and Vmax.^ at 5 and 60 minutes 
following postural drainage.

2. Compared to the post-bronchodilator baseline, there 
will not be a significant decrease in FVC, PEFR, 
VmaXj-Q, and Vmax^^ at 5 and 60 minutes following 
sitting in an upright position.

3. There will be a significantly greater decrease at 
the 0.05 level for FVC, PEFR, Vmax^g, and Vmax^^ at 
5 and 60 minutes following Treatment A (postural 
drainage) when compared to 5 and 60 minutes fol
lowing Treatment B (sitting).

4. At 60 minutes post-treatment, the total volume of 
expectorated sputum in Treatment A (postural drain
age) will be significantly less at the 0.05 level 
than during Treatment B (sitting).

Theoretical Framework 
Excessive mucous production accompanied by impaired 

mucous clearance results in airway obstruction and increased 
resistance to air flow. If postural drainage facilitates 
mucous clearance, an improvement in maximum expiratory flow 
rates should be measurable following such therapy. If 
postural drainage contributes to the bronchial hyperactivity 
of asthma, a decrease in maximum expiratory flow rates 
should be demonstrated following such therapy. A discus
sion of (1) lung defense mechanisms in asthma, (2) the



effects of postural drainage, (3) the role of irritant 
receptors in the pathogenesis of asthma, and (4) the prin
ciples of airway resistance as measured by the MEFV curve 
are presented.

Defense Mechanisms in Asthma
Clearance of particulate matter is an essential 

defense mechanism of the lung. The lower airway utilizes 
two major defense mechanisms which can be therapeutically 
manipulated, muco-ciliary clearance and cough, to eliminate 
particulate material from the tracheo-bronchial tree.

In the normal lung, the epithelium of the trachea 
and bronchi is a pseudostratified columnar type composed of 
ciliated cells, goblet cells, and bronchial mucous glands 
(Kilburn, 1968) . The secretions produced by the airway 
mucous glands and airway goblet cells are moved proximally 
in metachronal waves as a continuous blanket by the inte
grated function of rapidly beating cilia (Newhouse, 1973). 
Any particles deposited on this mucous blanket are carried 
along with it to the oropharynx whejre they are swallowed or 
expectorated (Murray, 19 76).

In asthma, however, the muco-ciliary transport is 
impaired because of the hypersecretion of respiratory tract 
secretions, the increased viscosity of secretions, and the 
decreased ciliary action due to changes in the surface epi
thelium. The bronchial epithelium in asthma shows extensive



mucous metaplasia, an appreciable loss of the cilitated 
cells, and replacement of the ciliated epithelium almost 
entirely by goblet cells (Spencer, 1977) . Hypersecretion of 
mucus occurs even in the absence of acute disease and 
the mucus, because of chemical changes as well as increased 
volume, creates a deep viscous mucous blanket far exceeding 
the depth of five microns which is needed for proper 
ciliary function (Hirsch, 1975; Kilburn, 1968). Secretions 
are therefore retained resulting in mechanical airway ob
struction and increased resistance to air flow.

Another defense mechanism of the lung is cough. A 
cough is produced as a reflex action to an irritant. An 
effective cough is produced by rapidly inhaling to a large 
lung volume, contracting the expiratory muscles against a 
closed glottis, and rapidly opening the glottis to allow an 
explosive expulsion of air from the lungs at high velocities 
and pressures. Velocity is a measure of the flow per unit 
time of the gas molecules and is determined by (1) air flow 
rates and (2) cross-sectional area (Macklem, 1974). The 
cross-sectional area of the lung becomes greater with each 
successive bronchial generation. Velocities are greater in 
the proximal airways where the cross-sectional area is less 
and cough is therefore more effective in clearing the large 
central airways than the small peripheral airways (Macklem, 
1974; Marshall and Holden, 1963). *



Another physiological mechanism that assists in the 
clearance of mucus from the proximal airways and which works 
collectively with the cough mechanism is the phenomenon of 
dynamic compression. Dynamic compression is a narrowing of 
the airway lumen during maximal expiratory air flows, such 
as in a cough (Burrows, Knudson, and Kettel, 1975). As the 
dynamically compressed segment of the airway has its lumen 
decreased, the velocity within that portion of the airway is 
greatly increased. The resulting blast of exhaled air 
causes shearing of the secretions within the airway. Mucus 
transport, cough efficiency, and airway clearance, as a 
result, are greatly improved (Macklem, 1974) .

Cough is a frequently occurring symptom in asthma. 
When the muco-ciliary transport system is depressed, the 
cough mechanism becomes more prominent in maintaining airway 
clearance. Yet ..in asthma, the cough mechanism is less 
effective because of the presence of highly viscous mucus 
and airway obstruction which produces a decrease in expira
tory flows.

Postural Drainage
The treatment regimen directed at augmenting the 

depressed muco-ciliary transport of the lung includes 
postural drainage. Postural drainage, percussion, and 
vibration are utilized in an attempt to enhance the natural 
mobilization of secretions. Postural drainage uses various
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body positions to promote gravitational segmental drainage 
of the peripheral pulmonary secretions into the larger air
ways where they can be coughed up and expectorated or 
swallowed (Petty, 1974). There has been some evidence that 
ciliary action and consequently the movement of viscous 
mucus toward the major bronchi may be influenced by forces 
of gravity such as applied during positioning the patient 
for postural drainage (Zausmer, 1968).

Percussion and vibration augment the gravity drain
age. Percussion is the act of rhythmically striking the 
chest wall over the area being drained. The oscillatory 
movements produced are transmitted to the bronchi and cause 
dislodging of tenacious mucus from the walls of the airways 
(Kimbel, 1970; Foss, 1973). Vibration is the technique of 
applying manual compression and tremor to the lung area 
being drained and has been proposed to alter pressures 
within the airways so that mucus plugs are dislodged 
(Foss, 1973).

Postural drainage with percussion and vibration can 
help establish airway clearance along the tracheobronchial 
tree by literally shaking loose secretions and by the 
natural forces of gravity (Egan, 1973; Petty, 1974). In 
fact, it has been reported that during bronchoscopy, "vibra
tions given on expiration squeeze the secretions from the 
bronchioles into the larger bronchi" (Thacker, 1971, p. 20).
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From this jlevel, then, secretions can be more easily coughed 
up and expectorated or swallowed.

The Role of Irritant Receptors 
in Asthma

Irritant receptors are located in the airway epi
thelium, where vagal nerve terminals ramify between cells 
(Nadel, 1976). Stimulation of these receptors causes 
vagally-mediated bronchoconstriction. Inhalation of 
chemicals or mechanical stimulation of the airway mucosa

S-stimulate epithelial receptors and cause reflex bronchocon
striction which can be abolished or prevented by cutting the 
vagus nerve in animals or by administering atropine sulfate 
in human subjects (Nadel,.1976; Simonsson, Jacobs, and 
Nadel, 1967; Gold, 1373; Cropp, 1975).

Both rapid inspiration and rapid expiration me
chanically stimulate the bronchial mucosa and result in 
narrowing of the airways (Simonsson et al., 1967). Deforma
tion of the airway is also a potent stimulus to vagally 
mediated bronchoconstriction (Gold, 1973). Based on knowl
edge of this mechanism, it can be hypothesized that 
mechanical irritation of the airway will result from the 
alterations of pressures along the airways, the squeezing of 
secretions through the airways, and the oscillatory move
ment of air down the airways that occur during postural 
drainage, percussion, and vibration. Thus, in asthma, 
postural drainage may have a paradoxical effect of
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precipitating bronchoconstriction, increasing airway re
sistance, and decreasing maximum expiratory flows.

Maximum Expiratory Flow 
Volume (MEFV) Curves

If mucus secretions are cleared by postural drainage, 
the effect of clearance should decrease airway resistance.
If mechanical irritation of the airways occurs with postural 
drainage, the effect of bronchoconstriction should increase 
airway resistance. A currently used measurement tool is the 
maximum expiratory flow volume curve (see Figure 2) which is 
believed to be a more sensitive measurement than spirometry 
in reflecting both small and large airway mechanics! The 
MEFV curve embraces all the components of the expiratory 
maneuver and as such expresses the overall mechanical be
havior of the lungs during a forced vital capacity maneuver.

Maximum expiratory flows at low lung volumes from 
the MEFV curve appear to be useful for detecting small air
way obstruction when the subject is used as his own control 
(Green et al., 1973). The increased resistance of small 
airways is reflected in flow at low lung volumes. Reduction 
in maximum expiratory flows achieved after exhaling 50 per 
cent of the total forced vital capacity (Vmax^^) and 75 per 
cent of the total forced vital capacity (Vmax^^) has been 
suggestive of abnormality of the small airways. In subjects 
with lung disease, relative emptying rates of fast and slow 
spaces of the nonhomogeneous lung could also affect maximum
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1007550
TLC Forced V ita l Capacity (%) RV

TLC = total lung capacity 
RV = residual volume

Figure 2. Maximal Expiratory Flow Volume (MEFV) Curve 
Taken from Burrows et al. (1975), reproduced 
with permission.
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expiratory flows at 50 per cent and 75 per cent of the 
forced vital capacity (Mead, 1978).

During a forced expiration there is a gradient of 
diminishing pressure down the airway from the alveoli to the 
mouth. There are points within the airway where lateral 
airway pressure is equal to pleural pressure and these 
points are called the equal pressure point :(EPP). Down
stream from the EPP toward the mouth there exists a trans
mural pressure tending to narrow the airway by dynamic 
compression (see Figure 3). At high lung volumes, the EPP 
is located in the central airways, at the level of segmental 
bronchi, while at lower lung volumes it is located more 
peripherally (Burrows et al., 1975) .

The determinants of maximum flow (Vmax) at any lung 
volume are the elastic recoil pressure (Pst[L]) and the 
resistance of airways on the alveolar (upstream) side of the 
EPP (Rus), such that Vmax = Pst(L)/Rus (Motoyama, 1973).
Pst(L) is equal to the driving pressure from- the alveoli to 
the EPP (Mead et al., 1967). Assuming Pst(L) to be normal 
in subjects with asthma who are not experiencing an acute 
attack, any change in Vmax after postural drainage will 
reflect changes in Rus.

Resistance of the upstream segment can be markedly 
increased if airway calibre is reduced by (1) increased tone 
of airway smooth muscle, (2) edema of the airway mucosa, 
and/or (3) the presence of excessive sputum (Knudson, 1972) .
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Vmax

Pst(l) = elastic recoil pressure
Palv = alveolar pressure
Ppl = pleural pressure
EPP = equal pressure point
Vmax = maximal expiratory flow

Figure 3. Schematic Model of the Respiratory System During 
Maximum Expiratory Flow -- Taken from Burrows 
et al. (1975), reproduced with permission.



When any of the aforementioned occurs, the airway calibre 
is reduced and resistance to air flow increases. Thus, 
precipitation of bronchocoristriction should result in a 
decrease in airway calibre, an increase in Rus, and, there
fore, a decrease in Vmax. In contrast, removal of secre
tions should result in an increase in airway calibre, a 
decrease in Rus, and an increase in Vmax.

Summary
Postural drainage is designed to move secretions 

from the lung parenchyma and the small peripheral airways 
into larger airways so that muco-ciliary transport and cough 
can more effectively clear the airways of mucus. This air
way clearance should be followed by a decrease in airway 
resistance and an increase in Vmax. However, if postural 
drainage, as hypothesized, causes bronchoconstriction, there 
,, should follow an increase in airway resistance and a de
crease in Vmax.

Assumptions
This study recognizes the following general assump

tions .
1. Presence of sputum in the airways increases resist

ance to air flow.
2. In each subject, there was no change in Pst(L) 

during the study.



Changes in maximal expiratory flow rates on the MEFV 
curve reflect changes in airway resistance.
In each subject, there was no change in total lung 
capacity during the study.

Limitations
This study recognizes the following limitations. 
Generalizations can only be extended to the sample. 
MEFV curves are an indirect measurement of resist
ance to airflow and can be affected by lung elastic 
recoil.
Subjects may not have had excessive bronchial 
secretions at the time of the study.



CHAPTER 2

REVIEW OF THE LITERATURE

Literature pertaining to (1) postural drainage, (2)
bronchodilator therapy, (3) the use of maximum expiratory
flow-volume curves to measure airway obstruction to - air 
flow, and (4) the effects of respiratory maneuvers on airway 
resistance was reviewed.

Postural Drainage
Postural drainage is assumed to augment airway 

clearance and thereby relieve airway obstruction due to 
mucus accumulation in the peripheral airways. However, 
there are few controlled studies to validate or disprove the 
theoretical and clinical assumptions made about postural 
drainage.

Kang et al. (19 74) compared postural drainage with 
percussion to postural drainage alone as a treatment in 15 
patients, five each with asthma, chronic bronchitis, and 
pulmonary emphysema. On successive days in a randomized 
treatment sequence, measurements of sputum output, sub-

1-33jective improvement, flow rates, and xenon scans were 
obtained. Sputum output was too minimal for comparative 
analysis. Subjective improvement was reported by 60 per 
cent of the patients after postural drainage with percussion

18
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and by 33 per cent after the postural drainage only treat
ment. The forced expiratory volume in one second (FEV^) in
creased greater than 15 per cent after postural drainage 
with percussion in 53 per cent (in eight of 15 cases: four
emphysema, three asthma, and one bronchitis) while 16 per 
cent had a similar improvement after postural drainage 
alone. The FEV^ worsened in one patient after postural 
drainage but in none after postural drainage with percus
sion. The xenon ventilation studies indicated uneven 
changes following therapy, the lower portions of the lung 
fields more consistently showing improvement than the upper 
lung fields.

Motoyama (1973) assessed the effect of postural 
drainage on airway obstruction by measuring MEFV curves 
before, five minutes following, and 45 minutes following 
postural drainage with chest phyiotherapy in ten cystic. 
fibrosis patients. Five minutes after postural drainage, 
there was significant improvement (p less than 0.05) in 
Vmax as 75 per cent of the exhaled vital capacity (Vmax^g) 
when compared to pretreatment control values. In some 
patients, Vmax^g at five minutes following postural drainage 
decreased from control values. The Vmax^j- improved in those 
patients after further expectoration. Forty-five minutes 
following postural drainage, there was a significant im
provement in vital capacity (VC), peak expiratory flow rate 
(PEFR) , Vmax,-Q, and Vmax^^.
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March (1971) compared several subjective and 

physical parameters in 20 patients with chronic obstructive 
pulmonary disease before and after postural drainage. The 
postural drainage did not include percussion or vibration. 
There was no significant improvement in forced vital 
capacity (FVC), FEV^, forced expiratory flow 200-120mls, 
forced expiratory flow 25-75 per cent, or sputum production. 
Most of the patients noted no subjective improvement after 
postural drainage. A few reported feeling worse and others 
felt improved following postural drainage.

May and Munt (1979) also studied the effect of 
postural drainage with percussion in patients with chronic 
obstructive lung disease. The authors compared postural 
drainage with percussion to a sham treatment of infrared 
heat and to a period of directed coughing in 35 patients 
with stable chronic bronchitis. There were no differences 
in subjective responses or arterial blood gases following 
the three therapies. The FEV^ and FVC showed significant 
improvement over pretreatment values following either 
postural drainage or infrared heat but the improvement was 
similar in both treatments. The volume of sputum expecto
rated during percussion and drainage was significantly 
greater than during the infrared heating or during the 
directed coughing. The authors concluded that chest per
cussion and postural drainage was effective in augmenting
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the volume of expectorated sputum but did not significantly 
alter airflow or gas exchange.

Feldman, Traver, and Taussig (1979) used flows 
measured from maximum expiratory flow-volume (MEFV) curves 
to evaluate the efficacy of postural drainage in improving 
ventilatory function acutely. The MEFV curves were obtained 
before, 5, 15, and 45 minutes after postural drainage with 
percussion, vibration, and coughing in nine subjects with 
cystic fibrosis and 10 subjects with chronic bronchitis.
The FVC was significantly increased at 45 minutes after 
postural drainage in the combined group. Subjects with 
cystic fibrosis demonstrated a significant improvement in 
PEFR at 45 minutes after drainage and an increase in FEV^ 
at all test intervals. The PEFR decreased at five minutes 
after drainage in the subjects with chronic bronchitis but 
returned to baseline by 45 minutes. In the combined group, 
VmaXj-Q was' increased at 45 minutes after drainage and 
Vmax^f. was increased at 15 and 45 minutes after postural 
drainage.

Tecklin and Holsclaw (1975) studied 26 patients 
with cystic fibrosis who had spirometry done immediately 
preceding and following postural drainage with percussion 
and vibration. Bronchospasm during postural drainage was 
reported in six of the 26 patients. The subgroup of six 
with bronchospasm demonstrated similar spirometric results 
to the total group. At five minutes after postural
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drainage, both groups of patients had statistically sig
nificant increases in PEER, FVC, expiratory reserve volume, 
and inspiratory capacity. Significant improvement was not 
observed in FEV^ and maximal midexpiratory flow rate. The 
conclusion: of the study was that postural drainage is an 
effective therapy in clearing the larger more central air
ways even in the presence of bronchospasm.

Huber, Eggleston, and Morgan (1974) studied 21 
asthmatic children with mild to moderate airway obstruction. 
The subjects were randomly assigned to two groups. The 
treated group received standardized chest physiotherapy, 
including percussion and vibratory compression. The control 
group received no treatment during an equivalent interval. 
The treated group showed up to a 40 per cent increase in 
FEV^ (mean of 10.5 per cent) at 30 minutes posttreatment, 
while controls showed slight reduction in flow, attributed 
to the effect of repeated expiratory efforts. The differ
ence between groups at 30 minutes was significant at the 
five per cent probability level. No treated subject became 
significantly worse.

Gorringe (1977) studied the effectiveness of airway 
clearance using either postural drainage or deep breathing 
and coughing in 11.subjects with chronic bronchitis. The 
MEFV curves were measured five minutes post-bronchodilator 
inhalation, and at 20, 40, and 60 minutes following the 
treatment. No significant changes in Vmax1.n or Vmax^, wereDU /5
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observed after either therapy. However, statistically 
significant differences were found when subjects were 
divided into Group I who demonstrated less than 20 per cent 
reversibility of airway obstruction and Group II who dis
played marked reversibility. The subjects in Group II 
responded with progressively decreasing flows following 
postural drainage and deep breathing with coughing while 
Group I demonstrated no change in flows at 60 minutes fol
lowing postural drainage. The author concluded that the 
performance of repeated FVC maneuvers may increase bronch- 
spasm and mask any benefits of either treatment.

Bronchodilator Therapy
Bronchodilating agents are utilized in the treatment 

of the reversible airway, obstruction of asthma and other 
chronic pulmonary diseases. Beta-adrenergic drugs act by 
stimulating adenyl cyclase, thereby catalyzing the produc
tion of cyclic AMP, which inhibits release of chemical 
mediators and enhances bronchial smooth muscle relaxation 
(Reilly, Rodgers, and Bickerman, 1974).

Metaproterenol sulfate is a chemical analog of the 
classic sympathomimetic amine, isoproterenol. Metapro
terenol has a longer duration of action beqause it is not 
subject ot degradation by .catechol D-methyl transferase and 
also has a greater beta-2 specificity than isoproterenol. 
Inhalation of aerosolized metaproterenol sulfate produces a
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prompt bronchodilation effect which improves tests of 
pulmonary function to a significant degree for an average 
of three to four hours (Leifer and Wittig, 1975) .

Reilly et al. (19 74) studied the bronchodilator 
activity of aerosolized metaproterenol and isoproterenol in 
19 subjects with stable, reversible obstructive airway 
disease. Measurements of FEV^ and maximum expiratory flow 
rate (MEFR) at one, three, six, and 15 minutes after in
halation indicated that both drugs provided rapid relief 
of bronchoconstriction. The peak response of FEV^ and MEFR 
to metaproterenol occurred at six minutes. The peak 
response to isoproterenol was at three minutes for FEV^ and 
at six minutes for MEFR.

Sobol and Reed (1974) measured total respiratory 
resistance following inhalation of aerosolized metapro
terenol and isoproterenol in subjects with reversible airway 
obstruction. Total respiratory resistance was substantially 
decreased 15 seconds after inhalation of metaproterenol or 
isoproterenol. Improvement in total respiratory resistance 
reached a peak at two minutes with isoproterenol and at 
four minutes with metaproterenol.

Side effects are minimal in incidence and degree 
when metaproterenol is given by inhalation. Leifer and 
Wittig (1975) reviewed several papers on patients using 
aerosolized metaproterenol. Out of 1,173 patients, tachy
cardia occurred in 3.7 per cent and all other cardiovascular,
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gastrointestinal, and central nervous system side effects 
were less than one per cent.

Adverse reactions to aerosolized bronchodilators 
have been reported. Specifically, there is evidence that 
asthma may be induced or exacerbated by these aerosols 
(Leifer and Wittig, 1975) .

Riesman '(19 70) reported that 12 "significantly 
symptomatic" asthmatics had poor one-hour responses in FEV^ 
to aerosolized isoproterenol. Seven of eight patients with 
this type of response had substantial improvement in pul
monary function after stopping the aerosol. Eisenstadt and 
Nicholas (1969) reported that 33 per cent of 45 steroid- 
dependent asthmatics improved upon discontinuing their 
adrenergic aerosols.

Connolly et al. (1971) suggested that one possible 
mechanism for this aerosol-induced asthma is true tolerance 
to chronic adrenergic stimulation. Aviado (1975) proposed 
that the hydrocarbon propellants in the aerosol may have a 
toxic effect and Keighley (19 66) stated that possible true 
allergy to the aerosols, additives, or breakdown products 
may occur in aerosol-induced asthma.

Use of the Maximum Expiratory Flow-Volume Curve 
to Measure Airway Obstruction to Airflow

The maximum expiratory flow-volume curve (MEFV 
curve) is a plot of the relationship between flow and - 
volume during a forced yital capacity maneuver. The MEFV
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curve is recognized as a highly sensitive and quantitative 
tool for the assessment of small airway obstruction.

Zapletal et al. (19 71) compared the results of
spirometric tests to those of the MEFV curve in order to 
determine a sensitive and practical test for the quantita
tion of airway obstruction in asthma and cystic fibrosis. 
Maximum expiratory flow rates on the MEFV curves were often 
decreased below normal^limits in children with asthma or 
cystic fibrosis who were clinically well and whose spiro
metric tests were within normal limits. The Vmax at 75 per 
cent of the expired vital capacity was the most sensitive 
test of disease, giving 58 per cent abnormally low values 
among all patients.

Gelb and Zamel (1973) measured closing volumes and 
MEFV curves on nine subjects with respiratory problems and 
normal results on spirometry testing. Flow rates at lung 
volumes near residual volume were abnormal in all subjects 
and closing volume was abnormally elevated in 77 per cent 
of the subjects.

Green et al. (1973) examined the normal variability 
of MEFV curves and related the MEFV curve to other tests of 
pulmonary function. There was a striking variability of 
Vmax at all lung volumes. The variability in maximum flows 
was considerably more than the variability of VC or FEV^. 
Inderindividual variability was common yet the authors con
cluded that the MEFV curve may be a useful tool for
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measuring lung funciton when a subject is able to act as 
his own control.

Knudson, Burrows, and Lebowitz (1976) examined the 
MEFV curves of 3115 subjects. They concluded that broad 
normal limits and intersubject variability reduced the value 
of the MEFV curve as a measurement of abnormality. Knudson, 
Slatin, et al. (1976) suggested that a composite MEFV curve, 
which represented the subject's best flows and largest vital 
capacity would minimize the intersubject variability.

Green, Mead, and Turner (19 74) tested the influence 
of bronchomotor tone on MEFV variability by studying the 
MEFV curves of eight subjects before and after inhalation 
of three sprays of isoproterenol. The bronchodilator caused 
a small rise in maximum flows in six subjects, no change in 
one, and a very small decrease in maximum flows in one 
subject. The average increace in Vmax^Q was 8.5 per cent. 
Bouhuys and van de Woestijne (1971) found an increase of 
nine per cent in Vmaxgy following bronchodilator.

Effects of Respiratory Maneuvers on 
Airway Resistance

Spirometry is a conventional method for assessing 
airway obstruction and. the changes produced by broncho- 
dilating drugs. It is assumed that spirometry itself does 
not affect airway resistance. This assumption may not be 
valid for the asthmatic patient.
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In normal subjects, Nadel and Tierney (1961) found 

that a deep inspiration did not alter airway resistance when 
there was normal airway tone, although it transiently re
duced resistance when pharmacologically induced bronchospasm 
was present. In contrast, Simonsson et al. (1967) found
that airway resistance increased after deep inspiration in 
asthmatic subjects if it was performed without prior 
pharmacologic intervention with atropine. Because atropine 
could decrease or prevent the bronchoconstricting response, 
the bronchoconstriction was postulated to be due to a reflex 
increase in bronchomotor tone triggered by the mechanical 
stretching of lung tissue and mediated by cholinergic nerve 
pathways.

Fish, Peterson, and Cugell (1977) measured specific 
airway conductance (Gaw/Vtg) in a body plethysmograph before 
and after a deep inspiratory maneuver in eight subjects with 
allergic rhinitis and eight subjects with allergic asthma.
In rhinitis subjects, deep inspiration had no effect on 
Gaw/Vtg if it was performed prior to methacholine inhalation. 
Methacholine is a parasympathomimetic agent which when in
haled can induce bronchospasm. When methacholine-induced 
bronchoconstriction was present, deep inspiration transi
ently increased Gaw/Vtg. In asthmatic subjects, deep in
spiration was followed by a transient fall in Gaw/Vtg in the 
pre-metacholine state. When bronchoconstriction was present, 
deep inspiration was followed by small, variable changes in
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Gaw/Vtg in seven asthmatic subjects and marked improvement 
in one subject.

Roncoroni et al. (19 75) studied one asthmatic 
patient who developed bronchoconstriction during repeated 
forced vital capacity maneuvers. The FEV^ and Vmax^Q de
creased during successive maneuvers. The total airway 
resistance and upper airway resistance increased. Inhala
tion of salbutamol or disodium cromoglycate partially pre
vented this response. Atropine completely prevented the 
flow response but did not alter the increase in total airway 
resistance. The authors concluded that the bronchoconstric
tion was related to mast cell disruption and cholin- 
ergically mediated stimuli.

Summary
Studies of postural drainage, bronchodilator 

therapy, the MEFV curve, and the effects of respiratory 
maneuvers on airway resistance were reviewed. The investi
gations designed to assess the efficacy of postural drainage 
in' augmenting airway clearance and relieving airway ob
struction did not validate or disprove the theoretical and 
clinical assumptions made about postural drainage. The 
postural drainage studies often lacked appropriate controls, 
did not consider variables that could influence measurements 
of pulmonary function, or utilized measurements that were -



insensitive to changes in airway resistance in peripheral 
airways.

 ̂ The maximum expiratory flow-volume curve is a 
relatively sensitive and quantitative tool for assessing 
airway resistance. This tool offers a means for evaluating 
the degree of airway obstruction in both peripheral and 
central .airways. Thus, the MEFV curve is an appropriate 
measurement for testing the efficacy of postural drainage -



CHAPTER 3

METHODOLOGY

An experimental design was chosen to study the 
effects of postural drainage on pulmonary function, in 
particular the maximum expiratory flow rates, in subjects 
with asthma. Because of the variability between individual 
subjects, each subject was used as his own control and 
participated in both treatment sessions. Prior to each 
treatment session, an aerosolized bronchodilator was 
administered to simulate usual clinical practice. Treatment 
session A was 30 minutes of postural drainage. Treatment 
session B was 30 minutes of sitting in an upright position. 
The treatment order was randomized and scheduled for the 
same time of day one to three days apart. Maximum expira
tory flow-volume (MEFV) curves were obtained prior to each 
treatment session and at five and 60 minutes following each 
treatment session.

The research proposal. Subject's Consent Form, and 
Physician's Consent Form were submitted to and approved by 
The University of Arizona Human Subjects Committee (see 
Appendix A). A letter of their approval appears in 
Appendix B.

31



The Sample
Ten subjects with a diagnosis of asthma were 

selected from an outpatient clinic at a southwestern 
hospital. Subjects who agreed to participate in this study 
met the following criteria:

1. Had a physician confirmed diagnosis of asthma and 
were free from other chronic respiratory diseases.

2. Were free from infection and acute exacerbations for
at least two weeks prior to the treatmemt sessions.

3. Were able to follow directions in English.
4. Had a history of cough, either productive or un

productive .
5. Had previously performed a forced expiratory 

maneuver.
6. Were willing to abstain from postural drainage and 

aerosolized bronchodilator medication for at least 
four hours prior to each treatment session.

7. Were verified by a physician to be able to tolerate
postural drainage, repeated FVC maneuvers, and 
pulmonary function testing.

8. Had approval from a physician to use the aerosolized 
bronchodilator, metaprotereno1 sulfate, prior to 
each treatment session.

Subjects capable of meeting these criteria.were 
given an explanation as to the nature and purpose of the
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study and were informed of what their participation would 
involve. The subject was then asked if he would be willing 
to participate. Signed consent forms from both the subject 
and his physician were obtained. If the subject was a 
minor, he and his parent both signed a subject's consent 
form. Confidentiality was assured by assigning a number to 
each subject and by coding data for analysis.

' Experimental Treatments
Treatment A was postural drainage. Postural drain

age was performed in the following manner:
1. Anterior apical, posterior apical, anterior basal, 

posterior basal, left lateral basal, and right 
lateral basal positions designed to drain six lung 
areas were used. Each position was assumed for five 
minutes, for a total of 30 minutes per treatment 
session.

2. -Immediately after the subject assumed a position,
the investigator began one minute of percussion over 
the area being drained.

3. Following percussion, the investigator vibrated the 
area being drained for a period of four prolonged 
expirations. , .

4. Coughing and expectoration of sputum was encouraged 
by the investigator if the subject had not done so 
spontaneously.
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5. The subject remained in the drainage postion for the 

remainder of the five minutes.

Treatment B was sitting in an upright position for 
30 minutes, a time period equivalent to treatment session 

The subject was instructed to breathe at his normal 
rate and depth.

Measurements

Maximum Flows
The MEFV curve was measured on a Med Science Model 

570 Wedge Spirometer and a Hewlett Packard Model 7045A 
X-Y Recorder. The Wedge.Spirometer drives through two 
separate linear transducers, one producing voltage propor
tional to flow and the other producing voltage proportional 
to volume. The use of individual transducers for dual 
output enabled identical flow and volume output in phase. 
Since the frequency response of the X-Y Recorder was not 
rapid enough to plot the curve directly from the Wedge 
Spirometer, the MEFV curve was stored and then plotted on 
the X-Y Recorder. Each measurement of the MEFV curve was 
performed three times by the subject. The three MEFV 
curves were superimposed by aligning them at total lung 
capacity (TLC). A composite curve was then drawn using the 
largest exhaled volume and the highest flow obtained at all
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volumes. The composite curve was used to minimize intra
individual variability.

Measurements of FVC, PEFR, Vmax^Q, and Vmax^^ were 
calculated from each MEFV curve; Baseline Vmax^^ and
Vmax-,r. were calculated from volumes obtained from the post- Jo
bronchodilator MEFV curve (designated as MEFV^). Flows 
obtained pre-bronchodilator and following treatment sessions 
were measured at isovolume points, volumes corresponding to 
50 per cent and 75 per cent of the baseline post
broncho dilator FVC (see Figure 4). It was assumed that TLC 
remained constant throughout the treatment session and 
posttreatment pulmonary function testing.

Sputum
Expectorated sputum was collected in a clean, clear 

container. Sputum was collected from the beginning of each 
treatment session until 60 minutes following the session.
The volume of expectorated sputum was measured using a 10 
cc syringe.

Auscultation
Auscultation of the posterior apical areas, 

posterior basal areas, and lateral basal areas of the lungs 
was performed using the diaphragm of a stethoscope. The 
chest was auscultated following each MEFV measurement and 
was recorded as clear or having wheezes.
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Flow

TLC

Vmax at isovolume 
point using 50% FVCg

\--Base!ine Vmax 50%

75%FVC

Baseline FVC

Vmax at isovolume 
__point using 75% FVCg 

Xv--Baseline Vmax 75%

Post-treatment FVC

Baseline FVC = FVCB

Figure 4. Calculations of Isovolume Maximum Expiratory
Flows from the MEFV Curves —  Taken from Leonard 
(1978) with written permission from the author.
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History

Pertinent information from the subject's chart was 
obtained and recorded on the data collection sheet (see 
Appendix C) .

Subj ective'Response
Sixty minutes following each treatment session, the 

subject was asked by the investigator to verbalize his 
feelings regarding any side effects or benefits from that 
treatment. These responses were recorded on the data 
collection sheet (see Appendix C).

Research Design 
After consenting to participate in this study, the 

subject was told to refrain from using aerosolized broncho- 
dilators and postural drainage for at least four hours prior 
to each treatment session. The subject was told to continue 
taking his oral bronchodilator medications.

The treatment order was randomized. Each treatment 
session began one and one-half to two hours after the sub
ject normally took his oral bronchodilators. The following 
treatment protocol and data collection were performed on 
each subject.

1. Subjects were instructed in the performance of a 
forced vital capacity maneuver.

2. Pre-bronchodilator composite MEFV curve was obtained 
(designated as MEFV^). Auscultation was performed.



The subject was instructed to exhale normally and 
then take as.deep a breath as possible. When he 
began to inhale, metaproterenol sulfate via a freon 
propelled nebulizer was aerosolized into the 
subject's open mouth. After reaching TLC, the 
subject was directed to close his mouth, hold his 
breath as long as possible, and then to exhale 
slowly.
Five minutes following the inhalation of meta
proterenol sulfate, a second composite MEFV curve 
(designated as MEF-̂ ) was obtained. Auscultation 
was performed.
Subjects receiving Treatment A received postural 
drainage for a period of 30 minutes. Subjects re
ceiving Treatment B were instructed to sit in an 
upright position breathing at their normal rate and 
depth for a period of 30.minutes. Sputum collection 
commenced at the beginning of each treatment session. 
Five minutes after the completion of a treatment 
session, a third composite MEFV curve (designated 
as MEFVg) was obtained. Sputum collection continued. 
Auscultation was performed.
Sixty minutes following completion of a treatment 
session, a fourth composite MEFV curve (designated 
as MEFV^) was obtained. Sputum collection was dis
continued and volume of expectorated sputum was
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measured. Auscultation was performed. The subject 
was asked to verbally express his feelings con
cerning the treatment session.

Data Analysis
The data were analyzed in terms of the group mean

for each flow and volume measurement. The Shapiro-Wilkes
test for normality (Anderson and McLean, 1974) was used to
determine if the baseline measurements were normal so as to
satisfy the normality assumption of parametric testing. The. 

2Hotellings T for repeated measures (Morrison, 1976) was
then used to examine the effects of both treatment sessions
and to compare the two treatments.

2The Hotellings T for repeated measures was used to 
assure that the treatment session A pre-bronchodilator and 
baseline flow and volume parameters were the same as those 
for treatment session B . Data were analyzed as changes in 
flow and volume from the pre-bronchodilator measurements to 
the post-bronchodilator baseline measurements and from the 
post-bronchodilator baseline measurements to those measure
ments taken following treatment session A (postural 
drainage) or treatment session B (sitting in an upright 
position) for FVC, PEFR, and at isovolume points corre
sponding to 50 per cent and 75 per cent baseline FVC. The 

2Hotellings T for repeated measures was also used to deter
mine whether there were significant differences between the
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mean posttreatment flow and volume parameters obtained for 
treatment session A and mean posttreatment flow and volume 
parameters obtained for treatment session B. A standard 
T-test (Walker and Lev, 1953) was used to determine sig
nificant differences between the amount of sputum produced 
in treatment session A compared to the amount of sputum 
produced in treatment session B.
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CHAPTER 4 

PRESENTATION AND ANALYSIS OF DATA

The data in terms of (1) characteristics of the 
sample, (2) results of flows and volumes measured from the
MEFV curves, (3) statistical analysis of the results, and 
(4) other variables studied are reported.

Characteristics of the Sample
The sample consisted of 10 subjects, five male and 

five female all with a diagnosis of asthma. Four subjects 
had an additional diagnosis of allergic rhinitis and one 
subject was status post right upper lobe lobectomy for a 
questionable cystic disease. The mean age was 15.06 years 
with a range of 7.5 years to 48.75 years of age; however, 
only one subject was older than 15 years of age.

At the time of the study, xanthines were being taken 
routinely by seven of the 10 subjects. Sympathomimetic 
agents were taken by five of the 10 subjects. Cromolyn was 
taken by two of the 10; nasal steroids were used by two of 
the 10; one subject was using an aerosolized anti- 
cholenergic and three of the 10 subjects reported taking 
anti-histamines. One subject was taking steroids every 
other day. Three subjects were receiving hyposensitization 
therapy. One subject was hot taking medications or

41
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receiving hyposensitization. One subject performed postural 
drainage with percussion once every day.

None of the subjects had a cough or obvious sputum 
production at the time of the study. With acute exacerba
tion of their asthma, two of the 10 subjects reported an 
unproductive cough and eight of the 10 subjects reported a 
productive cough. Two of these eight subjects stated that 
exercise would occasionally induce a productive cough. All 
subjects denied a history of smoking.

Six of the 10 subjects reported their most recent 
acute exacerbation as occurring more than one month prior to 
the study. Four subjects reported less than one month since 
their last acute exacerbation (see Table 1).

Based on normal pulmonary function values set forth 
by Polgar and Promadhat (1971) for children and Bates, 
Macklem, and Christe (1971) for adults, the post- 
bronchodilator baseline per cent predicted FVC ranged from 
86 per cent to 166 per cent with a mean of 108.7 per cent 
for Treatment A and ranged from 83 per cent to 168 per cent 
with a mean of 107.3 per cent for Treatment B. The post- 
bronchodilator baseline per cent predicted PEFR for Treat
ment A had a mean of 130.5 per cent and a range of 76 per 
cent to 22 0 per cent and for Treatment B a mean of 128.7 
per cent and a range of 66 per cent to 260 per cent based 
on normal values for PEFR reported by Polgar and Promadhat



Table 1. Characteristics of the Subjects — - Showing age, sex, height, medications 
and treatments, productive or unproductive cough, time since last acute 
exacerbation, and diagnosis.

Subject
Age

(years) Sex
. Height 

(cm)

Medications
and

Treatments Cough
Time Since 

Exacerbation Diagnosis

1 15.16 male 142.5 xanthines productive greater than 
one month

Asthma

2 7.5 male 131.0 xanthines
sympathomimetics

unproductive greater than 
one month

, Asthma

3 14.75 female 162.5 xanthines 
sympathomimetic s 
anti-cholinergic 
anti-histamine 
postural drainage

productive less than 
one month

Asthma

4 8,33 male 139.0 xanthines
sympathomimetics

productive greater than 
one month

Asthma
RUL
Lobectonv

5 11.58 male 144.0 xanthines 
sympathomimetics 
cromolyn 
steroids 
nasal steroids

productive less than 
one month

Asthma
Allergic
Rhinitis

6 12.75 female 160.0 xanthines
sympathomimetics
hyposensitization

productive less than 
one month

Asthma



Table 1.— Continued

Subject
Age

(years) Sex
Height
(cm)

Medications
and

Treatments Cough
Time Since 

Exacerbation Diagnosis

7 48.75 male 177.8 cromolyn 
nasal steroids 
anti-histamines

unproductive greater than 
one month

Asthma
Allergic
Rhinitis

8 11.25 female 150.0 hyposensitization productive greater than 
one month-

Asthma
Allergic
Rhinitis

9 10.08 female 136.5 xanthines
anti-histamines
hyposensitization

productive • greater than 
one month

Asthma
Allergic
Rhinitis

10 10.41 female 111.0 none productive greater than 
one month

Asthma
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(1971) for children and Cherniack (1977) for adults (see 
Table 2).

Results
For each treatment session, a composite MEFV curve 

was obtained prior to inhalation of a bronchodilator agent 
(referred to as MEFV^), five minutes after one inhalation 
of a bronchodilator (referred to as MEFVg), five minutes 
after completion of a 30-minute treatment session (referred 
to as MEFVg), and 60 minutes after completion of the 
treatment session (referred to as MEFV^). The FVC and PEFR 
were calculated from each composite MEFV curve during each 
treatment session. In addition, isovolume Vmax^q and Vmax^g 
were calculated based on the FVC of the post-bronchodilator 
composite curve (MEFV2 ). The post-bronchodilator composite 
curve (MEFVg) was used as the baseline measurement for 
evaluating the posttreatment measurements.

The FVC, -PEFR, VmaXj-g, and Vmax^g calculated from 
each composite MEFV curve during each treatment session are 
reported as group data. The mean and range of per cent 
change from baseline for FVC, PEFR, Vmax^Q, and Vmax^^ were 
calculated from individual per cent changes in flows and 
volumes. Individual data from each treatment session 
appear in Appendices D and E.

First, all flow and volume measurements from pre- 
bronchodilator (MEFV^) to post-bronchodilator (MEFV2 ) for
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Table 2. Post-Bronchodilator Baseline Per Cent Predicted 

PVC and PEER for Treatment A and Treatment B

Subject

Post-Bronchodilator Baseline Per Cent Predicted
FVC . PEER

Treatment
A

Treatment
B

Treatment
A

Treatment
B

1 102 106 117 130
2 102 107 145 119
3 111 115 126 127
4 • 115 115 79 79
5 86 83 114 112
6 115 103 129 109
7 103 102 76 66
8 92 92 150 144
9 95 82 149 141

10 166 168 220 260
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both treatments are reported. Then, the posttreatment flow 
and volume measurements for the two treatment sessions are 
presented.

Pre-Bronchodilator (MEFV^)
The data for pre^bronchodilator (MEFV-̂  1 FVC for 

Treatment A (postural drainage) demonstrated a mean of 
2.75 L with a range of 1.85-4,375 L. The per cent change 
in FVC for Treatment A from MEFV^ to baseline (MEFV2 ) had 
a mean of +3.25 per cent and a range of -1,19 per cent to 
+8.73 per cent. In Treatment A, the pre-bronchodilator 
(MEFV^) PEFR had a range of 2.9-6,55 L/sec with a mean of 
4.875 L/sec and a mean per cent change to baseline of +5.70 
per cent with a -4.35 per cent to +19,0 per cent range.
The isovolume Vmax^q measured from MEFV^ for Treatment A 
ranged from 1.25-4.45 L/sec with a mean of 2.15 L/sec,
The per cent change in isovolume VmaXgq for Treatment A 
from MEFV^ to MEFVg demonstrated a mean of +22.24 per cent 
with a +5.55 per cent to +44.93 per cent range. In 
Treatment A, isovolume Vmax^^ ranged from 0.3-1.5 L/sec 
with a 0.77 L/sec mean while the mean per cent change to 
baseline for Vmax^g was +26.66 per cent with a +11.76 per 
cent to +50.0 per cent range.

For Treatment B (sitting), the pre-bronchodilator 
(MEFV^) FVC demonstrated a mean of 2.715 L with a range of 
1.90-4.30 L. The per cent change to baseline for FVC in



48
Treatment B had a mean of +2.95 per cent and a range of 
-8.57 per cent to +8.41 per cent. The pre-bronchodilator 
(MEFV^) PEER had a range of 3.45-6.05 L/sec with a mean 
of 4.625 L/sec and a mean per cent change to baseline of 
+6.47 per cent with a -18.54 per cent to +22.84 per cent 
range. The isovolume Vmax^q measured from MEFV^ for 
Treatment B ranged from 0.9-4.6 L/sec with a mean of 2.235 
L/sec and had a mean per cent change to baseline of 
+12.52 per cent with a range of -12.12 per cent to +42.18 
per cent. The MEFV^ isovolume Vmax^^ for Treatment B 
demonstrated a mean of 0.895 L/sec with a range of 0.25- 
1.45 L/sec and a mean per cent change to baseline of 
+20.79 per cent with a range of -31.81 per cent to +54.59 
per cent (see Table 3).

Table 3. The Mean Per Cent Change Between Pre-
Bronchodilator and Post-Bronchodilator MEFV 
Curves for FVC, PEER, Vmaxr g, and Vmax^^ for 
Treatment A and Treatment B

Mean Per Cent Change
Treatment A Treatment B

FVC +3.25 +2.95
PEER +5.70 +6.47
Vmax50 +22.24 +12.52
Vmax75 +26.66 +20.79
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Posttreatment Changes in FVC

The post-bronchodilator baseline (MEFV2 ) FVC for 
Treatment A demonstrated a range of 2„0-4.575 L and a mean 
of 2.8425 L. At five minutes after completion of a 
treatment session (MEFV^) FVC for Treatment A had a mean 
of 2.8325 L and a range of 2.0-4.55 L. The per cent
change in FVC for Treatment A from baseline to MEFV^
demonstrated a mean of -0.35 per cent with a -1.23 per cent 
to +3.65 per cent range. At 60 minutes after completion of 
a treatment session (MEFV^) FVC for Treatment A ranged from 
2.0-4.45 L with a mean of 2.8163 L. The mean per cent 
change in FVC for Treatment A from baseline to MEFV^ was
-0.92 per cent with a range of -7.0 per cent to +6.0 per
cent.

The post-bronchodilator (MEFV2 ) FVC for Treatment B 
revealed a range of 1.75-4.55 L with a mean of 2.7975 L.
The MEFVg for Treatment B demonstrated a mean FVC of 2.81 
and a range of 1.875-4.525 L while MEFV^ had a mean FVC of 
2.8025 L with a 1.825-4.5 L range. The per cent change in 
FVC for Treatment B from baseline to MEFVg ranged from -3.7 
per cent to +7.14 per cent with a mean of +0.44 per cent, 
and from baseline to MEFV^ ranged from -1.8 per cent to 
+4.2 per cent with a mean of +0.17 per cent (.see Table 4) .



50
Table 4. Posttreatment Changes in FVC for Treatment A and 

Treatment B —  Showing absolute mean and mean per 
cent change.

Treatment A Treatment B

Mean
Mean Per Cent 

Change Mean
Mean Per Cent 

Change

MEFV2 2.8425L 2.7975L
MEFV3 2.8325L -0.35 2.81L +0.44
MEFV4 2.8163L -0.92 2.8025L +0.17

Posttreatment Changes in PEFR
The post-bronchodilator baseline (MEFV2 ) PEFR for

Treatment A demonstrated a mean of 5.17 L/sec with a range
of 2.9-8.0 L/sec. At five minutes after completion of a
treatment session (MEFVg) PEFR for Treatment A had a mean
of 5.302 L/sec and a range of 2.8-8.45 L/sec. The per cent
change in PEFR for Treatment A from baseline to MEFV^ ranged
from -6.52 per cent to +29.74 per cent with a mean of +2.55
per cent. At 60 minutes after completion of a treatment
session (MEFV^) PEFR for Treatment A revealed a. mean of
5.22 L/sec and a 2.8-7.95 L/sec range. The mean per cent

.change from baseline to MEFV^ for Treatment A was +0.96 
per cent with a range of -6.54 per cent to +33.78 per cent.

The post-bronchodilator baseline (MEFV^) PEFR for 
Treatment B revealed a mean of 4.945 L/sec and a range of
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2.9-6.9 L/sec. The MEFVg for Treatment B demonstrated a 
mean PEFR of 4.935 L/sec arid a range of 2.95-6.95 L/sec.
The MEFV^ for Treatment B had a mean PEFR of 5.105 L/sec 
with a range of 3.0-7.05 L/sec. The per cent change in 
PEFR for Treatment B from baseline to MEFVg had a mean of 
-0.20 per cent and a range of -13.79 per cent to +16.48 per 
cent. From baseline to MEFV^ in Treatment B, the mean per 
cent change in PEFR was +3.23 per cent and the range was 
-8.62 per cent to +11.76 per cent (see Table 5).

Table 5. Posttreatment Changes in PEFR for Treatment A and 
Treatment B -- Showing absolute mean and mean per 
cent change.

Treatment A Treatment B

Mean
Mean Per Cent 

Change Mean
Mean Per' Cent 

Change

m e f v 2 5.17L/sec 4.945L/sec
m e f v3 5.302L/sec +2.55 4.935L/sec -0.20
MEFV4 5.22L/sec +0.96 5.105L/sec +3.23

Posttreatment Changes in Isovolume VmaXg^
The baseline Vmax^Q measured from MEFV^ for 

Treatment A ranged from 1.5-4.9 L/sec and had a mean of 
2.765 L/sec. At five minutes after completion of a treat
ment session (MEFV-,) the mean isovolume Vmax„ n forJ bU



Treatment A was 2.735 L/sec with a range of 1.4-4.6 L/sec. 
The per cent change in isovolume Vmax^Q for Treatment A 
from MEFVg to MEFVg had a mean of -1.08 per cent and a 
range of -15.51 per cent to +11.29 per cent. At 60 minutes 
after completion of a treatment session (MEFV^) isovolume 
Vmaxgq ranged from 1.45-4,8 L/sec with a mean of 2.885 
L/sec. From baseline to MEFV^, the mean per cent change in 
isovolume Vmax^g was +4.33 per cent for Treatment A with a 
range of -12.5 per cent to +21.42 per cent.

The baseline Vmax^g measured from MEFV2  for Treat
ment B had a mean of 2.555 L/sec and a range of 1.15-4.2 
L/sec. The MEFVg for Treatment B demonstrated a mean 
isovolume Vmax^g of 2.59 L/sec with a range of 1.3-3.5 
L/sec. The MEFV^ for Treatment B had a mean isovolume 
VmaXcjQ of 2.52 L/sec and ranged from 1.35 to 4.05 L/sec.
The per cent change in isovolume Vmax^g for Treatment B 
from baseline to MEFV^ revealed a mean of +1.36 per cent 
with a range of -23.8 per cent to +21.62 per cent. From 
baseline to MEFV^ in Treatment B, the mean per cent change 
in isovolume Vmax^g was -1.36 per cent and ranged from 
-11.11 per cent to +19.04 per cent (see Table 6).

Posttreatment Changes in Isovolume Vmax^g .
The baseline Vmax-measured from MEFV0 for Treat-75 2

ment A had a mean of 1.05 L/sec and a range of .55-2.05
\

L/sec. At five minutes after a treatment session (MEFV^)
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Table 6. Posttreatment Changes in Isovolume Vmax^Q for

Treatment A and Treatment B —  Showing absolute 
mean and mean per cent change.

Treatment A Treatment B

Mean
Mean Per Cent 

Change Mean
Mean Per Cent 

Change

MEFV2 2.765L/sec 2.555L/sec
MEFV3 2.735L/sec 00OH1 2.59L/sec +1.36
MEFV4 2.885L/sec + 4 . 3 3 2.52L/sec -1.36

the mean isovolume Vmax^^ for Treatment A was 1.11 L/sec 
and ranged from 0.5-2.15 L/sec. In Treatment A, the mean 
per cent change in isovolume Vmax^g from baseline to MEFVg 
was +5.71 per cent with a -25.0 per cent to +118.18 per 
cent range. Sixty minutes after completion of a treatment 
session (MEFV^), Treatment A revealed a mean isovolume 
Vmax^,- of 1.15 L/sec with a range of 0.4-2.3 0 L/sec. The 
per cent change in isovolume Vmax^g from baseline to MEFV^ 
in Treatment A ranged from -33.33 per cent to +51.85 per 
cent with a +9.52 per cent mean.

The baseline Vmax^g measured from MEFV2  for Treat
ment B had a mean of 1.13 L/sec and a range of 0.25-1.45 
L/sec. The MEFV^ for Treatment B demonstrated a mean 
isovolume Vmax^g of 1.22 L/sec and a range of 0.35-2-1 
L/sec. The MEFV^ for Treatment B had a mean isovolume
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VmaXy^ of 1.10 L/sec and a 0.5-1.65 L/sec range. The per 
cent change in isovolume Vmax^j- for Treatment B from base
line to MEFVg ranged from -28.57 per cent to +31.81 per 
cent with a mean of +7,96 per cent and from baseline to 
MEFV^ ranged from -21.42 per cent to +42.85 per cent with 
a mean of -2.65 per cent (see Table 7).

Table 7. Posttreatment Changes in Isovolume Vmax^c for
Treatment A and Treatment B —  Showing absolute
mean and mean per cent change.

Treatment A Treatment B

Mean
Mean Per Cent 

Change Mean
Mean Per Cent 

Change

MEFV2 1.05L/sec 1.131,/sec
MEFV3 1.llL/sec +5.71 1.22L/sec +7.96
MEFV4 1.15L/sec +9.52 1.lOL/sec -2.65

Statistical Analysis
The Shapiro-Wilkes test for normality determined

that the majority of the baseline measurements for the flow
and volume parameters were sampled from a population with a
normal distribution (p greater than 0.10). ’ Correlation
coefficients demonstrated a high degree of dependence
between the variables (flows and volumes) for each treatment

2session. The Hotellings T for repeated measures considers



55
both the dependence between variables as well as the 
changes between repeated measurements on the same subject.

In Treatment A (postural drainage), the correlation 
coefficients demonstrated a high degree of correlation 
between all measurements of flow or volume (see Table 8).
The standard deviations were small considering the small 
sample size for any single measurement of flow or volume

o(see Table 8). In Treatment A, the Hotellings T for
repeated measures determined that significant differences
in the four MEFV measurements existed only for isovolume
Vmax^Q (p = .012) and isovolume Vmax^g (p = .008). A
bronchodilator effect was tested by using a multiple

2comparison test associated with the Hotellings T for 
repeated measures. A confidence interval (alpha = .05) 
was constructed about the hypothesis of a bronchodilator 
effect for each flow and volume parameter. If zero was 
contained in this constructed 95 per cent confidence 
interval, it was assumed that there was no bronchodilator 
effect. The 95 per cent confidence intervals constructed 
for multiple comparisons demonstrated a significant increase 
from pre-bronchodilator (MEFV^) to post-bronchodilator

° O(MEFVg) for isovolume Vmax^g and isovolume Vmax^g but not 
for FVC or PEFR in Treatment A (see Table 9). The 95 per 
cent confidence interval about FVC for Treatment A suggested 
a trend toward increase from MEFV^ to MEFV2  (see Table 9),
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Table 8 . Standard Deviations and Correlation Coefficients 

for FVC, PEFR, Isovolume Vmaxgq, and Isovolume 
Vmax-j^ in Treatment A for Each Time Period

Treatment A mefv1 mefv2 mefv3 MEFV 4

FVC
MEFV,
MEFVp
MEFV3

mefv4

.8762* 

. 9952 

.9951 

.9881
.9135*
.9983
.9942

.8901*

.9975 .8462*
PEFR
MEFV,
MEFV.
MEFV3

MEFV4

1.1149* 
.9462 
.9228 
. 9218

1.4999* 
.9605 
. 9472

1.6119*
.9951 1.4658*

Isovolume
MEFV,
mefv2MEFV.
mefv4

VmaXgq
.9534* 
.9095 
. 8437 
. 8418

1.0053*
.9713
.9514

1.0250*
.9695 1.0866*

Isovolume
m e f v -l
mefv2MEFV.
mefv4

Vmaxyc;
.3698* 
. 9152 
.7388 
.7807

.4391*

.8188

.9114
.4760*
.8088 .6032*

* =• Standard Deviations.



2Table 9. Hotellings T for Repeated Measures and Confidence Intervals for Flow 
and Volume Parameters for Each Test Period in Treatment A

MEFV.

Mean

MEFV. MEFV. MEFV. Hotellings T

Post- 
Bronchodilator 

Treatment 
95% Confidence 

Interval

5 Minutes Post
treatment 

95% Confidence 
Interval

60 Minutes Post
treatment 

95% Confidence 
Interval

FVC
2.75 2.8425 2.8325 2.8163 7.18 (-.2161, .0311]

PEFR
4.875 5.17 5.302 5.22 3.48 [-1.037, .447]

Isovolume Vmax50
2.15 2.765 2.735 2.885 30.96* [-1.1586, -.0714] [-.28623, .34623] (-.55543, .31543]

Isovolume Vmax ĝ
.77 1.05 1.11 1.15 37.80** [-.5128, -.0472] [-.41967, .29967] (.45213, .25213)

Significant values are underlined.

*p - 0.012.

**p - 0.008.

in
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Since isovolume Vmaxc« and isovolume Vmax-r- had50 752a significant overall Hotellings T for Treatment A, the 

multiple comparisons test using constructed confidence 
intervals was performed about the hypothesis of a treatment 
effect for these two flow parameters. The 95 per cent 
confidence intervals at five and 60 minutes posttreatment 
for isovolume Vmax^Q and isovolume Vmax^g contained zero 
(see Table 9). Therefore, it was assumed that the treatment 
(postural drainage) did not have an effect in changing flows 
after the bronchodilator effect in treatment session A.

In Treatment B (sitting), the correlation coeffi
cients were high and the standard deviations were small (see

oTable 10). The Hotellings T for repeated measures 
determined that in Treatment B no significant difference 
existed between the four MEFV measurements of FVC, PEFR, 
isovolume Vmax^Q and isovolume Vmax^^ (see Table 11). 
Although no significant differences were demonstrated in 
the overall treatment, the multiple comparisons test using 
constructed confidence intervals was performed about the 
hypothesis of a bronchodilator effect for these flow and 
volume parameters. In all parameters, the 95 per cent 
confidence interval contained zero indicating no broncho
dilator effect (see Table 11); The post-bronchodilator 95 
per cent confidence interval about FVC for Treatment B 
suggested a trend toward increase (see Table 11).
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Table 10. Standard Deviations and Correlation Coefficients 

for FVC, PEFR, Isovolume. Vniax,-Q, and Isovolume 
Vmax- 7 5 in Treatment B for Eacn Test Period

Treatment B MEFV1 m e f v2 MEFV3 m e f v 4
FVC - 
MEFVi 
MEFV2 
MEFVg
m e f v 4

.8166* 

. 9946 

.9956 

.9950
.9070*
.9968
.9996

. 8863* 

.9979 .8648*
PEFR
MEFV,
MEFVoMEFV,
m e f v 4

. 8358* 

.8734 

.7432 

.7589
1.2221* 
.9197 
. 9723

1.2189*
.9365 1.1840*

Isovolume 
m e f v -l 
MEFV. MEFV,
m e f v 4

VmaXgg
1.1397* 
. 8520 
.6753 
.8636

.8915*

.9042

.9657
.7389*
.8346 .8008*

Isovolume 
MEFV-,
m e f v2MEFV,
m e f v 4

Vmax_,c.
.4752* 
. 8078 
.6991 
.8956

.4990* 

. 8213 

.8997
.4803* 
. 8888 . 4282*

* - Standard Deviations.



2Table 11, Hotellings T for Repeated Measures for Flow and Volume Parameters for 
Each Test Period in Treatment B and Post-Bronchodilator Confidence 
Intervals

Mean Post-Bronchodilator 
95% Confidence 

IntervalsMEFV1 m e f v2 MEFVg I4EFV4 Hotellings T^ .

FVC
2.715 2.7975 2.81 2.8025 11.05* [-.2469, .082]

PEFR
4.625 4. 945 4.935 5.105 CO (Tk O * [-1.1473, .5073]

Isovolume 
2.235

VmaXgQ
2.555 2.59 2.52 3. 06* [-1.0997, .4597]

Isovolume 
0.895

Vmax75
1,13 1.22 1,10 3.84* [-.6272, .1572]

*p > 0.10.

<7iO
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For determining the difference between Treatment 

A and Treatment B, measurements of flow and volume obtained 
in Treatment A were subtracted from the flow and volume
measurements obtained in Treatment B for each subject.

2Using the Hotellings T for repeated measures, no 
statistically significant difference between Treatments A 
and B was demonstrated (see Table 12). The differences 
existing between Treatment A and Treatment B were, there
fore, determined to be the same across time, a constant.
The multiple comparison test associated with the Hotellings 
2T for repeated measures was performed on the pre- 

bronchodilator difference and post-bronchodilator differ
ence between Treatment A and Treatment B. A confidence 
interval was constructed around the pre-bronchodilator 
difference and post-brondhodilator difference. Both the 
pre-bronchodilator 95 per cent confidence interval and the 
post-bronchodilator (baseline) 95 per cent confidence 
interval contained zero (see Table 12). Therefore, the 
pre-bronchodilator and post-bronchodilator difference 
between Treatment A and Treatment B for each subject was 
not statistically different from zero. This finding 
indicated that the constant.difference between Treatment A 
and Treatment B was zero.

First, it was hypothesized that five and 60 minutes 
after completion of postural drainage (Treatment A), 
subjects would demonstrate a significant decrease from the



oTable 12. Retellings T for Repeated Measures for Differences Between Treatment A 
and Treatment B and Confidence Intervals for Pre-Bronchodilator and 
Post-Bronchodilator Differences

Mean Pre-Bronchodilator 
95% Confidence 

Interval
Post-Bronchodilator 
95% Confidence 

IntervalMEFV1 MEFV2 MEFV3 MEFV4 2Hotellings T
FVC
.035 .045 .0225 .0138 .74* [-.1743, .2443] [-.1427, .2327]

PEFR
.25 .225 .367 .115 10.88* [-.4217, .9217] [-.1719, .6219]

Isovolume
-.0825

- ^ 5 0
.21 .145 .365 7.98* [-1.0629, ,8929] [-.3589, .7789]

Isovolume 
-.125

Vmax7r.
-.08 -.11 .05 4.65* [-.7204, .4704] [-.6158, .4558]

*P > 0.10.

m
t v
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post-bronchodilator baseline (MEFV2 ). / at the 0, 05 level,
in all volume and flow parameters. Findings from the 

2Hotellings T for repeated measures revealed no significant
difference in FVC, PEFR, isovolume Vmax^Q and isovolume
Vmax^^ (see Table 9), Therefore, the hypothesis that flow
and volume parameters would be decreased at five and 60
minutes following postural drainage was rejected.

Secondly, it was hypothesized that five and 60
minutes after completion of sitting in an upright position
(Treatment B), subjects would not demonstrate a significant
decrease from the post-bronchodilator baseline (MEFV2 ), at
the 0.05 level, in all volume and flow parameters,

2Findings from the Hotellings T for repeated measures 
demonstrated no significant decrease in any of the 
parameters (see Table 11). Therefore, the hypothesis that 
at five and 60 minutes after sitting in an upright position 
there would be no significant decrease in FVC, PEFR,

e ctisovolume VmaXg0 and isovolume Vmax^g, was accepted.
The third hypothesis stated that subjects at five

and 60 minutes following treatment session A (postural
drainage) would demonstrate a statistically significant
decrease, at the 0.05 level, for all volume and flow
parameters when compared to the samie measurements for
treatment session B (sitting). Findings from the 

2Hotellings T for repeated measures demonstrated no 
significant difference in any parameters (see Table 12).
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Therefore, the hypothesis that volume and flow parameters 
would demonstrate a significantly greater decrease at five 
and 60 minutes after Treatment A (postural drainage) when 
compared to Treatment B (.sitting) was rejected.

Lastly, it was hypothesized that subjects when 
receiving Treatment A (postural drainage) would demonstrate 
lesser amounts of expectorated sputum than when receiving 
Treatment B (sitting). No sputum was expectorated during 
either treatment session by any subject. Therefore, thq 
hypothesis that postural drainage would decrease sputum 
•expectoration was not tested.

Other Variables
At five minutes after postural drainage, two 

subjects had wheezing on chest auscultation. The first of 
these subjects demonstrated a per cent change from baseline 
to MEFVg in Treatment A of -3,92 per cent for FVC, -3.17 
per cent for PEFR,-15.51 per cent for isovolume Vmax^Q 
and -25.0 per cent for isovolume Vmax^g. The second of 
the two subjects had a per cent change from baseline to 
MEFVg in Treatment A of -1.23 per cent for FVC, -6.34 per.

/ o ' -cent for PEFR, -3.7 per cent for iso’volume Vmax^g and 
-13.63 per cent for isovolume Vmax^^, At 60 minutes after 
postural drainage, wheezing increased involving twice the 
number of lung areas than at five minutes post-postural 
drainage for the same two subjects. The first of these
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two subjects demonstrated a per cent change from baseline 
to MEFV^ in Treatment A of -7.84 per cent for FVC, -6.34 
per cent for PEFR, -10.34 per cent for isovolume Vmax^p 
and -4.16 per cent for isovolume Vmax^g. The second of 
these subjects had a per cent change from baseline to 
MEFV^ in Treatment A of -1.23 per cent for FVC, -4.34 per 
cent for PEFR, +22.22 per cent for isovolume Vmax^g and 
+13.65 per cent for isovolume Vmax^^. The first of the 
two subjects was also wheezing at 60 minutes after sitting 
and demonstrated a per cent change from baseline to MEFV^ 
in Treatment B of -0.7 per cent for FVC, no change for PEFR, 
-4.66 per cent for isovolume Vmax^g and +5.88 per cent for 
isovolume Vmax^g.

Six of the 10 subjects reported that postural 
drainage had no effect on their breathing. Three subjects 
did not respond when questioned about postural drainage.
Two subjects stated that they felt at their best on the 
evening of their postural drainage treatment session. Two 
subjects complained of rhinorrhea induced by the head down 
positions of postural drainage. All 10 subjects reported 
that sitting in an upright positibn had no effect on their 
breathing.

Summary
The following statements summarize relevant 

findings: "



There was no statistically significant difference 
between the two treatment sessions for any volume 
or flow parameter for the MEFV^ and MEFV^ measure
ments .
There was a statistically significant (p less than 
0.05) increase from MEFV^ to MEFV2  for isovolume 
Vmax^Q and isovolume Vmax^^ in Treatment A.
There was no statistically significant difference 
from MEFV^ to MEFV2  for any volume or flow 
parameter in Treatment B.
At five and 60 minutes (MEFV^ and MEFV^) after 
postural drainage, there was no statistically 
significant difference from baseline (MEFV2 ) for 
any volume or flow parameter.
At five and 60 minutes (MEFVg and MEFV^) after 
sitting in an upright position, there was no 
statistically significant difference from baseline 
(MEFV2 ) for any volume or flow parameter.
At five and 60 minutes (MEFVg and MEFV^) after a 
treatment session, there was no statistically 
significant difference between the two treatments 
for any volume or flow parameter.



CHAPTER 5

DISCUSSIONS AND CONCLUSIONS

The findings from the study are compared to and 
contrasted with those of other investigations„ The findings 
have clinical implications for those health professionals 
who directly prescribe and administer postural drainage. 
Recommendations for further study on postural drainage in 
subjects with asthma are presented.

Response to Bronchodilator Therapy
Each subject was given one inhalation of an aero

solized bronchodilator, metaproterenol sulfate prior to each 
treatment session. Flow and volume parameters were 
measured at five minutes after bronchodilator administra
tion. The post-bronchodilator flows and volumes were 
compared to pre-bronchodilator flows and volumes.

There were statistically significant increases in 
isovolume Vmax^Q and isovolume Vmax^j. from pre- 
bronchodilator to post-bronchodilator in Treatment A.
There were no significant differences in any of the flow 
and volume parameters from pre-bronphodilator to post- 
bronchodilator in Treatment B. The baseline per cent 
predicted FVC and PEFR in these subjects (see Table 2) were

67
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not indicative of bronchoconstriction explaining the lack of 
bronchodilator effect in all flow and volume parameters.

Reilly et al. (1974) reported significant increases 
in PEER at one, three, six, and 15 minutes after inhalation 
of metaproterenol in 19 subjects with stable, reversible 
obstructive airway disease. The peak response occurred at 
six minutes post-bronchodilator administration. In this 
present study, a post-bronchodilator increase in PEER was 
not demonstrated although measurements of bronchodilator 
effect were obtained at five minutes after administration.

The effect of metaproterenol has been reported to 
act immediately and produce bronchodilator effects for up 
to three-four hours (Leifer and Wittig, 1975), Therefore, 
in the present study, any effects of the bronchodilator 
influenced the subjects throughout their participation in 
the study, .

One subject demonstrated decreases in all flow 
parameters from pre-bronchodilator to post-bronchodilator 
in Treatment B. The per cent change from pre-bronchodilator 
to post-bronchodilator was -18,0 per cent for PEER, -12.0 
per cent for isovolume Vmax^Q, and -1.0 per cent for 
isovolume Vmax^g. This finding suggests bronchoconstriction 
induced, by the aerosolized bronchodilator.
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Response to Treatment Session A 

Subjects participating in Treatment A underwent a 
30-minute session of postural drainage. Flow and volume 
parameters were measured at five and 60 minutes following 
the treatment session. Chest auscultation was performed 
at the time of the flow and volume measurements.
Expectorated sputum was to be collected from the time the 
postural drainage began until 60 minutes following the 
postural drainage session.

There were no statistically significant changes 
from the pretreatment baseline in any of the flow or volume 
parameters at five or 60 minutes following postural 
drainage. The mean per cent changes from baseline to five 
minutes posttreatment and from baseline to 60 minutes 
posttreatment suggested a trend toward an increase in 
isovolume VmaXyg (see Table 7). However, the change noted 
was not great enough to be statistically or clinically 
significant.

Other studies on postural drainage demonstrated 
different findings than the present study. These studies 
investigated postural drainage in disease entities other 
than asthma. Tecklin and Holsclaw (1975) reported 
statistically significant increases (p less than 0.05) in 
FVC and PEFR at five minutes after postural drainage in
26 patients with cystic fibrosis. Motoyama (1973) reported

\

significant increases in Vmax^^ 45 minutes after completion



70
of postural drainage in subjects with cystic fibrosis. 
Feldman et al. (1979) reported significant increases in 
FVC, VmaXj-Q, and Vmax^g at 45 minutes after postural 
drainage and in Vmax^g at 15 minutes after postural 
drainage in nine cystic fibrosis subjects and 10 subjects 
with chronic bronchitis. Possibly these increases are due 
to the fact that cystic fibrosis and chronic bronchitic 
subjects are chronic sputum producers while asthmatic 
subjects tend to produce sputum only when in acute 1
exacerbation.

One study reports findings similar to the present 
study. March (1971) found no significant change in FVC 
following postural drainage in 20 patients with chronic 
obstructive pulmonary disease. The similarity of findings 
between this study and the present study may be questionable 
due to the fact that each study investigated postural 
drainage in different disease entities.

Two subjects were found to be wheezing at five and 
60 minutes following the postural drainage treatment session. 
In these two subjects, the mean per cent change from the 
pretreatment baseline to five minutes post-postural drainage 
demonstrated a tendency toward decrease for all flow and 
volume parameters. These two subjects also demonstrated a 
very small decrease from baseline for FVC, PEFR, and iso
volume Vmaxgq at 60 minutes following postural drainage.
These posttreatment decreases from baseline were not found
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in Treatment B. This finding suggests that the decreases 
in flow and volume parameters and the concurrent wheezing 
were a result of the postural drainage treatment*

Huber et al. (1974) did not report the incidence of 
wheezing in his study on postural drainage in subjects with 
mild to moderate asthma. Petty (1974/ p. 107) listed 
increased wheezing as a contraindication to the use of 
percussion.

Tecklin and Holsclaw (1975) reported wheezing 
during postural drainage in six of 26 patients with cystic 
fibrosis. They found that the subgroup of six subjects with 
bronchospasm demonstrated similar results to the overall 
group. At five minutes after postural drainage both groups 
of subjects had statistically significant increases in FVC 
and PEFR. In this present study, the overall group 
demonstrated a tendency toward a mean per cent increase 
from baseline to the posttreatment measurements of PEFR 
and isovolume Vmax^g while the wheezing subjects demon
strated a decrease from baseline.

Feldman et al. (1979) reported several patients 
wheezed during the postural drainage procedure in their 
study of subjects with cystic fibrosis and chronic 
bronchitis. The degree of improvement in flow rates after 
postural drainage was not as great for the wheezing subjects 
as in the non-wheezing subjects. The authors concluded
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that postural drainage may induce airway changes leading to 
less than maximal improvement in airway caliber and flow.

No sputum was expectorated by any subject during 
the postural drainage or in the 60 minutes following the 
treatment session. Hirsch (1975) and Spencer (1977) 
suggest that sputum expectoration is uncommon when the 
subject with asthma is not in acute exacerbation.

Responses to Treatment Session B
Subjects participating in Treatment B underwent a 

30-minute session of sitting in an upright position. Flow 
and volume parameters were measured at five and 60 minutes 
following the treatment session. Chest auscultation was 
performed at the time of the flow and volume measurements. 
Expectorated sputum was to be collected from the time the 
treatment began until 60 minutes following the treatment 
session.

There were no statistically significant changes 
from the pretreatment baseline in any of the flow or volume 
parameters at five or 60 minutes following sitting in an 
upright position. The mean per cent change from baseline 
to five minutes posttreatment and from baseline to 60 
minutes posttreatment also did not suggest a trend toward 
increase or decrease (see Tables 4, 5, 6, and 7).

One subject had wheezing localized to one lung area 
when the chest was auscultated at 60 minutes after sitting
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in an upright position. This finding suggested broncho- 
constriction induced by repeated respiratory maneuvers or 
mobilization locally of a mucus plug by repeated FVC 
maneuvers. The subject demonstrated varied flow and 
volume measurements at 6 0 minutes posttreatment with a 
mean per cent change from baseline of -0.7 per cent for 
FVC, no change for PEFR, -0,5 per cent for isovolume 
VmaXj-Q, and +5.88 per cent for isovolume Vmax^^.

As in Treatment A, none of the subjects expectorated 
sputum during the treatment session or in the 60 minutes 
following the treatment session.

Clinical Implications
How does the health professional objectively 

evaluate and more rationally prescribe postural drainage 
for patients with asthma? The response of individuals to 
postural drainage varied, some demonstrated improvement 
while others showed a reduction in flows and volumes.
There were no statistically significant differences from 
the pretreatment baseline measurements of flow or volume 
to the flow and volume measurements obtained after postural 
drainage.

Since the production of viscous muc.us and the 
depression of mucociliary clearance are clinical features 
of stable asthma (Hirsch, 1975; Spencer, 1977) , it may take 
a longer period of time to mobilize secretions, Even
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though the findings in this present study were not signifi
cant, it must be noted that the test interval for deter
mining changes in flows and volumes after postural drainage 
was one hour. At several hours after completion of postural 
drainage, two subjects reported an improvement in their 
breathing. Several other subjects reported no change in 
breathing.

Following postural drainage, wheezing was heard on 
chest auscultation in two of these subjects with stable 
asthma. The changes in pressure and oscillatory movements 
created by postural drainage along the airways may have 
stimulated irritant receptors in the airway smooth muscle 
leading to bronchoconstriction (Kimbel, 1970; Foss, 1973; 
Simonsson et al., 1967; Gold, 1973; Nadel, 1976). Patients 
with unstable, highly irritable airways may respond to 
postural drainage with severe bronchoconstriction.

It is important to stress that although the post
treatment mean changes demonstrated no statistical signifi
cance in the study, there was a great deal of individual 
variability in the subject's response to postural drainage 
therapy. Therefore, it behooves the practitioner to 
evaluate each patient individually and determine his unique 
response to postural drainage.

The effects of postural drainage may be difficult 
to evaluate especially after a single session of therapy.
In the present study of subjects with stable asthma, one
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cannot state there is any immediate effect with a single 
session of postural drainage therapy. Objective evaluation 
and rational prescription of postural drainage in patients 
with asthma may be possible after more data are collected 
on the delayed effects of single or multiple sessions of 
postural drainage therapy. ,

Suggestions for Further Study 
The beneficial effects of postural drainage were 

not demonstrated in this present study. Future studies 
should measure MEFV curves for several hours after a single 
session of postural drainage to assess changes in flow and 
volume parameters over a prolonged time period. Another 
approach to assessing the effects of postural drainage in 
subjects with asthma would be to study changes in flow and 
volume parameters following a series of postural drainage 
treatment sessions. Future research should be conducted 
on subjects presenting the full range of bronchial asthma 
in order to determine if differences exist between sub
groups. Possible subgroups within the range of asthma are 
subjects who are acutely ill, who are sputum producers or 
who are non-sputum producers. Data from these future 
studies would assist the health professionals in rationally 
prescribing a course of postural drainage therapy for the 
asthmatic patient.
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Postural drainage-induced bronchoconstriction with 

resulting decreases in maximum expiratory flows was not 
demonstrated in the present study. Future studies should 
be designed to identify those, subjects who respond nega
tively to postural drainage and define variables associated 
with postural drainage-induced bronchoconstriction.

In this present study, the aerosolized broncho- 
dilator given prior to the postural drainage treatment 
session may have prevented the detrimental effects of 
postural drainage. A future study should be conducted on a 
similar subject population without administering a broncho- 
dilator prior to postural drainage. If the detrimental 
effects of postural drainage are demonstrated in the future 
study, these data could possibly be used to identify those 
patients in acute exacerbation who would respond negatively 
to postural drainage even when premedicated with a broncho- 
dilator.



CHAPTER 6

SUMMARY

Hypersecretion of viscous mucus and depression of 
mucociliary clearance are pathological findings in bronchial 
asthma. This pathology promotes accumulation of mucus in 
the peripheral airways and results in decreased air flow 
through the airways. Postural drainage is assumed to 
augment airway clearance mechanisms and improve air flow.
Few prior studies support this assumption about postural 
drainage. The changes in pressure and oscillatory movements 
created by postural drainage along the airways may stimulate 
irritant receptors in the airway epithelium leading to 
bronchoconstriction and a paradoxical reduction in airway 
flows. The purpose of this study was to determine the 
effects of postural drainage on volumes and maximum 
expiratory flows in subjects with asthma.

Ten subjects with stable asthma participated in the 
study. Each subject participated in a treatment session of 
postural drainage and a treatment session of sitting in an 
upright position. Maximum expiratory f1ow-volume (MEFV) 
curves were obtained at five minutes and 60 minutes after a 
treatment session and were compared to a pretreatment base- 
line. The flow and volume parameters measured following
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postural drainage were also compared to flow and volume 
measurements following sitting in an upright position. The 
MEFV curve which is felt to be a relatively sensitive
measure of airway obstruction was used to evaluate the

1effect of a treatment session.
There were no statistically significant differences 

from baseline in any of the flow and volume parameters 
obtained following Treatment A or Treatment B. The differ
ence in posttreatment flows and volumes between the two 
treatment sessions was zero.

In subjects with stable asthma, postural drainage 
had no immediate beneficial or detrimental effect on 
ventilatory function. Further study is necessary before 
the health professional is able to objectively evaluate and 
rationally prescribe postural drainage in patients with 
asthma.

This study of the effects of postural drainage in 
subjects with stable asthma should be replicated. Future 
studies should evaluate the effects of postural drainage 
over longer periods of time and in subjects representing 
the full range of asthma.



APPENDIX A

SUBJECT AND PHYSICIAN CONSENT FORMS

Subject's Consent Form
Summary of Research Procedures 
and Demands in Lay Language

Project Title: Changes in Volumes and Maximum
Expiratory Flows Following Postural Drainage in
Subjects with Asthma
I , Julie Ann Erickson, R.N., am conducting a study 

about the changes in breathing tests after postural 
drainage and sitting. Some patients with asthma say they 
can breathe easier after postural drainage and some say they 
feel it makes it harder for them to breathe. I am 
interested in recording the changes in your (your child's) 
breathing tests measurements after you (your child) undergo 
a treatment of postural drainage and a treatment of sitting. 
The results of your (your child's) breathing tests may 
enable the doctors and nurses to determine the effect the 
treatments have on your (your child's) breathing.

If you (your child) agree to participate in this 
study, you (your child) will be required to come to St. 
Luke's Clinic at.the Arizona Health Sciences Center for 
two treatment sessions. The two treatment sessions will be 
scheduled 1-3 days apart and each will require 2 to 2-1/2 
hours of your (your child's) time for a total of 4-5 hours. 
Each treatment session will be scheduled to begin 1-1/2 to 
2 hours after you (your child) usually take your (your 
child's) oral bronchodilator.

On the day of a treatment session, you (your child) 
will be asked to refrain from postural drainage and from 
using inhaled bronchodilator medications for at least four 
hours prior to the treatment. Before each treatment 
session, you (your child) will take one puff of a breathing 
medication. For one treatment session, you (your child) 
will be asked to sit in a chair for 30 minutes. For the 
other treatment session, you (your child) will be asked to 
undergo a 30-minute session of postural drainage in which 
you (your child) assume six different positions for 5 
minutes each, and allow me to perform percussion and 
vibration on your (your child's) chest in each position.
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You (your child) will be asked to cough after each position 
and you (your child) will be allowed to rest at short 
intervals as needed.

Four tests of your (your child's) breathing will be 
done during each treatment session. These breathing tests 
will be done before and 5 minutes after you (your child) 
inhale the breathing medication, and also at 5 and 60 
minutes after the treatment session is completed.

Each breathing test will involve taking a deep 
breath and blowing it out forcefully and completely into a 
recording device. This is done three times for each 
breathing test.

You (your child) will be asked to collect in a 
container I will give to you (your child) all the sputum 
you (your child) produce from the moment a treatment 
session begins until the last breathing test is completed.
I will also listen to your (your child's) chest with a 
stethoscope at the time of each breathing test. After each 
treatment session, I will ask you (your child) to tell me 
what you (your child) felt were the side effects and 
benefits of that treatment.

Your (your child's) participation in this study also 
includes permitting me to record pertinent information from 
your (your child's) chart, including: sex, age, height, 
weight, diagnosis, previous pulmonary function tests and 
results, last chest X-ray date and results, and the medica
tions you (your child) are currently taking. On the first 
day of the study, you (your child) will be asked to answer 
a few questions about your (your child's) respiratory 
therapy at home.

You (your child) will be assured of confidential 
handling of the information obtained in this study. Your 
(your child's) name will not be used. All information will 
be coded. The results may be published in group form, but 
your (your child's) identity will not be revealed.

There are no known psychological or social risks 
involved in participating in this study, There is no cost 
to you (your child) for your (your child's), participation. 
The breathing test and postural drainage may cause temporary 
physical discomforts including: tiredness, increased 
difficulty in breathing and a feeling of fullness in the 
head. Temporary difficulty in breathing may result from 
positioning, percussion of the chest, vibration of the 
chest and/or the movement of secretions in the airways. It 
may be relieved by coughing up sputum, resting or stopping
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the treatment session. The breathing medication may cause 
you (your child's) to feel your (your child's) heart beat, 
your (your child's) heart beat may feel faster to you (your 
child), you (your child) may experience nervousness, 
headache, or feel sick to your (your child's) stomach, or 
it may leave a bad taste in your (your child's) mouth.
There will be a pulmonary doctor available to help if you 
(your child) need it.

One of the benefits of the study will be the results 
of the breathing tests may show the effects of postural 
drainage in patients with lung disease such as yours (your 
child's). Physicians and nurses will be able to prescribe 
therapy to patients with lung disease with more knowledge 
of their effects.

If you (your child) decide not to participate in 
this study, it will in no way affect your (your child's) 
relationship with any doctor or nurse or affect the quality 
of your (your child's) care. I will answer any questions 
you (your child) may have about the study at any time.

If you understand what is involved and you (your 
child) consent to participate in this Study, please sign 
your name below.

The nature, demands, risks, and benefits of the 
project have been explained to me and I understand what my 
(my child's) participation involves. Furthermore, 1 under
stand that I (my child) am free to ask questions and 
withdraw from the project at any time without affecting my 
(my child's) relationship"with any institution or person.

I also understand that this consent form will be 
filed in an area designated by the Human Subjects Committee 
with access restricted to the principal investigator or 
authorized representatives of the College of Nursing,

Subject's Signature   Date
(if 7 years of age or older)

Parent or Guardian Date

Witness Signature Date
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Physician’s Consent

1, Julie Ann Erickson, R.N., am conducting a study 
about changes in selected pulmonary function tests following 
postural drainage in subjects with asthma. The study is 
entitled, "Changes in Volumes and Maximum Expiratory Flows 
Following Postural Drainage in Subjects with Asthma." In 
order to qualify for participation in this study, the 
subjects must meet the following criteria:
1. Subjects must have a physician confirmed diagnosis of

asthma and be free from other chronic respiratory 
diseases.

2. Subjects must be free from infections and acute
exacerbations for at least two weeks prior to the
treatment sessions. ■

3. Subjects must be able to follow directions in English.
4. Subjects must have a history of either productive or

unproductive cough,
5. Subjects must have previously performed a forced vital

capacity maneuver.
6. Subjects must be willing to abstain from postural

drainage and aerosolized bronchodilator medication for
at least four hours prior to each treatment session.

7. Subjects must be willing to participate in this study
and be able to participate in two treatment sessions to 
be scheduled one to three days apart.

The following treatment protocol will be performed 
on each subject:
1. Subjects will be instructed in the performance of a

forced vital capacity maneuver„
2. Pre-bronchodilator MEFV curves will be obtained.

Auscultation of the lungs will be performed.
3. The subject will be instructed to exhale normally.

When he begins to inhale, Metaproteronol Sulfate via
a freon propelled nebulizer will be aerosolized into the 
subject's open mouth. The subject will be directed to 
close his mouth, hold his breath for as long as possible 
and then to exhale slowly.
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4. Five minutes following inhalation of Metaproteronol 

Sulfate, a second MEFV curve will be obtained. 
Auscultation will be performed.

5. Subjects receiving Treatment A will receive postural 
drainage with percussion and vibration to six lung 
areas (anterior apical, posterior apical, anterior 
basal, posterior basal, left and right lateral basal) 
for a total time of 3 0 minutes. Subjects will be 
encouraged to cough in each postural drainage position. 
Subjects receiving Treatment B will be instructed to 
sit in an upright position for a period of 30 minutes. 
Sputum collection will commence at the beginning of 
each treatment session.

6. Five minutes after completion of a treatment session,
a third MEFV curve will be obtained. Sputum collection 
will continue. Auscultation will be performed.

7. Sixty minutes following completion of a treatment 
session, a fourth MEFV curve will be obtained. Sputum 
collection will be discontinued. Auscultation will be 
performed. The subject will be asked to verbalize his 
feelings regarding any side effects or benefits from 
that therapy.

Permission has been granted to me, Julie Ann 
Erickson, R.N., from the Human Subjects Committee of The 
University of Arizona, to embark on this study. If you feel 
the subject meets the above criteria for inclusion in this
study and that  ____________________________________  will
tolerate the protocol outlined, please sign your name 
below. Consent will also be obtained from the individual 
subject after you have approved of his participation. I 
will answer any questions you may have about the study 
at any time.

I also understand that this consent form will be 
filed in an area designated by the Human Subjects Committee 
with access restricted to the principal investigator or 
authorized representative of the College of Nursing.

Physician's Signature_______________________JDate_____________

Witness Signature Date



APPENDIX B

LETTER GRANTING APPROVAL FOR RESEARCH

November 30, 1978
Ms. Julie Ann Erickson
College of Nursing
Arizona Health Sciences Center
Dear Ms. Erickson:

I have reviewed your project entitled, "Changes in 
Volumes and Maximum Expiratory Flows Following Postural 
Drainage in Subjects with Asthma," which was submitted to 
the Human Subjects Committee and concur in the opinion of 
the College Review Committee that this ,is a minimal risk 
project. Therefore, administrative approval is granted 
effective November 30, 1978, with the understanding that no 
changes will be made in the procedures followed or the 
consent form used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee 
and the CollegeReview Committee. Any physical or psycho
logical harm to any subject must also be reported to each 
committee.

A university-wide policy requires that all signed 
consent forms be kept in a permanent file in the College 
Office to assure their accessibility in the event that 
university officials need the information and the principal 
investigator is no longer on the staff or unavailable for 
some other reason. One exception involves the use of 
subjects who are hospitalized or outpatients. In such cases, 
the consent form or a summary of the experimental protocol 
must be filed with the patient's chart in keeping with 
Professional Standards Review Committee requirements.
Sincerely yours,

/s/
Milan Novak, M.D., Ph.D.
Chairman
Human Subjects Committee 
MN:pd
xc: Ada Sue Hinshaw, Ph.D. Ms. Gayle Traver

Departmental Review Committee Respiratory Sciences
84



APPENDIX C

DATA COLLECTION SHEET

Date
Date

Time
Time

Treatment A
Treatment B

Subject No._ 
Age_______
Wt (kg) 
Ht (cm) 
Sex

Diagnosis:
History of unproductive cough

History of productive cough

Medications:
Time
Last
Dose

History:
Chest X-ray: Date

Respiratory Care:

Interpretation _
Blood gases : Date_____ pO-

Bicarb !•
pco.

Pulm Function Test: Date
>at__________
Interpretation._F i D 2.

pH

Time
Last
Dose

1. Sympatho . 1. Aerosols ( )mimetic s C ) 2. PD ( )
2. Xanthines C ) 3, Other ( )3. Steroids . ( )4. Cromolyn ( )5. Other c )

Actual
Pre

dicted
% Pre
dicted

Post"
Bronchodilator

% Pre
dicted

FVC
FEV1
PEFR
F25-75
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MEFV
Treat
ment FVC PEFR VmaXgQ Vmax_,[.

Auscultation
Lobe/Finding

1 Tx A 
Tx B

2 Tx A 
Tx B

3 Tx A 
Tx B

4 Tx A 
Tx B

Legend; Calibration  TxA
MEFV^ pre-bronchodilator   TxB
MEFVg 5 min post-bronchodilator 
MEFVg 5 min following treatment 
MEFV^ 60 min following treatment
Asoultation; (example entry 1/2 = left posterior apical/ 

wheezes)
Lobes: Findings;
1. Left posterior apical 1. Clear
2. Right posterior apical 2„ Wheezes
3. Left posterior basal
4. Right posterior basal
5. Left lateral basal
6. Right lateral basal
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Sputum (measured in cc)

Tx A___________
Tx B _____________

Pt subjective response: 
Tx A
Tx B



APPENDIX D

VOLUME AND FLOW PARAMETERS FOR EACH SUBJECT DURING 
TREATMENT SESSION A OVER FOUR TIME PERIODS

Subject FVC PEFR Vmax^g Vmax^^
MEFV1

1 2.350 4.80 1,25 0.45
2 2.000 4.25 1. 80 0.30
3 3.725 6.35 2.85 1.00
4 2.725 2,90 1.50 0.75
5 2.275 4.60 2.15 1.10
6 3. 675 5.10 1.80 0.65
7 4.375 6.55 1. 80 0.70
8 2. 600 5.70 4.45 1.50
9 1.925 4.65 2.55 0.90

10 1.850 3.85 1.35 0.35
m e f v 2

1 2.575 4.60 1.50 0.60
2 2.050 4.55 3.10 0.55
3 3.850 6.40 3.75 1.35
4 2.725 2,90 1.65 0.85
5 2 . 250 4.60 2.40 1.10
6 3.825 6.30 2.90 1.20
7 4.575 8.00 2.65 1.00
8 2.550 6.05 4.90. 2.05
9 2.025 4.60 2.70 1.10

10 2.000 . 3.70 2.10 0.70
m e f v3

1 2.550 4.30 1.40 0.50
2 2.125 4.60 3.45 1.20
3 3.875 7.00 4.00 1.45
4 2.725 2.80 1.50 0.80
5 2.250 4.65 2.40 1.10
6 3.675 6.10 * 2.45 0.90
7 4.550 8.45 2.80 1.40
8 2.575 6.20 4.60 2.15
9 2.000 4,30 2.60 0.95

10 2.000 4.80 2.15 0.65
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Subject FVC PEER Vmax^Q Vmax-^

■ MEFV4
1 2.600 4.40 ' 1.45 0.40
2 ’ 2,100 4.70 3.40 0.60

‘ 3 3.875 6.85 4.20 2.05
4 2.712 2.80 1.50 0.70
5 2.200 4.35 2.10 0.95
6 3.525 5.90 2.60 1.15
7 4.450 7.95 2. 95 . 1.10
8 2.575 5.90 4.80 2.30
9 2.000 4.40 3.30 1.25

10 2.125 4.95 2.55 1.00



APPENDIX E

VOLUME AND FLOW PARAMETERS FOR EACH SUBJECT DURING 
TREATMENT SESSION B OVER FOUR TIME PERIODS

Subject FVC PEFR Vmax  ̂q Vmax^g
MEFV1

1 2.400 4,20 0.90 0.25
2 2.150 4.15 3.40 1.35
3 3.750 5.70 1.85 0.65
4 2.750 ' 3.45 1.85 1.10
5 2.075 . 4.25 1.40 0.55
6 3.325 4.90 2.20 0. 70
7 4.300 5.35 1.35 0.70
8 2.450 6.05 4.60 1.70
9 1.900 4.20 3.15 1.45

10 2.000 4.00 1.65 0.50
m e f v 2

1 2.675, 5.10 1.15 0.35
2 2.150 3.75 3.20 1.80
3 3.975 6.45 3.20 1.25
4 2.725 2.90 1.65 1.00
5 2.175 4.55 1.85 0.85
6 3.400 5.30 2.65 0.85
7 4.550 6.90 2.10 0.90
8 2.550 5.80 4.20 2.10
9 1.750 4.35 2.85 1.10

10 2.025 4.35 2.70 1.10
MEFVg

1 2.625 5.00 1.30 0.45
2 2.200 4.35 3.50 2.20
3 3.925 6.60 3.45 1.60
4 2.725 2.95 1.65 1.05
5 2.275 5.30 2.25 1.00
6 3.500 5.35 ’ 2.65 1,00
7 4.525 6.95 2.20 1.00
8 2.500 4.90 3.20 1.50
9 1.875 4.20 2.95 1.45

10 1.950 3.75 2.75 0.95
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Subject FVC PEFR Vmax50 Vmax75

' MEFV^
1 2.675 5. 70 1.35 0.50
2 2.175 4.15 2.95 1.90
3 3.900 6.65 3.00 1.00
4 2.750 3.00 1.75 1. 05
5 2.250 4.70 1.65 0.70
6 3.375 5.30 2.50 0.90
7 4.500 7.05 2.50 0.95
8 2.525 5.30 4.05 1.16
9 1.825 4.60 3.05 1.40

10 2.050 4.60 2.40 0.95
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