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ABSTRACT

The purpose of this study was to determine the 
effects of aerosol therapy on postural drainage as reflected 
by changes in maximal expiratory flows (Vmax).. Eight sub
jects with a diagnosis of chronic bronchitis, all of whom 
had previously demonstrated less than 20 per cent reversi
bility after inhalation of a bronchodilator, participated in 
the study. Each subject participated in two randomly 
assigned treatment sessions three to seven days apart. 
Treatment A consisted of aerosol therapy with postural 
drainage while treatment B consisted of postural drainage 
alone. For each treatment session, composite maximal 
expiratory flow volume (MEFVj curves were obtained initially; 
five minutes after two inhalations of a bronchodilator; 
after either aerosol or sitting for 20 minutes; ten minutes 
and 30 minutes after the completion of postural drainage. 
After the. administration of the bronchodilator, there were
significant increases (p = 0.05) in the following parameters:

.FVC, FEV^, iso volume VmaXj-g and isovolume Vmax^^. After 
aerosol therapy there was a significant.decrease in isovolume 
VmaXgQ which was reversed by ten minutes after postural 
drainage. Except for a significant decrease in isovolume 
Vmax75 at 3 0 minutes after postural drainage for treatment 
session B, there were no significant changes in volume and

viii
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flows when compared to the post-bronchodilator measurements. 
There was no correlation between sputum volume and improve
ment in lung function. Data did not support that postural 
drainage with aerosol or postural drainage alone had a 
beneficial effect, nor was there any difference between the 
two treatments.



CHAPTER 1

INTRODUCTION

An important part of the treatment of chronic 
bronchitis is the improvement of airway clearance mechanr 
isms. Two of the major treatment modalities are aerosol 
therapy and postural drainage with percussion and vibration, 
These therapies are widely accepted as being of value in 
clearing the tracheobronchial tree of secretions that are 
either viscous and/or excessive in amount(A Statement by 
the Committee of Therapy, American Thoracic Society, 1968) .

Despite their widespread acceptance and use there 
are few objective data to document the efficacy of these two 
treatment modalities. Scientific studies to evaluate their 
effects and broaden the clinician's rationale for utilizing 
these treatments are needed. This study looked at the 
effects of aerosol when added to postural drainage in sub
jects with chronic bronchitis.

Clearance of particulate matter is an essential 
function of the lung for its protection from the external 
environment. The assessment of this function is especially 
important in patients with chronic bronchitis in whom 
excessive production of viscous mucus overwhelms the 
mucociliary transport and cough mechanisms, the normal

1



protective mechanisms of the lung that maintain the balance . 
between the rate of sputum production and the rate of 
sputum clearance.

Chronic bronchitis is characterized by a persistent 
productive cough not attributable to any specific cause 
(Burrows, Knudson, and Kettel, 1975)„ In chronic bronchitis 
there is hypertrophy of the mucus glands in the submucosa 
and metaplasia of goblet cells in the surface epithelium . 
(Reid, 1954; Comroe, 1974) . Goblet cell metaplasia and 
hypertrophy occurs as a nonspecific response to any chronic 
irritation of mucous membranes and is a characteristic 
finding in patients with chronic bronchitis (Reid, 19 54).
The resulting effect is an increase in sputum production in 
the patient with chronic bronchitis. The airway obstruction 
is thus mainly mechanical with secretions blocking the lumen 
of the airway, resulting in reduction in flow rates.

The treatment regime for decreasing sputum viscosity 
and thereby enhancing expectoration often includes inter
mittent aerosol therapy. The term aerosol is used to 
describe any system of liquid droplets or solid particle 
which are suspended in a carrier gas. Aerosol therapy is 
thought to deliver liquid water in a minute particulate form 
to the mucosal surface and is intended to dilute thick 
secretions or moisten dry crusts for easier removal by 
cough or mechanical aspiration.



3.
Postural drainage, percussion, and vibration are 

frequently utilized following aerosol therapy in an attempt 
to ̂ enhance mobilization of secretions. Postural drainage 
utilizes various body positions to promote drainage of the 
peripheral pulmonary secretions by means of gravity into the 
larger airways where they can be coughed up and expectorated 
or swallowed. Percussion and vibration is thought to 
augment postural drainage by dislodging and mobilizing 
secretions from the smaller airways into the larger airways 
where they can be expectorated.

At the conclusion of postural drainage, percussion, 
and vibration with or without aerosol, it is assumed there 
will be a reduction in the airways obstruction due to the 
removal of secretions. Although frequently used in con
junction with postural drainage, percussion, and vibration, 
there are few data to substantiate that aerosol therapy does 
increase the efficacy of postural drainage, percussion, and 
vibration. However, it is known that aerosol therapy is not 
without complications and may cause a temporary worsening in 
the respiratory status. In addition, aerosol therapy is 
time consuming and costly to administer. Therefore, since 
aerosol therapy is frequently used in conjunction wii^h 
postural drainage, percussion,.. and vibration, it behooves 
the practitioner to delineate the efficacy of aerosol therapy 
as an adjunct to postural drainage.



Statement of the Problem
Respiratory treatment regimes frequently include 

aerosol, postural drainage, percussion, and vibration with 
the intention of reducing .mucus viscosity and facilitating 
mucus removal. There have been conflicting data regarding 
the efficacy of aerosol reaching the lower airways and re
ducing mucous viscosity. With the removal of secretions at 
the conclusion of postural drainage, percussion, and vibra
tion it is assumed there will be a reduction in the airway 
obstruction as measured by maximum expiratory flows„
Studies on postural drainage, percussion, and vibration are 
few but do indicate reduction in peripheral airway obstruc
tion as measured by maximum expiratory flow rates at low 
lung volumes. Since the two treatment regimes are often 
given- in conjunction with one another, further study of the 
effects of the combined treatments in improving flow rates 
at low lung volumes is needed.

The present study evaluates the efficacy of the 
addition of aerosol therapy before postural drainage, per
cussion, and vibration as a means of reducing airway ob
struction. Does pretreatment with, aerosol change the 
effectiveness of postural drainage, percussion, and vibra
tion as measured by improvement in maximum expiratory flows?



Hypotheses
Compared to baseline, there will be a significant 
decrease, at the 0.05 level, in FVC, FEV1, FEV^/FVC 
ratio, VmaXj-Q, and Vmax^^ after 15 minutes of 
aerosol therapy add a five minute rest period. 
Compared to baseline, after both treatment regimes 
there will be a significant decrease, at the 0.05 
level, in FVC, FEV^, FEV^/FVC ratio, Vmax^Q, and 
Vmax^j. ten minutes after postural drainage is 
completed.
Compared to baseline after treatment session A 
(aerosol and postural drainage) there will be a sig
nificant decrease, at the 0.05 level, in FVC, FEV^, 
FEV^/FVC ratio, Vmax^Q, and Vmax^^ 30 minutes after 
postural drainage is completed.
Compared to baseline after treatment session B 
(postural drainage alone) there will be a signifi
cant increase, at the 0.05 level, in FVC, FEV^, 
FEV^/FVC ratio, Vmax^^, and Vmax^g 30 minutes after 
postural drainage is completed.
Thirty minutes after postural drainage there will 
be a significantly lower value, at the 0.05 level, 
for FVC, FEV^, FEV^/FVC ratio, VmaXj-g, and Vmax^ . 
for treatment session A when compared to treatment 
session B.



Thirty minutes after completion of postural drainage, 
sputum production after receiving treatment A will 
be significantly greater than after treatment B,

Definition of^Terms 
The following terms are defined as they appear in

..  . . , /  ;
Aerosol--aerosol refers to a particulate suspension
of water particles and consisted of room temperature
distilled water aerosol delivered by a Puritan
(Model #126050) jet nebulizer.
Postural drainage--postural drainage included having 
the subject assume four positions of gravitational 
drainage designed to drain the basal segments of the 
lower lobes. Each position was assumed for five 
minutes (Figure 1), In addition percussion, vibra
tion, and cough will be included,
a. Percussion was performed with the hands of the

operator slightly cupped with fingers and thumbs 
together. In this fashion, a cushion of air was 
trapped between the palm of the hand and the 
chest wall. The area over the lung segment 
being drained was clapped with the cupped hand. 
Percussion was continued for one minute over the 
area being drained.
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Figure 1

A. Left and Right A nterior Basal Segm ents

B. Left and Right Posterior Basal Segm ents

C. Left Lateral Basal Segm ent

D. Right Lateral Basal S egm ent

Postural Drainage Positions —  Adapted from 
Feldman (1976:71), with written permission from 
the author.



b . Vibration was performed for a period of four 
prolonged expirations as the subject slowly 
exhaled, ' The operator performed vibration by 
tensing the muscles of the shoulder girdle while 
extending a downward pressure using the palms of 
the hands to produce a fine vibrational tremor 
from the shoulders„

c. Cough was encouraged before each change of 
position if the subject did not cough spon-. 
taneously.

Conceptual Framework 
The normal defense mechanisms of the lung are 

altered in chronic bronchitis„ Excessive mucus production 
and accumulation in the airways results in airway obstruc
tion and increased resistance to airflow. If aerosol 
therapy and postural drainage facilitatejsputum expectora
tion , an improvement in maximal expiratory flow volume 
(MEFV) measurements should follow. A review of (1) the lung 
defense mechanisms in chronic bronchitis, (2) the effects of
aerosol, (3) the effects of postural drainage, and (4) the
principles of airway resistance as measured by the MEFV - 
curve will be presented.

Defense Mechanisms in Chronic Bronchitis
Clearance of particulate matter is an essential 

function of the lung for its protection from the external



environment, Defense mechanisms within the respiratory 
system are able to protect the lung against most insults. 
Large particles are filtered out in the nose while smaller 
particles are removed by the mucociliary transport system 
and by cough. Two of the major protective mechanisms within 
the lung are the mucociliary transport system and cough. In 
the normal pulmonary system, ciliated epithelial cells line 
thev.-mucociliary escalator system from the larynx to the 
respiratory bronchioles (Guyton, 19 76). The cilia beat 
rhythmically in a coordinated fashion generating a propul
sive wave in a cephalad direction toward the larynx 
(Kilburn, 1968, p. 449), . The ciliated epithelium of the 
tracheobronchial tree is bathed by the mucoid fluid secreted 
by the bronchial glands and goblet cells. There is a pre
cise structural organization of the mucociliary blanket, and 
normal mucus clearance depends upon the maintenance Of this 
finely controlled relationship. The fluid is usually five 
to ten microns thick and is made up of two layers. The 
deeper, more watery layer accounts for about four to eight 
microns of the total thickness and is referred to as the 
sol-layer. Superficially and seemingly to float on the sol- 
layer is the gelatinous gel-layer, one to two microns thick,
which serves to trap foreign materials on its sticky
surface. The cilia beat freely in the sol-layer and the 
metachronous wave is transmitted cephalad by the tips of the
cilia to the gel-layer, which is propelled along the
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underlying sol-layer. Because of this finely balanced 
dynamic relation, the gel-layer is kept in constant motion 
being, escalated up the respiratory tree against the force of 
gravity (Kilburn, 1968, p. 449). The amount of daily mucus 
secretion has been estimated to be approximately ten to 
100 mis in the normal adult (Burrows et a!., 1975, p. 100)„

In chronic bronchitis, however, the mucociliary 
.transport system is impaired because of the excessive 
respiratory tract secretions and their increased viscosity 
and decreased ciliary function due to mucosal damage.
Reduced ciliary activity slows mucous transport and thus 
mucous is exposed to inspired air for a longer period of 
time. The mucus relinquishes increasing amounts of water 
and becomes more viscous, thereby reducing'the effective
ness of ciliary propulsions. Secretions will then be 
retained resulting in airway obstruction and increased 
resistance to airflow (Comroe, 1974).

Another defense mechanism of the lung is cough. A 
cough is produced as a reflex action to an irritation. An 
effective cough is produced by inhaling to a large lung 
volume, contracting the expiratory muscles against a closed 
glottis, and rapidly opening the glottis to allow a rapid 
expulsion of air from the lungs at high pressures and 
velocities. Velocity is a measure of the distance per unit 
time of the gas molecules and is determined by (1) air flow 
rates and (2) cross-sectional area (Macklem, 19 74). The
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cross-sectional area of the lung becomes greater with each 
successive bronchial generation. Velocities are therefore 
greater in the proximal airways because the cross-sectional 
area is less. Cough is therefore more effective in clearing 
the." large proximal airways than the smaller peripheral air
ways (Marshall.:and Holden, 1963? Macklem, 1974) .

Another physiologic mechanism that assists in the 
clearance of mucus from the proximal airways and which 
works collaboratively 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 et al., 19 75) . As the 
dynamically compressed segment of airway has its lumen der:. 
creased, the velocity within the airway is greatly increased. 
The resulting blast of expelled air causes a shearing effect 
on secretions within the airway. Mucus transport, airway 
clearance, and cough efficacy, as a result, are greatly 
improved (Macklem, 1974). '

Cough is a major symptom in chronic bronchitis.
When the mucociliary system is overwhelmed, the cough 
mechanism becomes more predominant in maintaining airway 
clearance. Yet, the thickened mucus in chronic bronchitis, 
coupled with the airway obstruction, often impairs cough 
effectiveness.

Maneuvers such as postural drainage and aerosol 
therapy are aimed at assisting mucociliary transport and



have been advocated both for acute exacerbations and as 
interval therapy to move secretions from the peripheral 
airways toward the proximal airways where they can be ex
pelled by cough„ If effective, postural drainage and 
accompanying cough should lead to sputum expectoration, 
reduced airway resistance. and improved ventilation of pre
viously poorly aerated lung (Jones, 19 74). Recent data 
support that postural drainage is effective (Feldman, 1976; 
Motoyama, 1973) „• Data concerning aerosol are conflicting. 
Teleologically it is believed that aerosol should reduce 
viscosity and enhance movement by the cilia. Thus the 
effect of adding aerosol to postural drainage should be 
studied.

Aerosol
In order to understand the mode of action of thera

peutic aerosols, it is desirable to know the distribution 
and deposition of aerosol particles. It is known that the 
deposition and transportation of aerosol particles in the 
lung depends on the airflow at different levels within the 
system and the size, density, and shape of the particles 
(Olson et al., 1973),

In 1935, Findeisen developed a theoretical model for 
deposition of inhaled particles in the respiratory system. 
The model showed that impaction was the principal means of 
deposition in the upper respiratory tract. Sedimentation was
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the next major factor affecting particle deposition and 
occurred in the bronchioles where deposition should increase 
proportionally to particle size and density. Diffusion pre
dominated in the peripheral airways where deposition in
creased with decreasing particle size. Findeisen's findings 
have since been replicated and substantiated by numerous 
experimental studies (Landahl, Tracewell, and Lassen, 1951; 
Altshuler et al., 1957; Dennis, 1971; Beeckmans, 1965;
Morrow, 1973; Lippman and Albert, 1969; Stuart, 1973;
Morrow 1974)-'.

Successive dichotomous branching occurs with each 
level of airways. As the number of airways increase pro
gressively from the trachea downward, the total cross- 
sectional area of the airways increases. The increase in 
cross-sectional area results in sharply reduced velocity of 
airflow as the airstream moves peripherally (Murray, 1976).

• Upon inhalation air passes over the conchae and is 
warmed and humidified. The turbinates create deflecting 
channels for the aerosol particles resulting in impaction of 
the larger particles onto the mucociliary blanket. If a 
particle continues to flow in its original direction when it 
should turn, it will impact and deposit upon the epithelial 
surface, as for example where the tpachea bifurcates into 
the right and left mainstem bronchi. The same principle 
applies to lower airways. Inertial impaction is the prin
cipal mechanism of aerosol deposition in the large airways
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where turbulent flow predominates. Secretions in the air
way will further narrow the airway diameter and increase 
turbulent flow.

There are many conflicting reports on the thera
peutic usefulness of aerosol therapy. The normal defense 
mechanisms of the airways are such that the inhaled particle 
will impact on the mucous membrane of the upper airway and 
thus entrance of particles into the lower airway is in
hibited. Aerosol particles are recognized as foreign 
particles and large particles are filtered out of the in
spired air in the upper airway allowing only small particles 
to enter the lower airways. It has been estimated that only 
ten to twenty per cent of the water particles inhaled in a 
therapeutic aerosol will actually reach the lower airways 
(Wolfsdorf, Swift, and Avery, 1969) . Other reported studies 
have not shown any significant benefit from nightly mist 
tent therapy (Chang et al., 19 73) and some have shown 
detrimental effects, such as bronchoconstriction, in some 
of their subjects (Motoyama, Gibson, and Zigas, 1972).

Any aerosol, independent of its composition, acts as 
a stimulus to the tracheobronchial tree and so may evoke a 
measurable response such as coughing or bronchoconstriction. 
Stimulation of submucosal irritant receptors causes afferent 
Vagal stimulation to the brainstem, resulting in vagal 
efferent impulses that produce cough, bronchial smooth 
muscle contraction, and increased mucous flow from mucous
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glands, On the other hand, some subjects report improvement 
after aerosol therapy. Explanations for the positive thera
peutic findings of aerosol therapy have been related to the 
additive effect .of water to the fluid intake, either by 
adding water to. the mucus itself or by adding water to the 
general fluid intake,.

There have been several studies in which it has been 
documented that the pattern of deposition and retention of 
aerosols is altered in chronic respiratory diseases,
Lippman, Albert, and Peterson .(19 71) observed greater . 
central deposition of monodisperse aerosols in asthmatic and 
bronchitic patients than in normal nonsmokers, Lourenco, 
Anderson, and Levine (1969) and Lourenco (1970) found re- 
markedly reduced deposition and delayed clearance of 2y 
particles in the periphery of lungs of patients with chronic 
obstructive lung disease. They suggested the degree of air
way obstruction caused by spasm, inflammation, or secretions 
increased the percentage of particles deposited by inertial 
deposition. Finding a shift in the deposition pattern 
toward the juxtahilar area, they suggested turbulent flow 
produced in obstructed larger bronchi contributed to the 
deposition of particles at that level.

In the normal subject, inhaled aerosols are rapidly 
eliminated from ciliated airways by mucociliary transport 
mechanism (Lourenco, Klimek, and Borowski, 1971), Bron
chitic patients demonstrate a decreased or slower clearance
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rate of aerosol particles suggesting alteration in the 
mucociliary transport mechanism (Lourenco, LoddenKemper, 
and Carton, 1972).

Postural Drainage
Various physical measures to enhance sputum expec

toration and clearance are widely used today„ Most clini
cians working in the field are impressed that postural 
drainage, percussion, and vibration increase the amount of 
expectorated sputum during treatment when compared with when 
these measures are not used. There has been some evidence 
that ciliary action and consequently the movement of viscous 
and copious amounts of mucus toward the major bronchi may 
be influenced by forces of gravity such as are applied 
during positioning the patient for postural drainage 
(Zausmer, 1968, p. 588)„

Although studies have shown there is no dysfunction 
of the large proximal airways' mucociliary transport mechan
ism in chronic obstructive lung disease (Sanchis et al„,
19 73a, 19 73b) , some peripheral focal or non synchronous dys
function may occur (Waring, 19 73, p. 682) . It has been sug
gested that very viscid sputum is harder to transport 
through the airways (Matthews et al., 1973) and that viral 
and bacterial infections may slow mucous transport via 
ciliary dysfunction (Newhouse, 1973) , Postural drainage 
positioning through the use of gravity is believed to assist
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the tracheobronchial escalator remove secretions when it is 
overwhelmed by viscous, infectious sputum (Petty, 1974) 
Thacker, 1971). Vibration has been proposed to alter 
pressures within the airways so that mucous plugs are dis
lodged (Foss, 1973). Observations by bronchoscopy under 
general anesthesia revealed "vibrations given on expiration 
squeeze the secretions from the bronchioles into the larger 
bronchi" (Thacker, 19 71, p. 2 0)„

In the patient with chronic bronchitis where sputum 
production is excessive and mucus, becomes more viscid, 
efforts should be directed toward clearing the terminal, 
peripheral airways which are not as well equipped as the 
larger proximal airways for clearing mucus, Normally, 
bronchioles have adequate musculature to aid in expelling 
mucus, . .but, in chronic bronchitis, the bronchioles may 
lack this defense mechanism. Drainage of these smaller 
airways might best be achieved using a combination of 
postural drainage, percussion, and vibration,

Maximum Expiratory Flow Volume 
(MEFV) Curve

If mucous secretions are cleared, the effect of the 
clearance should decrease airway resistance and be detect
able, A currently used measurement tool is the maximum 
expiratory flow volume curve which is believed to be a more 
sensitive measurement than spirometry in reflecting both 
large and small airway mechanics. The MEFV curve embraces
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all the components of the expiratory maneuver in compact . 
form and as .such expresses the overall mechanical behavior:, 
of the lungs during a forced expiration.. (see Figure 2) „
It represents numerous lung units, all of which do not have 
identical mechanical properties.

Maximum expiratory flows at lung volumes from the 
MEFV curve appear to be useful for recognizing small airway 
obstruction when the subject is used as his own control 
(Green et al., 1973) . The increased frictional resistance 
of small airways is reflected in flows at low lung volumes 
at the tail end of the MEFV curve. Reduction in maximum 
expiratory flow achieved after exhaling 50 per cent of the 
total forced vital capacity (Vmax^Q) and the maximal expira
tory flow achieved after exhaling 75 per cent of the forced 
vital capacity (Vmax^g) have been suggestive of abnormality 
of- the small airways. During a forced expiration there is a 
gradient of diminishing pressure down the airway from the 
alveoli toward the mouth, There are points within the air
ways' where lateral airway pressure is exactly equal to 
pleural pressure; the intramural pressure and extramural 
pressures are equal and these points are called the equal 
pressure points (EPP). Downstream from the EPP mouthward 
there exists a transmural pressure tending to narrow the 
airway by dynamic compression (see Figure 3). At high lung 
volumes the EPP is located around the level of the lobar
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Figure 2. Maximal Expiratory Flow Volume (MEFV) Curve
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Figure 3. Schematic Model of the Respiratory System During 
Maximum Expiratory Flow —  From Burrows et al. 
(1975), reproduced with permission.
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bronchi . The EPP moves systemically. upstream (aIveolarward) 
with decreasing lung volumes (Burrows et al„, 1975)„

Hyatt, Shhilder, and Fry (1958) defined the rela
tionships of expiratory flow rates, transpulmonary pressure, 
and degree of lung inflation. They concluded that maximum 
expiratory flow at high lung volumes was directly related to 
subject effort. Conversely, as lung volumes decreased, in
creasing effort did not produce increases in flow rates 
(Comroe, 1974) . Flows at. these volumes had their own repro
ducible maximum despite subject effort. Once maximum ex
piratory flow (Vmax) is achieved at a given lung volume, 
flow becomes effort independent. Vmax is determined by the 
resistance to flow of the airways upstream from the equal 
pressure point and the elastic recoil of the lung.

Macklem, Fraser, and Bates (1963) imply that in 
patients with obstructive lung disease, because of diminf 
ished elastic recoil and increased resistance of small up
stream airways, the EPP lie in the small airways even at 
higher lung volumes. Reduced elastic recoil and diminished 
airway caliber both result in lower Vmax values. It follows 
that secretions in the airway, bronchial smooth muscle tone, 
and mucosal thickening will all affect airway caliber. If 
airway caliber is decreased airway resistance will increase.

In his discussion of the configuration of the MEFV 
curve. Mead (1978, p. 160) describes homogeneous versus 
nonhomogeneous behavior relationships of the lung. The
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slope ratio-volume relationship curves predicted for lungs 
emptying homogeneously differ substantially from those lungs 
which empty nonhomogeneously. Many curves for patients with 
obstructive lung disease, such as in chronic bronchitis, 
were consistent with nonhomogeneous emptying„ Nonhomoge^ 
neities were distinguished into two categories: (1) non-
homogeneities resulting from unequal rates of emptying from 
different parts of the lung and (2) nonhomogeneities re
sulting from the dropping out of regions due to airway 
closure prior to or during forced expiration.

Given the patient with chronic bronchitis may have 
abnormal values for elastic recoil, it is unlikely these 
values will change while participating in this study. There 
is no evidence to suggest that bland aerosol will alter the 
elastic recoil of the lung. Any change in Vmax at low lung 
volumes will be interpreted as reflecting a change in the 
resistance of the upstream segment and not due to changes in 
lung recoil. The changes in resistance will be due to 
either mobilization of secretions from the peripheral air
ways into the larger, more central airways where cough and 
mucociliary transport can more effectively clear the air
ways of sputum, or due to changes in airway caliber,

• Assumptions
1. The range of particle size delivered by the aerosol 

nebulizer will be consistent from subject to subject.



Sputum in the airways increases airway resistance 
to airflow.
Total lung capacities of the subjects will remain 
stable during the study.

Limitations
.Generalizations from this study can not be extended 
to a population other than the one studied.
Maximum expiratory flow, volume curves measure air
way resistance indirectly and are also influenced 
by lung elastic recoil.



CHAPTER 2

REVIEW OF THE LITERATURE

Literature pertaining to (1) aerosol therapy, (2) 
bronchodilator therapy, (3) postural drainage, and (4) the 
use of maximum expiratory flow volume curves to measure air
way obstruction to airflow was reviewed=

Aerosol Deposition and Clearance 
Aerosol therapy is commonly used in therapeutic 

regimes for many pulmonary diseases. The size/ density, and 
shape of the particles as well as pattern of airflow all 
affect aerosol transport and deposition

Lourenco (1970) studied the distribution of aerosol 
particles in normal lungs. He concluded deposition was de
pendent on the diameter of the particles, the respiratory 
rate, the tidal volume, and the airflow, Large particles, 
rapid airflows, or shallow breathing produced central depo
sition (first six generations of the tracheobronchial tree). 
Small particles, slow air flow, and deep breathing produced 
diffuse deposition of particles in both central and peri
pheral portions of the tracheobronchial tree. Clearance 
depended on the site of deposition and was faster when large 
numbers of particles were deposited in the proximal genera
tions of bronchi than when they were diffusely distributed.

24
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Albert et al. (19 73) studied the deposition.'.and 

clearance of radioactive monodisperse aerosols in human and 
donkey subjects. Thirty-five healthy subjects, including 14 
male non-cigarette smokers, 15 male cigarette smokers, and 
six female cigarette smokers were studied. It was shown 
that all the women had substantially faster clearance rates 
than either male smokers or non-smokers, In addition to the 
possibility of sex as a factor in determining clearance 
rates, there was also indirect evidence that the rate of 
mucous production can affect clearance. They suggested that 
since cigarette smoke is ciliastatic, the increased rate of 
clearance is not likely to be due to an increased ciliary 
escalatory action but rather due to increased mucous pro
duction. In the experimental animal model, methacholine was 
injected subcutaneously, The rate of clearance and the 
total, amount of clearance differed significantly in the 
donkey models. The effects of the methacholine illustrated 
to the authors two points; (1) parasympathetic stimulation 
of mucous production accelerates bronchial clearance by in
creasing central deposition of aerosols due to narrowing of 
the bronchial tubes and (2) mucous production can overload 
the mucociliary transport mechanism slowing the tracheal 
clearance. • '

Wolfsdorf et al, (1969, p. 799) reported on aerosol 
deposition in the upper and lower respiratory tract util
izing tagged distilled water aerosol produced by jet and
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ultrasonic nebulizers under conditions of nasal, normal 
mouth., and. tube breathing in 15 normal adults. With nasal 
breathing, 91.5 and 8 3.2 per cent of mean deposition for the 
jet and ultrasonic nebulizer respectively were deposited 
above the larynx. Breathing through a mouth tube, 43 to 59 
per cent of the mass of the aerosol produced by the nebu
lizers was deposited aboVe the larynx. With nasal or normal 
mouth breathing, the volume of water in aerosol form that 
could be deposited in 24 hours was calculated to be about 
six ml and 49 ml for the jet and ultrasonic nebulizers, 
respectively.

Asmundsson et al. (19 73, p. 50 6) studied the effi
cacy of two types of nebulizers in delivering an. aerosol of
0.15 M of sodium chloride to the lower airways of eight 
healthy, adult, male volunteers. Six milliliters of tagged 
isotonic saline were placed in a single dose cup of an 
ultrasonic nebulizer for four subjects and in the mainstream 
jet nebulizer of an intermittent positive pressure breathing 
device for the other four subjects. They found the ultra
sonic nebulizer deposited an average of 60.0 ± 2.6 yl S.D. 
of saline in the lungs compared to 115.8 ± 46.2 yl S.D. for 
the intermittent positive pressure breathing device. They 
concluded the nebulizers probably did not deliver enough 
water below the midtrachea to affect the consistency of 
airway secretions.
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Bau et al. "(19 71) studied six healthy adults and 

eight patients with cystic fibrosis. The distribution of 
inhaled mist was assessed by using radioactive labelled 
aerosol from an ultrasonic nebulizer. Subjects breathed 
the aerosol in a mist tent for one hour after which the 
total uptake of fluid was measured. Less than five per cent 
of the activity nebulized and distributed in the tent 
entered the body. Ninety per cent of the inhaled radio
active initially lodged in the nasopharynx and rapidly 
appeared in the stomach. Very little aerosol deposition was 
detected over the lungs. These results indicate that very 
little aerosol fluid from the mist tent is directly de- ■ 
posited below the larynx. Wolfsdorf et al. (19 69) obtained 
similar results in normal subjects breathing a labelled 
aerosol through a face mask.

Sanchis et al. (1973b) reported the rate of removal 
of an inhaled tagged aerosol in a group of 19 subjects with 
chronic bronchitis or emphysema was the same or better than: 
clearance from a group of nine non-smokers' lungs. In the 
diseased lungs it was found that the tagged aerosol was 
preferentially deposited centrally in proximal airways 
whereas in the normal subjects the aerosol particles were 
deposited peripherally. Due to the proximal deposition of . 
the aerosol most of the particles were removed by the muco
ciliary escalator system in the larger airways resulting in 
total lung clearance faster than, or equal to, clearance in
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the normal lung. Gross differences in the amount of mucous • 
secretions were not viewed as significant in influencing 
clearance rates.

Parks et al. (1973) looked at the effect of water
nebulization on cough transport of pulmonary mucous. Using 
10 dogs, the researchers insufflated 2.5 g of tantalum 
powder into each lung through a catheter placed in alternate 
mainstem bronchi to label the pulmonary mucous blanket. 
Clearance of the tantalum powder was determined two hours 
later using three randomly chosen treatment regimens that 
included: (1)unebulization with cough, (2) nebulization 
alone, and (3) cough alone. The results were interpreted 
as indicating that nebulization and cough were more effec
tive in clearance than either cough or nebulization alone. 
Cough was felt to be superior than nebulization alone, 
however the difference was not statistically significant.
The mean clearance for cough alone was 55 per cent, for 
nebulization and cough the clearance was 65 per cent„ It 
was concluded that if nebulization was effective, it would 
be more effective in removal of mucus with the addition 
of cough.

Pavia et al, (1977) studied 50 male patients with 
varying degree of airway obstruction who inhaled mono- 
disperse radioactive labelled aerosol particles for the 
purpose of assessing the depth of deposition and clearance 
of inhaled particles. Using radioactive tracer particles
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measured by scintillation detectors initially and six hours 
after inhalation, they found a significant relationship 
between the percentage of particles retained at six hours, 
the volume inspired in a single breath, the forced expira
tory volume in one second (FEV^), and the flow rate. They 
concluded that alveolar deposition increased.40 per cent for 
every liter increase in flow and by 11 per cent for every 
liter increase in FEV, , but decreased by 0.075 for every one 
liter/minute increase in flow rate. The authors suggest 
enhancement of' the depth of aerosol deposition in the lungs 
would be facilitated by slow inhalation followed by a 
breath-holding pause to "freeze" particles at a further 
point of penetration.

.Pflug, Cheney, and Butler (1970) studied 26 patients 
with chronic bronchitis using spirometric and arterial blood 
gas measurements to determine the effect of aerosol de
livered by an ultrasonic nebulizer. Measurements were taken 
before and after inhalation of the bland aerosol„ Arterial 
blood oxygen tension (PaQ^), carbon dioxide tension (PacQg), 
and pH were obtained while, the subject was resting and 
forced expiratory volume in one second (FEV-̂ ) and vital 
capacity (VC) were determined. The subject received ultra
sonic aerosol for 15 minutes and the tests were then re
peated. A significant decrease; in FEV^ and VC were noted 
after the inhalation of the ultrasonic mist for 15 minutes. 
Thiry per cent of these patients also had a decrease in



30-
PaQ^ of 8 xtimHg or more. When an aerosolized bronchodilator
was inhaled before the ultrasonic mist, decreases in FEV,

±

and VC were not seen, but a significant decrease in Pag2  

suggested that an undesirable change occurred in the 
ventilation/perfusion relationships of the lungs after 
bronchodilator therapy. Cheney and Butler (1968) in a 
previous study found that increased airway resistance that 
occurred after ultrasonic mist therapy was prevented by in
halation of isoproterenol alone. They also found that after 
the inhalation of distilled water aerosol by jet nebuliza- 
tion, subjects with chronic bronchitis did not increase 
their mean airway resistance as much as when they inhaled 
the ultrasonic mist. Suggestions were submitted that 
ultrasonic mist therapy be used with caution in patients 
with reactive airways and a low PaQ 2  and if the mist is 
used, it should be supplemented with a bronchodilator and 
low flow oxygen,

Abernathy (1968) studied 13 normal and 17 chronic 
bronchitic subjects, and investigated the effects of an 
artificial water containing fog at room temperature on the 
FE.yl of these subjects. Seven patients with chronic bron
chitis showed a significant reduction in the FEV^ compared 
with a minimal or absent effect in seven of eight normal 
subjects. Additional experiments which measured the air
way resistance (Raw), total pulmonary resistance, and static 
and dynamic compliance supported the author's hypothesis
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that the fog effect is due to reflex bronchoconstriction. 
Receptors responding to mechanical stimulation and to dust 
particles have been described in man and there is evidence 
for their presence in the larynx as well as in the lower 
respiratory tract (Widdicombe, 1936). The probability that 
water droplets may not survive beyond the larynx does not 
negate such a hypothesis.

Barton and Lourenco (1973) found that the impaired' 
clearance of tagged aerosols in patient's with chronic pul
monary disease may be due in part to the presence of dense 
tenacious bronchial secretions. It has been demonstrated 
in:.vitro that mucociliary transport decreases with dry air 
indicating the importance of humidified air for a normal 
bronchial clearance (Dahlamn, 1956)„

Bronchodilator Therapy
Bronchodilator drugs are a mainstay in the treatment 

of chronic airway obstruction. The responsiveness of a 
patient's airflow obstruction can be determined by compari
son of pre- and post-bronchodi1ator pulmonary function 
studies.

The specificity of beta adrenergic receptors was 
discovered in the 1960's. The treatment of bronchospasm is 
currently directed toward identifying agents which stimulate 
beta-2 adrenergic receptors. These receptors function in 
relaxation of bronchial smooth muscle (Leifer and Witting,
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1975). Adrenergic therapy of bronchospasm requires drugs 
which either stimulate beta receptors or reduce high thres
hold levels at receptor sites. Metaproterenol sulfate is 
chemically related to the classic sympathomimetic amine, 
isoproterenol. It differs from isoproterenol in that it is 
immune to metabolic inactivation by catechol-o-methyl trans
ferase and sulfatase enzymes and as a result has. a longer 
duration of action than its prototype (Geumei et al., 1976), 
Metaproterenol acts selectively on beta-2 receptors.
Through its specificity for beta-2 receptors it relaxes 
bronchial smooth muscle and has much less stimulant action 
on the heart than isoproterenol. Inhaled as an aerosol, 
metaproterenol acts promptly and efficiently and remains 
effective for up to five hours (Goodman and Gilman, 1975) .

Macquire and Nair (1978) measured pulmonary function. 
tests on 24 hospital employee volunteers and 24 patients 
with clinical evidence of airway obstruction. Values, for. 
FVC, FEV^, VmaXgQ, Vmax^g, and CV/VC were recorded before 
and after inhalation of isoproterenol hydrochloride. In 
the total sample of subjects, abnormalities were seen in 
both Vmax,-Q and CV/VC for subjects with basal FEV^ values 
less than 80 per cent of predicted. The influence of iso
proterenol on FVC and FEV^ values differed in their ability - 
to delineate obstructive airway disease. FEV^ appeared to 
the authors to be a highly sensitive and consistent index 
of bronchodilator response.



George, Conrad, and Light (19 78) compared the 
effects of feroterol, isoproterenol, and a placebo on 20 
adult patients with reversible airway disease. The FVC,
FEV, , and FEF__ -zco were measured before and after the1 2 5 —  75-6
administration of the bronchodilators. The authors con
cluded that the best test for evaluating the effect of 
bronchodilators was the FEV^.

Chodosh and Baigelman (19 78) studied 18 patients 
with stable-asthma who had demonstrated at least 20 per cent 
improvement in FEV^ after a standard dose of inhaled iso
proterenol. Each patient was given a single dose of 2 0 mg 
of metaproterenol, 20 mg of oxtriphylline, and both together 
in randomized order on three separate study days. Evidence 
of bronchodilation was observed for all three protocols.

The results of the FVC, FEV^, ^ ^ O O - ^ O O '  an(̂  FEF25-75^ 
indicated no significant difference in the response observed 
after metaproterenol alone as compared to oxtripylline;. . 
alone. There was a significant increase in all these 
parameters when metaproterenol was combined with oxtri
phylline.

Postural Drainage 
Postural drainage is proposed to facilitate airway 

clearance by moving secretions from smaller to larger air
ways where the cough mechanism can more effectively remove 
them. There are few studies of acceptable design to



34
validate or disprove the theoretical and clinical assump
tions concerning postural drainage. The larger number of 
studies on the value of physiotherapy are complicated by the 
concomitant use of other therapeutic modalities.

Lorin and Denning (1971) studied the effect of 
postural drainage versus coughing alone in 17 children and 
young adults with, cystic fibrosis. Subjects were randomly 
assigned to either a 2 0 minute postural drainage or a 20 
minute control period in which the subject was asked to 
cough and bring up sputum every five minutes. The subjects 
completed the alternate session on a subsequent day. Volume 
and consistency of sputum were measured. The results were 
interpreted to indicate that postural drainage was superior 
to cough alone in terms of volume of sputum expectorated.
In view of the evidence for the role of secretions in 
causing airway obstruction and infections, it is assumed 
that clearing significant volumes of sputum will be of ,
clinical value both in decreasing bronchopulmonary infection 
and ameliorating airway obstruction. Postural drainage was 
found not only to increase the total volume of sputum 
expectorated, but also to increase the volume per cough.
The authors concluded that drainage does more than stimulate 
cough. It must also dislodge mucus from small airways 
where cough is ineffective and move it to the larger air
ways where it can be more easily expectorated.
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Peterson et al. (1967) studied 38 subjects with

chronic obstructive lung disease. Subjects were randomly 
assigned to four groups: (1)L the placebo or control group
which received potassium chloride and calcium lactate daily, 
(2) the physiotherapy group which received daily physio
therapy in addition to the medications the first group 
received, (3) the expectorant group which was given potas
sium iodide and calcium lactate, and (4) the chemotherapy 
group which was given chloramphenicol and) -potassium 
chloride. Subjectively almost all the subjects in all the 
groups reported improvement in the ease of expectoration and 
less dyspnea. Sputum volume and lung function tests were 
not statistically different for any group. Subjective 
improvement in the respiratory status occurred in several 
subjects receiving pulmonary physiotherapy.but was not 
correlated to a concomitant improvement in the lung function 
tests.

Huber, Eggleston, and Morgan (1974) studied 21 
asthmatic children with mild to moderate airway obstruction 
and randomly, divided them into two groups. One group re
ceived the standard physiotherapy treatment including per
cussion and vibration, while the other group received no 
treatment. Pulmonary function test measuring the FEV^ was 
recorded before, immediately after, and five and 30 minutes 
post treatment. The treatment group demonstrated a 40 per 
cent increase in the FEV^ at 30 minutes post treatment while
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the untreated group showed a slight reduction in flow. The 
difference at 30 minutes between the two groups was sig
nificant at the five per cent probability level. The 
authors concluded that chest physiotherapy was not detri
mental in asthmatic children with mild to moderate obstruc
tion and is a useful adjunct in treatment.

Kang et al. (1974) compared postural drainage with 
percussion and postural drainage alone as treatment in 15 
patients. There were five patients each with the diagnosis 
of asthma, pulmonary emphysema, and chronic bronchitis.
On successive days in a randomized treatment sequence 
measurements of sputum production, subjective improvement, 
flow rates, and xenon^g scans were collected. Difference 
in sputum production was not significant between groups. 
Subjective improvement was reported after postural drainage 
in 60 per cent of the subjects and 33 per cent in the 
postural drainage alone period. FEV^ improved greater than 
15 per cent after postural drainage in 53 per cent while 16 
per cent had a similar improvement after postural drainage 
alone. The. xenon ventilation scans indicated uneven changes 
following therapy in different areas of the lung, the lower 
portions of the lung showing consistently greater improve
ment than the upper lung fields. ..

March (19 71) compared several data parameters of 20 
subjects with chronic obstructive pulmonary disease who were 
undergoing postural drainage as part of their prescribed
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treatment„ Data before and after therapy including forced 
vital capacity (FVC), forced expiratory flow 200-1200 mis, 
forced expiratory flow 25-75 per cent, and sputum production 
were measured. No significant improvementvrwas seen in any 
of the parameters after postural drainage.

Tecklin and Holsclaw (19 75) examined 26 patients 
with cystic fibrosis and measured gix tests of pulmonary 
function immediately preceding and following bronchial 
drainage. Six positions of postural drainage were used and 
manual chest percussion was used for three minutes followed 
by five deep breaths accompanied by manual vibration during 
the expiratory phase. Coughing and expectoration were en
couraged after each position. The subject rested for five 
minutes and pulmonary function tests were then repeated.
The values obtained from spirometry were FEV^, peak expira
tory flow rate (PEFR), maximal midexpiratory flow rate 
(MMEFR) , forced vital capacity (FVC), expiratory reserve 
volume (ERV), and inspiratory capacity (IC), Their results 
showed highly significant increases occurring in PEFR, FVC, 
ERV, and IC. Significant improvement ;was not observed in 
FEV^ and MMEFR. In the total group, significant increases 
in lung volume suggested a partially reversible element in 
cystic fibrosis. The increase in FVC after bronchial 
drainage was interpreted as improved ventilation and 
establishment of a greater ventilatory reserve for periods 
of activity or stress. Conclusions of the study praised
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postural drainage as an effective therapy in clearing the 
larger more proximal airways even in the presence of 
bronchospasm.

Motoyama (19 73) studied the effect of postural 
drainage on airway clearance in 10 patients with cystic 
fibrosis by measuring maximum expiratory flow volume (MEFV) 
curves initially, at five and 45 minutes post drainage. 
Statistically significant improvement in Vmax at 75 per cent 
of VC were found up to 45 minutes, post treatment. Con
cluding, the author endorsed postural drainage as an effec
tive form of treatment for removal of secretions in the 
airways.

Feldman (19 76) studied the effects of postural 
drainage with percussion and vibration in 10 subjects with 
chronic bronchitis and nine subjects with cystic fibrosis. 
Measurements included sputum volume and MEFV curves ob
tained initially, at five, 15, and 45 minutes post treat
ment. Significant increases in isovolume flow rates at both 
50 per cent and 75 per cent FVC were obtained and inter-, 
preted to reflect the effectiveness of postural drainage in 
mobilizing secretions from small peripheral airways. 
Speculation was made that the coughing and mobilization of 
secretions may have been produced by the performance of 
numerous FVC maneuvers and that such maneuvers may be just 
as effective in clearing sputum from the airways as 
postural drainage.
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Gorringe (19 77) studied the effectiveness of airway 

clearance using either postural drainage or deep breathing 
and coughing in 11 subjects with chronic bronchitis by 
measuring MEFV curves five minutes after the inhalation of 
a bronchodilator, and at 20, 40, and 60 minutes following 
the treatment. No significant changes in VmaXj-g or Vmax^g 
were demonstrated after either form of therapy. However, 
statistically significant differences were found when sub
jects were divided into Group-.>1 who demonstrated less than 
20 per cent reversibility of airway obstruction and Group II 
who demonstrated marked reversibility. The Group II sub
jects responded with progressively worsening flows at each 
measurement interval while Group I demonstrated no change 
in flows at 60 minutes after postural drainage. The author 
concluded that the performance of FVC maneuvers may increase 
bronchospasm and mask any benefits of either treatment 
regime. Minimal reversibility is defined as 15-25 per cent 
improvement in FEV-^ after bronchodilator inhalation (Com
mittee on Emphysema Statement,. 1974) ,

Maximum Expiratory Flow Volume 
(MEFV) Curves ”

Obstructive disease of the lung is manifested by 
slowing of forced expiration (Burrows and Hasan, 1977). The 
MEFV curve embraces all the components of the expiratory 
maneuver and thus expresses the overall mechanical behavior 
of the lungs during a forced expiration.
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Motoyama et al. (1974) used the MEFV curve to study

the effect of home mist tent therapy in 16 adolescent sub
jects with cystic fibrosis. They found the measurement of 
VmaXyg was by far the most sensitive index for lower airway 
obstruction. In a study of 2 8 subjects with cystic fibrosis 
it was found that 70 per cent showed significantly abnormal 
values for Vmax^^ even when VC and total lung capacity (TLC) 
were almost always within normal limits. The measurement of 
FEV^ was superior to the conventional spirometrie tests of 
ventilatory capacity as 4 0 per cent of the 2 8 subjects re
vealed significantly abnormal,values. Other tests were less 
sensitive in the detection of small airways dysfunction.

Gelb and Zamel (1973) investigated the relative 
sensitivities of the MEFV curve and closing volume to detect 
small airway disease in nine patients with respiratory 
problems but with normal results on routine pulmonary 
function studies. In all cases flow rates at low lung : -
volumes, near residual volume, were abnormal and closing 
volume was abnormally high in 77 per cent of the subjects. 
They concluded the MEFV curve was a more sensitive index 
than spirometry in'(detecting small airway dysfunction.

Green et al. (19 73) attempted to define the extent 
and causes of normal variability in the MEFV curve and 
relate the curves to other tests of lung function, age, and 
growth. All MEFV curves were obtained in a constant- 
pressure body plethysmograph. They obtained MEFV curves for
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59 adults and analyzed the portion below 70 per cent of the 
expired VC. They found Vmax varied considerably more than 
did the measurements of VC and FEV^, even though FEV^ and 
Vmax include effort independent components and are known to 
vary. However, both the MEFV curve and FEV^ were found to 
be more sensitive at lower slopes indicative of disease 
states. Interindividual variability was common yet the 
authors postulated the curves would be a useful tool for 
measurement of lung function if each subject acted as his 
own control. In addition they suggested the inherent indi
vidual differences in the airway and parenchymal structure 
accounted in part for the difficulty in defining "normal 
limits" for the curve.

Knudson, Burrows, and Lebowitz (1976) evaluated the 
MEFV curve on 3115 subjects. They found that interindi-* 
vidual variability and broad normal limits reduced the value 
of the curve as a measurement of abnormality. In an effort 
to minimize intraindividual variability it was suggested, 
that subjects act as their own control and composite MEFV 
curves be drawn so as to be representative of the subjects' 
best flow and largest expired VC.

Knudson, Slatin, et al. (19 76) also reported that 
■ ■ • • although Vmax^^ was the most sensitive indicator of small

airways dysfunction in the total population of 3115 sub-'
jects, if the group was subdivided into age groups this was
no longer true. In the age group below age 35 ..' the FEV^
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was the better measure, while Vmax^^ was superior to FEV^ in 
the group that was older than 35 years of age.

Summary
Investigations of aerosol therapy, postural drain--: 

age, and the use of the MEFV curve to detect small airway 
dysfunction were reviewed. The results of many of the 
studies on aerosol and postural drainage challenge the 
reasons for and the proposed therapeutic benefit of the two 
treatment regimes. Benefits from aerosol therapy on various 
biochemical and physiological aspects of airway function 
remain unclear while adverse effects from therapy have been 
demonstrated,. The widespread use of bland aerosols in con
junction with postural drainage in patients with chronic 
bronchitis necessitates further research to validate its 
effectiveness.

The critical evaluation of aerosol therapy and 
postural drainage must come from studies utilizing sensitive 
and reproducible pulmonary function tests. The MEFV curve 
has been presented as a valid, reliable, sensitive, and 
relatively simple test to perform in measuring changes in 
airway resistance. This technique offers a vehicle to 
critically evaluate the degree of airway obstruction in both 
central and peripheral airways and is also an appropriate 
modality to evaluate the efficacy ofhtherapy regimes 
commonly practiced today.



CHAPTER 3

METHODOLOGY

An experimental design was chosen to study the 
effects of postural drainage with and without aerosol 
therapy on pulmonary function, in particular the maximal 
expiratory flow rates, in patients with chronic bronchitis, 
Each subject was used as his own control due to interindi
vidual variability and participated in both treatment 
sessions. MEFV curves were obtained initially (designated 
as. MEFV^) , five minutes after inhalation of metaproterenol 
sulfate (designated as MEFV„), 2 0 minutes after either 
treatment A or B (designated as MEFVg), at 10 minutes after 
completion of postural drainage (designated as MEFV^), and 
at 30 minutes after the completion of postural drainage 
(designated as MEFV,-) The research proposal, subject 
consent form (Appendix A), and physician consent form 
(Appendix B) were submitted to and approved by The Univer
sity of Arizona Human Subjects Committee and the Tucson 
Veterans Administration Research and Development Committee. 
Letters of approval appear in Appendix C.

■ - i

' The Sample
Subjects with a diagnosis of chronic bronchitis 

were selected from an outpatient clinic from a southwestern
43
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metropolitan area for participation in this study„ Subjects 
agreeing to participate in this study met the following 
criteria:

1. Were diagnosed as having chronic bronchitis„
2. Demonstrated by chart history less than 20 per cent 

improvement in FEV^ measurement after receiving a 
bronchodilator. medication,

3. Were able to follow .instructions in English,
4. Were willing to abstain from postural drainage, 

positive pressure breathing treatments, bland 
aerosol, or aerosolized bronchodilator medication 
for at least four hours prior to each treatment 
session,

5. Were verified by physician to be able to tolerate 
aerosol therapy, postural drainage, and repeated FVC 
maneuvers and pulmonary function testing.

6. Had approval of physician to use a bronchodilator 
prior to each treatment session.

Subjects meeting the above criteria were given an explana
tion as to the purpose and nature of the study and were 
asked if they would be willing to participate. If during 
his participation in the study, the subject required hospi
talization, he was rescheduled, Signed consent forms from 
both the subject and his physician were obtained. Confi
dentiality was assured by assigning a number to each sub
ject and coding data for analysis. The treatment order was
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randomized and scheduled for the same time of day three to
seven days apart. The subjects were assured they could

/withdraw from the study at any time without affecting their 
relationship with their physician or nurse or the quality 
of their treatment.

Treatments
Treatment A consisted of aerosol therapy followed 

by postural drainage. Prior to postural drainage the sub
ject inhaled a blandv,water aerosol for fifteen minutes. The 
aerosol was generated by a Puritan nebulizer, model number 
12 6050 with a 2 psi relief valve and was attached to an air 
flow meter set at 15 1pm, The Venturi on the nebulizer was 
set at 4 0 per cent dilution. The subject inhaled the 
aerosol via a Hudson aerosol mask, number 1083. This 
apparatus was attached to the aerosol generator via a 48 
inch Hudson's Smooth Flo Cor-A-Tub II with an inner 
diameter of four cms. The subject was instructed to mouth 
breath at his normal rate and depth with a deep breath and 
one to two second inspiratory hold every three to five 
minutes.

After 15 minutes of aerosol therapy and a five 
minute rest period, pulmonary function measurements, 
auscultation, and sputum expectoration were measured. 
Postural drainage was then performed in the following 
manner:



1. Anterior, posterior, right, and left lateral posi
tions designed to drain the basal segments of the 
lung were used. Each position was assumed for five . 
minutes, for a total of twenty 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 one minute of percussion, the subject was
instructed to inhale deeply and exhale slowly while
the investigator performed vibration over the area 
for a period of four prolonged expirations.

4. Coughing and expectoration of sputum were encouraged 
if the subject had not done so voluntarily.

5. The subject remained in the drainage position for
the remainder of the five minutes and was(;allowed
to rest at short intervals as needed.

Treatment B consisted of postural drainage alone. 
Prior to the postural drainage the subject sat for 20 
minutes, equivalent to the time period for treatment session 
A. The third MEFV curve measurements were taken at the end 
of this period of time and postural drainage was initiated 
according to the schedule for Treatment A.



Meas urements

MEFV Curves
Measurements of the MEFV curve were taken hsing the 

Automated Pulmonary Function Laboratory (M 100 B) Machine 
by SRL Medical, Incorporated„ Each measurement of the MEFV 
curve was performed three times by the subject. The three 
curves were superimposed in order to obtain a composite of 
the maneuvers to minimize intraindividual variability„ The 
best results determined by the largest FVC and highest flows 
at any lung volume were utilized for data analysis for that 
measurement period. Measurements of FVC, FEV^, FEV^/FVC,

oVmaXgQ, and V m a x ^ w e r e  obtained simultaneously for each
forced expiratory maneuver. Calculations for VmaXj-Q and
Vmax-,- were determined from volumes recorded from the base- 75
line measurement. Flows on successive curves were measured 
at isovolume points, that is, volumes corresponding to 50 
per cent (50% FVC^) and 75 per cent (75% FVC^) of the 
largest baseline forced vital capacity.(see Figure 4). 
Changes in Vmax at these isovolume points determined the 
effects of each treatment. It was assumed TLC remained 
constant throughout each treatment session.

Sputum
Sputum was expectorated in a clear graduated con

tainer and the amount of sputum expectorated was totaled at



48

Flow

Vmax at isovolume 
..point using 50% FVCB
JV.Baseline Vmax 50%

Vmax :t isovolume 
point using 75% FVCt 
-Baseline Vmax 75%

RVTLC

75%FVC50%FVC

—  Baseline FVC —  
Post-treatment FVC

Figure 4. Calculations of Isovolume Maximum Expiratory 
Flows from the MEFV Curves —  Adapted from 
Feldman (1976:42), with written permission from 
the author.
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the end of the treatment session„ Sputum was classified 
according to its volume and consistency (Appendix D)„ .

Auscultation
Auscultation of the lower posterior lobes of the 

lung was performed using the diaphragm of the stethoscope. 
After each MEFV measurement the chest was auscultated and 
recorded as clear, having rales or having rhonchi„

History
Information obtained from the subject's medical 

chart and information concerning each subject's prior use 
of respiratory techniques were recorded on the data col
lection sheet (Appendix D)„

Research Design 
After consenting to participate in the study, the 

subject was informed to abstain from using aerosol, postural 
drainage, positive pressure breathing treatments, or aero
solized brochodilator medications for at least four hours 
prior to the treatment sessions.

The treatment order was randomized so that each 
subject underwent each treatment three to seven days apart 
at the same time of day for each session. The following 
treatment protocol and data collection was performed for 
each subject:



Instruction in the performance of the FVC maneuver 
was given to each subject.
Pretreatment MEFV curves, designated as MEFV^, were 
obtained. Sputum collection commenced and auscultac
tion of the lungs was performed.
The subject was instructed to exhale completely.
When he began to inhale, Metaproterenol sulfate via 
a freon propelled nebulizer was aerosolized into the 
subject's open mouth.. The subject was instructed to 
close his mouth immediately at the end of inhalation 
and hold his breath for as long as possible, then 
breathe out slowly. This procedure was repeated 
once.
Five minutes after the completion of the broncho- 
dilator inhalation procedure, the second measurement 
of the MEFV curve, designated as MEFV^, was obtained. 
Sputum collection continued and auscultation of the 
lungs was performed,
Subjects receiving treatment A were instructed to 
begin breathing the aerosol mist for 15 minutes and 
were allowed to rest for five minutes after com
pletion of the aerosol. Subjects during treatment 
session B sat for 20 minutes.
After this 2 0 minute, period, the third pulmonary 
function measurements, designated as MEFV^, were
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. taken. Sputum collection continued and lung 
auscultation was recorded.

7. Postural drainage was then instituted for both 
sessions.

8. At the completion of postural drainage, the subjects 
were allowed to rest for ten minutes before the 
fourth pulmonary function measurements, designated 
as MEFV^, were obtained. Sputum collection con
tinued and lung auscultation was recorded.

9. Subjects were allowed to rest for 2 0 minutes before
the fifth and final pulmonary function measurements ,
designated as MEFVg t were obtained. Sputum collec
tion and lung auscultation were recorded.

10. Sputum collection was totaled and recorded at the
end of the treatment session.

Data Analysis
Data analysis was carried out to examine the effect

of both treatment sessions as well as to compare the two
treatments. The Wilcoxon matched pairs signed ranks test 
(Siegel, 1956, p. 75), a non-parametric test, was used to 
assure that the treatment session A baseline volume and flow 
parameters were the same as those for treatment session B .

Data were analyzed in terms of the change in volume 
and flow from baseline measurements to those measurements 
taken during and following treatment session A (aerosol and
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postural drainage) or treatment session B (postural drainage 
alone), ten minutes and 30 minutes post treatments for FVC, 
FEV^, FEV^/FVC ratio, and at isovolume points corresponding 
to 50 per cent and 75 per cent baseline FVC„ The Wilcoxon 
matched pairs signed ranks test was also used to examine 
whether there were significant differences between the mean 
post-treatment volume and flow parameters obtained for 
treatment session A and mean post-treatment volume and flow 
parameters obtained for treatment session B , A one-tailed 
t-test (Dunn and Clark, 1974,' p. 52) was used to determine 
significant differences between the amount of sputum pro
duced in treatment session A compared to the amount of 
sputum produced in treatment session B „



CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA

Characteristics of the Sample 
The sample consisted of eight male subjects all of 

Whom had a diagnosis of chronic bronchitis. Four of the 
eight had the additional diagnosis of chronic obstructive 
pulmonary disease. The-mean age was 6 7 years with a range 
of 52-80 years of age. Six of the subjects had had pul
monary function tests performed within three months prior 
to the study; two of the subjects had pulmonary function 
tests performed two to four years prior to the study. None 
of the subjects demonstrated more than 20 per cent revers
ible airway obstruction based on the results of the pre- 
and post-bronchodilator pulmonary function studies in their 
medical chart.

Sympathomimetics were being taken by two of the- 
eight subjects. Xanthine medications were taken by seven 
of the eight; steroids were taken by two of the eight sub
jects and only one subject reported taking antibiotics 
during the study. All of the subjects reported histories 
of smoking from one-half to two packs of cigarettes per day. 
Smoking histories ranged from ten to 150 pack years with a

53
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mean of 56 pack years. Only one subject reported he had 
ceased to smoke (see Table 1).

Results
A composite MEFV curve was obtained at baseline 

(referred to as MBFV^), after two inhalations of a broncho- 
dilator agent (referred to as MEFV^), after 15 minutes of 
aerosol therapy and a five minute rest or 20 minutes of 
sitting (referred to as MEFV^), 10 minutes after the com
pletion of postural drainage (referred to as MEFV^j, and 30 
minutes after the completion of postural drainage (referred 
to as MEFV,-), for each treatment session. The volume and 
flows were calculated from each MEFV curve during each 
treatment session and are reported as group data. Indi-* 
vidual data for each treatment session appear in Appendices 
E and F . i

FVC

The data for baseline (MEFV^) FVC for treatment A 
(aerosol and postural drainage) demonstrated a mean of 2.96 
L with a range of 0.67-2,22 L, and for treatment B (postural 
drainage alone) a mean of 2,92 L with a range of 0.76-2.40 
L. After the bronchodilator (MEFV^), the mean FVC increased 
on both treatment sessions. For treatment A, the mean FVC 
was 3.2 7 L and for treatment B the mean FVC was 3.37 L.
After aerosol therapy (MEFV^) the mean FVC was 3.24 L, For 
treatment B, after subjects rested for 20 minutes following



Table 1. Characteristics of Subjects —  Showing age; height; weight; per cent 
predicted FVC, FEV^, and FEV^/FVC ratio; medications; diagnosis; and 
smoking history.

Subject Age
Height
(cm)

Weight
(Kg)

Baseline % Predicted
Steriods

BronchQT-
dilators Diagnosis

Smoking Pack 
Year HistoryFVC FEV1 FEV1/FVC

1 80 170.18 56.3 77% 37% 48% + CB & COPD 60
2 78 198.12 58.6 80% 32% 40% - + CB 25
3 59 180.34 87.3 86% 65% • 75% - + CB . 84
4 68 175.26 61.7 50% 22% 45% + t CB & COPD 80
5 64 167.64 74.5 63% 52% 81% - + CB Sc COPD 40
6 52 170.18 68.1 36% 23% 64% + + CB 10
7 67 180.34 76.7 62% 29% 46% - + CB 150
8 65 172.72 74.9 77% 63% 82% - - CB Sc COPD 75

U1in
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inhalation of a bronchodilator (MEFV^), the mean FVC was 
3.41 L. Ten minutes after the completion of postural drain
age (MEFV^) , the mean FVC was 3,. 24 L for treatment A and 
3.35 li for treatment B . Both treatment sessions demon
strated a similar range 1.84-4.87 L and 1.9 6-4.72 L for 
treatment A and B, respectively (see Table 2).

Table 2. FVC Means, Standard Deviations, and Ranges for 
. Both. Treatments for Each Time Period

Treatment A Treatment B.
Mean S .D . Range Mean S.D. • Range

MEFV1 2. 96 .93 1.62-4.31 2.92 .95 1.71-4.28
m e f v 2 3.27 1.00 1.95-4.65 . 3.37 1.02 1.93-4.63
MEFVg 3.24 1.07 1. 90—4.66 3.41. 1.07 1.82-4.56
m e f v 4 3.24 1.11 1.84-4.87 3.35 1.04 1.96-4.72
m e f v 5 3.32 1.10 2.02-5.06 3.29 1.14 1.79-4.81
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FEV1

The baseline (MEFV^) FEV^ for treatment A revealed 
a mean of 1.24 L with a range of 0,67-2.22 L and for treat
ment B the mean was 1.2 3 L with a range of 0.76-2.40 L. 
There" was-'ia significant increase from the baseline (MEFV^) 
to post bronchodilator (MEFVg) measurements for both treat-, 
ment sessions. The mean FEV^ for treatment A was 1.46 L 
while the mean FEV^ for treatment B was 1.41 L, The.third 
set of measurements (MEFVg) taken after 15 minutes of 
aerosol therapy and 5 minutes of rest (treatment A) re
vealed a mean FEV^ of 1.4 3 L with a range of 0.88-2.68 L.
The mean FEV, for treatment session B (20 minutes after in- 1 .

halation of a bronchodilator) was 1.39 L with a range of
0.74-2.33 L. A slight decrease was observed from MEFV^ to
MEFVg, but it was not statistically significant. Ten
minutes after the completion of postural drainage (MEFV^)
revealed no change for either treatment session, the mean
FEV. for treatment A was 1,4 6 L and for treatment B the mean 1
FEV^ was 1.40 L. Thirty minutes after the completion of 
postural drainage (MEFV^) FEV^ demonstrated a mean of 1.40.
L and 1.36 L for treatment A and treatment B, respectively 
(see Table 3) .

FEV^/FVC Ratio
The FEV./FVC ratio was measured.at five time 1

periods. Throughout the study for both treatment sessions.
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Table 3. FEV-, Means, Standard Deviations, and Ranges for
Botn Treatments for Each Time Period

Treatment A Treatment B
Mean S.D. Range Mean S.D. Range

MEFV1 1.24 .56 0.67-2.22 1. 23 .66 0.76-2.40
m e f v 2 1.46 .69 0.87-2.79 ' 1. 41 ,55 0.86-2.38
m e f v 3 1.43 .70 0.88-2.68 1.39 .58 0.74-2.33
m e f v 4 1.46 .71 0.57-2.68 1.40 .58 0.74-2.33
m e f v 5 1.40 .74 0.57-2.70 1.36 .60 0.67-2.39

the ratio remained stable, near 4 0%, showing no statistical 
changes at any time during the study, except for a signifi
cant decrease from MEFV. to MEFV,. for treatment session A ,4 d
(see Table 4).

I so volume Vmax,-n50 •

The Vmax^Q measured from the MEFV^ for treatment A 
ranged from 75-387.5 ml/sec with a mean of 212.5 ml/sec; for 
treatment B the mean was 189.06 ml/sec with a similar range.

oAfter the bronchodilator, the mean isovolume Vmax^Q in
creased on both treatment sessions. For treatment A the
mean isovolume Vmaxcn was 2 84.38 ml/sec and for treatment B50
the mean was 235.94 ml/sec, demonstrating a statistically 
significant increase for both treatment sessions. The
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Table 4. The FEV-./FVC Ratio Means, Standard Deviations, and
Ranges for Both Treatments for Each Time Period

Treatment A Treatment B
Mean . S.D. Range Mean S.D. Range

MEFV1 41.63 13.23 31-57 40.38 15.89 12-62
m e f v 2 43.25 12.92 28-64 41.88 11.77 29-59
MEFV-,3 42.50 12.36 28-58 40.38 12.05 28-60
MEFV4 43.13 12.08 30-61 44.63 14.98 29-63
MEFVg 40.38 14.11 27-60 41.25 12.30 28-60

MEFVg isovolume Vmax^Q for treatment A showed a significant
decrease from MEFV 2  with a mean of 2 62, 94 ml/sec while the
mean for. treatment R- was 256.25 ml/sec reflecting no sig-
nificant change. Ten minutes after the completion of
postural drainage (m e f v 4) , the isovolume Vmax __ for both 50
treatment sessions was essentially unchanged from the post
bronchodilator baseline (MEFX^), the mean for treatment A 
being 282.81 ml/sec and for treatment B the mean was 232.81 
ml/sec. Thirty minutes after the completion of postural
drainage (MEFVc) treatment. A revealed a mean isovolume'
Vmax,-,-. of 271,88 ml/sec and for treatment B., the mean was su
243.75 ml/sec (see Table 5)„
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Table 5. . The Isovolume Vmaxcq Means, Standard Deviations,
and Ranges for Both Treatments for Each Time
Period

Treatment A Treatment B
Mean S.D. Range Mean S.D. Range

MEFV1 212.50 133.30 75-387.5 189.06 105.74 100-387.5
m e f v 2 284.38 208.28 100-600 235.94 123.10 100-412.5
m e f v 3 262.50 182.25 75-537.5 256.25 151.63 100-550
m e f v 4 282.81 214.53 87.5-650 232.81 140.62 125-475
m e f v 5 271.88 184.17 87.5-600 243.75 154.98 87.5-500

Isovolume Vmax^g
The data for baseline Vmax^^ for treatment A demon

strated a mean of 87.5 ml/sec and a mean of 82.81 ml/sec for 
treatment B, both treatments having a similar range. After 
the bronchodilator, the mean isovolume Vmax^^ increased 
significantly for both treatment sessions. For treatment 
A, the mean was 12 5 ml/sec and for treatment B the mean was 
100 ml/sec. The MEFV^ isovolume Vmax^^ for treatment A was 
120.31 ml/sec while the mean for treatment B was 103.13, 
reflecting essentially no change from bronchodilator base
line. Ten minutes after completion of postural drainage,
the mean isovolume Vmax_r for treatment A was 117,19 ml/sec75
and 87,5 ml/sec for treatment B. MEFV^ isovolume Vmax^^ 
measurements for treatment A were essentially unchanged,
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(118.75 ml/sec), but for treatment B the mean was decreased 
to 9 0.63 ml/sec (see Table 6).

Table 6. The Isovolume Vmax^g Means, Standard Deviations, 
and Ranges for Both Treatments for Each Period of 
Time

Treatment A Treatment B
Mean . S.D. Range Mean S.D. Range

MEFV1 87.5 35.36 50-150 .82.81 24.94 50-125
m e f v 2 125 65.47 62.5-337.5 100 31.34 62.5-150
m e f v 3 120.31 60. 48 50-200. 103.13 29. 69 62.5-137.5
m e f v 4 117.19 58.22 37.5-200 87.5 ‘37.65 37.5-150
m e f v 5 118.75 61.6.0 50-237.5 90.63 37.65 37.5-150

Statistical Analysis
There were no significant differences at baseline 

(MEFV-^) between the two treatment sessions for any of the 
volume and flow parameters using the Wilcoxon matched pair 
signed ranks test. However, for both treatment sessions 
there was a consistent and significant increase from 
MEFVj to MEFV2 on all volume and flow parameters except for . 
the FEV^/FVC ratio. The decision was made to compare all 
further measurements to the post-bronchodilator measurements
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(MEFVg) since this study was designed to evaluate the 
effects of the two treatment.sregimes and the reversible 
component was shown to be statistically significant (p less 
than 0.05) by the Wilcoxon matched pair signed ranks test 
(see Table 7).

Table 7. Probability Levels for Volume and Flow Parameters 
Comparing MEFVg to MEFV^

FVC FEV^ FEV-j/FVC Ratio VmaXsQ VmaXyg

Treatment A .012+ .017+ .353 .018+ .018+
Treatment B .025+ .025+ .363 .028+ .075*

+ = Significant.
* = Borderline significance

The MEFV volume and flow parameters for the re
maining three time periods (MEFVg-MEFV^) did not return to 
pre-bronchodilator levels, This observation is substan
tiated by the significant difference between the fifth 
measurement parameters and baseline (MEFV^) for FVC (p - 
.036) and Vmax^^ (p = .028) for treatment A, and FEV^ (p = 
.017) and i/max^Q (p = .046) parameters’ for treatment B , 
Treatment A also showed a slight difference between MEFV^
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and MEFV^ for FEV^ (p = ,069) and Vmax^^ (p = 0080) param^ 
eters (see Table 8) „

Table 8. Probability Levels for Volume and Flow Parameters 
for Both Treatments Comparing MEFV^. to MEFV^

FVC FEV1 FEV-j/FVC Ratio Vmax,-0 Vmax^c-

Treatment A .03 6+ .069* .834 . 028+ .080*
Treatment B .124 .017+ .234 . 046+ . 686 .

+ = Significant 
* = Borderline significance

Because of the maintained effect of the broncho- 
dilator throughout the treatment sessions, analysis of the 
effect of each treatment was accomplished by comparing the 
differences from the post bronchodilator- (MEFV^) measure
ments ,

First, it was hypothesized that five minutes after 
the completion of aerosol therapy (treatment A ) , subjects 
would demonstrate a significant decrease from post broncho
dilator baseline (MEFV^), at the 0,05 level, in all volume 
and flow parameters. Findings from the Wilcoxon matched 
pair signed ranks test revealed no significant difference 
in FVC, FEV^, FEV^/FVC ratio, and Vmax^g, However, the
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VmaXj-Q measurement revealed a statistically significant ; 
decrease (p = .046) after treatment A (see Table 9). There
fore , except for Vmax^Q, the research hypothesis was re
jected. It should also be noted that after sitting for 2 0 
minutes (treatment B), subjects showed no significant 
changes in any volume or flow parameters„

Table 9. Probability Levels for Volume and Flow Parameters 
for Treatment Session A Comparing MEFV^ to MEFVg

FVC FEV1 FEV^/FVC Ratio Vmax<-Q Vmax^^

Treatment A . 500 .242 . 312. .046+ .277

+ = Significant

Secondly, it was hypothesized that all subjects for 
both treatment sessions would demonstrate a significant de
crease, at the 0.05 level, in all volume and flow parameters 
between post bronchodilator (MEFV^) and ten minutes after, 
completion of postural drainage (MEFV^). Findings from the 
Wilcoxon matched pair signed ranks test demonstrated ho 
significant decrease after either treatment in any of the 
parameters.(see Table 10). Therefore the hypothesis that 
flow and volume parameters would be decreased after MEFV^ 
measurement was rejected.
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Table 10. Probability Levels for Volume and Flow Parameters
for Both Treatments Comparing MEFVg to MEFV^

FVC FEV1 FEV1/FVC Ratio VmaXj-0 Vmax^g

Treatment A .444 .390 .390 .458 .265
Treatment B .390 .390 .198 .306 .064*

* = Borderline significance

Thirdly, it had been hypothesized that all volume 
and flow parameters when compared to post-bronchodilator 
baseline measurements would result in statistically sig
nificant decreases, at the 0,05 level, 30 minutes after 
completion of postural drainage for treatment session A, 
Findings from the Wilcoxon one-tailed test revealed no 
statistically significant decreases between post- 
bronchodilator baseline measurements and 30 minutes after 
postural drainage for all parameters, (see Table 11), There
fore the hypothesis that aerosol and postural drainage would 
result in decreased volume and flow rates 30 minutes after 
completion of postural drainage was rejected,

, The fourth hypothesis stated subjects receiving 
treatment B when compared to bronchodilator baseline (MEFV2 ) 
would demonstrate a statistically significant increase, at
the 0.05 level, in all volume and flow parameters 30 minutes

/
after the completion of postural drainage. Findings from
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Table 11. Probability Levels for Volume and Flow Parameters
for Treatment Session A Comparing MEFV^ to MEFV^

FVC FEV1 FEV^/FVC Ratio Vmax^Q Vmax^^

Treatment A .337 .242 .104 .466 .232

the Wilcoxon one-tailed test revealed no significant in
creases for volume and flow parameters, except for a sig* 
nifleant decrease in isovolume Vmax^g (p = .047) (see Table 
12). Therefore the hypothesis that 30 minutes after the 
completion of postural drainage for treatment session B 
would result in decreased volume and flow parameters can 
only be accepted for isovolume Vmax^^.

The fifth hypothesis stated that subjects during 
treatment session A would demonstrate a statistically sig
nificant decrease, at the 0,05 level, for all volume and 
flow parameters for the MEFV^ time period when compared to 
the same measurements for treatment session B . Findings 
from the Wilcoxon matched pair signed ranks test demon
strated no significant difference in any parameter. There
fore the hypothesis that volume and flow parameters would 
be significantly lower at 30 minutes after postural drainage 
for treatment A when compared to treatment B was rejected.
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Table 12. Probability Levels for Volume and Flow Parameters
for Treatment. Session B Comparing MEFVg to MEFV^

FVC FEV-ĵ FEV-j/FVC Ratio .
. VmaXg q . . VmaXy ̂

Treatment B .200 .200 .390 .368 .047+

+ = Significant

Lastly, it was hypothesized that subjects receiving 
aerosol therapy would demonstrate greater amounts of ex
pectorated sputum than when aerosol was not given. Findings 
from the one-tailed t-test (Dunn and Clark, 19 74, p. 52) 
revealed no significant difference between.treatment A and 
treatment B (p = .254). The total mean sputum for treatment 
A was 16.125 cc? for treatment B the mean sputum was 14.25 
c c . Therefore the hypothesis that aerosol therapy will in
crease sputum expectoration was rejected.

Summary
The following statements summarize relevant 

findings:
1, There was no statistically significant difference 

between the two treatment sessions for any volume 
or flow parameter for the MEFV. measurement.

2. There was a statistically significant (p less than 
0.05) increase from MEFV^ to MEFV^ for all volume



and flow parameters except for the FEV^/FVC ratio 
for both treatment sessions„
The MEFVj. volume and flow parameters did not return 
to MEFV-^ measurements for both treatment sessions „ 
After aerosol therapy. (MEFV^)-, the only significant 
decrease was reflected in the isovolume Vmax^Q 
parameter when compared to MEFV^ baseline measure
ments .
Ten minutes after postural drainage neither treat
ment session demonstrated any significant changes 
when compared to the post-bronchodilator baseline 
measurements.
Thirty minutes after postural drainage neither 
treatment session demonstrated significant differ
ences in any volume or flow parameter when compared 
to MEFVg baseline; except for a significant increase 
in Vmax^g for treatment session B „
There was no statistically significant difference 
in mean, sputum expectoration for treatment session 
B when compared to treatment session A„



CHAPTER 5

DISCUSSIONS AND CONCLUSIONS

The^findings 6rom this study will be compared to and 
contrasted with those of other investigations. The findings 
have clinical implications for<health professionals directly 
responsible for prescription and administration of aerosol 
and postural drainage therapy„ Recommendations for further 
study on the effects of these treatments on persons with 
stable chronic bronchitis will also be presented„

Response to Bronchodilator Inhalation
Subjects were screened prior to participation in

this study for reversibility of airway obstruction after
inhalation of a bronchodilator„ All subjects initially

■ • - / 
presented with less than 20 per cent reversibility in FEV^
and during the study, the majority of subjects continued to
show a minimal bronchodilator response. Both the FEV^ and
FVC have been advocated as a means for evaluating, the
response of bronchodilator by several investigators
(Macquire and Nair, 1978? Chodosh and Baigelman, 1978)„

During the present study, two subjects, each on pne
treatment session only, demonstrated a dramatic response to
the bronchodilator„ For example, one subject presented with
a markedly decreased FEV^ which was inconsistent with his
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previous pattern„ After the administration of the brdncho- 
dilator agent, his FEV^ increased to his usual level. This 
subject demonstrated greater airway obstruction and there
fore greater reversibility on this one treatment session. 
There are insufficient data to speculate on the multiplicity 
of factors that may have contributed to decreased flow rates 
on the one treatment day. The other subject that improved . 
significantly after the administration of the bronchodilator 
agent demonstrated the same baseline floxg and volume measure
ments but demonstrated a greater response to the broncho
dilator.

Even though the majority of subjects stayed within 
the 20 per cent reversibility range, this amount of improve
ment was sufficient to represent statistically significant 
increases from the baseline measurement parameters to the 
post bronchodilator measurements. Because this effect was 
significant, the post-bronchodilator MEFV curve data were 
used as the base for comparison to evaluate the effects of 
each treatment. Use of the pre-bronchodilator baseline data 
would have produced false positive results due to the 
bronchodilator effect. The effect of metaproterenol has 
been reported to act immediately and produce bronchodilator 
effects for up to 4-5 hours (Goodman and Gilman, 1975) . 
Therefore in the present study, the effect of the broncho
dilator influenced the subjects throughout their partici
pation in the study.
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All flows were dalculated from the isovolume points 

determined on the MEFV^ curves. Using these isovolume 
points is acceptable since the purpose of the study was to 
look at changes in resistance as reflected by flow changes„ 
Therefore all flows had to be calculated at the same lung 
volume, providing a consistent transpulmonary pressure„
Thus, although the VC may have changed, all volumes were 
calculated at a consistent isovolume point down from TLC, 
Since it was assumed that TLC would not change, the flows 
were calculated at a consistent elastic recoil pressure and 
were thus comparable. Therefore changes in flow reflected 
changes in resistance and were not influenced by changes in 
baselines.

Responses in Volume and^Flow Parameters 
for Treatment Session A

Subjects participating in treatment session A were 
asked to inhale a bland aerosol for 15 minutes followed by 
a five minute rest period. Volume and flow measurements 
were recorded before initiating postural drainage, and at 
10 and 30 minutes after the completion of postural drainage 
therapy.

During treatment session A there were no significant
changes in any volume or flow parameters except a statis-
: ■ . ■ .

tically significant decrease in isovolume Vmax^Q five 
minutes after the completion of aerosol therapy, Pflug et 
al. (1970) reported a significant decrease in FEV^ and FVC
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after the administration of a bland aerosol delivered via an 
ultrasonic nebulizer„ When a bronchodilator aerosol was 
inhaled before the ultrasonic mist, decreases in FEV^ and 
FVC were not seen„ Abernathy (1968) reported a mean de
crease of 18 per cent in FEV^ and an increase in airway 
resistance in seven patients with chronic bronchitis exposed 
to a distilled water aerosol without the benefit of a 
bronchodilator„ In the present study, it is difficult to 
assess the changes in Vmax^g. Cheney and Butler (1968) did 
not look at changes in flow at low lung volumes and perhaps 
flows at high lung volumes are not as sensitive in detecting 
changes in airway resistance. Basing interpretation of the 
effects of aerosol on the configuration of the MEFV curve 
as discussed by Mead (19 78) , the aerosol may have either 
been deposited in airways leading to slow spaces thereby 
making the slow spaces even slower or conversion of rela
tively fast spaces to slow spaces may have occurred.

Flow and volume parameters ten and 30 minutes after 
the completion of postural drainage preceded by aerosol 
therapy revealed no statistically significant changes in 
any parameter. Although the ten minute post postural drain
age measurement as compared to the post-bronchodilator 
measurement was not statistically significant, there was an 
increase causing a reversal of Vmax^g change seen after 
aerosol therapy was completed. Possibly there was fluid
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absorption or removal of secretions by cough and the effect 
of the aerosol was no longer detectable„

In the present study it appears aerosol, may indeed 
increase the effectiveness of the bronchodilator as the FVC 
remained significantly increased and borderline significance . 
was maintained for isovolume Vmax^^"after the completion of 
aerosol therapy and postural drainage. In contrast, with 
postural drainage alone, flow and volume parameters began 
to fall to pre-bronchodilator levels„

Responses in Volume and Flow Parameters■ 
for Treatment'-Session B

Individuals participating in treatment session B 
were asked to sit for 20 minutes following the inhalation 
of a bronchodilator agent. Volume and flow parameters were 
measured before initiating postural drainage, and at 10 and 
30 minutes after the completion of postural drainage.

Immediately before initiating postural drainage, 
subjects- for treatment session B showed no statistically 
significant changes for any of the volume or flow param
eters when compared to post-bronchodilator baseline.
Actually, volume and flow parameters improved for four sub
jects and remained unchanged or decreased for the other four - 
subjects. However, the changes noted were not great enough 
to be either statistically or clinically significant. 
Therefore subjects had attained maximal effect from the 
bronchodilator. Ten minutes after the completion of
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postural drainage there was a borderline decrease in iso-
volume V m a X y w h i l e  all other parameters remained unchanged.
The trend for isovolume Vmax__. to decrease became statis-/b
tically significant 30 minutes after postural drainage.
The mean decrease for isovolume Vmax^j. 30 minutes after 
postural drainage was less than the mean decrease at 10 
minutes after the completion of postural drainage. The 
significance was felt to be attributable to the small range 
and standard deviations at 30 minutes after postural drain
age. If one looks at the mean changes, the isovolume 
Vmax^c. for both treatment sessions between 10 and 30 minutes 
after completion of postural drainage does not change (see 
Table 6) „

The following studies are in conflict with the 
present study. Tecklin and Holsclaw (1975) reported a 
statistically significant increase (p less than 0.05) in 
FVC at 5 minutes after postural drainage in 2 6 patients with 
cystic fibrosis. Huber et al. (1974) reported up to 40 per 
cent increases in FEV^ 30 minutes after postural drainage in 
11 asthmatic children. Motoyama (1973) reported significant 
increases in Vmax^g 4 5 minutes after completion of postural 
drainage. Kang et al. (19 74) also reported increases of more
than 15 per cent in FEV^ after postural drainage in eight of 
15 subjects. Possibly these increases are due to the fact 
that the cystic and asthmatic subjects react differently to



75
postural drainage when compared to stable chronic bronchitic 
subjects.

Feldman (19 76) reported a trend toward a decrease in 
isovolume flow rates at 50 per cent of the FVC five minutes 
after postural drainage in her subjects with chronic 
bronchitis and cystic fibrosis. However,in contrast to this 
study, she found a significant increase in isovolume flows 
near 75 per cent FVC (mean change +12 per cent). Feldman 
interpreted her findings to mean that flows at low lung 
volumes can be explained by mobilization of secretions. 
Perhaps in the present study small airways have not yet 
begun to mobilize secretions into the larger proximal air
ways ten minutes after postural drainage as reflected by the 
decreased isovolume Vmax^g.

Peterson et al, (1967) reported findings similar to*
the present study. They found the FVC unchanged at the end 
of the 10 day period in 7 of the 10 subjects with chronic 
bronchitis before and after postural drainage sessions. In 
the present study even though. FEV^ and FVC reflected little 
increase or decrease, the Vmax^g parameter was decreased 
with a borderline significance and was probably a more 
sensitive test for changes in flow and resistance.

Sputum
In this investigation there was no difference be

tween the volume of sputum expectorated for either treatment



session„ Even though sputum was expectorated, it did not 
improve flows. Other investigators also demonstrated that 
sputum volume expectorated was not a valid reflection of the 
effects of postural drainage on post treatment flows (March, 
1971; Peterson et al„, 19 67; Kang et al„, 1974; Feldman, 
1976; Gorringe, 1977), Subjectively subjects did not report 
increased sputum production after aerosol therapy or 
postural drainage; rather the sputum produced was "their 
normal„"

Clinical Implications 
How does the health professional objectively eval

uate and rationally prescribe aerosol therapy and postural 
drainage for patients with chronic bronchitis? The response 
of individuals to the two treatment regimes varied greatly, 
some improved while others showed a reduction in flows.
There was no statistically significant difference between 
the two treatment sessions 30 minutes after the completion 
of postural drainage in any parameter„ Neither treatment 
was more effective than the other. When compared to pre- 
bronchodilator baseline, volume and flow measurements 30 
minutes after the completion of aerosol and postural drain
age revealed an increase in FVC, Vmax^y, and FEV^„ Thirty 
minutes after the completion of postural drainage alone 
revealed an increase in FEV^ and Vmax^Q. However, changes
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for these treatment sessions were attributable to the 
effects of the bronchodilator„

Since mucociliary clearance is diminished in sub
jects with chronic bronchitis (Waring, 1973; Newhouse, 1973), 
it may take-them a longer period of time to mobilize secre
tions to a point where they can be removed effectively by 
cough„ Even though the findings in the present study were 
hot significant, it must be remembered flows were not 
measured for any length of time after the completion of 
postural drainage. Feldman (1976) pointed out that the 
beneficial effects of postural drainage may not be evident 
during the first 30-60 minutes after postural drainage. 
Findings from Feldman's study raise the possibility that 
patients receiving either form of therapy may require up to 
60 minutes after treatments before they experience maximal 
benefits. Subjectively subjects did report improvement in 
breathing and sputum expectoration for up to three days 
following the treatment sessions.

The beneficial effects of aerosol and postural 
drainage may be difficult to evaluate clinically especially 
after just one session of therapy. The sputum volume ex
pectorated, FVC, and FEV^ are not always indicative of 
treatment effectiveness„

In subjects with stable chronic bronchitis one can 
not say there is any immediate effect with aerosol or 
postural drainage therapy. On the other hand, one would not
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want to withhold or abolish either treatment as subjects 
report improvement in breathing and sputum expectoration„ 
Until more data are collected to measure the effects of 
these therapies over time and perhaps correlate their 
effects on gas exchange mechanisms and the mechanical 
properties of the lung, one can not withhold either form of 
therapy.

Suggestions for Further Study
The beneficial effects of aerosol and postural 

drainage were not demonstrated in this study. Future 
studies should measure MEFV curves for several hours after
a single therapy session to assess changes- in volume and

Jflow parameters and the duration of the change. Knowing the 
effects of these therapies over time will assist the prac
titioner in determining how frequently therapy should be 
prescribed.

Another approach to assessing the value of aerosol 
therapy with postural drainage would be to look at several 
treatment sessions over a period of time, measuring volume 
and flow parameters at large and small lung volumes. Per
haps in stable chronic bronchitics, the effects of therapy 
will not be demonstrated for several treatment sessions.

In subjects with cystic fibrosis and bronchiectasis 
who tend to have more copious amounts of secretions and 
dysfuction in both large and small airways, secretions tend
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to be cleared more effectively during the postural drainage 
session„ It may be that postural drainage would be just as 
effective in subjects with chronic bronchitis who have a 
superimposed acute bronchitis in which the large airways are 
affected and secretions become more copious.

This study has identified a subgroup of patients 
with obstructive lung disease in whom the primary diagnosis 
was chronic bronchitis. Similar research should be con
ducted on subjects presenting the full range of obstructive 
lung disease in order to ascertain if there are differences 
between subgroups„ -



CHAPTER 6

SUMMARY

Chronic bronchitis is a disease characterized by 
excessive mucous production and the normal mechanisms for 
secretion removal from the airwaysmucociliary transport 
and cough, are overwhelmed. This study was designed to 
evaluate the effects of aerosol therapy on postural drain
age. Both therapies are often given in conjunction with one 
another to assist with the removal of secretions and thus 
facilitate airway clearance. The purpose of the study was 
to assess the effects of aerosol with postural drainage 
versus postural drainage alone in improving Vmax at low lung 
volumes. Few prior studies have been designed to evaluate 
the efficacy of either two treatment modalities in improving 
lung function. In the present study it was assumed clear
ance of secretions would decrease airway resistance and 
increase flow rates. The MEFV curve was used to measure the 
efficacy of treatment as it was felt to be a relatively 
sensitive measure of airway obstruction.

The sample consisted of eight male subjects with a 
diagnosis of chronic bronchitis. All subjects were screened 
prior to participation in the study for reversibility in 
lung function after the inhalation of a bronchodilator and

8 0
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presented with less than 20 per cent reversibility in FEV-^. 
Each subject participated in two randomly assigned treatment 
sessions, three to seven days apart„ Composite MEFV curves 
were obtained initially, five minutes after two inhalations 
of metaproterenol, five minutes after completion of 15 
minutes of aerosol therapy or after sitting for 2 0  minutes, 
and 1 0  minutes and 30 minutes after completion of postural 
drainage.

The mean volume and flow parameters were similar for 
both treatment sessions for MEFV^ and MEFV^ measurement 
times. The majority of subjects remained within the 20 per 
cent reversibility range but this was sufficient to repre
sent statistically significant increases from the baseline 
measurement (MEFV^) parameters to the post-bronchodilator 
measurements (MEFV2 ) = Therefore the post-bronchodilator 
MEFV curve data were used for comparison to evaluate the 
effects of each treatment. Ten minutes after the completion 
of postural drainage alone, there was a borderline decrease 
in isovolume Vmax^g while all other parameters were un
changed. The trend for isovolume Vmax^g to decrease became 
statistically significant 30 minutes after the completion 
of postural drainage.

During treatment session A . (aerosol and postural 
drainage) there were no significant changes in any volume 
or flow parameters except for a statistically significant 
decrease in isovolume Vmax^Q five minutes after the
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completion of aerosol therapy (MEFV^)■ . Flow and volume 
parameters 10 and 30 minutes after postural drainage pre
ceded by aerosol therapy revealed no statistically signifi
cant changes in any parameter.

Findings reconfirmed the fact that the volume of 
sputum expectorated can not be a valid reflection of the 
effects of postural drainage with or without aerosol 
therapy on post treatment flows.

In subjects with stable chronic bronchitis one can • 
not say there is any immediate effect with postural drain
age with or without aerosol therapy. Until more data are 
collected to measure the effects.of. these therapies over 
time and perhaps correlate their effects on the gas ex
change mechanisms and mechanical properties of the lung, one 
can not withhold either form of therapy.

This study should be replicated for patients with 
stable chronic bronchitis and for patients with chronic 
bronchitis experiencing acute exacerbations to evaluate 
the effects of both treatments.



APPENDIX A

SUBJECT'S CONSENT FORM

Summary of Research 
Procedures and Demands 
in Lay Language

Project Title; Changes in Maximal Expiratory Flows . 
After Postural Drainage With and Without Aerosol Therapy 
in Subjects with Chronic Bronchitis

I, Mary Ann Leonard, R .N », am conducting a study 
about the changes in breathing tests after postural drainage 
both with and without mist therapy. Some patients with 
chronic bronchitis have reported they can breathe better 
after using the mist first and then doing their postural 
drainage while other patients report the mist makes it hard 
for them to breathe. I am interested in recording changes 
in your breathing test measurements after you undergo each 
treatment (i.e., one treatment using postural drainage 
alone, the other treatment using mist therapy with postural 
drainage following). The results of your breathing tests 
may enable the doctors and nurses to determine the effect 
the treatments have on your breathing.

If you agree to participate in this study, you will 
be required to come to the Pulmonary Function Laboratory at 
the Veteran's Administration Hospital for two treatment 
sessions. The two treatment sessions will be scheduled 3-7 
days apart and each will require 2-i3 hours of your time for 
a total of 4-6 hours.

Before each treatment session you will take two 
puffs of a breathing medication. On one occasion you will 
be asked to sit and rest for twenty minutes (postural 
drainage alone treatment), On the other occasion you will 
be asked to inhale a cold mist (mist and postural drainage 
treatment for fifteen minutes. You will then be allowed to 
rest five minutes. After this period for both treatments 
you will be asked to undergo a 2 0  minute session of postural 
drainage in which you will assume four different positions 
for 5 minutes each, and allow me to perform percussion and 
vibration on your chest in each position. You will be asked
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to cough after each position and you will be allowed to rest
at short intervals as needed.

Five tests of your breathing will be done during
each treatment session, including:

1. Before the breathing medication is inhaled,
2. Five minutes after the breathing medication is

inhaled,
3. Immediately before postural drainage is started,
4. Ten minutes after postural drainage is completed,
5. Thirty minutes after postural drainage is completed.

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

You will be asked to collect in a container I will 
give to you all the sputum you produce from the moment the 
first breathing test is done until the last one is finished,
I will also be listening to your chest with a stethoscope 
before each breathing test.

Your participation in this study also includes per
mitting the investigator to record pertinent information 
from your chart, including: age, sex, diagnosis, previous
Pulmonary Function tests and results, previous blood gases 
and results, height and weight, last chest film date and 
results, and the current medications you are taking. On 
the day of the study you will be asked to answer a few 
questions regarding your routine respiratory therapy at home.

You will be assured of the confidential handling of 
the information obtained in this study, Your name will not 
be used. The information will be coded and analyzed by a 
computer. The results may be published in group form, but 
your identity will not be revealed.

There are no known social or psychological risks 
involved in participating in this study, There is no cost 
to you for your participation. The breathing test and 
postural drainage may cause temporary physical discomforts 
including: feeling of fullness in the head, increased dif
ficulty in breathing, and tiredness. Temporary difficulty 
in breathing may result from positioning and/or the move
ment of secretions in the airways, "It may be relieved by 
coughing up sputum and resting. The breathing medication 
you will inhale may cause you to feel your heart beat, your 
heart beat may feel faster to you, you may experience 
nervousness, twitching, headache, or feel sick to your
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stomach, or it may leave you with a bad taste in your 
mouth„ There will be a pulmonary doctor across the hall or 
in the room to help if you need it.

One of the benefits of the study will be the results 
of the breathing tests might show the effects of mist 
therapy on postural drainage and breathing in patients with 
lung disease such as yours. Physicians and nurses will be
able to prescribe therapy to patients with lung disease with
more knowledge of their effects.

If you decide not to participate in this study, it
will not change your relationship with any doctor or nurse 
or affect the quality of your treatment or care. I will 
answer any questions you may have about the study at any 
time.

If you understand what is involved and you 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 
participation involves, Furthermore, I understand that I 
am free to ask questions and withdraw from the project at 
any time without affecting may relationship with any insti
tution or person.

I also understand that this consent will be filed in 
an area designated by the Human Subjects Committee with 
access restricted to the principal investigator or author
ized representatives of the particular department.

Subject's Signature

Date

Witness Signature

Date



APPENDIX B

PHYSICIAN'S CONSENT

I, Mary Ann Leonard,•R»N», am conducting a study 
about the changes in breathing tests after postural drainage 
both with and. without aerosol therapy. The.study is en
titled, "Changes in Maximal Expiratory Flows After Postural 
Drainage With and Without Aerosol Therapy in Subjects with 
Chronic Bronchitis." In order to qualify for this study, 
the subjects must meet the following criteria:

1. Subjects must have a diagnosis of Chronic 
Bronchitis„

2. Subjects must be able to follow directions and 
understand English.

3. Subjects must be able to perform repeated forced 
expiratory maneuvers„

4. Subjects must be willing to abstain from postural 
drainage, positive pressure breathing treatments, 
aerosol therapy, and bronchodilator medications for 
at least four hours prior to this study,

5. Chart history must demonstrate less than 15-2 0 per 
cent improvement in pulmonary function tests (FEV^) 
after receiving a bronchodilator medication.

6 . Subjects must be willing to participate in this 
study and be able to participate in two treatment 
sessions to be scheduled 3-7 days apart.

The following treatment protocol will be performed on each 
subject:; ;

1. Instruction in the performance of the FVC maneuver 
will be given to each subject prior to the first 
baseline pulmonary function measurements.

2. Pretreatment MEFV curves (referred to as MEFVq) will 
be obtained, sputum collection will begin, and 
auscultation of the lungs will be performed„

3. The subject will be instructed to exhale completely, 
when he begins to inhale, Metaproterenol sulfate 
will be sprayed into the subject's open mouth. The 
subject will be instructed to -close his mouth im
mediately and hold his breath for as long as 
possible, then breathe out slowly. This procedure 
with then be repeated.
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4. Five minutes after the completion of the inhalation 

procedure, the second MEFV curve (MEFV2 ) will be 
obtained. Sputum collection will continue and
auscultation of the lungs will be performed.

5. Group B will be instructed to sit for fifteen
minutes, while Group A will begin to breathe a cold, 
bland (distilled water) aerosol for fifteen minutes.

6 . The third MEFV curve (MEFV3 ) will be obtained five 
minutes after the completion of either the aerosol 
therapy (Group A) or after sitting for fifteen 
minutes (Group B). Sputum collection will continue, 
the lungs will be auscultated at this time.

7 0 Postural drainage with percussion and vibration to
four lower lobe positions will.be initiated for both
groups following the completion of the above 
measurements.

8 . The subject will be allowed to rest for 10 minutes 
before the fourth MEFV curve (MEFV4 ) will be ob
tained „ Sputum collection will continue and the 
lungs will be auscultated.

9. Thirty minutes after the cessation of postural 
drainage the fifth and final MEFV curve (MEFVg) will 
be obtained. The sputum will be collected and 
totaled, and lung auscultation will be performed.
Permission has been granted to me, Mary Ann Leonard, 

R.N., from the Human Subjects Committee of The University of 
Arizona and the Research and Development Committe of the 
Tucson Veteran's Administration Hospital to embark on this 
study. If you feel the subject meetsxth^ ^Jjov^ c%it<%ria
for inclusion in this study" and that1-  - will
tolerate the procedures 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 representatives of the particular department.

Physician's Signature 
Date
Witness Signature, 
Date ' ' 1,1'



APPENDIX C

LETTERS GRANTING APPROVAL FOR RESEARCH

Ms. Mary Ann Leonard 
2440 East Glenn Street 
Tucson, Az. 85719
Dear Ms. Leonard:

Thank you for notifying our office of the proposed minor changes 
in the project entitled, "Changes in Maximal Expiratory Flows After 
Postural Drainage With and Without Aerosol Therapy in Subjects With 
Chronic Bronchitis (ESC #78-29)." Inasmuch as the changes only 
involve submission of a physician1s consent form and a revision of 
the Data Collecting Sheet and do not reflect an increase in the risks 
to subjects, administrative approval is granted effective April 12, 
1978. Approval is granted with the understanding that no further 
changes will be made in either the procedures followed or the consent 
forms used (copies of which we have on file) without the knowledge and 
approval of the Human Subjects Committee and the Departmental Review 
Committee. Any physical or psychological harm to any subject must 
also be reported to each committee.

A university-wide policy requires that all signed consent forins be 
kept in a permanent file in the Departmental Office to assure their 
accessibility in the event that university officials need the infor
mation 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 may be filed with the patient1 s chart. For those patient: 
at the Veterans Administration Hospital, consent forms should be sent 
to the Chief of the Pharmacy Service for central filing.

Sincerely yours,

Milan Novak, M.D., Ph.D.
Chairman
Human Subjects Committee

MN:pd
xc: ‘Ada Sue Hinshav, Ph.D.

Departmental Review Committeex
ACOS #151 
V. A. Hospital
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Mary Ann Leonard, RN, BSN
2440 E. Glenn Street 
Apt. D-l
Tucson, AZ . 85719 

Dear Ms. Leonard:

Your project entitled "Changes in Maximal Expiratory Flows after 
Postural Draining with and without Aerosol Therapy in Subjects with 
Chronic Bronchitis" was reviewed by the Research and Development 
Committee of the Tucson V. A. Hospital at its regular meeting of 
March 15, 1978. The project was approved pending submission of the 
following:

1. A brief description of the current knowledge in the field 
concerning this problem.

2. A copy of your protocol as submitted to the College of 
Nursing.

3. A copy of your letter of approval from the Human Subjects 
Committee.

Best wishes for the success of your project.

Sincerely,

STANTON G. AXLINE, M. D.
Associate Chief of Staff/Research 
Executive Secretary, R&D Committee



APPENDIX D

DATA COLLECTING SHEET

Subject Number
Ag e ____
Sex (1) Male (2) Female
Height (cm) 
Weight (kg) 
Diagnosis
(1)(2)
(3)
(4)
(5)
(6)

Chronic Bronchitis 
Chronic Bronchitis 
Chronic Bronchitis 
Chronic Bronchitis 
Chronic Bronchitis 
Other

Date
Time

Smoking History 
(pack years)-

Medications

Sf Emphysema 
& COPD 
& Cor Pulmonale 
& CHF

(1) Sympathomime tic
(2) Xanthine.
(3) Steroid
(4) Other
Respiratory Therapy

(1) IPPB
(2) Aerosol
(3) Postural.;

Drainage
(4) Other

Pulmonar y Functii 
Actual

on Test (dal 
Predicted

be) '
%Predicted

Post
Broncho-
dilator

%
Predicted

F E V 1  .
FVC
FE;F 25-75
M W
Reading

Chest film (date and reading)

Blood gases (date)•> -
(1) pH    (4) HCO3"" 
(2) pC0 9  - (5) % Sat.x
(3) P0 2 ____
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FEV 1 FVC FEV1/FVC Vmax 5 0 Vmax 7 5 Ausc Sputum

1
Tx A
Tx B

2
Tx A
Tx B

3
Tx A
Tx B

4 Tx A
Tx B

5
Tx A
Tx B

Legend of Sample:
Sample Time

1 Baseline, before any treatment.
2. Five minutes after aerosolized bronchodilator

inhalation.
3 Immediately preceding postural drainage (following

fifteen minutes of aerosol for Tx A and fifteen 
minutes of rest for Tx B),

4. Ten minutes after completion of postural drainage
5 Thirty minutes after completion of postural

drainage.
Auscultation: Sputum:
(1) Rales (1) Amount (cc)
(2) Rhonehi (2) Consistency
(3) Clear A. Watery=runs when con

tainer tilted
B . Viscous=runs slowly when 

container tilted
C. Thick=does not run when 

container tilted
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APPENDIX E

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

Subject FVC FEV^ FEV^/FVC Ratio W a X g  q ' WaXyg Sputum

2.83 0.88
4.31 1.13
4.16 2.22
2.15 0.67
2.52 1.46
1.6 2 0.78
2.84 0.93
3.24 1.86

MEFV^
31 112.5 62,5 0

25 112.5 62.5 0

53 375 125. 3 B
31 75 . 50 0

57 387.5 1 0 0 2 A
47 . 137.5 62.5 4 C
32 150 87.5 1 B
57 350 150 1 A

m e f v 2
2.76 1 . 0 1 36 137.5 75 1 B
4.58 1.33 28 175 1 0 0 1 C
4.65 2.79 59 600 237.5 3 B
2.33 0.74 31 1 0 0 62.5 , 2 C
2 . 8 8 1 . 8 6 64 587.5 175 6 A
1.95 0.87 44 137.5 75 4 C
3.15 1.18 37 162.5 87.5 2 B
3.93 1.89 47 375 187.5 1 A

MEFV 3

2.59 0 . 8 8  34
4.66 1.50 32
4.59 2.68 58
2.02 0.58 28
3.10 1.80 58
1.90 0.93 48
3.36 1.09 32
3.95 1.99 50

125 50 0

162.5 1 0 0 3 C
537.5 2 0 0 1 B
75 50 0

512.5 2 0 0 16 A
175 1 0 0 6 C
150 1 0 0 4 B
362.5 162.5 6 A
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i
2
3
4
5
6
7
8

1

2
3
4
5
6
7
8

FVC FEV^ ' FEVj/FVC Ratio
MEFV 1

2.28 0.79 34
4.87 1.65 33
4.59 2.68 58
1.84 0.57 30
2.97 1. 82 61
2.28 0.90 39
3.33 1.28 38
3.79 1. 99 52

ME]
2.78 0.91 34
5.06 1.57 30
4.67 2.70 57
2.02 0.57 27
2.71 1.64 60
2.31 0.64 27
3.23 1.11 34
3.81 2.07 54

9 3
VmaXj-Q VmaXyg Sputum

87.5 37.5 0
187.5 100 3 C
537.5 200 2 B
75 50 3 C

650 137.5 10 A
187.5 125 10 C
162.5 100 3 B
375 187.5 2 A

112.5 50 1 B
200 112.5 3 C
600 237.5 2 B
87.5 50 ■ 3 C

425 150 10 A
187.5 112.5 6 C
150 87.5 2 ■ B
412.5 150 2 A



APPENDIX F

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

Subject FVC FEV^ FEV1/FVC Ratio 
MEFV 1

Vmax 5 0 Vmax 7 5 Sputum

1 2. 64 0.89 33 125 87.5 0

2 4.13 1.29 31 . 125 50 2 C
3 4.28 2.40 55 387.5 125 2 B
4 2.26 0.30 1 2 1 0 0 62.5 0

5 2.28 1.44 62 275 1 0 0 . 4 A
6 1.71 0.76 43 125 62.5 2 C
7 2.52 0.93 36 112.5 75 2 B
8 3.54 1.83 . 51 262.5 1 0 0 0

mefv 2

1 3.00 0.90 29 125 75 1 B
2 4.63 1.37 29 137.5 87.5 2 C
3 4.11 2.38 57 .412.5 150 1 B
4 2.34 0.89 38 1 0 0 62.5 2 C
5 2.62 1.55 59 362.5 1 0 0 6 A
6 1.93 0 . 8 6 44 150 75 2 C
7 4.14 1.37 33 262.5 137.5 4 B
8 4.18 1.97 46 337.5 112.5 1 A

m e f v 3'
1 2.90 0.95 32 125 75 0

2 4.56 1.50 32 2 0 0 137,5 2 C
3 4.16 2.33 55 350 112.5 0

4 2.44 0.74 30 1 0 0 62.5 0

5 2.70 1.62 60 550 1 0 0 1 0 A
6 1.82 0.99 42 150 75 5 C
7 4.27 1 . 2 1 28 225 125 6 B
8 4.46 2 . 0 1 44
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350 137.5 4 A
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Subject FVC FEV 1  FEVĵ/FVC Ratio Vmax  ̂ Vmax 7 5  Sputum

3.07 0.93
4.72 1.42
4.16 2.33
2.28 0.84
2.45 1.57
1.96 0.74
4.12 1.28
4.02 2.09

2.85 0.92
4.81 1.45
4.23 2.39
1.79 0.67
2.47 1.50
2.04 0.81
4.15 1.18
3.98 1.98

125 75 0

150 75 0 ,

350 . 112.5 0

87.5 50 1 C
475 62.5 2 0 A
125 62.5 6 C
2 0 0 125 8 B
350 137.5 4 A

125 62.5 0

150 75 2 C
437.5 125 2 B
87.5 37.5 0

500 1 0 0 1 0 A
125 62.5 5 A
225 150 2 B
300 112.5 1 A

MEFV 1

30
29
55
36
63
63
30
51

mefv 5

31
30
56
37 .
60
39
28
49
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