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The Effect of Postural Drainage Positioning on 
Ventilation Homogeneity in Healthy Subjects 
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Body position is known to have signtjicant effects on  0.7cygen transport. These 
effects, however, are seldom considered during postural drainage (PD). The pur- 
pose of this study was to examine the effect of modtjied PD positions on ventila- 
tion homogeneity (the evenness of the distribution of ventilation), which is a key 

Postural drainage (PD) is often used lizing secretions, although the addi- 
as a component of chest physical tion of manual techniques has not 
therapy in patients with pulmonary conclusively been shown to provide 
disease. Postural drainage has been additional benefit.'-3 In addition, the 
demonstrated to be effective in mobi- bronchospasm and desaturation asso- 
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component of oxygen transport. The single-breath nitrogen washout test was used 
to obtain an  index of ventilation homogeneity (slope of phase 3 [SBN2/L%])). Sev- 
enteen healtby individuals, rangingpom 22 to 40 years of age @=28.4, 
SD=5.6), pe@omted the single-breath nitrogen test while sitting, lying supine with 
the bed tipped head down, right side lying, and right side lying with the bed tipped 
head down. Within-subject one-way analyses of variance and Tukey 's post hoc 
analyses were used to compare dtffmences in SBN2/L% across the four positions. 
The distribution of ventilation was signzjicantly less homogeneous in the side-lying 
positions compared with the supine and sitting positions Although these results 
reflect a position-induced change in pleural pressure gradient, they also reflect the 
effect of gravity-independent, intraregional changes on ventilation distribution. 
Thus, mod@ed PD positioning has a signzjicant effect on ventilation homogeneity, 
which may predispose a patient to arterial desaturation. Given the complexity of 
the factors involved, patients considered for PD positioning should be monitored 
for arterial saturation. [RossJ, Dean E, Abboud R7: The effect of postural drainage 
positioning on ventilation homogeneity in healtby subjects. Phys Ther. 
1992; 72: 794- 7991. 
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ciated with chest physical therapy in 
some patients has been attributed to 
the manual techniques and did not 
occur when PD was used in isola- 
tion.1-3 Thus, of the conventional 
techniques used in chest physical 
therapy, PD has been shown to have 
the greatest effect on the clearance of 
secretions. 

The effect of body position on  the 
components of oxygen transport (ie, 
cardiovascular and pulmonary me- 
chanics), the distribution of ventila- 
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is well documented."l5 Similarly, the 
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Figure. X-Y recording of the single-breath nitrogen washout test. Percentage of 
nitrogen (%N2) is displayed on they axis, and exhaled volume is on the x axis. Phase I 
represents dead-space gas. Phase 2 represents a mixture of dead-space and alveolar gas. 
Phase 3 represents true alveolar gas. Phase 4 represents the closing volume (q. Total 
lung capacity (TLC), residual volume ( R Q  and closing capacity (CC), the sum of CV 
and RV, are also indicated in the diagram. 

has been studied extensively.6J"27 We 
do not believe, however, that this 
body of literature has had an influ- 
ence on the clinical use of PD posi- 
tioning when the treatment is focused 
on secretion clearance.28.29 Consider- 
ation of body position is important if 
the potential benefits of positioning 
on oxygen transport, and in particular 
that associated with PD, are to be 
clearly understood. 

The purpose of this study was to 
determine the effect of modified PD 
positions on ventilation homogeneity 
in healthy individuals. The findings of 
this study will provide a basis for 
examining this relationship in patient 
populations in subsequent studies. 
Ventilation becomes inhomogeneous 
when factors such as airway closure 
and increased time constants (reflect- 
ing changes in resistance and compli- 
ance characteristics of alveolar units) 
become prevalent, leading to relative 
hypoventilation and ventilation- 
perfusion mismatch, and thus to im- 
paired arterial oxygenation. Although 
ventilation homogeneity, or  the even- 

ness of the distribution of ventilation, 
is but one of the determinants of 
oxygen transport, it is one of the 
components that is most significantly 
affected by changes in body position, 
and thus most influenced by physical 
therapy intervention. 

Rationale for Measurement 
of Slope of Phase 3 
of Slngle-Breath Nltrogen 
Washout Test 

The tracing from the single-breath 
nitrogen washout test is a plot of lung 
volume versus nitrogen concentration 
when a subject inhales a vital-capacity 
(VC) breath of 100% oxygen and then 
expires completely (Figure). During 
expiration, the anatomical dead space, 
containing 100% oxygen, is first emp- 
tied (phase 1). The initial rise in ni- 
trogen concentration represents 
mixed dead space and alveolar gas 
(phase 2), followed by a relative pla- 
teau of nitrogen concentration, which 
represents alveolar emptying (phase 
3). A sharper slope, wherein the ni- 
trogen concentration rises sharply 

(phase 4), represents the onset of 
closure of the dependent airways, 
which were relatively better ventilated 
and thus contained the highest pro- 
portion of oxygen that had diluted the 
nitrogen concentration of the expired 
air. The homogeneity of ventilation is 
determined by measuring the slope of 
phase 3 from the best-fit line drawn 
through the last two thirds of the 
curve and is expressed as the change 
in percentage of nitrogen concentra- 
tion per liter of expired air (SBN2/ 
L%) .30 

The SBN2/L% primarily represents 
non-gravity-determined, intraregional 
ventilation inhomogeneity.31-33 That is, 
it is determined by the resistance 
characteristics of the small airways, 
alveolar compliance, and dihsion 
distance in the terminal units. Other 
washout techniques primarily reflect 
interregional ventilation inhomogene- 
ity (phase 4), which is determined by 
the effect of gravity on the pleural 
pressure gradient, and thus regional 
volume.31-33 

In pulmonary disease, the intraregion- 
a1 inhomogeneity increases to a point 
at which it masks the interregional 
gradient, such that phase 4 does not 
occur or  is within normal limits.3r35 
Consequently, the SBN2/L% is an 
accepted indicator of ventilation inho- 
mogeneity in individuals with air flow 
0bstruction.35.3~ The reproducibility of 
the SBN,/L% measurement, expressed 
as the coefficient of variation, has 
been previously determined as 5.9% 
in our laboratory as measured in 15 
young, healthy subjects. Thus, the 
SBN2/L% was used in this study to 
determine the effect of PD positioning 
on ventilation homogeneity in healthy 
subjects and to refine the procedures 
for subsequent use in subjects with 
cardiopulmonary dysfunction. 

Method 

Subjects 

Seventeen healthy subjects of normal 
height and weight, ranging from 22 to 
40 years of age (X=28.4, SD=5.6), 
participated in the study. The subjects 
were students recruited from the 
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University of British Columbia who 
signed a consent Form approved by 
the Ethics Review Committees of the 
University of British Columbia and 
Vancouver General Hospital. All sub- 
jects were nonsmokers, free from 
cardiopulmonary disease, and in good 
general health, as determined by a 
screening questionnaire. The subjects 
had no musculoskeletal abnormalities 
that would interfere with their ability 
to comfortably maintain the positions 
required in the study. 

lnstrumentatlon 

The single-breath nitrogen washout 
test was performed with a bag-in-box 
system, with the bag filled with 100% 
oxygen. The subject was connected to 
the system by a mouthpiece and five- 
way valve. The inspiratory side of the 
valve was connected to the oxygen 
bag, and the outlet hose from the box 
was connected to the spirometer. To 
analyze the nitrogen concentration, 
we used a nitrogen gas analyzer* and 
a vacuum pump, with the sampling 
needle-valve located at the mouth- 
piece. A resistor inside the expiratory 
port of the five-way valve was used to 
assist the subject in maintaining a 
flow rate of 0.3 to 0.4 L/s, as done 
previously by Abboud and M0rton.3~ 
Volume change was determined with 
a dry-rolling-seal sp i r~meter .~  The 
output from both the nitrogen ana- 
lyzer and spirometer was traced by an 
X-Y recorder.* 

A standard hospital stretcher was used 
for the PD positions. The stretcher 
allowed for a 15degree head-down 
position when the head was lowered 
to its maximum position. The angle of 
the position was verified using a goni- 
ometer and level. 

Procedure 

All equipment was calibrated prior to 
each period of testing, and a linearity 

check was performed on the nitrogen 
analyzer at monthly intervals. The 
nitrogen analyzer and spirometer 
were calibrated in accordance with 
National Heart and Lung Institute 
(NHLI)37 and American Thoracic Soci- 
ety38 guidelines. All procedures were 
conducted by the same experienced 
individual OR) to control for potential 
tester variability. 

The subjects were requested not to 
participate in any exercise or heavy 
physical activity on the day of a test 
session. They were requested to avoid 
eating a heavy meal within 2 hours of 
the test and to wear comfortable, 
nonrestrictive clothing. The subjects 
arrived at the laboratory 15 minutes 
prior to the commencement of testing 
procedures to allow for familiariza- 
tion with the environment and tester 
and to establish a resting state. During 
this time, their age and height were 
determined, and the testing proce- 
dures were explained. 

All subjects performed the single- 
breath nitrogen washout test, first in a 
sitting position and then in one of 
two modified PD positioning se- 
quences: (1) supine with head down/ 
right side lying with head dowdright 
side lying or  (2) right side lyingkight 
side lying with head down/supine 
with head down. To eliminate any 
systematic ordering effect of the body 
positions, the PD positioning se- 
quence was alternated for successive 
subjects. For the sitting position, an 
adjustable stool was used to ensure 
that the subjects sat upright and that 
their mouths were level with the 
mouthpiece. For the PD positions, 
pillows were used to maintain body 
alignment and specific positions. The 
subjects rested in each position for 
10 minutes prior to the performance 
of the single-breath nitrogen washout 
test. Following the PD positioning 
sequence, the subjects repeated the 
test in the sitting position, so that the 

'Nitralyzer, Model 505, Med Science Co, St Louis, MO 63132. 

+OHIO 842 Spirometer, AIRCO Inc, 895 Hodge St, Montreal, Quebec, Canada. 

* ~ o d e l  7046A, Hewlett-Packard Co, 3495 Deer Creek Rd, Palo Alto, CA 94304 

preintervention and postintervention 
data could be compared. 

The single-breath nitrogen washout 
test was conducted according to the 
procedures recommended by the 
NHLI:7 using the method of Buist and 
Ross.30 Each subject performed tidal 
breathing of room air until a steady 
state was achieved, then the subject 
performed a deep inspiration followed 
by a VC breath before inspiring a VC 
breath of oxygen from residual vol- 
ume. The subject then exhaled, main- 
taining a flow rate of 0.3 to 
0.4 L/s. To restore the normal nitrogen 
gradient, the subject rested 5 minutes 
between trials and then repeated the 
test until three acceptable tracings, 
based on the criteria of the NHLI:' 
were obtained. 

Data Analysis 

The nitrogen versus volume tracings 
were coded and arranged randomly. 
Calculations were then made by an 
investigator (ED) without knowledge 
of the coding system. The VCs were 
measured to confirm that differences 
in VC between trials in one position 
did not exceed 10% and that the 
difference between inspired and ex- 
pired VC was less than 5%, consistent 
with the NHLI37 criteria for acceptance 
of the tracings. The mean value of the 
expired VC for the three trials in each 
position was then used in the data 
analysis. The SBN2/L% was deter- 
mined by the "best-fit" line drawn 
through the last two thirds of the 
slope of phase 3, according to the 
method of Buist and R0ss.3~ The 
mean value of the SBN2/L% for the 
three trials in each position was ex- 
pressed as a percentage of the pre- 
dicted SBN2/L%, using the prediction 
equations of Buist and and 
then used in the data analysis. 

Descriptive statistics were used to 
characterize the measurement of 
expired VC and SBN2/L% in each of 
the four positions studied. Within- 
subject one-way analyses of variance 
(ANOVAs) were used to compare 
differences for the VC and SBN,/L% 
across the four positions. Post hoc 
comparisons were made using 
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Table 1. Descriptive Statisticsfor Vital Capacity and Homogeneity of Ventilation (SBN,/L%) 

Body Position 

Sitting Right Side Lying Right Side Lying Supine Sitting 
(Prelntervention) (Level) (Head Down) (Head Down) (Postinterventlon) - - - - - 
X SD X SD X SD X SD X SD 

Vital capacity (L) 3.49 0.37 3.27" 0.38 3.1ga 0.42 3.20a 0.46 3.53 0.40 

SBN$L% (% predicted) 113.00 22.40 173.00a 48.90 178.00" 59.00 103.00 46.70 11 7.00 31 .OO 

SBN$L% 1.50 0.28 2.20 0.60 2.30 0.73 1.30 0.60 1.50 0.38 

aSignificantly different (P<.05). 

Tukey's tests. A n  alpha value of 
.05 was used for all statistical 
comparisons. 

Results 

The descriptive statistics for the ex- 
pired VC and SBNdL% (expressed as 
a percentage of the predicted SBN,/ 
L%) for each of the positions are 
presented in Table 1. An SBN2/L% 
that is less than or equal to the pre- 
dicted value represents normal venti- 
lation homogeneity, and an SBN,/L% 
that is greater than the predicted 
value represents ventilation inhomo- 
geneity. The lowest mean VC oc- 
curred in the right side-lying head- 
down position, and the highest mean 
VC occurred in the sitting position. 
The lowest mean SBN2/L% was re- 
corded in the supine head-down 
position, and the greatest mean 

SBN,/L% was recorded in the right 
side-lying head-down position. 

The results of the ANOVAs (Tab. 2) 
and the post hoc analysis (Tab. 1) 
showed that VC was significantly 
greater in the sitting position than in 
the other positions (significant differ- 
ence=0.2, P<.05) and not signifi- 
cantly different across the PD posi- 
tions (P>.05). Ventilation was 
significantly less homogeneous in the 
side-lying positions than in the other 
positions (significant difference= 
57.4, P<.05). The VC and SBN,/L% 
determined in the sitting position 
were not significantly different before 
and after the subjects were tested in 
the PD positions (P>.05). 

Compared with the sitting position, 
the supine head-down position re- 
sulted in a significant decrease in VC, 
with no change in ventilation homo- 

geneity. Both side-lying positions 
resulted in a signhcant decrease in 
VC and ventilation homogeneity. 

The effect of PD positioning on VC 
observed in this study is consistent 
with that previously reported for 
recumbent positions.5s8 That is, the 
recumbent position reduces lung 
volume compared with the sitting 
position. Interestingly, the VC in the 
level right side-lying position did not 
significantly differ from that in either 
head-down position. This finding 
suggests that, in this study, recumbent 
positioning had the greatest impact 
on lung volume and the recumbent 
head-down position induced little 
effect. 

During recumbency, the diaphragm is 
displaced cephalad in response to the 
increased abdominal pressure and, 
together with the increase in thoracic - blood volume, accounts for a de- 

Table 2. Anahsis of Variance Summaly for Vital Capacity and Homogeneity of creased capaci- 
Ventilation (SBN,/L%) ty.39s40 Further, the decrease in func- 

tional residual capacity predisposes 
the individual to closure in the de- 

Source df SS MS F P pendent airways and an increase in 

Vital capacity 

Position 4 1.76 0.44 20.9 < .Ol 

Error 64 1.35 0.02 

Total 68 3.11 

SBN$L% 

Position 4 86705.50 21676.40 20.9 < .Ol 

Error 64 66533.30 1039.60 

Total 68 153238.80 

the resistance of the respiratory sys- 
tem.l6.40 Thus, it is possible that the 
VC would have been significantly 
lower in the head-down positions 
assumed in our study if the subjects 
were older, had pulmonary disease 
that altered lung compliance or resis- 
tance, or had abdominal pathology or 
obesity that increased intra-abdominal 
pressure and if they had remained in 
the position longer prior to perform- 
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ing the test. As VC largely represents 
the individual's ability to generate a 
maximal respiratory maneuver, mea- 
surement of static lung volumes in 
such individuals while in PD positions 
would help to elucidate the effect of 
PD positioning on lung volume and 
ventilation homogeneity. 

The relationship between PD posi- 
tioning and ventilation homogeneity 
is complex to interpret. Because the 
subjects were young, healthy individu- 
als, the presence of airway closure 
and increased time constants could be 
expected to be negligible, so that 
ventilation within a given lung region 
(intraregional) would be predicted to 
be relatively homogeneous. Thus, the 
SBN2/L% would mainly be deter- 
mined by the interregional ventilation 
gradient, created by the gradient in 
pleural pressure along the vertical 
height of the lung. In the supine 
head-down position, this prediction is 
supported. That is, the SBN2/L% 
tended to be lower in the supine 
position than in the sitting position, in 
which the pleural pressure gradient is 
greater. In the side-lying positions, 
however, the SBN2/L% was signifi- 
cantly greater than in the sitting posi- 
tion, although the pleural pressure 
gradient would have been smaller. 
These observations indicate that the 
distribution of ventilation was more 
inhomogeneous in the side-lying 
positions because of changes in in- 
traregional characteristics. Further, 
this effect was specific to the horizon- 
tal right side-lying position and not to 
the right side-lying head-down posi- 
tion, as the SBN2/L% was not signifi- 
cantly different between those two 
positions. 

The greater intraregional ventilation 
inhomogeneity in the side-lying posi- 
tions could not be attributed to differ- 
ences in VC, because the VC was not 
significantly different between the 
side-lying positions and the supine 
head-down position. The exact mech- 
anisms for this inhomogeneity are of 
considerable interest; however, these 
mechanisms cannot be deduced from 
the results of this study. Further re- 
search is necessary to elucidate 
whether airway closure, increased 

airway resistance, or  altered compli- 
ance was a contributing factor and to 
what extent any of these factors had a 
role in altering the subjects' ventila- 
tion homogeneity. 

The results of this study indicate that 
the effect of PD positioning on ventila- 
tion homogeneity cannot be predicted 
from the effect of positioning on the 
pleural pressure gradient alone. Modi- 
fied PD positions that do  not involve a 
head-down tip can still affect the ho- 
mogeneity of ventilation. Thus, the 

must be carefully considered in terms 
of overall treatment efficacy in opti- 
mizing oxygen transport. Further 
research is needed to elucidate the 
effects of other PD positions in older 
and patient populations and to delin- 
eate the effect on the other determi- 
nants of oxygen transport. 
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