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ABSTRACT

Lung volumes were measured in eight normal subjects, four males and 

four females, all between the ages of 18-23. They were studied in three 

body positions: sitting, standing and supine. The tests were done 

twice on every subject in each position. The first series of tests were 

to establish the unrestricted group in which the total lung capacity, 

vital capacity, functional residual capacity and residual capacity were 

found to decrease in volume while the inspiratory capacity increased 

upon assuming the supine position. The second series of tests were then 

developed to indirectly study the role of the abdominal contents in 

contributing to the movement of the diaphragm by applying a pressure belt 

around the abdominal region. Gravity exerts an affect on lung volumes 

by virtue of its force on the abdominal contents. The effect of gravity 

varies with position. It was found that when the abdominal area was 

restricted, each sub-division of lung volume decreased in every position 

significantly with the exception of the unrestricted supine as compared 

to the restricted supine in the functional residual capacity and the 

residual volume. When comparing the sitting and standing positions, It 

was found that they did not differ significantly in either the unrestricted 

or restricted group.
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INTRODUCTION

When there is a change in body position, the total lung capacity 

and its sub-divisions are known to be affected. The effect produced 

has been recognized and is of clinical importance. Body position is 

considered in surgical procedures, resuscitation, certain forms of 

cardiac failure and bed positioning (10). Various combinations of 

positions have been studied which consist of sitting, standing, supine, 

prone, and the left and right sides.

This experiment was designed to determine if the abdominal contents 

contributed to the changes in lung volume produced in different postitions 

To do this, the abdominal region was restricted with a belt. This would 

indirectly cause an effect on the movement of the abdominal organs.

In order that the data from restricting the abdomen could be con

sidered valid, the effect of position on lung volumes in the unrestricted 

state had to be observed. The series of positions consisted of sitting, 

standing, and supine. Upon addition of the abdominal belt, I hoped to 

see a marked reduction in the lung volumes measured, I also observed 

how the change in position were affected by the belt.

1
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LITERATURE REVIEW

Function and Structure of the Lung

The lung has two main functions which are interdependent: the 

maintainence of gas and blood flow to the alveoli, and the exchange of 

gases between the alveolar space and the blood (3). An intricate system 

of branching airways and membraneous folding of tissue engorged with 

capillaries maximize the surface area available to accomplish these

processes,

The main passageways of the respiratory system consist of the nose, 

pharynx, larynx, trachea and bronchi. These organs make it possible for 

gas exchange between the blood and air (2),

The nose is a passageway which is lined with cilia and mucous cells.

It serves as a path for air to and from the lungs. It warms and moistens 

the air and filters foreign particles. The pharynx is located in the 

throat and extends from the base of the skull to the esophagus. The 

pharynx provides a region for the openings of the respiratory and digestive 

tracts. The larynx is also known as the voice box. It functions as an 

opening into the trachea from the pharynx.

The prominent structure that provides an open passageway for external 

air to the lungs is the trachea,. The trachea is also lined by ciliated 

epithelium. Cartilagenous rings bound by smooth muscle at regular inter

vals support the walls of the trachea. The trachea divides into a right 

and left primary bronchi which further divide to form secondary bronchi.

The bronchi serve the five lobes of the lung, of which three of the
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bronchi serve the right lung and two serve the left lung. The secondary- 

bronchi divide further to form smaller passageways known as bronchioles 

(Fig, i). Upon transition from the trachea to terminal bronchioles, 

there is modification of structure. The cartilagenous rings become less 

regular until the bronchiole wall merely consists of a single layer of 

simple squamous epithelial tissue and smooth muscle (2, 6),

Terminal bronchioles open into alveolar ducts from which multiple 

alveoli radiate. Capillaries are located in the walls which separate the 

individual alveoli. It is here that gas exchange occure.

A thin layer of epithelial membrane enclose the alveoli. Beneath 

this layer is a basement membrane covering the capillaries, which are 

lined by a single layer of endothelium, which also has a basement membrane. 

Gaseous diffusion between the alveolar space and capillary blood must 

traverse the epithelial lining and its basement membrane, and endothelial 

cytoplasm.

Deoxygenated blood is brought to the lungs from the heart by the 

pulmonary artery. The bolld is oxygenated in the lung capillary bed and 

is carried to the heart by pulmonary veins to be distributed to the rest 

of the body.

The Control and Mechanical Factors of Ventilation

Adequate alveolar ventilation is made possible by breathing. The 

process of breathing is controlled by the respiratory center, the skeletal 

and muscular elements of the thoracic cage which are supplied by nerves, 

and the lungs.

The respiratory center is located in specific locations of the brain 

known as the pons and medulla. These areas respond to changes in blood 

gas and acid-base levels to control the rate of breathing and ventilation.
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Figure 1, The pharynx, trachea and lungs.



It is thought that carbon dioxide diffuses into cerebrospinal fluid 

which is detected by chemoreceptors on the lateral surface of the 

medulla (6),

The other components of breathing are those of motor activity. This 

activity depends on the integrity of the thoracic skeletal muscles which 

provide movement and the nerves which innervate them. The coordinating 

activity of the muscles alter the pressure gradient between the atmos

pheric air and the air present in the;lungs.

The action of the respiratory muscles are to increase the volume of 

the thoracic cage. When the scalene and intercostal muscles inbetween 

the ribs contract, the ribs elevate and expand transversely. Simulta

neously, the diaphragm contracts to increase the volume longitudinally.

As the volume increases, the pressure decreases. The decrease in 

intrathoracic pressure and the cohesion of the lungs to the inner wall 

of the thorax cause the expansion of the lungs and a decrease in the 

intrapulmonic pressure. A negative pressure is produced in the pleural 

space which promotes the external air to flow in from a region of higher 

pressure to one of lower pressure (2, 3).

Expiration is a more passive process caused by relaxation of 

inspiratory muscles and elastic recoil of the lungs. These two factors

cause a decrease in the size of the thorax which increases the intra

thoracic pressure. The air in the lungs flow from a region of higher 

pressure to that of the atmosphere where the pressure is less (2).

Sub-divisions of Lung Volume

Sub-divisions of the gas volume contained by the lungs are measured 

by various breathing maneuvers (Fig. 2). The following definitions 

describe the terms used in this paper (1, 13» 15).
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(1

Figure 2. Diagrammatic depiction of vafious lung sub-divisions based on 
a typical spirogram. TLC, total lung capacity; VC, vital 
capacity; RV, residual volume; IC, inspiratory capacity;
FRC, functional residual capacity; IRV, inspiratory reserve 
volume; ERV, expiratory reserv volume; The ERV is the most 
stable for FRC determination (13).

< • « <
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Vital capacity (VC) is the largest volume measured on a maximal 

expiration after following the deepest inspiration without forced or 

rapid effort.

Inspiratory capacity (IC) is the largest volume of gas that can be 

inspired from the end-expiratory level.

Functional residual capacity (FRC) is the amount of gas remaining in 

the lungs and airways at the end-expiratory lebel.

Residual volume (RV) is the volume of gas remaining in the lungs at 

the end of a maximal respiration.

Total lung capacity (TLC) is the amount of gas contained in the lungs 

at the end of a maximal inspiration. The TLC is the sum of the vital 

capacity and residual air or of the inspiratory and functional residual 

capacities,

The tidal volume (V,p) is the volume of gas inspired and expired 

during each respiratory cycle.

Changes of Lung Volumes Due to Shift in Posture

The TLC is noted to have a reduced volume in the lying position as 

compared to the sitting position (12, 15). However, this difference 

varies in different studies. Upon assumption of the supine from the 

sitting, the TLC has been recorded to decrease 600 ml or 956 (7), 293 ml 

or 6# (10) and 250 ml or 5# (16).

Most studies have concluded that the reduction of the VC from the

sitting to the supine position is just slightly significant. The decrease 

ranges 2# to 7# or 80 ml to 330 ml (5» 7, 9. 10, 16). One of the studies 

indicated the VC in the sitting position was 67.5# - 70.0# of the TLC 

while in the supine it rises to 72.5# - 73.5#.

Results from various studies regarding FRC seem to reveal that this
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is the most variable lung volume measured upon postural change (5).

Two studies which had fairly close resluts showed that the FRC reduced 

700 ml or 40$ (7) and 785 ml or 39$ (10) upon assuming the supine posture. 

The latter study also observed that the FRC reduced from 52$ of the TLC 

ot 39$. Another study concluded the FRC decreased between 200 ml and 

330 ml which is also a significant but smaller reduction. Still, 

another contradicting study found the FRC did not decrease significantly 

at all (17).

There is not conclusive evidence as to whether or not the decrease

in RV is significant upon assumption of the supine position. One study 

concluded that the RV had a constant decrease of 5$ or 14-9 ml but it 

was not significant (10). Two other studies observed a 9$ or 150 ml 

decrease (9) and a 14$ or 226 ml (7) decrease.

The IC measured in a number of studies show a definite increase 

when the supine position is assumed from the sitting position (15).

These increases include a range of 11$ or 370 ml to 18$ or 440 ml 

(7, 9, 10, 16).

Factors that Contribute to Changes in Measured Lung Volumes

The changes in lung volume and respiratory level due to variation in 

posture have been attributed to three main possibilities. These include 

reflex and chemical factors, pooling of blood in the pulmonary bed, and 

shift in position of the diaphragm (9).

Much physiological work was done to detect the influence of postural 

shift and change in respiratory level. This was done by altering blood 

gas concentrations of carbon dioxide and oxygen. However, no significant 

result was obtained. The changes in the sub-divisions of the TLC occur 

too rapidly to be due to changes in blood gas. Further studies were
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done to produce shifts in the respiratory level by severing the vagus 

nerve or by lowering of pressure in the carotid sinus. Again, there 

were no results (7, 8).

Upon assumption of the supine position, cardiac output is observed 

to increase 30$ in the pulmonary region (7). This causes an increase 

in the intrathoracic blood volume that would expect to reduce the VC,

TLC, and RV (1, 7» 8). The conclusion that lung volume was reduced due 

to the pooling of pulmonary blood was based on the result of radiological 

measurements on the size of the chest cavity in the sitting and supine 

positions (7). It was discovered that the area of the chest cavity did 

not change significantly. The measurement of the chest area included 

the level of the dome of the diaphragm and the lateral expansion of the 

chest. Thus, the alternative explanation for the decrease in lung 

volume was the enroachment of pulmonary air space by blood.

A greater number of investigators have found that the elevation of 

the diaphragm does occur and has a significant effect on the TLC and its 

sub-divisions. Hurtado and Fray, Kaltreider, Fray and Hyde measured the 

area of the chest in the sitting and supine positions with X-ray film. 

They concluded that the elevation in the diaphragmatic level is propor

tionately greater than any increase in diameter of the chest (14). The 

elevation of the diaphragm takes place on lying down is not in doubt 

and such elevation produced a shift in the resting respiratory level 

which affects the sub-divisions of the TLC, In separate experiments, 

Livingston and Briscoe concluded that the chest capacity is least in the 

recumbant position. This corresponded to a higher level of the diaphragm 

but without any change in diameter of the thorax (5).

When the supine position is assumed, the postural shift in the
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resting respiratory level causes an increase in the IC and a decrease 

in the FRC and VC. The decrease in TLC, VC, and RV are thought to be 

caused by the elevation in the diaphragmatic level and also the increase 

in cardiac output (7, 8, 14-). It is generally agreed that cardiac output 

does increase upon assumption of the supine position. However, of 

the VC was found to be regained in the supine position after a few 

minutes (8).

Contribution of the Abdominal Contents to Lung Volume

The abdominal contents are located beneath the diaphragm and have 

a relative freedom of movement in the body cavity. The diaphragm has 

been recorded to lie lower in the erect position as compared to the 

supine. The weight of the abdominal viscera limit excursion of the 

diaphragm and press it cephalad in the supine position. This action 

causes a reduction in the volume of air in the lungs (6, 7).

The abdomen has been compared to a cylinder filled with liquid and 

covered by an elastic membrane. One study observed the change in expi

ratory reserve volume in the sitting, supine and hand-knees positions (5) 

A water filled cylinder has been used to explain the changes of ERV when 

assuming the supine position from the sitting. The greatest ERV was 

found in the hand-knees position and the least in the supine. If the 

abdominal viscera had solid sides the ERV should be the same in these two

positions.

Relaxation-pressure curves were then produced on one subject to 

determine If the lungs and thoracic cage were the only elastic systems 

involved. If so, the curves should remain the same shape but may shift 

right to left caused by the change in pressure. This did not occur.

Thus, elastic forces of the abdominal wall and contents take some part
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in affecting the lung volumes (5).

Since the diaphragm is subjected to pressure of the viscera, the 

positional change of the diaphragm implies a new length of the abdomen, 

the smaller the lung volume (3), This length-tension relationship is 

caused by the gravitational effect of the abdominal viscera (6),

When a person is in the upright posture and the respiratory muscles 

are relaxed, the abdomen is compared to a container in which the lateral 

walls and the top are distensible. The abdominal contents are pulled 

downward by gravity which creates a negative pressure in the upper part 

of the container (1).

When the abdominal pressure is equal to the ambient pressure, the 

zero level depends upon equilibrium between the elastic forces of the 

abdominal contents. The zero level is expected to shift with lung volume 

to a different degree in the upright and supine postures (5).
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MATERIALS AND METHODS

Observations were made on eight subjects. All had negative histories 

of pulmonary complications, were non-smokers and were of normal weight.

Each subject fasted at least twelve hours before performing the tests.

None of the subjects had any previous knowledge of pulmonary function 

testing procedures.

The sub-divisions of lung volume were measured twice on every 

subject. The first time the subject was allowed to breath normally with

out any restrictions. This series of testing is referred to as the 

unrestricted state. The second set of tests were done with an abdominal 

belt around the abdominal region of each subject. This is referred to

as the restricted state.

The VC and IC of the lung volume were measured on a Medical Science 

270 Wedge Spirometer. The subjects were instructed to breath into a 

rubber filled mouthpiece which was connected to the spirometer by an 

expandable hose (Fig. 3). In order to measure the total volume a nose 

clip must be fitted on the nose to prevent air leakage. The VC is 

measured by having the subject inspire maximally and then exhale completely 

into the spirometer without any time limit imposed. The IC is measured 

by having the subject breath normally for 3-^ breaths and exhale maxi

mally. The resting expiratory level is then averaged (13). Both maneu

vers were done in each position several times to ensure best effort in

the results. These maneuvers were then transmitted to a Grass 7-B 

Polygraph from the spirometer.
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The FRC and RV must be measured indirectly because the RV, which is 

a sub-division of the FRC, cannot be directly removed from the lung. The 

method used to measure the FRC and RV was the open circuit nitrogen wash

out method. It is known that the nitrogen concentration in the lungs is 

equivalent to that of the atmosphere which is approximately 78$. The 

nitrogen can be gradually washed out if the subject breathes 100$ oxygen 

for a certain amount of timr. This test was performed for at least three 

minutes. At this time interval, the nitrogen level in the lungs was less 

than 0.1$, The exhaled air is collected in a 120 1 Collins Gasometer and 

the nitrogen level was measured by the Perkin-Elmer #1100 Medical Gas 

Analyzer (Fig. 4).

The following formula computes the original volume of gas at the 

end-expiration levels

FRC = $N?p x Expired Volume 
n2ATM

where $N£p is the final concentration of nitrogen in the volume expired 

and NgATM the fraction of the nitrogen in the atmospheric gas (13).

The FRC and IC were added together to obtain the TLC. Determination 

of the RV was done by subtracting the VC from the TLC. All measurements 

were made at 22°C and ?60 mmHg. The order of positioning in the testing 

procedure was sitting, standing and supine. The spirometer measurements 

preceeded the wash-out procedure. The subject was allowed to rest five 

minutes between every change in position. This time lapse permitted 

the oxygen and nitrogen level in the lungs to return to normal. The 

levels were detected by the gas analyzer.

In the sitting position, the subjects sat with both feet on the 

floor and hands in their lap. The standing position consisted of the 

shoulders back and head in line with the spine. A relatively hard
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'VA Ai

Before breathing
Collins

Gasometer

Figure 4. Determination of the functional residual capacity and 
residual volume by open circuit N2 washout method. After 
breathing Og for a certain amount of time, the Ng level 
in the lung is washed out. All gas is exhaled into a 
Collins Gasometer to be measured and analyzed for Ng 
concentration. The switch from breathing room air to 
pure Og must come at the end-expiratory level to ensure 
the volume measured is the functional residual capacity 
and the residual volume (13).
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surfaced table that had an incline of 10° that began in the mid-length 

was provided for the supine position. The subject was instructed to 

position his/her waist at the point of incline. The positioning was 

identical in both phases of the experiment.

An inflatable belt was provided for the second series of tests. 

Plastic tubing was attached to valves on the belt. A pressure gauge 

and bulb from a sphygmomanometer was placed at the other end of the 

tubing to register the amount of pressure applied at any time. The 

pressure was observed to remain constant throughout the testing pro

cedures .

The belt was placed below the base of the rib cage. The amount of 

pressure applied to each subject varied but was consistent in decreasing 

the VC by 10-15# in the sitting position.
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RESULTS

The student paired-t-test was used to determine the statistical 

significance of the compiled data. The difference in lung volumes 

measured in the females and males as separate groups were not significant 

This result was due to the small sample size (Table 1-2). However, when 

the data of the two groups were combined, statistical significance was

obtained.

The TLC and sub-divisions were variable affected by the change in 

position with or without the use of the belt. The average value of each 

lung sub-division of the unrestricted group are summarized in Table 3. 

Table 4 compares the resulting lung volumes after the abdominal region 

was constricted. The difference in each sub-divisional lung volume 

between the sitting and standing position were found to be insignificant 

in each position after the abdominal belt was applied with the exception 

of the supine position in the FRC and RV.

Data for each lung volume of the unrestricted and restricted group 

were compared for all variables, first as separate groups-and then 

combined (Table 5-9)• The values which were statistically significant 

(P<.05) are noted.

Changes in body position in the unrestricted group had quantitative 

effects on the TLC (Fig. 5-6). In the control group, the mean TLC 

decreased 7.0$ (410 ml) and 9.2$ (530 ml) respectively upon assuming the 

sitting and standing positions (Table 5)« After the abdominal belt was 

applied, the TLC decreased upon assuming the supine position from the
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sitting and standing positions. The mean decrease was 11.4# (510 ml) and 

11.8# (580 ml). The TLC decreased in each position upon applying the 

abdominal belt. The TLC of the supine decreased 18.5# (1000 ml) from 

the standing position.

Figures 7-8 demonstrate the effect that postural change had on the 

VC in both the unbelted and belted groups. When the supine position was 

assumed from the sitting or standing positions in the unrestricted group, 

the VC decreased 6.1# (290 ml) and 7.8# (760 ml) respectively (Table 6). 

Such decreasing trend was again observed when the abdominal belt was 

applied. After the subject changed from the standing to the supine 

posture the mean value decreased 8# (410 ml). The mean VC decreased 13.1# 

(540 ml) from the sitting to supine position. The VC decreased 10-25# 

when the belt was applied in the sitting position. The supine VC 

decreased 15.8# (670 ml), the sitting VC decreased 11.1# (420 ml) and 

the standing decreased 15.8# (720 ml).

The effect of postural change on the FRC in the unrestricted or 

restricted groups are seen in Figures 9-10. The mean decrease of the' 

unrestricted group were observed to be 30.3# (820 ml) and 32.5# (910 ml) 

when the sitting and standing positions are compared to the supine. In 

the restricted group, the decreases were observed to be 17.4# (370 ml) i 

and 21.2# (470 ml) for the same changes; in position (Table 7). The only 

positions which had no significant decrease in FRC after the abdominal 

belt was applied in the supine position.

There was not a significant change in the RV due to the change in 

posture in either group tested (Table 8). The only significant change 

occurred when the sitting and standing positions were compared from the 

unrestricted to the restricted state (Fig. 11-12). After the belt was



19

strapped around the subject, the mean sitting and standing RV decreased 

23.9$ (320 ml) and 26.1$ 9360 ml).

The IC was not observed to change significantly when the restricted 

positions were compared. It did increase upon assuming the supine position 

from the sitting or standing posture. It increased significantly in the 

unrestricted group. Upon assuming the supine from the sitting it increased 

10,8)5 (240 ml) and 10.7% (220 ml) from the standing. After the belt was 

applied in each position, the IC decreased significantly. The IC in the 

supine decreased 12$ (410 ml), 14.7$ (460 ml) occurred in the sitting 

position and 13$ (410 ml) in the standing (Fig. 13, 14, Table 9).

*
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TABLE 1. THE AVERAGE VOLUME OF THE TLC AND SUB-DIVISIONS 
OF THE FEMALES IN EACH POSITION STUDIED

POSITION ♦TLC VC FRC RV IC
SUPINE
SITTING

STANDING

4.36
4.67

4.85

3.41
3.63

3.63

1.59
2.17

2.31

0.95
1.15

1.26

2.77
2.57

2.54

B-SUPINE

B-SITTING

B-STANDING

3.66

4.00

4.09

2.95

3.34

3.15

1.43

1.76

1.83

0.70

0.89

0.94

2.56

2.29

2.26

■

♦All measurements are expressed in liters, 
B-denotes the application of the abdominal belt.

TABLE 2. THE AVERAGE VOLUME OF THE TLC AND SUB-DIVISIONS 
OF THE MALES IN EACH POSITION STUDIED

POSITION TLC VC FRC RV IC

SUPINE 6.18 5.09 2.18 1.09 4.00
SITTING 6.97 5.44 3.24 1.53 3.73
STANDING 6.07 5.58 3.28 1.49 3.79

B-SUPINE 5.15 4.20 2.08 0.96 3.41

B-SITTING 5.84 4.89 2.50 1.19 3.08

B-STANDING 5.88 4.63 2.63 1.09 3.25
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TABLE 3. THE AVERAGE VOLUME AND RANGE OF THE TLC AND 
SUB-DIVISIONS IN THE UNRESTRICTED STATE

POSITION TLC VC

■ ------- r

FRC RV IC

SUPINE 5.41 i .77 4.25 ± .84 1.89 ± .30 1.02 + .07 3.39 + .61

SITTING 5.82 ± L15 4.54 * .90 2.71 *.53 1.34 * .19 3.15 * .58

STANDING 5.96 ± 1.11 4.61 ± .97 2.80 t .49 1.38 * .11 3.17 * .64

TABLE 4. THE AVERAGE VOLUME AND RANGE OF THE TLC AND 
SUB-DIVISIONS IN THE RESTRICTED STATE

POSITION TLC VC FRC RV ~IC

B-SUPINE 4.41 * .74 3.58 t".63 1.76 * .32 0.83 * .13 2.99 * 1.01

B-SITTING 4.92 * .92 4.12 ± ,78 2.13 * .37 1.04 -.15 2.69 * .39

B-STANDING 4.99 - .90 3.89 - .74 2.23 - .40 1.02 *.08 2.76 - .48
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TABLE 5 COMPARATIVE ANALYSIS OF THE EFFECT OF POSTURE 
AND ABDOMINAL RESTRICTION ON THE TOTAL LUNG 
CAPACITY

CONDITION x CONDITION t Df 4P4 *CHANGE

♦SUPINE STANDING 4.00 7 0.005 0.010 0.55

♦SUPINE u SITTING 3.49 7 0.010 0.020 0.41

SITTING STANDING 1.98 7 0.050 0.100 0.14

♦B-SUPINE 3-STANDING 4.22 6 0.005 0.010 0.58

♦B-SUPINE B-SITTING 3.03 6 0.020 0.025 0.51

B-SITTING B-STANDING 0.46 7 0.600 0.700 0.07

♦SUPINE B-SUPINE -5.53 6 0.001 0.005 1.00

♦SITTING B-SITTING -3.38 7 0.001 0.005 0.90

♦STANDING B-STANDING -4.75 7 0.001 0.005 0.97

♦indicates statistical significance 
**all changes are in liters



23

Figure 5« A comparison of the change in position and how 
it affects the total lung capacity in the 
unrestricted and restricted state. SU, supine; 
SI, sitting; ST, standing; B- denotes restric
tion of the abdominal region by the belt.

state.
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TABLE 6. COMPARATIVE ANALYSIS OF THE EFFECT OF POSTURE
AND ABDOMINAL RESTRICTION ON THE VITAL CAPACITY

CONDITION x CONDITION t Df 4Pz CHANGE

♦SUPINE STANDING 5.06 7 0.001 0.005 0.36

♦SUPINE SITTING 4.16 7 0.001 0.005 0.29

SITTING STANDING 1.93 7 0.050 0.100 0.07

♦B-SUPINE B-STANDING 4.48 6 0.001 0.005 0.31

♦B-SUPINE B-SITTING 3.76 6 0.005 0.010 0.54

3-SITTING B-STANDING 0.87 7 0.400 0.500 0.23

♦SUPINE B-SUPINE -4.6? 6 0.001 0.005 0.67 '

♦SITTING B-SITTING -4.75 7 0.001 0.005 0.42

♦STANDING B-STANDING -3.82 7 0.005 0.010 0.72

I
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Figure 7• A comparison of the change in position and 
how it affects the vital capacity in the 
untestricted and restricted state.

Figure 8. A comparison of the change in the vital capacity 
in each position between the unrestricted and 
restricted state.
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TABLE 7. COMPARATIVE ANALYSIS OF THE EFFECT OF POSTURE 
AND ABDOMINAL RESTRICTION ON THE FUNCTIONAL 
RESIDUAL CAPACITY

CONDITION x CONDITION t Df 4P4. CHANGE

♦SUPINE STANDING 5.84 7 0.001 0.005 0.36

♦SUPINE SITTING 5.29 7 0.001 0.005 0.32'

SITTING STANDING 0.90 7 0.400 0.500 0.04

♦B-SUPINE B-STANDING 5.80 6 0.001 0.005 0.47

♦B-SUPINE B-SITTING 4.30 6 0.005 0.010 0.37

B-SITTING B-STANDING 1.40 7 0,200 0.300 0.10

SUPINE B-SUPINE -1.23 6 0.200 0.300 0.13

♦SITTING B-SITTING -7.10 7 0.001 0.005 0.58

♦STANDING B-STANDING -4.08 7 0.001 0.005 0.57
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Figure 9. A comparison of the change in position and 
how it affects the functional residual 
capacity in the unrestricted and restricted 
state.

capacity in each position between the unrestricted 
and restricted state.
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TABLE 8. COMPARATIVE ANALYSIS OF THE EFFECT OF POSTURE 
AND ABDOMINAL RESTRICTION ON THE RESIDUAL 
VOLUME

CONDITION x CONDITION t Df *P4 change

SUPINE STANDING 2.21 7 0.050 0.100 0.34

SUPINE SITTING 1.55 7 0.100 0.200 0.37

SITTING STANDING 0.89 7 0.400 0.500 0.03

B-SUPINE B-STANDING 2.23 6 0.050 0.100 0.19

B-SUPINE B-SITTING 1.91 6 0.050 0.100 0.21

B-SITTING B-STANDING 0.19 7 0.800 0.900 0.17

SUPINE B-SUPINE -1.78 6 0.100 0.200 0.19

♦SITTING B-SITTING -5.26 7 0.001 0.005 0.30

♦STANDING B-STANDING -3.56 7 0.005 0.001 0.36



29

V
ol

um
e in

 li
te

rs
 

®
 

V
ol

um
e in

 lit
er

s

SU SI ST B-SU B-S] B-ST

11. A comparison of the change in position and 
how it affects the residual volume in the 
unrestricted and restricted states

Figure 12. A comparison of the change in the residual volume 
in each position between the unrestricted and 
restricted state.



30

TABLE 9 COMPARATIVE ANALYSIS OF THE EFFECT OF POSTURE 
AND ABDOMINAL RESTRICTION ON THE INSPIRATORY 
CAPACITY

1

CONDITION x CONDITION t Df 4,P4 CHANGE

♦SUPINE
A t'•»

STANDING -2.93 7 0.020 0.025 -0.22

♦SUPINE SITTING -6.80 7 0.001 0.005 -0.24

SITTING STANDING 0.60 7 0.500 0.600 -0.02

B-SUPINE B-STANDING ' -0.90 6 0.900 0.950 -0.23

B-SUPINE B-SITTING -0.56 6 0.500 0.600 -0.30

B-SITTING B-STANDING 0.46 7 0.600 0.700 -0.07

♦SUPINE B-SUPINE -3.06 6 0.020 0.025 0.40

♦SITTING B-SITTING -2.62 7 0.025 0.050 0.46

♦STANDING B-STANDING -2.79 7 0.025 0.050 . 0.41
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13. A comparison of the change in position and 
how it affects the inspiratory capacity in 
the unrestricted and restricted state.

Figure 1^. A comparison of the change in the inspiratory capacity
in each position between the unrestricted and restricted 
state.
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DISCUSSION AND CONCLUSIONS

The results obtained provide evidence that postural change can 

affect volumes of lung sub-divisions. I can also conclude that the 

abdominal contents have an affect on volume changes due to a gravita

tional vector even though the abdominal contents were restricted from 

movement indirectly.

Most of the studies regarding the change in lung volumes caused 

by a shift in position have only compared the supine to the sitting 

positions without any restrictions on the subject’s breathing. There

fore, my results have limited comparisons.

I found the TLC decreased 7# upon assuming the supine position 

which is within the range of the 5# to 9# found by other studies 

(7, 8, 16).

The VC decreased in the supine position significantly by 6.4# 

(Table 6) which is comparable to 6.1# and 6l6# decrease determined by 

other research (5, 7).

The decrease in FRC in the supine position also correlated well 

with other studies in that the FRC changed to the greatest degree.

• Other observations concluded the FRC decreased 39#. I found it to

decrease 30.3#.

Upon measuring the RV in the supine and sitting postures, I did 

not find a significant decrease (Table 8). It did have a constant 

small decrease which verifies studies by Moreno and Lyons (10).

I observed the IC to increase 10.8# upon assumption of the supine
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on the IC when the belt was applied.

In conclusion, the effects of posture and restriction of the

abdominal region on lung volumes have been demonstrated. This 

knowledge would be important in positioning patients under anesthesia 

and surgery. It is especially important in dealing with respiratory 

diseases that a patient should be positioned such that he/she can
♦

breath easiest. Also, the wieght of the abdominal region and contents 

of a patient can play a role in respiration and must be considered.

The effect of gravity is mainly on the abdomen; in the upright posture 

it acts in the inspiratory direction on the abdomen and in the expiratory 

direction on the rib cage. In the supine posture the gravitiational 

effect changes and its action is expiratory both on the abdomen and the 

rib cage. The reduction of the resting volume between the upright and 

the supine posture is entirely abdominal (1). The data could be more 

valid if the sample size had been larger. However, due to the close 

correlations between ray results and past studies, a definite trend

is demonstrated.
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