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THE TOTAL LUNG VOLUME AND ITS SUBDIVISIONS.
A STUDY IN PHYSIOLOGICAL NORMS

II. THE EFFECT OF POSTURE
BY

A. G. W. WHITFIELD, J. A. H. WATERHOUSE, and W. MELVILLE ARNOTT
From the Departments ofMedicine and Medical Statistics, Queen Elizabeth Hospital,

University of Birmingham

The effect of posture on lung volume has long been a subject of interest among
respiratory physiologists. Over a century ago Hutchinson (1846) found that his
own vital capacity was smaller in recumbency than when he was erect, but it was
over 70 years before the general truth of this observation was confirmed by Christie
and Beams (1922). They determined the vital capacity of 146 men and 144 women
in both lying and sitting postures, and found that in 80 per cent. of their subjects
the volume was in fact smaller when supine but that in the remaining 20 per cent. it
was either the same or larger. Bohr (1907) and Plesch (1913) appear to have been
the first to investigate postural variations in the residual air volumes. They both
found the residual air greater in the lying than in the sitting position; more recent
work, however, throws doubt on the validity of their observations, and suggests
that the residual air is either unchanged (Anthony, 1930; Hamilton and Morgan,
1932), or less (Hurtado and Fray, 1933; Kaltreider, Fray, and Hyde, 1938;
McMichael and McGibbon, 1939) in recumbency than when sitting. There seems
no doubt that the reserve air is diminished in recumbency (Bohr, 1907; Wilson,
1927; Anthony, 1930; Hurtado and Fray, 1933; Kaltreider, Fray, and Hyde,
1938), and that the complemental air shows an increase (Bohr, 1907; Hurtado and
Fray, 1933; Kaltreider, Fray, and Hyde, 1938); it seems equally clear that the
functional residual air is less in the supine position than when sitting (Bohr, 1907;
Binger and Brow, 1924; Hurtado and Fray, 1933; Kaltreider, Fray, and Hyde,
1938; McMichael and McGibbon, 1939). There is, however, no unanimity
regarding the effect of posture on total lung volume; Bohr (1907) found no change,
butAnthony (1930), Hurtado and Fray (1933), Kaltreider, Fray, and Hyde (1938), and
McMichael and McGibbon (1939), all found a decrease in the recumbent posture.

It may well be thought that the papers of Hurtado and Fray (1933), Kaltreider,
Fray, and Hyde (1938), and McMichael and McGibbon (1939), all of which are
models in research, leave no room for further discussion of the matter; but Hurtado
and Fray's subjects were all young males and only ten in number, Kaltreider, Fray,
and Hyde also investigated only ten males all drawn from an age range of only
11 years, and though the subjects of McMichael and McGibbon's series numbered
25 and embraced an age range of 40 years their sex was not stated. It was thought,
therefore, that it would be of value to consider the results obtained from a larger
group drawn from both sexes and all ages. Another aspect thought worthy of
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TOTAL LUNG VOLUME-II

further consideration came to light during the course of the investigation when an
appreciable proportion of the subjects examined showed postural changes in the
opposite direction to those described by these three groups of workers.

METHOD
Fifty-six normal subjects were examined in both sitting and lying positions.

Forty of the subjects were males and sixteen were females. Their age range is
shown in Table I, the mean age of the male subjects being 33 * 23 years, and of the
females 33 * 19 years; for the entire group it was 33 - 21 years. The nomenclature
used, the positioning of the subject, the method employed for the determination
of the total lung volume and its subdivisions, and the criteria of normality required
were exactly as described previously (Whitfield, Waterhouse, and Arnott, 1950).

Previous writers have differed
regarding the time that must be spent
in a posture before the changes in lung
volume that it brings about become
maximal. Bohr's findings (Bohr, 1907)
suggested that a period of 40 minutes
or longer was necessary, but Living-
stone (1928) thought that maximal
changes occurred within the space of
two to five breaths. Though Living-
stone's lung volume measurements
were limited to changes in the func-
tional residual air, there is little
doubt that his views are correct, and
during this investigation we have
carried out the examination in one

TABLE I
AGE RANGE OF 56 NORMAL SUBJECTS

Decennium Number of Number of
male subjects female subjects

10-19 6 4

20-29 14 3

30-39 8 4

40-49 4 2

50-59 5 2

60-69 3 1

Total 40 16

posture immediately after that in the other.
The sitting examination was made before the lying examination in approx-

imately half of our subjects.
RESULTS

Table II shows, for males and females, details of the absolute changes pro-
duced in the values in recumbency of the various divisions of lung volume by the
assumption of the sitting posture. Tables III and IV show a statistical analysis
of the postural changes.

The mean postural differences set out in Tables III and IV show that the total
lung volume and reserve air are each approximately one-third of a litre greater, and
the complemental air about one-third of a litre less, in the sitting than in the lying
posture. The functional residual air and residual air are also larger by about
two-thirds and one-quarter of a litre respectively when sitting than when supine.
All these very highly significant changes are virtually the same in males and females.
With regard to the vital capacity, when the group is considered as a whole this is
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88 WHITFIELD, WATERHOUSE, AND ARNOTT
TABLE II

CHANGES FROM VALUES IN RECUMBENCY PRODUCED BY THE ASSUMPTION OF THE SITTING POSTURE
(IN HUNDREDTHS OF A LITRE)

IIl Functi Rsda

Total Lung
Subjects Volume

(a) 40 Male Subjects
A.W. +55

I ~~~~FunctionalI
Vital Complemen- Reserve Residual

Capacity tal Air Air Air

0 32 +32

F.M. +79 -14 -31 +17

J.H. +17 1 -41 +40

E.A. -23 -43 -80 +37

A.F. +68 +40 -10 +50

H.W. -14 +20 -26 +46

S.S. +26 -11 48 +37

R.C. +28 35 -74 +39

C.H. -14 +11 -18 +29

F.T. +102 +20 6 +26

R.H. +63 +18 +24 6 +39 +45

B.G. -22 -14 -37 +23 +15 8

G.D. + 8 -19 19 0 +27 +27

J.C. +74 +19 59 +78 +133 +55

H.H. 3 + 1 -53 +54 +50 4

V.I. +82 + 8 + 5 + 3 +77 +74

W.S. +87 +22 +36 -14 +57 +71

W.K. +29 + 5 -20 +25 +49 +24

N.E. -26 - 4 -81 +77 +55 -22

E.T. +17 + 6 -13 +19 +30 +11

J.F. +52 +24 -63 +87 +115 +28

J.M.A.C.S. +84 +40 43 +83 +127 +44

H.G.C. + 9 +32 -30 +62 +39 -23

T.D. +71 +41 -70 +111 +141 +30

C.F. -16 + 5 -38 +43 +22 -21

H.C. +12 11 -79 +68 +91 +23

N.M. -13 +13 -52 +65 +39 -26

W.L. +12 3 81 +78 +93 +15

Residual
Air

+55+87

+110

+58

+57

+78

+12

+74

+102

+ 4

+108

+93

+18

+20

+28

-34

+37

+63

-25

+82
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Total Lung Vital
Subjects Volume Capacity
A

A.P. +71 I1
.~~~~~

E.C.H. -22 + I

D.B. +29 +19
I

D.C. +47 + 3

R.M. -12 +25

B.G.S. +99 +73

R.G. + 8 -15

D.B.A. +49 +34

P.B. +70 + 1

FP -1F.P. -12 + 9

Complemen-
tal Air

-36

-481-
i-14.
-64

+28

9

-21

-18

- 7

-24

-rUME-II 89
inued

Functional
Reserve Residual Residual
Air Air Air
50_+
+50 |+107 +57 |-

+49

+33 1

+67

-3

+82

+6

+52

+ 8

+33

+26 -23

+43 +10

+111 +44
I

-40 1 1-37

+108 1 +26

+29 +23

+67 +15

+77 +69

+13 -20

G.G. +21 3 +10 -13 +11 +24

R.S. +22 -12 -32 +20 +54 +34

(b) 16 Female Subjects
A.S. +47 +9 381 +47 +851 +38

M.G. +50 - 7 -59 +52 +109 +57

F.J. +100 -19 -39 +20 +139 +119

D.S. +34 + 5 9 +14 +43| +29

E.D. +21 +13 - 5 +18 +26| + 8

R.W. +27 + 6 -40 +46 +67 +21

D.D. +54 + 8 -40 +48 +94 +46

B.H. +53 -i15 -22 + 7 +75 +68

V.R. + 7 +18 - 5 +23 +12| -11

M.P. +37 + 4 -68 +72 +105 +33

M.O'C. -20 -14 -60 +46 +40j -6

F.O. - 6 -23 -74 +51 +68 +17

M.W. - 7 - 4 -53 +49 +46 -3

B.S. +18 - 5 -31 +26 +49 +23

M.Wr. +28 - 4 -27 +23 +55 +32

K.G. +100 +24 0 +24 +100 +76

TOTAL LUNG VOL
TABLE II-conti

-Ii:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-1--1-
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WHITFIELD, WATERHOUSE, AND ARNOTT

just significantly greater at a 5 per cent. level when sitting than in recumbency, but
if the sexes are considered separately the males show an increase of about 80 c.c.

in the sitting posture while no real change is apparent in the females. These
postural changes are shown diagrammatically in the Figure.

In a previous communication (Whitfield and others, 1950) we suggested that the
vital capacity rises on lying down. This presumption was based on observations
of a larger group of subjects including twenty-four males and sixteen females who
were examined in the sitting position only, and one male who was examined only in
recumbency. This appears to be the explanation of the different results in our two
series, and suggests that our present findings, referring as they do to the same

56 individuals observed in both positions, are probably more accurate. They
certainly accord more closely with those of other workers.

TABLE III
STATISTICAL ANALYSIS OF POSTURAL CHANGES GIVEN IN TABLE 11 (a) AND (b)

Division of Lung
Volume

(a) 40 Male subjects
Total Lung Volume
Vital Capacity
Complemental Air
Reserve Air ..

Functional Residual
Air

Residual Air

(b) 16 Female subjects
Total Lung Volume
Vital Capacity
Complemental Air
Reserve Air ..

Functional Residual
Air

Residual Air

Mean Absolute Values

Sitting (litres) Lying (litres)

5 788
4 098
2 708
1 -389

3 080
1 -691

4 659
3-107
2 094
1 -013

2 565
1 -553

5 483
4-018
3 -027
0-991

2 456
1 465

4 320
3 -109
2 -451
0 659

1 -869
1 211

Mean Difference
sitting minus lying

(litres)

+0 305
+0 080
-0-319
+0 398

+0 624
+0 226

+0 339
-0 002
-0 357
+0 354

+0 696
+0-342

TABLE IV
STATISTICAL ANALYSIS OF POSTURAL CHANGES FOR THE ENTIRE GROUP OF 56 SUBJECTS

(40 MALES, 16 FEMALES)

Mean Absolute Values Mean Standard Standard Significance
Division of Lung Difference deviation error of of difference

Volume Sitting Lying sitting minus of single mean from zero
(litres) (litres) lying (litres) observation (litres) t

(litres)

Total Lung Volume 5 466 5-151 +0 315 364 049 6-4
Vital Capacity .. 3 815 3 758 +0 056 200 027 2-1
Complemental Air 2 533 2-862 -0 329 282 038 8-7
Reserve Air . . 1282 0-896 +0-386 272 *036 10-7
Functional Residual
Air 2 933 2-288 +0 644 *382 051 12-6

Residual Air .. 1 651 1 392 +0-259 332 *044 5-9
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TOTAL LUNG VOLUME-II

The standard deviations of a single observation are similar to those previously
noted and discussed (Whitfield and others, 1950), the functional residual air
showing the highest standard deviation of the four divisions of lung volume
actually measured. This high stan-
dard deviation of the functional
residual air causes the total lung vol- 5
ume and residual air to have standard
deviations of much the same order.

The causes of the postural changes
in the various divisions of lung
volume which follow the assumption 4-

of the recumbent posture are two-
fold; firstly the elevation of the level
of the diaphragm, and secondly the
increase in the amount of blood in o 3RESTING
the pulmonary circulation. Briscoe a: RE STI NG R LEVEL
(1920, 1931), the first to produce |
radiological evidence of the postural RESTING RESPIRATORY
alteration in the level of the dia- 2- LEVEL
phragm, found an immediate eleva- i
tion on lying down. He also showed r
that the transverse and antero- r
posterior diameters of the chest
increase in recumbency. Wilson
(1927), Livingstone (1928), and
Hamilton and Morgan (1932) later
confirmed these findings.

0-Hurtado and Fray (1933) in- SITTING LYING
vestigated these changes in greater FIGURE.-Diagrams of postural changes recorded in

detail, comparing in each of
their ten subjects the sitting and lying diaphragmatic levels at the end of
a normal expiration, at full inspiration, and at full expiration. They found the
diaphragm higher in recumbency in all three respiratory phases but the degree of
elevation was maximal at the end of a normal expiration. They also found a slight
increase in the transverse diameter of the chest in the supine position, but their
planimetric measurements of the X-ray films taken in recumbency showed a smaller
radiological chest area than did those taken in the sitting position, particularly
when the films were taken at the end of a normal expiration. Such findings indicate
that the elevation in diaphragmatic level is more important and proportionately
greater than any increase in the transverse diameter of the chest. Kaltreider, Fray,
and Hyde (1938) investigated their ten middle-aged men in a like manner and
obtained results which showed a striking parallelism -with t-hose described- by
Hurtado and Fray. However, McMichael and McGibbon (1939) failed to confirm

8
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WHITFIELD, WATERHO USE, AND ARNOTT

the findings of Hurtado and his colleagues at Rochester as regards the radiological
chest area. When films taken in the erect and supine position were compared, they
found no change in five subjects nor did any change in the antero-posterior diameter
of the chest result from change of posture. We have made no attempt to explore
further these conflicting results, as the postural changes in the total lung volume
and its subdivisions appear to us to be fully explicable on the basis of proven and
universally accepted data. That elevation of the diaphragm takes place on lying
down is not in doubt, and such elevation must inevitably produce a shift in the
resting respiratory level. This postural shift in the resting respiratory level appears
to account fully for the increase in the complemental air and the approximately
equal decrease in the reserve air that occur when the recumbent posture is assumed.
The functional residual air falls by about two-thirds of a litre on lying down. This
is accounted for partly by the diminution in reserve air caused by the lowering of
the resting respiratory level and partly by the decrease in the residual air. The
decrease in the residual air and total lung volume are approximately equal and
these alone remain to be explained. McMichael and Sharpey-Schafer (1944) have
shown that cardiac output rises by about one-third on lying down. Because of this
increase in cardiac output the amount of blood in the lungs increases by a similar
proportion-provided the velocity of flow does not increase-and this will naturally
reduce the amount of space available for air in the lungs. Weiss and Blumgart
(1928) have shown that the amount of blood in the lungs is normally of the order
of one litre. An increase by one-third of this amount on lying down therefore
approximates to the decrease in the total lung volume and in the residual air.

The importance of considering the various divisions of lung volume as per-
centages of the total lung volume has been pointed out by Whitfield and others
(1950) and by previous workers (Hurtado and Boller, 1933; Hurtado, Fray, Kalt-
reider, and Brooks, 1934; Kaltreider, Fray, and Hyde, 1938; Aslett, D'Arcy Hart,
and McMichael, 1939). A statistical analysis of the postural variations in the
percentage values of the various divisions of lung volume in our subjects is shown
in Tables V and VI (opposite).

It will be seen from Tables V and VI that similar postural trends are evident
when the various divisions of lung volume are considered as percentages of the
total lung volume, a highly significant rise in complemental air and a fall in reserve
air, functional residual air, and residual air occurring on lying down. The mean
percentage values for vital capacity, however, are very significantly higher in
recumbency than when sitting, both for the sexes separately and for the entire
group of males and females taken as a whole. This is at variance with the results
obtained from the absolute values, when a fall was found in the males and in the
composite group, and only a minimal rise in the females. This discrepancy arises
because the fall in total lung volume which occurs on lying down is very much
greater in proportion than the fall in the vital capacity.

Comparison of the mean percentage differences for males and females in Table V
shows that there is a greater postural change in all the subdivisions of lung volume
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STATISTICAL ANALYSIS

TOTAL LUNG VOLUME-II
TABLE V

OF POSTURAL VARIATIONS IN PERCENTAGE VALUES
40 MALES AND 16 FEMALES

93

OF LUNG VOLUME IN

Division of Lung Mean percentage of Mean percentage of Mean percentage
Volume Total Lung Volume- Total Lung Volume- difference-

sitting lying sitting minus lying

(a) 40 Male subjects
Vital Capacity 70 65 73 57 -2-92
Complemental Air 47-02 55- 12 -8 10
Reserve Air 23 63 18*45 +5*18
Functional Residual

Air 52-98 44 88 +8-10
Residual Air 29-35 26-43 +2-92

(b) 16 Female subjects
Vital Capacity 66- 62 72-44 -5 - 82
Complemental Air 44 -93 57 -00 -12-07
Reserve Air .. 21L 69 15*44 +6 25
Functional Residual

Air 55*07 43*00 +12 07
Residual Air 33 - 38 27- 56 +5 - 82

TABLE VI
STATISTICAL ANALYSIS OF POSTURAL VARIATIONS IN PERCENTAGE VALUES OF LUNG VOLUME FOR

ENTIRE GROUP OF 56 SuBJEcTs

Mean Mean Mean
Division of percentage percentage percentage Standard Standard Significance
Lung Volume of Total of Total difference- deviation error of of difference

Lung Volume Lung Volume sitting minus of single mean from zero
-sitting -lying lying observation t

Vital
Capacity 69 50 73-25 -3-75 5-68 0*76 4 9

Complemen-
tal Air .. 46-43 55-66 -9-23 5-87 0-78 11-8

Reserve Air 23 07 17 59 +5-48 5 30 0 71 7-7
Functional

Residual
Air .. 53 57 44-34 +9-23 5 87 0-78 11-8

Residual Air i 30 50 26 75 +3 75 5-68 0-76 4-9

in females than in males. This is as would be expected, because the mean absolute
postural differences in the various divisions of lung volume are approximately the
same in both sexes, while the mean absolute values of the total lung volume and of
all its subdivisions are all markedly less in the female.

In Tables VII and VIII (overleaf) our results are compared with those of
previous workers in this field.

Table VIII shows a striking similarity in the mean postural percentage differences
in our series and those published by McMichael and McGibbon (1939) and the two
groups of Rochester workers (Hurtado and Fray, 1933; Kaltreider, Fray, and
Hyde, 1938). In Table VII, however, which deals with the mean absolute postural
differences, it will be seen that though the general trend of change is the same in our
series as in those previously published there is considerable discrepancy in the degree
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94 WHITFIELD, WATERHOUSE, AND ARNOTT

TABLE VII
MEAN ABSOLUTE POSTURAL DIFFERENCES. AUTHORS' SERIES COMPARED WITH THOSE OF PREVIOUS

WORKERS. SITITlNG MINUS LYING (LITRES)

Authors' Series Kaltreider,
McMichael Fray, and

and Hurtado Hyde's
McGib- and Fray's series of

Division of Entire bon's series of ten Binger
Lung Volume 40 16 group series of ten young middle- Anthony's and Brow's

Males Females (40 males 25 subjects males aged series of series of
and 16 (sex not (average males seven nine
females) stated) age 23) (ages males males

40-51)

Total Lung Volume +0-305 +0 339 +0-315 +0 34 +0-60 +0-63
Vital Capacity +0-080 -0-002 +0-057 +0-33 +0 19
Complemental Air -0 319 -0-357 -0- 329 -0 - 37 -0- 34
Reserve Air ±+0-398 +0*354 +0 386 +0*70 +0 53 +0 570
Functional Residual

Air +0*624 +0*696 +0-645 +0 78 +0 94 +0 97 +0 806
Residual Air +0-226 +0-342 +0-259 +0- 15 +0-24 +0-44 +0-001

TABLE VIII
MEAN PERCENTAGE (OF TOTAL LUNG VOLUME) POSTURAL DIFFERENCES. AUTHORS' SERIES

COMPARED WITH THOSE OF PREVIOUS WORKERS SITrING MINUS LYING (LITRES)

Authors' Series

Division of Entire McMichael and Kaltreider, Fray,
Lung Volume 40 16 group McGibbon's Hurtado and and Hyde's

Males Females (40 males series of 25 Fray's series of series of ten
and 16 subjects (sex not ten young males middle-aged
Females) stated) (average age 23) males (ages 40-51)

Vital Capacity -2 92 - 5 82 -3 75 - I 5 - 5 0
Complemental Air -8 10 -12 07 -9 23 -11 2 -12 9
Reserve Air ±..+5 18 + 6 25 +5 48 + 91 + 7 8
Functional Residual

Air +8 10 +12 07 +9 23 +10 3 +10 7 +12 9
Residual Air ..+2 92 + 5 82 +3 75 +± 11 + 1 5 + S 0

of change. This is particularly noticeable in the functional residual air and reserve
air volumes which have decreased in recumbency far more in the subjects examined
by all other workers than in those in our series. In addition, the Rochester
workers found a substantially greater fall in the total lung volume and vital
capacity in the lying position than we have found. We cannot offer any explanation
for these discrepancies. They certainly do not appear to result from a difference
in age range of the subjects examined, as both Kaltreider, Fray, and Hyde's series
of middle-aged men and Hurtado and Fray's series of young men show an almost
equal divergence from our results. Nor would the inclusion of sixteen females in
our series appear to explain the different findings, because, as has been pointed
out above, the mean absolute postural differences for males and females are
virtually the same.

A further examination of Table II (pp. 88-89) will reveal that an appreciable
number of our subjects showed postural changes in one or more divisions of their
lung volume in the opposite direction to that which the publications of previous
investigators had led us to expect. We thought it important to endeavour to
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TOTAL LUNG VOLUME-II

ascertain why this minority did not conform to the usual pattern of postural change.
Christie and Beams (1922) suggested that body weight might be a factor in such
aberration as far as vital capacity was concerned, and we therefore considered the
possibility of this minority comprising a group whose physical characteristics
differed in some respect from the remainder of the subjects examined. Table IX,
therefore, compares for males and females the means of age, height, weight,
chest expansion, and radiological chest volume in the minority that do not
conform with the usual trends with those of the remainder.

TABLE IX
COMPARISON OF MINORIT OF SUBJECTS NOT CONFORMING WITH USUAL TRENDS WITH MAJORITY

Subjects not conforming with usual trends

Mean
Division of Mean Radio-
Lung Volume Mean Mean Chest logical

No. Mean Height Weight Expan- Chest
Age (inches) (pounds) sion Volume

(inches) (ml.)

Male subjects
Total Lung

Volume .. 11 35 *4 66-1 137 3 3-1 13752
Vital Capacity 13 37 5 66-5 136-7 2-9 13392
Complemental

Air .. 5 31-6 62-4 144-6 3-2 14319
ReserveAir .. 4 31-0 66-9 140-5 3-3 14618
Functional

Residual Air 1 26-0 70 0 166-0 4 0 17050
Residual Air .. 11 32 5 66-4 137-0 3-4 13926

Female subjects
Total Lung

Volume .. 3 22-0 65 3 124-0 3 5 11238
Vital Capacity 8 31-8 63-8 113-3 3-1 10554
Residual Air 3 30 7 66-7 133-8 3-3 12110

Subjects conforming with usual trends

Mean
!Mean Radio-

Mean Mean Chest logical
No. Mean Height Weight Expan- Chest

Age (inches) (pounds) sion Volume
(inches) (ml.)

29 44 5 67-4 137-5 3-2 13709
27 31-2 67-4 I 137-8 3-3 13879

35 33 5 67-8 136-4 3-1 15272
36 34-4 69-0 141-3 3-2 14010

39 33-4 67-0 129-7 3-1 13636
29 33 5 67-3 137-6 3-1 13643

13 35-8 64-2 115-9
8 34.5 65 0 121-5
13 33-8 63-9 113-6

2-9
2-9
2 9

10512
10742
10311

It will be seen from Table IX that as far as physical characteristics are con-
cerned there is no gross lack of homogeneity between the two groups. The
minority whose total lung volume does not fall in recumbency are, in both males
and females, substantially younger than the remainder of the group, but in the
absence of similar findings in respect of other divisions of lung volume this cannot
be significant. We have therefore next considered the possibility of experimental
error being responsible for a proportion of the subjects examined failing to conform
to the accepted direction of postural changes.

In a previous communication (Whitfield and others, 1950) we recorded the
results obtained from paired observations on nineteen normal subjects in both
sitting and lying postures. From these results the error variance for each division
of lung volume has been calculated as follows:

Error Variance=The sum of ([Division of lung volume sitting (first determina-
tion)-Division of lung volume lying (first determination)]-[Division of
lung volume sitting (second determination)-Division of lung volume lying
(second determination)])2 for all nineteen subjects/2 x 19.

The error standard deviation of each lung volume division has been obtained
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WHITFIELD, WATERHOUSE, AND ARNOTT

from the error variance, and both are shown in Table X, which also includes the
range of deviation from zero in the opposite direction of the subjects not conforming
with the usual trends.

It will be seen from Table X that in only four of the 59 instances in which
postural changes in lung volume divisions were opposite to the anticipated direction

TABLE X
ERROR STANDARD DEVIATIONS AND RANGE OF DEVIATIONS IN SUBJECTS NOT CONFORMING VA;ITH

THE USUAL TRENDS

Error Error Range of Number of Number of
variance standard deviation subjects subjects
(from 19 deviation in opposite falling falling

Division of Lung Volume paired (from 19 direction within outside
observa- paired from zero two error two error
tions) observa- in aberrant standard standard
(litres)2 tions) subjects deviations deviations

(litres) (litres)

Total Lung Volume .. .. 0571 239 03 *26 14
Vital Capacity .. .. .. 0165 129 01- 43 19 2
Complemental Air .. .. 0202 142 05 *36 4 1
Reserve Air .. .. .. 0322 179 03- 14 4
Functional Residual Air .. 0743 *273 40 1

(one subject)
Residual Air . . .. 0324 180 03 37 13 1

did the degree of change exceed twice the error standard deviation. This suggests
that experimental error may well be a major factor in preventing postural changes
from showing a uniform trend.

We have also examined this problem by the technique of analysis of variance,
using a 56 rows x 2 columns table. The residual variance, of course, agrees with
the variance measured from the sitting-lying differences (being equal to one-half
of the variance of the differences). Also the " between column " variance corre-
sponds well with the square of the mean difference between sitting and lying
positions, when allowance is made for the error variance. The " between row "
variance is a measure of the variation among different individuals, and is identical
with the mean of the variances in the two postures, again when allowance is made
for error variance. These findings, which serve to corroborate our previous
observations, are shown in Table XI.

SUMMARY AND CONCLUSIONS
(1) The total lung volume and its subdivisions have been determined in both

lying and sitting positions in a group of 56 normal subjects. The group consisted
of 40 males and 16 females, and included subjects from each decennium from ten
to seventy.

(2) The total lung volume and reserve air decrease and the complemental air
increases by about one-third of a litre on lying down. The functional residual air
and residual air are also less in recumbency, by about two-thirds and one-quarter
of a litre respectively. The vital capacity likewise tends to be less in the supine
position, but the decrease is only just significant.

96

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

B
r J S

oc M
ed: first published as 10.1136/jech.4.2.86 on 1 A

pril 1950. D
ow

nloaded from
 

http://jech.bmj.com/


TOTAL LUNG VOLUME-II
TABLE XI

FINDINGS BY TECHNIQUE OF ANALYSIS OF VARIANCE

Variance Degrees of Sum of squares Mean square Final estimates
freedom

(a) Residual Air
Between rows 55 25-1205 4567 *1991
Between columns 1 1-8747 1-8747 *0324
Residual 55 3 -2214 0586 0586

Total Variance .. 111 30-2166

(b) Total Lung Volume
Between rows 55 118-0981 2 1472 1-0387
Between columns . . 2-7783 2-7783 *0484
Residual .. .. 55 3 *8438 *0699 *0699

Total Variance .. 111 14-7202

(3) An appreciable minority of the subjects examined showed postural varia-
tions in the opposite direction to those mentioned above. This is thought to be
largely attributable to experimental error.

(4) The postural changes in the total lung volume and its subdivisions are
thought to be due to the elevation in the diaphragmatic level and to the increase in
the cardiac output that occur on assumption of the recumbent posture.

(5) The results that we have obtained are compared with those published by
other workers.

We wish to express our gratitude to Mr. A. C. Pincock for valuable technical advice
and help, to Prof. Lancelot Hogben, F.R.S., for placing the facilities of his department
at our disposal and for his statistical guidance, and to Imperial Chemical Industries for a
grant towards the expenses of this research.

REFERENCES

Anthony, A. J. (1930). Dtsch. Arch. klin. Med., 167, 129.
Aslett, E. A., D'Arcy Hart, P., and McMichael, J. (1939). Proc. roy. Soc. B, 126, 502.
Binger, C. A. L., and Brow, G. R. (1924), J. exp. Med., 39, 677.
Bohr, C. (1907). Dtsch. Arch. klin. Med., 88, 385.
Briscoe, J. C. (1920). Quart. J. Med., 13, 293.

(1931). Lancet, 2, 513.
Christie, C. D., and Beams, A. J. (1922). Arch. intern. Med., 30, 34.
Hamilton, W. F., and Morgan, A. B. (1932). Amer. J. Physiol., 99, 526.
Hurtado, A., and Boller, C. (1933). J. clin. Invest., 12, 793.

and Fray, W. W. (1933). Ibid., 12, 825.
Kaltreider, N. L., and Brooks, W. D. W. (1934). Ibid., 13, 169.

Hutchinson, J. (1846). Med.-chir. Trans., 29, 137.
Kaltreider, N. L., Fray, W. W., and Hyde, H. van Z. (1938). Amer. Rev. Tuberc., 27, 662.
Livingstone, J. L. (1928). Lancet, 1, 754.
McMichael, J., and McGibbon, J. P. (1939). Clin. Sci., 4, 175.

, and Sharpey-Schafer, E. P. (1944). Brit. Heart J., 6, 33.
Plesch, J. (1913). Z. exp. Path. Ther., 13, 165.
Weiss, S., and Blumgart, H. L. (1928). J. clin. Invest., 6, 103.
Whitfield, A. G. W., Waterhouse, J. A. H., and Arnott, W. M. (1950). British Journal of Social Medicine,

4, 1.
Wilson, W. H. (1927). J. Physiol., 64, 54.

97

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

B
r J S

oc M
ed: first published as 10.1136/jech.4.2.86 on 1 A

pril 1950. D
ow

nloaded from
 

http://jech.bmj.com/

