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In 1846 Hutchinson published an exhaustive
treatise on pulmonary function, giving an historical
review and describing in detail methods for measur-
ing pulmonary ventilation using, apparently for the
first time, a spirometer. Most investigators since
then have followed Hutchinson's lead and used
spirometers to record their measurements.
The following simple methods of measurement

have been those generally used: (1) Vital capacity,
which is determined by measuring the maximum
amount of air exhaled after a full inspiration;
(2) maximum breathing capacity, which is a measure-
ment of the greatest amount of air that can be
moved in and out of the chest in a given period of
time.

Figures for normal values in adults have been
published, but few for children are available. Such
figures for American children have been given by
Emerson and Green (1921) in a group of boys aged
8 to 15 years and in girls from 7 to 13 years, by
Wilson and Edwards (1921) in 85 normal children,
44 boys and 41 girls aged from 6 to 16 years and by
Ferris, Whittenberger and Gallagher (1952) in 161
boys aged 5 to 18 years. Robinson (1938) includes
recordings for about 20 healthy boys in a detailed
study of the relation of physical fitness to age. The
only article found dealing with British children is
that by Moore and Gibson-Williams (1951), who
measured the vital capacity and maximum breathing
capacity in 152 healthy boys from 10 to 15j years
of age.
The recording of such normal values in children

presents certain difficulties, notably the impossibility
of being certain that a young child is trying his best.
For this reason it is necessary to take measurements
in a large group of healthy children, to win their
confidence by careful explanation of what is required
of them and to see that they are not intimidated by
the apparatus. Children under 6 years old were
found to be too unreliable in their efforts to make
their inclusion worthwhile.

In an attempt to provide a set of normal measure-
ments which might be of value, this study was

undertaken. Healthy children of both sexes aged
6 to 13j years had their vital capacities measured.
The maximum breathing capacity was not estimated
as the procedure necessary was found to be in-
accurate in the younger children, many of whom
were unable to maintain the necessary effort for the
time required, and it was felt desirable to use a
method simple enough to be undertaken in any
small hospital physiotherapy department.

Method
To obtain figures for normal children, patients attend-

ing hospital were not used, as many of these suffer from
conditions likely to affect pulmonary efficiency and others
will have been ill and therefore inactive, with a resulting
fall in capacity. To obviate this difficulty, a list
of Wolverhampton school children between the ages of
6 and 131 years was kindly supplied by Dr. B. Sergeant,
senior assistant school medical officer of Wolverhampton.
Care was taken to see that the list contained children of
all social grades and those chosen were not confined to
one school, so that pupils from housing estates on the
periphery of the town as well as those from the more
crowded centre were included. Letters were sent to the
parents of those selected inviting them to attend and
stating the purpose for which they were being examined.
They were informed that no treatment would be given.
More than half of those invited attended, and after
discarding a number either on account of some illness or
because full cooperation was not obtained, measurements
were made on 324 boys and 301 girls. On arrival, a
history was taken from the parent, and the child was
examined clinically. Those found to be suffering from
any (usually respiratory) disease were excluded.

After explaining to the children what was required of
of them, heights and weights were recorded while wearing
only pants and socks. The chest expansion was then
measured and finally the child sat on a stool in front of
a Benedict-Roth type of spirometer. Each child was
given a clean glass mouth-piece attached to the rubber
inlet tube of the instrument and was shown what happen-
ed when he blew into the mouth-piece. He was
encouraged to inspire as fully as possible and then
expire to his maximum ability through the mouth-piece.
After a preliminary trial, three such attempts were made
and recorded without hurrying the child. It was
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ARCHIVES OF DISEASE IN CHILDHOOD

intended to repeat the procedure with the child lying
semi-recumbent on a couch, but as it was found in nearly
all cases that the figures obtained in the sitting position
were greater, the recumbent posture was discarded and
a fourth attempt in the sitting position was made. There
is no doubt that a number of the subjects might have
improved on their results by further practice, as was

shown in the boys of Moore and Gibson-Williams (1951),
who found a mean increase of 2 8% in the vital capacities
on repeating the tests after an interval of six weeks.
This improvement with practice must be remembered
when serial determinations are made. In this series, the
method described above was adhered to rigidly to try
to achieve a constant result in the simplest manner pos-
sible, and, in fact, the fourth attempt rarely bettered the
third.

Measurements have been recorded in centimetres for
height and kilograms for weight and the surface areas
have been calculated from the heights and weights using
the nomogram in Du Bois' (1936) book.

Results
Vital capacity is not accurately correlated to age,

height and weight as noted by Dreyer (1920), who
found a relationship to exist between certain body
measurements, weight, chest circumference and
stem-length, and published tables (Dreyer, 1919).
In adults, West (1920) showed that vital capacity
had a much closer relationship to the body surface
area than with age, height or weight, although it
tends to rise more uniformly with increasing height
than with weight (Baldwin, Cournand and Richards,
1948).
As regards children, Wilson and Edwards (1921)

found in 44 boys, 6 to 16 years old, an average vital
capacity of 1,902 ml. for each square metre of body
surface and 1,837 ml. for 41 girls of the same age
for the same area. Emerson and Green (1921) gave
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1 square metre, which is considerably different.
Moore and Gibson-Williams (1951) gave figures for
152 boys aged from 10 to 15j years and used both
vital capacity and maximum breathing capacity in
their researches. For vital capacity they conclude
that this was best recorded by the formula:

Vital capacity (ml.) = 2,235 + 90-8 (age-
13-114)

with 95% limits approximately + 480 ml. for
all calculated values.

This last appears to be the only British contribu-
tion to the subject as applied to children in recent
years. Whitfield, Waterhouse and Arnott (1950)
advised the use of four physical attributes: age,
height, weight and surface area, for, while any one
of these may be effective for an individual who is
normal in every respect, this will not be the case
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VITAL CAPACITY-WEIGHT IN BOYS AND GIRLS

Boys |Girls
Group (kg.)

No. of Mean Standard No. of Mean Standard
Cases (ml.) Deviation (ml.) Cases (ml.) Deviation (ml.)

17-5-19-9 18 1,075 177 - - _
20 -22-4 47 1,281 180 48 1,185 224
22-5-24-9 46 1,378 218 55 1,361 238
25 -27-4 34 1,547 211 31 1,437 103
27-5-29-9 50 1,737 262 42 1,664 311
30 -32-4 24 1,862 322 17 1,899 332
32 5-34 9 28 2,077 220 26 1,885 238
35 -37 4 17 2,229 258 15 2,016 283
37-5-39-9 16 2,380 306 10 1,979 299
40 -42-4 14 2,290 195 10 1,967 242
42-5-44-9 12 2,416 380 10 2,241 303
45 -47*4 - - 7 2,364 298
47'5-49-9 - _ 5 2,343 313

VITAL CAPACITY-HEIGHT IN BOYS AND GIRLS

Boys Girls

Group (cm.) No. of Mean Standard No. of Mean Standard
Cases (ml.) Deviation (ml.) Cases (ml.) Deviation (ml.)

105-109*9 4 987 37 7 892 143
110-114-9 14 1,078 220 16 946 145
115-119 9 35 1,211 197 23 1,134 194
120-124-9 37 1.353 121 54 1,276 213
125-129-9 49 1,466 240 40 1,403 205
130-134-9 46 1,666 258 30 1,629 288
135-139*9 37 1,848 103 44 1,723 277
140-144*9 35 2,085 226 28 1,921 222
145-149-9 22 2,269 301 18 2,171 226
150-154-9 18 2,379 313 14 2,313 289
155-159 9 8 2,586 232 8 2,460 172
160-164 9 5 2,744 207 - -

VITAL CAPACITY-AGE IN BOYS AND GIRLS

Boys Girls

Age Group No. of Mean Standard No. of Mean Standard
(years) Cases (ml.) Deviation (ml.) Cases (ml.) Deviation (ml.)
6 - 64 19 1,138 183 15 926 195
64- 7 23 1 218 210 20 1,022 147
7 - 74 17 1:248 190 15 1,162 152
7i- 8 27 1,313 193 29 1,218 255
8 - 84 29 1,408 249 29 1,345 295
84- 9 32 1,527 200 28 1,453 186
9 - 94 27 1,603 254 28 1,520 231
94-10 26 1,797 321 26 1,656 336
10 -104 19 1,862 253 15 1,661 280
10i-11 14 1,909 273 15 1,864 265
11 -114 23 2,104 252 17 2,006 299
11*-12 19 2,134 292 15 1,838 290
12 -121 20 2,270 372 17 2,087 265
124-13 13 2,122 327 20 2,275 313
13 -134 16 2,521 240 12 2,357 246

VITAL CAPACITY-SURFACE AREA IN BOYS AND GIRLS

Boys Girls
Group
(sq. m.) No. of Mean Standard No. of Mean Standard

Cases (ml.) Deviation (ml.) Cases (ml.) Deviation (ml.)

0*70-0 74 - - - 10 876 160
0 75-0 79 10 942 180 16 929 208
0-80-0-84 27 1,193 138 20 1,113 188
0-85-0-89 47 1,289 154 33 1,234 207
0-90-0-94 37 1,407 192 40 1,322 208
0-95-0-99 28 1,567 181 30 1,467 244
1-001-04 37 1,652 218 27 1,534 232
1-05-1-09 33 1,808 247 25 1,744 248
1*10-1*14 19 1,963 169 20 1,924 217
1-15-1-19 25 2,079 218 21 1,959 219
1*20-1*24 16 2,292 212 13 1,932 302
1 25-1*29 19 2,334 271 11 2,075 202
1*30-1*34 10 2,328 284 11 2,258 305
1*35-1*39 - - - 6 2,380 191
1-401-44 - - - 9 2,503 353
1-45-1-49 - -_ 5 2,565 164
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for anyone who is, say, short and fat. In such a
person prediction by height is likely to give a reading
too low, while one by weight will probably forecast
too high a result.

In view of the findings of the workers mentioned
above, separate tables have been prepared for age,
height, weight and surface area for both sexes.
The tables for age are divided into groups of six
months, those for height into increments of 5 cm.,
those for weight into divisions of 2- 5 kg., and those
for surface area into sections each increasing by
0 05 square metres of body surface. The number
of children recorded in the groups for height, weight
and surface area tend to be slightly less than the
totals for age, as a number, too small to be signi-
ficant, fell outside the ranges given.

Curves are also given for the mean values (solid
lines) and standard deviation ranges, above and
below the means (dotted lines). It will be noticed
that the most smoothly rising curve in each sex is
that recording vital capacity for height, which
corroborates the findings of Baldwin et al. (1948).
The standard deviations will be seen to be rather
large, though on the whole less than the somewhat
comparable figures given for boys by Ferris et al.
(1952), probably because the numbers in the groups
of the latter are less. The most likely explanation
for this is failure of some of the subjects to cooperate
fully in the tests. Wilson and Edwards (1921) also
noted this and, while agreeing that the human error
was chiefiy responsible, they felt that some other
factor was at work and suggested that perhaps
enlargement of the tracheo-bronchial lymph nodes
might play a part. This has not been confirmed.

While examining patients who had a past history
of pneumonia, a clinical impression was formed that
their vital capacities were lower than normal, so to
settle this point, a group of 85 children, 42 boys and
43 girls, who had a history of pneumonia in the past,
was examined. The vital capacities of these children,
who were healthy at the time of examination, were
recorded for age, height, weight and surface area,
and only if the figures in at least three out of the
four readings for each child were below the mean
minus the standard deviation were they accepted as
abnormal. It was found that in only eight (three
boys and five girls) was this the case. In five
children (three boys and two girls), the vital capacities
were above the mean plus the standard deviation.
In those, eight of each sex, who had experienced two
or more attacks of pneumonia, two fell into each
of the above categories. There appears, therefore,
to be no evidence that children who have had pneu-
monia have lower vital capacities than those who
have not.

Summary
Values for the normal range of vital capacity

for 324 boys and 301 girls aged from 6 to 131 years
are given.
No evidence has been found that children who

have suffered from pneumonia have a lower vital
capacity than those who have not.

I should like to express my thanks for the help given
by the staff of the School of Physiotherapy at the Royal
Hospital, Wolverhampton, in recording these measure-
ments, and to Dr. K. W. Cross, Statistical Officer to the
Birmingham Regional Hospital Board, for his statistical
assistance.
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