
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

MD Theses Special Collections 

1952 

Respiratory measurements in children using the Bennett Respiratory measurements in children using the Bennett 

respiratory ventilation meter respiratory ventilation meter 

Patricia Jean Neely 
University of Nebraska Medical Center 

This manuscript is historical in nature and may not reflect current medical research and 

practice. Search PubMed for current research. 

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses 

Recommended Citation Recommended Citation 
Neely, Patricia Jean, "Respiratory measurements in children using the Bennett respiratory ventilation 
meter" (1952). MD Theses. 1845. 
https://digitalcommons.unmc.edu/mdtheses/1845 

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It 
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For 
more information, please contact digitalcommons@unmc.edu. 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1845&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/1845?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1845&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu


RESPIRATORY MEASUREMENTS IN CHILDREN 

USING THE BENNETT RESPIRATORY VENTILATION MILTER 

Patricia Jean Neely 

Submitted in Partial Fulfillment for the Degree of Doctor of Medicine 

College of Hedicine, University of Nebraska 

December 15, 1951 

Omaha, Nebraska. 



Jluch work has been done with the measurement of vital capacity 

with the epirometer, but this instrument has been on the whole, too 

clumsy to have wide clinical application. Furthermore its use with 

children is limited because tull ceoperat ion is required. The Bennett 

Respiratory Ventilation Meter bas the advantages of' being easy to 

handle and of not requiring the cooperation of' the child� In this 

survey we hope to establish the average vital capacity and tidal air 

of' children of all sizes and to compare these results with those that 

might be expected by spirometry. These measurements were taken on 

two hundr� and ninety children entering the Children's Memrial 

Hospital during August and part of September of' 1951. It is antici

pated that this instrument nay be of value in bulbar poliomyelitis, 

a1'1 since respiratory infections and fever are often seen in this 

disease, an estin:e.te or the effect of' these on vital capacity and tidal 

air is i:ncludecl. Finally, we have reviewed respirator y measurements 

in ten cases of' bulbe.r poliomyelitis in an effort to evaluate the use 

of the instrument in this disease. 

Most measurements of' respiration have been taken with various 

spirometers and have been estinates of vital capacity. Christie(l) 

and Hutchinson (2) describe Tital capacity as the greatest expiration 

after naxi.mum inspiration, the compl mental air as that inspired from 

mid-position, the residual air as the amount remaining after fullest 

expiration , the functional residual as the amount rene.ining after a 

normal expiration, and the tidal air as the atoount exchanged in quiet 

breathing. Mills (3) studied expiration and inspiration and concluded 
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that �spiration was more variable, but that there was no objective 

evidence that more air is expired than taken in. 

In the study of vital capacity various types of instruments 

have been used. Smith (4) prepared an apparatus for infants which 

consists of a rigid container with a water mnometer connected to 

a face mask. The nask is placed over the face at the end of a i'ull 

inspiration. Deming and Washburn (5) prepared an airtight chamber 

with a float type spirometer. The child was placed in the chamber with 

the head out and the neck closed with an airtight collar. The excursion 

of the child's chest caused displacement of air in the chamber. Deming 

and Hanner (6) used this on eighteen infants from one to eleven days 

of age and got a Yital capacity of 121-181 cc. Donald and Christie(?} 

used a Benedict epirometer in which there is a rubber bag containing 

gas to be inspired. Thay state that inertia causes a measurable, but 

constant error. Edwards and Wilson (8) measured children from six to 

sixteen years usil'lg various spirometers. The calibration was checked 

by checking water displacement with a Bohr meter. Ot the various 

epirometers the 'Standard' made by Narragansett Machine Co. gave lower 

readings than the Gad-Krogh or Sanborn types by about 10;(. A dry 

epiromster nade by Upjohn giv-es readings lower by 11.6,!. Uetheny (9) 

found that temperature, resistence of the tube, and atroospherio press• 

ure have little effect on vital capacity, but that difference in press

ure ineide and outside may affect it. Reduction in volume due to the 

force necessary to ·overcome this inertia will become larger as the 
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vital capacity decreases. In working with small children she used a 

bell with a smaller diameter �o it would rise higher and the results 

would be more apparent to the children. Another method, that of 

3 • 

measuring ,rolume by the ratio of gases was used by Vanslyke and Bitlger(10,. 

Kills (3) studied the reliability of vital capacity and found 

that there is a significant increase in two series several weeks apart. 

Emerson and Green (11) felt that the determination of vital capacity 

in children below the age of seven was unreliable. Both Metheny ( 9) 

and Jersild (12) found the most improvement with practise occured 

within the first six trials. Metheny (9) found that the variation with 

time of day was no greater than on different days. 

Various attempts have been ma.le to correlate body measurements 

with vital capacity. The earliest attempts were those mde by Dreyer(13, 

who correlated vital capacity with weight, height, stem length, chest 

circumference, and surface area and found the latter to be most 
.72 �72 

accurate. Since ·wt. - K and wt. = K, this latter is the 
s. A. - ¥.; 1-.

formila he used with K = .69. Surface area nay be found with the

formula A� Wt.•425 xHt.•725x 71.84, according to Dubois and Dubois.

Stewart (14) applied this formula to children and found that the value

of' K -varied from .955 at 40# to .701 at 14-0# for boya and from 1.089

at 40/f to .850 at 90# for girls. He established regressive equations

based on the formula y = ax t,b where y = vital capacity and a= ht.

in cm; xis a given factor. He found that vital capacity increases with

the growth curve. For boys it increases steadily. from four to ten years,

accelerates from twelve to fourteen, and increases less rapidly from



fifteen to nineteen. Fer girls it increases rapidly from f'uur to 

si.X, more slowly f'rom seven to ten, is accelerated from eleven to 

thirteen and then slows down. Edwards and Wilson (8) point out the 

possibility that conditions altering vital capacity f'or long period• 

rray also alter surface area. They suggest that different methods ot 

calculating surface area imy give different results; results are 

lower with the Benedict Talbot method. West (15) found that using 

Dreyer's formula, the number lle.ving a vital capacity within 1� of 

normal were only 2:( less than when the formula of Dubois and Dubois 

was used. Edwards and Wilson·(s) found most variation in correlation 

of surface area wi�h body weight, especially in children weighing 

over 40 kg. There is a close correlation between height and surt�ce 

area with more divergence in larger subjects. Various authors have 

correlated vital capacity with different measurements. Estimates 

be.sad on weight have been ma.de by Dreyer and Hanson (16}, Stewart(lflcwho 

presented the regressive equations, Myers (17), Turner for adults (18), 

and Kelly (19) who stated that for boys vital capacity ( cu. in.) .:: 

1.8208 (wt. in#} x 1.004855, and tor girls v.c.(cu. in.)� 7.1947 

(wt. in /I} x .6564. Estimates based on sitting height were made by

Dreyer and Hanson (16), Roberts and Crabtree (20), and Stewart (14). 

Est1-.tes based on chest circumference were ma.de by Dreyer and 

Ha.nson{l6) • Estimates based on surface area were made by Edwards and 

Wilson (21) with an average tor boys of 1.90 1/sq.m. and for girle 

1.84 1/sq. m. Kelly (19) stated that -v.c. {cu. in.)= 108.10 s.A.1•51601•
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Estilmtes based on height la.Te been made by Hastings (22}, Myers (17), 

Kelly (19), Turner (18), Stewart(23J, Hutchinson (2), who stated that 

fo� every inch from five to six f'eet, eight cubic inches of air 

were breathed, Roberts and Crabtree { 20), who stated that trom six 

to eighteen years each five cm..:, 139cc increase up to 140cm height 

for girls; above 140 cm, each 5 cm equal an increase of 194cc, and 

for boys up to 150 cm, each 5 .cm is an increase of 167 cc; above 150 cm 

it is 386 cc, and Lemon and Moerch ( 24) who stated that vital capa

city for males was height x 25 and for fene.les, height x 20. Estimates 

on more than one variable have been mtle by Stewart and Sheets ( 2s) 

using age and height, Stewart (14) using sex, age, sitting height , 

and height, Baldwin ( 26) using age and height, and Kelly (19) using 

age, height, and weight. Mril eny (9) extended the age or children 

down to three years and found the highest correlation of vital 

capac:l.ty to be with height. She took the results of various studies 

and compared the actual means with the theoretical value calculated 

by various formulae. There was great variation, but the most accur

ate were Kelly's (19) height formula am Stewart's (14) height form

ula. The others have higher values than those observed. Since none 

were accurate tor preschool children, she prepared tables from the 

fortllllae: for boys v.c.{ cu. in.) :: 1.4331 x ht. in cm • ./ 3.8133 x 

age - lll.3903J ror girls v.c. = 1.1023 x ht. in cm • ./ 4.7294 x 

age - 84.9755J age was counted to the nearest half year. She de-

vised the Breathing Capacity Quotient which equals actual B.C. x 100 
expected B.C• 

s.



The range was 70-141 with a standard deviation of 13.4 •• lletheny (27) 

comments that in her observation there is a greater difference in 

vital capacity between the sexes than can be accounted for by a 

difference in height. 

Various tadbrs have been said to alter vital capacity. 

Kaltreider et. al (28) report that in adults the vital capacity is 

decreased by 4.4� in the recumbent position. Gross {29) lists poss

ible factors as pulmonary, cardiac, insufficient muscle strength, 

and psychological. Wilson and Edwards {30} found no 4ifference 

between public and private schools reflecting economic groups; they 

found a lower vital capacity in children who are overweight, and 

a lower vital capacity in Negro children. They list various dis

eases affecting it: tracheobronchial adenopathy, acute bronchitis, 

broncnial asthma, emphysem, pleurisy with effusion, lobar pneumonia, 

pulmonary T.B., and organic heart disease. Plum and Whedon (31) 

report the use of spirometry in adult convalescent poliomyelitis. 

Us� the Sanborn closed circuit recording apirometer they found that 

when the vital capacity reached 800-1000 cc, a respirator was needed. 

In convalescence when it was 600 cc at rest, they could stay out o t 

a respirator all day, and when it r•ched 800 cc, no more help was 

needed. 

The meter used in this etudy is about six inches in diameter, 

and is mrked off in 50 cc units, ohe revo1.ution of· the hand being 

one liter. It has a one-way nlve for exhaled air so that only 
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• 
inhaled air comes through the meter and is measured. The meter is 

connected by rubber tubing 'to a mask. It was found tmt the mask 

supplied by the manufacturer was too large tor nany ot the smaller 

children, so the pneophore msk was substituted with all of them. 

The height of each child was measured. This is not only the sinpl

est to get, but, according to Metheny (9), also gives the most acc

urate correlation with vital capacity. The children were tested 

while lying down since the msk is easiest to apply in that pos

ition. An attempt was made to get the cooperati. on of each child. 

They were instructed to first breathe quietly,then take a deep 

breath, several trials being given. The highest value was taken as 

the vital capacity, while the lowest figure tor tidal air was used 

because there was a tendency to breathe more deeply with the nask 

covering the face. A few children were unable to get the idea of 

breathing deeply; in these cases they were allowed to breathe 

quietly tor some time, and almost invariably they would eventually 

breathe deeply because the mask tended to give a smothery feeling. 

The children under three usually fought and cried, in the process 

of which they took a deep breath which was oonsidered to be their 

Tital capacity. Ueasurements were taken of infants under three 

months, but the msk was too large and the volume of air was 

usually under 50 cc, the enallest unit on the dial, so that an 

accurate determination is impossible with this instrument. However, 

the rough estinnte that was obtained revealed lower values than those 

7 • 
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of Deming and Hanner (6). Because of the report or Wilson and 

Edwards (30) that Negro children tend to have a lower vital capa

city, this study includes only white children. 

To compare the results of this study with those expected by 

spirometry, the Breathing Capacity Quotient suggested by J!etheny (9) 

is utilized. The expected vital capacity is calculated tor each 

child according to Stewart's regressive equation• (see above) tor 

children aboye fi•e, and according to Metheny's special formula 

tor preschool children (see above) from three to five years. Since 

there has been no spirometry done on children under three, it is 

impossible to mke the comparison. A child was considered to have 

a fever if it was 100 degrees by rectum. Since there was found to 

be no significant difference in re�iration with fever, this group 

is combined with the non-fever group in those groups in which there 

were not enough cases of each� No attempt was nade to distinguish 

between upper and lower respiratory diseases.

The symbols and fornrulae used in the following tables are 

given below. 

'No.' refers to the number the child was given in this study. 

V•C• is •ital capacity. 

T. A. is tidal air. 

1¥ C. Q. is breathing capacity quotient. 

s. D. is standard deviation. s. D • .:: Ax'- where x is the 
I H 

deviations from arithmetic mean; N is number or cases. 

s • 



S"E. is standard error for small sa.nples. 

S.E. � s. D. x a factor representing 3 S.D.
- L N- b Sigl'lificant ifterence between two means:

� 2 
I 

2 

:•l S.D.2 x3.= a; Mean1 - Mean2 .= b.

N 

larger than 'a'' the difference is significant. 

19-23 in.
40-56 cm. Males Females 

No. v. c. T.A. No. v.c.

6 70 40 4 50

18 60 10 11 50

26 40 15 27 40

47 50 20 31 125

64 100 30 35 150

74 60 15 56 75 

80 125 25 161 50 

91 100 50 171 75 

95 50 10 211 150 

96 60 10 218 40 

116 65 25 

172 40 15 

216 50 10 

�35 35 10 

�52 40 10 
Mean 63 19 Mean 80 

S.D. '/_25 i}.2 S.D. i,42 

S.E. t.20 i9 S.E. ;,44 

If 'b' is 

T.A. 

15 

15 

20 

20 

15 

25 

10 

30 

10 

l'l 

f.6 

f.6 



24-34 in.

5'1-85 cm.

llales Females 

No. v.c. T.A. No. v.c. T.A. 

2 300 100 52 120 40 

8 125 75 67 100 25 

20 350 25 101 250 

�28 175 40 115 175 25 

32 200 40 139 200 50 

36 100 30 153 250 100 

39 250 100 1'70 200 

41 350 100 184 200 100 

63 200 75 215 200 10 

72 300 75 233 100 30 

82 450 100 236 200 30 

93 400 150 249 200 25 

103 150 50 282 200 100 

110 350 150 289 '/5 33 

112 500 150 

119 300 75 

154 300 50 

169 250 

173 200 50 

187 300 50 

230 200 100 

10.
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24-34 in.
57-85 cm.

Males Females 

No. v.c. T.A. No. v.c .. T.A. 

234 150 25 

254 250 100 

256 250 fil! 

Mean 266 77 Mean 176 47 

S.D. /.99 t,38 S.D. i_53 t,31 

S.E. i_59 t.22 S.E. t.45 /.28 

Respiratory Infections 

23 200 50 44 200 50 

48 250 50 gr/ 400 100 

65 150 75 98 350 100 

81 250 50 225 200 50 

83 500 150 214 350 100 

128 400 50 

1 50 150 50 

154 300 50 

J.� 150. 5.Q

Mean 261 64 Too few. 

S.D. /.115 i_31 

S.E. /.142 i_36 
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35-46 in.
86-115 cm.

Males Females 

No. v.c. T.A. BCQ. No •. v.c. T.A. B.C.Q.

251 442 100 56 

255 300 '15 �6 

257. 650 200 '73 

260 500 100 82 

265 300 100 54 

270 300 150 34 

276 400 100 69 

280 300 100 45 

292 1§9. 1QQ (3 

Mean 415 112 58 Mean 426 98 64 

S.D. -1).·12 f.53 t,21 S.D. t.153 t,49 t,31 

S.E. t,88 1.21 i,11 S.E. t.96 t.31 t.19 

Fey-er 

9 600 150 l.36 10 300 50 41 

12 450 250 42 38 500 150 11'1 

31 500 100 76 46 400 100 94 

60 350 75 34 49 400 75 36 

109 400 150 46 51 650 150 68 

182 300 70 600 150 74 

183 400 150 49 90 500 200 95 

198 600 100 56 147 600 200 50 
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35-46 in.
86-115 em.

Fever 

Males Females 

No. v.c. T.A. B • .C.Q. No. v.c. T.A. B.C.Q.

199 300 100 25 190 500 150 47 

m 2QQ 100. � 193 250 100 41 

269 500 200 48 

� � !QQ � 

Mean 450 130 57 Mean 470 135 62 

S.D, ll-14 t.so f.31 s.n. f.114 f.48 i26 

S.E. f.12! f.f:,O i36 S.E. i.105: /2.46 i.21> 

Respiratory Infections 

19 200 50 30 77 300 100 57 

22 350 40 158 300 50 63 

43 350 75 52 165 250 100 63 

140 300 150 59 210 30'0 100 68 

156 300 100 232 350 100 46 

208 400 100 90 237 500 100 81 

224 250 100· 30 266 400 50 37 

228 350 150 51 m � � ll 

lli gQQ .2Q ll 

Mean 311 90 49 Mean 337 81 59 

S.D. i 67 {19 t).9 S.D. i.74 f.24 .{11 

S.E. iBP f.4f i26 S.E. i98 _i31l i.J.4 
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46-56 in.
116-140 ·cm.

Males Females 

No. v.c. T.A. B.C.Q. No. v.c. T.A. B.C.Q.

15 1150 400 68 5 ·roo 300 50 

16 525 110 4J. 42 'iOO 200 55 

24 650 150 50 85 1200 300 73 

50 750 130 37 94 950 150 67 

87 800 250 55 106 550 150 30 

126 650 150 31 107 800 250 65 

12t'/ 900 200 43 111 600 300 32 

144 1100 400 59 124 1000 200 71 

146 650 250 34 1:n 1200 200 73 

149 650 150 46 132 100 

151 800 150 43 138 500 100 37 

152 1050 250 68 143 500 150 40 

155 600 150 33, 148 700 150 48 

162 ·100 100 36 181 1000 150 ·10

163 450 150 3'i 185 1300 350 68 

166 1300 400 85 194 850 200 61 

17? 600 150 47 222 800 150 45 

189 ·700 150 42 239 500 100 36 

191 1300 300 74 245 900 250 4"f 

197 750 200 41 258 600 200 53 

247 800 150 59 262 700 150 50 



16. 

46-56 in.
116-140 cm.

Males Females 

No. v.c. T.A. B.C.Q. No. v.c. T.A. B.C.Q.

248 800 250 39 261 '100 100 59 

2'(2 700 300 41 268 700 200 62 

290 600 150 12 2"15 550 200 41 

2·,1 700 250 40 

288 '/00 150 57 

� 700 m .§Q 

Mean ·"190 210 48 Mean 773 191 53 

S.D. i.226 t.90 -/).4 S.D. t.218 t,67 t,13 

S.E. .t131 t,53 t.a S.E. t.121 i�6 t,7 

Fever 

1 1500 350 77 3 '100 100 50 

59 1000 350 72 34 600 60 35 

62 450 100 21 122 450 100 35 

100 700 150 44 2'/9 600 150 45 

104 800 250 55 

123 1'150 400 94 

i67 1150 150 115 

195 950 MQ 22 

Mean 1037 250 63 Too few 

s.n. t.398 fJ.03 t.21 

S.E. isis tl36. i.28 
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561 -67 in. 
141-165.cm.

Males Females 

No. v.c. T.A. B.C.Q. No. v.c. T.A. B.C.Q.

21 1500 500 49 5'/ 600 250 28 

53 1200 300 34 105 1700 250 84 

61 800 150 29 108 750 300 32 

66 1500 500 65 125 1050 400 45 

,71 1050 200 47 136 1650 150 74 

86 1400 300 59 176 1200 250 48 

92 800 200 33 186 1400 500 55 

113 1150 350 50 21'7 1250 300 48 

133 1400 250 48 243 !29.Q 250 

134 1950 400 75 

141 1000 450 28 

142 400 100 17 

145 850 300 28 

157 1400 200 61 

159 1350 400 62 

160 2000 150 86 

188 1300 150 51 

196 1650 200 69 

206 1500 200 54 

209 750 200 33 

1150 300 
:Mean 1242 276 49 Mean 1233 294 52 

s.n. t.38'7 f).16 t).7 s.D. i_:l.53 i.95 f).·r

S.E. t.244 r.'74 t.11 S.E. 
i_1B4 :fll4 t.20 



Significant Difference Between Fever and Non-fever Groups 

Vital Capacity 

'a'(see above) 'b' Significance 

35-46 Males 143.4 35 Not significant 

35-46 Females 140.7 44 Not significant 

46-56 Males 444 247 Not significant 

Tidal Air 

35-46 Mal es 57.9 18 Not significant 

35-46 Females 53.1 37 Not significant 

46-56 Males 122.4 40 Not significant 

Breathing Capacity Quotient 

35-46 11.a.les 33 1 Not significant 

35-46 Females 30.3 2 Not significant 

46-56 Males 23.7 15 Not significant 

Significant Difference With Reepiratory Infections 

Vital Capacity 

24-34 Males 129.9 5 Not significant 

35-46 Males 115.5 104 Not significant 

35-46 Females 97.2 89 Not significant 

Tidal Air 

24-34 Males 39 13 Not signif'icant 

35-46 Males 48.9 22 Not significant 

3 5-46 F eui.l es 41.4 11 Not significant 

Breathing Capacity Quotient 

35-46 Males 24.6 9 Not significant 

35-46 Females 23.4 5 Not significant 

18.



Significant Difference Between Size Groups 

Vital Capacity 

19-23 Male
&

24-34 Female

24-34 Male
&

35-46 Female

35-46 llale
& 

46-56 Femle

46-56 Male
& 

56-6't Femle

19-23 Male
& 

24-34 Female

24-34 Male

35-46 Femle

35-46 Male 
& 

46-56 Fezm.le

46-56 Male
& 

56-67 Fane.le

35-46 Male
&

46-56 Female

46-56 Ma.le 
&

56-67 Female

'a' 

63.6 

58.2 

111.9 

108.9 

162.6 

288.6 

199.5 

25.5 

27.6 

37.8 

42.3 

50.'f 

93.9 

102.6 

Tidal Air 

'b' 

203 

96 

149 

250 

3'{5 

436 

452 

460 

58 

30 

35 

51 

98 

110

66

103

Breathing Capacity Quotient 

14.7 

13.8. 

10 

11 

1 

1 

S ignif icanc e 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

S ignif' icant 

Not significant 

Significant 

S ignif' icant 

Significant 

Not sign�icant 

Significant 

Not significant 

Not significant 

Not significant 

Not signif ice.nt 

19.
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Significant Difference Between Male am Femle 

Vital Capacity 

'a' 'b' Significance 

19-23 44.4 17 Not significant 

24-34 74.1 90 Significant 

35-46 13'1.4 11 Not significant 

46-56 188.7 1·7 Not significant 

56-6"/ 295.8 9 Not sign if' icant 

Tidal Air 

19-23 11.1 2 Not significant 

24-34 35.·t 30 Not significant 

35-46 44.1 8 Not significant 

46-56 63.9 19 Not significant 

56-67 121.5 18 Not sign if ice.nt 

Breathing ·Capacity Quotient 

35-46 23.4 6 Not significant 

46-56 11.4 5 Not signif iC!l.t!ll 

56-67 20 3 Not s ignif'icant 



Cases of Bulba.r Poliomyelitis Requiring Respirator 

No. v.c. T.A. Mean v.c. s.n. Mean T.A. s.n.

33 750 100 1242 t_38'f 276 {116 

'18 700 250 790 r.226 210 f.90 

114 400 100 1242 r.38'7 2·16 r.116 

118 100 50 415 t.1·,2 112 · f.53

1·,9, 900 150 '790 r.226 210 r.90 

200 1100 250 1233 fl.53 294 r.95 

201 15 2'/6 il-16 

202 1200 60 1242 /_38·i 2·16 ,tl-16 

203 200 100 426 iJ.53 98 /_49 

204 '15 112 /.53 

21.



Interpretation of Results 

In using the Breathing �pacity Quotient,an actual vital 

capacity (tqual to the theoretical estimate would give a value of 

one hundred. Thus it can be seen that the values obtained with 

this instrument are considerably lower than would probablJJ be 

:found by spirometry. Metheny (9) states that in similar calcula• 

tions using actual measurements by spirometry, the theoretical 

values tend to be high, but that Stewart• s {14) regressive equations 

which are used in this study, are one of the most accurate estinates. 

It seems quite likely, since the equativns were derived from a 

different group of children than used in this study, that this is 

a major source of error. Errors or epirometry, suc h as friction 

and difference in pressure inside and outside the bell, which is 

mentioned by Metheny (9}, would tend to decrease the value rather 

than increase it. To have a fair comparison, the same group of 

children should be tested on both instruments. It is also possible 

that the Bennett Respiratory Ventilation Meter is inaccurate. The 

use of inspiration instead of expiration must also be considered 

as a source of the different -,alues. Another possibility is leak

age of air about the mask. However the same reading may be ob

tained holding the ne.sk loosely as holding it tightly. Further

more one would expect a lower Breathing Capacity Q.uot_ient in the 

lower age groups where less cooperation is available. This is not 

the caBe; there is no significant difference between the means 

2Z. 
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of the Brea.thing Capacity Quotients of any of the size groups • 

This fact is also evidence against an emotional factor beil'lg or 

prime importance; one would expect higher Breathing Capa•city 

Quotients in older, more cooperative age groups, whereas the 

actual tendency seems to be toward lower n.lues. The children. 

in this study were measured lying down, whereas they stand for 

spirometry. In adults there is only a 4.4% difference in vital 

capacity in the two positions. However, this must remain a poss

ible source of error. 

The differences in vital capacity of the size groups were 

significant •. Two of the differences in tidal air were not, which 

suggests that Tital capacity is a more n.lid measurement. 

There was no significant difference in any age groups between 

those with feWtr and those without fever. Thus it is not necessary 

to consider this in testing patients with bulbar p_oliomyelitis. 

There was likewise no significant difference between those 

with respiratory infections and those without. This is. contrary 

to what might be expected since there are reports that the vital 

capacity is lowered under such conditions. This may be explained, 

in part at least, by the fact that all types and severity of respira• 

tory infections are included. If it were restricted to severe 

bronchial asthma, for instance, the results might be different, but 

apparently an up�er respiratory infection is not significant. 

The differences between mle and female were not signif'lcant 

with the exception of one group, that which includes children 

•
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approximately three months to over one year. This is an age of 

very rapid growth, which may exaggerate the difference between 

the sexes, the males bein g larger and haying higher vital capa

cities. It is also possible that the statistics give an inaccurate 

picture, although this is one of the larger groups, and would thus 

tend to be representative. The overall picture ot no difference is 

not in agreement with Metheny' s( 2·1) work. She states that there is 

a greater difference in vital capacity than can be accounted for 

by difference in height. She does not say what statistical methods 

were used. In our study the males did not consistently have a 

larger vital capacity and the differences were not significant. 

There were ten cases of bulbar poliomyelitis, the vital capa

city and tidal air having been taken on entrance to the hospital 

or just before going into the respirator. In three cases both 

vital capacity and tidal air were decree.sad below 1 S.D• In one, 

the -·yital capacity only, was decreased and in one it was decreased, 

but still within 1 S.D. In two cases the tidal air, only, was 

ava.ilableJ both were decreased and one below 1 S.D. In one case 

the tidal air \fE'_s below 1 s.D. while the vital capacity was normal. 

In two cases both values were normal. Thus in eight of the ten, 

the respiration was measu�bly diminished before the respirator 

was used. There is no indicat :ion from these ten cases as to whether 

vital capacitr or tidal air tends to be most valuable. More work 

should be done on this subject. This instrument would prol:nbly be 
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or most TRlue in following individual cases. A consistent decrease 

would be more significant than any one value in itself. It could 

be invaluable in determining when a patient is ready to be out or 

a respirator. 

Summry 

This paper contains a brief survey of the literature on 

spirometry and a descriptioh of the methods used in obtaining the 

vital capacity and tidal air of two hundred and ninety children. 

Tm measurements are grouped according to the height of the child. 

Male and fem.le are separated, as well as those with fever, respira

tory· conditions, and bulbar poliomyelitis. The measurements are coln

pared with those expected by spirometry for each child. For each 

group the standard deviation and standard error are calculated, as 

well as the significant difference between groups, fever and non

tever, male and female, and respiratory and non-respiratory conditions. 

It was found that: 

1. Measurements with the Bennett Respiratory Ventilation Meter are

lower than it is estimated that spirometric measurements would be. 

2. Vital capacity is probably a more valid measurement than tidal air.

3. There is no significant difference between feyer am non-fever

in vital capacity and tidal air. 

4. Respiratory inf ectione ch not cause a significant diff' erence

in vital capacity and tidal air • 

• 
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s. There is no digniticant difference between the vital capacity

of mles an::1 females except in the 24-34 in. size group, in which 

case the males have a higher vital capacity. 

6. The Bennett Respiratory Ventilation Meter may be of great value

in following cases of bulbe.r poliomyelitis, both in judging whJtn 

the patient needs a respirator and when he may be out of one. It 

is felt that the norms established in this study may be useful in 

determining the amount af respiratory depression • 
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