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Studies on the Ventilatory Functions of the Korean Children and Adolescents,
with Special References to Prediction Formulas

Hze.Kun Park and Kwang Jin Kim

Department of Physiology, School of Medicine, Chungnam National University

The maximum breathing capacity (MBC) and the maximum mid-expiratory flow rate (MMFE)

are widely used in evaluation of the ventilatory function, among various parameters of
pulmonary function. The MBC volume is the amount of gas which can be exchanged per
unit time during maximal voluntary hyperventilation. Performance of this test, unlike that
of single breath maneuvers, is affected by the integrity of the respiratory bellows as a whole
including such factors are respiratory muscle blood supply, fatigue, and progressive trapping
of air. Because of this, the MBC and its relation to ventilatory requirement correlates more
closely with subjective dyspnea than does any other test. The MMF is the average flow rate
during expiration of the middle 50% of the vital capacity. The MMF is a measurement of a

fast vital capacity related to the time required for the maneuver and the MMF relates much

better to other dynamic tests of ventilatory function and to dyspnea than total vital capacity,

because the MMF reflects the effective volume, or gas per unit of time.

Therefore, it is important to have a prediction formula with one can compute the normal

value for the subject and the compare with the measured value. However, the formulas for

prediction of both MBC and MMF of the Korean children and adolescents are not yet avai-

lable in the present. Hence, present investigation was attempt to derive the formulas for

prediction of both MBC and MMF of the Korean children and adolescents.
MBC and MMF were measured in 1,037 healthy Korean children and adolescents (1,035

‘male and 1,002 female) whose ages ranged from 8 to 18 years. A spirometer (9L, Collins)

was used for the measurement of MBC and MMF. Both MBC and MMF were measured 3

times in a standing position and the highest values were used.

For measurement, the CO; absorber and sadd valve were removed from the spirometer in

order to reduce the resistance in the breathing circuit and the subject was asked to breathe

as fast and deeply as possible for 12 seconds in MBC and to exhale completely as fast as

possible after maximum inspiration for MMF. During the measurement,

investigator stood

by the subject to give a constant encouragement. All the measured values were subsequently

converted to values at BTPS.
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The formulas for MBC and MMF were derived by a manner similar to those for Baldwin
et al (1949) and Im (1965) as function of age and BSA or age and height.
The prediction formulas for MBC (L/min, BTPS) and MMF (L/min, BTPS) of the Korean

children and adolescents as derived in this investigation are as follows:

For male,

MBC=[41.70+ {2. 69X Age(years)} JXBSA (m?)

MBC=[0. 083+ {0. 045 X Age(years)} I XHt (cm)
For female, MBC=[45, 53+ {1. 55 X Age(years)} IXBSA (m?)
MBC=[0. 189+ {0. 029 X Age(vears)} IX Ht (cm)

For male,

MMF =(0. 544+ {0. 066 X Age(years)} I X Ht (cm)

For female, MMF=[(, 416+ {0. 064 X Age(years)} I X Ht (cm)
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Table 1. Physical characteristics of male .
subjects (Mean=+S.E)
Age Number of Height Weight BSA
(yrs) Subjects (em) (kg) (m?)
8 72 124. 62-0. 55 22.4-£0. 43 0.9140.01
9 82 129, 6-0. 62 24. 80, 38 0.974-0.02
10 95 133,620, 60 27. 10,57 1.02=0. 01
11 87 138,920, 78 29.8::0.54 1.0920.02
12 127 142.740. 61 32.740.47 1.153-0.02
13 109 150. 0=:0. 89 38.2+0.75 1.26=+0. 02
14 126 155.74:0. 67 43.9-£0,59 1. 4020, 02
15 98 162,520, 72 50, 4:0. 62 1. 5320. 02
16 83 165. 50. 81 51.8:£1. 07 1.582-0.02
17 82 168. 10, 62 55. 740, 67 1.59+0. 03
18 74 167, 7240. 55 56. 14-0.79 1.64+0.02
Total 1,035

Table 2. Physical characteristics of female

subjects (Mean=+S.E)

Age Number of Height Weight BSA

(yrs) Subjects (ecm) kg (m?)
8 75 124.01+0. 61 21.94-0.46 0.89=+0.01
9 77 127,540, 67 23,70, 45 0. 933-0. 01
10 103 132.44-0. 67 27.12:0. 43 1. 013-0. 02
11 104 . 138.8+£0.72 30.440. 48 1.1020.02
12 g1 144, 7£0. 69 34.6:0. 63 1.1930. 02
13 96 149, 1+:0. 69 38,8-£0.58 1.28--0. 01
14 93  153.020.55 42.9-40.61 1.3530.02
15 114 154. 42-0. 41 46.5-+0. 51 1. 4120. 05
16 102 156. 520, 48 47.9-:0. 58 1. 460. 02
17 74 156. 720, 58 50. 5:+0. 57 1,49-+0. 01
18 73 155.70. 47 49.9:0.64 1. 4740.01

Total 1,022
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Table 3. Maximum breathing capacity (MBC)
and maximum mid-expiratory flow
(MMF) in various .ages of subjects

(Mean=+S.E)
Age MBG(L/min) MMF(L/min)
(yrs) “Male Female Male Female

8 56.7+1.3 49.3+1.2 1311429 117.443.7
9 64.541.4 56.31+1.5 145.7+2.7 120.4:4.3
10 65.9%+1.2 62.0+1.6 146.1+2.8 138.5%3.1
11 80.6+=1.8 70.9%=1.4 176,6+3.8 150.0%3.6
12 85.241.4 77.0=1.8 187.0%+3.6 171.6%4.4
13 97.643.3 84.6*1.8 207.5+4.7 181.3%4.0
.14 101.842.1 92.6+1.8 223 14,1 194.5+4.2
15 128.142.6 95.4%+1.5 255.4+4.8 212.4:43.9
16 130.043.1 101.6+1.6 276.2+6.2 - 228.9+4.7
17 141.6+3.1 109.1+2.0 281.8+6.3 239.3%5.5
18 144.4+2.3 104,.0%2.2 281.4::4.9 237.3%5.4

&8 Er] Tl 3 A7 —
A 2z dAe ¢AY TR 7% B3ES 8 A
o 94 aae] FrEe wel MBCY F7tx7t o
A A wgreh. & MMFel| gl A= Aol F7F
o whel A=) 1741 A A= @ 44 2818
46.3 B 239.3%5.5 L/mino]glom] 184l A& 17
A gAdaeh =3 Pl g wlmehwl 8algk 174
A ZA &GA7 A 89.5 Y 84.9%2A o] &
Aol whek dd e zpelst FrHH = Al e
MBC ¢} 7A$ucte Agln d9d 47 Atz =T
Pl

Zxx MBC @ MMF & Aol =43 v&3 23
A 156l TAF 8kek 2k, & MBCHA 99 ZF
gAldlA @t e} FhHged F& Aol o
Qiu FAE r=0.768, AL r=0.63124 3l
= (PO, 0000 glek, MMF AR 2 A3e &
2. MBCo| A s}k 7ol dgo] F7Hdel wel 7453
i 2F 164 ol FelE AL LATHA fA=
or dA¥ste] Aag v dAE r=0.594, oA
=0. 66224 993le AdaAE vebigich

s MBC @ MMF ¢ sl s o] gk #&-& Al
Sof A wkel ek F A 2EAA B 5 YRel
MBC Y] zZad wgL 7ol Sl =t
2% Z7beke] o AdAl4s A r=0.634, &3
Eor=0.4022 #9% Aol Al MMFe 164

l:l

E18y

£ VIR
S| F
£ ~ MMF

o147 .

m

=z

St

o

o

£10[

[ M
= L

= MBC | .
06 .

033072 4. 16 1B
Agelyrs)

Fig. 1. Changes of MBC and MMF ratio to
body height in various ages.
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Fig. 2. Changes of MBC and MMF ratio to

body surface area in various ages.
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Table 4. Maximum breathing capacty (L/min) in relation to bady surface area and age in female

subjects
- Age(yrs)|
\ 8 ¢ 10 11 12 13 14 15 16 17 18
BSA(m®
0. 96~0. 80 43.1
0. 81~0. 85 45.0 5.8 43.6
0. 86~0. 90 £5.6 531 549
0.91~0. 95 9.2 55.8 59.6 56.5 62.5
0.96~1. 00 5.1 56.3 63.8 63.7 687
1 01~1. 05 5.6 59.1 641 65.6 69.0
1. 06~1. 10 66.3 66.0 736 73.1
L11~1 15 67.5 72.2 746 80.7
1. 16~1. 20 79.8 77,1 75.0 72.7 76.9
1.21~1.25 78.6 75.2 717 78.4
1.26~1.30 79.1 SL8 8.7 825 8.7
1.31~1.35 82.0 783 934 87.0 94.8 90. 1
1. 36~1. 40 8.4 937 96.1 935 957 I0L1 980
L 41~1.45 88.5 97.9 97.9 102.4 103.6 1016
1. 46~1. 50 9.5 98.8 98.7 107.8 113.2 103.5
1.51~1.55 1027 96.4 102.2 108.3 109.6
L. 56~1. 60 107.4 107.4 115.4 113.4
1.61~1.65 104.5 119.1
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Table 5. Maximum mid-expiratory flow (L/min) in relation to age and height in male subjects

Age(yrs)
8 9 10 11 12 13 14 15 16 17 18
Ht(cm) T

110~115 130.7
116~120 129.9 135.5
121~125 125.1 130.7 145.9
126~130 138.2 149.1 142.3 161.3 190.6
131~135 148.3 144.7 166.6 168.2 190.9
136~140 156.6 156.1 191.4 185.5 192.9
141~145 160.5 180.5 175.5 179.0 207.4
146~150 182.5 188.7 203.7 195.6 202.9
151~155 212.7 209.4 215.2 215.2 267.3
156~160 217.3 232.1 234.2 286.4 278.1
161~165 239.7 248.3 266.2 276.4 264.4 280.5
166~170 262.4 240.6 272.0 294.6 283.5 281.4
171~175 265.3 272.8 293.0 288.4 284.6
176~180 284.2 290.0

Table 6. Maximum mid-expiratory flow (L/min) in relation to age and height in female subjects

\ 8 9 10 11 12 . 13 14 15 16 17 18
Hi(cm)
116~120 119.1 12L.5 128.7
121~125 112.8 110.8 130.1
126~130 110.9 1221 137.3 123.2 127.9
131~135 134.3 121.7 138.0 164.3 129.7 150.2
136~140 132.2 139.8 140.1 156.3 164.0
141~145 ' 147.5 162.4 158.9 163.5 154.3 164.6 219.5
146~150 * 164.4 188.1 185.5 180.7 187.2 227.8 211.9 203.9
151~155 162.6 184.3 179.3 192.4 201.0 230.8 2340 229.9
156~160 203.0 204.1 206.1 214.9 231.5 249.0 237.6
161~165 214.1 232.0 237.8 233.8 261.8
166~170 ' 239.8 237.7
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