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Comparison of mechanical efficiency during
aerobic cycling performed by
5 to 6 years old children and adults

Hiroshi Sasaki* Sizuka Shii**

Abstract

Mechanical efficiency is defined as the proportion of the chemical energy that
is transformed into mechanical work. The mechanical efficiency of children is
expected to be inferior to that of adults because their neuro-muscular and
metabolic systems are not fully developed However, classical investigations have
shown that the mechanical efficiency of children is superior to that of adults. The
purpose of this study was to compare the mechanical efficiency during aerobic
cycling between children and adults. Ten kindergarten girls and 10 collegiate
females participated in this study. Oxygen intake was measured at rest and
during 4 minutes of cycling at the work rates of 0, 150 and 225 kgm/min, and
mechanical efficiency was calculated as gross, net and work efficiencies
Furthermore, the adult subjects performed the cycling at the similar relative
intensities to the children. The calculated mechanical efficiencies of the children
were significantly higher than those of the adults at similar absolute work loads
(p<0.05). However, at similar relative work loads, the gross efficiency of the
children was significantly lower at 70% heat rate maximum (HRmax) and their
work efficiency was significantly higher at 80%HRmax compared with those of the
adults. The mechanical efficiencies were thus influenced by the work load. Peak

value of the mechanical efficiencies was found in the adult subjects, which was
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similar to the highest value in the child subjects. However, the work load inducing
the peak value was different from that of the child subjects, which might account
for the differences in mechanical efficiency observed at similar work loads. In
conclusion, the mechanical efficiency of the cycling performed aerobically is
essentially the same in children and adults. The influence of work load on
mechanical efficiency results in differences in mechanical efficiency between
children and adults.
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T8, FOHFEE LI AINF-EHEENHEBEHRORLTWzH, b b oS
FrHBTLOII Ao RE 00 Lk, FOEHRAER, #F824T 501V E
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12, BRI INOLDERFHEIL Lo TRLZ P, HEHESERENICIT
bN7zHE, gross efficiency 1X 11-17%.2 net efficiency 13 23-30% 1219 3 X OF work
efficiency 1& 27-34%© TH 5 Z LPHE SN T 0D, T2, ZOBMNAIEZ, EiaE
DEEE V. BlZIE. Gaesser and Brooks? (3, BHIEHEEED 7L — FIKF OB KL
o THMIRIE AT 5 2 L 2 ME L2, Rawland et al. @ i3, AERENHERESO
SERE 12 o T net efficiency 28N L, —EBOREIC 2L L 2T|E LT,

VolT ) FERPERNNECREZTEESREL-L0ER., FELNERALDD
gross B & U net efficiency 2&\ 11 WEH TRLE L%V 2 EOHERR LN, F0
BRI L2, 20BN, BRAOEORHRHEICL 200, EFFREICL 20D
HEVEIFELDIEII VL VB ZANF —EBEATON T D00 L LTI RV,
Lol i - S8 L ORHROBEERICH AT L0 Tid, T OMMIRIEIIRA L I
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Table 1. Physical characteristics of the subjects.

Group age stature weight %fat
(yr) (cm) (kg) (%)
children 58+04 1145+x58 214+44 169+81
adults 21804 1605658 553+38 255+23
p <0001 <0001 <0001 <001
B XEEFIE

BB, WPRN AFERAOVAZ R RBEORE) LI L TEF L. T RERHHE
B LB LBEREBO-OOEBE BICESE L THOREMICTEEH TR 720 ZOMG
BEHAEHE L. REPREREL R TVWE I & 2L EEOEI SR L%, 5 5
DFFIRELITV, FORKILBEROREHELITo72, TOBRPMETBERIV T A —
y— (BF—2H) CEY, RINVEBARATETIEZ L EOBMEMMBAED 15
BIRD I FVOBESEHAG L, #EEIE, < VORERS 1 78I 50 HEx
WCHBEICLAEYRAANHbET, AOEFEARNT 4 oHTY. 20FFEFE
150kgm/min [ZHML T 4 SR BEEER 2174 o 72, £ OBREREIL. 4 20 SH O
BE o783 512 226kgm/min ICEM A8 LT 4 0O HEEEE 21T o 72, EBOMH,
METEICARY VAR A BER L, 50rpm 2RO L 5 ITHMRE IR T 5 2 72,

KEZEOBME L, THROWRE ORERS LIS T 5284 (%HRmax) & [F
— 5 L) ICAWRERENL CGER T b7,

C HAIEIEB SN TEROE N

FNEN 4 O HEGREEH OB, BEENE (Vo) LIPRARLZ BEIRFKT A5
MR (I MEED) FHVWTHIEL, 20 4 SEOEERE 1 o2 F—H
BRATNOOMPLHEM L7z, 72, 0% HR) ZEHL, £hEh 4 SROME
BRICRLSR L7z, BAMGRELCBITAM4HER, ABBEDO T L —FIRMIARF VD 1 BliE
W) OB R X OEEEEE L TER L, g keal fHIZIRE L7,

FEMEAIRIER I, gross. net B X UF work efficiency I22WTRD L H BB L7,

Gross efficiency =ft5& (kcal) +EFFOETANF—HEE (kcal) X 100
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Net efficiency =ftF & (kcal) +~ GEETOLEIT ANV F-HEE —TEIE I AL F -
#E) (keal) X 100

Work efficiency =ftH& (kcal) + (EFHHFHOET AN F-HEE -HAFHOT 2L
F-HEE) (kcal) X 100

D #s&t

KT, FEOEBRAOEREBRICOWTELLEEEDOMHES . Tl L EmisE
#= (SD) TR L7ze T/, FOMBERICBIT BEOREICIE., 58S (ANOVA) % H
W, FREENROSNIzE 5| post-hoc ZHWVTIRE Lz, B, FOEDEEMIZ p<
0.05 & L7z,

W AR

RPN L 7 IRE DR B L R R MEOB CHEICE R 57 (Table
Do

A ENETAEICS T B EAME

AHE 150kgm/min TIT - 72 BEREEENC BT S gross. net B X U work efficiency i,
TELOBTEFNFN 132 £ 22, 188+ 44 BX1U5294 + 73% Thole, Vol .,
BMADEHETIZEFNRFN 119 £ 09, 193 £ 24 BLF 212 +53% THH. work
efficiency 257 &b DETHEILE P> 7 (p<0.05), F7-, AHE 225kgm/min 12 BT
LHENLOMEIE, TELOFTENFN 175+ 33, 238 £ 59 BLU 347 £ 98%., ik
ADOBET 144 + 08, 207 + 15 BXU31.8 = 80% TH . 150kgmv/min Tl work
efficiency A%, 225kgm/min Tl gross efficiency 7" F & OB THRAOELI Y A HFEICS
otz (Fig 1o

Vo: i3, ZHFHEB L UEEPICRADHECFEL DL Y B EFEICE P72 (Table 2),
LHAEE, 150 BX O 225kgm/rmn OEEIEICT D ORI HEERE LD 708 £ 42
BLOT89 £51% 12, RADOEN 461 £ 44 BXUB22 £ 52% IZHY L7z,

B *Ei#ﬁﬁ?ﬁfit:ﬁﬂf%#%mﬂ@%%

F &b DR LA AR RE £ [F—12 L TRADEEIC 70%HRmax DM T HISHES)
AT o728 &, gross, net B & U work efficiency 13, 205 + 3.8, 243 + 44 B L ¥ 282
+ 61% &% D, gross efficiency VBACEHETHEBILE» > 72 (p<0.001), F7-
80%HRmax D& &, £NENDOMEIL 193 £ 09, 224 £ 12 B L2554 +23 (p<0.05)
& work efficiency 287 &d DETERICE» -7z (Fig. 2), T Dk %S )ﬁ/\@ﬁ’(
gross, net efficiency 4% 70%. work efficiency 7% 52%HRmax O & ¥ — 71 E L2
(Fig. 2)o Work efficiency D AfEIZ, THE L b 225kgm/min @ﬁ%%@ LEICALR,
FTNETHTHEELE LR o7,
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Fig.1. Comparison of the gross, net and work efficiencies of the child and adult subjects
performing bicycle ergometer at the similar absolute work loads.
Significant differences were found in the work efficiency at 150 kgm/min and in the
gross efficiency at 225 kgm/min (*p<0.05).

Table 2. Oxygen intake (ml/min) at rest and during exercises.

Group at rest during exercises
0 kgm/min 150kgm/min 225kgm/min
children 1526176 2933+614 545 0+889 6190+102.3
adults 2258+327 38944837 606 9146 8 7412+ 392
D <0001 <0.05 ns <001
vV EE

AKEFZRIE, 5 ~ 6 BROABZYHERESI B A EMRARIEIL, HBEE Tl
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Fig.2. Comparison of the gross, net and work efficiencies of the child and adult subjects
at similar relative work loads.
The gross efficiency of the adult subjects at 70%HRmax was significantly higher
than that of the child subjects (***p<0.001). On the other hand, their work efficiency
at 80%HRmax was significantly lower compared with that of the child (*p<0.05).
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gross B & UF net efficiency Z LB L 72, Z DR, AIE D gross 3 £ U net efficiency 3%
NEN1B0BLU246% THH, BETIIENEN 120 BLU23.7% T, 6 ~ 8RNEA
12~ 15ERLYIBVEAIISH L Z E2HmE L7z, $/-Baletal ®id, 6 ~9RBL T
12 ~ 14 B FOEEEERICBIT S gross B L U net efficiency 25, BB 123 BLT
23.4%., $%#&HIL 123 BLU 20.0% T D, net efficiency #° 12 — 14 E TV L 2 #
EL7e WolZ), ABLY X5EEE (190 £ 045%) D gross (11 ~ 16%). net (20 ~
22%) B LUV work (27 ~ 34%) efficiency 2, H4E#E (406 = 3.8 %) LKL TR
ROBVWIEERLE, TOX)I, FRSBREAOEICRIETREICET ARELT
Ld—HEHLZWE)IcBEbh b,

KFEOF L OBED 2 BEOEE TIT - /- HEEEEBI D gross B L U net efficiency
OfEiiE, Taylor et al ® BL U Balet al " DFNLDEELIZIF—H L, 72, BAOH
DFNSDME & work efficiency 1, ABEODFNLOMES & -8 L7, #L T, A
F2 D gross efficiency 25 F & OFETE D - /2R 1, Taylor et al ¥ ([Z—F L 7=,

Gross efficiency &, fTbh7-AFEL LI A NVF—HEETRI -0, HEFEOLF
VEF—BEEBNCOBEIHEL RITTTHA ), RFFESB L U Taylor et al. ' @ gross
efficiency (&, REERERIVNE WHEORBE 3 ELHERO AN F -HEEVPRV 720,
FOWBPAREVWEBREBRELI VE ko7 botBb s, L72h > T, net efficiency

HHIFOLANF-HBEEZ WL TRD 72720, Wﬁf"ﬁ"@ﬁi CRLL ol bo
EEDND, ZTOHRIL net efficiency F & H TEIE VD, BMALLERTEREICES
BRVWIERRLAZINETOMG E—HTHTHA9,

EHIT, HEBEERIIZICT V- FEIET 5 4F GaE) LTREE»TAF
(NEHEE) BOB5.0 MARTROBERDSF LD ICHERTREVLED, £ONKLEHE
BELIYVKRELLDTHA), TNl BAFROLAVF-HEEZ KL THIE LA
work efficiency IZADOEHPFLIOHINIEL DI L2 FHIL, LaL, AN
TOIRNVF—HEREL., RAOENTELORINDERIIEL 2222 b o T,
work efficiency 17 &b OFEVPRAOE L D D EEIIE P, 7

SR BERESBERRIZLAODO L EDbN S, Rawland et al @ i3, BFEHaTOH
FLRFETIR, EHREOZE CERMAZIERIERNZ LB L TENHHE T 60%Vomax
Mh, HBET 40 ~ 50%Vomax 2°6H —EDKEIET S I L XA L, AFETLH
SRR & 12 LTINS OMMAR)ER 2 WA T L7z ABFEOF L6 OFEIR
70 25 80%HRmax (2 EBIGRE AT 5 O WK RSB L 720 wolE) . B
AL 4 BHEOME CEB % /T, gross, net efficiency iE 70%HRmax @ & 12, work
efficiency 134 50%HRmax D& Z ¥~ 7 EZR L7z, # L T2 D 80%HRmax 2B 5
work efficiency 3. T ELOBEPRANEI N OHEEILE» 277, LELFOMHEIR, BA
DET work efficiency 78— 27 127% - 72 50%HRmax N & EOHE L BT 2 & FEICER
Shrol, TIIIBHIRIEORRMBEIIANEWNIIFEL LIMATEZ L 2w, e
BEHEDOBVICL AP IT EOEPTETHETLILERTEDTHS ),

HEEE O )V EEE & R OBRIZ DOV T, Maris et al ¥ IZBEO TV T — %
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—EF THRESERBMICEIR L 2R VREH L D K EEREUT net efficiency 755
BBl ezWE LTV, INEAKROBRIHMTOILITA -7 —EHTLIEDLN
TW5,9 F 7> Gaesser and Brooks? &, HEEEEEIO RS IV EEEE ORI AS
WAL, 207 L —~FEPOBIMEVRRITEINT 5 2 L2 HE L, S IVEHEKD
BINIANWAFEEL NS 57209 ZOM4FEEERE L 2 EBMNZRITER
BHIONAETHA ), VolEH, HHHBOHEICOVWT, 2ORANERERUGHO
40% DEMTHET B I LATRINTVD AW G, R VIIHhHEETIOKE S
WA ICEE L RIITI LR RBTLETHAD . Lz > T, HEEEEOEMEIT)
REFRTVOOEHEB LT L —FELOZEL 2, BRODWEPRL 25540 GHET
B55DLBbNDG, BRFRTEIANTIVEELE —BIC L2720, BziECRIZT 7L
—FHEROEEFRD LN, FORBHHRIFEDERI2ANBERITELERATE
LAIEERTTHDL), TOILIFTTED ERATHMRICESERONZZ L %28
HATrdntEbhb,

VAR -+

FEFNBmEES ORMASEIL 5 ~ 6 B LA TREMICE L SR v, B
EIZBMBEORELZ, FRPROBL BIBERFEDERATERS, 2T
BRI RS EOM TR LR AERE 1 b,
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