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Abstract

Humans have evolved from our common
ancestry (homo sapiens) by differentiating,
developing high technology, and creating culture.
At the same time, humans have adapted themselves
to the natural environment, allowing the human
species to survive by reinforcing our physical
weakness. Currently, people in developed countries
are adapting and developing their bodies to
convenient and comfortable living environments,
whereas in developing countries, people are doing
so to opposite severe living environments. It is
meaningful to analyze how these differences in
cultural factors or changes in natural environments
affect the human body, along with how the human
body adapts and develops, through a study on
human growth development. Therefore, in the
present study, we introduce the allometry method
and provide an overview of a growth development

study carried out in Japanese children.
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What is Allometry?

When evaluating the growth development of

children, changes in each part of the body are
normally evaluated based on chronological age,
which is physical time. However, as seen in
Scammon’s growth curve”, each body part does
not always develop at the same speed. In other
words, from cells to individuals, the growth
development of each measure has its own pace
(time), and it is important to take this unique
biological time into consideration when studying
growth development.”) Moreover, simply
evaluating the increase/decrease in the measure
alone is not sufficient for growth development
studies. The difference between children and
adults exists not only in size but also in the relative
balance of each body part (proportionality).
This is obvious when looking at the proportion
of head length and height. The proportionality
of the body changes depending on the growth
period, and individual variability may be observed
for actual growth progress even within the same
growth type. Therefore, it is impossible to figure
out the proportional change of each body part if
we follow and measure the development of only a
single part of the body. As is said, a living body is
“to put it briefly, a dynamic unity” ” thus, growth

development should be evaluated as a whole, based
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on inter-body relationships, rather than making a

uniaxial evaluation.

Interpretation of the Allometry

Allometry is the “exponential function relation
observed in the body balance of creatures.” * It
is an analysis method based on the relationship
between two parts of the growth system of a
living body, such as height and weight, and two
kinds of anthropometry values, which is also
referred to as relative growth.g) Research on
this evaluation method was officially started
in the 1920s by Huxley and Tessier, with each
developing under the name of allometrie de
croissance and allometrie de taille (Tessier).”
In allometry, a relation y = bx" is established
between the two parts of growth systems x and vy,
and a linear expression log y = log b + « log x is
obtained by taking the log of both sides. In other
words, the relationship between the two measures
is expressed as a straight line. Here, « is referred
to as the relative growth coefficient, indicating
the increase rates of both measures, while b is
referred to as the initial growth index, indicating
the y value at x=1. In allometry, this coefficient
a plays an important role. For example, given
that « > 1, it is positive allometry, indicating that
the growth speed of y is relatively larger than the
growth speed of x. In other cases, when o =1, itis
isometry with both being equal, whereas when
a < 1, it is a negative allometry, which indicates
the opposite. Therefore, for example, given that o > 1
with y = weight and x = height, it is revealed that
the growth speed of weight is large compared with
the growth speed of height (Fig.1).**® These
relational expressions were elucidated by a large

number of studies on arthropods and a few studies

on vertebrates, supporting the demonstration of
the sexual dimorphism of crustaceans, casting of
social insects, orthogenesis of birds, etc. Currently,
while it has been widely utilized in morphology,

7-10
" only a

taxonomy, physiology, and ecology,
limited number of cases have been reported in the

domains of sports science and health science.
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Fig.1. Allometry curve of an individual. Critical point
and discontinuity, and the developmental periods.
(Kimura, 1970)

Allometry Studies in Humans

Allometry studies in humans have been developed

" and

16-17)

by Thompson,m Alcobe et al.,lz'w) Tanner,"
Asmussen et al."” In Japan, reports by Shimizu,
Sato,m Shimizu and Inoue,lg) Morishita,zo’za) Ikai et

25-28)

al.,w Komiya et al., and Hattori et al.,zg) exist.

Most of these studies evaluate the relative growth
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of weight, chest circumference, and sitting height
to height, in children aged 6 years or older, using
cross-sectional data. However, there are many
issues regarding these studies including the biased
age and gender of the subjects. At the same time,
there are studies evaluating the relative growth
of children using longitudinal data. For example,
individual growth based on the relative growth
of weight and chest circumference to height was
evaluated in males and females aged 6 to 11 years
by Shimizu,”” in male and female twins aged
6 to 17 years by Morishita,”” in females aged
6 to 17 years by Kimura,” and in males aged 6
to 14 years by Komiya.25'27) Moreover, although
it was a specific retrospective study in twins,
Morishita’" reported the relationship between
morphological development and the age of
menarche using allometry. Furthermore, regarding
longitudinal studies in infants, a study evaluating
the relative growth coefficient « value for weight
in relation to height in 41 infants aged 0 to 6
years by Morishita® and a study investigating the
relationship between body length and weight, head
circumference, and creeping movement in 3 female
infants aged 0 to 35 weeks of birth by Sakata™
exist.

Some studies have evaluated the allometry
of motor abilities such as muscle strength and
jumping power relative to morphologies such as
height. Examples of such reports include reports
by Asmussen et al.,”™ 9 Cook et al.,w Tkai et al.,w
Shimizu and Maezawa.” However, cross-sectional
data is used in these studies and they have not
reached a universal conclusion. Regarding
longitudinal studies, reports on infants by Nakao

35-37)

et al. exist, but the age of the study population

is limited to 6 years or younger. As seen above,
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the current situation is that there are insufficient
allometry studies regarding motor ability in

relation with morphology.

Limitations of the Allometry Method

In growth development studies of children,
in which there are large individual differences,
it is preferable to evaluate the relative growth
development of each body part, in addition to
evaluating them according to the physical time
scale of chronological age. From this point
of view, allometry is an effective method for
evaluating the growth development of children
due to advantages such as: 1) applying widely to
various growth phenomena; 2) being a relational
expression of measure that is easy to understand;
and 3) the ability to express the relative relation
of two variables in a straight line using both
logarithmic values. At the same time, Asmussen
15)

et al. ” reported the disadvantages of the gap

caused between the actual measured value and the
theoretical value in dimension analysis theory,gg)
by displaying various functional developments
in relation to height in Danish people completely
by single-phase allometry. In dimension theory,
given that the distance proportionate to height is L,
the length of each body part is proportional to L,
with areas such as body surface area proportional
to L” and the weight of each body part such as
body weight proportional to L°. For specific
motor ability, running speed, for example, is
determined as the product of stride length and
number of steps per time unit (frequency). Since
frequency is the reciprocal of the time required for
a single movement, we get frequency oc1-T " oc
L. Thus, speed o< L. X L']=L°, which means the

running speed is not defined by height. Komiya28)
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also reported on a relative development study of
motor ability related to height, indicating that
all the relative development coefficients « were
larger than the theoretical values, by displaying
multiple-phase allometry for some functions. In
these studies, the fact that human bodies are not
always similar in shape and body compositions
are also different, was inferred to be the reason
for the differences in theoretical values and actual
measured values. As just described, regarding the
studies related to motor ability using allometry,
while evaluations have been carried out on the
level of motor ability development in relation to
morphology development such as height, as well
as on the calculation of the relative development
coefficient  « and the shift thereof, there is
an issue of how to interpret the gap between
theoretical values and actual measured values,

which is considered not to have gone outside the

theory as of yet.

Summary

The physical frame of modern children is
growing in size, but at the same time, the basic
physical ability to move the grown body is
decreasing. Therefore, while it is important to
explore the social environmental conditions
regarding enlarged or prematurely developed
bodies and the decrease in motor ability, the issue
of how accurately we can evaluate the growth
development status of children is also important,
requiring studies on the appropriate evaluation
methods of the growth development of children.
Up until now, morphological development and
development in motor abilities in children have
mainly been studied through comparing the

mean values by age using cross-sectional data

or changes over time thereof. However, since
there are large individual differences and gender
differences in childhood when growing and
developing vigorously, individual differences
and gender differences also exist in the body size
itself or the body constitution, which may be
causing differences in exercising motor ability.
Therefore, in order to accurately evaluate the
growth development of children, in addition to
absolute evaluation of morphological development,
body composition development, and motor ability
development, relative evaluation combining these

values is vital.
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Gratification/Motivation (i /& /1)

News/Information gratification (Z21—X/1EHRINE D i E)
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MDATATINSIFFEHEDTELGWER. BE.ETHERDH 5%

Live game updates gratification (FxETEHINF D i 2 )

REBRDNASANETFIVIT DO
YZIWEALTREEFIVIT =0

16%
12%

FLEDBRES T LATHAZRENDYA—ROOANEFIVIT =0 2%
FLEW®READST ATHAZRNEVDEICYA—NOOA NN ETFIVIT D=0 4%

Promotion gratification (FOE—3a> DiHE)
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Interaction gratification (37D i &)
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Entertainment motivation (T2 #—T A A E#)
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% 3. MLB ZBERMEICHITEY— ¥ ILATAT IART—H

As of 25/07/2015 Facebook Twitter Instagram Google+ | Pinterest Total
1|New York Yankees 8,361,431 1,454,882 842,687 723,539 12,131 11,394,670
2|Boston Redsox 5,031,779| 1,100,486 492,776 351,290 9,580 6,985,911
3|San Francisco Giants 2,912,143 854,369 689,605 1,054,052 11,746 5,521,915
4|Los Angeles Dodgers 2,857,849 776,714 861,162 194,066 7,540 4,697,331
5| Chicago Cubs 2,403,242 585,353 237,451 42,306 1,136,696 4,405,048
6| Detroit Tigers 2,280,215 693,427 322,147 113,429 7,701 3,416,919
7|St. Louis Cardinals 2,268,370 677,962 315,847 122,225 9,220 3,393,624
8|Philadelphia Phillies 1,673,319 1,010,787 196,369 297,621 138,116 3,316,212
9|Atlanta Braves 2,105,556 672,888 424,853 45,212 2,964 3,251,473

10| Taxas Rangers 2,200,183 573,107 216,514 79,353 7,711 3,076,868
11| Toronto Blue Jays 1,143,044 869,401 242,005 132,136 3,705 2,390,291
12| Chicago White Sox 1,616,204 318,151 137,617 183,437 4,011 2,259,420
13|Los Angeles Angels 1,232,736 327,017 338,795 25,867 3,056 1,927,471
14|/New York Mets 1,203,220 375,913 240,449 26,568 3,340 1,849,490
15| Pittsburgh Pirates 1,035,202 381,434 281,814 46,265 3,664 1,748,379
16| Seattle Mariners 1,063,963 299,561 284,162 26,334 36,177 1,710,197
17|Baltimore Orioles 1,053,645 364,218 207,684 75,423 4,210 1,705,180
18|Kansan City Royals 951,893 395,777 289,126 31,251 2,390 1,670,437
19| Cleveland Indians 1,086,185 332,197 150,127 25,648 3,049 1,597,206
20| Minnesota Twins 1,117,493 315,192 114,529 43,234 3,636 1,594,084
21| Milwaukee Brewers 1,025,421 289,817 146,509 42,678 5,905 1,510,330
22| Cincinnati Reds 1,169,967 30,082 210,125 41,838 4,175 1,456,187
23| Oakland Atheletics 750,974 267,793 192,025 198,913 3,090 1,412,795
24|Houston Astros 817,313 240,153 188,463 38,355 1,891 1,286,175
25| Colorado Rockies 843,153 204,227 148,233 25,857 2,427 1,223,897
26| Tampa Bay Rays 685,818 256,294 128,243 21,737 3,235 1,095,327
27|Washington Nationals 568,397 293,208 187,872 38,237 2,483 1,090,197
28| Miami Marlins 563,151 167,739 187,891 167,254 1,537 1,087,572
29|San Diego Padres 696,828 193,235 173,816 17,564 1,706 1,083,149
30| Arizona Diamondbacks 662,797 215,904 131,515 21,009 1,741 1,032,966

MLB 6,219,161 5,115,533 1,761,896 2,649,569 40,625 15,786,784

(*MLB also provide official account of YouTube as a whole league. There are 481,183 subscribers)




HHOERL, A TEE

&4 NPBBREKHEICHITEDY—vILATATIAAT—H
As of 24/07/2015 Facebook Twitter Instagram YouTube LINE Google+ Total
1| Tohoku Rakuten Golden Eagles 161,746 202,806 15,535 14,099 101,590 40,249 536,025
2| Hanshin Tigers 293,782 174,442 468,224
3| Chunichi Dragons 118,283 234,087 352,370
4| Fukuoka SoftBank Hawks 90,538 255,221 4,255 350,014
5| Hokkaido Nippon—Ham Fighters 207,682 51,563 18,850 16,842 49,479 373 344,789
6| Tokyo Yakult Swallows 46,589 79,398 18,331 69,155 95,290, 308,763
7|Chiba Lotte Marines 6,226 171,074 6,323 14,188| 105,326 303,137
8| Yomiuri Giants 203,406 203,406
9| Yokohama DeNA Baystars 113,776 20,442 39,219 253| 173,690
10| ORIX Buffaloes 39,050 120,829 3,488 163,367
11| Saitama Seibu Lions 11,175 118,736 23,638 91 153,640
12| Hiroshima Toyo Carp 0
NPB 0
(There is no social media account provided by NPB as a league)
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Muscle activities of lower extremities during
repeated standing on tiptoe

£ EPN

Abstract

EMG activities of gastrocnemius medialis (GM),
gastrocnemius lateralis (GL), and tibialis anterior
(TA) were measured during repeated standing on
tiptoe (RST). RST was performed before and after
the static tiptoe standing for 3 minutes. Percent
change in EMG activities of GM increased by
5.26%, while those of other muscles decreased by
1.69% and 3.43% for GL and TA, respectively.
Mean power frequency (MPA) of GM and GL
increased after 3-min static tiptoe standing by
5.22% and 0. 36%, while MPF of TA increased
7.30%. Given these results, comprehensive muscle
coordination as a functional potentiality may
be activated among not only synergists but also
antagonists during heavy dynamic exercise.

m

b~ BN tho B X Y AR
REW, b hOBELEIZINAL, BITHE, £
ITRAZIINE DL T RAIALE T 528, HKE
D DEMICKERBEVFAET D LT
BENES O X VX —a X NEMCER D
SR 2SI T 5 0T EIC e T AW, HEEAT.
AISE T V. ZRLENAMEBRCEIRICE
B AER Y, ZhLO TR, H6

D5 IES TERE S DB, OB T
HIREFIZOWTIEA RBRW R b E 0, £
T CARMFZE T, FEBIE A SR E G
OEMEIZ I 2 WENE i & RSB 7 O i TG 8 &
BlE2 LT,

2. Ak

HEICHL L CRBIEI720 & 55 & W 5k
A OEE (Repeated Standing on Tiptoe; RST)
% 1Hz THRI60FP 1T - 7= (Figs. 1A & 1B), #
B VX BERE A NS (GM) L [ISMAIER (GL) |
RIISE R (TA) &L, 2o bEH s
NoHmEME Y 7Y 7 JE B H2kHz T PC

\ZHLY IAF, 8-500Hz D3 KX ZMLHE % it L
7z, 1EIH ® RST #. GM & GL 721J # &1
WIS S A0, WA HED H2-3cm T
Wiz [OFHNDH ] 30k L, K TER
\z2[al B @ RST #1772,

3. #ER

RST (28 2 fiE@Eh &L, 200 B 1T4-12%1K
T L7272 (Table 1A) . 2= O & B) =8 1
WZxt % &8 L7z (Table 1B), 2[F] H @
RST IZ81F 5 GL & TA O fipiGEh&E X, 1aH

JUNPEFERZE  HEEE - AR—Y RS2 & —
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(A) EMG recordings of the first repeated standing on tiptoe (RST). Gastrocnemius medialis (GM, 1ch), gastroc-
nemius lateralis (GL, 2ch), and tibialis anterior (TA, 3ch) were recorded with a foot sensor (4ch) inserted in a
right shoe, but it was displayed between 2ch and 3ch. (B) Second RST was performed immediately after 3-min
static standing on tiptoes. Vertical scaling for each panel is equivalent. Time scales for each panel (between
vertical red or green line and blue line) were 62.534 and 62.185 seconds for 32 steps, respectively.
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Figure 1
Table 1A. EMG activities Table 2. Mean power frequency (MPF)
GM GL TA GM GL TA
1st RST 0.941 1.039 0.935 Ist RST 145.6 111.8 112.3
2nd RST 0.903 0.930 0.825 2nd RST 138.0 112.2 120.5
Values are presented as pV/sec/step. % Change | -5.22 +0.36 +7.30

Table 1B. Percentage of EMG activities (%)

GM GL TA

Ist RST 32.3 35.6 32.1

2nd RST 34.0 35.0 31.0
% Change | +5.26 -1.69 -3.43

Values are presented as the ratio of each muscle
activity to the whole muscle activities.

IZHART, ZRFEN1.69%. 3.43%HD LT=73,
GM $5.26 %3/ L 7= (TablelB), F-¥JE ¥ %k
(MPF) 1%, GM TIK M4 7~ L, TA T
%7~ L7 (Tables 2A), 725, ARAFIE
TS ST TR RE O 5 B B K T o Lh
AT, A O V15 JE IR B DRI & T D
728 7 5407~ (Tables 1B & 2),

Values are presented as Hz and percent changes
after 3-min static tip toe standing.

4. EE

b b ORI 1595 % FEFE A3 Al A CHE Rk
ENTWBY, BIIEE I ORHUT T & % ERE
IERIBE 2267 % L A4S S L MG TH
0. AAEREICIKIRIER TH D, Lo b ERER,
BB TR, FRAL RSN, Z
OO TREAREDAIEENT, £ E R
Toh D7 (Fig.l), BYRYESB) T ORIEILHIK 2
Y BRI D3-5%RIZ IS T 5 %R
PEISURE 2 B R kR L 72356, i @An i © %
R )1 % /313 5 (Alternate Muscle Activity;
AMA) Z EREIBLRTVSY, AMA (%, Hife
() 72 SRR VS K 2 i 57 & 3R 0 B 5 7= b D 1%
RERIBTEME LRI C X 223, FER OFRME
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1) Zrtret4:

20144~ 20155 (2 Bilfee & Au 7o AR FUR
2. BA3IRESITHY LU Quarter Final ~i 1
L7e8TF—L&xtRl L, ZNENDERFD

B . {K 5 |Z International Handball Federation
DARKT— L= Y D ABERTEY,
ZOTFT—=ZEMWTHN Lz, 7. Men's
World Championships QAT 2105 LAAME H A F—
LHHBLTEBY AARAF—L DT =4 b5E
L L=, BARBAF—AIZEL UIoT—
ZLLT VAT - VxyxrAnt) vy
T VT PIBIIHG LEREF—L 0D E
2ET—HE LT, £, BEORME L, 27—
NF—s— (GK) &=a— 7L —F— (CP)
Z o TR LTz,

BRED FABF — b L xiG & LTI
UTFIORTEY TH D,

Men's Youth World Championships (RUS) : ISL
BRA FRA SWE NOR SLO ESP DEN, GK164,
CP1124, Men’s Junior World Championships
(BRA) : ESP DEN EGY SWE BLR GER ROU FRA
GK1444, CP974:, Men’s World Championships
(QAT): FRA QAT GER SLO DEN ESP CRO POL,
GK174 . CP111%4, Women’'s Youth World
Championships MKD: NED ROU BRA MNE
GER KOR RUS DEN, GK184 ., CP1104,
Women's Junior World Championships CRO:
DEN FRA NED RUS KOR GER HUN, GK19
4. CP1084, Women's World Championships
DEN: NED FRA POL RUS NOR MNE DEN
ROU, GK194 . CP123%4, Men's World
Championships (QAT) [ZE W T14 D A A E M
FAFTHoT,

Women's World Championships DEN 2015(Z 33
WT /Y = —F —LAOEENFEARTH -
Tl TF— 0 (1094) ZxGes L, 7ok,
Youth {3 55 7195 LA T (U19), % F185& LT
(U18), Junior (5 21 A T (U21). %120
AT (U20) Tod Y, Men's 3 & T Women’s
World Cup (TZEMHHIFRD 22, Wb 5 Full {4
KRThHD,
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DTH5b,

%+ JPN U19: GK444 CP1244, U21: GK34
CP134 . Full: GK34; CP154, 7z ¥ JPN UlS8:
GK24 CPl144 ., U20: GK34 CP134 ., Full:
GK34 CP1544,

2) AR AR
KI~AUZGCGKBLUPCPOEEL R LI,
GK /& IPN (28 1T 56t D 72N 12D CP D
HDtg e Lic, B lottflizksnwTs k
fiF—ALEIPNIZIEHE R, REICHERZEN
O, BMIIZEBWCIXAERZITAD

= 1. FHFEKET quarter final ~NEHLE-BFF—LDORE (GK)

height(cm=*=SD) max(cm) weight(lkg=SD) max(kg) BMI(kg/m/m=SD) max(kg/m/m)
Men'’s Youth World Championships RUS 2015 191.6+5.6 203 89.6+7.6 107 244+19 29.3
JPN (U19) 184.5+3.0 186 82.8+5.6 91 243+15 26.3
Men'’s Junior World Championships BRA 2015 194259 205 89.6+8.0 104 237x1.4 26.0
JPN(U21) 187.0%5.2 190 76.7+0.6 77 220+1.3 235
Men’s World Championships QAT 2015 193.9%+45 202 94.6+5.3 110 252+1.2 28.0
JPN (20154 ) EVYF:ESM184) 184.7+1.2 186 91.3+10.6 101 26.8+3.4 29.8

K 2. BMHREKET quarter final ~NEHLE-BFF—LDOHEE (CP)

height(cm=SD) max(cm) weight(tkg=SD) max(kg) BMi(kg/m/m=SD) max(kg/m/m)
Men'’s Youth World Championships RUS 2015 188.716.6% 204 86.5+8.3% 109 243+1.6 28.1
JPN (U19) 180.8+5.0 188 77.0+8.0 90 235+19 271
Men'’s Junior World Championships BRA 2015 189.4+6.7% 205 88.2+10.3% 116 245+21 30.6
JPN(U21) 181.6+7.9 198 79.8+9.1 98 241+1.2 26.9
Men'’s World Championships QAT 2015 192.247.5% 210 94.9+10.7% 120 25.6+1.7 30.8
JPN (20154 )V EVYF:ESM184) 185.7+5.3 196 89.2+8.0 105 258+1.3 29.4

*p<0.01 World Championships VS JPN

& 3. ZHARDHEFRKET quarter final NEHL-KFF—LDORE (GK)

height(cm==SD) max(cm) weight(kg®=SD) max(kg) BMI(kg/m/m=SD) max(kg/m/m)
Women'’s Youth World Championships MKD 2014 178.3+3.8 185 747%+93 94 235+29 29.0
JPN(U18) 170.5+6.4 175 65.5+2.1 67 22.6+2.4 243
Women'’s Junior World Championships CRO 2014 179.2+45 188 71.8+8.0 93 223+18 26.6
JPN(U20) 167.3+2.9 169 60.0+3.6 63 21.4+0.6 22.1
Women'’s World Championships DEN 2015 178.9£3.1 185 725+45 79 227+13 249
JPN 172.3+2.1 174 68.3+4.0 73 23.1+1.0 24.1

Women's World Championships DEN 2015 NORDA A EIFHRMNIELAR LAI7F—LDFEHTHS

K4 FHARDOERKET quarter final NEHLI=ZFF—LDHEE (CP)

height(cm=®=SD) max(cm) weight(kg®=2SD) max(kg) BMI(kg/m/m=SD) max(kg/m/m)
Women'’s Youth World Championships MKD 2014 174.1+6.5% 190 67.7£8.4% 91 223%+22 31.9
JPN(U18) 163.0+5.8 175 58.9+6.2 69 221+1.4 24.5
Women'’s Junior World Championships CRO 2014 173.91+6.8% 190 67.0£7.2% 83 222+19 29.7
JPN(U20) 167.9+6.1 180 61.5+6.5 75 21.7%1.1 23.9
Women'’s World Championships DEN 2015 175.9+6.3% 190 69.4+6.4% 85 224%+13 26.0
JPN 165.5+5.5 178 60.5+4.3 70 22.1+1.3 23.9

Women'’s World Championships DEN 2015 NORDAAEEHRMNIEAR L TF—LDFEHTHD

*p<0.01 World Championships VS JPN
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X3 BrFreROHEALMLLE (CP)

P mI til

B, IPN 2B D GK IR IR D 72720
1B X022z, B+ GK OD{ZISEE;U‘BMIJ:E@
Z R L7-, Full & Junior ® M A EZENR
billc, FRICITENRD %zh?iﬁfnot_ &
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