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Estimation of “Biological Vigor” in Humans and Its Evaluation Method

Akio KANETAKA * Yasuko HATASA ™ *
Eitaro NAKAMURA * * *

Abstract

A method of assessing biological vigor, which is expected to reflect on long life expectancy, great working
capacity and high resistance to stress, is reported. The subjects were 266 healthy Japanese women (aged
20-74) . Physiological (PA) and physical fitness (FA) ages were estimated from the data for nine physiologic-
al function tests and five physical fitness tests, respectively, by a principal component model. For assessing
one’s Biological vigor, three evaluation zones in a 2-dimensional space based on the PA (X axis) and FA (Y
axis) were constructed by dividing the differences of the PA and FA with the chronological age (CA) into
three zones on the basis of the standard error of estimates (SEE) of the PA or FA on CA, respectively, that
is, <—1.0SEE (High level zone), bil. OSEE (Normal zone), and >1.0SEE (Low level zone). The individual
state of biological vigor is easily assessed by plotting the differences of the PA and FA with the CA in this
diagram. As the explanatory variables used for the estimation of PA and FA consist of the tests for physiolo-
gical functions, closely related to the maintenance of life, and physical fitness, related to the source of physic-
al performance, respectively, this evaluation technique devised based on the PA and FA is considered to make
a good assessment for individual states of biological vigor. The correlation coefficient between the estimated
PA and FA was 0.77 (p<0.01). This result suggests that those who have high physical fitness maintain a

relatively good physiological condition.
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Figure 1. The diagram for assessing biological vigor
based on the physiological and physical fitness
ages.

Three persons (A, B, and C) who are the same chronolo-
gical age (50 year olds) were plotted in the figure. The
physiological ages of A and B are 40 year olds together,
which are younger by 10 years than their chronological
ages. However, there is a big difference between the
physical fitness ages of A (60 year olds) and B (40 year
olds) . B manifests lower (“younger”) physiological and
physical fitness ages by 10 years than his chronological
age. In this example, B is considered to have excellent
biological vigor. On the contrary, C shows poor biological
vigor.
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Table 1. Means, standard deviations (SD) and inter-correlations among 17 physiological variables and age

Variable MeantSD 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18
1. Age(years) 45.0% 12.2
2. Obesity index (%) 841 145 0.34
3. FVC(ml) 2644.11487.4 -0.51 -0.29
4. HR(beats/min) 72.6+ 11.3 -0.06 -0.05 0.02
5. SBP (mmHg) 124,01 14.9 0.44 0.24 -0.20 0.01
6. DBP(mmHg) 75.7+ 10.8 0.39 0.26 -0.15 0.04 0.62
7. Blood gluco(mg/dl)  92.0% 12.0 0.19 0.16 0.01 0.14 0.11 0.13
8. GOT (k-unit) 18.3+ 5.8 0.25 0.10 -0.11 -0.11 0.03 0.05 -0.04
9. GPT (K-unit) 1.2+ 57 0.23 0.22 -0.21 0.00 0.09 0.16 0.14 0.53
10. LDH(IU-unit) 316.8+ 61.9 0.37 0.19 -0.02 -0.10 0.31 0.24 0.06 0.29 0.16
11. TC(mg/d1) 201.9+ 31.5 0.38 0.18 -0.31 -0.02 0.29 0.25 0.10 0.22 0.25 0.23
12. HDL-C(mg/d1) 62.3% 13.4 -0.17 -0.24 0.16 0.07 -0.04 -0.09 -0.15 0.20 -0.06 0.05 0.14
13. Al(index) 2.4 0.9 0.39 0.34-0.31-0.08 0.21 0.22 0.18 -0.04 0.18 0.14 0.48 -0.73
14. TG(mg/d1) 89.5+ 34.0 0.30 0.27 -0.20 -0.01 0.18 0.16 0.19 0.13 0.25 0.08 0.32 -0.36 0.49
15. BUN(mg/dl) 14.4 3.4 0.35 0.13-0.25-0.08 0.10 0.17 0.03 0.14 0.21 0.12 0.26 -0.01 0.17 0.17
16. RBC(10/mm) 436.8+ 30.4 0.11 0.19 0.01 0.10 0.08 0.21 0.16 0.00 0.18 -0.02 0.07 -0.01 0.06 0.08 -0.06
17. Hb(g/d1) 13.1+ 1.2 0.19 0.09 -0.07 0.08 0.04 0.24 0.09 0.06 0.25 0.01 0.12 -0.06 0.12 0.14 -0.03 0.59
18. Ht(%) 39.5+ 3.0 0.10 0.07 -0.05 0.10 0.08 0.27 0.07 0.09 0.19 -0.01 0.13 0.02 0.07 0.13 -0.03 0.62 0.92

Correlations of 0. 14 needed to reach significance at 0. 05 level.
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Table 2. Means, standard deviations (SD) and intercorrelations among five physical fitness

test variables and age

Variable Mean£SD 1 2 3 4 5 6
1. Age (years) 45.0+12.2
2. Back strength (kg) 80.6+21.3 —0.43
3. Vertical jump (cm) 32.5% 8.4 —0.71 0.44
4. PWCmax (watts/kg) 2.5+ 0.54 —0.57 0.28 0.47
5. Trunk flexion (cm) 12.5+ 6.8 —0.27 0.26 0.24 0.12
6. Side step (repeats/20sec.) 34.9%+ 7.5 —0.66 0.51 0.64 0.41 0.41

Correlations of 14 needed to reach significance at 0. 05 level.

Table 3. Principal components for 17 physiological variable and age

Factor loadings

Variable Factor F1 F2 F3 F4 F5 F6 h?
Age (years) 0.723 —0.266 0.151 0.111  —0.149 0.085  0.657
Obesity index (%) 0.542 —0.115 —0.141 0.024 0.110 —0.117  0.353
FVC (ml) —0.505 0. 247 0.011 0.117 0.404 —0.393  0.648
HR (beats/min) —0.031 0.254 —0.074 0.220 0.373 0.662  0.699
SBP (mmHg) 0.535 —0.129 0.159 0. 641 0.001 —0.082  0.746
DBP (mmHg) 0.593 0.091 0.111 0.552 —0.027 —0.085  0.686
Blood gluco (mg/d1) 0.278 0.079 —0.229 0. 102 0. 668 0.176  0.625
GOT (K-unit) 0.303 —0.043 0.626 —0.470 0.205 —0.141  0.769
GPT (K-unit) 0.504 0. 084 0.294 —0.494 0. 285 0.003  0.674
LDH (IU-unit) 0.377 —0.202 0. 405 0.198 0.230 —0.425  0.620
TC (mg/dl) 0.589 —0.148 0.222 —0.044 —0.066 0.241  0.483
HDL-C (mg/dl) —0.331 0.198 0.781 0.144 —0.013 0.242  0.839
Al (index) 0.656 —0.266 —0.535 —0.134 —0.043 —0.079  0.814
TG (mg/dl) 0.567 —0.121 —0.295 —0.243 0.166 0.022  0.511
BUN (mg/dl) 0.370 —0.284 0.212 —0.137 —0.205 0.293  0.410
RBC (10/mm) 0.328 0.727 —0.073 0.016 0.021 —0.063  0.647
Hb (g/d1) 0. 434 0.805 —0.047 —0.101 —0.185 —0.051  0.886
Ht (%) 0.411 0.833 0.006 —0.044 —0.198 —0.037  0.905
Eigen value 4.086 2.391 1.869 1.437 1.113 1.079 11.975
Percentage of variance 22.7 13.3 10.4 8.0 6.2 6.0 66. 6
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Figure 2. Relationship between the corrected physiolo-
gical ages (PAc) and chronological ages in 266
healthy women.
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‘Figure 5. A hypothetical diagram for assessing indi-
vidual's biological vigor in a 2-dimensional space
on the physiological age (PA) and physical fitness
age (FA)

Three evaluation zones in a 2-dimensional space based on
the PA (X axis) and FA (Y axis) were constructed by di-
viding the differences of PA and FA with chronological age
(CA) into three zones on the basis of the standard error of
estimate (SEE) of the PA and FA on the CA, respectively,
that is, <—1.0SEE (High), 0%1.0SEE (Normal), and >1.0
SEE (Low)
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Study on a dynamic flexibility evaluated by hysteresis of

passive torque in elderly women
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Abstract

The purpose of this study was to examine a dynamic flexibility evaluated by the hysteresis of passive
torque (PT) in elderly women. Ninety-six subjects aged 32 to 69 years underwent the PT test. The PT offered
by the stretching of soft tissue during a horizontal passive straddle were measured using a device that moves
the leg of the subject at a velocity of 3°/second through range 0° to 45°. In the abducent move, the PT at 40°
in the 60s-group was calculated to be 1.4 times (6.06 Nm) as high as the 30s-group (4.30 Nm). In the
adducent move, the PT at 40° in the 60s-group was 1.5 times (4.58 Nm) as high as the 30s-group (2.98 Nm).
In both the abducent move and adducent move, the PTs at positions of 30° and 40° were found to significantly
increase with aging. The integral calculus value of the PT (iPT) was assumed to increase with aging. These

results suggested that a dynamic flexibility evaluated by the passive torque decreases with aging.
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Fig. 2. Hysteresis of passive torque occurred by straddle in elderly women
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Table 1. Passive torque occurred by a horizontal straddle in elderly women

Horizontal abduction angle

n 10° 20° 30° 40°
nm
Abducent move
30s 13 0.56+0. 28 1.20£0.46 2.19+0.82 4.30+1.81
40s 27 0.99+0. 60 1.58+0.81 2.66+1.01 4.56+1.18
50s 24 1.32+£1.30 2.04£1.72 3.194+1.93 5.32+2.37
60s 32 1.10£0.80 1.81+1.01 3.32+1.29 6.06+1.93 12
ANOVA s ns s s
Adducent move
30s 13 0.4710.44 0.88+0.37 1.55£0.63 2.98+1.52
40s 27 0.79+0.72 1.41+0.79 1.85%+0.79 3.29%+1.36
50s 24 1.04+1.25 1.86+1.40 2.55+1.62 4.24+2.19
60s 32 0.80+0.61 1.4940.85 2.4610.99 4.58+2.09
ANOVA ns s s s
s: Significant

ns: No significant

ISignificant when compared with the 30s group
2Signit’icant when compared with the 40s group
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Relationship between physique and 3000 meter race time

of the runners in Senior High School Women's Ekiden Race

%k %k 3k

Shinichiro ONO™ Akimasa HARADA * * Mitsuyo TERADA

Abstract

The purpose of this study was to determine the physique with possibility to establish the best record of
long-distance-running in young women. The analyses were made of the BMI, Rohrer Index and 3000 m race
time in 2084 runners. The subjects have participated in the All Japan Annual Senior High School Women's
Ekiden Race in 1989 to 1995. The statistical method of ellipse of constant distance was used at a confidence
level of 99%. The main results obtained were as follows: (1) The 3000 m race time averaged 607. 26 * 26. 42
seconds. (2) BMI and Rohrer Index of the Ekiden runner were estimated to be 18.16+1.18 and 114.7+8.49
respectively. (3) The Ekiden runners were revealed to be lean as compared with the corresponding value of
the Japanese standard. (4) The physique with possibility to establish the best record of the 3000 m race was
calculated to be 17.0 as for the BMI and 106. 9 as for the Rohrer Index.

The result suggests that the lean runner who does not exceed the numerical values of physique mentioned

above is at a disadvantage for establishing the best record among a lot of distance runners.
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Table 1. Height and weight of the runners in Senior High School Women’s Ekiden Race.

First grader Second grader Third grader Total

Height Weight Height Weight Height Weight Height Weight

n cm kg n cm kg n cm kg n cm kg

1989 Ekiden runner 95 158.3+4.02** 45.843.47** 104 150.0+4.45** 46.3+3.48** 90 158.4%4.88  46.5+3.60** 289 158.644.45 46.2+3.54
National 157.145.04  51.9+7.38 157.6+5.06  52.546.97 157.845.00  52.647.13

1990 Ekidenrunner 89 158.0+4.77  44.8+4.17** 107 158.7+4.27** 45.943.52%* 103 150.344.41** 46.8+4.01** 209 158.744.49 45.9%3.97
National 157.245.06  52.1%7.72 157.645.12  52.647.23 157.944.99  52.8+7.00

1991 Ekiden runner 79 158.544.88%  45.3+3.76** 103 158.3+4.50  45.5+4.03** 96 158.244.53  46.5+3.32** 278 158.3+4.64 45.8+3.74
National 157.245.13  52.1¢7.71 157.745.11  52.947.40 157.945.04  52.847.23

1992 Ekiden runner 68 158.244.51  45.0+4.40** 126 150.145.29** 45.9+3.96** 101 158.744.70 ~ 45.6+4.08** 295 158.8+4.92 45.6+4.11
National 157.245.15  52.247.73 157.845.12  53.047.34 157.945.14  52.947.26

1993 Ekiden runner 68 198.54+4.64* 44.943.57** 111 15854417  45.4%3.67%% 131 159.6+4.97*% 46.744.08** 310 150.044.64 45.8+3.89
National 157.345.12  52.3%7.81 157.845.11  53.0+7.38 158.045.19  53.247.47

1994 Ekidenrunner 59 157.545.64  44.3+4.11** 117 158.644.46* 45.4+3.14** 116 158.9+4.76  45.743.93** 292 158.544.85 45.3+3.70
National 157.345.11  52.27.78 157.745.13  52.847.32 158.145.20  53.147.29

1995 Ekidenrunner 91 157.644.14  44.643.73** 108 158.445.53  45.8+4.8%* 122 158.5+4.63  45.543.21%* 321 158.244.83 45.43.77
National 157.3£5.21  52.347.91 157.845.19  53.247.67 158.045.17  53.37.73

¥ :p<0.05 *% :p<0.01 when compared with the national value.

Table 2. B. M. I. Rohrer Index, and 3000 m race time in of the runners
in Senior High School Women’s Ekiden Race.

B.M.L Rohrer Index 3000 m race time

n sec
1989 289 18.36t1.16 115.9+8.51 618.51+26.80
1990 299 18.20%+1.23 114.8+38.52 611.48+29. 04
1991 278 18.25%1.16 115.4+8.37 607.17+26. 18
1992 295 18.08+1.19 114.0+8. 29 604. 46 £ 25. 67
1993 310 18.13+1.18 114.1+8.30 603.73+24.24
1994 292 18.02+1.16 113.8+8.62 602. 09+23. 26
1995 321 18.11+£1.17 114.6+8.67 603. 95+ 25. 83
Total 2084 18.16+1.18 114.7+8.49 607.26+26. 42
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Figure 1. Histogrtam of B. M. I., Rohrer Index,
and 3000 m race time.
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Table 3. Estimated 3000 m race time in various
B. M. |. and Rohrer Index.

B.M. L Race time Rohrer Index  Race time
sec sec
15.5 549. 42 95.0 552. 37
16.0 544.01 100.0 543.74
16.5 541. 60 105.0 541.09*
17.0 540.9* 110.0 541. 32
17.5 541. 44 115.0 543. 61
18.0 543.01 120.0 547.74
18.5 545. 52 125.0 553. 87
19.0 549. 02 130.0 562. 56
19.5 553. 60 135.0 575.11
20.0 559. 47
20.5 567. 04
21.0 577.05

* Best race time

BMIB X U'o— L VIEREI SR L T RIEMETF
DIIA Ay PO VOEFRETHRL T2 D
DEEZLND, 3000m eI KD & { % 5 BMI
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3000m L — A D& EiLEkx e 2 WD H 54
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N R o X5 (AN
2) 3000m SC$% I3 F35607. 26 +26. 428 TH 1,

BMI & T — L VIEE O F#h£418.16+1.18

£114.74£8.49TH o 72,

3) 3000m kA E b & < % Z4RH5L BMI TiX17.0,

O— L IVIEHTIZ106.9TH 5 L HfEE S iz,

Table 4. The body weight matched with height
for the runners in Senior High School
Women’s Ekiden Race.

B.M. L Rohrer Index
Height Weight Height Weight
cm kg cm kg
150 38.3 150 36.1
151 38.8 151 36.8
152 39.3 152 37.5
153 39.8 153 38.3
154 40.3 154 39.1
155 40.9 155 39.8
156 41.4 156 40.6
157 41.9 157 41.4
158 42.5 158 42.2
159 43.0 159 43.0
160 43.5 160 43.8
161 44.1 161 44.6
162 44.6 162 45.5
163 45.2 163 46.3
164 45.8 164 47.2
165 46.3 165 48.0
166 46.9 166 48.9
167 47.4 167 49.8
168 48.0 168 50.7
169 48.6 169 51.6
170 49.2 170 52.5
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An Analysis of the Interpersonal Behavior of Soccer Teams
by FIRO-B theory

Kenichi MURAKAWA*  Susumu SETO* * Hisayuki KOBAYASHI* * *
Shigeki MIYAMURA * * ** and Shinichiro OBATA * * * * *

Abstract

Interpersonal behaviors of the senior high school and university soccer players have been investigated by
applying the FIRO theory consisting of three basic variables of behavior; inclusion, control, and affection.

The FIRO-B questionnaire survey was administered to 218 soccer players, including the ones who belong
to the high level teams in Osaka and Kyoto. The players were divided into two groups according to their com-
petition achievements; A and B groups.

Group A, the highest achievement, showed more intensive interpersonal reliance, responsibility, and so-
cial solidarity compared with the lower team members. In relation to the players position, the players who
line up longitudinally (front and rear line) in the group A tended to show high level of behavior of encourag-
ing and cooperating each other. Particularly, compatibility in the center line group have a tendency to become
high compared with the left and right side group. This may suggest that the interpersonal relationship in the

longitudinal line would be of importance for the soccer team strategies at the present.

* T610-03 FUERATAR EAF HL AT ®F M $83797-1
FlEH L FREBEEFRD . Doshisha Women’s College of Liberal Arts: 97-1 Minami-Hokotate Koudo Tanabecho Tsuzuki-
gunn KYOTO 610-03.
* % 7603 FARM ALK /L _EARHET22
KB KE | Otani University: 22 Kamifusacho Koyama Kita-ku KYOTO 603.
% %k * T631 ZRMFEA3-1-3
FFIEIKEE . Tezukayama Junior College: 3-1-3 Gakuen-Minami NARA 631.
* ¥ % T654 MEHABXFAERFL2-1
ML FKE . Kobe Women’s University: 2-1 Aoyama Higashi-Suma Suma-ku KOBE 654.
%k % % k T612 FUERTH K R IX iR 2 B R BT
TFHEE KFHBESFH . Attached Senior High School to Kyoto University of Education: Sekiyashikicho Fukakusa
Fushimi-ku KYOTO 612.
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Comparative study on sports activities among various countries

Takashi KITAGAWA * and Tatuo KONISHI *

Abstract

The purpose of this study was to compare sports activities among the people who live in English speak-

ing countries and Japanese.

The subjects were English families with whom Japanese students stayed and the students and their fami-

lies in Kyoto.

A questionnaire was handed to each student before leaving at travel agency. The replies were gathered

by hand or mail since January to August in 1996.

As the result, significant differences under 1% risk were found in the chi-square test among the following

items; participation in light exercises, outdoor sports, and the motive of sports activity.
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