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53.30+£5.21, B# 57.95+£3.98, BHITIX. A# 55.13+4.22. B
B 58472301 TH oo RIMBIUBMIIBWNWT., ABLBHOD

MICERBREDPALNE (p<0.05) (K 6-1, 6-2),
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(2) CEEDEHOLE

a) BEAE Bl UOCRBHOHRERBEZR 12 TR LUk,
BT, CH 1475 29F 22107 1, DI 16 55 56 7 723 B 4
THolo. BT, CH 145 357 8+07F 8, DE 16 4 35 B
5125 0 THo/zo RIHHB IR BIC, CHLDEHELOMI
EBREDFASNE (p<0.001), |

b)) B0BE HHEEBIUCBHEBERICBENT, il LT
BHEdlo, CHLDHLOMIZ—EDHERBARXALNRP>E, E
DEBEECBWT, il LUBHLEBIC. CEHIPDHEIDDODFLERF
hOEPATH 7= (K 7).

c) THAA :H%?@@%jﬂ:m\f\ BB RXURHA L I,
DEEDSCHIVHAPEWHEHRICH = (K 8). BB HIZTHB W
C. DEMPCEHIVGHIPEVWEHAEH 7= (K9 HAQLIH

W, BB LOCBMELIE. —FOMAEAS Ao .

B LXUBBHIECBWIEREEEI P M LELEFLELETLEELCS
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(p<0.01) BLUEH (p<0.05) OWMEL B LHBERBEICERR
ﬁ%ﬁﬁ%htoit\%ﬁiﬁﬁt%ﬁTmﬁ@%@ébta:
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HECCHOLIPDHLIV DEAFIOMALD >k, ThbB,
BEBECHELBICBIT S ELMECHEHAEEDD D HEEHEOD
BWHEIF, BB, EOMESDOEEFICHB I LTS
hizo

BEH D3, Y2 R —AHNZREBICRZ 55, ZBZHNBE
BLLTCOEHHEDOHRACHEE2 DT, RUDEBOEXI
TS T VADIRTECEBRLEZEZDIAEREPEVEBART
Wb, ¥, BHWE, HEMRE. DEAFLIEHEIFDPAR—Y
BHIZCBWTIE., BTHAS bR TWVW3B, DFED, ELMLED
DFERFVEDPDPOTVWEIB AR —VEEIZIBVWTROEEICHE
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BHLbhzeHEZIND,

(2) BHEBEELTHEACOVT

THEGHGAEODWT, BERELOHBEzARZLEZ A, AKE
60deg/sec ZBWT. B (p<0.01) BLUEH (p<0.05) D
Bl B OB AERADOHED A5 N,
BHEMESOMBH EBHRE L OMEE R LEMgCE. A
BREOHBEPEADONS EWSWME 9L ABHLNRN & WS H#
a0 g B o RS ORI I, R R L R D O B I
AMEEROSNT. BEMH N OB CARRAOHENA LN
o DED. Wi WRMED WOREEERLEI LIRS B,
COERE LT, BREOBEERBICES S o2 ED. HAUND
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HTALEARHDLLELLN D,
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EBEHON T, RETH MR UGN EERHEHS T

20, BEHAHADPES RokLEILN D,

B2 H RIHAE KO DAL
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RRSCEH

A Study on Sway of Center of Gravity of Body and Balance of Muscular Strength

of Lower Limbs in Relation to Running Ability of Long-Distance Runners
RYOHEI KONO
Summary

The purpose of this study is to examine to the sway of center of gravity of the body
and balance of muscular strength of lower limbs in relation to the running ability of
long-distance runners.

Subjects were 23 male long distance runners from Juntendo University who belonged
to the track and field team, and they were divided into a high performance group (A
group) and a low one (B group) moreover best 6 of A group (C group) and worst 6 of
B group (D group) according to prior game records at the first term of the season.

The measurement items were the moved distance of the center of gravity, the
movement area, and the center of gravity position. These are the parameters of the
sway of the center of gravity of the body. Moreover, the peak torque values and H/Q
rates for each weight were calculated from the measured isokinetic muscular strength
of the knee joint in extension and knee flexion. These are the parameters of muscular
strength of lower Hmbs.

The analyses were the comparison of the measurement items, in regard to the
relationship between high performance group and a low one. Moreover, The analyses
were the change of the sway of center of gravity of the body and balance of muscular
strength of lower limbs between the group whose records improved and the group
whose records decreased by comparing records of the seasons.

The following results are obtained:

1) There was no significant correlation between the high performance group and the
low one with respect to comparisons of records and moved distances of the center of
gravity, the movement area

2) In regard to the relationship between the center of gravity position and run-record,
the center of gravity position of the high performance group was around the toenail,

and this shows a significant difference, compared with the low one.



3)

4)

5)

In regard to the relationship between the muscular strength of lower limbs and
run-records, there was a correlation between the high performance group and high
muscular strength of knee flexion. Moreover, the strength of knee joint in flexion
and H/Q rate were higher in the lower performance group than in the higher
performance group.

In regard to the relationship between the muscular strength of lower limbs and the
center of gravity position, there was a correlation between high muscular strength
of knee flexion and having the center of gravity position in the heel.

In regard to the comparison of run-records, B group in the lower performance
group whose records improved also showed a significant tendency to shift the

center of gravity positions to the front of the toenail.

According to the above-mentioned study, in regard to the relationship between the

center of gravity position and run-record, the center of gravity position of the high

performance group when keeping both feet on the ground was ahead of that of the low

group. Therefore, it is suggested that it is necessary to pay attention to standing

posture to move the body efficiently of long-distance runner from among daily training.

In addition, the muscular strength of lower limbs could be a factor related to the center

of gravity position.
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K1, BKERE DR AR EFRBRIR

5000m 5000m
Eﬁ%(i%ﬁ) E’E(cm) 1$§(kg) ﬁﬁ%ﬁ ODEEﬁ E Ef‘i%’%ﬂﬁ
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&2, BBEHREEDBROMERRE

HTHA # 1
o4 Nk BN BiDE BEImH B EIEERE BIiDGIE
RIS 0.098 0.005 0.572 1 0.078 -0.145 0.456 )
BRib 0.256 0.058 0.029 0.013 0.011 0.111
ERIIb 0.312 0.047 -0.090 0.093 -0.021 -0.175

s P <0.05, w0 :p<0.01




%3, BEBELT

% i 71 DHE B R 3K

o YT
60deg/sec | 180deg/sec | 300deg/sec | 60deg/sec | 180deg/sec | 300deg/sec
{HEE -0.279 -0.128 0.042 -0.251 -0.125 -0.087
il -0.533 N -0.230 -0.031 -0.441 -0.005 -0.009
H.”QLt -0.322 -0.146 -0.096 -0.286 | 0.229 0.145

- p<0.05, ¥ - p<0.01




| F4-1. G- FEDOBEIHE S AEE60deg/secD i D HHE Bﬂﬁiﬁ\

BEmE | T BhERRE BIMIE
MEISL | ARIL | ERIL | MRILb | ARIL | £RIS | MREILL | AR | ERIL |
fmE | 0232 0.035 0.053 0.094 0.250 0.123 | -0.320 -0.148 | -0.080
JEE B 0.101 -0.196 | -0.027 | -0.017 0159 | 0032 |-0538 ¥ -0265 | -0.154
H/Qkt | -0.138 | -0.277 -0.079 | -0.126 | -0054 | -0.070 |-0.295 -0.196 | -0.122
e P<0.01
F4-2. &I -BEDERE LA ERE60deg/secD ffi 1 DFERE{REX
BEhmETE =4y FisE 1 BB
MRIL | AL | £ERUS | MRIL | AR | £BIb6 | MBS | AR | ERID
R 0.304 0.227 -0.017 | 0.107 0.110 0010 |-0.298 0.127 | -0.038
[ i 0.184 | 0076 -0.020 0.053 0.048 0021 |-0422 | 0039 -0.041
H/Qkt | -0257 | -0300 | -0.003 | -0.092 | -0.087 0.038 | -0.200 -0.178 0.010

- p<005




$&5-1. BT Ei0 BiiEE A E R 180deg/sec? i H DIEEE S

BRER EIERE T
MRIL | BARIE | ERIL|MRBLL | GRIL | ERIL | RILb | BRI | ERIUL
{HRE 0.326 ~0.172 0.067 -0.027 0.143 -0.031 -0.323 | -0.164 | -0.094
JE Eh 0.148 -0.254 0.002 -0.062 0.075 -0.059 | -0.344 | -0.047 | -0.027
H/QH | -0233 | -0.125 | -0.085 | -0.043 | -0.061 | -0005 | -0.032 0.143 0.097
F*5-2. H-EDOEELAEE180deg/secDF D HEBEFRE
BEImR eI EMIE
MRS | ARIL | ERIL | MBS | FRIL | BRI | MR | ARIL | ERIL
{HE 0.157 -0.059 | -0.083 0.064 -0.025 | -0.092 | -0.300 0.133 -0.112
JRHA 0.110 -0.166 | -0.206 0.053 -0.008 | -0.096 | -0.289 0.069 | -0.130
H-/Qk | -0089 | -0.136 | -0.169 | -0.029 0.042 0.002 0.087 0412 | 0002




+x6-1. BIHA- | ENHELAEE300deg/secD fH DR

PEmEE T ENEERE BB
MRS | ARIL | ERIL | MRS | ARAL | ERIb | MRIL | AL | ERILL
fhEE 0.308 -0.181 0.079 -0.029 0.137 -0.010 | -0.214 | -0.131 | -0.013
JRHh 0.165 -0.202 0.116 -0.119 | -0.050 | -0.111 | -0.393 | -0.064 | —0.136
H/Qtk | -0.161 0.006 0.030 -0.100 | -0.225 | -0.115 | -0.209 0.089 -0.128
x6-2. BH-FEDHIREAEE300deg/secDFF DIEREFZRE
BEmE BEIEERE BB
MEILL | GRILL | ERIAL | MEILL | AR | £ERIb | MREiLL | BERIL | ERIH
HE 0.090 -0.192 | -0257 | -0035 | -0.181 | -0.274 | -0.253 0.191 -0.099
JEHR 0.265 -0.010 | -0.186 | -0048 | -0.004 | -0.163 | -0.268 | 0.034 -0.138
H Q| 0.176 0.271 0.096 -0.002 0.282 0.203 0.088 -0.210 | -0.006




R1. ABRBIUBEHOBIHB VR OB KR

5000mE28%
HITHA £ EA
ABE(n=12)  14'4079+15"6  14'38"2+15"2
BE(n=11) 16'24"1+£42"5 16'0278+44"6

FRERERE



+=8-1. BEIEHBEOARLBEOLLE

GIEG #®H
WIS BRIIE KRS MIED BRUL  ERUS
AR (N=12) 9.19£1.55  15.14%3.34 15.35+2.77 9.37+1.67 14.73+3.00 13.6612.63
B (N=11) 2.06+1.99  13.61%t247 13.76£3.15 9.461+1.93 13.63%3.19 12.43+:2.34

B om?, SFﬁJ:t*%ﬁﬁﬁ

%8-2. BEEBOARLBEOLE

(L] , &
MBS HRiIS ERIH _HRIL BRIS ERIL
ABE(N=12)  30.70+7.58 93.6620.08 90.50-19.81 31.04+536  94.81+2298 92292523

B (N=11) 3149643 92.01+£17.70 88.831+15.42 3401£5.63 88401472 87.03%12.63

B om, FHLIRERE

#%8-3. BEIDCIBDARLBEDLLLE

[IEY T
[LIpERYA BRI ERISH MEMS  ARUL ERUL
ABF(N=12)  48.07%4.94  44.83%3.39  47.12%448 4745+549  43.65+4.82 4527500
BE(N=11) 4269332 4321541  46.88+£4.29 42.22+6.12  43.57%640  46.37%+3.72

5P <0.05, s :p<0.01 B %, FH-ERREz



F9-1. HIH-BREBEBH HDODABHLBEEOLE

60deg/sec 180deg/sec 300deg/sec
- AFE(N=12) 96.04:-12.85 64.79+8.89 51.25+7.98
B3 (N=11) - 9873k 9.32 66.45+7.16 51.36:6.82

Hi:ft-lbs/Ibs, T L REME

#9-2. RH-BREBRHHOAHLBHOHLE:

60deg/sec 180deg/sec 300deg/sec
AE%(N=12) | 93.36+14.34 64.441+9.82 49.78+8.52
B2 (N=11) 99.62-+-10.70 67.901+7.35 53.40+7.65

H{i:ft-bs/lbs, P+ RERE



F10-1. HIH-BRBHH HOARLBEHOHE
60deg/sec 180deg/sec 300deg/sec
AF¥ (N=12) 50.9016.06 42.57+5.97 40.33+7.11
B (N=11) 57.08+5.28 4498+4.54 40.371+4.45

%:p<0.05 k Hi{Y :ft-lbs/Ibs, FHHBERE

F®10-2. #H-BREHHHOABRLBHEOHE

60deg/sec 180deg/sec 300deg/sec
K

AR (N=12) 50.96+6.02 43.2515.02 38.80£5.22
BEE(N=11) 58.10+6.07 45261573 40.81+5.96

.>;@;<:p<0.01

HA{3 . ft-lbs/Ibs, FHL{BHRFE



#=11-1. BI-H/ QLLOARLEBEDO LR

60deg/sec 180deg/sec 300deg/sec
| B
AF¥ (N=12) 53.30%5.21 65.90+6.29 79.09::9.89
B&(N=11) 57.95+3.98 67.84+4.08 79.07+£6.96
s p<0.05 / H7:%, FH-RERE

#11-2. #RH-H/QLLOARLBEO LK

60deg/sec 180deg/sec 300deg/sec
ARt (N=1 2) 55.13%+4.22 67.85+7.52 78.96+9.02
B&E (N=11) 58.47+3.01 66.75+3.62 76.98+7.90

s:p<0.05 H{T: %, THHIRERFE



%12. CRELUDEONIELUEHI OB

5000m EC &%
. ﬁﬁ#ﬂ | | %5
CB(n=6) 142972101  143578%07"8
DE (n=6) 16'56"7+23"4 16'35"5+25"0

woex - P<0001 | THERERE



#13. M LELETEOELHEOEE

ﬁﬁﬁﬁ’i% M E3E BEEHE(Cm) EE B ENE R (cm) EibE B priE®) EiE
i : %) Bl £ (%) i 3 %) [ f %)
EEfRm EEFEA5A)
A 14’54 1450” 0.4 5.70 3.50 3861 2580 26.90 -431 39.55 36.20 -8.5
B 14'37” 14'36” 0.1 4.03 6.66 -65.3 1 44.80 44,06 1.71 5057 51.36 1.6
D 14'52" 14'47” 0.6 7.13 9.60 ~-34.6 § 31.40 25.13 200§ 39.30 40.16 2.2
F 14'45” 14'39” 5.2 2.67 5.20 -9481 20.33 30.80 -51.5] 5257 50.56 -3.8
G 15'10” 14'48” 24 4.37 3.83 1241 26.80 28.13 -501 4240 43.00 1.4
J 14'33" 14'29” 0.5 5.57 5.06 9.21 4080 32.63 200] 5263 46.53 -11.6
K 16'05” 14'47” 8.1 3.33 5.23 -57.1 24.90 29.90 -20.1 43.93 47.60 8.4
L 14'37” 14'30” 1.5 717 5.76 19.71 36.13 27.83 23.0] 50.83 49.74 ~2.1
M 17'12” 16'12” 5.8 1.97 2.30 -16.8 | 25.80 26.86 ~4.1 4217 47.86 13.5
P 1712”7 16'26” 4.5 5.13 5.16 -0.61] 41.57 42.93 -3.31 45.07 47.36 5.1
Q 15'45” 1516”7 3.1 3.83 7.20 -88.0}) 31.07 38.23 -23.01 46.17 46.30 0.3
T 15'49" 15'40" 0.9 6.40 6.80 -6.31 34.63 34.36 081 39.53 43.13 9.1
U 15'39” 15'34” 0.5 5.77 4.80 16.8 1 42.67 42.46 051 40.03 32.73 -18.2
V 16'23" 16'06" 1.7 9.33 9.76 -461 35.90 37.13 ~341 39.87 33.96 -14.8
__\LV_ 17'31" 17217 1.0 3.87 4.03 -4.1 27.90 33.66 -206] 38.33 34.73 ~9.4
RERIETEGBGA)
C 14'46” 1 4’47” ~-0.1 5.90 4.90 1701 24.73 26.86 -86§ 51.77 53.26 2.9
E 14'37" 14'40” -0.3 2.57 3.83 -49.0] 28.13 29.46 -4,71 48.00 48,63 1.3
H 14'20” 14'34” -1.6] 6.63 5.03 24.1 22.30 31.20 -3991 47.90 53.03 10.7
I 1411”7 14'26” -1.8 4.73 4.46 571 30.07 31.16 -3.61 49.23 49.38 0.3
N 14'49” 14'53" -0.5 5.83 6.56 -125] 37.10 38.36 -3.41 5213 49.80 -4.5
) 16'41” 16'46” -0.5 5.23 4.76 9.01 30.37 29.93 141 4040 39.33 -2.6
R 15'27" 15'41" -1.5 4.07 4.56 -120] 26.80 31.50 -17.5]1 45.70 46.76 2.3
S 16'41" 16'42” -0.1 6.70 5.43 19.0) 24.77 27.10 -94| 4840 48.80 0.8




E' i - CS :'l‘_ &
Fx14. E0ikM LB EIETEDAEE60deg/sec TR DE SN
‘ %ﬁg@% A EE TRt Ibs/Ibs) EINE TR Ibs/1bs) BnE H/QH(%) p |3
i ; (%) B | & %) Bl | &N %) B & (%)
RRALEISD
A1 1454 | 1450" 04] 1076 98.9 ~81] 511 50.1 =201 475 50.7 6.7
B | 14377 | 1436" 0.1] 885 92.0 20| 482 480 ~04] 545 52.3 ~40
D | 1452 | 1447 06] 1146 110.9 =32] 61.3 62.3 161 535 56,2 5.0
F | 1445" | 1439” 52| 888 82.9 66| 462 449 281 520 54.3 4.4
G | 15107 | 1448" 24| 99.1 107.6 861 531 55.1 38| 536 52.3 24
J | 14337 | 1429”7 05] 880 83.3 ~53] 400 450 1301 455 54.3 19.3
K | 1605 | 1447 81| 1041 102.8 12| 674 64,1 ~49|  64.7 62.5 ~34
L | 14377 | 1430” 151 89.6 89.7 01] 513 49.9 271 513 55.7 28
M| 17127 | 1612” 58| 1059 110.3 42| 623 65.6 53| 588 57.7 ~19
Pl i1712” | 1626 45| 1092 105.9 30| 567 58.6 34| 519 55.4 6.7
Q| 1545 | 1516" 31] 849 84.6 04| 504 49,0 28| 594 58.0 ~24
T | 1549” | 1540” 091 973 103.0 501 584 55.9 —43] 600 54,2 ~9.7
U | 1539” | 1534" 05| 905 91.6 12| 535 56.8 62| 59.1 62.1 5.1
v | 1623 | 1606" 171 1151 119.6 391 631 67.7 73| 548 56.6 3.3
W 17317 | 17217 T0] 929 95.8 31| 572 60.1 51| 616 62.8 19
EERIETEGBAN)
C 1 1446 | 1447 =011 872 80.1 ~811 505 6.2 ~85] 579 58.0 0.2
E | 14377 | 1440” ~03] 99.7 94.7 501 494 54.4 1011 495 57.6 16.4
H | 14207 | 1434" 161 850 86.2 141 454 46.6 26| 534 54.2 15
11 1411” | 1426 18] 821 72.3 19| 539 477 1151 657 66.0 0.5
N | 1449 | 1453 ~051 122.6 1221 —04| 611 61.3 03] 498 50.2 0.8
O | 164" | 1646~ —05] 882 85.4 =32 531 50.8 ~43] 602 59.5 =12
R | 15277 | 1541 =15] 974 104.1 681 521 58.9 1311 535 56.7 6.0
S | 641" | 1642” ~0.1] 1009 93.0 ~78| 540 52.1 35| 535 56.1 4.9
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