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Relationship of bone mineral density with leisure-time physical activity and
adolescent exercise in the middle-aged and elderly

NEH B OET B H B* % W OELFT
T A #E B i E K OB
Rumi KOZAKAT* Wataru DOYO™ Fujiko ANDO*

Hiroshi SHIMOKATA®  Yasuo IKEGAMI™*

Purpose: The aim of this study was to assess the relationships of bone mineral density (BMD) with current leisure-
time physical activity (LTPA) and adolescent exercise (AEX) among the middle-aged and elderly in Japan.
Methods: The data for the present study were derived from the baseline data of the National Institute for Longev-
ity Sciences-Longitudinal Study of Aging (NILS-LSA). Subjects consisted of 1017 male (58.5% 10.8 years) and
577 postmenopausal female (62.6 = 8.4 years). Those who had osteoporosis, rheumatoid arthritis or cancer were
excluded from the subjects. Those who used thyroid hormone or parathyroid hormone were also excluded. Subjects
were interviewed about their physical activity habits during leisure time throughout the past twelve months and
about exercise they engaged in during adolescence (12 to 20 years). Subjects were divided into 3 groups according to
the intensity of LTPA, ‘no LTPA’, ‘light LTPA’ and ‘moderate or heavy LTPA’. They were also divided into 2 groups,
with or without AEX. BMD was measured with a dual energy X-ray absoptionetry (DXA; Hologic QDR-45004),
in gfcm?. Measurement sites were the whole body (WT), L.2-L4 lumber spine (L24), femur neck (FN), Ward’s
triangle (WT), and trochanter (TR). Relationships of BMD with LTPA and AXE were analyzed using analysis of
covariance controlled for age, height and weight. Significant probability levels were less than 0.05.

Results: Average BMD (SD) at WB, L24, EN, WT, TR were 1.09(0.10), 0.99(0.16), 0.76(0.11), 0.56(0.13),
0.67(0.11) in male and 0.93(0.11), 0.82(0.16), 0.66(0.10), 0.47(0.14), 0.55(0.10) in female, respectively. The pro-
portion of subjects with LTPA was 75.5% in male and 67.7% in female. The subjects that engaged in AEX repre-
sented 65.7% in male and 39.5% in female. The result of analysis of covariance controlied for age, height and weight
was as follows; in male, LTPA showed significant main effect on BMD at FN, WT and TR. AEX showed significant
main effect on BMD at all sites. However, there was no interaction effect on BMD at all sites. As for female, LTPA
showed significant main effect on BMD at FN and TR. AEX showed significant main effect on BMD at TR. There
was a significant interaction effect on BMD at WB and FN.

Conclusion: The results suggested that not only current leisure-time physical activity but also adolescent exercise
benefits bone mineral density among middle-aged and elderly people in Japan.
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WY, HERETTRTE%FRME L

3. R

W R0 F KL Table 112, DXA TllE L7256
R OB HEEE L Table 2 2R L7ze AIEOHREBEDOF
B, BRAEFHRELSORTTIEHEEOEME - £
FEREREE & K& R EREO o729,

BMENOLABRSEEEE I UFENOEEICHEEL
TS 41E. Table 3 IR L7z @F 1 EHICRRS
PRiEENCTEE L7 b DL B T75.5%. LHET67.7%
Thole BENOEBEAEENEFEOEGEAD
&, RTEEEDADFRENIHEE L T AT B30.5%.
#1433.8%., HHELD EOEENCEE L TV AWESB
1445.0%. #1E33.9% Th o700 Bl MIZH K
EOBWABRGEEENSINT 5 A0S EVE, 27
—%. BEHOEHREBROS HEIL, B1E65.7%.
#39.5% TdH . WHEIZBHIZFELHOETHER
NDd B ADEIEHHEDP o7,

ABRSHEHBIUEFEHOEH L ERUOER
FEEOBMELRETALLOIZ. REEEKEHLVE
LTPA (N), LTPA (L). LTPA (H) ¢ 3Bl HFEM
DEE % AEX (=), AEX (+) O 2BEREIZ5oT. £,
GE, hE*RAEEHE LXK EiTo70 £
DFER, BlETER., £BREEESHOELRILFN, WT,
TR DRBREEMEFIZBVTEHEETH) ., FEHDES)
DEMRIZETOTMNIIBWTHEETH o2 &R
FEEBEFEHOES L OREERIE. WO
bR o ol (Table 4), BEIZBWT, £
BEKFEESOLNVOBCARKBEENROBEEE
DENC L, FEHOERRBEOH L ANTHIELLE
TORMLIZBVWTEBENT VI LR ENT, T
Tk, FBRFEEHOEHREIFNL TRIZBWTEH
EThDH, FEHOEFHOEHRIITRIZBVWTEE
THol. KBEHEEE EFFEHOEHOXEIERIL.
WB L FNIZBWITHETH o7 (Table 5)o ikizd
WT, £BEEEHL NVOENAGKBEELE K
ETHROBEENEL . FEHOEBREREOH B AL
KEFHROETEEOF VI LATRENT, THETIEE
52, 25 RKREERIZBTHEEHOESHRED
BEIZIDEBGEESHL NV EBEELOBEEICE
DHBHZENREIN., BEHOESHEEOLNL O
EERBEFH L ANVOBVDL DO TEFEOR VAN
BOLNA, BHRBROD B LOTIRFOMEMITEE

139

OoHENGRPoT,

SR EEGBLIUVEENOES L EHELOEE
i, R L) B o boD, KIEERAEE. 5
REFHIZBOCTEERICEHBLTE A DO FEEES
DENVLDTEEBEOE NI ENRD LN (Fig 1),

Table 1. Charactaristics of the subjects
Male P
Height (cm) 164.8+6.3 150.7£6.0
Weight (kg) 62.4+9.1 52.0+8.4
BMI (kg/m’) 22.9+2.8 22.9+3.3
% Body fat - 21.3+4.3 32.1+5.0
Fat free mass (kg) 49.2+5.9 354443
Mean£S.D.

Table 2. The average of bone mineral density (BMD) at each
site in boch genders

BMD (g/cm?)
site Male ~ Fosmeropeusl
Whole Body 1.09£0.10 0.93+0.11
Lumber 2-4 0.99+0.16 0.82+0.15
Femoral neck 0.76+0.11 0.66+0.10
Ward Triangle 0.56£0.13 0.47+0.14
Trochanter Region  0.67+0.11 0.55+0.10
Mean=S.D. ~

Table 3. The participation rates of LTPA and AEX

Postmenopausal

Levels Male Female
LTPA Total 75.5 61.7
Light 30.5 33.8
Moderate and Heavy 45.0 339
AEX Total’ 65.7 39.5

Note. total number of the subjects who participated in LTPA
or AEX. LTPA, leisure-time physical activity; AEX,
adolescence exercise. Values are expressed in percentage.
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Table 4. The analysis of covariance controlled for age, height and weight in male

Male wB L24 FN W T ________________ T R __________
4 Fvalve  df Fvalue  df Fvalue  df Fvalue df Fvalue
LTPA 2 166 2 027 2 565 2 515 2 496
AEX I 621" 1 1290 1 4.42" 1 593 1 1559
LTPAMEX 2 111 2 055 2 179 2 18 2 080
‘Age ] 1 Tgoot 1 17 1 26228 1 122310 1 045
Height I 044 1 513t 1 076 1177 o2
Weight I 73.03 114154 1 184347 ] 1 ooter” 1 217.78"
error 1008 w07 re07 1007 1007
I 0.15 0.15 0.29 0.30 0.24

Note. LTPA, leisure-time physical activity; AEX, adolescence exercise; WB, Whole body;
L24, Lumber2-4; FN, Femoral Neck; WT, Ward Triangle; TR, Trochanter region. 'p <0.05

Table 5. The analysis of covariance controlled for age, height and weight in postmenopausal female

Female WB L24 N W T ________________ T R ________
Tdf Fvalue  df Fvalwe  df Fvalue  df Fvalue df Fvalue
LTPA 2 0.70 2070 2 314" 2 1.98 2 398
AEX 1 1.02 1 142 1 281 17 2.10 I 640"
trAAEX 2 350" 2 071 2 455 2 213 2231 .
‘Age 1 23289 1 964 1 16237 1 24502° 1 14947
Height 1 223 1 001 1L 1 2385 1 742
Weight 1 1957 1 8631 1 9260° | 42327 112005
error se6  se6 564 564 564 T
¢ 0.43 0.34 0.42 0.42 0.42

Note. LTPA, leisure-time physical activity; AEX, adolescence exercise; WB, Whole body; L24,
Lumber2-4; FN, Femoral Neck; WT, Ward Triangle; TR, Trochanter region. ‘p <0.05

Male Postmenopausal female
0.70 0.60
0.65 | 0.55 |-
BMD BMD
(g/om?) (g/lcm?)
gm0 | g

0.50 |

AEX(+)
/ AEX(-)

0.55 AEX(*)

0.45 ;
EX(-)

LTPAN) | 7pA

LTPAN) | paqL) LTP&H (

) L) LrPAR)

Fig. 1. The relationships of LTPA and AEX with BMD at TR controlled for age, height and weight deviding by gender. LTPA(N), no leisure-
time physical activity; LTPA(L), light leisure-time physical activity; LTPA(H), moderate and heavy leisure-time physical activity;
AEX(-), without adolescent exercise; AEX(+), with adolescent excercise; BMD, bone mineral density, TR, trochanter region.
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Gait characteristics in middle-aged and elderly adults

E A g NEH O OES % B BLT
T OF & BT £ B B EF it £ E B
Wataru DOYO* Rumi KOZAKAI* Fujiko ANDO*

Hiroshi SHIMOKATA* Hiroyuki NUNOME ** Yasuo IKEGAMI**

PURPOSE: This research was to describe the kinematic and kinetic characteristics of walking in community-dwell-
ing middle-aged and elderly Japanese. Sex differences and relationships between walking variables and age were
estimated. METHODS: Subjects were community-dwelling males and females (n=2075) aged 40—82yrs who par-
ticipated in the 2" wave examination of the NILS-LSA (National Institute for Longevity Sciences — Longitudinal
Study of Aging). The subjects were asked to walk over force platforms (at 1200Hz) while being videotaped at 60Hz.
They were asked to walk with two paces; comfortable and brisk walking. Direct linear transformation method was
used to obtain 3-dimensional coordinates of feet, shanks, thighs and torso. Walking velocity, step length, step fre-
quency, temporal components (support time, swing time, cycle duration, single support time, double support time)
and motions at lower extremities (total ranges of flexions and peak torques at hip, knee and ankle joints in sagittal
plane) during ! cycle of walking were calculated. Student t-test and Pearson’s correlation coefficients were utilized
to assess the sex differences and relationship between walking variables and age. Statistical analyses were performed
on SAS (SAS Institute Inc, Cary, NC, USA) version 8.2. RESULTS: Student t-test showed that sex differences were
observed in almost all the variables (p<0.01, p<0.001) except walking velocity and peak torque at knee extensor in
late stance during comfortable walking and double support time at late stance and total range of fiexion at knee dur-
ing brisk walking. Pearson’s correlation coefficients showed that walking velocity, step length, step frequency, total
ranges of flexions at hip and ankle, peak torques at hip extensor, knee flexors and ankle plantar flexor in both sexes
during both walking were negatively correlated with age (p<0.01, <0.001). Also it showed that stance time, double
support time, peak torques at hip flexor and knee extensors were positively correlated with age. CONCLUSION:
Walking patterns in middle-aged and elderly adults were showed in this study. Sex differences and relationships
between walking variables and age were observed in this population. Further research should center the association
among the walking variables, the effect of other characteristics of samples on the walking pattern and age related-
changes in elderly adults.

#®

il

FEOFITEIFZ BB - EHHFAYIIFCE -

HITEIEIL & b O ADL FFfi %> QOL #E#F - [ LI
HTROEAWLBHEHTHL, HFICHEFEILEL
WC, FITRAOHER, MEZBILAEFEECL
TROTEETH), TURLAEHETH 2. 5

THI LR, STRADCETIERNERE/ELI L
NTELEEZOLN, §HF TH4 L EITHIEIHE
ENTn 2B, '

Murray MP, et al.® {$20—87 D A BHE64% 12 BT
LEFTOEE. SE. 144 7 V0K S. THE

* EVRFEHEEVY— - EEWNED
¥ HHBAEREGREETHEL S -
# Department of Epidemiology, National Institute for Longevity Sciences
# % Research Center of Health, Physical Fitness and Sports, Nagoya University

144



PRI T - N < AN 1 = N

HiAETNELITRL, FNOHETEELEMRLOH
Bz DWTHRE L TV B, Winter DA, et al’¥ {158 D
SEEOFITEREFL, BEROKTT-IN-—R L
EHRE L 2 A, BEFILFEORS. MHXRF
R M. HERIC BT AT 0L EiThoT
BY., 20 LD LHITHOEEE dynamic balance H¥E
FTLTWAZ LIEENH S LRl TV 5, Devitah,
and Hortobagyi TV (3FIEE THIT L - BEB L BEH
2L, BEBIFTHORMEHFERIV B X
UCHEELRSTIEES Vv BLUEFEERRST
L5, BREEHBE NV BIUHEERREMNLZE
R

IO LI HETEEL i & OBRITHENERD
AL ENTVAED, LFLE—FLLMED
BohTwiv, FIAETHRITHRORMEEARERIZH
LC. Murray MP, et al® (1B ERIIERMEZRLAC
LAEL TV AP, Oberg T, etal” iZBEFL BEH
KENRZWIEEFHELTWD, ZOLHLHRNME
BT, BEEELEBEEOLEOMNSIZ L BB, iR
ENBEBEIEILVAWIERTWA, MIEREICHE
ENHHLRYE, MEROBESCHEREILREIVFSSL
EHNBEREEZ HILE, TAETEEORTHIETIE
HEANTELIZAELTEMT 24 L. Bl TH0&HeT
ENfE% B L Wi bl v RIS SRITEMED I
REARL, HEERHTAILICLD. FEEEOHK
TERAOHBRFEFMTE 20 LIV,

VDL ) IcFEHEEDHTEMEO R HIRE T
FHOLMIT D00, EEAE L RBEEY >
TMICH L CEFDOHRTEEEEWREICL DER L,
HELERLOBELERTLIEVLETHLLE
Ao Lo TAMEOHEIZ]) MgEETEE
HEOFTEES: 3 RTEBEBITEICLIVELRL, 2)
HES LUERH L OBELRETL L TH D,

5 &

1. WRE
HRGENLRFERYL Y 5 — - EEFRIBIITED
[Z1LIcB¥ 2 RHMETRFME (NILS-LSA) ] 0%
2 BIFAEICEM L 7240—82 D i E RE 420758 T
Hols HERFEERIIIRT,

2. B

NHRIEAOESHREEE. BHEE/HE. BEET
Doy RETFHRE LHBERE 2 EAH ETRET D
5173058, BB 0 0BEO~—h—%Bift s/,
ZFOHEBPRIZTF—ATL— P 2EHEFRELL I0m D

145

REEITH EEBEHITE L UEFITET L7
EHFBEFTIE TERBD IS EHTI [ELLVE
BIZTE B8 T8 &) HEUTHETR L.

3. BEHE
FITCBITALITA 7 VOBER 4BDOH A T2 L
h 60Hz T (Viconl40, Oxford Metrics), 2 BN 7+ — A
7L — |} & b 1200Hz T (9286, Kistler) &L, 3k
FEMUSEEATE (DLT B) 12X DiRER, KR, THR. 2
D 3RTEEREEF— ¥ BLURAF— 7 2EHL
7o BoHNI-3RTTEBEEF— s BIUPRAT—%
I DIFF % 7% Vv (BRFTITHESR). 2RO
NE—7—ZEIO— A7 4 V& =2k 0 ERTE T
5Hz 3 X UF 10Hz TEEIL L7

4. BFIEHE

F—F S, BITRICB A2 EHOEE D SR
S E CoXEH, NEEh, o BEBRELTLE
B CoREHi. miiMzabEl 1A 7 ILORKM
BV TIThol (M1)e FITHEE (m/ ) 18
BLUEEGTEOEESR GBI AEEEED 1 A
IVOFEEZER Lz HE (m) EFARNCE
T B2EBROREO 3 RTCEMEEMD HRDz, KR
(Hz) REITEERSBCTRLUTER L. FT0E
RIS (Fb) 133CiS8A. BME. 15942 Vs, &
ISR, WSS TH B, IREMIERS
T3 — ATV —MIEBL TSR ERL /. #
PRI RSB i A S IR E AT F TR % 2H D
SKTZEHEBEBIURDF—5 L VEH L, Bl
TR I TR A O R R O M R %
2HELIEZB LB X WHEE L. TSR
BEAEDORAFAREIED L TR EOEOARS
F—rEINEH LA THREAESM B) 191
TNMCBITAE - I RHEEAEESORKE, &
MEZFBTAZEICLIDVEHMLA(K2), THREHY -
by (Nm) IZESHICBITSE - & - ZE&S bV
sOY—sEE KD, RESIZHEE/ B —-2 b
vy, MR RoREl / HEY -2 Ly,
R EORMS / BBY -7 vy, EERIZER
¥—s b7 ThHs (H3). M. THREHAEHES
TUTHESC— 2 PV 73R LEOES T ER L.

5. F—49#b L UHET0E
PE#E % Stdent-t #5E. FERL OBEET YTV ¥ O
GBI LD ER L T XTOBER SAS gt/ sy
r— ver82 W07



REEEIIB A HITEMEDRH

TR BEA

YA

S
e A A
Mgk EiEth
B1 F—75iEE GFITorAoL)
=+
/"QE\
el

R ) - B zey ET]

=)
° R

2 TixRAE A SR

BEAaE —-
hex {BEBE—IRLY - W
hix : BRE—okLY Z 60
o 40
AR 2
kixl BEE—2RLY @E) | o
kex] : BEE—SFLY@EIH) || O
Kix2 BEIE—SRL2GeE) | Y 20
kex2 :HBE—IMLY (E4) —4p 2 b
; A (B)
REE L

apx : EBE—IRILD
M3 TREESY—27 Mvs (TE)

146



B, N, R, TH, WE, itk

m R

HREORE

WHREOHEE., FELLICEELEENSEDLNL
(p<0.001)o FBRLbHER, KEL LEMEDHIC
HELEOHENED 6N (p<0.001). HRZEL.
212R T

HE - HiE - HH
BERTEOEEIZEME 143 = 0.18m/ ), ik 142
+ 0.18m/ #b. BEHITEEORE X B 1.86 £ 0.25m/ T,
i 175 £ 024m/ B TH . EEHTRICER2E
ZIFTD SN R D oD, EEITHICEEREENSR
BHoHNE (p<0.001) BEHEITHSL L REITROK
B FRCBVWTLEELEESROON, #RE
£3, 4IIFY. TLBESRITHRICBT2EELFH
LB OMEEGEEIZBE-0.27. LiE-0.4, #EET
BRI B L ER L ORI OMBEREIIEME 0.4,
TE-0.56THN., BLLLEELEOHEBEIFRDL
7 (p<0.001). BHEHITEB L TEFTEOHIE,
HRIZBVLTH, BRELEHLOBMICEELENHE
EABEDONT, HEREES. 6177,

RFREIRL S

BB # 1T B O T B S B R R 4 58 140,144 £ 0. 02085,
H10.138+0.020%0, HATTIF O MM STREFEIZE &
0.116=0.018%). #1%0.114+0.018%TH b, EH1TH
CEELREEERD SN ad oo, EEFITEICE
EhMEENTD LI (p<0.001), BEETHESL LV
HA TR LM, EEERE. L4 7V, &
HEERICBLTLEELREESRO LN, HRER
3. 4IITRT . EIBERITRIIBIT B WS R
LEHE OB O REIE. B#0.15. K140.26, &
HITE O T M & El L OMOMBAREI. B
#0.30. &0.38CHH, B bHFEZEDOHMAN
Fa bz (p<0001), BHBEITHOIIFIFHE. ARE
T O, WHSCRRER. 1747 VEE, B
WX EERICBVWTh, BRELEHEOBMIIERR
FEOHMI DN HRERS. 6177,

TR A

THE AR AT OO R BT M BE AR IR 3 53 14456 £ 4 6.
k44 54,7, EETROBRMEAZEETBE
50.3%5.6F. %47 3x5.1ETH ., EEFITHBL
USEETRF S b ICE R EEN RO 5Nz (p<0.001),

F1 HEOEE (Student t 125E)

B

n (A) 1070
FE8 (%) 59.3 + 114
& (cm) 165.1 + 6.5
*®E (ke) 63.1 + 9.4

itk p<

1005 -
59.3 + 11.2 n.s
152.1 += 5.9 0.001
52.7 4+ 8.1 0.001

EHEHRERE

£2 BRANCAHIBEEEEERE OMKR (7Y > 0ERERED

E£#h Bk i p<
& -0.52 -0.51 0.001
*hE -0.36 -022  0.001

147



FEEEIIBI AT

BERTEOR  EHEAEERE. BFTHOEHA
BAEREIIBVTL, FELEENRDLN. #
BER3. 4IIRT $IBESITRICBT 5 RBE
B SIE & ARG & O OARIFREUI B £ -0.10, it‘fi
—0.13. HMBRITEEIZ 3T 2 IR PAET A EHEE & Fn &

MO REUL B -0.12, LHE-0.15TH D, :F!E”"
BRITHEB L UEKTRELIZ, BREVEELZROM
EAHER Bz (p<0.05, p<0.01, p<0.001), WEHIT
BB L ESITROZESAZHEIICBNTL, BX
LLERBLOMIIAELREOHMEIRED LN &R

BEDREH

TEREEE—2 MLY

BESFTRORMESGERBY -2 P72 B1H4 866 =
18.0Nm, 24 66.8 + 13.1Nm, EAITH:O ZREASKE
Y—2 M7 i3 B 873 £ 203Nm. & 644 + 134
Nm Thl)., BEHFTEBLUEFTERELICEEDL
HEHNFRDH SN (p<0.001) . BEHITEOZEEH
B/EB#c—7 v, IREAERES / BE (k) ¥—
7 b7, BREBENIEM () Y—2 by, #EEKT
BolkMEseR/ Bl —2 vy, FREEE /4
B (Fi¥) ¥—2s bV o, BEEES / HE ()

%5, 61177 E—2s b siiBwih, AELREEIHEO LN,
£3 BLINALBERTEHEOSEITEE (Studentt 185E)
Bk ik p<
HITEE (m/F) 143 =+ 0.18 142 = 0.18 n.s
#ig (m) 072 =+ 0.07 067 = 0.06 0.001
#3 (Hz) 199 =+ 0.16 214 =+ 016  0.001 *
R R ()
X 0.654 0.050 0621 = 0049 0.001
FBERIEERS 0377 * 0034 0357 == 0045  0.001
1YL IB50 1034 £ 0068 0979 = 0077 0.001
B R 0365 =+ 0032 0345 = 0031 0.001
TR (ISR E) 0144 *= 0020 0138 = 0020 0.001
TR A EnE (%)
e pn] 4586 = 46 45 = 47 0.001
BRRAET 652 = 48 643 == 52 0.01
p; ki) 324 =* 74 347 =+ 77 0001 =*
TREEAEiE—ohILY (Nm)
sk R 881 = 23.1 740 =+ 225 0.001
Bk - 285 =% 86 - 249 =% 75 0.001
ERAGE B (A7) 297 =* 9.8 231 =+ 8.3 0.001
1R (FT) - 256 = 223 - 196 = 173 0001
FEeh (7%3E) 264 o= 14.1 220 =+ 118 0001
TR (%3 - 48 =% 52 - 41 =+ 5.8 n.s
SERAET &R 866 = 18.0 668 == 13.1 0.001
1) EEHEERE

DTFEREEE—IrL O RBEH R, RESHRIEEOEZERENILERT

InsEHETHNZLETRT
Dk IBELVEERFREICKENILERT
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EA. MEH, K. TH. HE. bk

EEREI, 4IIRT. FLBEFTHICBITLEH
SEBY -2 M vy EERHE OMOERREL. Bk
~0.36, &HE—0.32, BHTHICBIT 5 EHBEE Y —
7 MV L EREOBOBBAREI, BE-0.36. K
H—-0.32THh. BEETHS L OEFTHEL 612,
BRL LAEEREOHEENIRD LML (p<0.001). &
EHRTERORMEHEE /Bl -2 Mv s, BRBEEE
/B (BT Y- by EEEEMS () ¥
7 Mvy . BETHRORMEHE/ BlY—2 Vo,
IEBE R (RTk) Y¥—2 bvs, RHETES / HE

(k) €~z PrricB0Th, B bFEHLOH
EESEOHBEFROON, HRERD. 61K
To

£ ¥

B, S S0

HHGI BT, BIEL ) KEOH D HSITIEOR
B BESITRE L A TROSIRILN S 2o 7%
ANEH ST 1, T, FIBE D ICKEOH AR

x4 BEcAERETEOKTER (Student t i#85E)

HiE T p<
HATRE (m/58) 186 =+ 025 175 = 024 0001
g (m) 0.80 == 0.07 071 = 0.07 0.001
$HH (Hz) 233 = 024 248 x 024 0001 *
By AL S ()
b2 0.553 0.056 0537 = 0050  0.001
RIS 0345 =  0.039 0323 * 0043  0.001
119U 0901 £ 0082 0862 <+  0.082 0.001
BT R 0323 = 0039 0309 % 0033 000t
WM (FHESE) 0116 x 0018 0114 = 0018 n.s
B RE & A R (%)
AR BHE 503 =+ 58 473 =+ 51  0.001
fERBAER 636 =+ 54 630 = 5.5 n.s
bt shn) 337 =+ 6.7 361 % 7.1 0.001
TRESHE—IELY (Nm)
R B &R g 1087 = 25.0 938 =* 256  0.001
B - 393 = 134 - 325 £ 106  0.001
ERpaEE RRif (773) 363 = 12.7 283 % 9.7 0001
R ) - 200 * 298 - 247 = 196  0.001
Bl (18%) 300 = 161 225 * 126  0.001
TR () - 64 = 79 - 52 % 7.1 0.01
R BE 873 = 203 644 = 13.4  0.01
NEHECEERE

DTFHEEE—~o LY OREET RS, A GRITADOEEERENILERT

InslFHETHNIELERT
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FEEFIIBIT D HTEEOFH

BETHRETAZL2MELTWD, FHIROTE
BT ANSVWEE, FIBEINGHETOHE D
OhbLNEV. BELIVLEOSANKRENI LI
LR RE—S LW, F7o, BE, FIELE
B ORICEDBEENZD SN LILETTROR
%1) 2) 3) 4) 7) 8) 10) 15) k-—ﬁitfj—a V) . E’E%&q:'%ﬁg
DEFEEDERTHLILELLN S, SHIEESR
TR L USEEITR L S EALERME OMIZADREE
HSER S B 7=, Himann JE, et al.® i, 19—102m% 438
ZOREIZBCTIENIHEI SROETZRLTBY,

EFEDERETHTLEEZOLND, HFALEBD
BEEROLNARVEV ) RIFEORR L B2 28T
WELME SN TVDA, MEFDHTHY, HHL
NUHELTH B0, AFEOEREBRR oL E
P RS (W

R R

FHRICENT, BESTRBLUERTRE DI
IFFERE. M. 1A 7 VERRE. BRI R
BEEL ) XEOHIMEMEERL 2. BESTHROM

£5 BLACHALERSTROSTERLEREOBK (€7 Y 0HBERED

FHh B T <
HATIRE 0.27  0.001 - 044 0001
$ig 0.31  0.001 - 043 0001
H 008 005 - 017 0001
EFRARL S '
EZciiii] 0.12  0.001 0.25 0.001
W RENRERE 004 ns. 003 ns.
149 JUBSE 004 ns. 0.18  0.001
B BT R 8 001 ns. 005 ns.
WA (X% E) 0.15  0.001 0.26  0.001
TRk B &R A R EE
ek 010 005 - 013 001
fREa 0.12 001 - 007 ns.
REE 0.12 001 - 026 0.001
TFRREEE—IM LY
B MR 042 001 - 017  0.001
i 0.24  0.001 027  0.001
REEET Bl ErE) 0.29  0.001 - 026 0.001
GG 008 001 008  0.01
B (18 %) 0.23 0.001 - 027 0.001
fEE (183) 006 ns. 010 001
BEE KR 0.36  0.001 - 032 0.001

ns. BEBEFETHEVWIEERT
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R, NG, KR, TH B, bk

BB R L D LD FRELR LA, &
FITHICEESEDONEh ol TOZEIF]L)
HENAEMLTWAIE, 2) THOKREFLEN
SEICRETAEEZON, SEITA Vb0
wiE (%) BRHTHIENRVETHA), T2 &
ERITEE L OERTE L B, IR, MR
B L EE L OMICENHENED SIS LIEET
iR L —F L £ A2 51151019, Winter DAY
BEEZCB T AEHEHEROEMILI. RETEE

LTy~ TR I ODOBETHLAILER
BELTwWh, BHbio ik, MHIRHICETORN,S
BAORICAELBEIX ¢ 5720, THERIEROE
MEFHROREELRAM LI SELEERL TS,
M EREEEROMICIOEErSED LI E
i, RFEOESEEIETFOLLRBOTLES T
WEST A0, AHEEEMEENS E-TREND
2o &5, MEEILICBES AR s AL ETH S
EEZBND,

%6 BRNCHLEFTHORTERLEHLEOME (€7 V> OHRBKRE

FH B < ZHE
HITHEE 0.41 0001 - 056 0.001
-} 0.36 0.001 - 044 0001
ot 0.20 0.001 - 035 0001
BEREI LS
B2 0.29 0.001 0.40  0.001
TR BT 004 ns. 009 005
1A D ILEEE 022 0001 0.31 " 0.001
BB H R 0.13  0.001 0.17  0.001
IS FERR (RS ) 0.30 0.001 038 0001
T kBT A R
e 0.12 0.001 - 015 0001
FRERER 001 ns. 000 ns.
2 RIH 0.21 0.001 - 023 0001
THEEAGHE—IMLY
RxEET B 0.20 0.001 - 023 0001
Eih 0.30 0.001 . 030 0001
fRBgE  EER GTE) 027 0,001 - 033 0001
2 B1$) 000 ns. 0.16  0.001
i (%) 0.28 0.001 - 025 0.001
R (%) 009 005 0.10 005
2EE KR 036 0.001- - 032 0001

ns. 3EREFETRVWIEERT
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