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A Study on the Relation Between Muscle Strength and
Others and Bone Mineral Density, and the Variation
of Bone Mineral Density Through Exercises
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ABSTRACT

The purpose of present study was to examine how the bone min-
eral density (BMD) of lumbar vertebrae and femoral neck was related
to the age, physical constitution, muscle strength, blood component,
caloric and alcoholic intake, also the variation of BMD, muscle str-
ength and the another through exercises. The healthy adults of both
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sex participated in this study.

The results were summarized as follows :

1) It was in men’s lumbar vertebrae where the most significant
correlation of BMD to other factors was recognized.

2 ) It was recognized there was a marked tendency to the fact that
the physical constitution of men as well as the blood component of
women had the higher relative rate of contribution to each BMD.

3) It was recognized there was much less correlation in the study
of BMD to blood component, caloric and alcoholic intake compared to
that with age, physical constitution and muscle strength, however in
the case of women the study suggested some importance in the
relativity of BMD to the earlier listed factors combined.

4) 1t was in the men’s lumbar vertebrae where the contribution
rate of the other factors to BMD was the highest. It was also
considered that in the study of men’s lumbar vertebrae the height,
ratio of fat, knee extensor strength and back strength held more
significance as the factors contributed practically in physical mea-
surement.

5) It was recorded that the annual variation rate was lower in
BMD than in muscle strength. It was also recognized that the relat-
ivity among the annual variation rates showed significantly positive
correlation of the women'’s body weight (age between 20 and 39) and
their knee flexor strength to BMD of lumbar vertebrae, while signi-
ficantly negative correlation of their knee extensor strength to BMD
of lumbar vertebrae.

6 ) It was recognized there was a tendency for the BMD in lumbar
vertebrae to stay the same or even become increased through ex-
ercises, however it was supposed the effect would be much less in
comparison with the cases of cardio-respiratory function and knee
muscle strength. The relation between the variation rates of BMD
and those of muscle strength and the another through execises was
still uncertain. Although marked increase in both BMD was observed
in man who included bounding exercise and it was suggested that
this type of exercise was effective to increase BMD, more careful
investigation had to follow to determine its appropriateness.
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OFH, 1AK%, FEERE, 72— VEIE,
IfiRksy 36 & OF 71 & BMD & O RS 48 4
5 (BE1).

@BMD OFEMZLR EFHHED T h & O
HEENSE (FHR2).

@EHEREICE 755 BMD L%z (L%
FAND (B 3). |

1.5 &

1.1 #eE

BR1 Tk, BEECHRBERD D VR
AP 3448 (335 = 875k 21 ~605% 5
EEEERELEM UTRL) &4tdd4
(34.5 = 9.55%, 23 ~51m EXRE L. 50k
RO 2 %DM EARKR TS - 7-.

BR 2 T, ko RESRATNE 314 (34.0
TR 22~4T0) 234 (35483
w23~ 4950 EuRE L.

B 3 T, EEEFRERITERAS L 134,
EHEIEROBLIBERNRE L, HOOF
i, SEBIUCEEOFHMEEEREZR Th
TN 385 1.7k 1656 £55cm, 59.7+85
kg & 364 £ 9.7, 1673 £ 103 cm, 59.2 =
UlAkg THECHBRREIB D - BBEH
HOWKE I, R EHEFEIEThTOR
A,

1.2 REEHE

BE1 T, FIEE, KE ES % fat
(F v V=TRSO EBTHL L ERE FHOK
THsHIED >, BE>DOHETREEZRD,
Brozek & 0ORuc & Y HEE™), BRIEHEAE L
T LBM), KRR % X O FREKIRIED T
Hote, 1 BY/cD OREHRNE (5 v~/ HE
IUE, Ca fEENE, PIEHURD X CRBEMNE) &
73— ERERE, 1BEOFEEL bR
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2.1 BE1
KIEEHORE - AERERER IR L. [
orE 2, 3 OHEHTPOPERMEZRE L TW5
B, BBURIEFEHENTD - . &I
BMD %9 2 AEBARE AR 2 1Rk L. B
& ABEBSE BMD & 0 & i BMD icxf L TO
Hs, HESHEERTEESS» 12, 12,
[ U#fzd BMD icxt L Tid, BHoh sk

D ZIHE THEEGHEMZRTES S - 7o, EHE
BMD i3 3 ZIMMHBAREE, LITo@d T
ot '

BHETRINTOHmE L, HERSIEOHKE
DD o, EETRED SN L -T2,
g L CRAEELEOMEE, HE& LBMick
LT, BEREOHMEBEZL SIL@EDSH
fo. MRS T}, B PTH-C &, LTl
Al-P L OAFELSEDOHBEMSRED Shic, HKE
HINETRE, XHEORERNELEDAFELTAD

=1 FHEEEOFYE L EHREE
5 ®% 7
HIEHE
M SD M SD
5 K (cm) 170.6 5.0 156.9 5.0
% B (k) 66.1 7.1 52.5 6.3
LBM (kg) 55.6 4.9 38.9 4.0
% fat (%) 15.5 3.9 25.8 7.8
B & (cm) 92.6 2.0 85.9 2.5
KERFRBE (cm) 52.3 3.9 49.4 3.8
TEEARIGIE (om) 73.7 4.7 65.7 3.4
RBAfE RS (ke) 75.1 13.0 44.8 7.0
BBt (ke) 31.8 6.2 18.7 3.2
HHS (ke) 132.9 14.6 79.8 12.6
# 7 (ke 49.7 5.8 29.2 3.9
TP (g/d!) 7.13 0.26 7.09 0.41
meCa (mg/d?) 9.26 0.36 9.05 0.40
m#Pi (mg/dl) .49 0.36 3.55 0.38
f#HPTH-C (ng/mi) 0.46 0.14 0.49 0.12
m$CT (pg/mi) 31.0 16.6 27.8 13.7
f#Al-P (mU/ml) 185.4 45.3 162.9 36.2
o7 EEIE (g/H) 4.7 20.3 43.2 14.7
Caft i (mg/H) 427.6 251.0 459.5 196.3
PHEELE (mg/H) 644.6 285.5 654.2 219.4
HEBENE (g/H) 39.7 22.8 37.2 12.8
7 va—ViEEE (g/H) 22.0 21.8 2.2 3.6
EH#BMD (g/cr) 1.054 0.128 1.008 0.133
KERBEEEEBMD (g/on’) 0.903 0.146 0.811 0.109
M : Fi5fE
SD : ¥R
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q B JEH#EBMD KERESHEBMD

Bk g B pgica
£ W —0.433** —0.467** —0.530** —0.319
g R 0.660** 0.366* 0.551** 0.214
*® B 0.373* 0.178 0.439** 0.166
LBM 0.602** 0.349* 0.565%* 0.279
%fat —0.303 —0.113 —0.116 -0.107
EE & 0.421* 0.412* 0.291 0.157
AR e 5 B 0.324 0.099 0.478** 0.114
TR IR 0.121 —0.082 0.034 —0.049
R BA i ek R 0.391* —0.028 0.240 0.226
FR RO i 0.453** 0.231 0.359* 0.235
EmH 0.455** 0.114 0.288 0.080
B N 0.412* 0.258 0.290 0.318
Mm=TP —0.055 0.096 0.075 0.175
fmCa 0.242 0.140 0.422* 0.220
MmePi —0.023 —0.196 0.101 —0.023
fmHPTH-C —0.402" —-0.316 —0.355* —0.302
msCT 0.145 0.031 0.251 -0.129
mAl-P —0.002 —0.443* —0.176 —0.458**
N7 EEER 0.095 —-0.115 0.220 —{.011
CafBHE —0.134 —0.058 —0.029 0.110
PRI —0.016 —0.123 0.123 0.041
PR 0.072 —0.349* 0.103 —0.362*
7 v — VIR 0.207 —0.212 0.053 —0.203

' ' *: P<0.05

**: P<0.01
RO e, NTHRBED oM. i, % fat IEELHE

KERE SIS BMD Xt 2 KEGEBIREUL, LU
TOEYTH-7z. BHETRIEKICH»DS 4TH
Hicxt L, EESIEOHBNED Shichs, B
T, BBAEIER) EAFELIEOMEBAED Sh
Foic g EiSp ot MRS TR, PTH-Cioxt
LTHABLER, Caickf LTARIEDME
DR o N, TR, B EEEISH LT,
oK BECHMEED ST, FHEEREE
M Al-P IcHFEGAOHEBPED Shicicd &
Stz

kg OMBRKHO LK TIE, HL 0 BMD
td, FELYBEREE LBM OFAEVWEEE
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#£3 HELBMDizx ¥ 5 EEFBIHTORE

(BEHBMD) % i3 z 3
ARBAZEH ks B A.C R.C r B A.C R.C

g R 0.687| 0.624| 0.428 49.84
%fat —0.322 | —0.204 | 0.065 7.63
2 0.365| 0.345] 0.125 19.76
RRBAE RN 0.350 | 0.178 | 0.062 7.24 | —0.017 | —0.260 | 0.004 0.69
Rz BA S I il 0.458 | 0.196 | 0.089 10.43
B N 0.308 | 0.454| 0.139 21.95
1 PTH—C —0.404 | —0.376 | 0.151 17.66
m#TP 0.004 | 0.117 | 0.0004 0.05
Mi#Ca 0.133| 0.235| 0.031 4.90
fm4Al—-P —0.437 | —0.604 | 0.263 41.43
mHCT 0.024 | 0.253] 0.006 0.95
7 ha— ViEEE 0.270 | 0.284 | 0.058 6.83 | —0.212| —0.303 | 0.064 10.08
HAHBARE 0.927 0.798
TERE 0.860 0.637
F f& 20.21** 5.52**

(KREREEERBMD) r B A.C | RC r A A.C | RC
G ] —0.533 | —0.296 | 0.157 2351
g 0.590| 0.331| 0.195 29.10
KBRS 0.379| 0.251| 0.095 14.17
B 71 0.333| 0.427| 0.142 25.66
MmfPTH-C —0.351] —0.389| 0.136 20.34
fisCa 0.431| 0.198| 0.085 12.71 0.196 | 0.376] 0.073 13.17
meAl—-P —0.481 | —0.572 | 0.275 49.63
7 v a2 — ViBEUE —0.203 | —0.203 | 0.061 11.17
HEFERER S 0.819 0.744
HERE 0.671 0.554
F f& 10.23%* e

r - EBER % *»> 1 P<0.01
A . R ERRE

A. C : Amount of contribution (EER&)

R. C: Rate of contribution ({EXRUEEAEE M3 %)

fohs, ZEMFEHESIND S0 E, BMD %33
95 ETHR LBLLRERER LAY, &7,
FHEZTEY & FHIAZSE D AHBE AR E & EHE R R (R
ORFY, EHBRHO 2ETHEI LD D, B
ELRERBALH OB EERE S L, T0EK
BoOEHBREIC KT 2 B8 EMIEIE & L
Fem,

B OEH: BMD icxt LT3, BE, % fat, &

RafhET) « B, i PTH-C, Ifith TP B &
U7 a—VEBRESMTZLTHES LT &
ERERFARORSIE, % fat & PTH-C i3
T, BHPRBIETH-7c. HERHEELE PTH-C
PREOVEEITH - fo. THETIREER, BB
R/, #, it Ca, Ifiich AI-P, Ifith CT B X
T a—-VBRESAT, BPRIETH-7. H
BREE (i Al-P, B8 X CEEEASE OB T,
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BRI LM CT oz hid, EEHLESE
LEMETH -7, F-F5RT B 86.0% icxiL
I 63.7% Tdh - 7-.

KBEESEE BMD <&, BRIz L TBS
LTV, Fin BK KGR, fdf
PTH-C B X Ui Ca TH » 7z, FE#iERRL
DR DATH - 1o, EEREIFHRIEO
e, EMefd PTH-C AT, BHRIET
Hot. HMERSER Fislomd PTH-C
DR E VR TH - 7z, ZHETIRIES, It Ca,
s Al-P 8L U7V 3 — VEBEEHSY LB
HELTBY, FBROME RS, -, EERER
BMOBEE, Ifith AI-P & 71 o — VEBIED
BT, HEERIMG AP & 7L a3 — ViEBEEDS
REVHATH - fo. FE5RIGHM67.1% L
ik 55.4% T, BEHELIERR, BHOH BRIV
MTH-te. FHBLED, BEHAOFSRIA
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BESEH~NDZNL D REVEHRITH -7z, &5
ISR L A ERRE T, @ BMD & & B
T3k (BEHE 57.47%, REBESR 43.27%), K
Wi ak sy (BEHE 47.28%, KBEE S
62.80%) R EVEABTH - 7z,

RABEE, 710 — VBIES X UM
&, BMD 2ZE3 5 L THERAROEZRTH
20, BAAPERICE OB, BB X UHM
FaebBEEL, BE - UEHEB & L TOEAHABR
BTk, FEYELEZS ToEKT, £H
MREL LTEELEISNAHH, FiKBIU
i DHEFBEEE LT, ERJESFET-
1o, TOfRERERLITRT.

FERIBLESET T2, ZoMmITE <
WIS E L - 7o (BBHE 63.7 — 33.4%, KEE
$HHE 054 —11.1%). Licdi-T, BHoksnr
BHOREVHFEREROMEEIT, &< KBRS

R4 HBEBMDNT 2 EEB/AMOBR (KANEHOH)

; 5 #% Zz
SEEZH

r g A.C R.C T B A.C R.C
OB —0.399 | —0.673 | 0.268 80.39
5 K 0.687 | 0.565| 0.388 54.82
*® &\ 0.163| 0.366 | 0.059 17,86
%fat —0.322 | —0.406 | 0.130 18.46
iz e nR L) ) 0.350| 0.185| 0.064 9.14 | —0.017 | —0.321{ 0.005 1.63
.0y 0.468 | 0.263| 0.123 17.38
HARMREK 0.841 0.578
REFRE 0.701 0.334
F {& 15.81** 4.36*

(KEREZHEBMD) r B A.C R.C T Fij
O —0.454 | —0.349 | 0.158 27.84
5 B 0.687 | 0.386| 0.265 46.60
KR e 0.275| 0.369] 0.101 17.83
THRER IR —0.052 | —0.280 | 0.014 2.55
7’ N 0.333| 0.333
EEBIfREL 0.754 0.333
HER 0.569 0.111
F {# 8.60** 3.50 NS
NS : Not Significant
*:P<0.05
** 1 P<0.01
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BRI S EE (70.1%) TH - fo. BIRE
NREHOMKHIERE L, BHEOE# BMD T
REE % fat BXOEHASEL, KEESER
BMD TR EE, F#B & OARRRREEVE
[ TdH - fe. O KERESE BMD i3, #RX
NZERIENOATHY, FHEICHERLKEZ
[ES )Y ol

2.2 BE2 _ \
1990 fERE & 1991 FEEDORIEEH ORIEFER &,
1990 R & B IC U /- FRIZE LR ER 5 R L
fz. Bicd & BMD OFERMZECRICHELKER
Bhpo it FRIZEEROMEXEZ BMD &1L
THET 5 &, BirL bHHOHBKE WK
T, L IcEMHOEH BMD &FH A P<
0.0D), ABEEY%EE BMD & B HES (P<
0.00) BXUTHAES (P<0.0D) KEELBENRD
Stz W TI3E BMD & &, KBEEIHEN
(M@hHES P<0.05) icHEBRRERENED SN,

F7:, & BMD OFEBZLREZLD/NT X —
sy DENE OMBIRERD THB L, BETIRE
OERDO EOFHIX L TH, FESAHBEREKIE

BNz, L LT, 20 ~398%
(N=15) T, B# BMD & AEOE/LRICHER
EOHEB (r= 0527 P< 00D #S@»Shi. &
Tz, 2% (N= 23) <, EHE BMD & B il
DNOEARCEHEEBIEOHEE (r= 0480 P<
0.05) 23538 Shi-As, Wi HEH 021
REQHICIHEESHDOHEEE (r=-10422 P<
0.00) »EEHSNhi. AKFEFHE BMD 0Z(LR
L ORI}, AECHBERKREAD ShiL -
e, _

2.3 H%E3

EERFOTT - IEHNER, HREICL-TR
1235, T, sv=vs, EERNHEHEICLS
Y470 V7, Kk BATOHA 7Y VT, B
AAEMBES), Yy brL—=v/, 27Ot
R, NG VT4 VT, DRFEED X ORBIES
ThHot. 113 » AR OBEAFHEBIRER L,
6330 & 3257 43 CPafE - HUERZE, #PHIE 2709
~130894y) TH -1z,

EFE L IFEFBOXYEHEBERE 1R L
fo. 1o, WIEIRIEMEEEE L L7z BMD &1L

R5 BEEOWEMEL FMELE

| B £ #
HIEEE
19904EH | 1991468 | 246K (%) | 19904 K | 19914 | Z5{b3% (%)
M 66.2 66.5 0.53 54.0 53.9 ~0.35
2 G SD 7.1 7.1 2.24 5.2 6.4 4.30
M 1.047 | 1.048 0.17 | 0.999 | 0.998 —0.14
BM
BAEBMD (g/at) sD | 0.131 | 0.128 3.05 | 0.132 | 0.137 2.91
LY 0.905 | 0.902 —0.08 | 0.802 | 0.805 0.47
ARMBHBMD (g/af) | or | 00 | 0149 3.904 | 0.117 | 0.119 2.98
M 72.9 75.4 4.98 41.1 45.0 10. 40
BEBIE T (ke) SD 16.1 13.3 13.31 6.1 6.5 14.29
M 32.9 31.9 —0.23 18.3 18.6 2.27
BRI (ke) SD 6.7 6.4 10.69 3.4 3.2 18.99
M 144.6 | 132.6 —17.61 83.3 79.2 —4.30
HEH () SD 21.2 15.1 7.25 15.0 14.1 17.12
M : FE
SD : FHRE
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K6 EENH L IRERREOAYEHE E

BBy B FEEBIRE
HERE
M SD M SD
[EBMD (g/on’) 1.043 | 0.110 [ 0.995 | 0.167

RERBSEEBMD (g/en®) | 0.875 | 0.145 | 0.778 | 0.119

Vomax (m!/kg/min) 46.3| 7.3
g {REN (ke) 63.9| 16.6
BRBIER S (ke) 29.3| 6.6
wHH (ke) 136.2 | 40.9

M [ A

SD : iRz

ROFIGE L EERE, B X ORI OEB R
DOYEEOHBEZR 1 1R L, 58, EHIFRH]
BEELT, WEAMBKEZ Pr2EHICEL
FBER (VA b)), EELTRY 3 F Dl Eich
BU-HEHICE LR (R 3 9), BLUAE
EERE (B WHB L TRIRLE.

BEHE BMD OZALR O, EHEF TR 3
» A B2 SHIENE & b 58, FEEBE Tl o
e, mFHoZEE3 »AHE 13 » AHICE
BRE 10% LI T OMEERTKE 0 - 72,

— G AKBRESEE BMD &, EHBTIZ3 » HE

Ao fo. FREENEE T IR P PR B
wHphsbht, L LREEICHREcEER
1D 5 fo. EEC & B BMD 0Z(LD A
3, KEEBHHRL D B AR EEDLN
fo. &7, EBEO BMD OZ/LROKE 513,
EORHIC B VT ORIMBLEI & b SIBHED G »
REVENTS - 7o, EEER O FIGE O BER
y—v&, HBHEEOZRD &7 BMD O
ZILROFHEDOTh A2 HET 3 &, AihEE)
R TIE6 » REHICFESD > 1ch, 25350
BRI & 135 LVISBERIC S - 7r.
Vo,mBLOBI/IE, BMD OZALROFHIHE
L EERE ORISR AR 2 1R L, Vo,
T3 »HHE, BBEEMEITIES, 6 B8X013
» B EICHEREMASEYD Shizhs, i BMD O
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