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Effects of past exercise habits on bone mineral density in female students

- Examination by the characteristics of the exercise type -

AT Jnfd

Tomoki MASE'

Abstract

We evaluated the influence of past exercise habits on bone mineral density (BMD) in female
students (mean+SD=18.84+0.4 years old) according to the characteristics of exercise types and
the presence or absence of their continuation. BMD was measured using an ultrasound bone
densitometer (Achilles-1000 plus). Physical characteristics were simultaneously measured, and a
questionnaire survey was performed to evaluate past exercise habits during the junior high school
and high school periods.

The following results were obtained.

1. BMD was significantly higher (p<0.05) in the group who continued high impact sports (C-HIGH)
than in the other groups.

2. Lean body mass (LBM) was significantly higher (p<0.05) in the C-HIGH group than in the other
groups.

3. An increase in the muscle amount associated with jumping exercise was not a stimulus that
promotes an increase in BMD.

These results suggest that the characteristics of exercise types markedly affect the acquisition of

BMD in the growth stage, and the continuation of jumping exercise accompanied by high impact

throughout the junior high/high school period is beneficial.

Key words : female students, bone mineral density, exercise habits, exercise type, ultrasound bone densitometer
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Figure 1 Comparison of bone mineral density of the subjects group

Table 1 Physical characteristics of the subjects group

Control J-MED C-MED J-HIGH C-HIGH

Age (yr) 188+04 187+05 188+04 188+04 188+05
Height(cm)  157.1+4.7 158.6+44 1585451 158.1+3.5 160.1+45"
Weight(kg)  53.4+89 51.1+51 51.1+59 523460 548+78
%Fat (%) 279+68 257+44 255+41 273+53 267+45
FatMass(kg) 15.6+63 133+34 131434 146+45 149445
LBM (kg) 379+34  37.7+25 379432 377422  39.9+39%
BMI 216431 203+19 203+1.9 209+25 214426

Mean+SD. LBM:Lean Body Mass. BMI:Body Mass Index.
p<0.05 : a=vs.Control. b=vs.J-MED. c¢=vs.C-MED. d=vs.J-HIGH

.05
. .13 (/
Exercise Type | > LBM <{e1)

a7
e 23+

/// \\\;25* * v 19
Continuation of 21 J . —~
; > Stiffness (e2)
Exercise | &2

#p<0.05 **p<0.01

Figure 2 Path analysis model



18

4. £

BHEEOMER M LI2iX, Bicinb 2 71 AaR R K
ELWET L, NFHARPERREZRE S, —F
TEWILAEIH LT D Y, Frost' I3 H ROMERIC
X, @ BRI A L L 9D BIEAE L, BEE X
0 REZRAFMBZIMDOIVEE EITHINL, BEELL T OAfR
TIXFEEZD S5 LR TND, IENARDIEE
AT EEFIEA O2M SN TR WA, FARMmfE
HINZ X 2B FMb oGPl JEBAREE (E= Y 2h5R)
12 & BB HILAE ORE, BN OBHEYT (micro crack)
WX DI HIE e ENEZ DN TND, 2D ED,
M)« ZR—VIEENI LD H,, WLV o 2 )FIA
TN HEEOEFHA THY, EEEEELL 1D
FRBLOAR—YEFTIEEEEIIE VO RENEL
<, BAMICHIBEMAR-VIIEHEELEGDDL LEZD
nTns, LrL, 7 XTOEBERICBWTEEED
m B LA TH D0 TIER <, ZTOEEFEE OFF
M GRED) Itk ->TRA2Z Y, LaLAans, Rkl
BAEST D L THNRES R OWTRE L7z
WMEDL X, EIEBEOFEOLEZRMBELE LT D,

AR CILEEFE B OReE & 2 DRk O H B 5 Rk
B oEEEIE N R KE BROBI R H 5 7%
DE R RIT TR B ARG L, £ ORER, C-HIGH
FEIZB W THEE L Leifg L, Stiffness I(ZHEIZE -
7= (K1), ZofERIE, BkEES A R LizENIC
PL LB OREIT A ~D SRR A 5 EENFE B 2 o -
PR ARIRE L ke L C M 5 T & VB EE o 1) BT xt
LA THDZLaRLTWS, Handy & 7 1%, o~
DI D BB T AT KT LI R TH D = & &2
HLTWD, AR TR ES 2 TR & Lz
A XY SRS EETER 2R LTy C-HIGH BET
Stiffness @iz R L7=Dix, HIEENL TH HEFIZ
b rEEORE SICERAL TS D EEZBND,

— J7, J-MED B ¥ X Ut C-MED #f O Stiffness |3
Control BE X ORIIZENB O Lo (K1),
Matsumoto & ' 1%, MEBIEAL < THIEAT AL
BARVVKIKR T =2 7O X ) [CEB AR EEE ThH
> T HIKHME OEBFE H I BB EIRWECH 5 2
EEWE LTS, ARBFZED J-MED #£35 K OV C-MED #1
74—V RN T v TEEHNEERTHY, ZOiEH)
FEH OFHED D TR DD AR EHEE CTH D2, 7h
EBMEL BEEZED D OIS ffmAR & 725
STl EHEESND, TOZEnD, BEEOBEE
BN 5 B AT O BEE K0 b TR L T

H2Hb0EEZLND, LoL7ann, BHEEES L LA
ELTERRWNA X7 ) EEF R 2B L T
J-HIGH #2385 T Stiffness 2% J-MED #¥, C-MED ¢35 &
U Control #EE DFIZENRBO bR 7-Z LI (¥
1), BHEEOEEFICIZA /37 bOROCEB AR L &
HICEEBRE OGN EET D b0 LR IhD, T
DOFERING, BHEEITT HEB O FILFEM L TX
ToIEENFE B ORI (FREE) &2 ORkREO AL Vo725
Z L > THRRD Z ENRBENTZ,

Fo, FRMARE OBE T, C-HIGH B LBM & fth
BELHEARABICEWEEZ R LI (R), L LR HIRE,
RAIEIER L O BT IZB W THERZEDRD G-
2 enh, BEEORITIREILHDDHERO RN
WEL WD Elbhd, IR E BEE LS OREL
At LS 132 <, BHELHEOHR L DRI
B OMICEHEARD TN P, oz
X, AR AL D SR AVEIC R T 2RI e B &
Z 5D, Bakker b 'YX, BEEEOHKICIZERIGN &
EDOBEARE L, FHIFEICEE S SR O BEEMEZRE L
TV, FREES Yk, FRELEESRICTRS
SEARIE & Stiffness & OMICEWIR A8, HEICXf
T HMESIORE SHEREICBRTHZ & &2 LT
W5, ZHHDIZ LG, C-HIGH BEIZIUW T Stiffness
DEMEZ R Lo oi, BREEESN L S ff EAN & =
WRDEEEOHIMAAR TR E I oTc7od EHELE S
Do &I CAMFETIE, BN R ORMER K OUEBE
fe DA E L LBM 72 55 ONZ Stiffness & OB 2 B & /M2
T LI DRAET H AT o7 (K 2), ZORKE, EBfE
H O Rk & Bk O A X, Stiffness (ZxF LEHG7
L2 MRS, LMK T 4B 5 I3 A HE o
77 F77, LBM L Stiffness IZxf LBIE 45 Z LR E
Nie, ZoZ &b, RIEN®E L BEE L OME T
LINTH DD, EE) & BRI & OBENFE O H /e )
ST LD, BRHEEENI L D i B OB R B OB
MEARTHFRG S L TERT 2 b O Tl nZ LRSS
oo KD P13, BARHEEICHS T b EEFC R
AR RVKIKRF T, BHE&F= hae—L
BELEN RN EERELTCND, LEN-T, LBM &
Stiffness & ORIHNGRD H- 2 LiX, HEOK/NC
EDBENDEENRKRXNEEZDLDTIERL, BIE
il IFEEENEENTND I 2B ETHILEND
D, ZOZEWEELIHEREMBRT 20032 TH LD
EBEXD, TNHORERND, BHEEOERL, HED
WRIZE BRSO/ NS <, HENEE ORpE L %
OGO FIIZ LV IRESND Z LRI, T72



RFREICETEBEDEBHEENBEREICRIETHE 19

bbb, BHGEENAZ R E Lz A X7 &) dEE)
TEHZ P - AR &k L CEMT 2 2 LAV EE
DERCETHD Z ENFAL N E IR T2,

B O A& R iEER AR & U CBkIESR) 2 K
L LA 37 FOFR EA R AN 5 EE) - AR —
VIEB O F R A R D W%, Creighton & 7
1%, BRLA AR =Y BRFERIRICHEARBN G2
VKPR L OVEER E ERE Lic v b —, B EEREE
FERELTHWAEE L LTAL—FR—L, NZ7y hfR—
D& D IRPkEEEE E ERE Lo A A X7 RO AR
—VEER L TWDEDOEREEITSHVI & 2HmE LT
%o [RIBEIZ Dook B ¥ 1, BARRRATO 4Lt % RHRITAK
ki L OVEEEZ R L L7 EEfRER L 0 L —A—
o, NRT sy RR—=NLD KD IgnA A 37 b OiER#R
BN EEE LD LBERE D EEWREL TS, F
7z, ™A A 37 N ORTEATICM 2 D RERHERRTF O
BEEREN ERELABOONTNG YY) &bz,
FEEOMEICHL, VYo7 L—= T O E
BOLWEITZN T NS OWMENS G, BEE
ORI TITBRHEES A LR & U7 iEEE B O F i3 A %)
ThHY, B LA 7 hOBWEARNEMNZ D Z
EMEBEHETHDLEZEZLN TN D,

RFFIZB N CTHEEOERITIE, - BAER
LB L CENCH LE ORI A ~DIRMEE 215
PEED) 2 IR L U EENRE B 2 ke L CEMT D2 &
DA THD Z ENRBEINTZ, LER->T, kNEE
DL SN DREMICB N TIE, 42737 FOMROEE
AL D EE) « AR— Y EB 2 BIRICE/T 5 2 &
THEEEZRD D Z EPNEFY O OFHERIE TR &
STHEHEILRD EEDbIS,

5. #ER

AR RE BEORERICH B L1 FE 555
(OB B E ST L B O RE A I L
it OFEEY B3 A BRI A &L 0 e, @R AR
BT HREHOEEFENFEHOTEEICKIET
WEAEENE B ORE L Z OO R MIZ L v T E L
7=

PUTFICRERZ R~ T,

L. GEEVAEH OFE & B EIE & OBEE, C-HIGH BElC
W C Stiffness [Hh#f & L LA REICE -T2,

2. HIRERME L oREE, C-HIGH D LBM I Al RE & e~
AEICEWEZ R LT,

3. BREEES L S f OB R E A E O & el
WMELTIER LW Z LSz,

PUEORRE Y, BREINCE T R ORI
SEBALR ORHER KX < BL, BHED L Lk L L1
EANCHE LA O BB 1~ D3I A 5 BB F %
o - RN L ki LTI B - L AT B
LIRS T,

@

ARGEMEADITHILY, THELIHEEZBV EL
T RS SCHGE IR AR T M Bh Bd, RIRCFE XGE R K
e FE RN, TR L R THE E L
SRR SCHI R St A - B S oR < it 2 1 L BT &
R

X

1) Ruiz JC, Mandel C, Garabedian M. (1995) : Influence of
spontaneous calcium intake and physical exercise on the
vertebral and femoral bone mineral density of children and
adolescents. ] Bone Miner Res, 10 (5) : 675-82.

2) Stear SJ, Prentice A, Jones SC, Cole TJ. (2003) : Effect of
a calcium and exercise intervention on the bone mineral
status of 16—-18-y—old adolescent girls. Am J Clin Nutr,
77(4) : 985-92.

3) Vuillemin A, Guillemin F, Jouanny P, Denis G, Jeandel
C. (2001) : Differential influence of physical activity on
lumbar spine and femoral neck bone mineral density in the
elderly population. J Gerontol A Biol Sci Med Sci, 56(6) :
B248-53.

4) /NRERS, FFEAE, EUKE (2000) @ PEELMEOE
T 5 Bk EEE) O 2 2R & VDR B2 O B
R, BEIR AR —VES, 17 (6) : T41-744.

5) IKHZEF-, AR, BEARMESE, AREEHLT, Wan
A, PR, IKHEZ (1995) : HEZMEOE
BRI RIF TR BAN B H, B, R
W\ C—. Osteoporosis Japan, 3 (2) : 186-188.

6) RIS, MZE—, TR, mRH, KERH
(1999) : B E WA FFENEKEL W REZ
OB RN OV T OMBAIATTE. B AN RS A
6, 46(9) : 799-810.

7) EILERK, AW (1993) ¢ pR MO BRI 2 EE) Y
RFEOFEEIZLIT TR . KIRE, 42 37-45



20

8) /ISR, A AIELRRN, K 1 RS, A —RR, HhEppE,
P ECth, FSFEE (1996) - FEE LMo &
T A —=Z —IZ5T 2RERF OMFS. Osteoporosis
Japan, 4 (2) : 380-383.

9) Creighton DL, Morgan AL, Boardley D, Brolinson PG.
(2001) : Weight-bearing exercise and markers of bone
turnover in female athletes. J Appl Physiol, 90 (2) : 565-70.

10) Hillam RA, Skerry TM. (1995) : Inhibition of bone
resorption and stimulation of formation by mechanical
loading of the modeling rat ulna in vivo. ] Bone Miner
Res, 10 (5) : 683-9.

11) Frost HM. Bone "mass" and the "mechanostat" : a
proposal. (1987) : Anat Rec, 219(1) : 1-9.

12) Dook JE, C. James N K, Henderson R I Price. (1997) :
Exercise and bone mineral density in mature female athletes.
Med. Sci. Sports Exerc, 29(3) : 291-296.

13) Hamdy RC, Anderson JS, Whalen KE, Harvill LM.
(1994) : Regional differences in bone density of young
men involved in different exercises. Med Sci Sports
Exerc, 26(7) : 884-8.

14) Matsumoto T, Nakagawa S, Nishida S, Hirota R. (1997) :
Bone density and bone metabolic markers in active
collegiate athletes : findings in long—distance runners,
judoists, and swimmers. Int J Sports Med. 18(6) : 408-12.

15) Madsen KL, Adams WC, Van Loan MD. (1998) : Effects
of physical activity, body weight and composition, and
muscular strength on bone density in young women. Med
Sci Sports Exerc, 30(1) : 114-20.

16) Nichols DL, Sanborn CF, Bonnick SL, Gench B,
DiMarco N. (1995) : Relationship of regional body
composition to bone mineral density in college females.
Med Sci Sports Exerc, 27(2) : 178-82.

17) BENRTEL, 2R, ANERISST, RRIRESHE, )TN
%, W=, PEELC, LA (2003) @ KR
AOBEEEREHIE & R OBR. KR, 52!
639-646.

18) Bakker I, Twisk JW, Van Mechelen W, Kemper HC.
(2003) : Fat—free body mass is the most important
body composition determinant of 10-yr longitudinal
development of lumbar bone in adult men and women. J
Clin Endocrinol Metab, 88(6) : 2607—13.

19) EHEEE, LR, MPRE, FiARE), XAmb,
JEAERE (1999) @ PARERR AVEIZ 81T 2 BRI AR 38 & OF
b T AR EHEERE L OB (KR, 48,
291-300.

20) KRR E, RALRG, AiEd, EpEdid, mop
—RK, EEZE, BB (1997) @ E &) K o )
FHEICG 2 D08 WRKAR—YES, 1401,
1291-1296.

21) Taaffe DR, Duret C, Cooper CS, Marcus R. (1999) :
Comparison of calcaneal ultrasound and DXA in young
women. Med Sci Sports Exerc, 31 (10) : 1484-9.

22) Lehtonen—Veromaa M, Mottonen T, Svedstrom E,
Hakola P, Heinonen OJ, Viikari J. (2000) : Physical
activity and bone mineral acquisition in peripubertal girls.
Scand J Med SciSports, 10(4) : 236-43.

23) Proctor KL, Adams WC, Shaffrath JD, Van Loan MD.
(2002) : Upper-limb bone mineral density of female
collegiate gymnasts versus controls. Med Sci Sports
Exerc, 34(11) : 1830-5.

24) Arnett MG, Lutz B. (2002) : Effects of rope—jump
training on the os calcis stiffness index of postpubescent
girls. Med Sci Sports Exerc, 34(12) : 1913-9.

25) Pettersson U, Nordstrom P, Alfredson H, Henriksson—
Larsen K, Lorentzon R. (2000) : Effect of high impact
activity on bone mass and size in adolescent females : A
comparative study between two different types of sports.

Calcif Tissue Int, 67(3) : 207-14.



