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RELATIONSHIPS BETWEEN WALKING STEPS DURING DAILY LIFE AND
BOTH THE BONE INTENSITY OF CALCANEUS AND MUSCLE
THICKNESS OF THE LOWER LEG IN ELDERLY MEN AND WOMEN

NORIKO ISHIGURO, MASAE MIYATANI, HIROAKI KANEHISA, SHINYA KUNO and TETSUO FUKUNAGA

Abstract

Walking is the most basic movement in daily life, and is a popular exercise for elderly
individuals to keep their health. However, it is not clear how walking is effective in keeping or
increasing the muscle mass and bone intensity of the lower limbs. This study aimed to investigate
the relationships between walking steps per day during daily life and either the muscle thickness
values of lower leg anterior and posterior or the bone intensity of calcaneus. The subjects were 116
healthy men (n=31) and women (n=85) aged from 60 to 78 yrs. Walking steps per day were deter-
mined using a pedometer. Muscle thickness values at the lower leg anterior and posterior sites and
the osteo sono assessment index (OSI) of calcaneus were determined using ultrasonographic appar-
atuses. In women, OSI correlated significantly with walking steps (r=0.265, p<0.05) and the
product of walking steps and weight (r=0.369, p<0.05). In both genders, however, no significant
correlations were found between walking steps and muscle thickness values at the two sites. The
findings here suggest that increasing the number of walking steps during daily life will improve the
intensity of calcaneus for elderly women, but is not effective for inducing hypertrophic change in the
muscles located in the lower limbs for elderly individuals of both genders.

(Jpn. ]. Phys. Fitness Sports Med. 2003, 52 Supp! : 127~132)
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Table 1.  Physical characteristics of the subjects

Variables Men (n=31) Women (n=85)
Age (yrs) 68.7 £ 4.0 68.3+4.8
Height (cm) 159.9 + 6.4* 148.5+ 6.3
Weight (kg) 57.8 + 6.0* 514+7.6
BMI (kg/m’) 22.6 +2.1 23.3+3.1
OSI (x10°) 2.6+ 0.3* 2.3+0.2
Steps (x10%/day) 62.6 +29.1 59.7 +25.1
Steps x weight (x10%) 360.5 + 163.4* 306.3 £129.0
Muscle thickness (mm)

Lower leg anterior 27.0 + 2.9* 25.8+2.6

Lower leg poterior 62.6 +5.2* 58.5+4.5

Values are means+SDs. ¥, significantly different from women (p<0.05).
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Fig. 1. Relationship between osteo sono assessment
index (OSI) and the product of steps and weight.
Solid line, regression line for old women.

I. # S

F1ITERE, OSI, M, B8XUHITHOAE
MEZBLHIRLE. £#, BMI, BXU1
H&72 0 OFTHICE, AELZBLEIROLN

ZRL72(H1).

V. &=
o7z, LA L, K, AE, OSI, BLUT ® =
BRAET - EMOHEL, WIS BEILHELD D KIFFEDFRERIZB T, 1 HH72 ) OBITEIC

BHE(p<0.05)IZEMETH o7z, 7z, HITEII, BB LKMTHEERENRDOON o7z, — 7,

ZFCBVWTOREREDBMICEELZEDOHMEM
% (r=—0.266, p<0.05)A%R0 5 N7,
REARE L M OFE L Oz, Bk
EDICABERMBEBEREIAOON o2 FO
MR, REAWHREORDL Y ITSTHEHWT
bRERILTHo72. —F, KHEIZBVWTDOHR, 0SI
3178 (r=0.265, p<0.05) B X OEEEFE
B (r=0.369, p<0.05) & DEIZHE L AHMEGR

HIEB L OSI & b IZEEDS LML ) EEICE
WEE R L7z, R, BEBBIZBVWTHER
ICHNRBEESEND S 2, BRICLoTTA
MOy OFWEIRAT B L FHEENEHICK
Tzl ermenTna®® . Kz B2
OSI DB&ZEL, ZOLH)LEFEEERBMLAEDD
ThHEELLND.

A TIE, PEREEZFTRIZL KD

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

130 R, EX, &A, AR, f8k

1S L By, Bk kTR E THRITES
L UBREOHE L OMICEE LR MHBBRIIEEL
hhot, BEH-LWREECHE LGRS
HWTWwa 2 ehn, RFEROBREIZBVTDH
FRROFIEZATV, SITHE DBBREZRET L TH
2%, R Bl bMEKEICEE MBI
5N h o 72, Taaffe et al 27 DT L 5 L,
BMEEICTTALIAY VAN L —Z 0 7 O%)
RELT, BRHTETIHERE RRKBLEED
40% L) TH > THEHEE (HRKE LEZDI0%
L) TONL—= v 7 ERIBEDOHEAHNED S
7. F 72, Ericson et al.lz)o)ﬁﬁ%"ﬁb: I Ak, &
TROTROZHICBITAFHOMHMERL, M
ERANIFEROZNIIGTHLETHAD L, HIK
BRHA27%, BERERRBISEA 2%, BEREAYMEIGE
H19%, 7 A% THE. TNHLOMA%
ZRICAND &, BEDOHEIZ, FTHROBK
EA7% LS TREROBICIEKE b 76§88
FEE B LEZONSE. L2L, AHED
R, ZONEELEETLHDOTHL. 20
FERE LT, THRAEBIAEEFIBOTEICH
EORENEME L >TWELLD, MOEMIZHE
N L= U7X BHEROT REEA RN Z
Y70 RATROEE R O ST R
RANTA FICLAEEYZTH05, IEIEN
ENSDBAT P 1m0, BEETEETED
bOVHIZGZABIMPNEC BT E, BEN
FEENA.

Kerr et al.3® % Taaffe et al.>” %, EEE T
L RHEE TEEEDKELIAY VAL —=
YTORRELB LGS, BRERRIEO T O
TISATOREMLZEERELTWVWS, 0D
I MR, BREEZEDDLI) AT, BIZA L
VADS 2508 E DD, ZORMOKRKEEIHE
BLRDLILERETHIDE NS, FITK
e Tid, BIZADBAPLADKE SOFEL
LT, REICHTEERUEBREANEE) %
ko, Fnk OSI & DRERIZDOWTHRE L7z (K
1). L2L, BHOBE, KEARIEEL OS]
EDOMICEEGMBENRO ONh ol EEE
W5 v F—HARIC L7 Wiswell et al>® DL

CEa L, ETHEBOEIELBEEDOZNED
MICEBELMHBEBAREIFE Lo/, Z0L)
LHIR EARMEDEREEZAbEL L, BiE
HOEE, $17H 5 VITETOBN LHIN, &
BEARDDL ) ZTEDNMERTAIOTIERY

EFHEEINE, L2LeHL, KIFFETRIENR
o IRE DA, MEBOLEMREIL,
AT F1%46.5%, MH42.0%, KEBFIEE
B MA5.5%, H42.1%, OSI ASHEH11.8%,
8. 9% TH Y, BREDIIBRAKELLDTH
HLiIwz, BREBIIBLETRELEL S,
FNOZ, F 7)Y TROECH, BRSO
RERICBITLBRLEOEELZ DL LTV AR
HEGETE RV, T2, BEEEHEREICBY
TiX, 7AMNAT O VRIA NOF Y DOFWEDN
BT 5 72O NI VB ARRE D EREE 25§
LoRED VD, h0 i, AREROKEE
LD LBEBHROBHEOEE, HITHL OSI LD
2 ED L) AR A R T, RETOSHAS
BREANTWD, ' '

By L B )L Tld, STHB L OKREAT
BIEE OSI L OBICHERMBERIT RO LN
. 20T EiE, BEROTETIE, BHEAEIR
VT B BATHOB RIS EHE DR - BH#ICFRT
HHIEERBLTWS, $72, OSI & DMK
Bz, ST (r=0.265) & h b HEEBAMIEE (r=
0.369) D FDBEF WL DTH o7, Nelson et 21,39
X, ARBROLHICH LEHEEDOL YRS VAT
L= U 7R fTo kR E LT, B, KBBHE
DBEBEIPEN L —= v FBICHREEICEVE
FRLZEEREL TS, T, SETED
AT, ERERRICIMZ BT OME B Lok
TFrL—= v 7 %8BT L2k, BBEI BN
Lzb w5y BET 2. Thb0mR
L1225 72 Kerr et al 3 3 & UF Taaffe et al.?”
DIEREZZEDLEDL L, BRCHETIE, BRE
ICHEREE L 530123, EFHRERXICER
R EEEENEELERIIZLLEZON, &
TREOSD L) YEREEMIBEL L THLHD
EVCHBEBGRSEO N VIR, FOE%
RELL7-bDTHEEELLNS,

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

BEEICBT A HEEETORMTELERTRES L UTRBIE & ORR 131

—F, AR TRLIAITREHESL L EH
FE & DRfRICIE, BATEOBEMEDZ LI
TAMEENEITNAILIIOVTERTALE
Bhb, Thbl, RFFETHITEROFHEIZHV:
7294 73—, FHAITESICRIVTERE
b &, HEEREDOESEEDOFE - EEHE
LEHATHEVIRE® pb 2000, —i
WHEETORBEIL, BITHEER R EOIERIC
L2 BEESITY. T, BB, A
HHVIHEEFRPOSED FHREEICET 215
BOUEENTBELT, AFETIEIASDELE
BaInThiv, SEEHICBITANUEOHER &
ETEEE OMERE - WEIIHRITROBMS R 1%
HIZBHREICT B 72001203, 4%, EE0 XD %/
EAEBEZ TP SLIILETH S,

V. & #

AHFETIE, 60~78 DB & x5 1T L 7-HERT
BB RICEDE, —HE ) OHRITHEE
BFOEENEFHMESL L O THREE & OfRIZD
WTRRET L7, ZOELHERIILTOEY) THo
7z.

1) ZHIZBWTOA, FEBNEFME S ST
(r=0.265, p<0.05) B L UHEITHEEREDOHE (r
=0.369, p<0.05) & DMICEELZIEDOMHED
S oloX (WAl

2) FITHETROFEHB LUK I VEIZEL
HE L ORI, Bl bIZHEELBERITIAD
Loz,

DEDERNPS, SEEIIBIT2HEEFERD
BITHOM KL, BTHICE > TEFDOERE DY
BILAMTEDL 0D, BLII0,bS T THE
DHEIH LTI EE RITS VI EARKES
ni.

REZIZHOIEREO—ERE, TR~ 164k
WERBSND XN ZER EHNIREAEE (L
FEME)ICEVERBENLDOTHS, T ZIZEEL
TEHT 5.

(R FRISE2 A14H)

10)

11)

12)

13)

14)

15)

16)

X 73

Borkan GA, Hults DE, Gerzof SG, Robbins AH, Sil-
bert CK. Age changes in body composition revealed
by computed tomography. J. Gerontol., (1983), 38,
673-677.

Cureton KJ, Collins MA, Hill DW, McElhannon FM
Jr. Muscle hypertrophy in men and women. Med.
Sci. Sports Exerc.,(1988), 20, 338-344.

Frontera WR, Hughes VA, Lutz KJ, Evans W]. A
cross-sectional study of muscle strength and mass
in 45- to 78-yr-old men and women. J. Appl. Phy-
siol., (1991), 71, 644-650.

Gallagher D, Visser M, De Meersman RE, Sepulveda
D, Baumgartner RN, Pierson RN, Harris T, Heyms-
field SB. Appendicular skeletal muscle mass: effects
of age, gender, and ethnicity.]. Appl. Physiol.,
(1997), 83, 229-239.

Janssen [, Heymsfield SB, Wang ZM, Ross R. Skelet-
al muscle mass and distribution in 468 men and
women aged 18-88 yr.J. Appl. Physiol., (2000), 89,
81-88.

& EHE, HPELKR KH ¥, &HikkiE &
AR OINES AL ) HERE © DXA IS X BHE. K
HEME, (1999), 44, 500-509

Kim HS, Tanaka K, Amakai H, Suzuki T. Age-
related changes of body composition by dual-energy
X-ray absorptiometry in Japanese men and women.
JapanJ. Phys. Educ.,(1999), 44, 500-509 (in Japa-
nese).

Mazess RB. On aging bone loss. Clin. Orthop., (1982),
165, 239-252.

Murphy S, Khaw KT, Cassidy A, Compston JE. Sex
hormones and bone mineral density in elderly men.
Bone Miner.,(1993), 20, 133-140.

Morris JN, Hardman AE. Walking to health. Sports
Med., (1997), 23, 306-332

Rippe JM, Ward A, Porcari JP, Freedson PS. Walk-
ing for health and fitness. JAMA,,(1988), 259, 2720-
2724.

Arsenault AB, Winter DA, Marteniuk RG. Is there a
‘normal’ profile of EMG activity in gait? Med. Biol.
Eng. Comput., (1986), 24, 337-343.

Ericson MO, Nisell R, Ekholm J. Quantified elec-
tromyography of lower-limb muscles during level
walking. Scand. J. Rehabil. Med., (1986), 18, 159-
163.

©ES F, I EHRE, BAER XFx-%—1
FAL EIZMmiE HDL I L AF 0 — Vi #ET S
7. HEREEFEERKRGERES. (1994), 287,
Frost HM. Bone “mass” and the “mechanostat” : a
proposal. Anat. Rec.,(1987), 219, 1-9.

Frost HM. Vital biomechanics: proposed general
concepts for skeletal adaptations to mechanical us-
age. Calcif. Tissue Int.,(1988), 42, 145-156.

Frost HM. Why do marathon runners have less

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

132

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

Fitness and Sport Medicine

P N

RE, B,

bone than weight lifters? A vital-biomechanical
view and explanation. Bone, (1997), 20, 183-189.
Krall EA, Dawson-Hughes B. Walking is related to
bone density and rates of bone loss. Am. J. Med.,
(1994), 96, 20-26.

Cavanaugh D], Cann CE. Brisk walking does not stop
bone loss in postmenopausal women. Bone, (1988), 9,
201-204.

Abe T, Kondo M, Kawakami Y, Fukunaga T. Predic-
tion equations for body composition of Japanese
adults by B-mode ultrasound. Am. J. Human Biol.,
(1994), 6, 161-170.

Tanaka M, Kinukawa N, Akazawa K, Abe S, Itoh K,
Imai K, Masuda T, Nakamura M. The available
period and kind of exercise for increasing osteo
sono assessment index in women. Med. Sci. Sports
Exerc.,(1999), 31, 1709-1713.

Morii, H., S. M. Rowe, and S. S. Chung. Bone mineral
in elderly people in Sangsa Village, Korea. Chonnam
J. Med. Sci.,(1995), 8, 146-155.

MEEE. BEEEITERE A0S-100 & DXA &
Ik R, BHENEMEOMET. (1995), §4 H
HA BRSSPk, 105.

Tokumaru H. Correlation of ultrasound measure-
ment in the calcaneus and bone mineral density of
the spine in pediatric subjects. J. Lpn. Pediatr. Soc.,
(1997), 101, 1142-1148.

5 B EGVEEECRITTEE. (1997),
R RFERFEG A B R A

Hurley BF, Roth SM. Strength training in the elder-
ly: effects on risk factors for age-related diseases.
Sports Med.,(2000), 30, 249-268.

AMAIE, M EELEE. EEEES. (1989),
441-442.

Taaffe DR, Pruitt L, Pyka G, Guido D, Marcus R.
Comparative effects of high- and low-intensity re-
sistance training on thigh muscle strength, fiber
area, and tissue composition in elderly women. Clin.
Physiol., (1996), 16, 381-392.

Abe T, DeHoyos DV, Pollock ML, Garzarella L.
Time course for strength and muscle thickness
changes following upper and lower body resistance
training in men and women. Eur. J. Appl. Physiol,,

EN, AH, @K

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

(2000), 81, 174-180.

Brooke-Wavell K, Jones PR, Hardman AE. Brisk
walking reduces calcaneal bone loss
post-menopausal women. Clin. Sci. (Lond), (1997),
92, 75-80.

Kanehisa H, Fukunaga T. Profiles of musculoskelet-
al development in limbs of college Olympic weight-
lifters and wrestlers. Eur. J. Appl. Physiol. Occup.
Physiol.,(1999), 79, 414-420.

Wilmore JH. Alterations in strength, body composi-
tion and anthropometric measurements consequent
to a 10-week weight training program. Med. Sci.
Sports Exerc.,(1974), 6, 133-138.

Himann JE, Cunningham DA, Rechnitzer PA, Pater-
son DH. Age-related changes in speed of walking.
Med. Sci. Sports Exerc.,(1988), 20, 161-166.

Kerr D, Morton A, Dick [, Prince R. Exercise effects
on bone mass in postmenopausal women are site-
specific and load-dependent. J. Bone Miner. Res.,
(1996), 11, 218-225.

Wiswell RA, Hawkins SA, Dreyer HC, Jaque SV.
Maintenance of BMD in older male runners is inde-
pendent of changes in training volume or VOZ2 peak.
J. Gerontol. A. Biol. Sci. Med. Sci.,(2002), 57, M203-
208.

De Laet CE, van Hout BA, Burger H, Hofman A,
Pols HA. Bone density and risk of hip fracture in
men and women: cross sectional analysis. BMJ.,
(1997), 315, 221-225.

Nelson ME, Fiatarone MA, Morganti CM, Trice I,
Greenberg RA, Evans W]. Effects of high-intensity
strength training on multiple risk factors for
osteoporotic fractures. A randomized controlled
trial. JAMA.,(1994), 272, 1909-1914.

Nelson ME, Fisher EC, Dilmanian FA, Dallal GE,
Evans WJ]. A 1-y walking program and increased
dietary calcium in postmenopausal women: effects
on bone. Am. J. Clin. Nutr.,(1991), 53, 1304-1311.
HENEE, MbiEH, TN PEEZOEH
BRIV AR BETORRERR - FHRR OFM.
AR, (1988), 6, 928

HR OB SBENC L HREHEOFNM. BHAX
fEER, (2000), 58, 179-183.

in

NI | -El ectronic Library Service



