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Abstract

The objective of this study was to measure the arch index and hallux valgus angle as indices for morphological evaluation of the foot and to clarify
the characteristics of the foot morphology in Japanese older people.

The arch index and hallux valgus angle were measured in footprints obtained from 1,248 older people (611 males and 637 females : mean age
74.1£5.5 years) living in A City, Kyoto Prefecture to quantitatively evaluate their foot morphology. As a result: 1) The arch index was 0.244+0.043 in
males and 0.252+0.044 in females, and the hallux valgus angle was 11.5+7.0° and 15.3+9.5°, respectively. Both variables showed a significant difference
between males and females, and the foot arch was lower, and the hallux valgus angle was larger, in females than in males. 2) Neither the arch index nor
the hallux valgus angle showed age-associated differences in males, but significant changes in the foot morphology were observed in females after the age
of 80 years. 3) Flat feet were observed in 35.9% of males and 41.2% of females, and no age-associated difference was observed in the frequency of flat
foot. 4) Hallux valgus was observed in 22.4% of males and 35.2% of females. Its frequency increased with age in females, and about half the females aged
80 years and above had hallux valgus.

Thus, the foot morphology is considered to be maintained to a relatively high age in males but to change markedly after the age of 80 years in
females. We will clarify the relationships of the foot morphology with the fitness level, muscle mass, and activity level and evaluate measures to maintain
foot functions for the prevention of disorders requiring long-term care and falls.
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e B (0=611) L (0=637) =

FifE SD FHE  SD Pl
FE () 60 680 1.2 68.0 11 0456 n.s.
R 70 744 29 744 3.0 0.828 ns.
80 833 25 828 24 0.097 n.s.
=18 744 5.7 739 5.2 0.168 n.s.
g% (cm) 60 166.2 5.8 153.0 46 <0.0001  ***
70 163.0 56 150.0 53 <0.0001  ***
80 161.3 6.2 147.2 5.9 <0.0001  ***
At 163.6 6.0 150.4 55 <0.0001  ***
#HE (kg 60 645 86 525 75 <0.0001 ***
i 70 617 85 51.2 7.9 <0.0001  #k*
80 595 87 486 9.0 <0.0001  ***
&5t 620 87 51.2 8.0 <0.0001  ***
BMI 60 23.3 29 224 3.0 0.008 ¥¥
70 232 28 227 - 33 0.017 ¥
80 229 29 224 34 0.088 n.s.
it 232 2.8 226 32 <0.0001 **
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* 1 p<005, ** :p<001, ***:p<0.00l, ns.: AEERL
% 2 Arch Index £ FER3]
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Arch Index 60  0.248 0.042
70 0.247 0.044

80 0252  0.047

&5 0248  0.044

0.368 n.s.
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B (n=611) FERE 2 (0=637) FR% e
ER FYE SD % P EHE FHM SD R P EHE Pl
Arch Index 60 0247 0040 0721 ns. 0250 0.045 0.018 * 2) 3) 0454 ns.
70 0243  0.044 0250  0.044 007 ns.
80 0242 0.046 0.265  0.044 <0.0001  ***
A5 0244 0.043 0252  0.044 <0.0001  ***
T DMSE © Mann-Whitney @ U #5E
ERZEDRIE © Kruskal Wallis H5E
*:p<0.05, **:p<001, ***:p<0001, n s :FEERL
Z B  Bonferroni : p<0.05
1) 601K vS70 1%, 2) 701X vs80 1X, 3) 60 1% vs80 X
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FE—RLRAmEE () 60 136 7.7 028 ns.
70 131 83
80 142 104
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%ZEILE  Bonferroni : p<0.05
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AR () 60 119 58 0121 ns. 153 88 0.025 *2) 0.001  **
70 114 69 145 91 <0.0001  ***
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&t 115 70 153 95 0.002 %%
HAEDOME © Mann-Whitney O U Bi5E
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B (n=601) ZH (n=633) 95%CI
o % n % Pl R w m
R »HY 216 35.9 261 41.2 0056 ns. 1123 0995 1.268
el 385 64.1 372 58.8
SRR B 133 224 221 352 <0.0001 *** 1415 122 1641
L 462 77.6 407 64.8
BERE& Y 59 9.9 105 16.7 <0.0001 *** 1407 1137 174
MECREEE &L 537 90.1 524 83.3
X 2 *:p<005 **:p<001, ***:p<000l, n s : HEELZL
RR : ZHOBHICH T 2510 227 1
R7 RER, SRBUHOEES M- ERF
B (n=601) Z (n=633)
HY ZL P& HY L P1E
n % n % n % n %
WER 60 1% 61 37.0 104 63.0 0.858 n.s. 69 404 102 59.6 0224 ns.
704% 114 362 201 638 147 396 224 604
30 1% 41 33.9 80  66.1 45 495 46 505
A\ SRk Bk 60 1t 38 230 127 770 083 ns. 61 359 109 641 0042 *
70 1% 67 214 246 78.6 118 322 249 678
80 1% 28 239 89 76.1 42  46.2 49 53.8
AR & 60 1% 19 115 146 885 0666 ns. 26 153 144 847 0.06 ns.
A FERE 70 1% 28 8.9 285 91.1 56 15.2 312 848
80 1% 12 10.2 106  89.8 23 25.3 68  74.7
X 2HE  * 1 p<005, **:p<00l, ***:p<000l, n s : HAEELZL
AARt—75F14 FOE—3 3 V¥ Vol 2013 53



HILEEEICBIT 5 BB E

(412%) T, BEBEIERZARSh o7 ZHEOBENE
WX A AR Y A 2 i3 112 (95% 2 #EIX [ 0.995-1.268)
Tholzo MERHARRZFERINCES &, BETE,
60 AL 61 &4 (37.0%). 70 @At 114 & (36.2%). 80 i&Ak
414 (339%) THhH ., ZHTIX. 60 %M 698 (404%).
70 %A% 147 2 (39.6%) .80 i%AR 45 % (49.5%) TdH-T.
BREDIERBEZIIA SN o7,

2) AV REEREE

MR BIEE Y D&k, BYE1334% (224%). &k 221
% (35.2%) T, BEMTHEESAD LNz, KHEDE
PR BHR Y 2 7 Hid, 1415 (95% 12 #EIX [ 1.220-
1641) Tdh oo A BHHBRIZERICAS &,
BT, 60 AL 38 % (23.0%). 70 A% 67 %4 (21.4%) .
80 At 28 4 (23.9%) TH V) EERMERZR SN0 7,
—%. KHTIE, 60 %A 614 (35.9%). 70 %L 118 &
(322%). 80424 (462%) THYH. FERMEIE
o RC% (WA

3) R ERA DO/ AR
RERTHY 2O/ TH 2 E L. B4
(9.9%). KM 105% (1647%) T, BELZBRLEE R
0 HNTz THEDOBHICK T 25U X 7 Hid 1.407(95%
EHEX R 1.137-1.740) Tholzo ERICR L L, B
Tid. 60 19% (115%). 70X 28 % (8.9%). 80
B 124 (10.2%) TH b P TId, 60 AR 26 % (15.3% )
70 %A% 56 & (152%). 80 %1k 234 (253%) TH V.
Bk HIERBERZRD LML H o1,

IV. %%

AWFFETiE. NEFHRE FICEHBAFHICHRLE
TrwbkEZ, KBEE74—VFRAEICE ST, HEANH#
BARSHEDOROEREZ R L.

1. Arch Index

AWFECTIIRFREL LT, Arch Index 3 & U —HHHI
AEOFEITo 72, FHOFKERTIE, BH7—FER
% %9 Arch Index 1Z. £ TI1Z0.248 = 0.044 TH o 72,
DHE T Arch Index Z iV 72 8ED R L. HRANEE
HICBI BB TE L o7 —H. BOROHE#
ZIZBWTIE, FAED Arch Index EAHE SN TWw5 *
PWzrry, bREOBEKEORT —FRRIE BKko
BEMELRAFETHLZEPHLN LR 572,

Arch Index X BHITHARZEITKRE L, 20 DA
WEREFRD LN, FIZ60EAB LU 70 EAITHN
B RMRDMBITHASL NICKRELS BB I EIRINIZ, Th
X, BHICER, ZBORT7 —FRBRPMENZ EETRL
TWwb, 2.7 —F BRI BETITHBNEFRICZ
THHRENTWEY, LHOBEIE. 512 80 A LIRS

54 AARt—75F4 7OE—3 3 2485

PRVDETEZRTEVPHLNE R 572,

ARG Tl BATHIZEE2 S # 12, Arch Index 0.26 DL L
% Flatfoot (MFR) EHE L. ZOHE B
359%. L4 2%PRWELTHY ., KHEIBERL VAR
CREEDFZVRERTHoTe T2 WELAHERRAE
BLRERMEZ IR LS o220 RETIE, 60 &R
40.4%. 70 AR 39.6%. 80 WAt 49.5% &, 80 A TIIH
PR R EHEESNLEITIET —FRRIET Y
HZEBHLMNER ST,

7 —FRROBEEIZOWTIR, ThETICHBERICK
RC, THEORT —FHRPET LTS &) #iEss
HrY, B7T—FREBOBEB LUOBREEHZ L L
TLHEE, ZoMEEoRERT. REHBIEICL->T
BHEINTVE, HRABRIREICHBETEL?, £
T—FERICBIBHEIZR. ChoOHARIEEL
TWwWaeEZONSL, T BT —FIIBREEHREE
B ETRBOBRICE T, 7T—F238) EiFoh
LZIIERENTVS, 20720, TNEFTOAEEE
EREE R EIEH/ Sy — U T—FRRNEEL R
T EEZOLNSL, IS LD, 80 M T Arch Index @
EAKREL, RERLOEHEGTHEMT 2ERO—D L LT,
BITHRORD. BBHEVET2EXHIFohs, Th
2OV TIRESHOBRETIREICL T b,

2. F—htfsE

E—REAE T, RESBHICESR 2ToERT
AEIEBIIREVERTH . Fzw RETIE. 70
BAATIZ145 9.1 &, 80 TIZ181 =113 L. 80
BATHEEICABENKELL RoTW, 7y FTY U b
PHWES-HHAEICOWT, ¥HLHIX. BHAAH
EEETIE. MEE & DICE—MAAEEENT % L&k
HLTBY B SHEO#ED ZNELHTIR/REL 2o
T

AWFETIE. BARLOFEIH->T, 7y Ty Vb
IvBon-S—RMAE 16 EY RN EBREE L, &
MEATo 72, AR EHESNI-FIZ, KM 352%H
BE224% X VAR, BRICHERZETHELISVHE
Beolo Menz HiZ, F—A F 5 Y 7HED 60-80 ik
RENRIZLZFABORE T, FE482%. L 438%
DHEREE & s L0, SRR ERBERIE. WS
ZDOEERRRPANEIZ L o TR LMD 5 LI
LTWwb, BYWOKRRSRIBICE 2 5B IOV THRE
L7 Dawson 5 ® 2 Lam 5 ® L2 &, ZHEEOL —
VHEBVED RO FEBIMVBEY R EORIR, BLT
INLOBMEBRBVTCOEFEZ NSV E S T,
A SR BER RAER 2 L2 0BO RHEOMEICER
THEREL TS, SHEONEEICBI 25D
BRI, Menz 5OWE LV EVWERTH 7205 BYWX

Vol.6 2013




ERAT T ANy PP R §iA

EDBECHERA L DZERICEE L TWATRMEYD 5,

3. E—7F7«47AFE—-avicmii TOER

DY ETIIEBH 10~11 T O KBS IR I BEH
RELTWSE EWwbh, ZOHIZ20304E1213 2.3 1%
ZEFHENRTVSE D, 8512, KBEEMBEHROR
ERIFITORUBEICERL. 209 B8 0% E=EIC X 5
BbOLERTWE 2P, BETFH~OR Y H A&k
DEVERE,»SLETH D,
EEEORENL, SHNER. NNERSEMEICKEAE -
THEL B, MEICLEHNETREREED ED—D
Thb, THROHNETIMBOBAICHELL Y, F
72 65 LA L0 40~86% ASRER AT & A O ME Efa 2 M,
RERZETHETCRREEDEL B L L2BDOEETE
WEWIHERDH L P, REOMEIZ. R BREORE,
REDOEE. Bk, BIROBELZENHD, Tho k)
HEULLEACI)EHIHBE I, NTF AL &8
BTFT5EERTVRSE Y, AFRTIREICLMED 80
DT, RER. NABRofE &P RON:, &
DEIBRRIY, BHEOERTEICIZ. RIBEiEr
BRFETHILIEELEZ 5, EHERIIERE OBRT
BEHEFRICIEEMICEBRL, SRBEOEEERICHES L
T %5, BEWEONETFHCIX. BBEEICERLLS
O ARENEFET A0 FEROKRE R E, £—
TTATUE—Y 3 YORURTORBEN LT L EBEMY
e D LB ATRIE S iz,

V. ¥

AMETITHERANMBIEEEHEDO 7y b 7Y v M &
) Arch Index. #H—RHIAEE RO, RELE. SHAXBHO
HEILOW TR ZTo e CRETREFBEREICOVT
D|EFIFZLAERONT, AHEOEELD. BHEA
HIRAE A B % DO R EB DM S 5 & %o 720

VI. &

AL DOVEBICH 72 THI 7272 7 BIRER O
Ti#EL BILBH L ETE S,

&% - 5IAXE

1) WHO Global Report on Falls Prevention in Older Age.
2008

2) EAEE Pk 22 FEIRAEEERERE, 2012

3) Blake A. Falls by elderly people at home: prevalence and
associated factors. Age Ageing, 1988 ; 17: 365-372.

4) Prudham D, Evans J. Factors associated with falls in the
elderly: a community study. Age Ageing, 1981 ; 10 : 141-146.

5) Campbell AJ. Falls in old age: a study of frequency and
related clinical factors . Age Ageing, 1981 ; 10 : 264-270.

6) Tinetti ME, Speechley M, Ginter SF . Risk factors for falls
among elderly persons living in the community. New England
Journal of Medicine, 1988 ; 319 : 1701-1707.

7) Downton JH, Andrews K. Prevalence , characteristics and
factors associated with falls among the elderly living at home
.Aging,1991;3 (3) :219-28.

8) Stalenhoef PA . A risk model for the prediction of recurrent
falls in community-dwelling elderly: A prospective cohort
study. Journal of Clinical Epidemiology, 2002 ; 55(11) :1088-
1094.

9) Tinetti M, Speechley M, Ginter S. Risk factors for falls
among elderly persons living in the community. New England
journal of medicine, 1988 ; 319 : 1701-1707.

10) Lord SR, Bashford GM. Shoe characteristics and balance
in older women. Journal of the American Geriatrics Society,
1996 ; 44 : 429-433.

11) Skelton DA, Kennedy J, Rutherford OM. Explosive power
and asymmetry in leg muscle function in frequent fallers and
non-fallers aged over 65. Age and aging, 2002 ; 31 (2) :
119-125

12) Graafmans W . Falls in the elderly: a prospective study of
risk factors and risk profiles. American journal of
epidemiology, 2001 ; 143 : 1129-1136.

13) Peter R. Cavanagh, Mary M. Rodgers. The arch index: A
useful measure from footprints. J Biomechanics, 1987 ; 20
(5) :547-551.

14) Menz HB, Munteanu SE. Validity of 3 clinical
techniques for the measurement of static foot posture in older
people. J of Orthopaedic and Sports Physical Therapy,
2005b ; 35 : 479-486.

15) Shimizu Shingo, Maeda Takehiro, Kato Yukihisa, et al.
Effective evaluation of hallux valugus angle and digitus
quintus varsus angle for footprint, J Jpn. Soc. Surg. Foot,
2010; 31 (2) :35-39.

16) mAZEE RO, RotMmy . sa&i, JtH
S HE ROEK WEIR . R AV AV 2 —
tt, 1998 ; 12-27.

17) RSl . BB E IR 18 BT IR - JEBHH; -
JEER, AR . R HlESE | 2007 5 253-269.

18) P.R.Cavanagh, M.M.Rodgers. The arch index: A useful
measure from footprints. J.Biomechanics, 1987 ; 20 (5) :547-
551.

19) Menz HB, Morris ME, Lord SR. Foot and ankle
characteristics associated with impaired balance and
functional ability in older people. J Gerontol A Biol Sci Med
Sci, 2005 ;60 (12) :1546-52.

ARt—75 4 70E—7 3 ¥4 Vol 2013 55



HISEE BT 5 R RE

20) Menz HB, Morris ME, Lord SR. Foot and ankle risk
factors for falls in older people : a prospective study.J
Gerontology: Medical Sciences, 2006; 61A (8) : 866-870.

21) Dootchai Chaiwanichsiri, Siriporn Janchai, Natthiya
Tantisiriwat. Foot disorders and falls in older persons.
Gerontology, 2009 ; 55: 296-302.

22) BAIT R, WlERE, WEHS, LHTH, SRR,
WEA—. HAANBHAZOMEIZ X 258 HAEE
R HERE, 2010;47 (1) @ 52-57.

23) SEHIFESY, LERKRE, MHARHE. SEBEORE (8
28 SXEREEA L BIRE - A P L ARKBREAICOW
T. BHREAE&EE 2005;26 (2) : 26-30.

24) M, LRAE, FHARHE. SVXEBREORE (B
44) KEEREOAEBMX EEMBBXORE. H
JEAV4EE, 2007 ;28 (2) : 109-113.

25) Dawson J, Thorogood M, Marks SA, et al. The
prevalence of foot problems in older women - a cause for
concern. J Public Health Med, 2002;24 (2) : 77-84.

26) Lam Sim-fook, A.R.Hodgson. A comparison of foot
forms among the non-shoe and shoe-wearing Chinese
population. J Bone and Joint Surgery, 1958 ; 40 (5) :
1058-1062.

27) AHEFHE . KBEEMEEFIHRERI 2B ERMEMIC
@ % . Osteoporosis Japan, 2008 ; 16 (1) :28-31

28) Hagino H , Katagiri H , Okano T, et al . Increasing

incidence of hip fracture in Tottri Prefecture , Japan : trend
from 1986 to 2001. Osteoporos Int . 2005 ; 16 : 1963-8.

29) HTIKEE RHE . ARG HEE TS E AL RE
2002 FIZ BT LI BEBEROHEL I5EHOH
# . HARESEH . 2004 ; 4180 : 25-30.

30) IWHEEA, RS D, PHEKRE, HMEEA, /~H
. 15~ 97 M HAANB 2 1006 4412 B1F 5 A=
RS, AAFE, 2007 ;56 : 461-472.

31) Hus JD. Foot problems in the elderly patient. Journal of the
American Geriatrics Society, 1971 ; 19 (10) : 880-836.

32) Elton PJ, Sanderson SP. A chiropodial survey of elderly
persons over 65 years in the community. Public Health, 1986
;100 (4) :219-222.

33) Karpman RR. Foot problems in the geriatric patient.
Clinical Orthopaedics and Related Research, 1995 ; 316 : 59-
62.

34) Menz HB, Lord SR, McIntosh AS. Slip resistance of
casual footwear : Implications for falls in older adults.
Gerontology, 2001 ;47 (3) : 145-149.

35) R&FAL, NAE, =g, . REdEERE IS
JarRTFREROBEENR BLOERELOME H
AAERE, 2003;50 (10) : 988-993.

36) Karen RB, Lynne MF. Effect of painful keratosis
debridement on foot pain , balance and function in older

adults. Gait & Posture, 2005 ; 22 (4) : 302-307.

56 HAtE—75 4 70— 3 Y255 Vol6 2013




