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Relationship between foot navicular height and motor ability in preschool children
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Abstract

Objective: The purpose of this study was to investigate the relationship between foot
navicular height and motor ability in preschool children. Methods: Seventy-four (42 girls and
32 boys) 4- and 5-year-old children participated in this study. Foot geometry was measured
by a three-dimensional foot-measuring device INFOOT 2). Motor ability was assessed using
six activities: 2om sprint, standing broad jump, tennis ball throw, two-legged continuous jump
over, body support duration, and ball catch. Their performance in each activity was rated on
a 5-point scale (1-5), as outlined in a previous Japanese study. Results and Discussion: Foot
navicular height ratio was 11.0 £ 1.1 % in the 4-year-old girls, 11.2 = 1.3 % in the 5-year-old
girls, 124 = 14 % in the 4-year-old boys, and 12.0 £ 1.6 % in the 5-year-old boys. Foot navicul
height ratio in the 4-year-old boys was significantly higher than the 4-year-old girls (p<0.01).
Partial correlation analysis between foot navicular height and motor ability, controlling for
gender and age, showed no significant correlation. Conclusion: These findings suggest that
foot navicular height is not related to motor ability with developmental growth and

development in preschool children.
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foot navicular bone, medial longitudinal arch, flat feet, foot length,
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R TS 1 AR ORI w5 & BRe)) DB £k

KLREL VW, BIEEERD 5 WIZZEDOKRER
SRR T EH GEREIEA, 2005 ; Kanatli
et al., 2001). R FRIE, ARERERPEZEDG
FTRBICXHE2RFSETHFML TS
(Uden et al, 2017). L2 L%&2%5, FX£3Ho
JERRIC X A M9 5 Z L 3R THHIRLT
LI EDPBEEIND. FODRTFEADOFHmIL,
Z 1 F Tfootprint #: % H\» T Clarke's angle i,
Staheli arch index, Arch index, “‘F&HET 1 &
ETEMII ST & 72 (Clarke, 1959 ; Staheli
et al., 1987 ; Cavanagh, 1987 : “F &, 1978).
Footprint % W72 2 OREEONIZETIE, 1€
e o REWICETT 2 & 580k, 7TV ImE
LBl s. S, T IBKEOREEE
filicix, L¥F T OB ATER 12— 7
THERPREFFMEND &\ RIEDD 5.
TR, RPFETEZVWb OO LT
T O OMWVFEE L CUE NI H:H LR
L LTl s aMESHFMIN TS
(Evans et al., 2008 ; Mortazavi et al, 2007 ;
Rodriguez et al, 1999 ; Khodadadeh and Welton,
1992 ; Khodadadeh and Welton, 1993 ; Nigg et
al, 1993 ; INEIEA, 1983 ; HA, 1966). Z D
X972 &5 Clarke's angle 3, Staheli arch
index, Arch index 7 &, JEFROPIMIGE 7 —
FREEEZLT LML 72D TIE e v
/2% 5 (Hawes et al, 1992). & Z THHIRE
E Rl A 2 &id, REEICNIRETY —F %
BRI L, X )@Y RHiisTE5 L9
127 572 (Waseda et al, 2014).

TEAREE, T — T 2 SR A
BEHD Y, REAIRG RO R
DAZERRICAL T 25D 5 2 EE 2
LNb. S HIZREONMT — F &M T I,
MO T 2 &, HEEERBI B T L
FTREDH D, Lo THWPERIE, —H&IYIC
PS5, BEIREN DM, T DY A7)
HWEELSNTWS (Kulthanan et al, 2004 ;
Lin et al, 2001 ; Cowan et al, 1993). Tudor et
al. (2012) % Lin et al. (2001) (&, EEERIZHEA
ORI, e efEZIESRITI L2
HLTWaD, — TRV, BRIIRED

BRIV ELRVE VW) HEDH S (Evans et
al,, 2008 : Mortazavi et al, 2007 ; Rodriguez et
al, 1999 : Nigg et al, 1993 ; Khodadadeh and
Welton, 1993 ; Khodadadeh and Welton, 1992).
RO & HEERET) & DOBIRIZ BV T *F
JEOHRIL, HEEREN R E T HEDbHN
¥ (Lin et al., 2001 : Nachbauer and Nigg,
1992), MFEICBARIIRD N ar o7z T 5
M dHDH (Wasiluk et al., 2023 ; FkEtiZ 2,
2016 ; JELHIE A, 1995). J T2 & EEEET) &
OBROMENFAET 5D OO B ERL L L
7 RIAIRE B &R B RE)) O BIR OB, R
EWTH 5. L9 % Arch index 7% EDIEEE
X, REHOWNMIKNET —F G A LT LS L
2D LTV, XD EENICEHMET A2 &
ViRETH L. Doz ns, HRICBTS
JEFRFIRAG 5 & BRI DOBIRE H S 2T 5
Z XL, HEERIOL U oNELERED
PRICEIRT 2 2 L B HfFTE B,

Z 2 TABZETIE, ZRINZ BT 5 AR
T e MBI JOMREHO NI THIEEH
e L7,

I. 5 &
1. 5 &

WA, 4, 5RO T4 (KR24a B
W 324) & L7:. Tablelid, ®ZoHikiyh
WaeRL7 BENZICBVWTHEEIIZO0] cm
HALTHAREIZ 0] kg HAZTEHIL 72, 5
7247 5 Body mass index (LLF BMI) % £
L7, BMIO&HUZ, TR L7:.

BMI = Body weight (kg)/ Body height (m)?

AWFFEIE, b ZHBR A R — v KA e i B
HMBEESIC T Mm% =20, &G (K
AET3E) A TCEML. HEOT-LH B
L OIRGERITIE, AWtoBEZHMHL, W
DOHMEEE MANRRE FlIRE AR,
R, B, Ty ORKRICOVTIHHAZ
T, PREE»SEMICTES, BAZTHE,
FEExHWFE R e L.
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2. EERARDEIE

Navicular bone

Navicular height

Figure 1 Definition of foot navicular height

JEERFCIR 0 8 1%, = R I LT R 2
INFOOT 2 (I-Ware Laboratory 13 IFU2-S-01,
KB, HA) &2 HwCisL7-. INFOOT 2 13,
t O RIIEIR E Z DAL 2RI 5
HFEZRITAHIEEE TH - 72, GHARERIE 2 B
BETHY, HUILZT—% &7 —7VTPC
R F SN Mg, WEkEor LI
TVAOWRIMEICR 2 X ) CHRFTH 2 m o
FEEAZFERL, TXH208H»%20wEH12) 5
v 7 ALTHEM L7z, BEBROREE, #E
BHDFH L7200 6 2B RBETHE L TWa 72
DIZEBENTELZTE TR WEEL
REEZMNET H2LEND L. WEHIL, WP
Wi LIS ARE 2 DT 7 IRE R R LiE L 7=,
JEFBIEIRDME N, P L 73 SEH ol B
BIORFHEVER L7z, BRI, 2L
FE—IRIRe A E COMMEEZ R L 72, W41,
JEIR O AR FH IO & EERFIRE T
i L 2 B D B A AHELE L TV A A S
mm DT ¥ Fv—7 &2 LillE L7z, i
WEEIE, REAHRE T2 © Hufl  CHiEE %
L7z (Figure 1). REBAHREEIZ, T&b
WX o TRV A XN 5 2 &0 HMHET
FEiS 52 L 2R L TV A RETKRLT
EBLZEIT - 72 (Waseda et al, 2014). &R
KEBOHGOHELRIE, TFITRLZ.

Foot navicular height ratio (%) = (Navicular
height (mm) / foot length (mm)) X 100

3. EBREHNDEE
EEYRE OWMEZ, 25m E, HIRPEY,

K7 = AR— VT, sk OB L, AL
FrFpmehe ], Eko 6 fEH 2925 L 72, SEB)RE
NWERIL, SCERAE O [RROEEEEN
A AL, MR iz ZRICAN TS
MH 18265 TriftL, 6 HOERL
7R Z BB A R E L CURRHAA,
2012).

4. fREHNIE

AEATALEL X, IBM #1# o SPSS Statistics
version. 29.02.0 Z W T &47>72. T
DfiilL, Pl + FEERAETR L7z, BERNE
&, EEIRE B X OREIEIRIE, RS
i (BN X A 217V, FREGESRO LN
7=8E1L, FoHokE L LT Bonferroni &
HWToHHr L7z, RERAHRE & & EBRe ) & o
BIARIE, R B X OV H 2 WA s L2 mAH
Mo (MfRE) % Hwe Aok, 3
T 5 % A & L7z

m # %R
1. BEFRHE
Table 1 Physical characteristic of subjects
Body height Body weight ~ BMI NH FL NH/FL
(cm) ko) (kgm)  (mm)  (mm) %)
4yearsold 106.7(3.6) 17.1(1.7) 15.0(1.1) 18.8(1.9) 170.8(7.2) 11.0(l.1)

Girls
Syearsold 1107 (4.4) 183(17) 149(10) 199(25) 177.0(6.7) 11.2(1.3)

By YeHSOd 1059(52) 16924) 150(10) 21323 1718(113) 124(14)
0ys
Syearsold 113.5(44) 19.3(3.2) 149(15) 21.7(3.0) 180.7(12.0) 12.0(1.6)

BMI: Body mass index, NH: Navicular height, FL: Foot length,
NH/FL: (Navicular height/foot length) x 100

Table 1, 2 1%, RO HRGHHE X UL
D BRI R O SR 5T & £ R OE
DRERER L7z REBIREGEE, KR40
188 + 19 mm, L5199 + 25 mm, B
475%21.3 £ 25 mm, B 5% 21.7 £ 30 mm %
wL, BRSEILIE5 i, BIR4mos4ild 4
e L TAEEICEWEEZR L (p<001).
JRE, 451708 £ 72 mm, LW 5%
1770 = 6.7 mm, B 4% 171.8 = 11.3 mm, 5
W5 1807 = 120 mm #7” L, BIE5HEIH
B4R & R L CHEISEVWEZ R L7z (p<0.01).
JEEFRE S/ R EIE, KR 45110 = 1.1 %,
5112 = 1.3 %, B 4505124 £ 14 %,
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Table 2 Two-way ANOVA and multiple comparison tests for age and gender in physical characteristic

Factor Meansquare F value Pvalue Age Gender Interaction
Age 569.860 30.238 0.000 Main effect HEx ns. ns.
Body height  Gender 15.198 0.806 0372 Multiple Age G5>(4, B5>B4
Age*gender  56.820 3.015 0.087 comparison  Gepder n.s
Age 55.594 10.153 0.002 Main effect *k n.s n.s
Body weight  Gender 2.964 0.541 0.465 Multiple Age B5>B4
Age*gender 6.191 1.131 0.292 comparison  Gepder n.s
Age 0.097 0.072 0.790 Main effect n.s n.s n.s
BMI Gender 0.001 0.000 0.984 Multiple Age n.s
Age*gender 0.002 0.001 0.971 comparison  Gender n.s
Age 9.051 1.420 0.238 Main effect ns. Hk n.s
NH Gender 71.829 11.274 0.001 Multiple Age ns.
Age*gender  1.594 0.250 0.619 comparison  Gender  BS>GS, B4>G4
Age 896.353 10.286 0.002 Main effect ** ns. n.s
FL Gender 85.231 0.978 0.327 Multiple Age B5>B4
Age*gender  28.591 0.328 0.569 comparison  Gepder ns
Age 0.000 0.057 0.812 Main effect ns. *k n.s
NH/FL Gender 0.020 9.478 0.003 Multiple Age n.s
Age*gender 0.000 0.663 0.419 comparison  Gender B4>G4

Significantly difference: **p<0.01, ***p<0.001, n.s.: no significant, BMI: Body mass index,
NH: Navicular height, FL: Foot length, NH/FL: (Navicular height/foot length) x 100, 4 years old girls: G4, 5 years old girls: G5,

4 years old boys: B4, 5 years old boys: BS

BIR5% 120 = 16 % #x L, BIE 4R
4% & L THBEICHWEZ R L7z (p<0.01).

2. EBEEA

Table 3, 413, EBREN B L OEB RO
HRG WO & Z HEHBBREORREZ R L.
EE R ARG AL, LR 4% 217 £ 34 K
L5 192 £ 32 &R L, KR4l
Sk & B L THRICEWEZ R L 72 (p<0.05).

Table 3 Changes of motor ability in preschool children

The total
fitness

Standing Two-legged
25m sprint " Ballthrow  continous
broad jump ‘
jump over

(sec)

Body

support

duration
(sec)

Gender  Age Ball catch
score

(frequency) _(scores)

(sec) (cm) (m)

66(22) 217(34)
81(17) 192(32)
68(22) 199(33)
86(1.8) 199(3.3)

4 years old
5 years old
4 years old
5 years old

6.5(0.6) 93.0(134) 57(23)
6.5(0.4) 102.1(12.4) 6.0(1.1)
6.5(0.6) 100.4(12.6) 5.8 (2.1)
59(04) 1184(89) 8.7(3.0)

48(0.6)
47(0.7)
5.1(0.7)
45(0.9)

37.2(18.6)
30.7(23.5)
36.6 (19.0)
44.7(22.5)

Girls

Boys

3. MLV REMERMER L L L EEHBAK
&im & EBREN ORI R
Table 5%, HHlB X O HiEmE RHERE L

7RSI & BB RET) O RANBIBI R % 2R L
7o RESHIRE R, EB)RET) & RAH BB AR
B OLN o7z,

Table 5 Partial correlations (adjusted for age and gender)
between NH/FL and motor ability in preschool children

25m Standing Ball Two—?egged Body Ball The total
. broad continous  support fitness
sprint . throw | . catch
jump jump over  duration score
NH/FL _-0.005 -0.233  -0.097 -0.075  -0.240 -0.010 -0.069

Values are correlations (r).
NH/FL: (Navicular height/foot length) x 100

V. & &

bt ME, BEONT A RREL RS H R
VAL R R AATEITo TS, B b
HAEFENZMORIE, B R IRREE R 5t
DTz DIFIZTTRTORIR TR TH % (Evans
et al, 2008 ; Gilmour et al, 2001). /2,
REER P EFLOGE TS, XHTED
R % G S TEli L T % (Uden et al.,
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Table 4 Two-way ANOVA and multiple comparison tests for age and gender in motor ability

Factor Mean square  F value Pvalue Age Gender Interaction
Age 1.380 4.408 0.039  Main effect * * *
2Smsprint  Gender 1.628 5201 0026 nugple  Age  BSB4
Age*gender  1.680 5.368 0.023  comparison  Gender  BS>GS
Standing Age 3355.128 22903 0.000  Main effect sk sk ns
broad Gender ~ 2550.671  17.412 0.000 Multiple Age G5>G4, B5>B4
Jmp o eergender  361.097 2465 0.021  comparson  Gepder  BSGS
Age 46.359 8.973 0.004  Main effect ok - *
Ballthrow  Gender 37.201 7.200 0.009 Multiple Age B5>B4
Age*gender  33.584 6.500 0.013 ~ companson  Gepder  B5>G5
Two-legged Age 2.177 3.355 0.071 Main effect n.s. ns. ns.
continous  Gender 0.035 0.054 0817  Mulkiple  Ase ns.
M OVEr )\ gexgender  0.862 1.328 0.253  comparison  Gepder  ns.
Age 507.322 1.134 0.291  Main effect n.s n.s n.s
B"jﬁ;fgff“ Gender 82150  0.184 0670 Mukiple  Age ns
Age*gender 143.586 0.321 0.573  companson  Gepder ns
Age 51.478 12.434 0.001  Main effect . ns. ns
Ball catch Gender 2127 0.514 0.476 Multiple Age G5>G4, B5>B4
Age*gender  0.473 0.114 0.736  comparison  Gepder n.s
Age 27.603 2.465 0.121  Main effect * n.s ns
ahetoltl Goger 5264 0470 0495 e Ase GG
Agegender 27955 2496 0.119  compamson  Gender g

Significantly difference: *p<0.05, **p<0.01, ***p<0.001, n.s.: no significant, BMI: Body
mass index, NH: Navicular height, FL: Foot length, NH/FL: (Navicular height/foot length) x 100, 4 years old girls: G4,

5 years old girls: G5, 4 years old boys: B4, 5 years old boys: BS

2017). i FRIE, WAET —F MK T H 5 v
L LZIREE W, LIRS RR E KRS
WL TWDZETH5H. Footprint DHfllE
i, T FE T oMM ER LI EMNET S
ERPREFHIISND E W REDBH 7. %
7eERRIICIE, RPFRETEEVWb OO REE T
DAL DA AIFEE L TR NS U2
LM SN AMES BRI N TS (Evans
et al., 2008 ; Mortazavi et al., 2007 ; Rodriguez
et al, 1999 ; Khodadadeh and Welton, 1992 ;
Khodadadeh and Welton, 1993 ; Nigg et al,
1993 IIHIE 2, 1983 5 MiA, 1966). =2 T
FHERE S Z RN 5 2 &, HERER IS AEE T
—F R LI L, X0 @) 2 FEn AR
T&5 L)% o7 (Waseda et al, 2014). &
WF7eClL, TR SNz boETIBIRE £

DR ~15 % GHI 3 2 ot = o e Tl e i
Z IV CTREAHRE = & 53l L 72 RIS RS
%. SHIZYRORETIRE R L EBRE) O
RREMG L7 RICBH#IDHDLEERD.
HAAND 6 %55 18 K& RICLZEED
FETIE, e L BITKREL LV BBLEY
T4, TIRI3ETTI My #larz 5
(Waseda et al, 2014). 1525 13D K1
NZExF5 & L7228 Miller et al. (2012)
&, ERNCATTHREL TRV DD 4iED
JEEAY1674 mm, 5EDOREEA 1771 mm TH
HZEEHELTWD. Abe et al. (2018) 13,
4~5iKDOHRAG W Z W GICH WMo
168 mm ~ 178 mm, #C}E%% 165 mm ~ 178 mm
THholzl EEW|HELTWAE. AIRD REER,
2R 4% 1708 = 7.2 mm, 5% 177.0 = 6.7 mm,
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B 47%171.8 £ 11.3 mm, 5% 180.7 = 120 mm
ZRLZ. 2N 5 6 EOT £ 0 LIRS
H1Z, 157 ~ 270 mm Td - 72 (Chang et al,
2012). ARWFFE O R HAIRE m 1%, R4
188 = 19 mm, LM 5i#% 199 + 25 mm, HIE
47% 213 £ 25 mm, ¥ 5% 217 £ 30 mm
ZRL7: Ko TR EDRES L UR
AR E L, RS E RSO ITIIZE L
HEBELTHE TR OO INETOYROREE
BLORETIREE L RO EITR I N
K7 TH S NG RIE, NS DEfTHRED
WL 2T —H L, HARAYDRO ZEEHREG D
HEPROGENTHL I L2 LHT 5.

INERBEORBRE S/ RRIZBWT
i, ANFR LA 139 % ~ 64E4E 141 % TH
- 72(Waseda et al, 2014). Chang et al, (2012)
i, 205 6 DT E D 0 REIIRE EIE,
157 ~270 mm CTHho72Z txzWMmE LTS
DODORIIRE / REEZWSLNICLTn RN
(Chang et al, 2012). ARIFFED YR D JEFRSHIR
W/ R, B4 110 £ 11 %, KRS
112 =13 %, BB 4E28124 =14 %, B
W5 120 £ 16 % Z/RL, B 4E%IE 4
MEHBLTHEEICEWEZR L (p<001).
RO REARE R / RREIE, WOk T
WRWHDODINLD/NARBE 2RI L7
JEFAIREE / RRE R L TEHWRFEET
HbHIEDPHRIND.

DR OEEREINE, EEO KRB O
WAREINTWD (FiTH, 2010). FoiHtk
LT A B4 5 moOR—VEF, BB
5 ik DARSCIRFREEIRE R A3 S AT 78 & Jhik L T/
W AR L7z, LA LR 4o 25m i,
BV OW R EFERO L, 4% BoERGE
DREREIEH A Z R L7z EOftoEE)
MHE, BRUTPFEINREEZRL. ZOfR
1, 25m & R W L Ak OB L IZ BTl
RO NME 7 — F R, RO Oz
EAHRICEG L TWD e RSN,

Waseda et al, (2014) &, T&dICL->THE
DA X3H7 5 2 & h SHMETEHGS 5 72
DIZETAFRE S 2 ERTlRLTERLTS 2

LERERL WD, BHIREEEEETHRL
TIEBET 22 81d, ROV A XDREHIEE
RS L o THRR DT80 ORED RO DOAR
EMR b0 REITE L LICEENHDH. ©
CCARWIZET b RIS &% R R T
L CTRAHRE & & B RE ) D BIR 2 5T L
7o, A, RIBMAIREEAE LRI &S
REATE VW EFRL TWiz Lo LAIETIE,
JEEBAHIRE /R &ERRE I oI, WA
BRI SN h o7, FHEOIGEE)
YT L, WERTS 0 EERES) L
TREEEDH 5 2 & & s LT\ % (Khodadadeh
et al, 1993). ROk FE & EBRE)) & OBFR
WZBWTRTFREOYRIL, EERe ) oMlv & ¢
LD HE (Lin et al, 2001 ; Nachbauer
and Nigg, 1992), MWHIZBIFRITFAD SN Hh
272 T 5D H S (Wasiluk et al, 2023; Fk
®lI 2, 2016 : BUHII A, 1995). F7-/hagid
BEOEEFAIRE &I, EEZBR L TREEFIR
FEOEBLT 2 EBELHEL TEVHP RN
EPHRE SN TV (MEIZA, 2021).
WIClE, WU —F RS E ZRERRTH
D, JEERAHIRE OB ERE DS TR BL L T
WHRWITREA % 2 b b, F 4R osshE
&, W0, twEarE A, KE BoWER
ERBOWN T K - THEE 2T 5 720 L F
WA BEHATIEHP L EN WIS D 5.
F 2R RE R, BEROAIREIEREIE
BLTVWLIREEDIEM SN TS (Evans et
al, 2003). SNOHDI L EZHREMIEARD L
JLSR 1R Y L O NG = =1 = G (LI O3 NG = =2/t L 1
NOXF R YR T Tld e Wi REEARIR S
72, INHofERE, RO REAHRE & &
BERE D OBRICET 2 H - milt s L
WEZOLND.

KD ERIL, 4%, BHOWNMGET —F
BAI) ==V TT D 0DOIEBEN R ERE &
BB, FRRBOZRITTINT A—F1E, B
O BERE A 18 O FH 2 W 2 72 O IR 2
BRI L B 2 EZ LMD, BETHRE
FEASECAIRL, BRI SE EFRELTY
72, Ko THLROBIERER, AERSRETILL
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W CIE IR B S W IR B RE A5
{ e BN D B D TIE V& v ) BFZE IR
EVTHEEL TW L LEDH 5. RIFFEDOBRS
&, REEIRE &SRB L OBIRICB VT
RO EFICIROFEM I DWW TR BT & B
JOREZHOREFOATH - 72, BHFRERE
WCBWTHIEH ORI, BE?E LT
HHIOIIEP, IR, JEIE AR Sk
B OB 2T HLENH L. 248N
JEERIL, EEIRED 2T Tld e K GROERE, &
RIG R, BRI 7 &R 2 22 39K 0 & AR LT
HIENEENS.

V. #& &

AOF7EIL, HIRENC BT 2 BERE & L&
BiRE D oBBEALPICTAIEEHE L,
UTomA%x#H7.

1. REBArREEIE, 7 45% 188 = 1.9 mm,
ZWR 5199 = 25 mm, B 45K 213 =
25 mm, BIE5% 217 + 30 mm #/RL,
BIRSEHLIB 5, BIE 4L 4%
EHBRLTARICEWEEZ R L7 (p<001).
JEEIE, &R 4% 1708 £ 72 mm, ZIE5
% 1770 = 6.7 mm, B 4% 1718 = 11.3
mm, P85 1807 = 120 mm % 7~ L,
BRSBEHABIB 4R L B L THEICHY
iR L7z (p<001l). RFMIREE /&2
B, B4 110 =11 % LIRS
112 =13 % BB 4m 27124 = 14 %,
BR5E120 =16 % =L, B 4mEA
WA RE LB L THBICRWEEZ R L7
(p<0.01).

2. HRIB X AR I L L 2R
HiE & EE R OmMAABEBEIRIE, BIRAFE
OLNLD o7

Dbz & X, NS0T 25 RERE
ElE, EERARIRE S AN B RE ) 0 F 2 e Yo A
F TRV EEEAVRIE S 7.

AIRACH CHI 65 4 BRI S 7%
W,

5| A3k
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