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ABSTRACT

Objective : The purpose of this study was to analyze the effects of the windlass mechanism in trail-walking shoe prototypes that can
effectively support arches. A study of these effects should help with the development of a first-rate trail-walking shoe development guide
for the distribution of quality information to consumers.

Methods : The subjects were ten adult males who volunteered to participate in the study. Shoes from three companies, which will be

referred to as Company S (Type A), Company M (Type B), and Company P (Type C), were selected for the experiment. The subjects wore
these shoes and walked at a speed of 4.2 km/h, and as they tested each shoe, the contact area, maximum pressure average, and surface
force were all measured.

Results : Shoe Type A showed a contact area of 148.78+4.31 cm’, Type B showed an area of 145.74+4.1 cn’, and Type C showed an
area of 143.37+4.57 cm® (p<.01). Shoe Type A demonstrated a maximum average pressure of 80.80+9.92 kPa, Type B an average of
85.72+11.01 kPa, and Type C an average of 89.12+10.88b kPa (p<.05). Shoe Type A showed a ground reaction force of 1.13+0.06 %BW,
Type B a force of 1.16£0.04 %BW, and Type C a force of 1.16+0.03 %BW (p<.05).

Conclusion : The Type A trail-walking shoe, which was designed with a wide arch from the center of the forefoot to the front of the
rearfoot showed excellent performance, however, more development and analysis of the windlass mechanism for a variety of arch structures
is still necessary.
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plantar fasica tghtens

Jlﬂph'l Increases

= 1

(Nigg, 1986), OIEh FAFS S 2EYAE Aga,
HEgh AEHAS HAE W & klol d St
(Magee, 2008).
ke 9] A7Iv W), o EAIge] HEoE Q)
Fowiy e Hosh, o] 7M1 Q= 1] FF
= F 718 olgle] A4l FAYo RN
B33 9t HH0=7 EEo) 49 (Yoo, Jeon, Won &
Kim, 2015). E#Y(trail)> HF 2 5O7 M| 3t
=, ARA SJuEs glol BAR 4, 22 4, oE&d, A
A& gulgith ol AR ke wEbA ook BEow
A E o] 1A BN e AR, Ato] Sl A9
JiE SR AR MEVR Sk S EdY 9%
(trail walking)>> E#F el /ES Eshe dAY Eow
E 7 SItKSon, 2012). 7|5# Al AP A] arefsjol &
ARl e owE e oY, FE g A% 54
o, Alre] ek W] wigHdn 242 wyiaeEs st
o] JfdtE]ojzfol  SHK(Havenith & Heus, 2004, Au &
Goonetilleke, 2007, Chiu, Mao & Wang, 2007; Arezes, Neves,
Teixeira, Ledo & Cunha, 2013). 3FA|7H Ed%]3ktrekking
shoes)t= ©] el GAZEE] ARl Al W] R E ATHA

“*3,

713, A9t AFET 9 wyskan B2 21 A9
HeY F aAshs TS 2 S5goRH gy 5149
ARG #4384 Qlojof dHlee & Lee, 2007). EdY

37 A EdPF v E ukeu Fo] Wol Awe] 11
22 okom AAFO® H= FEAOoRE Ado] wwalil,
Qo] W EAS Ay Jlorw EYY I EYX
sho] SAT 78k SA4Jo] wol wrjElojxjof sitt.
Clement, Taunton, Smart 2} McNicol(1981)2] E&]7]ol| 9
o 5 Aol dist Bael oJskd WA st 17%

c

£ A8, U5 F=(medial longitudinal arch of foot)2] ]
izl Astel oJallA] BAEHAl Hi= FA 9 (plantar fascia)

o] 67%E AHAgittal Rasqlth Q1o W= a(foot
arch)ol &xﬂfg].‘:]:ﬂ == L o}gg]/\ﬂjﬂr 617;1] E}H /\Egﬂo]
oA (elastic strain energy)E A&st7] fIst F23t :rLZO]
ok S 7k A7 )il lojA] o] AHel| Y=

b 530 Feprh AN TS ek, olgA Aket
1 S5 FEe] EeluAe} AXuA= A1S] L3t o
TFEoA B AEQ oUAR M3 HuA oA AAE
SO

Ry

Y= ThHan, 2014; Han, 2011). 421 9]
T5oe AV SEiAE 7R WA ARshs FxE
Hhibe P (plantar fascia) 2} 2~3% 1 ti(spring ligament)
glom FrHog wke] Folgd F¥Kwindlass effect)
Figwre DE 2t Sl L9 #d el & AlwEnt
(Carlson, 2000; Fuller, 2000).

55 A8 Slgh Ao At QlojAe ot %
o ol W ¥ WA Horthotics) ¥ FHT g ZF
(insole)e 283l90= Al YRt dael st A7t dif
)% 9 (Donovan, Mary, Paul, Kirk & Michaek, 2007,
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Min-Chi & Mao-Jiun, 2007; Song 2008), ©|¢} t&o] g5z}
2 WIAYS (windlass effect)= 7142l Qe Al AEFS HY

Slollst A8 gle W obfo] wuket EY7ge} faket
EY sl dsetn mHE AEst Al dist A+
oA W& mﬁo]u} aeeR B dee Edd 84
o Aetes L& wFor ANT & e vt ¥
Be] ofx] FxEE 7P<t ARl diste] FA 5k A
Rhie s PAgoRA] dsgs wWiAUSe] AeE EfY
78t AARE S 93t A Tt =5 Algstuat sk,

¢

I

Il 12
1. AR}

£ ATl Fojgt dAqidaks 2 A7) AAE A
o Aoz sk Aol WA 1050 % FAIFH o HTh
TS A 7S Al Balle] JEE T A3
QJ,};H r= A4 SqJJrXJ ..J\hjr 7o 1 4—7:174] lez}o] 9=
A, HFpol| WHolg = AHo| Gl A 3 By ¢
& Y dedolg ool fle A el Eieolv YHEkE
3= 2L EA|diplopia), AloKvisual field) 2+ 27 7]
o ool gl AR spglon, gk ARkl EA4
—% <Table 1>3} Zt}
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Table 1. Subjects information (n=10)

Items M+tSD
Age(yrs) 23.30£1.89
Weight(kg) 7120£12.37
Height(cm) 174.04+4.45
Foot length(mm) 267.00£2.58
2. Alpl
AFIAZNA Hale] A 57 FE WHE Al

K, Kim, Yoo ¢} Kim(2011)
o] AFellAl UERd sh=lel Ut it HE HAELE 0.66
m/step—% ;er_s].o:] E?‘fﬁ%té— c_>1k 4.2 km/hi sl o].oﬂr/]. )\164

HEES)Y Efid £5F 42 kmh
of grglomn, o]% AT IRES HEZE wirle| v
of EFr Qo Hom HEI AF HpTL AR
4ol o]Fojd w7hA] 1027F Aom Agsk 4 Qe AIRE

S
)
)
=
o
oif
-
IN-

& TG 15 o AR SIS AR @ o sudt
Ef=g fed B i AlRke FHEAM 283e] s A
A Afo]ze} AR ARtk Be Atk 4
749 Al Age & AR Alzel s 308w o=
dslow, o] T T 10dus SAUY AR &8
ittt Awnbde %xé% At ]Dﬂoﬂ/ﬂ "e*l itk At

H]—E’ﬂ ZX% /\]oﬂ
ghro] AR siglth }‘%184 }‘] ‘:H%LXV} g Jdﬂ(force plate) <]
AE YA FeleE g o, Aot
[e]
9

7} Adrele BAS §4% oEHE oBuo] IS Y=
2l

m
e
Y
<
o>
N
E

= ARE S B3 BE 3 Al didRkEe]
Al FRE G RS Ak 99E Hoe Holx ¢
=5 Adsiden, 7 AlbaE i (random)sHA HIAISE
ok 7 AlbEE FAdshA F 33 WHESl] FAseloH, 1
Hitpke ARSIk 574 A 925 Haskeb] Q8 74 A
3 2 FE F2E FES alglrh

3 A8 =7

1) A

B ATelrE 3EF Ak Agsilen, o] e

T vpeleh el ofx] FEER AAHN ASE Type
ASH B EdY 18glom, Type Cio 3190 Type
ASADE Bl $1E] o] pEEe] Al A5 59
TE FEE A7 A el Qs 580l e, Type
BMAhS] oFA] o] B, Tl XA BYgo® oA
= A T2 5740l itk PHAITEE Type CRADS oFA]
TEES M HE TEEEeIN)E st e S

EE ARgEle] Hofd HUoR AANEE wAd vl
Yol oA Hatel T 50w Al B4 9
<Figure 1> A Alo]Z== WAIE 265 ~ 270 mm & oAt
o] #Q19] Ao]zef) Yhes A= Sl

2) SAYY 33

ZA 2 Pedar-X system(Germany, Novel)] X% 7385
ggsto] Aelaiqitt Hlolel 4 Al AEY ZeFAIE 100
Hz & afo] dd92te] Alsel ga) E=d ffelx] AFatoizl
SL2 30w olde Aolew, o] T 1085 FANY &
ArsE Lgap7] flate] itl—‘? 1wkl gk fﬂ"]ﬁ*‘ T4
STk SAUY doly 7k A, A, 5, T A4S
& (contact area), Z|THHT S (maximum mean pressure)S
/\]-go}oﬂotﬁ A= ZF Ak g 33 uE =A3)0]
71 B APt Figure 2).
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Figure 2. Tested shoes
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3) Anbdy 24

A HaPEE-L Bertec AFS] 4060-10- 2000 X]Ud‘ﬂ%ﬂff.—z 2|
5 ARt SAsIi A9 ST FPES 43l 47
e AYAE g Faste] 2rAd W‘AVJ T ZLAL]
Zolof] Wsl7} SIS wl Al7|(guage)<tell S A7)

daRomA 2 ) SEE A5 AT G o
(analog) 9 g0l 32712 FoheT sglon], Fa 5
% oz UABRIIE k] UAY oz wel
A 5 23 A A AW tst doleg HFele] A

3isick ol As el SN U AR

E3to 1 A$E Motion Analysis®] Cortex 64 AZE¢|o]o
A Aelate] tﬂOlEia Z3811tHKim, 2012), (Figure 2).

4. X=A2|

=745 28 PASW for windows(Ver. 19)5 o]-&3lo] o}
ot ofXTxES T A7 Edd 97g HE w9
A, A, T, T HEHA, FaSAgE S A Hapd
gE vlush] e JAHEEAREA(One-way ANOVA)=
ARSI OH, AT O R LSDE ARSI o, folaae
a=05 & AAsI3irh

n. 2 =

1. =M= (contact area)

okt oAl EES THE A Edd 93 EE
U271 Ale] Aol e HEAA S BT A Type AT
14878431 cm2, Type BE 145.74%4.1 cm2, Type CE
143374457 em2 0% FAEA R oJn] Qli= ztol7} itk
(p<01). LSDE &3t A 7% A7 Type A= Type B, Type
Co} SASH R on) gl o)t St AFHelM e A
ZWAS B3 43 Type AE 58.68+1.10 cm’, Type BE
58.07£1.62 cm’, Type Ci= 57.40£1.60 cm’O.% E7st% 02
o] Q= A7} Q= Ao vERLI(p<01), LSDE E3t
A 217 A3} Type A= Type C&F A8 o= ov] Qe
Apel7h Q= Ao el FEelA Y AEHAE 4

Figure 3. Pedar-X and forceplate measurement
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Figure 4. Comparison of contact area of each trail shoe
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Figure 5. Comparison of maximum meas pressure of each trail shoe
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Table 2. Result of contact area

Table 3. Result of maximum mean pressure

(unit: cm?) (unit: kPa)
M=SD , M=SD
Section D Section p
Type A Type B Type C Type A Type B Type C

Total 148784431  14574+4.16°  14337+457°  .00%* Total 80.8049.92" 85721101  89.12+10.88°  01*
Fore foot ~ 58.68+1.10°  5807+1.62  5740:1.60°  .00%* Fore foot ~ 9243+12.00°  92.12+11.42° 10317+12356°  .00%**
Mid foot ~ 4921#379"  46.77+379°  44.84+4.026°  .00%** Mid foot ~ 4976+696"  44.461844°  5221£12.10° Q0%+
Rear foot ~ 40.18t091  40.18t1.14  4045+0.62 £ Rear foot 105981025  105.95+9.42  106.75+11.37 94

ok pe 01 *+pc 001

o A3} Type AE 4921+3.79 cm’, Type B 46.77+.3.79
cn?, Type Ci= 44.84:4.02 e’ 2 FA|gF 07 on) 9=
AJo)7h ASihp<.001). LSDE o A 714 A7} Type A
= Type B, Type C8F SAEMA R v Q1= Afo7F Qlle.
™, Type BE Type C€} S84 0= o] Sl Apol7} Ql=
Ao UpEpsith 5 elX e AE5Hss B4 A3t Type
At 4018091 cm’, Type B 40.18+1.14 cm’, Type C:
40.45+0.62 cm2 0% FASAOE ou] Q= Ao)7} Qe A
©2 eI tHTable 2)(Figure 3).

A
Ny
()]

PA

2. ECEA2t=(maximum mean pressure)

oheks oA T 2E S THE A7) AdAbEE {17

A8 A A 9] HfHE S AE A Type AT
80.80£9.92 kPa, Type B 85.72+11.01 kPa, Type C+
89.12+10.88 kPa® sAIZtA 0% {foln|gt zto]7} SIStk
(p<.05). LSDE &3 A 774 A7 Type A > Type C Afo]
of AR Fojw|gh 2fo]7} It A= Hh
HadES BA3 43} Type AE 92.43£12.00 kPa, Type B
£ 92.12411.42 kPa, Type C 103.17412.35 kPa® 57|38}
Ao fou|gk Afol7k Qe AeE VRERI(p<.001), LSD
£ B AR 274 A3} Type A < Type C, Type B < Type
C Alolel EABHA 0% frejm]gt zjo]7}h Gl Ao ekt
ot FENY HAiErekEs S A9 Type Av
49.7616.96 kPa, Type B+ 4446844 kPa, Type C+—
522141210 kPaZ FAEH O Fouidt o)z} gk
(p<01). LSDE &8 A 44 A% Type A < Type C,
Type B < Type C Alolell SAISA o= fejulst 2lo)7} §l
T A0E Uehgth FE5FlA 9] HuEagEs A 4
7} Type AL 105.98+10.25 kPa, Type B 105.95:9.42 kPa,
Type CE 106.75+11.37 kPaZ FAISH o7 ou] Q)= 2}o]
7} 9 A o® Vel tHTable 3, Figure 4).

_1

#p<,05, *p<01 *+%p< 001

3. X|HHM=(ground reaction force)

tFet ol FERES 7M7) AFAEE xwnt
WS s AR 27 HA] Al Type AT 1.17:0.11
%BW, Type B 1.19£0.10%BW, Type C+= 1.19+0.10%BW °.
7 Eﬁli Ao foust zlol7} Sl AoE VeI 1
g A e At BAAT Type AL
1.1350.06%BW, Type B 1.16:0.04%BW, Type C=
1.16:0.03%BWo.Z FAgIA 07 Folujst zjo|7} = Z o
2 UERITHp<0.5). LSDE B3 ARE 174 A3 Type A <
Type B, Type A < Type C Aole]l sAEA R Fou|st
2fo]7} Qli= A O F YERITKTable 4, Figure 5).

Table 4. Result of ground reaction force

(unit: %BW)
M+SD
Section p
Type A Type B Type C
Heel strike 1172011 1.1940.10 1.1940.10 57
Toe off 1.13£0.06 1.16£0.04 1.160.03 04+
*p<.05
v.= 9
B A 23S aidoz X3 4= 9 okt
Yool o) FRES K NS A A9 wakE b
Ago=H cto Agehs WAUFol 489 Edd 9%
3} A7 7Pol=E Alwstaat dik

A= A A9 a7t Badow A 23k AAzA
oA Az, g Ado] 947719 b *JEH% frAlshs
Qb T AHo] F5 UOE Uoprh &
7 iA718k 72717t 2424 sk el JOH % Ao ik
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S ZJo|tk(Bae, 2005; Jung, 2009; Perry & Bumfield,
2010; Jeon, 2014). 271l Sloid Awe] AEE 7P WA
WA= AL Wolw, FAES o] Azl Aol
HE ol SALS Fge wel 54 Rl BIA
v 4Y9 Ex9 FAFCE = F Uetllee & Bae,
2009), Parry(1992)°l sl H3 Al £A 2 427] %
7ol WEwAl A vl 9S5eld Ageh, 927
F7ele 25 999 95087 Ak FAotpt d7r] W)
e 55 999 500N dAWrtE £o= o]Fs &
m, ol W3 A 54 ﬁ’W o 7kiAlE SA9Ee A719
S < w3 el tiEo]
AR RS Akt E"-UP SAGES o A,
AW, AA Ao W) AT Wgt 5 oheke 24
o o3l WH3ld 4 9l o H(Birrel, Hooper & Haslam, 2007,
Terada & Gotou, 2010, Han, Koo, Jung, Kim & Lee2011;
Jung et al., 2011, Nam, Shin, Lee, Lee & Chung, 2015), ©]
g APATE Y] 2 Aol izt JRER g8

_q: 9‘}\;}_ }‘\‘HE]- T’T:_L ] o]oi}ﬂ Z:zﬂo]—Eﬂ_Q_ Hl—gl IL:]O]—%]—_O_ -/.517-]]

oF & Sl AEEMA o]g= 4 i, JordanZ} Bartlett
(1995)91 o1 to] oJahH Zkinsole)S 24319 Al FAL
g v Jepgow, 23S Z4skH 2oks o B o
RS =7Ivka Baslglom, ojejst Adgh 23] AlE-
< B HFHEAS WioEN 54 999 gEs kst
A¥etar s9l

W o ek wMA o] 2 F Y A9 T4
459 T A FAHEE 3709 F3arches of foot)e
Sy (medial longitudinal arch), 9|5 5%
(lateral longitudinal arch), &< g(transverse arch)©.Z -4
wck e A (calcaneus),  HHW(talus), ham,  2f 7]
(cuneiforms) 2 3702 WS HliﬂF/]“‘ﬁ(metatarsals) ol Y& £
ofAE FAdobH i w, P(cuboid), B 27HS] 915 W

sljwsol 95 FoE ot Hoke B & VIR
A k- F3E - 71 A7 e} i 5l 57)e) ksiem

2 o]Fo1A (Yoo, 2010). 37H9] Fg> M= ATAE

& Tl ST ¢ AE ol Hedl, S 35
= 4471 Al S3o] WAL BhAl Aeje] AR et
L= d2s T 4 s AeA ]E 317 lti(Jang,

2 3 Arho} A

o8, 259 &4 i Ojﬁ TEAL AA A¥E HTS

AJ3HA ==, 1954

AAYGS AR X 13“191 QFZ: §7](medial process of

calcaneal tuberosity) oA A7t whaje] W o] 5 w2
=

(Ist metatarsal bone proximal head)ol F-2Hg ZAZuto] W&

g Mg FOo% IAXNAR sto] AR ofx] ol
BA st ok olE TMNAIthE VIdCeR AL -
A% - ofA] - A A I(toe-extending arch-raising effect) =

7] $THNakamura & Kakurai, 2003; Kim & Kim, 2005;
Maeda, Tanaka, Miyasaka, Takayanagi & Tsuruga, 2012). K3
= AR 719 A Al 58] AlEE S35 AAdiarch

_IL_'_1

support)&] Areloju} Aluke ulb o] kS FAbA)7] AL
54 57919 dES AAaAE F 2leH(Kogler, Solomonidis
o A

& Paul, 1995), 1% F3 AT Aol FE AXge
2 we AXhe Wae] 5] g B bt gtk
1L S}SITKChiu, Mao-Jiun & Wang, 2007, Owings, Woerner,
Frampton, Cavanagh & Botek, 2008; Paton, Stenhouse, Bruce,
Zahra, & Jones, 2012). ¥ A7llA] 3714] E§1] ofx] )
2 A AE s Zgsta HREAY] Hit 4Es 7Y
3t A3} WA ME Type AS Aol Type B, C AT}
A YERE O M (p<.05). §3] Type A9} Type C2| 2ol7} &
Zo% et A ASHAs B4 AdeMe
Type A% Type B, Type C Bt} FEFHAo] w7 yepstrh
(p<01). Ol SAKY] ofx] FEEo] M FUHE R
A7 WA A S ZA Type A EdlY JAsp7} o
Soa AAFOE Qg S AAsk= HAo] Frlete] o
H}\} :é‘_j!/]_7]_ oloh:ﬂ 740j H/HQO%];}
R FAE e wmic} Aol Sjaf e ofe] &
&ohs P& Adnbtolgtar shn, o] 5L AV 2O
Weo] Rigfel ?:‘_Ei 37He AZER xFH(HLlF), y&
A5, 25(FAH R Fdske HPIEE #H3xE AHslo]
LRt o] Al 59] HEgko] TiaA Wt AHAtele]
o] gHE]7} A7)A FiNeumann, 2002; Son, 2011). ESW
AlS] A F9(Fr)olM el AinbdEe way 7] x7)ef Al
A9} P A AEATIGE o] Fof Ao 71*”/\17171
%SH Fepke719k §1247] wrlel S+ M9 AR (peak)e LHEF
ItHNigg, 1986; Son, 2011). H.32] ¢17}7] A] Huj:
12 AT 1~1.200] o]2A ¥, rAE P
A V2 F= RS 28 W T Sl dEE 2
A7 % QltHCavanagh & Lafortune, 1980; Leiberman et
al., 2010; Tantisuwat, Vachalathiti, Hiengkaew & Assantachai,
2011). AHNPEE S AT WRelE A Er 7P<17F i
=, A A T2 B F2 Aol A
she A9 W) £ 443 T2L %&01—5 4o A7
oMFES AR S ] g A Al 7
#o] U](ngg, 1985; Yeow, Lee & Goh, 2011; Cho, Kim &
Koh, 2012). & 4717] Al dAeh= Adrbde e vk T3
Qo] HFz Mol Hid 1 ¥ 7 BHME #3 7

l

T

X] ]1_

0—5‘/\
=
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= WS Fokld o

= Aotk A AHg Fes 7 Al
2 AR Ak 2ok A

o]thLee, 2001). 53| A% FH-F(mid-sole)> AEA}S]
MAgAde] sgshs FE 02N v o AAE KA
= AENbES A3AA Folokeb EqiAE AHeME
<l & olof gt o] F= &A, A,
25 T Uhekst welel| o8 9ES WAl ¥tk(Seon, Son &
Moon, 2006; Kwak, Jeon & Jeong, 2010; Lee & Kim, 2010).
Jang(2010)9] He] °JshH HFFHS] A9 AA] Al 2 A
HhE o] 9717k A4 Bk o AA YERbs A A
gk S esiA7)7] 99t i Zee} 50| HAFARO =
ErohaL WY uiS F53el 9% Al 49 ke A
S| skA| Zehs Zlo® Hokth o] WYL 7] 7]

]_

ofe USA 42 zedle] A BES Wolxd 4
S Zloltk Z, ARubLe) e F79 FrE BE B
Yol Tfo] S RO NFT 5 Gd £ AelN AW
MRS BN A3 2] 2] A Z7e e )
S0 fov|g Aolh ghz 2o UERoLk Type A

Y BE AWIIY AT 2 o)Zo] HAFHY &

b3
WAUES A8 op T2E LS daNE F Ul U
:l.L

@ Fole) op 722 ek $4lo] Bas, B 4Fe)
A ARG A8 ANEE F G wde iy 2y
2 Wk A 0% nonk

F579 2] e Gee) of 2B e AT AN
o $109) ATHIAE Bl ZAU s

AZ7] Ao AnkEE 24 A3} Type A Al'Zo] Type
B, C AlEHTh Awbieo] vl vehkon, 27] {177
Al E Type A AEo] Type B, C Al B} vk xjmuk
TS T p<.05). oledst i FRE B v
g Felo] ofx| FxEEC] B A gl HAE ¥
BeHA MEEst ohe} AHEE TeAdel dFE e

T o A HER FET S 9loy, AFE JTUARE
Z8 A7) QA AAS Type A Ak 7)%5A4)0] 943t
Ao Uehdth olF e, d5gA fAUES A4 E
g 973 A Al Fo AA HEER ofx] TRES B
glo] 7)54S TET QS o7 Holth wd &% 9
A WAYUS 295 Algs] Y3 F7HA A
7154 7o) Fes Zo7 Helth

A

xnl‘—T'—-ll_-l_

An, S. Y. (2007). Eftects of the Unstable Shoes on Gait Mechanics.
Unpublished Master’s Thesis, Graduate School of Kook Min
University.

Arezes, P. M., Neves, M. M,, Teixeira, S. F,, Ledo, C. P,, & Cunha, J. L.
(2013). Testing thermal comfort of trekking boots: An objective
and subjective evaluation. Applied Ergonomics, 44(4), 557-565.

Au, E Y. L, & Goonetilleke, R .S. (2007). A qualitative study on the
comfort and fit of ladies’dress shoes. Applied Ergonomics,
38(6), 687-696.

Bae, S. S. (2005). Gait training strategy by CPG in PNF with brain
injury patients. 7he Journal of Korean Society of Plysical
Therapy; 13-24.

Birrel, S. A., Hooper, R. G, & Haslam, R. A. (2007). The effect of
military load carriage on ground reaction force. Garit &
Posture, 26, 611-614.

Carlson, R. E, Fleming, L. L, & Hutton, W .C. (2000). The
biomechanical relationship between the tendoachilles, plantar
fascia and metatarsophalangeal joint dorsi flexion angle. Foot
& Ankle International, 21(1), 18-25.

Cavanagh, P. R, & Lafortune, M. A. (1980). Ground reaction force in



Biomechanical Analysis for Development of Windlass Mechanism Trail-walking Shoe 497

distance running. Journal of Biomechanics, 13, 397-406.

Chiu, M., & Mao-Jiun, Wang, J. (2007). Professional footwear evaluation
for clinical nurses. Applied Ergonomics, 38 (2), 133-141.

Cho, J. H, Kim, K H, & Koh, Y. C. (2012). Analysis of the

shock absorption strategy between
drop-landing and countermovement-jump. Korean Journal of
Bionechanics, 22(4), 379-386.

Clement, D. B., Taunton, J. E.,, Smart, G. W., & McNicol, K. L. (1981).
A survey of runner’s overuse injuries. Physician and Sports
medicine, 9, 47-58.

Donovan, J. L., Mary, K. H,, Paul, K. C, Kirk, E. S., & Michael, . M.
(2007) Effect of footwear and orthotic devices on stress
reduction and soft tissue strain of the neuropathic foot.
(linical Bomechanics, 22, 352-359.

Formento, F. C.,, Acevedo, R., Ghoussayni, S., & Ewins, D. (2014). Gait
event detection during stair walking using a rate gyroscope.
Sensors, 14, 5470-5485.

Fuller, E. A. (2000). The windlass mechanism of the foot. A mechanical
model to explain pathology. Journal of the American Podiatric
Medical Association, 90(1), 35-46.

Han, J. T,, Koo, H M, Jung, J. M, Kim, E. J., & Lee, J. H. (2011).
Efferences in plantar foot pressure and COP between flat and
normal feet during walking. Journal of Physical Therapy
Science, 23(4), 683-685.

Han, W. S. (2011). Effect of Static and Dynamic Loading on the Foot
Arch Movenent in Excessive Pronators. Unpublished Master’s
Thesis, Graduate School of Hanseo University.

Han, S. M. (2014). The Effect of Arch-fornmtion Exercise on the Lower
Leg Alignment & Physical Factors of Basketball Players with
Flexible Flat Foot Unpublished Doctor’s Thesis, Graduate
School of Sejong University.

Havenith, G., & Heus, R (2004). A test battery related to ergonomics of
protective clothing. Applied Ergonomics, 35(1), 3-20.

Jang, J. S. (2010). A Bionechanical Analysis of Lower Extremity on the
Flatfoot with External ~Conditions. Unpublished Doctor’s
Thesis, Graduate School of Daegu University.

Jeon, Y. G. (2014). Bonrchanical Amlsis of Bilance and Gait Posture by
Obestty Level in Adolescents. Unpublished Master’s Thesis, Graduate
School of Seoul National University of Science and Technology.

Jordan, C., & Bartlett, R. (1995). Pressure distribution and perceived
comfort in casual footwear. Gait & Posture, 3, 215-220.

Jung, H S. (2009). A Study of Muscle Activities and Gait Analysis
Between Young Adults and Elderly People According to Gait
Speed in Level Walking Unpublished Doctor’s Thesis,
Graduate School of Daegu University.

Jung, J. M, Lee, S. Y., Hwangbo, G, Han, J. T, Kim, C. Y., & Lee.
E. H (2011). Plantar foot pressure distribution of middle-aged
obese women while walking over obstacles of different

differences of the

heights. Journal of Plysical Therapy Science, 23(5), 725-728.

Kim, S. J, & Kim, R. B. (2005). Effects of foot orthotics on the foot
arch strain related to plantar fasciitis during treadmill level and
uphill walking and running. Korean Journal of Sport
Bionechanics, 15(1), 155-176.

Kim, E 1. (2012). A Bionrchanical Gait Analysis of Patients with
Parkinson’s Disease by Visual and Auditory Clies. Unpublished
Doctor’s Thesis, Graduate School of Daegu University.

Kogler, G. F, Solomonidis, S. E,, & Paul, J. P. (1995). Invitro method
for quantifying the effectiveness of the longitudinal arch
support mechanism of a foot orthosis. (Tinical Biomechanics,
10(5), 245-252.

Kwak, C. S.,, Jeon, M. J, & Jeong, K. S. (2010). The biomechanical
analysis of optimal thickness of an additional weight shoe
sole. Korean Journal of Sport Science, 21(4), 1526-1534.

Lee, W. C. (2001). Effect Amlysis of Rear-foot Moverrent and Inpact Forces
by Diferet Design of Ruming Shoes Hardness. Unpublished
Mester’s Thesis, Graduate School of Dong-A University.

Lee, S. B, & Lee, J. S. (2007). Analyses of GRF & insole foot-pressure
distribution: gait patterns and types of trekking boots. Korean
Journal of Sport Biomechanics, 17(4), 190-200.

Lee, S. Y., & Bae, S. S. (2009). The studies on the foot stability and
kinesiology by direction of carry a load during gait. 7he
Korean Society of Plysical Therapy, 21(2), 97-101.

Lee, Y. K, & Kim, Y. H (2010). Influence of the midsole hardness on
shock absorption along the human body during running.
Journal of Bionedical Engineering Research, 31(1), 33-39.

Leiberman, D. E, Venkadesan, M, Werbel, W. A, Daoud, A I,
D’Andrea, S., Davis, I. S., & Pitsiladis, Y. (2010). Foot strike
patterns and collision forces in habitually barefoot versus shod
runners. Mature, 463(7280), 531-535.

Maeda, Y., Tanaka, T., Miyasaka, T., Takayanagi, K, & Tsuruga, T.
(2012). Effect of load change on foot arch in different
positions —assessment of foot arch using a motion analysis
system and a caliper —goniometer system, Journal of Physical
Therapy Science, 24(5), 435-441.

Magee, D. . (2008). Orthopedic Physical Assessment. Philadelphia, W.B.
Saunders.

Min-Chi, C,, & Mao-Jiun, J. W. (2007). Professional footwear evaluation
for clinical nurses. Applied Ergonomics, 38, 133-141.
Nakamura, H., & Kakurai, S. (2003). Relationship between the medial
longitudinal arch movement and the pattern of rearfoot motion
during the stance phase of walking. Jowrnal of Physical

Therapy Science, 15(1), 13-18.

Nam, I, Shin, Jin, Lee, Y., Lee, M. Y, & Chung, Y. (2015). The
effect of foot position on erector spinac and gluteus maximus
muscle activation during sit-to-stand performed by chronic
stroke patients. Journal of Plysical Therapy Science, 27(3),



498 Jong-Jin Park - Seung-Bum Park

571-573.

Neumann, D. A. (2002). Kinesiology of the Musculoskeletal System :
Foundations for Physical Rehabilitation. Philadelpia, Mosby.

Nigg, B. M. (1985). Biomechanics, load analysis and sports injuries in
the lower extremities. Sports Medicine, 2, 367-379.

Nigg, B. M. (1986). Bionechanics of Running Shoes. Champaijgn, 1L
Human Kinetics.

Owings; T. M,, Woemer, J. L., Frampton, J. D., Cavanagh, P. R, &
Botek, G. (2008). Custom therapeutic insoles based on both
foot shape and plantar pressure measurement provide enhanced
pressure relife. Diabetes Care, 31(5), 839-844.

Park, S. B, Lee, K. D, Kim, D. W,, Yoo, J. H, & Kim, K. H. (2011).
Comparative analysis of foot pressure distribution by functional
insole to be transformed and restored during walking. Korean
Journal of Sport Biomechanics, 21(2). 231-241.

Paton, J. S., Stenhouse, E. A., Bruce, G., Zahra, D., & Jones, R. B.
(2012). A comparison of customised and prefabricated insoles
to reduce risk factors for neuropathic diabetic foot ulceration:
a participant-blinded randomised controlled trial. Jowrnal of
Foot and Ankle Research, 5(1), 1-11.

Perry, 1. (1992). Gait Analysis: Normmal and Pathological Function. New
Jersey, Slack Inc.

Perry, J. & Bumfield, J. M. (2010). Gait Analysis : Nornal and
Pathological Function, Second Edition. New Jersey, SLACK.

Seon, C. H, Son, K, & Moon, B. Y. (2006). Experimental study of
evaluating shoe cushioning system using shock absorption
pocket. Transactions of the Korean Society of Mechanical
Engineers. 30(3), 241-248.

Som, J. M. (2012). A Study on the Trail Design Method for Green Way:
Unpublished Master’s Thesis, Graduate School of Youngsan
University.

Song, J. H. (2008). The Kinematic comparative study about effects of
foot orthotics. Korean Journal of Sport Science, 19(3), 11-21.

Son, H. H. (2011). A Biomechanical Analysis of the Patients with Knee
Osteoarthritis with Diflerent Gait Conditions. Doctor’s Thesis,
Graduate School of Daegu University.

Tantisuwat, A., Vachalathiti, R, Hiengkaew, V., & Assantachai, P.
(2011). Stepping responses during forward and backward fall
recovery between Thai elderly fallers and non-fallers. Journal
of Physical Therapy Stience, 23(3), 373-379.

Terada, S, & Gotou, K. (2010). Investigation of a clinically useful
technique for the evaluation of the foot shape -sensitivity of
the FOE method and the validity of the screening tests.
Journal of Physical Therapy Science, 22(2), 129-133.

Wearing, S. C., Smeathers, J. E., Urry, S. R, Hemnig, E, Hills, A. P.
(2006). The pathomechanics of plantar fasciitis. Sports
Medicine, 36(7), 585-611.

Yeow, C. H, Lee, P. V., & Goh, J. C. (2011). An investigation of

lower extremity energy dissipation strategies during single-leg
landing based on sagittal and frontal plane biomechanics.
Hurmn Movenent Science, 30(3), 624-635.

Yoo, C. I, Jeon, K. H, Won, Y., & Kim, J. J. (2015). Biomechanical
valuation of trekking shoes using 3D bootie method as mimics
barefoot form. Journal of the Korea Academva-Industrial
cogperation Society; 16(7), 4689-4696.

Yoo, J. H (2010). Disconfort and the Fatige of Feet fiom
Shoe-Wearing. Unpublished Master’s Thesis, Graduate School
of Seokyeong University.



