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I 2HH ZX(Hip Fracture) Al E|

65X O| At L Q1 Ol51: 2030 0f| = 2.4Hf, 20503 S x|l 3.8Hf =7} 0| =
oA S A 3HXF 5= 1 (Compston, 2008; Empana et al., 2004; M 1|3 9|, 2007; E4/X, 2009)
S X

=30 [Z At2| A H|[E 1 (Burge etal., 2007; HZ& 2|, 2007)
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| ‘?’l%% 50% Olél' 7|:||'f1\_(Kannus et al., 2000)

$10,000 (singh, 2004)

Hip protector

R

soft shell type &
hard shell type

ANTERIOR VIEW ANTEROLATERAL VIEW
i
Fip protector : ‘\
- . - ) = -...-v -
: A
)




7| & A3 Limitation: Hip Protector s ©™W7} E&3}

O Hip protectore| 545+ E7t& ?let 2=t 29 A4 75
< W7}t system{t2| X}O|(Mills NJ, 1996; Robinovitch et al., 1995) \

OlA| soft tissue & (stiffness) % 2|(Laing and Robinovitch, 2008)

Ol & soft tissue S 7H|(van Schoor et al., 2006) } M= 7} ZADp AFO| EHAY

CIA| & A Mills NJ, 1996; Laing and Robinovitch, 2008)

(| L |

=2 = I (impact velocity) X}O](Laing and Robinovitch, 2008) J
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A Hip Protector =4 4= ™7} protocol =&l
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Literature Review: HitH

d =

ot

= Al site: www.hub.sciverse.com

Q #M =7
v’ Title, abstract, keyword search

v' Conference proceeding K| 2|

0 Keywords

v Hip fracture 2t&: hip fracture, fall

v Hip protector £&: hip protector, pads

v' Mechanics 2t &H: biomechanics, mechanics, shock, impact,

Ho
rot
oY
x|
my |
=
=

attenuate, FEM, FEA, finite element
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Literature Review: M & X}

Title((“hip fractur* or "fall*" or protec ")
and (“hip protect* OR "pads") and (" 1 e
or "mechanic*" or "shock" or "impact”
"FEM" or "FEA" or "finite element"))

S1. Keywords Z=¢t= £t journal paper Z4 Al

S2. Title screeningS E3+ 1k} M & o — 73 7

' [ ]
S3. Abstract screening= =t 2K MY — = = 214
_._ T 13, &: 124, 5k 0
S4. 212l full paper0f| CHSE 231 = H 7} RS R ¥
S5. BtA T O 2} =S review CHA =2 MY 4137, 574 20 A

oy TUITLR 3
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Hip Protector 5/d4&¥ £7%

Q Soft type hip protectors 4 5 80| &

2
Q Shelll} foam= Zd%ist A2 =4 =4 M= =0 & (Daners et al., 2008)
o




Hip Protector 24 &=

O Hip protector L £ 2| Pad S50 [}2f (1) Soft shell, (2) Hard shell, (3) Shell

& Foam, (4) Matrix liquid & Silicon 452 & 28 7t&
%|Z @7t Pad MY

g Eoldnn| (5 B o %8 Moy |
%7—1 g—f— ’U‘ Alimed Hipisf-ﬁeld Pelican Super Soft LYDS FallGard ) . . %7—1 g—f— ﬂ ﬂ
\\
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Caresse HIPS Impactwear HP Hornsby healthy hip

T
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Fracture Threshold & Fall Direction

A =3 XA} A1} hip fracture threshold7} Z[2~ 2 kN, Z|CH 10 kNO|H threshold
7t 3.1 kNQI Z210| 7+%F B S, Elderly person =& threshold =X|7} ¥ &
Q A EIsEol AL Choi et al. (2010), Sze et al. (2008)= A| 2|5t £ lateral
WO = A D> XSHLE lateral | Hao= A 24
XX (FE) Participants Threshold LEARELSE

Choi et al.(2010)

v" 14 young females (18~35 age)
v’ 2BMI groups, & S 47 At
M2

lateral
ZHO| A 20 2H(anterolateral)
Z=MHO| M 20 & T (posterolateral)

Sze et al. (2008)

68 females (mean: 75.4, SD: 6.2)

Low impact: height 0.15 m(7kN)
High impact: height 0.25 m(10kN)

waist & hip circumference

Elderly person: 3.77kN (female: 2.966kN; male:

Robinovitch et al. (2009) - 4.22kN) Lateral
Young person: 7.55kN

Derler et al. (2005) 10 human subject 2.5kN Lateral

Holzer et al. (2009) - 3.6kN Lateral

Laing et al. (2008) 10 old female Stifness 90~100N Lateral

Kannus et al. (1999) 3.1kN Lateral

Lie et al. (2013) 3.472kN Lateral

Nabhani and Bamford et al

. 2.5kN

(2002)

van Schoor et al. (2006) 3.1kN Lateral

Nankaku et al. (2005) 2kN~4kN lateral

anus ot . (2000 e oot

Bulat et al. (2008) lateral

11 3.1kN
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0 D8H ZE — Hip protector?] TEY B 0 0f% THoto| B8 7Hs
v o12:60 ~ 80 Lo A2 10 ~ 40 O EC} °F 50% S (old: 3, 770 N, young: 7,550 N)
v d4: odo B2 HEELE 9F 30% WS (Female: 2,966, male: 4,220 N)

= O 1HZ9o| na2tE Z - E hip protector B7} 7| &0 2 28 s

Table. Comparison of strength of the cadaveric proximal femur among studies

Subject age (Mean = SD, years) Femur strength (Mean = SD, N)

Author Female Male Mixed Female Male Mixed
Lotz and Hayes, 1990 69+£9 2,110 = 1,060
Courtney et al. 1994 74 + 7 4,100 £ 1,600
Bouxsein et al. 1995 76 3,680 = 1,540
Pinilla et al. 1996 79 £ 11 4,050 = 900
Cheng et al. 1998 71 £ 15 67 £ 15 69 + 15 3,140 £ 1,240 4,630 £ 1,550 3,980 £ 1,600
Bouxsein et al. 1999 82 £ 13 78 £ 10 81 £ 12 1,997 + 1,127 3,593 + 1,614 2,636 + 1,534
Keyak et al. 2000 70 2,400
Lochmuller et al. 2002 8219 76 £ 11 3,070 = 1,060 4,230 + 1,530
Eckstein et al. 2004 79 £ 11 3,925 + 1,650
Heini et al. 2004 76 £ 7 2,499 £ 695
Manske et al. 2006 69 £ 16 4,354 + 1,886
Pulkkinen et al. 2006 82 79 81 2,821 4,209 3,472
Bouxsein et al. 2007 81 + 11 3,353
Pulkkinen et al. 2008 82+ 11 78 £ 11 3053 £976 5506 £1374
Average 30 76 76 2,827 4,375 3,392
fagen, FEZIHEE R ] ;
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Hip Protector =24 45 W7} B

T} Cid ot

2l
Cylind, :11%1: r'(r\;ucvglmum
b - geleas) NS S8 hip - SiESIE E42 N2 AW
cH model0]| 22 35}= force =X A 3810 worse case fall X &
= M SS(eg., 2AHIT,
o T1gstm™y i - . . . . .
= x| SIMIZ)OENS; et B7HCholet = LYot =7 (mass, impact velocity, soft tissue stiffness, impact
= o g

= AFRX} O|AS 2FISH 4 9 force)0f| A simulation 7} (Laing et al., 2008)
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Effective mass = 191.3 N

Impact Velocity = ? m/s

I\- N 2CM

: *K \ X 874951 1000 Hz 0|4
< Impact A|Zt: ~0.02 sec
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=24 ds 87 AlE K& (112)

Q 2 A0 ¢E N E N OI[EZ5C = O|F 0 T Al H X Z
v I A (1) 3D reconstruction vs. (2) 42 X|& S0l (van Schoor et al., 2006)
v Durable material (e.g., aluminum, steel) A2 « 9| O| |2t deformation2 2] x

v’ Supporting femur: proximal point0Of| A|2F X| X| OR distal & proximal pointQj| A{ X|X|
= =2 ME 0| M femur?| distal point0f| .= peak force7} Bt0| M| X| K| %42

v  FemurQ| Zt&: ek 12° = L{ 2|, X|H1} F 10° (Pinilla et al., 1996; Robinovitch et al., 1995)

Hip protector

u| 8. — Foam-rubber soft tissue
/ -
Femur: $174 I 210" 5
Pelvis: $224 v —
Szcoy

X @7d5: 1000 Hz O| A&
< Impact A| 7t ~0.02 sec
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=24 ds "1 Al K2 22

O Femoral neck0f| 28 5|= stressQ| BtakA 71240 L2 2 EAl MEH TSt
1. Major stressBt 1121 — Uni-axial load sensor

2. Major & minor stress 2 5% 112 — Tri-axial load sensor

Axis def.

Medial-lateral (ML) <7l
r (AP)

Anterior-posterio

Superior-inferior (SI)
Articular

cartilage =
7z Y
3 - A
ML & \ o
ki

Femoral
/ neck

1
1
1

1
1

AP axes SI" axes
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=4 ‘85 871871 8H HWE

A/D converter
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d =& Hip protector pad 2= 2 54 54+ Mz Ot
"I A 75 - X8, Shore A A &= (10, 20

ot

D O

v Impact simulator2| pendulum Zt &= 35° Of| A HSH32| HHE)

v' Measure: (1) femoral impact force, (2) % force attenuation, (3) fracture risk

Pendulum-based impact simulator 4 & 9& hip protector 75

ey ERTISD _? Ergenomic Dasign
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=24 M= m™7J}: Measures

1. Femoral impact force: femoral neck0f 2fA3SH= Z|CH 2 (fracture threshold O| X0 =&

Subject age (Mean + SD, years)

Femur strength (Mean £ SD, N)

Author Female Male Mixed Female Male Mixed
Lotz and Hayes, 1990 69 +9 2,110 = 1,060
Courtney et al. 1994 74 £ 7 4,100 = 1,600
Bouxsein et al. 1995 76 3,680 + 1,540
Pinilla et al. 1996 79 £ 11 4,050 = 900
Cheng et al. 1998 71 £ 15 67 + 15 69 + 15 3,140 £ 1,240 4,630 + 1,550 3,980 + 1,600
Bouxsein et al. 1999 82 £ 13 78 £ 10 81 £ 12 1,997 £ 1,127 3,593 £ 1,614 2,636 = 1,534
Keyak et al. 2000 70 2,400
Lochmuller et al. 2002 82+9 76 £ 11 3,070 £ 1,060 4,230 £+ 1,530
Eckstein et al. 2004 79 £ 11 3,925 + 1,650
Heini et al. 2004 76 £ 7 2,499 = 695
Manske et al. 2006 69 £ 16 4354 + 1,886
Pulkkinen et al. 2006 82 79 81 2,821 4,209 3,472
Bouxsein et al. 2007 81 11 3,353
Pulkkinen et al. 2008 82+ 11 78 £ 11 3053 976 5506 1374
Average 80 76 76 2,827 N 4,375 3,392

- — . — F - F
2. % Force attenuation: pad0j| 2|3} femoral impact force S4=2 :>( ””p‘;dded p“dded) x 100
unpadded

Fem oral in pact force

3. Fracture risk (®): femoral impact force CHH| fracture threshold H| =
Fracture threshotl

Where, ® >1 Fracture O

TP R
<1 Fracture x

HHFY ST 19




Total impact force

F

Force plate

ESVSPAS
= O HA

.

Pendulum Zt =

Pendulum

Fracture risk (@)
© = Fenoral inpat fore
"~ Froawe  turesholl

Where, ® >1 Fracture O
<1 Fracture x

Fay TUEHdsR

Algize Zetn

e
[=)

i

Total Impact Foree [N]

Fracture Risk

Pendulum Angle [deg)
>

4000

Impact Forca

Peak

xR
ﬁk T=

2000

Total Impact Force

- Ttz Impact Foree

{Femaral Impact F

Masx-=793617121

orce Max. = 33378919

Femaoral Impact Force

Time (msec)

ndulum Angle & Angular Velocity

Pendulum Angle
Angular Velocity 1

i

Impact @ angle = 0°

40

60 80 100

Time (msec)

ﬁ Fracture Risk = 1

1326

. :
[——  Fracture Threshald [N] = 3000 |

Frecture threshold

20

40

60 80

100
Time (msec)

120 140 160 180

Femoral Impact Farce [N]

Angular Velocity [deg/msec]

20

Femoral impact force

Pendulum

v = 2m/s weak fall
v = 3m/s moderate fall
v = 4 m/s severe fall
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=4 M&s "7} ZA1}: Femoral Impact Force

a W/O pad: femoral impact force (3921.5 N)= total force (5834 N)2| 2F 67%
Q oM D&EH=9| fracture threshold 2L} &2 4 2: 50A < 40A < 60A
O Femoral impact force= 50A 42| padj|A| 2272.4 NS &2 7% %2 femoral

impact forceE £ ¢

5500.0
Total force

Femoral Impact Force 4500.0

Force (N) 3500.0

Fracture threshold (2827 N)==============- il it it e
2500.0 T 26834~ 2693.4
2272.4
1500.0 >
wio  10A  20A 30A 40A 50A B0A  70A

i Ergonomic Dasign
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=24 M= "7t 41}: % Force Attenuation

4500.0
I Femoral Impact Force

Unpadded (3879 N)-

3500.0

Force (N)

2500.0

1500.0

A e L]

) el St

9| paddj| 1 42.1%, 40A A= 9| padOf Al 31.6% & = 50A
=

I sD
£ 50.0
Jo L 45.0
P - 40.0
31'6/ \31'3 L 35.0

26.7 / - 30.0
/

L 25.0 _
| o0 Force attenuation (%) -e-
i F, — F,

150 _ ( unpadded padded) % 100
- 10.0 Funpadded
L 5.0
L 0.0

w/o 10A 20A 30A 40A 50A 60A

®© 0O © O

Ergonomic Dasign
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=4 ds d7| 41}: Fracture Risk

A Fracture risk= 50A 4 £ 9| padOf Al 0.8, 40A 4 = 2| padQ|A{ 0.9 = 50A

HAEQ| padO| M 71EF & fracture riskE E &

I sD

4500.0 - 1.8
L 1.6

3500.0 w | o
Force (N) \ 10 Lo 7 " Fracture risk -e-
Fracture threshold (2827 N) r48-=-F8 == 8-~ —@r=— - — == —=——=— ~-—===+-1.0 _
2500.0 Se” | os =Femoml mpat fore
: Fraamre  tresholl
I - 0.6
1500.0 L 0.4

w/o 10A 20A 30A 40A 50A 60A 70A

®© 0O © O

I Femoral Impact Force

Fip FYZTAED 2 Ergonomic Design
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=4 ‘45 ‘87 E1}: Screening ‘7t 7|8 ¥ F&

Q 4 =2 femoral impact force (N)O| Cjst A2t 2 M5 2|9 quadratic equation=
|'_9_ Ol.O:I = A‘i Ol‘

™ 1O
0 Regression model 4=Z! = femoral impact force = 0.7285 x* — 66.9 x + 4211,
=78.5%

= X| A femoral impact force (N)& 7}X|= optimal == 45.9 AZ LIE}tL

I I ‘ [
dﬁDUT -
|
4400+ il
\.
I I ap00- O\ ] I
\
\\
4000 W N\ B
| a
I A 3800 N § ] I
N \
I ]}) I Femoral impact force (N) 3600 \x‘ " i
} |
\
3400 L% ©
! I I 32001 . i I
/
~Optimal 4 & 45.9A
000 '— 2 J
| —
2800 \}\_ P 4
0.7285 x*-66.9 x+4211 ., Bihin -
H"_I T 1
I 2600 4 I
| | | | '
D 10 20 30 ol 2 60 70
Sh hard A
4 L e e e e e T e o =

Regression model =&/

2 Ergonomic Dasign
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Discussion (1/2)

Q = A= hip protector pad®| 580 HE 45+ &5 B7H0f Oist A=
&/ et protocol= =&t 1 21tE Ltere
Q StAE 1: 7| & Tt 22 A" 40| U2t S8 o H4 0= 125U S
v S Al Qo] SHELD = SOl AR 7F 7HE B /&g (Choietal. (2010))
v 2 d3E 7|He 2 7 & hip protector pad?| 04 1HF 101F| Cio 28 HO[d
™7t 2t HEH40%), 29H(34%), =8H26%)2| =0 2 A BIZ 71 2 (Jeon et al. (2014))

Randoiis wear nfervew

Faprlmim the hﬂ]w:l faeepuunee & Lise choamiza st

it

Mreloresie evn i

o
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Discussion (2/2)

Q oHAE 2. 7|2 54 35 87t Al pad2 A 0f| &
&

(®)
— [ |
v' hip protector pad®| (1) gof 24 XA 8 (2) B 8 54 S+ d5 W= ¢l tiA|

ot me

v Bt o Al: M|, HHB|, Z=7} CrE 645 pad
> I 4Z(5, 15, 25, 35 mm) _||:_7}.|| 4= x qu 4= x @E 4=
> LqH|:4Z(12, 14, 16, 18 cm) :>-’c-'§-64-§-

> AE:4%(30, 50, 70, 90 shore durometer)

@iThickneSS Example of hip protector to be evaluated

Width Thickness 4ac

—— o o e e e e e e e e e e e )

7B zpznase -y Ergenomic Design
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xS Q7 52 M5 2|M B

Q Pad /4 x| A3} WIS 2|5l optimal shore A range M7 = optimal shore A
7|& (30~60 A: 45.9 A £ 15)
Q 30~607/tX| 5 shore A 7t 9| Ax X}O| & 5&9| pad™ 7}

I s

50.0

421 45.0

== Femoral Impact Force 45000 ] 40.0
Unpadded (3879 N)-+=&r-- 35.0 \
3500.0 300 \
25.0 E X % N

Force (N) 200 OrCe attenuation (%) -o-

2500.0 15.0

10.0

50

1500.0 00

Optimal shore A range (30~ 60)

_..-;,J-._:i.'.l?l FHZin l Ergonomic Dasign
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=1L

100

—t

<0
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u|
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LHO
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=Ml
R

ot

7 740l M hip protector pad 0f| L}
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£% 917 7 AXtY H 3} Tpot - FEM B}

O A EH=3}ot impactor@} hip protector pad= AFE25I0] =4 test =
Sl| A1 module: ANSYS workbench v13.0 Explicit dynamics

Impactor: steel (Nodes: 2,277, Elements: 1,856)

Hip protector pad: Polyurethane (Nodes: 4,851, Elements: 4,000)

SiA A[ZF: 0.03 sec?to| H& &4

S|Al A8 AlZt: 9.5 min

vV V V V V 0Z

Impact test & stress and deformation analysis
based on FEM

HIt xA

Impactor mass: 30 kg

‘ = : ==
=

Impact velocity = 3.0 m/s Maximum deformation: 2.6 cm

Maximum stress: 1.6e05 Pa 29
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Femaoral
head Diseased

ANTERIOR VIEW
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4 Max stress

Hip protector

o Min stress

.
- -
:;; o (£
J TR Famur
leross section)
A

Hansoo Lee, MS. Candidate
Ergonomic Design Technology(EDT) Laboratory
Department of Industrial & Management Engineering(IME)
Pohang University of Science and Technology(POSTECH)
Pohang, Kyungbuk 790-784, South Korea

EDT webpage: http://www.postech.ac.kr/ie/edt/

ANTEROLATERAL VIEW

Hip protestor

- ‘ Office. +82-54-279-8246 / Cell. +82-10-5020-8434

i Matrix

liquid &
ShellZt foam pad® ZEet HE

Shell &

Foam Silicon

Waist
Support , 7

Pasition

Adjustable T
Fid.f- 8
&=

SALi

Compfessuble elastomeric
capsule 2t incompressible

matrix liquid®| £&2

&3

Low-density silicon

Adjustable
Band

One big

)

PRESSURE
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Fimpac(

AP axes Sl axes




