The Japan Soci ety of Mechanical Engineers

1193

AR 23R (AR
70 % 697 % (2004-9)

b 770725124 % KEBEEEHREGE ST TR O LK FrIRET

W3 No. 03-1316

H s —* A& AR B B EEY
ABFOE B R B OB KB L

Biomechanical Evaluations of Hip Fracture Prevention by Hip Protector
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In order to prevent hip fracture among the elderly, hip protectors are expected to be one of the
most effective methods. In the present paper, we performed dynamic finite element analyses to
elucidate the mechanism of hip fracture prevention by hip protectors and to suggest a design guide.
Firstly, we constructed an elderly Japanese female finite element model. The femur, soft tissue of
thigh and the other body segments were incorporated into the model. Then various types of
protectors were modeled, and the analyses to simulate fall were carried out by using them. The
results of the simulations showed that a hollow structure pad was effective for fracture prevention,
and that the mechanism of fracture prevention is not only the attenuation of impact by hip pad, but
also the reduction of load on the greater trochanter due to load distribution to the surrounding soft

tissue.
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Fig.1 Segmentation of the whole female body model
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(a) Geometry of GEBOD
female head

(b) Geometry of mean
Japanese female head

Fig.2 Scaling of the head segment
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Fig.3 Approximation of the geometry of soft tissue
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U7z, & & I CHGHRREIT 1 I R 2 1 L 7o IR R %
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DERE UCHBEE L 72, BEEIECE 1X, ERICIEEEA,
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BEOL-ORKEEEBEIICECREREBERTZ. 20
CEABEBHOWREES % 5mm, BEFAOEX %
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Table 1 Geometrical parameters of soft tissue
in the thigh -

Geometrical Parameter (mm)
Rmaiar 75
Roinor 60
D, (Distal Cross Section) 15
T 65

Tab]e‘ 2 Material properties of female whole body,
hip pad and ground

EMPa) v mﬁﬁg

Muscle-Fat 15 0.49 10
Skin 10 0.3 -
Ligament 285 0.3 -
Cartilage 50 0.3 -
Acetabulum 8400 0.3" -
Polyester 127 0.3 -
Polypropylene 1470 0.3 -
Ground (Concrete) 24500 0.2 -

HEE-TBY, NERENELZFHIRT 5, BELLE
BH, HEBLUABEEE TV ER 4(b)ITRT,
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SR b H AR A & U, AR SCER (1)
(12) #&FWCYPE LT, B-RIHER, KEER, 95

B niofemoral Ligament
% Pubofemoral Ligament
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™ Femur Ischiofemoral Ligament
(a) Thigh (b) Ligaments of hip joint

(¢) Soft thigh model

Fig.4 Finite element model of Japanese female
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Table 3 Structure and mechanical properties
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LTz, 37 uT 7y EEOB S DFEEBRST
57:%, R: #30mm & L7-pER L UMb ERE o
77 % (Model I, V) 2L L. 20k SESX
Tour DHNEOMEMEME R oL v, B ER
ERYVZZATNEL, ZRFNOMBMEGEE % 1470
BLXUI2TMPa & L7z, R7Y  HIZ0.3EL
7.

R, 70T 78 OMEOEELRRNT 220,
Model I EEIUBIKT, W, 448 & L BEEMEO 70
7 7 % (Model V), WNEHTHE THENREHM D 7
o727 % (Model VI), 8 & UWN, 48 & LEEMED
7u7 7% (Model VID 24458 L 7., L) 77
IYETFND—EREIIIRT.

4. B W O #

ANEE TNV EHE & HAT Tl 7 ay 2 on LER X
, REEEEN 2T 72, AMBREF VLS 3L
DOFEMHE &L 29, #EH T F NI h - T EEE
#4527z, HEX van den Kroonenberg 599 O#EfE

of hip pad KBESFIC2.75m/s & Lz, #HEE T Viz—U
St ; R Inner Wall Outer Wall 300 mm O)Tfﬁﬁid)%jiﬁ‘y?ﬁéﬁ'[ﬁflfi & L, 2% 2 biﬁ?“f
ructure : .
(mm) E (MPa) E (MPa) 3w ar s ) — roMpER 2527, BRE
Model |___ Hollow 20 127 1470 ) , ’ B
Model Il Solid 20 127 1470 Bid2.3g/em® & Lz, REBICEL OB E 7V
Model Il Hollow 30 127 1470
Model IV Solid 30 127 1470
Model V__ Hollow 20 1470 1470 QU 8D g0 EGR% 60 by
Model VI Hollow 20 1470 127 . il
Model VIl Hollow 20 127 127

Thw 62 b G bbb b2
(a) Back view

- - - AR

Surface of (b) Hollow model

: 15 ot
Soft Tissue {
P ool
P ol 1
45 (c) Configuration
of hip pad
(a) Definition of the geometry
of hip pad (c) Solid model
Fig.5 Hip pad model Fig.6 Boundary conditions
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ogy Corp., USA) 7z,
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—a— Soft Thigh Model (Ground)
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Fig.7 Time history of contact force during 0° direction
fall
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Fig.8 Principal stress distribution in 0° direction fall
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it —e— Posterior Basicervical
8 5 —a&— Anterior Basicervical
'S -300 [ —O— Superior Subcapital
£ —[— Inferior Subcapital
o = —O— Posterior Subcapital

400 [ —2— Anterior Subcapital

-500 . L ® .

o] 5 10 15 20
Time (ms)

Fig.9 Time history of principal stress in 0° direction
fall (maximum principal stress for the inferior
basicervical and inferior subcapital region, mini-
mum principal stress for other regions)

Fracture Risk
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—@— Superior Basicervical (Soft Thigh)

—il— Superior Subcapital (Soft Thigh)

—&— Posterior Subcapital (Soft Thll\?h)

—QO— Superior Basicervical (Bone Model)

—{[]— Superior Subcapital (Bone Model
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Fig. 10 Effects of fall angle on fracture risk in femoral
neck
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Fig.11 Minimum principal stress distribution in tro-
chanter (0° direction fall)
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Fig. 12 Effects of the hip pad shape on the time history

of contact force (0° direction fall)
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Fig. 13 Effects of the hip pad shape on the relation
between fall angle and fracture risk in the
superior subcapital region
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Fig. 14 Effects of padding materials on the time history
of contact force (0° direction fall)
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Fig. 15 Effects of padding materials on the ’relation
between fall angle and fracture risk in the
superior subcapital region
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Fig. 16 Fracture risk of various femoral necks with
Mode! 1 pad (0° direction fall)
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