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Performance Evaluation of Hip protector for preventing femoral neck fracture
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Abstract: There exists no agreed-upon standard method to evaluate the performance of hip protectors; researchers or
makers adopt fundamentally different testing systems. We investigated the evaluation method proposed thus far and
summarized the components of each testing system. It is clarified in the past that hip protectors prevent femoral neck
fracture during fall by energy absorption and shunting. But the method evaluating their effects is not established. By
investigating contact time, deformation of protector and load transfer paths, we suggested a testing system that can

evaluate energy absorption and shunting effects separately.

Key Words: Biomechanics, Hip Fracture, Hip Protector, Prevention, Standards

1. #%5

WAEF DN E CIEABICE LN E R, FHICEVKBRE
SO I ORAERNEML TS, KBREEITFCHEEX
NSRBI NREE L 720, El-E 0k dHBALE .
ZOBYOI b EEEFEKETILONNOETHD.
HEEIT TP TEE L Cey T a T 7 4355, KB
WCHEE T 5 2 & T, SRR IS KRR~ D R SE I &
o, KEEEENLERE T O PSS EEZ HN TN,
BE, BRoEEOE v 7 uT 7 ZOBENMTDON,
ZFOMEHEMER LITOLTWEN, by X TFaF 720
B TR R E2 ERBMIRT 2D OREERHET STV
WO R BEE VTR B D) D B AT E O(EEERIC L > T
w7 7aT I X OERENFMSND Z ENEND, KLD
RS AT A ORERER I A T, F OKBRITFLAL S A
FAFEDLDITEET AV, £, BEICENSSTITDA
TRl FEOMAE - ARERMEN 200, by T 7T
7 ZIIMBHT & 2 BRI &SI L D RTESKICL - T
B O KRB SEE ST 2B 1325 2 L B0 TV DA,
M ORERE 2 WU G C & 2 HIBIEHENL STV 7220,
AEL K AT AOWRBEROE & &, WILE 5B O%h
Al CTE DZRRIEICOVTRHRE LR 2 LT 5.

2. AEHR

WRICENTEBS N, By 7T aT s X OMEERT
il B4 B AFZE@ - Dic oW CHA L7-.

BRI AT AT, VAT AEEROMHEREE v T 70
T 7 2 OWREEMEEICIBEEN AL NS, AT 2R
ER1 ok, KESET LV (KIRFET LV, BEET
b, BT T L CHERR) S EAMEE (HEEE VA K
THERR), FHHEEZE (m— FEBARYE) hoRREN5. &
AR TIEDZ L CIHBAZEAE LIWESY KIBTET L
25z, KEEAicmbasmEZHNTS. ey 7
07 7 I K D B E O R =R

Reduction rate = 100*(1_ F padded / Funpadded) e (D)
ERVT, &y T T RT S ¥ OWREETIT 5HES S,
T T, Fpugged XE v T T 0T 7 B E R LIS A Ol %
B, Funpadied FEE v 77 07 7 5 £ W LRV RO

BMETHD. MEIUIMNS, EALERO O O % il
ECHWDIIZE S 8 5.

LHL, YAT AEMRTH2EERL, AT LD
LA THD. 22T, BERIZOVWTDELDE, K
OO DFFEIZ OV T OB 2T 7.

Guide

Load cell at Weight

proximal femur

Femoral model
Soft tissue model

Pelvis model

Fig. 1 Systems for measuring the capacity of hip protectors
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Table 1

Summary of components of the thigh model

Femoral Pelvis model Soft tissue model Ref
model (pelvis stiffness) (thickness over No.
(angle) the trochanter)

Composite bone — High-density sponge 2
a10° +15°) Cushioning sheet
Composite bone | Surrogate pelvis Polyethylene foam 3
Leaf spring (24mm)
42.2[kN/m] Gum rubber
Composite bone | Iliac crest model Blue CONFER 4
(Acetal Copolymer) (25mm)

Rod of -
ABS copolymer

Oil-extended jelly like 5
red polymer (20mm)
Talc-coated rubber

Wooden femur Steel spring Polyethylene foam 6
105° - -) 75[kN/m] (20mm)
Metallic replica Artificial Silicone elastomer 7
10° -12.5°) (Aluminum) (20mm)
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Table 2 Summary of impact loading system

Mass Velocity Force Energy Dropping Ref
[kg] [m/s] N] [J] form No.
10 2.4 - - Drop tower 2
28 1/2 - 14 /56 Pendulum 3

3/4 126 /224
25 0.4 7806 - Drop tower 4
12.3 1.4~3.1 - - Drop tower 5
14 4330 41 6
40.3 1.9 7230 74 Pendulum
2.3 10840 110
5 - 24.5 7
10 3.1 7100 49.1 Drop tower
15 - 74.6
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Fig. 2 Image of impact energy-shunting
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