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ABSTRACT

Objective: The objective of this study is to summarize and collate the techniques for measuring and optimizing the
biomechanical performance of hip protectors for constructing experimental design in systematic reviews. Background: Hip
fracture in older people usually results from a fall on the hip. Hip protectors have been advocated as a means to reduce the
risk of hip fracture. However, there is a lack of standards test method for such laboratory tests, and there are conflicting reports
on the force attenuation provided by specific devices from researchers using fundamentally different test systems Method:
The literature was searched on Science direct databases with keywords (e.g., hip protector, fracture, testing) in the searching
areas of titles, keywords, abstracts and full texts. We selected 24 relevant literatures through 5-step (S1: keyword search, S2:
title screening, S3: abstract screening, S4: full paper screening, S5: relevance evaluation). Results: The performance of hip
protectors can be represented as peak force at the femoral neck and percent reduction in peak force provided by a given hip
protector, when compared with unpadded conditions. To provide reasonable results, the test system should accurately simulate
pelvic anatomy and the impact velocity (3.4 m/s), pelvic stiffness (39-55 kN/m), and impact mass (22-33 kg) during impact.
Conclusion & Application: This study can be used in measuring and optimizing the biomechanical performance of hip
protectors. Also, it can contribute to building a standard test method for hip protector.
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3.1 Hip Protector Design
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Figure 1. Classification of hip protector designs
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Figure 2. (a) Drop tower (Left) (b) Pendulum-based system (Right)
33 94 Al Z#He Fg3h= &

Hip protector®] 13 W& A5 YA A] 2]

o WA= ] 952 (peak compressive force)= 11
2 F-o] I ks AR AN 9
of tigk Fri=FE o 5= dvk whEbA, hip protector®] %

s B7HE fsiAE W Al ol AHgske

s Adal = Zart vk 2 A= AR

1 w=Qlo] adea dAsE Hd IS 54
T& HE3IStHTable 1).

e oo i

by N N 1o Ho

a

tlo oX

]

>

rh

P o 2o
il
ol

% o - ¥

r2 ol



Table 1. 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 T4+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 76t7 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 8l1+11 3,353
Pulkkinen et al. 2008 82+ 11 78+ 11 3053 £976 5506 +1374
Average 80 76 76 2,827 4,375 3,392
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where,
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h: fall height (m),

v: impact velocity (m/s),

F: peak force (N),

k: effective stiffness of the body (N/m),

kp: effective stiffness of the hip protectors (N/m)
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Figure 3. Pelvis release experiment (adapted from Laing et al.,
2006)
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