Martial arts techniques
to reduce fall severity

Brenda Groen



The work presented in this thesis is part of the research programme of the Institue for
Fundamental and Clinical Human Movement Sciences (IFKB) and was carried out at the
Sint Maartenskliniek Nijmegen, The Netherlands. Financial support was provided by the

Sint Maartenskliniek Nijmegen and POM Nijmegen BV.

The publication of this thesis was financially supported by the Radboud University
Nijmegen Medical Centre (Department of Rehabilitation), Institute for Fundamental and
Clinical Human Movement Sciences (IFKB), POM Nijmegen BV, Anna Fonds and Stichting
OrthoResearch.

Design and lay-out: In Zicht Grafisch Ontwerp, www.promotie-inzicht.nl
Printed: Quickprint

ISBN 978-90-9025651-1

© B.E. Groen 2010

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system of any nature,
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise
without the prior written permission of the holder of the copyright.


http://www.promotie-inzicht.nl

Martial arts techniques
to reduce fall severity

Een wetenschappelijke proeve op het gebied van
de Medische Wetenschappen

Proefschrift

ter verkrijging van de graad van doctor
aan de Radboud Universiteit Nijmegen
op gezag van de rector magnificus prof. mr. S.C.J.J. Kortmann,
volgens het besluit van het college van decanen
in het openbaar te verdedigen op maandag 25 oktober 2010

om 15:30 uur precies
door

Brenda Edith Groen
geboren op 26 november 1974
te De Lier



Promotor
Prof. dr. J.E.J. Duysens

Copromotor
Mw. dr. V.G.M. Weerdesteyn

Manuscriptcommissie
Prof. dr. B.R. Bloem
Prof. dr. J.H. van Dieén (VU Amsterdam)
Prof. dr. ir. N.J.J. Verdonschot






Contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

General introduction

Martial arts fall techniques decrease the impact forces
at the hip during sideways falling

The relation between hip impact velocity and hip impact
force differs between sideways fall techniques

Martial arts fall technigues reduce hip impact forces in naive
subjects after a brief period of training

The effects of time pressure and experience on the
performance of fall techniques during a fall

Martial arts fall training to prevent hip fractures in the elderly

Could martial arts fall training be safe for persons with
osteoporosis?: A feasibility study

General Discussion

References

Summary
Samenvatting
Dankwoord
Publications

Curriculum Vitae

21

33

49

67

89

105

119

137

149

157

167

171

175









) () I- & :99:#'
0 ! ( & =66CH#
1
% - ‘& 99:#& ) (
0 ' ) 0
) F '
)0 ro# F
H 0
)
0 )
& 0
& 0 F
F ) ( ‘
) #!
o( 69J ! ( & =66CH
)
H 1$ &
=66BK @ '& :99=H'
? & ( &
) ) ( =<1=<< =66=
C<; () 99! & =66K (
1$ #7? $ O
! & =66:K ( '& =667K " '& :99:#'
% ) 1791893# ! ‘& =66:K
( '& =667K '& :998K '& :996#'
H ) ! & =66:K  ( '& =667K
'& :996K " '& :99:#' 1
9) =J 85 =8) =B=J
" '& 199:#'
) & ( 6<J I- &
99#& ==1B) H ! ‘& 998#&  ::1BBJ )

‘& =667#



Chapter 1

injury (Roche et al.,, 2005; Haleem et al., 2008). Parallel to the fracture rate, the
mortality rate after hip fracture increases with age (Brauer et al., 2009). After
adjusting for age and previous hospitalization, the mortality risk increases
threefold during the first six month after a hip fracture and remains substantially
increased for at least six years post fracture (Farahmand et al., 2005).

In addition, hip fractures are associated with high morbidity rates. The most
common post-operative complications are chest infection (9%) and heart failure
(5%)(Roche et al.,, 2005). Many survivors experience functional loss after hip
fracture: they are unable to walk independently, have difficulties with at least one
essential activity of daily living and/or are restricted in other activities, such as
driving and grocery shopping. Hip fractures are therefore a common cause of
loss for independence or institutionalization (Cooper, 1997).

Consequently, the related financial burden is high. In the Netherlands, for
example, the mean direct medical costs are 14,000 Euros for each older individual
with a hip fracture (Consument en Veiligheid, 2005). Furthermore, the total
healthcare costs for patients with hip fractures were 391.6 million Euros in 2005,
or 0.6% of the total cost of Dutch healthcare (Poos et al., 2008).

Relevant clinical risk factors for hip fractures are femoral neck bone mineral
density (BMD), age, sex, low body mass index, a prior fragility fracture, a parental
history of hip fracture, long-time use of oral glucocorticoids, rheumatoid arthritis
as well as other causes of secondary osteoporosis, currently smoking, and an
alcohol consumption of three or more units daily (Kanis et al., 2008). These clinical
risk factors have been used in models to predict the ten-year probability of hip
fracture in men and women (Kanis et al,, 2008). A comparative study showed no
better predictions in the ten-year risk of hip fracture in woman using complex
models, which included all the above mentioned clinical risk factors for hip
fractures, than simple models based only on age and BMD or only on age and
fracture history (Ensrud et al., 2009). Therefore, one may conclude that low BMD,
high age, fracture history and being female are the most important clinical risk
factors.

Hip fracture prevention

Individuals with osteoporosis (low BMD, T-score < -2.5) have a high risk for hip
fractures because of their reduced bone strength. Consequently in clinical
practice, hip fracture prevention has traditionally focused ontreating osteoporosis,
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Chapter 1

Hip fractures may also be prevented by the use of hip protectors. Hip
protectors have been designed to shunt the energy of a fall away toward the soft
tissues around the hip and/or to absorb part of the energy of the fall. In vitro
experiments have shown that the best hip protectors can attenuate the impact
forces by as much as 65-85% (Kannus et al.,, 1999; Robinovitch et al., 1995a).
However, clinical trials to evaluate the preventive effects for hip fractures have
shown conflicting results. Recent reviews of randomized clinical trials concluded
that there is accumulating evidence which indicates that hip protectors are
ineffective in preventing hip fractures in older individuals living in the community.
Furthermore, the potential benefits in reducing hip fractures in older individuals
living in institutional care is uncertain and requires further confirmation (Sawka et
al., 2005; Parker et al., 2006). These disappointing results may in part be due to
the poor compliance in wearing hip protectors in everyday life. A systematic
review reported that the primary acceptance of hip protectors ranged from 37% to
72% (median 68%) and that the compliance varied between 20% and 92% (median
56%). The most frequently mentioned determinants for non-compliance were:
lack of comfort (too tight/poor fit); the extra effort (and time) needed to wear the
device; urinary incontinence; and physical difficulties/iliness (van Schoor et al,,
2002). In addition, a hip protector may not be correctly positioned to optimally
attenuate the hip impact force during a fall (Minns et al., 2007). The conflicting
results may also result from differences in the research designs of the clinical
trials used to study hip protectors. Furthermore, the absence of testing standards
has made it difficult for manufactures to optimize hip protectors and for clinical
researchers to select the best hip protectors to use in clinical trials (Robinovitch
et al., 2009). On response, the International Protector Research Group has
published a consensus statement with recommendations for testing the
biomechanical performance of hip protectors (Robinovitch et al., 2009) and for
conducting future clinical trials with hip protectors (Cameron et al., 2010).

Alternatively, older individuals may be taught how to fall safely (DeGoede et
al., 2003). A fall, in particular a sideways fall from a standing height, is dangerous
and can result in a hip fracture even in young adults (Kannus et al., 20086).
Nevertheless, hip fractures rarely occur in young individuals. Hip fractures are even
rare among athletes who regularly fall onto hard surfaces, for example during
martial arts or free running. Based on biomechanical models it has been estimated

that any fall from standing height with a direct, lateral impact on the greater
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Chapter 1

judokas and young subjects (after a brief training) were compared. The times to
initiate and to adequately execute a fall strategy after the onset of a sideways fall
were measured. In this fall experiment either an MA fall technigue or a natural fall
arrest strategy was executed according to an auditory cue given at different
delays after the onset of the fall. Success rates, reaction times and EMG patterns
from trunk, neck and shoulder muscles were measured to determine the effects
of cue delay and fall strategy.

Chapter 6 addresses the question whether older individuals are able to learn
MA fall techniques and, if so, whether a better fall performance after an MA fall
training does result in a reduction of hip impact forces during a volitional sideways
fall. The MA fall performance of older individuals before and after a five-session
MA fall training was compared. In addition to fall performance, data on hip impact
force, hip impact velocity, fall duration, and fear of falling before and after training
were compared.

Chapter 7 reports an experiment to determine whether MA training would be
safe for persons with osteoporosis. Hip impact forces were measured in young
adults while they performed all the exercises included in the fall training. Using
these data it was possible to infer which exercises were safe for persons with
osteoporosis by using two stringent safety criteria based on femoral fracture load
data, available in the literature, and data on the protective effects of a hip
protector.

Finally, in Chapter 8, the main findings and conclusions of this thesis are
summarized and further discussed.

18
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Chapter 2

In addition, the time curves of the different fall techniques were examined to
detect temporal differences and to investigate if changes were attributable to

certain kinematic or kinetic events.

Methods

Six experienced judokas participated (age: 24.2 = 3.8 years, weight: 65.8 = 19.6
kg, experience: 13.0 = 6.8 years) and signed informed consent prior to
participation. The protocol was approved by the Ethical Board of the region
Arnhem-Nijmegen.

Forces were measured with a force plate (Kistler, size 0.6 m x 0.4 m) at 2400
Hz. The 3-D positions of reflective markers were simultaneously registered with a
6-camera motion analysis system (Primas) at 100 Hz. Markers were placed on the
left shoulder, wrist, and greater trochanter (GT), and a marker frame with three
markers was attached to the left femur.

Three different fall techniques were studied: the block with arm (Block) or
control, the MA with arm (MA-a), and the MA no arm (MA-na) technique.
The Block technique is based on a natural equilibrium reaction of elderly in which
they use compensatory trunk movements and react with their arms by stretching
into the direction of the impending fall (Allum et al., 2002). The subjects were
instructed to fall sideways on the hip and to use the outstretched arm to block the
fall (Figure 2.1a). The MA-a technique is derived from judo. The fall is changed
into a rolling movement, which allows for an optimal distribution of impact applied
to any site along the contact path. The arm is used to break the fall (Figure 2.1b).
The MA-na technique is similar to the MA-a technique, but the subjects were
instructed to hold the left arm above the ground.

Data collection started with a reference measurement to define the position
of the GT with respect to the marker frame and to determine the reference GT to
shoulder angle (for definition, see below). The position of the GT during the falls
was calculated based on the position and orientation of the marker frame using
the method described by Séderkvist and Wedin (Séderkvist and Wedin, 1993).
Then the GT marker was removed. The testing protocol was similar to that used
by Sabick et al. (1999). The subjects were kneeling on a padded surface next to
the force plate with the left arm in front of them. The falls were voluntarily initiated
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