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Biomechanical analysis and simulation of upper extremity during forward
falls
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Abstract

A forward fall is the most common cause of server
upper extremity injury. Biomechanical investigators
desire to know how to decrease the injury. Two main
biomechanical factors determine the severity of injury:
the impact force and the resistance to injury of the body
tissues loaded by joint forces and moment. The
capability of resistance can not be changed easily at
impact. The impact force, from many studies, showed
significant change with various posture of upper
extremity, but not clear.
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This project is to understanding the effect of the
strategies, elbow extended and flexed, fall height, 4cm
and 8 cm, on impact force and loading of upper
extremity by motion analysis and simulation model. Ten
physicaly heathy male subjects is recruited for this
investigation. None had ever suffered from upper
extremity injuries or disorders. Motion analysis system
(Vicond60 and ATMI) is used to measure relative joint
positions and ground reaction forces. Subjects are
released unexpectedly to perform forward falls from
releasing system with four flexion postures of
elbow—outstretched, self-initialed, flexed 30 degrees
and 60 degrees. The kinematic and kinetic data of the
elbow among postures are analyzed dstatistically. The
human motion simulation software, ADAMS LifeMOD,
is used to build the biomechanical model by the
coordinate of markers for understanding the role of the
skeletal system during complex forward falls. The model
is modified to be prefect by comparing the joint forces
and moment calculated from simulated model with those
from experimental resullts.

The results of this study were as follows. The
impact force, loading rate, peak value of peak joint
forces of elbow and abduction moment significantly
increased as the increase of fall height. The strategy of
elbow flexed could attenuate the peak GRF and delay the
time of peak impact force. The extenson moment of
elbow in elbow flexed significantly increased than that in
elbow extended. The result of ground reaction force on
simulated model was the close to that on experiment, But
the onset and slope of ground reaction force on simulated
model were different than those on experiment.

The conclusion is that lower falling height, using
the strategy of elbow flexed will decrease the impact
force and the risk of injury of upper extremity. The
smulated mode can be fitted efficiently to

experimental data by using the proper
musculoskeletal properties.
Keyword: Forward falls, biomechanics, inverse
dynamic method
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Effects of wrist guard and arrest strategies on impact force
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Abstract

Wrist guards are one of the protective devices widely used for preventing from a distal radius fracture
during in-line skating and snowboard-related activities. However, more than half of the people wearing wrist
guards sustained a fracture of the wrist on forward falls. The purpose of this study was to evaluate the three
factors, materials of wrist guard, fall heights and arrest strategies, on impact force during forward fal by
biomechanical experiments,

Ten physically healthy male subjects volunteered for this investigation. None had ever suffered from upper
extremity injuries or disorders. The Vicon Mation System (Vicon 460, Oxford, UK) with six 120 Hz cameras and
one 1000Hz AMT!I force-plate (type BP600900-6-1000, AMTI) was used to measure relative joint positions and
ground reaction force (GRF) from a self-established releasing system. Joint force, GRF and impact time were
then analyzed for effects of three parameters on impact force during forward falls. The first parameter was
materials of wrist guard including bare hand (BH), common wrist guard (WG), wrist guard with pad on the palm
(WG+) and WG+ removing splint below (WG-). The second parameter was arrest strategies including elbow
extended and flexed. The third parameter was fall height including 4cm and 8 cm above force plate.

The results of this study were as follows. The impact force, loading rate, and all axia joint force of elbow
significantly increased as the increase of fall height. The strategy of elbow flexed could attenuate the GRF peak
force and delay the time of peak impact force. In the effect of materials, the GRF, loading rate and compressive
joint force with WG+ and WG- decreased significantly than those with BH and WG. The conclusion is that lower
falling height, using wrist guard with a compliant pad (WG+ or WG-) and the strategy of elbow flexed will
provide the comfortable impact and decrease the risk of upper extremity.

Keywords: wrist guard, forward falls, ground reaction force, arrest strategy

1. Introduction widely used for preventing from a dista radius

fracture during in-line skating and snowboard-related

Falls on the outstretched hand are the cause of activities [3]. However, more than half of the people

approximately 90% of fractures at the distal radius, wearing wrist guards sustained a fracture of the wrist
humeral neck, and supracondylar region of the elbow on forward falls [4].

[1, 2]. Wrist guards are one of the protective devices Earlier wrist guard related studies failed to



obtain the real fall data[5]. The purpose of this study
aimed to fill the gap by biomechanical experiments
to evaluate the effects of materials of wrist guard, fall
heights and arrest strategies, on impact force during
forward fall.

2. Methods
2.1 Subject and Experimental Protocol

Ten physically healthy male subjects volunteered
for this investigation. They ranged from 23 to 28
years (2612.6, meantSD) of age, from 58 to 81 kg
(72.8£10.2, meantSD) in body weight, and from 161
to 184 cm (172.6%6.1, meantSD) in body height.
None had ever suffered from upper extremity injuries
or disorders. The Vicon Mation System (Vicon 460,
Oxford, UK) with six 120 Hz cameras and one
1080Hz AMTI force-plate (type BP600900-6-1000,
AMTI) was used to measure relative joint positions
and ground reaction force (GRF) from a self-
established releasing system.

A set of nine reflective markers was placed on
selected anatomic landmarks on the subject putting
on awrist guard. During the experiment, the subjects
initially assumed a one-handed push-up, the elbow
full extended, the arm oriented 15° from the vertical,
and the leg at 30° from the horizontal. The fall height
was set by pulling the subject with releasing system
(see Fig. 1). Three parameter was controlled by
randomly select during experiment. The first
parameter was materials of wrist guard including
bare hand (BH), common wrist guard (WG), wrist
guard with pad on the pam (WG+) and WG+
removing splint below (WG-). The second parameter
was arrest strategies including elbow extension and
flexion. The third parameter was fall height including
4cm and 8 cm above force plate. Each subjects
provided informed consent.

2.2 Data Reduction

Laboratory-developed kinematics and kinetics
software were used to calculate the joint resultant
forces of the elbow. Six CCD cameras were used to
record 3-D position of the markers. A force plate was
used to measure vertical and two shear forces as well
as the location of the center of pressure on the palm
and the moment about the axis normal to the force
plate during the fall. Simultaneous measurement of

the upper-extremity kinematics was obtained by
video recording of the markers. The elbow joint
loading is then calculated, using an inverse dynamic
procedure with the Newton-Euler eguations. A
generalized cross-validation spline  smoothing
(GCVSPL) routine at a cutoff frequency of 6 Hz was
used for data smoothing.

GRF, impact time and Joint motion and force were
then analyzed for effects of parameters on impact
force during forward falls.

2.3 Data Analysis

The data, ground reaction force, impact time and
elbow joint force, among materials of wrist guard,
arrest strategies and fall height was analyzed
dtatistically by repeated threeeway ANOVA with
p<0.05 as statistical significance.

Fig 1: Experimental setup on aforward fall with
wrist guard

3. Resaults
3.1 Ground reaction force

For all subjects, hand contact forces during 4 and
8 cm falls were characterized by a high frequency
peak and a lower frequency peak. First peak ground
reaction force on WG+ and WG- group was
significantly different than that on BH group
(p<0.05, see Fig. 1). First peak ground reaction
forces were significantly affected by arrest strategies
and fall height (p<0.05, see Fig. 1). Increasesin fall
height caused statistically significant increasesin first
peak value. The action of elbow flexion used caused



decreases significantly the first peak value of ground
reaction force.
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M elbow extension  #: p<0.05, comparsion with bare hand

BH WG+ WG- WG
8cm fall height

Helbow flexed

Fig 2: Mean and standard deviation of first peak

value of ground reaction force while performing
forward fall

*: p<0.05, comparsion with elbow extension

3.2 First peak time

First peak time was defined by the period of the
onset of impact to the time of first peak force. First
peak time on WG+ and WG- group was significantly
different than that on BH group (p<0.05, see Fig. 3).
First peak times were significantly affected by arrest
strategies on WG+ and WG- group (p<0.05, see Fig.
3).

100

First peak force tiime(ms)
8
I

BH WG+ WG- WG BH WG+ WG- WG
4cm fall height 8cm fall height

Melbow extended  #: p<0.05, comparsion with bare hand
Oelbow flexed *: p<0.05, comparsion with elbow extension

Fig 3: Mean and standard deviation of first peak
force time while performing forward fall

3.3 Eelbow joint force

In the effect of materias, the compressive joint
force with WG+ and WG- decreased significantly
than those with BH and WG (p<0.05, see Fig. 4).
The compressive axial force of elbow in ebow
flexion significantly increased than that in elbow
extension. (p<0.05, see Fig. 4).
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Oelbow flexion *: p<0.05, comparsion with elbow extended

Fig 4: Mean and standard deviation of axial
compressive force of elbow joint while performing
forward fall

Peak axial compressive force of elbow joint (%BW)

4. Discussions and conclusions

With the increase of the clinical importance of
forward falls, several studies conducted have
investigated the relationship between impact force
and fall height during falls. In Chiu’s study, the force
applied to the wrist during a forward fal on the
outstretched hand is dominated by a high-frequency
transient occurring shortly after impact, followed by
a low-frequency oscillation. In Chou’s study, the
action of elbow flexion could decrease the pesak
impact force, maximal axial force of elbow and delay
the time of peak [1]. The present study showed the
same trend. In addition, the impact time increased
significantly on the help of wrist guard with pad
(WG+, WG-).

Compared with the wrist guard related
researches, Giacobetti found that wrist guard did not
provide effective in preventing wrist fracture [5]. In
Staebler’s study found that volar plate design may
affect load transfer to nearby anatomic structures [3].
Hwang noted that common wrist guard design should
provide more compliant padding in the volar side for



improved impact force attenuation through optimal
selection of the material and biomechanical design
for better protective functions [6]. In this study, the
wrist guard did not provide effective decrease on
impact force except adding pad on the volar (WG+
and WG-), especially when the fall high increased.
Even though the WG group was found that a volar
splint in common wrist guards plays arole of limiting
the wrist extension in conjunction with a dorsal splint,
the effective prevention of injuries during falling, in
this study, was not statistic significance. With the
pad inside, the impact force decreased significantly.

We conclude that lower falling height, using
wrist guard with a compliant pad (WG+ or WG-) and
the strategy of elbow flexed will provide the
comfortable impact and decrease the risk of upper
extremity
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