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INTRODUCTION 
Self-selected walking speed is being increasingly used as a 
primary outcome measure in the management of 
neuromuscular disease (Pirpiris et al. 2003). The effects of 
both age and speed must be taken into account when studying 
groups of children (Stansfield et al. 2001). It is necessary to 
describe how gait parameters change in different speeds (van 
der Linden, 2002). The purpose of this study was to describe 
speed and stride length data during walking (slow, normal and 
fast) and running in children from three to six years old.  
 
METHODS 
Twenty healthy children participated voluntarily in this study 
(ten boys and ten girls). Spatio-temporal data was obtained 
using two synchronized video cameras (Peak Motus 7.0), 60 
f/s. Three trials per side were obtained from each child. 
Children walked for 10 meters in the laboratory at the self-
selected speed first, then slow, fast and ran. Lateral malleolus 
marker was manually digitized. Analysis of variance 
(ANOVA) one-way was used to compare stride length 
between speeds groups (n=20). A significance level of 0.05 
was used. Stride length was normalized by leg length. 
 
RESULTS AND DISCUSSION 
The average walking speed increased from a 3-year-old group 
to a 6-year-old, as expected (Table 1). Only at the slower 
walking speed the youngest group had an average speed higher 
than that of the 4-year-olds. Major differences were observed 

between the ages of four to five. Can it be due to maturation? 
The average speed of the 5-year-old group and the 6-year-old 
group was closer. Age-related increase in normalized stride 
length can be observed at Table 2 from 4-year-olds to 6-year-
olds. Three age group had higher averages than the 4-year-olds 
at slow, normal and fast speed except in the right stride length 
at normal speed. When considered, the total number of   
children as a group, between normal and fast speed only, at 
right and left stride length, the differences weren’t significant 
(p=0.16 and p=0.11 respectively). Higher variation in speed 
and stride length was found in running. 
 
SUMMARY 
The results provided stride length and speed data for walking 
and running in children aged from three to six. It is important 
to value the motor development skills of children for 
diagnostic and intervention purposes. 
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 Table 1. Speed (m/s) during walking and running for age groups. Data are mean (SD) 

 Slow speed (m/s) Normal speed (m/s) Fast speed (m/s) Running (m/s) 
 right cycle left cycle right cycle left cycle right cycle left cycle right cycle left cycle 

3 year-old (n=5) 0.84 (0.24) 0.92 (0.29) 1.03 (0.21) 1.03 (0.22) 1.29 (0.10) 1,25 (0.14) 2.11 (0.45) 2.40 (0.24) 

4 year-old (n=5) 0.80 (0.17) 0.64 (0.28) 1.15 (0.22) 1.02 (0.33) 1.40 (0.30) 1,48 (0.27) 2.65 (0.46) 2.67 (0.62) 

5 year-old (n=5) 0.97 (0.33) 0.98 (0.39) 1.15 (0.16) 1.14 (0.25) 1.59 (0.30) 1,67 (0.40) 2.85 (0.55) 2.87 (0.59) 

6 year-old (n=5) 0.97 (0.29) 0.96 (0.20) 1.29 (0.25) 1.32 (0.29) 1.66 (0.20) 1,58 (0.24) 2.95 (0.19)  3.10 (0.58) 

Total (n =20) 0.90 (0.26) 0.89 (0.30) 1.16 (0.22) 1.13 (0.28) 1.49 (0.26) 1,49 (0.30) 2.64 (0.52) 2.76 (0.56) 

 
 
 Table 2. Stride length normalized (length leg) during walking and running for age groups. Data are mean (SD) 

 Slow walking Normal walking Fast walking Running 
Stride length right leftt  right  left  right  left  right left  

3 year-old (n=5) 1.31 (0.29)  1.39 (0.30) 1.44 (0.22) 1.47 (0.21) 1.64 (0.14) 1.61 (0.13) 2,05 (0.36) 2,23 (0.22) 

4 year-old (n=5) 1.21 (0.17) 1.01 (0.39) 1.47 (0.05) 1.35 (0.33) 1.53 (0.05) 1.59 (0.07) 2,30 (0.39) 2,25 (0.50) 

5 year-old (n=5) 1.42 (0.38) 1.25 (0.27) 1.48 (0.19) 1.47 (0.27) 1.57 (0.18) 1.60 (0.17) 2,38 (0.36) 2,42 (0.36) 

6 year-old (n=5) 1.35 (0.28) 1.35 (0.20) 1.51 (0.18) 1.52 (0.23) 1.63 (0.17) 1.60 (0.21) 2,32 (0.44) 2,39 (0.53) 

Total (n =20) 1.33 (0.28) 1.26 (0.30) 1.48 (0.16) 1.45 (0.25) 1.59 (0.14) 1.60 (0.14) 2,26 (0.38) 2,32 (0.40) 
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INTRODUCTION 

Smooth arolia of locust’s pads is one of the two typical 
attachments of insects. The studies on the geometric design, 
micro-structure of the materials and contact mechanics will 
help us to understand the functions of geometric and material 
design of the pads, to instruct the design of artificial pads for 
robots, especially for 3 dimensional territory obstruct-free 
robots and to control the insects physically.  

METHODS 
We studied the microstructure of pad by using scanning 
electronic microscopy and analyzed the deformation, contact 
stiffness, contact area, and strain fields during contact 
procedure by using finite element methods. The material 
properties for FEM analysis (ANSIS6.0) are: elastic modulus 
E for hard cuticle TK 3775 MPa (Hepburn, 1974), for soft 
cuticle EXO 74.2 MPa (Hepburn, 1976), liquid materials HM 

2436.6 MPa, density is 10-6 kg/mm3. The Poisson's ratio is 
0.45 and 0.3 for EXO and TK respectively. Elements used 
in the calculation are plane 82 for TK, hyper 56 for EXO 
and fluid79 for HM, contact element is contac48 and 
contact stiff ratio 0.5. The pads were restricted in 
symmetrical plane. The contacted floor was considered as 
rigidity surface. 

RESULTS AND DISCUSSION 

Geometric and micro-structure of locust pads was 
illustrated in Figure 1 and 2. Fig. 1B is the cross-section of 
the tarsometatarsus T3. Fig. 2 show the micro-structure in 
EXO, which suggested that the smooth surface consisted of 
hexagonal micro-structure about 4~5µm, soft cuticle was 
thick 6~10 µm, next was parallel and cross-linked grove 
structure with thick 40~50µm. 

Figure 3 is the two FEM models, only 2 materials (left) was 
considered and included HM (right). This design aims to 
reveal the effect of HM on contact. Figure 4 shows that 
deformation vector of contact point in pads was toward target 
surface in EXO model (left), but was along the tangent 
direction and in reverse direction (right), which mean a more 
stable contact for the friction force generated during contact 

procedure. We obtained the contact stiffness 34.44 and 0.021 
N/mm for EXO and HM model. This means that the pad 
design of locust with HM inside made the pad much more 
flexible, which is good for the deformation of the pad and 
increase the contact area. The increase of contact area would 
increase the adhesion (Jiao, 2000).    

SUMMARY 

The results suggest that the design of locust’s pads—soft 
exocuticle containing haemolymph inside is very good in 
reducing the contact stiffness, increasing contact area and 
generating friction force during contact procedure from 
normal direction. Rod-containing structure attached on the 
soft exocuticle results in high adaptability of the pads on 
various surfaces and decreasing the stress inside of the pads. 
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Figure 4 Deformation vectors for EXO and HM models 
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INTRODUCTION 

This article deals with very specific wear resistance testing of 
the bio-compatible and bio-stable materials used for 
orthopedical implants. The abrasion is indispensable 
parameter for evaluation of the mechanical properties. This 
type of testing is very important for appreciation of new 
directions at the joint replacement design (for example in total 
knee replacement). The research aim of this work was set on 
finding out the influence of pressing or γ-radiation (crosslink) 
on UHMWPE. The evaluating parameter was wear resistance 
– the volume of worn material. The special experiments were 
carried out in collaboration with The Academy of Sciences of 
the Czech Republic and company Walter Corporation - 
developing and producing bone-substitute biomaterials and 
implants. 

METHODS 

The special wear resistance tests, called “Ring On Disc”, were 
completely carried out with a lot of pairs of different 
biomaterials (100 hours of testing per each tested pair). The 
experiment was executed according to ISO 6474:1994(E). 
This International Standard deals with evaluation of properties 
of biomaterials used for production of bone spacers, bone 
replacement and components of orthopedic joint prostheses. 
The standard requires a long-time mechanical testing at which 
a complete volume of worn material is evaluated. The test 
conditions, requirements on the testing system and specimens’ 
preparation are closely determined. The testing objectivity is 
ensured by the procedure for the specimens’ treatment and 
their evaluation. 
The method is based on loading and rotating two pieces from 
biomaterials (Fig. 1). A ring is loaded onto a flat plate from 
different material. The axial load that is applied on the ring is 
all the time constant (1500 N). The ring is rotated through an 
arc of ±25° at a frequency of (1 ± 0.1) Hz for a given period 
of time (100 ± 1) hours. There is distilled water using as the 
surrounding medium. 

Figure 1: Geometry of ring and disc test pieces with 
dimensions. 

As a measure of wear resistance is determined and used 
volume of the wear track on the disc. The wear track cross-

sectional area is analyzed from measured profile and the 
volume is calculated for each disc alone. After that the 
average volume is calculated for group of specimens. 

RESULTS AND DISCUSSION 

The evaluation was addict on the influence of pressing 
modification of UHMPWE and the influence of γ-radiation 
(crosslink – 100 kGy) of UHMWPE. The tests were executed 
with 4 groups of specimens from different materials. There 
were 5 tested pairs in each group (means 4x5x100 hours of 
testing). The finished parameters obtained in these tests - the 
wear volumes - were calculated (see Tab. 1) 

Table 1 – Final parameters of mechanical testing. 

Material of RING Material of DISC 
Wear 

volume 
[mm3] 

Alumina ceramics  
(Al2O3) 

UHMWPE 
(no pressing) 5,42 

Alumina ceramics  
(Al2O3) 

UHMWPE  
modified by pressing 4,89 

Vitalium alloy  
(Co-Cr-Mo) 

UHMWPE 
(no crosslink) 5,51 

Vitalium alloy  
(Co-Cr-Mo) 

Irradiated UHMWPE 
(crosslink) – 100 kGy 4,78 

SUMMARY 

We obtained the objective information about wear resistance 
for tested modification of biomaterials. The resulting wear 
volume indicates the amount of elements that are loosening 
during loading of the bone substitute implant in human body 
and describes one from the mechanical properties. 
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INTRODUCTION 
 
Cardiovascular disease is responsible for over 50% of all 
death in the western world. There has been much recent 
interest in the relationship between arterial stiffness and 
cardiovascular disease. In addition, arterial stiffness is an 
important predictor of cardiovascular risk. Changes in 
elasticity occur very early in the development of 
atherosclerosis. Several indices have been introduced to 
estimate arterial stiffness that based on changes in brachial 
blood pressure. But because of the error resulted by the 
substitution of brachial blood pressure instead of the other 
central arteries, such as carotid, it will be very important to 
present arterial stiffness based on the mechanical models 
without any emphasis on brachial blood pressure. 
 
METHODS 
 
In this research, estimation of elastic modulus of large 
arteries is used as an index for arterial stiffness. At first a 
suitable dynamic model is introduced for pulsatile blood 
flow in arteries based on Navier-Stokes equations in fluid 
mechanics. Then, according to the theory of elasticity, 
equations governing arterial wall is described and coupled to 
the equations of fluid flow. Attained system of equations is 
completed by clinical information that obtained from 
Doppler ultrasound images from carotid artery of 40 healthy 
male subjects. For this purpose Doppler ultrasound images 
were recorded and saved in computer and then center-line 
blood velocity, arterial wall thickness, and arterial radius 
measured by offline processing. 
 
RESULTS AND DISCUSSION 
 
The results from analytic solution of completed equations for 
40 healthy men subjects (40-60yr) are shown in Table 1. All 
of the observations were performed by the same investigator 
the same standard conditions. Results from the individual 
subjects were averaged and shown as mean ±standard 
deviation (SD) with 95% confidence interval [CI (95%)]. 
Table 1 summarized the estimated values of the right 
common carotid artery through processing B-mode and 
Color Doppler images.  
This research presents a new approach to estimate of arterial 
stiffness. In this research, it isn't necessary to measure blood 
pressure. Estimation of arterial stiffness index (ASI), 
compliance, distensibility and Peterson's elastic modulus 
necessitate measurement of blood pressure and measurement 
of blood pressure necessitates invasive techniques. 

 
Table 1: Characteristics of right common carotid artery [Mean ±Standard 

Deviation (SD) with CI (95%)] of 40 healthy men subjects 
 

 Mean±SD 
 

Confidence Interval 
95% 

a: Natural radius of 
artery (mm) 

 
4.05±0.60 3.86 - 4.24 

h: Arterial wall 
thickness (mm) 

 
1.32±0.32 1.22 – 1.42 

D: Maximum change of 
arterial radius (mm) 

 
0.39±0.15 0.34 – 0.44 

Maximum velocity of 
blood in center-line 
of artery (cm/s) 

59.01±10.91 55.63 -62.39 

 
E: Elastic modulus a 

(Pa) 
 

59038.18±29410.28 

 
49923.84 – 68152.52 

 
 

We have not ignored Poisson's ratio and axial displacement 
in this study. To estimation wave speed we haven’t used 
Moen-Korteweg formula which is for non-viscose fluid and 
we have used general equations for viscose fluid. It isn’t 
necessary to know blood velocity and arterial radius in each 
time and only maximum domain need so it doesn't need that 
the velocity measurements in phase with radius 
measurements. 
 
SUMMARY  
 
It is concluded that by applying this method, non-invasive 
and clinical evaluation of arterial stiffness by Doppler 
ultrasound measurement of common carotid artery without 
any measurement of local blood pressure will be possible. 
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INTRODUCTION

A Forward Kinematics Knee (FKK) model for passive artificial
joints was previously introduced[1] and validated[2]. Given a
set of joint parameters such as ligament insertion locations, the
FKK model predicts the location of the femorotibial contact for
each joint angle using the principle of ligament strain minimiza-
tion. Knee motion can be reconstructed by finding successive
femorotibial contacts from full extension to full flexion. We
now introduce an Inverse Kinematics Knee (IKK) model that
performs the opposite: given an observed knee motion, the IKK
model decomposes the motion into a sequence of joint angles
and corresponding actual femorotibial contact locations. Cou-
pled with the FKK model, the predictor-corrector pair is used
in the Unscented Kalman Filter (UKF)[3] to estimate the joint
parameters that would lead to the observed knee motion.

METHODS

The process of a passive FKK model can be formalized as:

d̄ = FKK(R, L̄) (1)

where R is the femorotibial angle, and L̄ is a state vector rep-
resenting the mechanical properties of knee ligaments. L̄ is a
concatenation of column vectors of the following format:

l̄i = [f i
x, f i

y, f
i
z, t

i
x, tiy, tiz, K

i]T (2)

where l̄i represents the ith bundle of the ligament, [f i
x, f i

y, f i
z]

T

and [tix, tiy, t
i
z ]

T are the femoro- and the tibial- insertion loca-
tions, respectively, and K i is the spring constant of the bundle.
The vector d̄ represents the femorotibial contact location where
the total ligament strain energy stored in L̄ is minimized[1]; thus

the 4× 4 homogeneous matrix

[

R d̄

0 1

]

completely specifies

the femorotibial pose. Knee kinematics can be reconstructed
by varying R from full extension to full flexion and computing
the corresponding displacement vectors

{

d̄
}

.

The FKK model was validated[2] using a custom spring-
ligament apparatus composed of Total Knee Replacement
(TKR) components held in contact by a set of mechanical
springs. The mechanical properties needed in Eqn. (2) were
measured for each spring. Our experiments were performed
using static contact. For each pose, the actual femorotibial
contact was established using Fuji-film and contrasted to
the virtual contact predicted by the FKK model. The FKK
model was found to perform with sub-millimeter accuracy[2] in
computing the displacement vectors

{

d̄
}

.

The formulation of the FKK model allows it to be used in the
Unscented Kalman Filter (UKF)[3]. The UKF process model
is the identity (for parameter estimation) and the measurement
model is the FKK model (Eqn. (1)) itself. Given an initial guess
of L̄ and sufficient number of observations (i.e. varying R),
components in the state vector L̄ can be accurately estimated.

RESULTS AND DISCUSSION

Figure below depicts a typical static-contact experiment result

of the actual femorotibial contact (Fuji-film shown on the left)
and the virtual contact predicted by the FKK model. They
showed high degree of conformity. These sets of the actual and
the predicted contacts are used in UKF in which the ligament
properties were treated as the unknown. Out implementation
was able to correctly estimate the ligament insertions that were
intentionally and erroneously guessed at 10mm away from the
correct locations. The predictor-corrector paradigm can also
be used to test different ligament models; for example, other
simulations we have performed suggested that a single-bundle
ligament model would produce kinematics similar to that of a
multi-bundle ligament model with the Sigma Knee[2].

SUMMARY

We introduced an Inverse Kinematics Knee model that embeds
a Forward Kinematics Knee model in the Unscented Kalman
Filter paradigm. Given an observed knee motion and an initial
guess of ligament properties, the IKK model is able to recover
the true ligament insertions; furthermore, it can be used to test
various ligament models. We are attempting to apply our model
to post-TKR assessment.
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INTRODUCTION 
 
All Terrain Vehicles (ATVs) are used extensively by 
farmers exposing them to prolonged periods of whole-body 
vibrations (WBV), constrained postures and increased risk 
of lower back pain (LBP). Accelerometers measure WBV, 
and in accordance with ISO guidelines the Root Mean 
Square (RMS) and Vibrational Dose Value (VDV) quantify 
risk with Action values of 0.5 m/s2 and 9.1 m/s1.75 and Limit 
values of 1.15 m/s2 and 21 m/s1.75 respectively (Rehn). The 
vibration range of 2-100Hz has been shown to have 
physiological effects on the human body. However critical 
risk factors for LBP appear to be vibration along the spine 
(Z axis) and of low frequency including the adverse 
resonant frequencies of the spine at 2-12 Hz (Sandover).  
 
METHOD 

 
Participants were 30 farmers from the Otago region of New 
Zealand. Helmet and ATV chassis mounted triaxial 
accelerometers recorded vibration over the full working day 
by a data logger fitted to the ATV. Riding periods were 
extracted based on the helmet accelerometers, which were 
worn and plugged into the data logger whenever 
participants sat on the ATV. Shorter duration vibration was 
recorded for four participants with accelerometers mounted 
on the ATV and strapped over the lumbo-sacral junction 
(“pelvis”).  
The sampling frequency was 200Hz over a bandwidth of 0-
100Hz, via an anti-aliasing filter. RMS, VDV (Rehn) and 
Fast Fourier Transforms (FFT) were calculated from 
vibration data. For each farmer the FFT was calculated for 
two second windows across all vibration samples of the 
ATV riding periods. For each farmer the peak magnitude at 
each discrete frequency was obtained.  
 
RESULTS 
 
The average daily ATV riding time was 97.5 ±50.3 mins, 
with a minimum of 13.3 mins and maximum of 210.1 mins. 
The short riding time was 13.1 ± 1.3 mins. The helmet daily 
VDV and RMS values for the 30 farmers, along with ‘1hr 
equivalent’ VDV for the helmet and pelvis, are presented in 
Table 1. The vibration frequency spectrum for the helmet, 
pelvis and ATV are presented in Figure 1. 

 

Figure 1. FFT Vertical vibration, ATV (dark), helmet (grey) 
and pelvis (light grey). 
 
DISCUSSION 
 
Large variations in farmer total riding time and VDV suggest 
an average daily VDV does not adequately describe individual 
vibration exposure. The VDV ‘1hr equivalent’ still produced 
large variations indicating terrain, gradient, speed, and ATV 
may also play a significantly role in vibration exposure. 
The average daily helmet VDV and RMS in the anterior, 
lateral and vertical directions were above the Action values. 
The average daily helmet RMS in the anterior and vertical 
directions was above the Upper Limit value. On average 1 
hour of continual ATV farm use will reach the Limit value.       
Higher frequency ATV vibrations (15-100Hz) were minimally 
transmitted to the pelvis and helmet. The ATV, pelvis and 
helmet experienced substantial vibrations at lower frequencies 
(2-15 Hz), including the resonant frequencies of the spine. 
  
SUMMARY 
 
In daily ATV use farmers were on average exposed to 
cumulative vibration in excess of recommended limits. The 
majority of this vibration fell in the 2-15Hz range including 
the resonant frequencies of the spine. These results indicate 
the need to reduce vibration exposure in rural ATV use and 
reduce potential risk of lower back pain.   
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Table 1. Daily helmet RMS and VDV; with helmet and pelvis ‘1hr equivalent’ VDV. 

 

 Helmet VDV (m/s1.75) Helmet RMS (m/s2) Helmet ‘1hr’ VDV (m/s1.75) Pelvis ‘1hr’ VDV (m/s1.75) 
 Anterior Lateral Vertical Anterior Lateral Vertical Anterior Lateral Vertical Anterior Lateral Vertical 

Min 8.2 5.3 7.9 0.83 0.50 0.82 11.8 7.7 10.7 14.1 8.6 12.0 
Avg 

StDev 
19.2 
(5.4) 

14.2 
(3.6) 

18.3 
(5.3) 

1.30 
(0.26) 

0.94 
(0.17) 

1.17 
(0.21) 

17.3 
(3.4) 

12.9 
(2.1) 

16.5 
(3.3) 

15.5 
(1.1) 

10.3 
(1.2) 

12.2 
(0.3) 

Max 34.4 23.3 31.7 2.04 1.32 1.62 27.5 17.7 23.6 16.6 11.2 12.7 
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INTRODUCTION 

Abnormal joint biomechanics may be a feature of 

hypermobility syndrome (HMS) (Grahame 1990) and the knee 

joint is most frequently affected by HMS symptoms (Kerr et 

al 2000). Computerised gait analysis in children with 

neuromusculoskeletal disorders is becoming popular in 

clinical practice and research. However, knee joint kinematics 

have not been reported in children diagnosed with HMS. 

Therefore, this study evaluated the knee joint gait kinematics, 

along with data for passive range of motion (ROM), in healthy 

children and those diagnosed with HMS. 

 

METHODS 

Seventeen healthy girls (mean age + SD = 11.3 + 2.5 years, 

range 8-15 years) and 13 girls diagnosed with HMS (mean 

age + SD = 12.00 + 1.5 years, range 9-15 years) participated 

in this study. The study was approved by the Education 

Department of City of Edinburgh Council, and QMUC and 

NHS Lothian Local Research Ethics Committees. Informed 

signed consent was obtained from the participants and their 

parents. The test knee was determined in a randomised order 

in healthy children, while the more painful knee was 

examined in children with HMS. Sagittal knee motion was 

recorded using a VICON motion analysis system (Oxford 

Metrics, England) with the participants walking at a normal 

self-selected speed. At least 6 trials were recorded for each 

subject. Passive knee ROM (flexion and extension) was 

measured with a universal goniometer.   

 

Independent t-tests and Mann-Whitney U tests were used to 

compare the values between the two groups.  

 

RESULTS & DISCUSSION 

In Table 1 the results of the present study showed that knee 

flexion during loading response and maximum knee flexion 

during walking were significantly reduced in children with 

HMS when compared with healthy controls. Additionally, 

significantly higher values of passive knee ROM were 

observed in children with HMS than the controls. However, 

knee extension in mid stance was not statistically different 

between the two groups. These findings provide a basis for the 

usefulness of gait assessment in children diagnosed with 

HMS. A programme of gait re-education may be of value in 

children with HMS. 

 

SUMMARY 

Knee joint kinematics and ROM were investigated in healthy 

girls and those with HMS. The findings indicate that girls with 

HMS had lower values of sagittal knee motion during 

walking, with the exception of knee extension in mid stance. 

Girls with HMS also had higher values of passive knee ROM. 
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Table 1. The mean (SD) for sagittal knee motion, walking speed and passive knee flexion. The Median (IQR) for 

passive knee extension.  

              

Group 

    Sagittal knee motion (
0
)  

   KEMS            KFLR          MKF 

Walking Speed 

(m/s) 

Passive Knee ROM (
0
) 

    Extension        Flexion 

Healthy      2.9 (7.5) 19.8 (7.6) 61.1 (7.5) 1.0 (0.5) -5.0 (2.0) 144.5 (3.9) 

HMS   -0.4 (3.7) 13.2 (4.7) 53.8 (4.7) 1.2 (0.1) -12.0 (3.5) 152.0 (4.5) 

p-values 0.123 0.013*  0.003* 0.912 < 0.001* < 0.001* 

KEMS = knee extension in mid stance, KFLR = Knee flexion during loading response, MKF = Maximum knee flexion 

during swing phase. *statistically significant at α<0.05.  
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INTRODUCTION 
 
The objective of the slap shot is to project the puck with maximal 
velocity and accuracy so as to ultimately score.  To this end, 
athletes, coaches, and stick manufacturers have been motivated 
to better understand the mechanics of puck projection.  Recent 
studies have found positive relationships between shot velocity 
with upper body strength and stick bend (Woo, 2004; Wu et al., 
2003); however, despite players’  perceptions, neither shaft 
stiffness nor construction (i.e. wood versus composite) have been 
found to significantly influence slap shot velocity (Pearsall et al., 
1999; Wu et al., 2003).  More recently, Villaseñor-Herrera 
(2004) found significant correlation between puck-blade contact 
time and puck velocity. Given this substantially influence of the 
blade, the purpose of this study was to examine in more detail the 
three-dimensional movement of the blade during a stationary slap 
shot, as a function of blade construction properties and player 
skill level.   
 
METHODS 
 
Six commercially available, one-piece, carbon-fibre, composite 
sticks were tested, each with unique blade construction 
parameters.  A total of fifteen subjects participated in this study; 
eight were classified as elite and the remaining seven were 
recreational.  Performances were evaluated by simultaneously 
recording the movements of the stick’s lower shaft and blade 
with two high-speed video cameras (1000 Hz), the time and 
duration of stick-ground contact with two uniaxial forceplates, 
and time of blade-puck contact with a uniaxial accelerometer 
mounted within the puck.   
 
Each trial consisted of a stationary slap shot, performed on 
lubricated, polyethylene sheets to simulate ice friction, into a 
designated target. Subjects performed 5 trials with each stick, for 
a total of 30 shots.  Each shot was examined in terms of the key 
events of blade-ground contact (i.e. toe contact (TC), heel contact 
(HC), puck contact (PC) and end of blade-ground contact 
(SOFF).  Data were analyzed at each event with a two-way 
ANOVA for several dependent variables, including: linear shaft 
and blade kinematics (i.e. displacement, velocity, and 
acceleration), temporal phase data, and blade orientation (i.e. 
blade angle with respect to globally defined planes).   
 
RESULTS & DISCUSSION 
 
Similar to prior studies, the different construction parameters of 
blades currently on the market did not alter the blade’s response 
(either positively or negatively) during the slap shot (e.g. Pearsall 
et al., 1999; Wu et al., 2003).  Further comparable results were 
observed regarding player skill, such that elite shooters tended to 
utilize longer blade-ground contact time in addition to greater 
stick velocity (Villaseñor-Herrera, 2004).,   
 
Of particular interest was the observation of an unexpected 
“rocker phase” between TC and HC in both groups; whereby the 

blade pivoted about the toe end and translated forward as the heel 
of the blade shifted vertically downward to contact the ground 
(Figure 1).  Subsequently, once the heel contacted the ground, the 
toe end of the blade shifted vertically upwards, effectively 
allowing the blade to “rock” about the heel. It was within this 
rocker phase that elite shooters tended to utilize the longer blade-
ground contact time, higher stick velocity as well as a greater 
change in blade orientation with respect to the global transverse 
and frontal planes, which may correspond to higher puck 
velocity.    

 
Figure 1 - Over trace of the movement path of the blade during a 
typical trial from: A) frontal oblique view, B) sagittal oblique view, 
C) top view, and D) sagittal view.  Events of toe and heel contact are 
marked to help further illustrate the rocker phase. 

 
SUMMARY 
 
This study has provided a unique insight into the response of the 
blade portion of the hockey stick to the impact events associated 
with a stationary slap shot.  As such, these findings provoke a 
series of additional research questions (e.g. the role of the rocker 
phase) relevant to design engineers, as well as coaches and 
athletes. 
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INTRODUCTION 

Deep knee flexion (>120º flexion) is necessary for many 

activities such as kneeling and squatting; it is a vital part of 

life in many cultures. In this study our hypothesis was that the 

Posterior Cruciate Ligament (PCL) played a role in antero-

posterior (AP) stability of the knee during deep flexion. The 

amount of tension that developed on the PCL at different 

flexion angles was used as evidence for such a role. Some 

experimental reports claim that from 90º to 120º, the PCL 

tension remains unchanged (Covey 2004, Markolf 1997, and 

Ahmed 2003).  On the other hand there are other reports that 

show decrease in the tension of the PCL fibers from 90º to 

150º of flexion (Li 2004, Zayontz 2002). This study examined 

the amount of tension at all angles across the cross-section of 

the PCL. The findings of this study show that in deep flexion 

(150º of flexion) , the anterior and anterior-medial fibers of the 

ligaments are in high tension. It also shows that the posterior 

and postero-lateral fibers are completely slack in this position. 

 

METHODS 

Four fresh cadaver specimens were chosen and kept frozen 

until the night before testing, at which time they were allowed 

to thaw. The two ends of the bones were cemented into 

aluminum pots. The whole joints were CT scanned and then 

installed on an Oxford knee rig. The joint was moved from full 

extension to deep flexion by moving the sliding part of the rig, 

without any muscle tension and without any additional force to 

constrain the passive motion of the joint. The OptoTrak 

system was used to capture the motion of the joint by tracking 

the four LEDs attached to each side of the joint. The geometry 

of the aluminum pots was digitized and the result was used 

along with the CT scan and the kinematic data to obtain the 

relative location of the bones. After collecting the kinematic 

data the joint was dissected and contours of the PCL insertions 

were digitized. These contours were used besides the 

published mapping of the PCL fibers (Friedrich 1992) to find 

the position of the corresponding tibial and femoral insertion 

points of the nine ligament fibers. The analyzed data and the 

CT scan geometry were then used to simulate the motion of 

the joints in MSC.ADAMS/View kinematics simulation 

software. The collected motion was induced to the model and 

the lengths of different fibers of the PCL were extracted. 

 

RESULTS AND DISCUSSION 

At each flexion angle, the percentage of elongation of each of 

the nine ligament fibers was calculated as the ratio of 

lengthening over the length of the ligament fiber at full-

extension. Based on these results, a linear interpolation 

method was used to estimate the elongation of the fibers 

between these points. The contour graphs of the obtained 

results for the deep flexion position (150º flexion) are shown 

in Figure 1. 

 

 

   
 

   
 

Figure 1: The contour plot of the percentage of elongation of 

the ligament fibers across the tibial insertion of the PCL in 

four individual knee specimens. 

 

The data indicated some variance in data for tension between 

each knee when the corresponding points on the cross section 

of the PCL were compared. However there was a consistent 

pattern of tension across the PCL for all of the examined 

knees. The fibers attached to the anterior and antero-medial 

part of the PCL tibial insertion experienced greatest 

elongation.  On the other hand, the fibers attached to the 

postero-lateral side of the PCL were slack throughout the 

neutral passive motion. Fiber elongation at 150º ranged from 

15% to 30% at the anterior and antero-medial edge of the PCL 

insertion. At the same time in the same specimen and at the 

same flexion angle, on the postero-lateral side of the PCL 

tibial insertion, fibers may be slackened by 15% to 20%.   

 

SUMMARY 

Anterior and antero-medial fibers of the PCL are at high 

tension in deep flexion with elongations of 15% to 30% 

relative to their lengths at full-extension. 

To our knowledge this information is novel.  The asymmetric 

tensions found may indicate a guidance role of the PCL in 

joint rotations and would fit with the observed internal rotation 

of the tibia on the femur during at this range. The 

rehabilitation procedures, PCL reconstruction, or design of the 

TKR for higher flexion should consider that at deep flexion, 

the PCL is very tight in its antero-medial fibers. 
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INTRODUCTION 
 
Optimal design parameters for distal ulnar implants, such as 
the length and material properties of the stem, are currently 
unknown.  Ideally, these parameters would be selected such 
that loading conditions post-implantation would closely 
replicate loading in the native bone, as alterations in bone 
stresses can lead to bone loss (Bobyn et al., 1992; Huiskes et 
al., 1992).  The long-term goal of this research is to investigate 
the role of implant stem design parameters on loading patterns 
in the distal ulna following arthroplasty. 
 
A testing method is desired that can allow several implant 
stem designs to be tested within a single bone, as the geometry 
and mechanical properties of bone can vary greatly amoung 
cadaveric specimens.  This would reduce the number of test 
specimens required and ensure changes in bone strains were 
solely due to implant design characteristics.  Thus, the specific 
purpose of this study is to develop an experimental testing 
method to measure bone strains as a function of multiple 
implant stem designs in a single specimen, and to show the 
efficacy of this method with an application in the distal ulna.  
 
MATERIALS AND METHODS 
 
Ten strain gauges were applied to the medial and lateral (ML) 
surfaces of an isolated cadaveric ulna at five locations along 
its length.  The gauges were positioned to measure strains at 
the entry and exit regions for two stem lengths of clinical 
interest (3 and 5cm).  The gauges were aligned using a laser 
beam projected on the bone surface, and adhered to the bone 
using a previously developed technique (Finlay et al., 1982; 
Wright and Hayes, 1979).  Each ML strain gauge pair was 
wired into a Wheatstone Bridge (half-bridge) to quantify 
bending strains resulting from a laterally-directed force.   
 
The bone was cemented in a custom-designed jig and 
positioned in a materials testing machine.  Several different 
loads (5-30N) were applied to the medial surface of the intact 
ulnar head, and at a point just proximal to the head.  Data were 
collected at 100Hz using a custom-written LabVIEW program 
(National Instruments, Austin, TX).  After intact testing, the 
distal ulnar head was removed.  An 8cm long threaded rod 
(5.8mm diameter) was cemented into the canal, and removed 
after cement curing.  This established a threaded cement 
mantle that would accept various threaded stems with the 
same diameter.  Loads were applied at the point just proximal 
to the head with only the cement mantle in the canal to 
evaluate its effect on bone strain.  To examine the efficacy of 
this technique, the loading was repeated on a prosthetic ulnar 
head attached to several different stems of varying length and 

material.  Finally, a comparable smooth (non-threaded) 
implant was tested to determine the effect of the stem threads. 
 
RESULTS 
 
All ten strain gauges provided quality signals throughout a 12 
hour testing period.  Strain varied linearly with load (R2=0.91-
1.00) for all stem types and loading conditions.  The initial 
8cm threaded rod was easily removed, and there was no 
difficulty in placing subsequent stems within the mantle.  The 
cement mantle appeared to have no effect on bending strains 
(Figure 1).  When comparing the smooth stem to the threaded 
stem, very similar bending strains were observed for all 
gauges (Figure 1).  Data were collected for various stem 
lengths and materials; however, due to the pilot nature of this 
study (n=1), these results are not presented. 
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Figure 1:  Bending strain (a representative pair of gauges) vs. load for native 
canal & cement mantle (triangles), and smooth & threaded implants (circles) 
 
DISCUSSION AND CONCLUSIONS 
 
A reliable method has been developed that allows multiple 
stems to be tested in a single bone.  Using this technique, 
observed strain differences are a function of implant 
parameters only, and are not influenced by inter-specimen 
differences in bone properties.  The layer of threaded bone 
cement did not impact the native bone strains.  Furthermore, 
no significant difference was observed between the smooth 
and threaded implants of the same material and length.  This 
method will be useful to compare stem designs for a variety of 
bones, avoiding the need for large numbers of specimens due 
to the repeated measures experimental protocol. 
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INTRODUCTION 
 
Current understanding of upper extremity loading is very 
limited.  Quantifying these loads during activities of daily 
living is of clinical importance for upper extremity treatments 
such as artificial joint implants, surgical reconstruction, and 
rehabilitation procedures.  An inverse dynamic model of the 
elbow joint has been developed to quantify elbow loading.  
The purpose of this study is to examine the effect of 
incorporating muscle wrapping points on muscle moment 
arms and muscle loading output from this model. 
 
METHODS  
 
Anatomical information was obtained from CT scans of one 
cadaveric right arm (female, 71 years of age).  Digitized 
surfaces of the humerus, radius, and ulna were extracted using 
image segmentation and imported into a modelling software 
program (Rhinoceros®, WA, USA).  The articular surfaces of 
the radiohumeral and ulnohumeral joints were isolated, 
thereby identifying the areas over which the bony contact 
forces could act.  Attachment sites of the medial and lateral 
collateral ligaments and the major muscles (biceps=BIC, 
brachialis=BRA, brachioradialis =BRD, triceps=TRI) were 
also identified to create line-of-action vectors.  To account for 
tendon wrapping due to connective tissue constraints, muscle 
wrapping points were chosen along the muscle vectors of the 
fully extended elbow, effectively moving the attachment sites 
closer to the joint center and creating more anatomically 
realistic muscle vectors throughout flexion. 
 
Custom-written software (MATLAB®, The MathWorks Inc., 
MA, USA) was used to model the elbow undergoing 
simulated supinated flexion against gravity following average 
trajectories (Dunning et al., 2003).  Loads exerted by the 
internal joint structures were determined by balancing forces 
and moments simultaneously in equilibrium.  The 
indeterminate system was solved by computerized 
mathematical optimization using a cost function that 
minimized the sum of forces squared, with each of the muscle 
forces divided by their corresponding physiological cross-
sectional areas (An et al., 1981). 
 
RESULTS 
 
Flexion moment arms output by the model were compared 
both before and after the incorporation of wrapping points.  
Figure 1 shows these comparisons for BIC and BRD.  Moment 
arm magnitudes for BRA and TRI were relatively insensitive 
to the addition of wrapping points.  Table 1 shows the changes 
in percentage of muscle load contribution after using wrapping 
points for BIC and BRD at 30°, 60°, and 90° flexion. 
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Figure 1:  Elbow muscle flexion moment arms using original attachment sites 
and wrapping points throughout supinated elbow flexion (0°=full extension) 

 
Table 1:  Relative changes in the percentage force contributions in BIC and 

BRD after the inclusion of muscle wrapping points 
MUSCLE 30° flexion 60° flexion 90° flexion 

BIC  +12 +17 +9 
BRD -8 -14 -17 

 
DISCUSSION 
 
Characterization of the structural anatomy, such as muscle 
moment arms, is a crucial component of biomechanical 
modelling.  The magnitudes of the original muscle moment 
arms before using wrapping points agree with previous studies 
that used a similar approach (Amis et al., 1979; van Zuylen et 
al., 1988; Winters and Kleweno, 1993).  However, this 
straight-line approximation results in a simplification of the 
actual muscle pathways, especially at higher flexion angles.  
The use of wrapping points lowered the moment arm for BRD 
to approximately half its original straight-line value, resulting 
in better agreement with the findings of a more recent static in 
vivo imaging study (Kawakami et al., 1994).  The increase in 
BIC and decrease in BRD loading demonstrates the model’s 
ability to balance forces and moments to achieve joint 
equilibrium as the effective moment arms change.  Because of 
the complexity of the model and interdependencies of the 
loads, further investigation will determine the specific causes 
for these loading changes. 
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INTRODUCTION 
 
An understanding of how modifications in footwear design 
affect foot motion is important to both the safety and 
performance of the footwear.  Therefore, foot motion is 
routinely measured in an attempt to better understand foot 
function in a variety of footwear conditions, but the bulk of 
this research has been conducted during steady-state linear 
running.  The purpose of the studies presented here was to 
explore how changes in midfoot and forefoot stiffness of a 
shoe sole modifies foot motion during acceleration and 
changes of direction. 
 
METHODS 
 
The same protocol was carried out in 3 separate studies to 
compare foot motion in the following footwear conditions.  
1) barefoot vs shod 
2) shoes which differ only in midfoot stiffness 
3) shoes which differ only in forefoot stiffness   
 
The foot was modeled as 3 segments using 7 markers placed 
directly on the skin which were tracked using a Motion 
Analysis 3D camera system (240 hz).  The rearfoot segment 
was defined by 2 markers on the calcaneus and a marker on 
the navicular bone.  The forefoot segment was defined by 
markers on the base of the 1st metatarsal, the head of the 1st 
metatarsal, and the head of the 5th metatarsal.  A single marker 
on the dorsum of the hallux was used, with the 1st metatarsal 

 

markers, to create a 2D measure of hallux flexion-extension.  
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RESULTS 
 

 
Hallux extension, forefoot extension, and forefoot inversion 
were significantly reduced in the shod condition compared to 
barefoot.  Differences between footwear conditions were also 
observed.  Increased midfoot stiffness tended to result in 
reduced forefoot extension and increased hallux extension 
during acceleration, but did not significantly affect FF 
inversion during a change of direction.  Increased forefoot 
stiffness tended to res

Table 1: Mean values with statistical p-values (↑ > ↓). 

a
during accele
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Footwear 
FF  Inversion 
 (°; change of 
direction) 

FF Extension  
(°; acceleration) 

Hallux Extension  
(°;  acceleration) 

Barefoot 20.1 ↑ 11.6 ↑ 37.2 ↑ 
Shod 10.6 ↓ 

0.01 
6.2 ↓ 

0.002 
27.8 ↓ 

0.05 

Midfoot       
Stiff 7.9 8.5 ↓ 38.3 ↑ 
Moderate 10.1 8.7 ↓ 29.4 
Flexible 10.7 

0.41 
12.4 

0.003 
26.0 ↓ 

0.003 

Forefoot       
Stiff 15.5 ↓ 10.0 24.5 ↓ 
Moderate 15.7 ↓ 10.0 33.9 ↑ 
Flexible 21.3 ↑ 

0.001 
6.6 

0.09 
26.9 ↓ 

0.02 

 
 
DISCUSSION 
 
These studies demonstrate the impact sole design can have on 
foot motion during acceleration and change of direction.  
Increasing the stiffness in the midfoot or forefoot can affect 
foot kinematics in other areas of the foot.  This information 
provides a foundation of knowledge regarding the interplay 
b
at

Figure 1: Marker set for 3 segment foot model 

Figure 3: Typical curves
for each measure.  Green 
lines indicate footstrike 
and toe-off.  
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INTRODUCTION 

Many women complain of low back pain when wearing high 

heels. There could be muscular fatigue of the trunk muscles 

causing discomfort, and greater ground reaction forces 

produced when wearing high-heeled shoes could also 

contribute to localized discomfort (Snow & Williams, 1994). 

Larger muscle moments and increased work occur at hip and 

knee, which may predispose long-term wearers of high-heeled 

shoes to musculoskeletal pain (Esenyel et al. 2003). Habitual 

high-heeled shoe wearers may constrain gastrocnemius-soleus 

muscle length being shorter than the usual. This result in 

limitation of passive motion that combined with decreased 

muscle force due to fatigue may limit the ability to respond to 

postural perturbations and to generate the forces needed to 

control the center of mass (Gefen et al. 2002). Lateur et al. 

(1991) found that the subjects’ center of gravity did not 

change significantly when the subject was wearing high heels 

or low heel. This indicates the existence of anatomic 

compensation in the low limb and low back. Wearing wide-

heeled and narrow-heeled shoes had a 30% greater effect on 

peak external knee flexor torque than walking barefoot and 

increased peak knee varus torque by 26% and 22%, 

respectively. These findings imply that high-heeled shoes 

cause abnormal forces across the patellofemoral and medial 

compartments of the knee, which are the typical anatomical 

sites for degenerative joint changes (Kerrigan et al. 2001). 

Snow & Williams (1994) told that no significant differences 

in average lumbar curvature or pelvic tilt among shoe heights 

were found. The purpose of this study was to compare 

kinematics barefoot gait and high-heeled shoes gait 

characteristics. 

 

METHODS 

Seven female subjects, average aged 22,1 years (±4,6), have 

volunteered for this study. Each female subject was chosen 

according to her shoe size (4) and all women were regular 

wearers of high-heeled shoes (a minimum of 8h/d and 3d/wk 

for at least 2 years). They were evaluated in barefoot gait and 

wearing two different heel height shoes (5 mm and 85 mm). 

Peak Motus System was used to evaluate 3D kinematics 

characteristics gait with four digital cameras (60 frames/s). 

Analysis of variance (ANOVA), with Post Hoc Tests-Scheffe, 

was used to compare three conditions. A significance level of 

0.05 was used. 

 

 

RESULTS AND DISCUSSION 

The results showed that there are significant differences in 

pelvic tilt angles when the subject is barefoot or wearing a 

high/low heel during gait (p=0.00). All women demonstrated a 

decrease of the pelvic tilt with increased heel height (Table 1). 

This decrease of the pelvic tilt could be the cause of a 

decrease in the lumbar lordosis. The 5 mm heel shoe can 

result an increase in the antiversion pelvic when compared 

with barefoot gait (p=0.00). These results are similar to Lateur 

et al. (1991). 

There was a decrease in the maximum knee flexion angle 

during the swing (Table 1), depending of the heel height shoe, 

according to Snow & Williams (1994). The significant 

difference was observed only when comparing the 85 mm 

heel with 5 mm heel shoe (p=0.00). The results showed 

decrease in the maximum knee flexion angle during support in 

all condition (barefoot, 5 mm heel and 85 mm heel). No 

significant differences at maximum knee flexion during 

support (p=0.47) and knee angle at heel strike were found 

among the barefoot gait and shoe gait (85 mm heel or 5mm 

heel).  

A significant increase was observed in plantar flexion 

throughout the gait cycle, mainly in the footstrike, with 

increased heel height shoes (85mm) (p=0.00).  

Significant differences in the stride length (Table 1) between 

barefoot and 5mm heel condition and with 5 mm heel and 85 

mm heel were found (p=0.01).  

 

SUMMARY 

The results indicate that heel height shoes could cause a 

decrease of the pelvic tilt, lumbar curvature, maximum knee 

flexion angle during swing, maximum knee flexion angle 

during support and indicate an increase in plantar flexion 

throughout the gait cycle. 
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Table 1: Sagital Kinematics Variables across barefoot gait and heel height shoes (n=7). Data are mean (SD) 
 Barefoot Heel 5mm Heel 85mm 

Pelvic Tilt (º) 5.94 (0.80) 6.91 (0.73) 4.73 (0.67)* 

Knee Flexion during swing (º)  58.24 (5.53) 62.94 (2.51) 53.09 (3.07)† 

Max Knee flexion during support (º) 5.89 (7.98) 6.48 (4.35) 9.57 (4.75) 

Plantar flexion ankle in the footstrike (º) 9.68 (5.66) 5.12 (4.07) 28.04 (4.19)* 

Stride length (m) 1.97 (0.10) 2.16 (0.12)* 1.96 (0.09) 
* Significantly different from both other conditions in pos hoc tests (p<0.05) 

† Significantly different between heel height (85mm) and without heel shoe (5mm) 
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INTRODUCTION 
 
Ankle sprains often occur during cutting movements in sport 
(Stacoff et al., 1996).  Footwear and other external devices 
have a significant influence on the motion and loading of the 
lower extremities during rapid changes in direction.  The role 
shoe midsole thickness may play in these factors has not 
received much attention in the literature.  The purpose of this 
investigation was to determine the effects of midsole thickness 
on ankle kinematics and kinetics during a cutting task. 
 
METHODS 
 
Recreationally active college age male (n = 18) and female (n 
= 14) subjects (mass = 75.9±8.7 kg) performed three different 
cutting maneuvers while wearing basketball shoes with 
“thick” midsoles, and again in shoes with “thin” midsoles (6 
mm difference).  Standard motion (120 Hz) and GRF (600 Hz) 
data were collected and used to compute ankle joint angles, 
angular velocities, and moments (Vaughan et al., 1992).  Raw 
data were smoothed using a dual-pass second-order 
Butterworth digital filter, with optimal cut-off frequencies 
determined uniquely for each trial (Challis, 1999). 
 
Independent variables were midsole thickness and cut type. 
The three cut types were: 1) a single step around an obstacle 
as quickly as possible while running forward, 2) same as in 1, 
but with speed controlled at 3 m/s (±10%), and 3) a fixed 60° 
change in direction, performed as quickly as possible.  The 
dependent variables were: max inversion angle, time to max 
inversion angle, max inversion angular velocity, time to max 
inversion angular velocity, max inversion/eversion moment, 
and time to max inversion/eversion moment. All variables 
were determined during the period of weight acceptance, 
following initial foot-ground contact. 
 
A 3 (cut-type) × 2 (midsole thickness) repeated measures full-
factorial ANOVA was used to test the effect of each 
independent variable.  Bonferroni corrections (Stevens, 1990), 
adjusted the confidence level from .20 to 0.0106.  Post-hoc 

tests were done using pairwise comparisons of estimated 
marginal means when necessary. 
 
RESULTS AND DISCUSSION 
 
The max ankle inversion angle following touchdown was 
significantly larger for the thick midsole condition, but the 
maximum eversion moment was not different between 
conditions (Table 1).  While joint loading did not differ 
between midsole conditions, the greater ankle inversion with 
the thick midsoles could increase the risk of rolling over the 
outer edge of the shoe, which could stress the evertors and 
ankle ligaments beyond their capacity. However, the time to 
max ankle inversion was longer in the thick midsole (Table 1), 
allowing more time for the evertors to fire appropriately and 
protect against further ankle inversion. 
 
Not surprisingly, max inversion angle and angular velocity, 
and max eversion moment, were all significantly larger for the 
two maximal effort cuts than for the 3 m/s condition.  The 
same variables did not differ between the two maximal effort 
cuts, however, despite the different task requirements. 
 
SUMMARY 
 
Wearing an athletic shoe with a thick midsole may increase 
the risk of ankle injury during cutting, due to a greater peak 
inversion angle. 
 
REFERENCES 
 
Challis JH (1999). Journal of Applied Biomechanics. 15: 303-
317. 
Stacoff A et al. (1996). Medicine and Science in Sports and 
Exercise. 28: 350-358. 
Stevens J (1990). Applied multivariate statistics for the social 
sciences. (2nd ed.). Hillsdale, Lawrence Earlbaum Associates. 
Vaughan CL, Davis BL, & O'Connor JC (1992). Dynamics of 
human gait. Champaign, Human Kinetics.

 
Table 1. Mean values for each dependant variable across all subjects.  * Signifies significantly different than thick midsole at p < .01, and †signifies significantly different than the 3 m/s cut. 

  Midsole Condition - Mean (SD) Cut Condition Means - Mean (SD)
Dependent Variables  Thick Thin  3 m/s cut Max forward cut 60º cut 

Max Inversion Angle (deg)  17.2 (7.25) 14.3 (7.79)*  14.14(7.62) 16.28(8.21)† 16.67(0.90)†

Time to Max Inv Angle (ms)  79.8 (27.0) 71.3 (25.2)*  72.78(26.4) 73.39(26.5) 80.44(26.0) 
Max Inversion Ang Vel (deg/s)  305 (244) 293 (217)  217.4(202) 330.0(227)† 350.9(242)†

Time to Max Inv Ang Vel (ms)  47.4 (22.3) 44.0 (20.6)  42.19(21.3) 46.62(21.5) 48.24(21.6) 
Max Eversion Moment (N•m)  244 (138) 242 (131)  189.1(101) 275.8(158)† 263.5(122)† 
Time to Max Ever Moment (ms)  54.9 (26.9) 52.0 (23.3)  58.81(29.9) 50.96(23.7) 50.70(20.4) 
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INTRODUCTION 
Force enhancement is defined as the increase of steady-state 
isometric force after active muscle stretch [1,2]. Force 
enhancement has been observed on all structural levels: single 
fibers and myofibrils, isolated muscles, and intact muscles 
[1,2], and has been reported for maximal and sub-maximal 
artificial stimulation of muscles [1,2] as well as for maximal 
voluntary contraction (MVC) in humans [3]. We recently 
found that force enhancement at 30% of MVC only occurred 
in a sub-set of subjects [4]. This result, together with previous 
results for maximal voluntary contractions in which all 
subjects showed force enhancement suggested that force 
enhancement may depend on the level of voluntary 
contraction, and may have a subject-specific threshold. 
Therefore, the purpose of this study was to test if force 
enhancement in voluntary contractions was a function of 
activation, and if there might be a threshold of activation for 
force enhancement.  
 
METHODS 
Force enhancement was determined by comparing the steady-
state isometric force at a given thumb adduction angle 
(isometric reference contraction) with the corresponding 
steady-state isometric forces obtained following stretching of 
the adductor pollicis group (test contraction). 
Subjects (n=11) performed a 12-s isometric reference 
contraction at a thumb abduction angle of 30˚ while matching 
a line on an oscilloscope representing of 30% of MVC. 
For the test contractions, subjects performed an isometric-
stretch-isometric contraction at activation levels of 0, 10, 30, 
60, and 100% of MVC. The initial isometric contraction was 
performed at an abduction angle of 0° (2 s). The stretch was 
performed from 0°-30° as an angular speed of 9°/s (3.3s). 
Finally, the second isometric contraction (at 30°) was hold for 
another 6.7 s. 
Thumb adduction force was determined at 4-5 s after stretch. 
Each test protocol (i.e., 0, 10, 30, 60, and 100% of MVC 
protocols) consisted of ten reference and ten test contractions, 
that is a total of 50 reference and 50 test contractions were 
available for each subject. 
 

RESULTS  
With increasing activation, an increasing number of subjects 
showed force enhancement (Figure 1). Moreover, once a given 
subject showed force enhancement at a certain sub-maximal 
level of activation, the same subject kept exhibiting force 
enhancement with increasing muscle activation. 
Regression analysis between activation level and force 
enhancement across all subjects (Figure 2) showed that 
increasing activation was associated with an increase in the 
amount of force enhancement (r2 = 0.92; p=0.008).  
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Figure 1. Number of subjects who showed force enhancement 
at 0, 10, 30, 60, and 100% MVC tests. 
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Figure 2. Mean (± 1SE) of force enhancement as a function of 
activation across all subjects.  
 
DISCUSSION AND CONCLUSION  
Here, we demonstrate for the first time that force enhancement 
is only seen in a sub-set of subjects for sub-maximal voluntary 
efforts, and that the number of subjects increases 
systematically as activation during stretch is increased. This 
result suggests that force enhancement during voluntary 
contractions is activation-dependent with a threshold that 
varies among subjects. Based on the results of this study, we 
conclude that the steady-state force enhancement observed 
during voluntary human contractions is, at least in part, 
associated with activation.  
 
SUMMARY 
Force enhancement in sub-maximal voluntary contractions is 
activation (or force) dependent, and there appears to be a 
subject-specific threshold that must be exceeded before force 
enhancement is observed. These findings have important 
implications for the modeling of neuromuscular function and 
movement control, as they imply that force enhancement is 
likely to occur during normal everyday movements, which are 
typically voluntary contractions at sub-maximal levels, and 
therefore, probably also with the cross-bridge kinetics. 
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INTRODUCTION 
The collagen network of articular cartilage has been shown to 
modulate mechanical signals sensed by the chondrocytes 
(Korhonen et al., 2006). Reduction of volume and axial strain 
of the cells under static compression is thought to decrease 
biosynthesis of cartilage, whereas fluid flow under dynamic 
loading has been shown to be stimulatory for the synthesis of 
the solid matrix (Quinn et al., 1998). It is still poorly 
understood how collagen fibril orientation modifies strains and 
stresses of the chondrocytes in a depth-dependent manner. In 
the present study, a microstructural finite element model with 
chondrons in different zones was constructed, and the 
mechanical behavior of the chondrocytes under unconfined 
compression was investigated. 
 
METHODS 
An axisymmetric microscopic fibril reinforced swelling 
model, based on a previously published macroscopic model 
(Wilson et al., 2005), was developed. In the model, 
chondrocytes and pericellular matrices were located in the 
superficial, middle and deep zones of the cartilage. Depth-
dependent collagen fibril orientation (only in extracellular 
matrix), based on an arcade structure (Benninghoff, 1925), as 
well as depth-dependent fixed charge density (FCD) and fluid 
fraction were implemented in the model (Figure 1). Total 
stress of the cartilage was calculated as the sum of the stresses 
caused by the nonfibrillar matrix, fibrillar matrix, osmotic 
swelling and chemical expansion. Material parameters of the 
model were obtained from the literature. 
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Figure 1: Schematic presentation of articular cartilage structure. Tensile 
modulus, fixed charge density (FCD) and fluid fraction were implemented in a 
fibril reinforced finite element model. 
 
The loading protocol for the model included a free swelling 
step in a physiological saline solution (0.15M), a 5% 
compression at a ramp rate of 0.005s-1 followed by 1200s of 
relaxation. Axial and lateral deformations, volumetric 
changes, fluid flow and pressure as well as solid von Mises 
stresses as a function of time were analyzed. 

RESULTS AND DISCUSSION 
The collagen network orientation modulated cell shape in a 
depth-dependent manner. Using the reference values of the 
material parameters, the aspect ratio (height/width) of a 
superficial cell was 0.35 after free swelling (Figure 2a), 
whereas the middle and deep cells remained virtually perfectly  
round. This result is consistent with that obtained by Guilak et 
al. (1995). The collagen network modulus contributed to the 
axial and lateral deformations as well as volume changes of 
the chondrocytes after free swelling and during compression 
(Figure 2b). Moreover, the increase in fluid pressure and 
velocity and decrease in von Mises stress within the cells as a 
function of the collagen network modulus were highly 
dependent on the cell location. These may be important 
findings, as the aspect ratio and fluid flow of chondrocytes 
have been associated with decreased or increased synthesis of 
the solid matrix in cartilage, respectively (Quinn et al., 1998). 
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Figure 2: a) Shape of a superficial chondrocyte in the initial configuration, 
after equilibration in a physiological saline solution, and at equilibrium after 
application of 5% nominal strain. b) Time-dependent aspect ratio of the 
chondrocytes in the superficial (SZ), middle (MZ) and deep zones (DZ) with 
different values for the collagen network modulus (Ef) of the extracellular 
matrix. 
 
SUMMARY 
Current microstructural models of articular cartilage highlight 
the importance of collagen fibril orientation in modulating 
strains and stresses as well as fluid flow in chondrocytes. This 
may have implications for cartilage biosynthesis, in the 
development and health of diarthrodial joints and in  
osteoarthritis. Knowledge of the effect of the mechanical 
environment of chondrocytes may lead to better cartilage 
repair techniques and artificial cartilage matrices. 
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INTRODUCTION 
Torsional loading on an implant stem is one potential cause of 
implant loosening (Mohler et al., 1995), particularly in the hip, 
elbow and shoulder.  In the case of cemented stems, the 
strength of the stem-cement interface is poor (Ahmed et al., 
1984).  Stability of the implant after the stem-cement interface 
has de-bonded is reliant upon stem geometry (Mohler et al., 
1995).  Although it has been shown that cement stresses are 
significantly affected by stem cross-sectional shape 
(Crowninshield et al., 1980), relatively few studies have 
addressed the effect of stem shape on fixation.  Thus, the 
purpose of this study was to compare the stability of five 
different stem geometries under torsional cyclic loading. 
 
METHODS 
Cemented stems with five different cross-sectional shapes – 
circular, oval, triangular, rectangular with rounded edges 
(round rectangular), and rectangular with sharp edges (sharp 
rectangular) (Figure 1) – were custom machined from stainless 
steel. Stem dimensions were selected to fit within the humeral 
canal.  Seven specimens of each stem shape were tested.  
 

The stems were potted to a depth of 16mm in square 
aluminum tubes using Surgical Simplex® P (Stryker 
Howmedica Osteonics, Allendale, NJ) bone cement, and 
allowed to cure for 24 hours prior to testing.  A materials 
testing machine was used to apply torsion to the stems.  A sine 
wave loading pattern (2Hz) was applied until 5° of stem 
rotation occurred.  The loading pattern had a lower bound of 
0.9Nm and an upper bound which started at 4.5Nm and was 
increased in increments of 2.25Nm every 1500 cycles.  
Statistical analyses were performed using one-way ANOVAs 
followed by post-hoc Student-Newman-Keuls tests (p < 0.05). 
 
RESULTS AND DISCUSSION 
Overall, ANOVAs showed an effect of stem shape on the 
number of cycles (p < 0.001) and torque to failure (p < 0.001) 
(Figure 2).  Multiple comparison tests showed that the sharp 
rectangular stem provided the greatest resistance to torque 
(pcycles < 0.001; ptorque < 0.001) compared to all other stems.  
Other significant differences are noted in Figure 2, resulting in 
the following ranking of the stem shapes: sharp rectangular, 
round rectangular, triangular, and circular = oval. 
 

The results of this study agree with the findings of others 
(Mohler et al., 1995, Chang et al., 1998) in that the circular 
cross-section had less resistance to torsion.  The current results 
also agree with static testing previously conducted on the same 
set of stem shapes (Takaki and Dunning, 2005).  Although the 
sizes of the stems were chosen to roughly replicate upper limb 
implants, these results may be extrapolated to larger stems 
such as for the hip or knee. 
 

In the current model, the cement-bone interface was not 
considered as the stems were potted in tubes.   A thick  cement  

 

 
Figure 1:  The stem shapes: (A) Circular, (B) Oval, (C) 
Triangular, (D) Round Rectangular, and (E) Sharp 
Rectangular.  The cross-sectional dimensions were as 
indicated (in millimeters). 
 

 
Figure 2:  Torque at failure for cyclic loading for seven trials 
of each stem shape. Significant differences (p < 0.05) are 
indicated by . 
 

mantle was used to avoid failure at the cement-tube interface 
and focus on the stem-cement interface.  Although thinner 
cement mantles would be used clinically, the thickness 
remained consistent throughout testing, thereby permitting a 
relative comparison of the stems’ resistances to torque.   
 

One possible explanation for the results observed is the 
concept of “push perimeter” for each stem – section of the 
perimeter that pushes against the surrounding material as a 
torque is applied.  Once the cement-stem bond is broken, the 
circular (and, to a lesser extent, oval) stems can spin in the 
cement, whereas the round rectangular and sharp rectangular 
stems cannot without either the cement or the stem material 
yielding. 
 

SUMMARY 
Cemented stems with a rectangular cross-section provide more 
resistance to torque than those with a circular, oval or 
triangular cross-section. 
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INTRODUCTION 

Surface translation is a common method to study balance and 
postural responses to perturbation.  The trunk, however, has 
typically been considered to act as a single rigid segment, 
despite the fact that important deviations in trunk posture can 
be achieved with relatively small moments of force.  This 
study is intended to describe the postural response in the trunk 
following multidirectional surface translations in standing.  

METHODS 

Surface translations of 15cm (250ms acceleration, 250ms 
~0.45m/s, 250ms deceleration) were delivered to 13 standing 
subjects, in random order, in 8 directions (at 45o separation, 4 
trials per direction) by a 6-degrees-of-freedom motion base.   

Kinematic data were acquired using a 6-camera Vicon 512 
motion analysis system (ƒs = 120Hz) and computed by a 
linked 17-segment model (LSM), with 4 trunk segments 
divided at T6-T7 (Mid-Tx), T12-L1 (Tx-Lx), and L5-S1 (Lx-
Sx). A 3-D, top-down, inverse dynamics analysis was used to 
estimate the net moments of force.   

Surface EMG was acquired bilaterally from 7 superficial trunk 
muscles, and 1 hip muscle (b/w 10-350Hz; ƒs = 1080Hz).  
EMG onsets were detected automatically based on the mean 
and standard deviations of the FWR EMG within a 50ms 
moving window. EMG amplitude was estimated by the 
integrated (iEMG) over the first 250 and 500ms (i250 & i500).  

Ensemble averages of the 4 trials per subject, in each direction, 
were used for further comparison over the initial 500ms 
following onset of translation, with moment of force values 
normalized to body weight for comparison between subjects. 

RESULTS AND DISCUSSION 

Non-negligible joint rotations were observed in the trunk for 
all directions of perturbation, with the patterns of angular 
motion often differing between trunk levels.  The net joint 
moments, on the other hand, tended to follow very similar 
patterns for all 3 joints of the trunk in the LSM.  Peak joint 
angles and moments tended to be highest caudally, but with a 
high degree of variability observed between subjects. 

Trunk motion over the initial 500ms following translation 
tended to be bi-phasic in the sagittal plane, and mono-phasic in 
the frontal plane.  For example, following anterior-leftward 
translation (Figure 1), two distinct eccentric phases are evident 
in the sagittal plane at Lx-Sx, with the transition point 
(~315ms) corresponding with peak Lx-Sx flexion, and a shift 
from an extension to a flexion moment.  In the frontal plane, 
however, the response is effectively isometric until just prior 
to the transition point in the sagittal plane (~280ms), at which 
point eccentric right side-bending begins.  At Tx-Lx, 
sequential concentric and eccentric phases are evident in the 
sagittal plane as a gradual extension occurs over the 500ms 
window.  In the frontal plane for Tx-Lx, and in general for 
Mid-Tx, the movement profiles are effectively isometric.     

 
Figure 1: Mean (±SD) joint angles and moments, and the 
corresponding joint powers in the sagittal (black) and frontal (grey) 
planes following anterior-left surface translation over 500ms.   

The tuning curves for the EMG amplitudes and onset latencies 
corresponded well with the observed moment patterns.  Figure 
2 illustrates these curves for the left external oblique (LEO), 
and the right lumbar and lower thoracic erector spinae (RLE 
and RTE9).  For anterior-leftward translation, the i250 curves 
indicate relatively higher activation of RLE and RTE9 over the 
initial 250ms, while LEO activation was relatively greater over 
the second 250ms.  The tuning curves for the onset latencies, 
tended to be opposite to those for i250 (i.e. earlier activation in 
those directions with higher i250 values).      

 

Figure 2: EMG amplitude and onset latencies for left external 
oblique (LEO), and the right lumbar and lower thoracic erector 
spinae (RLE and RTE9) 

The distinct movement patterns at the different trunk levels 
(Figure 1) suggest true multi-segmental behaviour. However, 
this behaviour appears to apply only to those levels below the 
thoracic spine, as the movement profiles at Mid-Tx, for all 
directions of translation, suggest isometric contractions 
(Figure 1), implying that the thoracic spine behaved generally 
as a relatively rigid segment.   

SUMMARY 

For the surface translations studied here, the observed motion 
patterns in the trunk suggest multi-segmental behaviour below 
the thoracic spine, with distinctly different patterns in the 
sagittal (bi-phasic) and frontal (mono-phasic) planes.   
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INTRODUCTION 
Changes in the metrics of a surface translation are known to 
cause changes in the metrics of the standing response, with 
little effect on the movement patterns (Diener et al, 1988).  We 
hypothesized that by constraining the use of lower limbs in a 
seated posture, a change in both the metrics and the pattern of 
the trunk response would result.   
METHODS 
Surface translations were delivered with subjects seated in a 
semi-kneeling posture in a chair fixed to the motion base, in 
order to minimize movement of the lower limbs (fixed to the 
chair) and upper limbs (crossed over chest).  In order to ensure 
a starting trunk position similar to standing, iliac crest height, 
as well as lumbar curvature in the sagittal plane, was matched 
between the two postures.  A linked 5-segment model (LSM), 
with 4 trunk segments divided at T6-T7 (Mid-Tx), T12-L1 
(Tx-Lx), and L5-S1 (Lx-Sx) was used to calculate kinematic 
and kinetic parameters. Other experimental methodology, 
including EMG acquisition and data analysis, was identical to 
our previous study in standing.   
RESULTS AND DISCUSSION 
As for the standing posture, non-negligible joint rotations were 
observed in the trunk following translation in the semi-
kneeling position.  Joint angular patterns in the LSM tended to 
differ between levels, particularly for those translation 
directions with a posterior component.  Net joint moment 
patterns, however, tended to be similar at all trunk levels.   
Unlike the standing posture, however, the trunk response in 
the semi-kneeling posture tended to be predominantly mono-
phasic, with the response latencies increasing caudorostrally.  
Figure 1 illustrates the mean patterns of movement following a 
posterior-left surface translation.  For this direction of 
translation, movement at the Lx-Sx level tended to be 
eccentric, and in the direction opposite to that of the 
translation (i.e. flexion and right side- bending), while at  
 

 
Figure 1: Mean (±SD) joint angles and moments, and the 
corresponding joint powers in the sagittal (black) and frontal (grey) 
planes following posterior-left surface translation.   

the Tx-Lx level, concentric extension and eccentric right side-
bending began shortly after onset of movement at Lx-Sx.  The 
average response at the Mid-Tx level, however, tended to be 
effectively isometric for all directions of translation.   

The quantitative measures of EMG were also quite different in 
the semi-kneeling posture compared with the standing 
response.  In the semi-kneeling posture, all muscles tested, 
with the exception of those in the upper thoracic spine (which 
generally showed lower levels of activation, and less direction 
specificity) displayed mono-polar tuning curves corresponding 
very closely with the observed movement patterns.  Figure 2 
illustrates the tuning curves for EMG amplitude and onset 
latency for the right external oblique (REO), and the left 
lumbar and lower thoracic erector spinae (LLE and LTE9).  
Activation amplitudes for LLE and LTE9 were relatively high 
in the posterior-left direction, with relatively short onset 
latencies, corresponding well with the extension and left side-
bending moments in Figure 2.  REO, on the other hand, had 
much lower relative levels of EMG activation, and longer 
onset latencies for this direction of perturbation.   

 
Figure 2: EMG amplitude and onset latencies for right external 
oblique (REO), and the left lumbar and lower thoracic erector 
spinae (LLE and LTE9). 

It should be noted that, for all translation directions with a 
lateral component, an initial frontal plane moment of force was 
observed away from the direction of translation, creating a 
concentric force at the caudal levels lasting ~170ms (Figure 1).  
As no corresponding EMG activity was observed in the trunk, 
this moment likely originated from segment(s) caudal to Lx-
Sx, in an effort to maintain contact of the ipsilateral ischium 
with the chair.   
SUMMARY 
Surface perturbations in semi-kneeling, with the trunk posture 
unchanged from a previous study in standing, yielded dramatic 
changes in both the metrics and the movement patterns of the 
postural response in the trunk.  This suggests a link between 
the dynamical properties of the system and the observed 
biomechanical and neuromuscular response.    
REFERENCES 
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INTRODUCTION 
Surface perturbations have been used extensively to study 
postural control and balance, with the majority of these studies 
using the observed postural responses to draw conclusions 
regarding to the role of the central nervous system (CNS) in 
maintaining upright stance.  The control exerted by the CNS, 
however, must act within the biomechanical constraints of the 
body.  In fact, Kuo and Zajac (1993) have suggested that 
multi-joint postural responses in the lower limbs can be 
explained largely by biomechanical constraints.  In two 
parallel studies (see previous abstracts) we have described the 
multi-segmental behaviour of the upright trunk following 
multidirectional surface translations.  We suggest that, despite 
the observed multi-segmental behaviour, the postural 
responses in the trunk can be largely explained by the 
mechanical constraints of the system, without the need for 
complex neural control.   
METHODS 
Thirteen subjects experienced horizontal surface translations in 
8 directions (45o separation) in two postures: standing (with 
the limbs free to move), and sitting (with the limbs 
constrained).  Kinematic, kinetic and EMG data were collected 
from the trunk, modeled as 4 segments divided at T6-T7 (Mid-
Tx), T12-L1 (Tx-Lx), and L5-S1 (Lx-Sx). Details of the data 
acquisition and analysis have been previously described.   
RESULTS AND DISCUSSION 
For these perturbations, movement in the trunk occurred 
primarily below the thoracic spine, with clear differences in 
the movement patterns between the two test postures (Figure 
1).  Further study of these patterns, and the corresponding 
EMG, suggests that both the metrics and patterns of the 
postural response in the trunk can be largely explained by 
mechanical properties such as passive stiffness, inertia, and the 
muscular architecture of the trunk.  
The inferred role of passive stiffness is based on the tendency 
for the trunk to be stiffer in the frontal plane than in the 
sagittal plane (McGill et al, 1994).  Accordingly, in both 
postures, movement in the sagittal plane tended to preceded 
movement in the frontal plane, regardless of the direction of 
translation.    

The effect of inertia was seen in two facets of the response: the 
caudorostral progression of movement; and the direction of the 
first movement observed. In standing, the first movement was 
always at Lx-Sx, toward the direction of translation, as the legs 
were perturbed underneath.  In the seated posture, the first 
movement was also at Lx-Sx, but away from the direction of 
translation, as the segments underneath were constrained. 
Muscle architecture - in particular the fact that those muscles 
best able to generate high joint moments in the trunk also span 
multiple vertebral levels - may explain the different angular 
patterns at Lx-Sx and Tx-Lx, as well as the common joint 
moment patterns at these levels.  The earliest EMG activity in 
the trunk was consistent with the kinematic and kinetic 
patterns at Lx-Sx.  The corresponding joint moments 
generated at Tx-Lx by the multi-segmental trunk musculature, 
along with passive stiffness and inertial properties, can largely 
explain the different joint angle patterns at this level, without 
separate neural control. 
Finally, a degree of asymmetry was observed in the EMG 
responses between the right and left sided musculature, despite 
the symmetrical nature of the translations.  While handedness 
may allow for asymmetrical motor control in the trunk, these 
asymmetries are more likely explained by muscular 
development.  For example, a larger, stiffer muscle may show 
a later increase in activation than a smaller, more compliant 
muscle, in response to the same mechanical stimulus.     
SUMMARY 
Our previous work has demonstrated a multi-segmental 
postural response in the trunk following surface translation.  
This complex response, however, is largely explained by the 
mechanical properties of the trunk.  As such, despite the 
complex nature of the postural response, the actual motor 
control required from the CNS may be simplified.   
REFERENCES 
Kuo A and Zajac F (1993). Prog Brain Res 97: 349-58. 
McGill et al. (1994). Spine 19: 696-704.   
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Figure 1: Mean movement patterns (angles and moments – mean ± 1SD) in the trunk following anterior-rightward surface translations 

in standing (A) and sitting (B).  Black – sagittal plane.  Grey – Frontal plane. . 
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INTRODUCTION 

 
The quantitative assessment of trunk postures while driving is 
desired since trunk postures can be related to complaints of 
low-back pain (Harstella, 1990). When aligned over the hip, a 
goniometer can be used to measure trunk flexion/extension 
angles. This approach requires the assumption that the lower 
limb is stationary. This may not be the case, with occasional 
voluntary and involuntary (due to driving over rough terrain) 
leg movements by operators leading to erroneous results. It is 
possible to control for these movements by monitoring the 
operator’s knee angles while the lower limb is constrained by 
the seat and the floor. In addition, goniometer misalignment 
and tissue displacement that occurs as one moves to a seated 
posture can result in inaccuracies in goniometer determined 
angles. The purpose of this study was to investigate the 
relationship between knee and trunk angles during planar 
motions of the lower limb while a seated operator’s foot on the 
floor, and to assess the accuracy of goniometer determined 
angles. 

 

METHODS 

 
Fifteen male subjects had reflective markers placed over the 
ankle (lateral malleolus), knee (lateral malleolus), hip (axis of 
rotation), and shoulder (glenohumeral joint). Subjects also had  
Biometrics™ SG150 goniometers (NexGen, Pointe Claire, 
Quebec) aligned over their hip and knee. The subjects were 
asked to slide their foot away from and towards the seat base 
along the floor ten times. All motions were conducted in the 
sagittal plane while the subject was seated at a height of 
29.5cm, 41.5cm and 56.5cm above the floor with their back 
against a backrest. Marker positional data (using six M

2
mcam 

cameras) and goniometer voltages were recorded with a 
VICON™ 460 motion capture system (VICON Peak, Lake 
Forest, California) at a sample rate of 120Hz. Dot product 
calculations using marker positional data were then conducted 
to obtain planar knee and trunk angles. The goniometer 
voltages were converted to joint angles using a calibration 
equation created from a 7-point calibration. A step-wise 
multiple linear regression was then conducted with the 
variables found in Table 1. Finally, a comparison between the 
camera and goniometer determined angles was conducted 
(with the camera angles used as the gold standard). 

  

RESULTS AND DISCUSSION                         

 
The step-wise regression analysis yielded a significant  

predictive model (p<0.000), explaining 96.6% of the variance 
in the motion capture determined trunk angles (r

2
=0.966), and 

had a standard error of ±2.67˚. Equation describes model 
(variable definitions are provided in Table 1): 

 

Y=0.224*X1 + 0.974*X2 – 0.134*X3                         (Eq.1) 

              – 2.399*X4   – 0.0401*X5 – 8.801  

                    

Table 1: Variable labels, descriptions and significance 

†
 Using the camera determined angles  

 

With respect to the comparison of the goniometer and camera 
determined angles, large differences were found between the 
two methods of angle determination. An absolute percent error 
of 27.8 ± 12.5˚ was found for the trunk, and 7.7 ± 6.7˚ for the 
knee. The goniometers were placed on the subjects while they 
were standing, and the tissue displacements that occurred 
while the subjects sat down could have changed the alignment 
of the goniometers. In an attempt to remove this offset, the 
goniometer raw signal voltage had its bias removed while the 
goniometer was mounted on the subject as they adopted 90˚ of 
knee and trunk flexion. This procedure greatly reduced the 
goniometer error. The absolute percent errors were reduced to 
3.2 ± 4.1˚ and 4.0 ± 3.8˚ for the trunk and knee respectively. 

 

It is acknowledged that the conditions covered in this study 

are not the only ones that may be encountered in the field. 

Preliminary investigations have revealed great variability 

between subjects during movements of the lower limb while 

the foot is off the floor. Investigations are currently underway 

to evaluate the feasibility of subject specific calibrations for 

knee and trunk angle relationships while the foot is off the 

floor.  
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Label Description Significance (p<) 

Y Trunk angle (degrees)
†
 - 

X1 Knee angle (degrees)
†
 0.000 

X2 Initial trunk angle (degrees)
†
 0.000 

X3 Initial knee angle (degrees)
†
 0.000 

X4 Shank length/Seat height ratio 0.000 

X5 Individual’s height (cm) 0.000 



 
Effects of orthosis on pain and hallux angles in patients with flexible 

Hallux Valgus 
 

Behshid Farahmand1, Esmaeel Ebrahimi2, Shahin Goharpay2 

 
Department of Orthotics and Prosthetics, Iran University of Medical Sciences, Tehran, Iran, 
farahmandbsh@yahoo.com 
Department of Physical Therapy, Iran University of Medical Sciences, Tehran, Iran 
 

 
Conclusion  
 
This study showed that night splint use 
was not an effective way to address the 
hallux valgus problems, because it did 
not reduced the pain and could not 
improve the hallux alignment. 
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Introduction 
 
Hallux Valgus is one of the most 
common foot deformities. Although 
nonsurgical care is always the first 
option for a patient who has a hallux 
valgus deformity, the evidence for 
effectiveness conservative treatments 
for this condition is limited. 
 
Objective 
 
The main goal of this study was to 
determine the effects of orthotic use, 
i.e. night splint, on pain and hallux 
angles in patients with flexible Hallux 
Valgus. 
Methods: Participants were divided 
into two groups, namely juveniles and 
adults, and each group consisted of 14 
patients (75% women). Both groups 
received night splint of Groiso type. 
AP and Lat. Radiographic views were 
obtained before the orthosis use and 
after a six-month follow up, to measure 
Hallux Valgus Angle (HVA) and 
Intermetatarsal Angle (IMA). Pain 
intensity was also assessed by means 
of a 0-10 Visual Analogue Scale 
(VAS). 
 
Results 
 
Reassessment of the patients after the 
follow up period showed that no 
significant statistical  relationship were 
found between pain intensity, HVI and 
IMA. (P> .05). 
 



INTRODUCTION 
Total knee arthroplasty (TKA) is considered the treatment of choice for 
candidates with severe deterioration of the knee due to osteoarthritis.  
However after 10 years the failure rate is between 7 % (Konig & 
Kirschner, 2003) and 10% (Robertsson et al., 2001) and a new, larger 
components must be implanted.  This procedure is called revision TKA. 
 
Most revision designs use a modular intramedullary stem to transfer 
stress from the damaged proximal bone surface to the distal cortical 
bone.  However no evidence-based surgical guide is available to help 
surgeons decide on the size of stem to use.  The goal of this research is 
to develop such a guide using both finite element analysis (FEA) and in-
vitro testing. 
 
METHODOLOGY 
Finite Element Analysis 
A solid model of a tibia was created from a computed tomography (CT) 
scan of a composite tibia (#3301 Pacific Research Laboratories, 
Vashon,WA) using Mimics 8.11 (Materialise, Ann Arbor, MI) and 
Geomagic Studio 6 (Raindrop Geomagic, Inc., Research Triangle Park, 
NC).  Virtual surgery was performed using Unigraphics NX 3 (UGS, 
Plano, TX) to implant a size 4 NexGen A/P Wedge tibial component 
(Zimmer, Warsaw, IN) with four different stem lengths (125, 145, 175, 
200 mm) and all with a diameter of 12 mm.  
 
ABAQUS 6.4 (Abaqus Inc., Providence, RI) was used to analyze the 
four different stem lengths with a small sliding contact algorithm 
between the stem and bone.  An axial load of 2 kN was applied to the 
medial and lateral condyles with a medial:lateral ratio of 60:40 and 
100:0.  The effect of a medial defect was also investigated with two stem 
lengths (145 & 200 mm).  Stem-bone micromotion and von Mises stress 
distribution were compared in all cases.   
 
In-vitro testing 
Ten composite tibias were implanted with a size 4 Zimmer Nexgen A/P 
Wedge tibial component and a 12 mm diameter intramedullary stem.  
Five of the bones were implanted with a 145 mm length stem and five 
with a 200 mm length stem.   
 
A sinusoidal axial load from 0.1-2 kN was applied for 1000 cycles with 
an Instron testing machine (Model #8890, Norwood, MA).  Each bone 
was tested under two load distributions (60:40 and 100:0) and three 
interface conditions (uncemented, cemented tray, and medial defect) 
while micromotion was measured with two linear variable displacement 
transducers (LVDT).  The LVDTs were fixed to the medial and lateral 
aspect of the tray and connected to the bone 100 mm distal to the bottom 
of the tibial tray.   
 
RESULTS 
The finite element (FE) results showed increasing peak cancellous stress 
(von Mises) and decreasing average proximal cancellous stress with 
increasing stem length.  The models with medial defects revealed that 
stem length had a larger effect on stress than defect size.  Figure 1 shows 
cancellous stress for two stem lengths with a medium sized medial 
defect. 
 
Micromotion results for both in-vitro and finite element testing were 
compared and are presented in Figure 2.  The in-vitro micromotion was 

calculated by averaging the medial and lateral LVDT amplitudes and the 
FE micromotion was the average value in the anterior region 95-105 mm 
distal from the bottom of the tray.  Although the values did not match 
perfectly, both showed the same trend of decreasing micromotion with 
increasing stem length.   

a) b)   
Figure 1 – Cancellous von Mises (MPa) stress for a) 145 mm stem b) 

200 mm stem with a medial defect 
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Figure 2 – Micromotion results from finite element and in-vitro  

testing for a 145 and 200 mm length stem 
 

CONCLUSION 
This pilot work found that an intramedullary stem successfully transfers 
load from the damaged proximal tibial bone to the diaphysis.  A longer 
stem increased the load transfer and improved the stability of the 
implant, at 100 mm below the bottom of the tibial tray. 
However, further work is required to accurately assess the tradeoff 
between stability and load transfer using FE models created from CT 
data of human tibial bones.   
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INTRODUCTION 
Abbott and Aubert (1952) found more than half a century ago 
that muscles had an unexplained increase in the steady-state 
isometric force following an active stretch when compared to 
a purely isometric contraction at the corresponding length. 
This observation has been called “residual” force enhancement, 
and the mechanisms underlying this phenomenon remain 
unknown. It has been suggested that the residual force 
enhancement is associated with instabilities of sarcomere 
lengths on the descending limb of the force-length relationship 
(e.g. Julian and Morgan, 1979; Morgan et al., 2000), although 
this could never be shown directly. Here, we propose to test 
force enhancement properties in single myofibrils while 
simultaneously measuring force and individual sarcomere 
length. The great advantage of this preparation is that all 
sarcomeres are mechanically arranged in series, and therefore, 
must support the same force. Therefore, this preparation 
allows for studying the precise relationship between sarcomere 
length and force for a variety of experimental conditions, 
specifically the steady-state isometric force during purely 
isometric contractions and isometric contractions preceded by 
stretch. We hypothesize that sarcomere lengths are stable on 
the descending limb of the force-length relationship and that 
they are not uniquely related to isometric force, therefore 
questioning one of the most basic assumptions of the cross-
bridge theory of muscle contraction (e.g., Huxley, 1957). 
 
METHODS 
A rabbit psoas skeletal muscle myofibril preparation similar to 
Pollack (Bartoo at al., 1997) was constructed and used. An 
inverted microscope with a 100X oil immersion objective and 
a 2.5 X Optovar coupled to both a high resolution line scan 
camera and a digital CCD camera with a video recorder was 
used. Force measurements were made using a microfabricated 
cantilever. Displacement of the cantilever was converted to 
force by using the known material properties of the lever arm. 
Myofibrils were attached to both a piezo tube motor and the 
cantilevers and were activated using a calcium ion solution 
combined with ATP and creatine phosphate. Images were 
captured to both a computer and to a video recorder for later 
analysis. Line scan camera images were sampled at 300 Hz 
with a spatial resolution of 16 nm per pixel. Video images 
were collected at 30 Hz with a spatial resolution of 67 nm per 
pixel. Sarcomere lengths were determined by calculating the 
distance between adjacent A-band (myosin) centroids for all 
sarcomeres. 
 
RESULTS 
When myofibrils were stretched from a region of optimal 
sarcomere lengths (2.2-2.4 um) to the descending limb (>2.4 
um), the steady state force increased, and sarcomere lengths 
remained stable (no length changes once the stretch was 
finished) but were at distinctly different lengths (Figure 1). 
Specifically, the longest and shortest sarcomeres of the 

myofibril shown in Figure (1) were 3.1 and 2.4 um, 
respectively. Thus, the shortest sarcomere was at optimal 
length, while the longest sarcomere was half-way down the 
descending limb of the force-length relationship where the 
force producing ability is reduced by 50% based on the cross-
bridge and sliding filament theory. 
 
DISCUSSION 
Here, we demonstrate for the first time that there is force 
enhancement in single myofibril preparations, that the forces 
in the enhanced state can exceed those obtained during purely 
isometric contractions at optimal length, and we confirm 
previous results that sarcomere lengths following stretch onto 
the descending limb of the force-length relationship are stable 
but non-uniform. These results demonstrate that force 
enhancement is not associated with sarcomere length 
instabilities, as previously proposed (e.g., Julian and Morgan, 
1979, Morgan et al., 2000), and that force enhancement is 
associated with the recruitment of some additional active force. 
This additional force can conceptually be explained with an 
increase in the proportion of attached cross-bridges, or an 
increase in the force per cross-bridge. Future studies using 
stiffness measurements will need to be performed to address 
this issue, as an increase in the proportion of cross-bridges 
would be associated with an increased stiffness, while an 
increase in force per cross-bridge would not. For the moment, 
the fact that sarcomeres of distinctly different lengths support 
the same force cannot be explained with traditional thinking 
and needs careful evaluation. 
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Figure 1: Sarcomere length and myofibril force prior to and 
following stretch. Sarcomere number 3 and 8 displayed in red 
and blue, respectively. Force is normalized to pre-stretch 
values. 
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INTRODUCTION 
 
Ground reaction force (GRF) is commonly measured by 
force plates. The use of this method is, however, limited 
to indoor laboratories and analyzed motions may be 
restricted depending upon the size of force plates. 
Therefore, other methods have been considered 
(Savelberg and de Lange, 1999). 
 
The purpose of this study was to seek the possibility to 
estimate the vertical GRF from the tibial acceleration 
during hopping at a steady pace. 
 
METHODS 
 
The tibial acceleration and GRF were simultaneously 
recorded from three male subjects. The tibial 
acceleration was measured with an accelerometer 
mounted on the tibial tuberosity. 
 
The viscoelastic elements model was used to simulate 
vertical GRF, which was constructed by two masses, two 
linear springs, nonlinear spring and two dampers (Miyaji 
et al., 1988). Based on the previous research (Yukawa 
and Kobayashi, 1997), the minimum value of the object 
function (object function 1), which is the sum of relative 
standard error of the impact force (RSE) and the relative 
error of the release velocity (RERV) was found by 
altering the parameters in order to evaluate the accuracy 
of simulation for each trial. 
 
RESULTS AND DISCUSSION 
 
The impact force and the takeoff velocity during the 
hopping that were measured via the actual GRF were 
reasonably simulated by the elements model in the 
current study (Figure 1a). The sensitivity analysis of 
parameters showed that the impact speed, and the upper 
and lower springs of the model influenced the simulated 
vertical GRF and simulated acceleration of the lower 
mass significantly. 
 
Another object function (object function 2) was then 
made based on the above simulated results. The object 
function 2 was the sum of a: the difference between the 
peak tibial acceleration measured by the accelerometer 
and that simulated by the viscoelastic elements model, b: 

the value of simulated vertical GRF at takeoff, and c: 
limitation conditions. 
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The simulation using the object function 2 produced 
similar RSE values to that of objection function 1 
(Figure 1). 
 

 
(a)                     (b) 

Figure 1: Comparisons between measured value in 
experiment (solid line) and simulated values (dashed 
line) on vertical GRF: (a) simulation using the object 
function 1; (b) simulation using the object function 2 
 
SUMMARY 
 
The results of this study could suggest the possibility of 
a reasonable estimation of vertical GRF from the tibial 
acceleration by utilizing the viscoelastic elements model. 
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INTRODUCTION 
 
In drop landings, impact forces occur due to the collision of 
the foot with the ground. After foot contact, these forces are 
attenuated by neuromuscular control. In biomechanics of 
human movement impact forces are usually measured by force 
platforms. 
 
In previous studies the vertical ground reaction force (vGRF) 
curve during drop landings showed three distinctive peaks. 
However, the cause of the number of the peaks and the shape 
of the curve had not been reported. The problem of the 
previous studies was using rigid linked segment model. 
 
Fritz and Peikenkamp (2001) developed a 
four-degree-of-freedom viscoelastic model. They described 
human body during drop landings can be considered as a 
mechanical system with masses, springs and dampers. 
 
Based on this model, the viscoelastic effects of the vGRF 
curve would be appeared. Also, if comparison measured 
vGRF curve with model vGRF curve, the characteristics of the 
strategies for subjects would be understood. 
 
The purpose of the present study is to investigate the vGRF 
curve during drop landings through the viscoelastic model 
developed by Fritz and Peikenkamp (2001). 
 
METHODS 
 
Three healthy male subjects (mean±SD: age 23.33±1.53 years; 
body mass 63.93±9.19 kg; height 176.67±1.53 cm) 
participated after providing written informed consent. All 
subjects wore tight fitting shorts and a T-shirts, and were 
tested in bare feet. 
 
Two force platforms (Kistler type 9287BA & 9281CA Kistler 
Instruments, Switzerland) were used to measure the vGRF at 
1kH. 
 
Drop landing conditions from a 0.48m height was tested. In 
landing the subjects were instructed to land with minimum 
joint flexion. Subjects placed their hands on their hips, pushed 
off from the platform with one leg, closed their legs in midair, 
and landed on the force platforms by each foot simultaneously. 
 
The model (Fritz & Peikenkamp 2001) was developed to 
simulate the vGRF curve. The equations of the model were 
solved with a fourth order Runge-Kutta numerical integration 
routine, using the MATLAB (The mathworks, USA) software 
program. 
 
Firstly, the measured vGRF curve during drop landings was 
investigated. After that, the model parameters were 
investigated with a sensitivity analysis to understand their 
effect on various aspects of the model vGRF curve. Finally, 
the model vGRF curve was compared with the measured 
vGRF curve. 
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Figure 1: Simulated the vGRF curves. 
Solid line shows the model vGRF curve. 
Broken line shows the modified model vGRF curve. In this 
case, 60% of the stiffness values for knee was decreased. 
 
RESULTS AND DISCUSSION 
 
The measured vGRF curve had three distinctive peaks. 
However, the model vGRF curve had only two peaks. After 
impact, there was one short spike of force in the measured 
vGRF curve. 
 
In order to simulate the effects of the model viscoelastic 
components, the sensitivity analysis was performed on 
selected variables. The stiffness values for knee spring 
affected the short spike (Figure 1). As the knee stiffness 
decreased, the short spike appeared. 
 
From the knee stiffness point of view, the cause of the short 
spike might be knee joint flexion. The subjects tried to fix 
knee joint after touchdown. However, they could not fix the 
knee joint perfectly. 
 
SUMMARY 
 
The results of current simulation and experiment, the each 
peak of vGRF curve were controlled by viscoelastic 
components. Due to too high knee stiffness, the model 
developed by Fritz and Peikenkamp (2001) did not generate 
the short spike of force. 
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INTRODUCTION 
Articular cartilage exhibits various transient behaviors due to fluid 
viscosity and intrinsic properties of the solid matrix.  When an 
applied displacement is held constant, the tissue undergoes stress 
relaxation (Fig. 3).  When an applied force is kept constant, creep 
is observed (Fig. 2).  It has been found for rabbit medial collateral 
ligaments that the creep and relaxation properties could not be 
described simultaneously by a linear viscoelastic model (Thornton 
et al., 1997), because the two types of tests may recruit collagen 
fibers differently.  During creep, a significant number of the 
crimped fibers are straightened to resist tension; while during 
relaxation, the crimped fibers remain curved and do not support 
loading.  When compressed normal to the articular surface, 
cartilage expands in the lateral direction and thus horizontally-
oriented fibers may be straightened from a crimped position.  The 
objective of this study was to characterize the differences in creep 
and relaxation responses of articular cartilage, and through the 
different responses, gain new insight into the load transmission 
properties of this tissue. 
 
METHODS 
Eight knee joints of 1-2 year old bovines were obtained from the 
local slaughterhouse (Atria Ltd., Kuopio, Finland).  Full thickness 
cylindrical cartilage explants (~3mm in diameter, ~1.6mm thick), 
one sample from each joint, were prepared from the lateral patellar 
groove, and frozen at -21°C.  Prior to testing, samples were kept at 
room temperature for 1-2 hours.  A high-precision mechanical 
testing instrument (National Instruments, Austin, TX) was 
programmed to perform creep and relaxation tests in unconfined 
compression.  Each disk was tested with one of the two protocols 
(Fig. 1) using a method developed previously (Toyras et al., 1999).  
A fibril-reinforced model was used to analyze the data.  The model 
approximated the collagen network with a viscoelastic fibrillar 
matrix of zero compressive stiffness (Li and Herzog, 2004).  The 
interstitial fluid flow was assumed to be governed by Darcy’s law.  
The tensile modulus of the fibrillar matrix at equilibrium, Ef, was 
represented by the initial modulus, E0, at zero external loading, the 
peak elastic modulus, EL, at large strains, a characteristic tensile 
strain, ε~ , and a dimensionless coefficient, α  

( )( ) ( ) 0 1 / exp /f L LE E E E α ε ε ε ε= − − + −  
This equation was derived using data from large strain tensile tests, 
and it is equivalent to the linear form previously used for small 
strains (Li and Herzog, 2004). 

RESULTS AND DISCUSSION 
Creep data could be reproduced from the same specimen 
following a relaxation test (Fig. 2), and vice versa.  Therefore, the 
tissue matrix underwent elastic deformation only, and fiber 
recruitment in cartilage was reversible.  The time required to reach 
equilibrium was much greater for the creep than the relaxation 
testing, because fluid pressure continued to increase for a 
considerable time when the applied force was kept constant.  For 
the same reason, the radial strain was greater in creep testing, 
which may enhance fiber nonlinearity, a key factor in fibril 
reinforcement and fluid pressurization.  There were no sharp 
changes in the creep data (Fig. 2 vs Fig. 3), which made it easier to 
fit creep strains compared to relaxation stresses (not shown).  Fiber 
nonlinearity must be considered in order to fit both creep and 
relaxation data using the same material properties (Fig. 3), in 
agreement with findings in ligaments (Thornton et al., 2001).  
Fluid flow was different in creep and relaxation testing.  These 
different loading responses may cause different tissue failures and 
different cell (chondrocyte) environments and thus have 
implications in the development of osteoarthritis. 
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Figure 2 (left):  Repeatability of two creep tests separated by a 
relaxation test, using Test protocol 2 on a single specimen. 
Figure 3 (right):  Data fit for a relaxation test using the proposed 
fibril-reinforced model. 
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Figure 1:  Test protocol 1.  In a relaxation test, ~1% axial strain was applied in each of three steps at ~1µm/s, followed by 1200s of relaxation;  
in a creep test, ~8g compressive force was applied in 2-10s, followed by 1h of creep.  The same steps were followed in Test protocol 2, but the 
boxes 2, 4 & 6 (shaded) were replaced with Creep test 1, Relaxation test and Creep test 2 respectively. 
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INTRODUCTION 
 
The identification of risk factors in the workplace, such as 
heavy lifting, awkward postures, and repetition, has resulted in 
the automation of many tasks to limit exposure.  Although this 
automation has reduced some of the reported injury, low back 
discomfort (LBD) is still prevalent in the workplace.  One 
potential source of this reported pain is increased time spent in 
relatively static postures.  For example, prolonged standing, 
predominant in occupations such as cashiers, bank tellers, and 
casino workers, has been associated with the reporting of low 
back pain (Biering-Sorensen et al., 1989; Ryan, 1989). 
However, it has been shown that standing does not place large 
compressive loads on the spine (Nachemson, 1981, Callaghan 
and McGill, 2001) suggesting the risk of developing 
discomfort in the low back region should be minimal.  
Therefore, the purpose of this study was to monitor various 
biological measures over a prolonged period of standing, and 
investigate possible associations between these measures and 
the development of LBD. 
 
METHODS 
 
Sixteen individuals (eight male, eight female) were required to 
stand for two hours in a constrained area.  Muscle activation in 
eight trunk and two hip muscles were measured, as well as 
whole-body and three-dimensional lumbar spine postures.  
Thoracic muscle oxygenation and low back skin temperature 
were also monitored during the standing period.  Last, centre 
of pressure in the anterior-posterior and medial-lateral 
directions were determined from a forceplate. 
Low back discomfort was monitored using a 100mm rating of 
perceived discomfort scale.  Each participant completed a total 
of nine discomfort scales, one at the start of the standing 
period, then one every 15 minutes throughout the collection. 
 
RESULTS AND DISCUSSION 
 
Thirteen of the sixteen participants developed low back 
discomfort (LBD) over the 2 hours.  No significant differences 
for any of the biological variables measured were observed 
between individuals who developed LBD and those who did 
not.  In addition, few variables changed significantly over 
time.  Over the 2-hour period the rating of LBD significantly 
increased, the degree of lumbar flexion increased, the 
magnitude of posterior joint shear (L4 with respect to L5) 
decreased, and thoracic skin temperature decreased. 
Due to the remarkable low number of significant changes in 
the observed variables over time, and yet the notable 
development of LBD in the majority of the participants, the 
mechanism of LBD development is clearly not a response to 
one single factor.  A regression model was generated which 
used six biological variables determined during the first 15 

minutes of standing to predict the final magnitude of LBD 
after the 2 hours of standing.  This regression model (R-
squared = 0.937) was the more notable finding of the study as 
it was able to predict the magnitude of LBD in 15 of the 16 
participants.  Figure 1 is a graphical representation of how 
well the regression model was able to predict the magnitude of 
LBD compared to the actual recorded level of discomfort. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Actual LDB rating after 2 hours versus the 
predicted value based on the regression model (R2 = 0.937) 
created from step-wise forward selection of the biologic 
values measured in the first 15 minutes of standing for 15 of 
the 16 participants. 
 
 
CONCLUSION 
 
Although no significant differences were found in biological 
variables such as muscle activation, lumbar spine posture, and 
muscle oxygenation between individuals who developed LBD 
and those who did not, a generated regression model suggests 
the level of LBD perceived by an individual following a 
prolonged period of standing (2 hours) can be predicted by 
examining how that individual stands during the first 15 
minutes of exposure.  This finding can potentially aid in job 
risk assessment, as well as in the determination of factors that 
contribute to the development of LBD during prolonged 
standing. 
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CHANGES IN PEDAL FORCE DIRECTING ABILITY WITH REAL-TIME VISUAL FEEDBACK 
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INTRODUCTION 
It has been suggested that biarticular muscles have a 
specialized role in directing external contact forces (van Ingen 
Schenau 1989). The manner in which humans learn to 
coordinate mono- and biarticular muscles to control force 
direction is unclear. In a pilot study (Hasson et al. 2004) we 
demonstrated that subjects could learn to improve the 
direction of applied pedal forces during a one-legged cycling 
task if given intermittent reinforcement. In the present study, 
we provided a larger group of subjects with continuous real-
time feedback in order to enhance learning. In the current 
report we focus on the analysis of pedal force direction 
changes during the learning process. It was hypothesized that 
subjects would improve their ability to direct pedal forces after 
training with concurrent visual feedback. 
 

METHODS 
Nine males (age: 25±4 yrs; mass: 83±13 kg; height: 1.77±0.07 
m) volunteered to participate in the study. Subjects performed 
one-legged cycling on a ten-speed bicycle mounted on a 
computerized ergometer. Prior to the experiment participants 
were instructed on the desired target direction for their applied 
pedal forces, which was perpendicular to the crank arm 
throughout the crank cycle. The goal of the pedaling task was 
to minimize errors between the actual and target force 
directions. 
 

Pedal kinetics were measured using an instrumented clip-in 
pedal mounted on the left crank arm. The angular positions of 
the crank arm and pedal were measured with optical encoders. 
Real-time visual feedback of actual and target pedal force 
directions and crank angular velocity (Fig. 1A), along with 
post-training summary error scores (Fig. 1B), were displayed 
to the subject on a monitor. Subjects were to maintain a 
pedaling speed of 180º/s (30 rpm) at a low constant workload.  
 

 
 

Fig 1. A: Feedback during trial. B: Post-trial summary 
feedback (numeric quantities = RMSE for each 90º quadrant). 
 

Participants performed a baseline trial with no feedback and 
16 trials with feedback. Each trial lasted 45 s with a 1 min rest 
between trials. Trials consisted of a 15 s warm up, pedaling 
with both legs. Pedaling then continued for an additional 30 s 
using only the left leg.  Pedal forces were filtered with a 3 Hz 
low-pass Butterworth digital filter, transformed from the pedal 
reference frame to a global reference frame, and then 
expressed as a function of crank angle using cubic spline 
interpolation. To quantify performance, the root-mean-squared 

error (RMSE) between the direction of the applied and target 
force vectors was calculated for each subject. A paired t-test 
was used to compare pre- and post training RMSE. 
 

RESULTS AND DISCUSSION 
One subject was excluded from the analysis because he started 
training with a very low RMSE equivalent to the post-training 
scores. Following the training trials participants showed 
significant reductions in RMSE from pre- (59.7±10.9º) to post 
(21.2±5.5º) training (p<0.001). Subjects showed a nonlinear 
decrease in error with practice (Fig. 2A). At the start of 
training, subjects had the most difficulty directing forces 
accurately in quadrant III (Fig. 2B). However, subjects’ 
performance in quadrant III improved substantially with 
training, reducing the mean error from ~100º to ~15º. In 
contrast, there was less relative improvement in quadrants II & 
IV and almost no changes observed in quadrant I. 

 
 

Fig. 2. A: RMSE as a function of time throughout the training 
protocol for one subject. B: Mean error as a function of crank 
angle across all subjects; pre (blue) and post (red line). A 
positive mean error reflects an applied force that is directed 
radially outward with respect to the target force direction. 
 

A preliminary analysis of the mean net joint moments revealed 
that the largest changes from pre- to post training occurred at 
the knee. There was a trend for subjects with the largest 
improvements in RMSE to show an earlier shift in the timing 
of the transition from a knee extensor moment to knee flexor 
moment with training. This may indicate that some subjects 
learned to begin pulling posteriorly on the pedal earlier to 
better match the target force direction in quadrants II and III. 
  
SUMMARY 
Subjects were able to significantly alter the way in which they 
direct pedal forces within the period of the training protocol 
used. Future analyses will further investigate concomitant 
changes in joint kinetics, and examine individual muscle 
activation patterns to elucidate the roles of mono- and 
biarticular muscles in the learning of this force-directing task. 
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INTRODUCTION 
Temporal, kinematic and kinetic patterns of independent, 
walking in toddlers have been characterized in various studies 
with postural control identified as a critical component 
influencing the coordination between gait mechanisms to 
maintain dynamic equilibrium (Bril & Brenière, 1989, 1991). 
Variations in four parameters across development: step length, 
step width, double support time and cadence; indicate that 
toddlers possess more adult-like integration capabilities in 
locomotor control after 4-5 months autonomous walking (Bril 
& Brenière, 1992). Whether this integration would be 
influenced in a subtle complex locomotor task, obstacle 
crossing, however, remains unknown. This study examined 
locomotor modulation during obstacle crossing in toddlers 
with 7 to 12 months independent walking experience.  
 
METHODS 
All study procedures were explained to the parents and written 
informed consent was obtained. All experiments were 
completed at a community daycare center and approved by the 
ethics board. 
 
Five healthy toddlers (one male and four females; mean height 
of 79.6 cm) with between 7-14 months of walking experience 
participated in this study. Two digital cameras set on opposite 
sides of a carpeted 4x1 metre walkway recorded the toddlers’ 
movements. For ½ of the trials, a 4.5 cm diameter (6% of 
subjects’ average height) foam tube obstacle was taped across 
the walkway.  
 
The toddlers were dressed in black stretch suits and tights. 
Reflective surface markers were placed bilaterally on the 
shoulder, hip, knee, ankle, heel and ball of the foot. 
Anthropometric segment lengths and girths were measured 
with a soft measuring tape. Each toddler completed multiple 
trials with and without the obstacle in place. At least five trials 
of each condition were digitized for quantification of gait 
characteristics. Descriptive analysis of all trials recorded 

focused on the number of contacts made with the obstacle by 
the leading and trailing foot as well as the number of falls 
resulting from obstacle contact. Each trial included at least 
five steps. A session ended when a full dataset had been 
obtained or if the toddler was tired or refused to walk. A 
digitizing frame-grabber interfaced with the video output and 
the APAS motion analysis system digitized the marker 
coordinates. A critical-damped, zero-lag, 6 Hz low-pass filter 
smoothed the coordinate data. Step length, step height, 
obstacle clearance and cadence were calculated using the 
Biomech Motion Analysis System (www.health.uottawa.ca/- 
biomech/software/biomech.htm). 
 
RESULTS AND DISCUSSION 
Preliminary results (see Table 1) demonstrate that with 
experience, better obstacle crossing behaviour occurred. Less 
contacts with the obstacle by both the leading and trailing limb 
as well as fewer obstacle-induced falls were recorded in the 
toddlers with longer walking experience. 
 
Analysis of the kinematic data and the swing phase kinetics 
has provided information regarding experience-related 
changes in segment, joint and foot-to-obstacle relationships. 
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Table 1:  Descriptive analysis of obstacle crossing 
 

Toddler’s age 
(months) 

Months of 
autonomous walking 

Number of trials % leading limb in 
obstacle contact 

% trailing limb in 
obstacle contact 

% falls due to 
obstacle contacts 

19 7 16 50.00 50.00 6.25 
19 7 10 50.00 20.00 0 
19 8 11 36.36 9.09 9.09 
18 10 7 14.28 14.28 0 
14 14 8 0 12.50 0 
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INTRODUCTION 
 
Gait initiation is a temporary movement between upright 
posture and steady-state gait. The activation of several postural 
muscles has been identified to precede changes observed in the 
ground reaction force. Although previous research has focused 
on the lower limb, few studies have examined recruitment 
patterns of the thigh and trunk musculature. This study was 
conducted to determine the phasic patterns of several muscles 
of the lower limbs and trunk for the duration from quiet stance 
to trail leg toe-off. 
 
METHODS 
 
Eleven healthy participants initiated gait with their right legs.  
Two force platforms (Kistler) were used to measure vertical 
ground-reaction forces, at 1040 Hz, from quiet stance to toe-
off of the trail limb. In addition, electromyographic data 
(Bortec) were collected at 1040 Hz beginning at quiet stance to 
the end of the third step. EMG electrodes were placed 
bilaterally over the erector spinae, the tensor fasciae latae, the 
adductor magnus and the tibialis anterior muscles. All analog 
signals were synchronously recorded by SIMI Motion. 
 
Participants were asked to stand with one foot on each of the 
force plates, distributing their weight equally onto both limbs. 
Each participant began walking briskly, after the researcher 
gave a “go” command. Ten trials were collected for each 
subject. Force platform data were filtered with a zero-lag, 
second-order, critically-damped, low-pass filter with a cut-off 
frequency of 20 Hz. To remove low frequency motion 
artefacts, the raw electromyographic data were high-pass 
filtered with a cut-off frequency of 8 Hz (Robertson & 
Dowling, 2003). Electromyographic data were then full-wave 
rectified and filtered by a second-order, critically-damped, 
low-pass filter with a cut-off frequency of 5 Hz, producing a 
linear envelope (Robertson & Dowling, 2003). 
 
The determination of the start and end of muscle activity was 
obtained by an amplitude threshold criterion. The amplitude 
threshold was based on three times the standard deviation of 
the resting EMG baseline for each muscle, estimated from the 
quietest 100 ms periods of each EMG trace. This was obtained 
from the beginning of the trial while the participant was in 
quiet stance. Timings of all eight muscle onsets and offsets 
were recorded from the time-normalized, ensemble-averaged 
data for each subject for the period beginning 1.5 seconds 
before trail leg toe-off until trail leg toe-off. 
 
RESULTS AND DISCUSSION 
The patterns of muscle activity across subjects were generally 
consistent. The muscle onset times for nine subjects are given 
in Table 1. The earliest activation was consistently found to be 
the lead limb tibialis anterior, followed by the lead limb tensor 

fasciae latae. The trail limb tibialis anterior, trail limb tensor 
fasciae latae and the trail limb adductor magnus were next to 
become active, respectively. The muscle activity during the 
middle of the gait initiation process was more variable. 
Specifically, there were notable inconsistencies between 
subjects for the order of the fifth and sixth muscle activations. 
The last two muscles to become active were consistently found 
to be the erector spinae of the trail limb side followed by the 
erector spinae of the lead limb. 
 
 
 
 
 
 
 
 
 
 
 
Presumably the two tibialis anterior muscles with the 
simultaneous release of the gastrocnemius/soleus muscles 
cause the posterior movement of the centre of pressure, 
whereas the lead leg tensor fasciae latae (Figure 1) contributes 
to the initial lateral shift toward the lead limb reported by 
Winter (1995). The delayed activation of the erector spinae 
muscles confirm the kinetic analysis of gait initiation 
conducted by Robertson et al. (2005) that showed a brief 
period of falling prior to lead-leg heel contact.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Ensemble mean (±SD) of the lead tensor fasciae 
latae from 10 trials for one subject. Time normalized linear 
envelope EMG throughout gait initiation. 
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T a b le  1 :  M u sc le  o n se t tim e s  d u rin g  g a it in i tia t io n  
 L -E S  T -E S  L -T F L  T -T F L  L -A D D  T -A D D  L -T A  T -T A  
S u b je c t1 5 1  8 4  1 8  2 2  4 9  3 5  1 6  1 9  
S u b je c t2 4 3  2 5  2 0  3 5  7 9  2 4  1 3  1 5  
S u b je c t3 5 1  7 5  2 1  3 6  5 0  3 9  1 7  3 0  
S u b je c t4 4 5  3 6  1 2  1 8  1 7  3 0  1 1  2 0  
S u b je c t5 4 1  3 5  2 0  2 8  2 4  3 4  1 9  2 3  
S u b je c t6 6 3  4 0  1 6  1 2  1 8  1 9  3 2  2 8  
S u b je c t7 4 6  3 5  1 1  1 6  3 3  1 8  1 0  1 5  
S u b je c t8 4 1  3 9  1 5  3 4  2 6  2 8  1 2  1 7  
S u b je c t9 4 8  3 2  1 4  3 9  2 1  1 8  1 7  1 3  
M e a n  4 7 .7  4 4 .6  1 6 .3  2 6 .7  3 5 .2  2 7 .2  1 6 .3  2 0 .0  
S t D e v  7 .3 5  2 0 .4  3 .6 4  9 .9 4  2 0 .5  7 .9 2  6 .6 3  5 .9 4  
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INTRODUCTION 
Improvements in bicycle suspension designs have allowed 
cyclists to ride more diverse terrain with greater confidence 
and comfort. For example, it has been shown that the full 
suspension bicycle offers the rider isolation from vibrations 
and terrain-induced shocks by allowing the wheels to move 
independently from the rest of the bicycle (Delorenzo et al., 
1994) The suspension system attenuates vertical forces more 
effectively and dissipates them over a greater period of time 
when compared to an unsuspended bicycle (Roy & Robertson, 
2000) but it must also permit the tires to remain in contact 
with the ground for the rider to have complete control over the 
bike.  
 
This project investigated the changes in vertical ground 
reaction force (GRF) between front- (FS) and dual-suspension 
(DS) mountain bikes to provide understanding of the benefits 
and limitations of these systems. It also quantified the lapse 
that occurs before the rear tire regains contact with the ground 
following its initial dropping off of a bump.  
 
METHODS 
Two aluminum mountain bikes, one having a front-suspension 
fork, the other having a dual-suspension system, were used to 
collect the data. Three tests were conducted with five trials for 
each condition. In the first experimental condition, the subject 
rode the bicycle over a single bump measuring 7.92 cm in 
height and 10.16 cm wide. In the second condition, the subject 
rode over a simulated pothole consisting of two successive 
bumps measuring 10.16 cm in height and width and separated 
by 30.48 cm. In the third condition, the subject rode onto a 
platform measuring 35.6 cm in height and dropped off the 
edge onto a force platform. Each bump was mounted onto a 
force platform with a second platform imbedded adjacent so 
that contact was made after leaving either bump. 
 
The force data were processed using BioProc2 software 
(Robertson, 2006). The data were smoothed using a second-
order critically-damped digital filter set to 10 Hz. The peak 
forces for each condition and the times for the rear wheel to 
recontact the riding surface were determined and averaged 
across all trials. 

 
RESULTS AND DISCUSSION 
In the single bump condition the FS bicycle recorded a 9.90% 
lower vertical GRF when the rear tire struck the obstacle. This 
can be interpreted by the higher average impact speed of the 
DS bicycle (2.22 vs. 1.78 m/s). However, a 39.9% reduction in 
the ground reaction force was observed upon the rear wheel’s 
impact with the ground when dropping off the bump.  This 
demonstrates that the rear suspension dissipates a larger 
fraction of the force upon landing. 
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Figure 1. Vertical GRFs for the single bump of the FS bike. 
Thin black lines are from first plate, thick blue from second. 
 
The results of the pothole trials displayed a 16.3% lower 
vertical GRF for the DS bike when initially striking the bump. 
When hitting the second bump a 17.5% decrease in the 
vertical GRF was observed. Finally, the attenuation of the 
force dropping off the second bump was characterized by a 
47.4% decrease in the vertical GRF. 
 
In the platform drop condition, the magnitude of the vertical 
GRFs for the rear tire impacting the force platform was found 
to be 31% lower in the DS bike. 
 
Greater control of a bike is maintained when tires stay in 
contact with the riding surface.  This allows the rider’s input 
to be transmitted to the trail surface more effectively and with 
increased urgency, thus making it safer and more efficient for 
the rider.  In the single bump condition, the rear wheel 
returned to the surface 35% quicker in the DS bike than the 
rear wheel of the FS.  Furthermore, in the double bump 
condition the rear wheel contacted the ground 25% faster with 
the DS bike.    
 
SUMMARY 
The dual-suspension bicycle significantly reduced the peak 
vertical ground reaction forces for all three test conditions.  
Furthermore, for both the single and double bump conditions 
the dual-suspension bicycle permitted the rear wheel to more 
rapidly regain contact with the riding surface. Thus, the dual-
suspension mountain bike was demonstrably better than the 
front-suspension bike for safety and rider comfort. 
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INTRODUCTION 
 
A need exists for wearable and/or portable ground reaction 
sensors for on-site data collection to obtain more accurate 
biomechanical analysis of workers in the workplace.  Current 
wearable sensor technology is limited in its ability to measure 
shear forces (Urry 1999).  Novel 6-axis “forceshoes” address 
this need. 
 
METHODS 
 
The design of the forceshoes (Fig. 1) is similar to a child’s 
swing set.  Each forceshoe consists of a rigid external 
aluminium frame that contacts the ground (the frame of a 
swing set).  The subject’s foot is suspended from this external 
frame by a 6-axis load cell (AMTI MC3A-6-1000 Advanced 
Mechanical Technology, Inc., Watertown, Massachusetts 
[AMTI]) that is coupled to a rigid internal aluminium frame 
(the swing).  The forceshoe supports a standard running shoe 
15mm above the ground.  

 
Figure 1: The forceshoes 
 
This setup allows the forceshoes to collect 6-axis 
force/moment data while minimizing the change in height 
resulting from wearing the forceshoes.  
 
The forceshoes were compared to AMTI OCR-6 force 
platforms (AMTI).  Seven female subjects were asked to 
perform three activities (Fig. 2) while simultaneously wearing 
the forceshoes and standing on the AMTI force platforms: 
pushing (a 9kg standing bench-press), lifting (lifting an 8kg 
box with handles a height of 30cm starting from waist height), 
and twisting (twisting at the waist with the hands on the hips). 
Data were collected to verify that both transducers were 
recording the same values.  The same subjects were then asked 
to repeat the pushing activity with and without the forceshoes 
in order to investigate whether wearing the shoes affected the 
force platform measurement values.  For this latter test, each 
subject’s foot placement was held constant with respect to the 
pushing apparatus.  

         
Figure 2: Pushing, lifting and twisting activities performed during 
the experiment 
 
RESULTS AND DISCUSSION 
 
The forceshoe reactions agreed with the forceplates with root 
mean square error of 4.4N, 14.9N, 8.9N, and 1.3Nm in the Fx 
(medial/lateral), Fy (cranial/caudal), Fz (anterior/posterior), 
and My (axial twist) components respectively.  Centre of 
pressure predictions agreed with root mean square error of 
33mm and 9mm in the X and Z coordinates respectively. 
 
When comparing estimated L5/S1 spinal loads sustained 
during patient transfer activities, no significant differences 
were found between the values measured by the forceshoes as 
compared to the force platforms (p≤0.05).  Wearing the 
forceshoes did not significantly affect the recorded platform 
results.   
 
SUMMARY 
 
Forceshoes are a portable alternative to forceplates when 
measuring ground reactions in the field.  To date, the force-
shoes have been used to investigate spinal loading of nurse 
caregivers during activities such rolling and repositioning 
patients in bed in order to insert mechanical lift device slings 
under the patients for lifts or transfers.  Future work will 
involve developing a lighter version of the forceshoes.  The 
degree to which subjects move naturally while wearing the 
forceshoes will also be investigated.   
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INTRODUCTION  
 
Whole-body vibration (WBV) has been linked to 
various ailments such as intervertebral disc 
disorders and increases in the risk of developing 
lower back pain (Pope et al., 2002). This has 
prompted investigation into various 
measurements of WBV. The most commonly 
used WBV assessment tool involves 
measurements and/or predictions of 
accelerations. Unfortunately, very few 
investigations have monitored six degree of 
freedom (DOF) accelerations. A device has 
recently been developed which permits six DOF 
freedom acceleration determinations. This paper 
describes the procedures used to calibrate the 
device and also provides an assessment of the 
calibration quality.  
 
METHODS  
 
The device is composed of three Crossbow 
Technology CXL50LP1Z accelerometers 
(Crossbow Technology, Inc., San Jose, 
California, USA), and three Analog Devices 
ADXRS300EB gyroscopes (Analog Devices 
Inc., Norwood, Massachusetts, USA) which 
were orthogonally placed in a rigid plastic 
casing. The accelerometers are used to measure 
accelerations in the x, y and z axes, while the 
gyroscopes monitor angular velocity in the pitch, 
roll and yaw axes. Sensor readings are collected 
using a 12 bit SOMAT Series 2001 Field 
computer (nCode International Inc., Southfield, 
Michigan, USA) at a sampling rate of 500 Hz.  
 
Calibration was completed using a Parallel 
Robotics System Corporation (PRSCo) six DOF 
robot (Parallel Robotic Systems Corporation, 
Hampton, New Hampshire, USA). Simulated 
sinusoidal acceleration profiles were created as 
inputs to the PRSCO robot for each of the six 
DOFs using a custom Microsoft Excel� routine. 
The acceleration profiles were double integrated 
using the trapezoid rule since the robot requires 
inputs in the form of displacement. For 
movement in the pitch, roll and yaw directions, a 
single integration was required, since the sensors 
for these axes monitor angular velocity. Six DOF 

sensor calibration data were obtained by placing 
the device on the robot and then running the 
simulated, double integrated acceleration 
profiles. Once collected, data were eighth-order 
low pass filtered at a cut-off frequency of 4.5 Hz.  
 
Linear fits were performed on each of the six 
DOF using known calibration values from the 
simulated acceleration profiles coupled with 
sensor data obtained using the PRSCo robot. 
Calibration quality was assessed for each DOF 
using an r2 value. Signal to noise ratios (SNR) 
were also determined for each DOF. 
 
RESULTS AND DISCUSSION  
 
The dynamic calibration and curve fitting 
procedures revealed that all the sensors were 
quite linear with r2 values as shown in Table 1. 
Signal to noise ratios ranged from approximately 
20 dB for the translational acceleration axes and 
more than 30 dB for the rotational axes. There 
was no evidence of cross-talk between any of the 
axes. These results indicate that the device is 
capable of providing good field measurements of 
six DOF WBV data. 
  
Table 1: Dynamic calibration r2 results. 

Axis r2

X 0.996
Y 0.997
Z 0.980
Roll 0.998
Pitch 0.999
Yaw 0.999  

 
SUMMARY 
 
The six DOF WBV monitoring device was 
calibrated dynamically using a PRSCo six DOF 
robot.  Results for the r2 values as well as the 
SNR�s indicate that the device is capable of 
providing robust field data.   
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INTRODUCTION 
Joint disease, such as osteoarthritis, can severely limit 
activities of daily living (ADL) such as walking, stair climbing 
and especially high range of motion (ROM) tasks.  Treatment 
cannot always restore the patient’s natural full ROM.  
Kinematics and kinetics of healthy knees can be used to 
improve treatment options, including knee arthroplasty. 
Presented in the current study are the kinematics and kinetics 
of 5 different high ROM activities performed by healthy North 
American subjects.  These activities are similar to ADL that 
might be limited by joint disease, such as gardening, 
exercising, or praying.  The inverse dynamics approach is 
used, with a novel approach for determining joint contact 
(bone-on-bone) forces.  The chosen model is an improvement 
over sagittal- plane-only models. 
METHODS 
The nine subjects (3 M, 6 F) had a mean age of 52.9 ± 5.4 
years, mean mass of 75.9 ± 15.5 kg, and mean height of 1.68 ± 
0.08 m.  All subjects were Canadian and over 40 years of age.   
Subjects were asked to perform trials of 5 different activities:  
squatting with heels up off the floor (Squat Up), squatting with 
heels down on the floor (Squat Dn.), kneeling with ankles 
plantar flexed (Kneel Pl.), kneeling with ankles dorsiflexed 
(Kneel Dor.), and sitting cross-legged (Sit C. L.).   
Kinematics were recorded with a Fastrak system (Polhemus) 
and ground reaction forces were recorded using a non-
magnetic force platform (AMTI). Since only one force 
platform was used, kinetic data was not derived when double 
contact occurred, as with the knee and foot when kneeling. 
Joint reaction forces and moments were determined using an 
inverse dynamics approach (Winter, 1990.)  Calculation of the 
net axial joint contact force (JCF) acting on the tibia included 
the axial components of 3 contributing forces:  the joint 
reaction force, the muscle force causing the frontal moment, 
and the muscle force causing the sagittal moment.  All 
contributions were compressive.  The muscle force 
contributions were defined (assuming no co-contraction) as 
the net moment in a given plane divided by the moment arm in 
that plane.  In the sagittal plane, the axial component of the 
muscle force was calculated based on the angle of the patellar 
tendon when the knee was flexed to 90º, with respect to the 
long axis of the tibia.  The muscle force in the frontal plane 
was assumed to act entirely along the long axis of the tibia. 
The moment arm was defined as a perpendicular in the tibial 
sagittal plane between the lateral femoral condyle and the line 
of action of the patellar tendon when the subject’s knee was 
bent to 90º.  This quadriceps moment arm at 90º was then 
compared to the average moment arm at 90º as determined in 
a study on cadaver knees.  The moment arm curve from the 
cadaver study was scaled so that the two 90º moment arms 
matched.  The corresponding hamstrings moment arms were 
determined using a ratio of hamstrings-to-quadriceps moment 
arms (Herzog & Read, 1990.) 

RESULTS AND DISCUSSION 
From the mean curves, the maximum knee flexion angle and 
axial JCF acting on the tibia, and the angle at which this 
maximum JCF occurs are shown in Table 1.  The mean knee 
flexion angle and mean axial JCF acting on the tibia for the 
Squat. Up activity are shown in Figure 1. 
 

Table 1 – Max. Values of the Mean Curves for Ea. Activity 
Activity 
[No. of 

subjects for 
kinematics, 

kinetics] 

Max.  
Flexion Angle 

[deg] 

Max. Joint 
Contact 
Force 

 [N/kg] 

Flexion Angle at 
which Max.  Joint 

Contact Force 
Occurs [deg] 

Squat Up [9,9] 138.8 (±8.2) 37.1 (±7.9) 134.5 (± 9.7) 
Squat Dn. [8,8] 124.8 (±16.1) 30.1(±4.8) 120.5 (±16.9) 
Kneel Pl. [8,7] 117.1 (±13.4) 30.5 (±17.1) 103.8 (±23.8) 
Kneel Dor. [8,7] 122.5 (±12.5) 26.6 (±10.8) 94.6 (±10.6) 
Sit C. L. [7,2] 115.1 (±8.3) 25.5(±2.0) 77.5 (±42.0) 
 
 
 
 
 
 
 
 
 

Figure 1 – Mean (±1 SD) knee flexion angle and axial joint 
contact force (JCF) curves for the squatting with heels 
raised off the floor activity. 
The maximum knee flexion angle for a single subject was 153º 
for Squat Up.  The maximum axial JCF on the tibia for a 
single subject was 66.4 N/kg at a flexion angle of 133.5º for 
Kneel Pl.  The axial JCF before normalizing to body mass for 
this subject was 5276.1 N.  Except for the Sit. C.L activity, the 
maximum JCFs are experienced at flexion angles much higher 
than those reported in walking (32 N/kg at 5º) and stair-
climbing (25N/kg at 60º) (Wyss and Costigan, 1995.)  
Compared to subjects from India, the maximums of the mean 
knee flexion curves for all activities are significantly less 
(p<0.003) (Hemmerich et al., 2005.) This finding emphasizes 
that differences can be seen between different cultures. 
CONCLUSION 
Kinematics and JCFs of five high ROM activities were studied 
for 9 healthy North American subjects.  The model used for 
calculating axial JCFs proved to be a simplified, but realistic, 
method.  The JCFs found were similar in magnitude to those 
experienced during walking and stair climbing; however they 
occurred at much higher flexion angles. 
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INTRODUCTION 
The precision of recording motion, motion analysis, depth 
estimation, 3D reconstruction & correspondence estimation in 
stereo images directly depends on the accuracy of camera 
calibration. Camera calibration means calculation of the 
relationship between world coordinates, camera coordinates & 
image coordinates to extract both extrinsic & intrinsic 
parameters.  
 
METHOD 
Classification of the methods is in terms of the dimensions of 
calibration patterns, 3D, 2D, 1D, 0D or self calibration and 
vanishing points. The classic methods (use 3D pattern) need to 
enter the world coordinates of at least 9 feature points and the 
correspondences of them in the images manually [1]. Selection 
of an appropriate method to calibrate the camera is related by 
different factors such as application, environment, need of 
system, accuracy, velocity and system facilities. The 2D 
calibration method with some correction has desirable 
qualification, so it is suitable. The structure of the second 
group has high accuracy, low cost and feasible computation. 
The other methods of calibration are less accurate, high cost 
and not useful. The old methods of 2D methods are manual 
and should be taken more photographs from a 2D pattern. In 
these methods it is necessary to change the position of the 
pattern in each image; in addition during the calibration the 
program should be interrupted in each image until the user 
clicks on the four vertices of the square pattern manually [2]. 
This process of calibration takes along time and also needs to 
user to interact directly. 
In this paper camera is automatically calibrated by capturing 
only one color image from 3D pattern. The basic approach of 
this calibration method is as the same as the method which is 
used for 2D pattern. 
The algorithm has been divided to four parts: 

1. Corner detection based on canny edge detector 
2. Selection of the corrected corners based on Hough 

transform  
3. Using the color effectives 
4. Basic approach of the calibration [3]. 

   In fact by adding corner detection and using the color 
influence and using some constraints about the pattern the 
feature points will be created automatically.  
 
RESULTS AND DISSCUSSION 
 
The purpose of this algorithm is reducing of time 
consumption, creating an autonomous method and decreasing 
the mathematical computation to produce an automatic 
algorithm. The hardware information is included a PC by 
these characteristics: 
Intel (R) Celer, CPU 2.40GHz, AT/AT Compatible, 515,568 
KB RAM 

The camera information is: 
CCD, 220X Power Zoom Camera with piccolo frame grabber. 
Results have been shown that the accuracy and the precision 
in the new method are increased; in addition the deficiency of 
the old method has been solved by the automatic method. By 
this method the time saving will increased. Table 1 shows the 
time consumption in both methods. The focal length error in 
both directions of pixels is enhanced. Figure 1 shows the focal 
length error of new method and old method.   
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Figure 1: comparison of focal length error 

 
Table1: comparison of two methods in time consumption  
NI1 1 3 5 6 7 8 9 10 
TMM2(s) - 10 26 37 45 51 62 73 
TAM3(s) 3 7 17 23 31 43 55 64 
 
SUMMARY 
As a conclusion the results shows that this method is more 
useful and influent in applications which use color cameras. In 
addition this method is very strong and rapid in motion 
analysis and recording motion. 
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INTRODUCTION 
 
The sit-to-stand transfer is an important functional activity of 
daily life and the ability to successfully execute the movement 
is essential for independent living.  A common assumption in 
sit-to-stand transfer research is that the movement is bilaterally 
symmetrical.  The assumption of bilateral symmetry appears to 
be valid for the kinematics of the sit-to-stand transfer (Ikeda et 
al., 1991).  However, results on bilateral kinetics for the sit-to-
stand transfer are contradictory (Lundin et al., 1995, Ikeda et 
al., 1991) and bilateral joint work results have yet to be 
published.  This study tested the assumption of lower limb 
bilateral symmetry, while performing the sit-to-stand transfer, 
for peak joint moment and joint work measures.  Confirming 
that movements are symmetrical for healthy individuals is 
relevant for both the research and clinical communities.   
 
METHODS 
 
Subjects were separated into a young healthy group (n=15, 
mean age 25.3, SD 2.9) and a group of older healthy subjects 
(n = 15, mean age 56.2, SD 6.0).  All subjects completed five 
sit-to-stand transfer trials under three different conditions for a 
total of fifteen trials.  Bilateral marker kinematics were 
collected using the OPTOTRAK® measurement system and 
ground reaction forces were collected using two AMTI® force 
platforms.  Data reduction and analysis was done using 
MATLAB®.  Each side of the body was modeled as a 2-D 
(sagittal plane) four-segment link.   
 
Gunderson et al. (1989) suggested that lower limb 
asymmetries occurred in an unpredictable fashion and that 
averaging data across subjects tends to increase the appearance 
of lower limb symmetry.  A novel leg classification system, 
dominant and non-dominant, was developed for this 
investigation in attempts to address the unpredictable bilateral 
relationships across subjects.  The dominant leg for each 
subject was defined as the leg exhibiting the greater mean 
lower limb work for the sit-to-stand transfer.    
 

RESULTS AND DISCUSSION 
 
Within both groups, significant between leg differences were 
observed for peak hip moments and total hip work (Table 1).  
Asymmetrical trends within the knee kinetic and energetic data 
were also observed but were not statistically significant.  The 
method of classifying legs masked the asymmetries present at 
the knee joint for the older group.  The significant main effect 
of leg detected for the ankle measures is not of practical 
significance.  The assumption of bilateral lower limb symmetry 
for joint moment and joint work measures does not appear to 
be valid for the sit-to-stand transfer for healthy adult subjects.    
 
SUMMARY  
 
Asymmetries at the hip and knee, while performing a sit-to-
stand transfer, are not necessarily indicative of pathology but 
are in fact observed for healthy individuals.  This may suggest 
that other human movements such as walking and stair 
climbing may be performed using asymmetrical loading 
patterns.  The notion that healthy individuals exhibit significant 
movement asymmetries has implications for human motion 
researchers and clinicians.   
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Table 1:  Peak joint moments (Nm/Kg) and total joint work (J/Kg) between leg comparisons.  Data are mean (SD). 
 

D Leg ND Leg D Leg ND Leg D Leg ND Leg

Peak Hip Moment 0.87 (0.21)a 0.74 (0.17)a 0.82 (0.18)b 0.71 (0.20)b 0.85 (0.20)c 0.72 (0.18)c

Peak Knee Moment 0.93 (0.16) 0.85 (0.19) 0.87 (0.19) 0.86 (0.22) 0.90 (0.18) 0.85 (0.20)
Total Hip Work 0.61 (0.19)d 0.50 (0.17)d 0.61 (0.17)e 0.49 (0.16)e 0.61 (0.18)f 0.49 (0.16)f

Total Knee Work 0.52 (0.11) 0.45 (0.10) 0.53 (0.11) 0.52 (0.12) 0.52 (0.11) 0.48 (0.12)

abcdef D Leg significantly different compared to ND Leg (p < 0.05)

Group 1 Group 2 Groups Pooled
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INTRODUCTION 
Control of postural balance during standing is an essential 
task while performing surgery1. The surgeon’s postural sway 
must be well controlled in order to enhance movement 
accuracy. Postural sway has been assessed by measuring the 
movement of the net centre of pressure (COPnet) under the 
feet. Poorer postural control is associated with greater 
amplitude of COPnet displacement2.  The effects of 
cognitive3 and motor tasks1 on postural parameters show an 
increase of postural instability during quiet standing.  The 
purpose of this study is to compare postural control 
parameters between novice and expert surgeons 
 
METHODS 
Seven novices (PGY3 and PGY4) with limited exposition to 
laparoscopy were compared with seven experts (PGY5, 
fellow and surgeons).  The subjects were requested to 
perform a quiet standing task in addition to four MISTELS 
laparoscopic tasks4 (Table 1) while standing on two force 
platforms. The technical difficulty increases from 
laparoscopic task 2 to 5. The root mean square (RMS) 
amplitudes of the COPnet were calculated in both A/P and 
M/L directions for all tasks.  An ANOVA with repeated 
measures and post-hoc tests were performed to compare 
groups and the five different conditions. Significant level 
was set at p<0.05.  
 
Table 1. MISTELS tasks.  
 
Task 1 - Quiet standing:  Requires to stand still on force 

platforms 
 
Task 2 – Peg transfer: The operator is required to lift 

each of six pegs from one 
board, transfer it to the other 
hand, and place it on a second 
pegboard.  

 
Task 3 – Pattern cutting: The operator is required to cut a 

circular predrawn pattern 
 
Task 4 – Loop: A pretied slipknot must be 

placed at a specific mark on a 
foam tubular appendage.  

 
Task 5 – Intracorporeal knot: A simple suture must be placed 

through two premarked points 
in a Penrose drain. The suture 
then is tied using an intra-
corporeal knot-tying technique.  

RESULTS  
The data showed that technical requirements of the 
laparoscopic tasks impacted on postural sway in both A/P 
(Fig. 1A) and M/L directions, with the most difficult tasks 
showing the greatest COPnet amplitudes.  However, RMS 
amplitude in M/L shows greater COPnet excursion for the 
Loop (task 4) compared to the other tasks. This can be 
explained by an important weight transfer associated with 
the task.  Furthermore, results indicate that the experts have 

a significant better postural balance in both A/P (7,6±0,9 
mm vs. 11,4±0,9 mm) (Fig.1B) and M/L directions (9,7± 2,7 
mm vs. 20,6±2,7 mm) compared to novices for all tasks.  

 
 
DISCUSSION 
The results found in this study are in agreement with those 
of Gillette1.  The postural control decreases with the 
difficulty of the surgical motor task.  Furthermore, 
Pellecchia3 has demonstrated using COP displacement that 
postural sway increases when a cognitive task is performed 
concurrently with a postural task. Moreover, that study also 
established that concurrent practice of the cognitive and 
postural tasks improves the dual task performance.  
 
CONCLUSION 
The postural sway of both experts and novices increases 
progressively with the technical requirements.  Meanwhile, 
postural control and laparoscopic skills seem to be 
associated together.  Better postural control while standing 
may improve laparoscopic performance such as accuracy of 
movement. Laboratory sessions on simulating training 
devices such as MISTELS should be encouraged for the 
residents in surgery in order to enhance their postural control 
while performing surgical tasks. 
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Figure 1. A) RMS COPnet amplitude (mm) in A/P direction during 
MISTELS’ laparoscopic tasks. Numbers 1 to 5 represent significant 
difference between tasks. B) mean RMS COPnet amplitude (mm) in 
A/P direction for novice and expert groups for all tasks. 
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INTRODUCTION 
 
Some researchers believe that in slo-pitch, a ball is thrown in 
a parabola arc due to the influence of gravitational force 
only (Simonian, 1981).  The effect of air resistance on the 
ball in flight is considered to be minimal.  However, Dowel 
et al. (1985) pointed out that when the ball in flight is 
affected by air resistance, it actually travels in a skewed 
curve path.  When a non-smooth and asymmetrical ball is 
thrown in the air, it experiences lift, drag and side forces 
(Alaways and Hubbard, 2001).  Many slo-pitch coaches 
and players believe that generating the spin on the ball can 
affect its trajectory.  The purpose of this study was to 
determine whether or not the angular velocity along with 
any potential influences from air resistance could result in a 
change in the horizontal displacement of the ball.  
 
METHODS 
 
Eleven male and three female pitchers were recruited from 
local senior division A or B slo-pitch leagues.  Each subject 
stood on a pitching plate that was 15.2 m (50 ft) away from 
an indoor home plate with an extension strike zone mat. 
Subjects were asked to throw five top spin pitches and five 
back spin pitches.  Each pitch was considered successful if 
the ball was thrown with a moderate speed and landed on the 
extension strike zone mat with an arc of between 1.83 m (6 
ft) and 3.66 m (12 ft). Twelve Dudley Spalding official 
slo-pitch balls (0.30 m with C.O.R. 47) were marked with a 
black marker into four equal quadrants to monitor ball spin.   
 
Data was collected using standard 3D videography using 5 
digital video cameras operating at 60 Hz with shutter speed 
set between 1/250s to 1/1000s.  The first, second and third 
cameras were positioned at approximately 60° apart to each 
other to capture the release of the ball in sagittal and frontal 
views.  The fourth camera was positioned perpendicular to 
the pitching motion to allow a close-up sagittal view of ball 
spin.  The fifth camera was positioned perpendicular to the 
sagittal view of the home plate and strike zone extension mat 
to capture the landing location of the ball.  A paired sample 
t-test was conducted between the top spin and the back spin 
variables and p-level was set at 0.05. 
 

RESULTS AND DISCUSSION 
 
The horizontal velocity, vertical velocity, angular velocity, 
release height and throwing distance in the back spin were 
significantly higher than in the top spin. No significant 
difference was found in the stride length (Table 1).   
 
Daish (1972) pointed out that when a ball is thrown with a 
top spin, the ball will travel a shorter distance than a ball that 
is thrown with a back spin due to Magnus effect.  In this 
experiment, when a ball was thrown with a back spin, it had 
higher horizontal and vertical velocities and greater angular 
velocity.  The ball as a result had a higher skewed arc 
trajectory and a longer horizontal distance.  The longer 
horizontal distance may be due to throwing the ball with 
higher horizontal and vertical velocities.  Whether or not 
spin alone is sufficient to influence the trajectory, will 
require the use of wind tunnel testing to determine the 
coefficient of lift and drag forces.  This information can 
then be used in a ball flight simulation to predict its precise 
landing location.  
 
CONCLUSION  
 
The results from the experiment suggest that the air 
resistance had an influence on the ball’s trajectory even if 
the ball was thrown in the range of 6.0 to 10.0 m/s in the 
horizontal and vertical velocities.  Even though the 
horizontal and vertical velocities of the ball can be sensitive 
to error, the study still demonstrated the back spin pitches 
projected further than the top spin pitches in the horizontal 
distance.   
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Table 1. Measured variables between back and top spins.  Data are means (SD). 
Spin Type Hor. Vel. (m/s) Ver. Vel. (m/s) Ang. Vel. 

(rad/s) 
Str. Len. (m) Rel. Height (m) Thr. Dist. (m) 

Back spin 10.04 (0.50) 7.00 (0.86) 64.97 (2.71) 0.77 (0.13) 0.76 (0.08) 14.84 (0.44) 
Top spin  9.37 (0.64) 6.26 (0.83) 42.26 (3.43) 0.78 (0.09) 0.70 (0.07) 14.50 (0.38) 
P-value 0.01* 0.01* 0.00* 0.55 0.00* 0.04* 
*Significant at p <0.05 
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INTRODUCTION 
 
The stiffness of a golf club shaft can influence ball flight in 
two ways.  During the down swing the shaft has the ability to 
bend and store strain energy, which could be returned later in 
the swing in the form of kinetic energy, thus increasing 
clubhead speed at impact (MacKenzie, 2005).  The second 
way the shaft can influence the resulting flight of the ball is by 
altering the orientation of the clubhead relative to the ball at 
impact.  The orientation of the clubhead will not only affect 
the direction of ball flight, but also the distance the ball travels 
by changing the launch angle relative to the horizontal, and the 
spin rate of the ball (Winfield & Tan, 1994). 
 
METHODS 
 
A 3D, 6-segment forward dynamics model of a golfer and club 
was developed.  Autolev was used to generate the dynamical 
equations of motion into FORTRAN code according to Kane’s 
Method.  Four torque generators that adhered to the activation 
rate and force-velocity properties of muscle powered the 
model.  Three versions (Slow, Medium and Fast) of the model 
were created that differed only in the output capabilities of 
their torque generators.  This allowed shaft stiffness to be 
evaluated over a range of swing speeds.  Four separate golf 
club shafts were simulated: Flexible, Regular, Stiff, and 
perfectly Rigid.  Each combination of golfer and shaft were 
optimized for maximum clubhead speed using a genetic 
algorithm that determined the best activation pattern for the 
four muscle torque generators.   
 
RESULTS AND DISCUSSION 
 
Shaft deflection curves had similar shapes in all simulations 
(Figure 1).  Maximum lead deflection occurred at impact and 
maximum toe-down deflection occurred very near impact.  At 
any level of swing speed, the difference in clubhead speed did 
not exceed 0.1 m/s across the three realistic levels of shaft 
stiffness (Table 1). Lead deflection at impact increased with 
increases in swing speed, and with increases in shaft 
flexibility.  The magnitude of dynamic loft at impact followed 
the same pattern.  It was determined that both radial and 

tangential forces applied to the grip end of the club by the 
golfer played important roles in shaft deflection during the 
downswing.  Tangential forces caused the lag deflection 
during the third quarter of the downswing (Figure 1, Table 1).   
 

 
 
SUMMARY 
 
Meaningful increases in driving distance brought about by 
altering shaft stiffness are the result of altered clubhead 
orientation at impact and not increased clubhead speed. 
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Table 1: Measures of shaft behaviour during the swing and at impact for 12 optimized golfer-club models.   * indicates impact value 
Swing Speed Level Golfer-Slow Golfer-Medium Golfer-Fast 
Shaft Stiffness Level Rigid Stiff Reg. Flex. Rigid Stiff Reg. Flex. Rigid Stiff Reg. Flex. 

* Clubhead Speed (m/s) 37.90 37.98 38.05 38.02 43.51 45.04 44.98 44.96 51.09 52.94 52.96 52.94 
* Lead (cm) 0.00 5.74 5.78 5.83 0.00 6.03 6.25 6.57 0.00 6.66 6.87 7.20 

* Dynamic Loft (deg) 0.00 4.42 4.62 4.68 0.00 4.82 5.20 5.47 0.00 5.54 5.97 6.27 
Max Lag (cm) 0.00 -2.70 -2.82 -3.00 0.00 -3.43 -3.62 -3.67 0.00 -4.28 -4.40 -4.79  

Figure 1: Clubhead deflection during an optimized simulated 
downswing of Golfer-Medium matched with Club-Regular.   
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INTRODUCTION 
 

Back pain is very common during pregnancy. Physical and 

hormonal changes are large but previous studies (Wu et al., 

2004) have failed to demonstrate strong relations with the 

most obvious factors (i.e. weight gain, ligament laxity). These 

changes increase the loads on the spine, and may affect back 

extensor muscles, either by increasing their endurance 

(training effect) or, on the opposite, causing fatigue leading to 

back pain. The objective of this study was to test the 

hypothesis that there was a positive relationship between back 

pain and back extensor muscle fatigability during pregnancy. 
 

METHODS 
 

Forty three pregnant women (height = 164cm, pre-pregnancy 

mass = 69kg, age = 32) were tested on a specially designed 

ITEC chair. Of these, 25 were tested at 14, 24 and 34 weeks of 

pregnancy, and 18 at 24 and 34 weeks only. A 60 second 

fatigability test consisting of an isometric contraction, at a 

target level of 70 Nm, was performed at each visit. EMG data 

were collected bilaterally for the Multifidus (L5 level) and 

Longissimus (L1) muscles. Slope of median frequency (MF) of 

power spectrum of EMG was taken as a measure of fatigability and 

was calculated for each electrode site. To ensure reproducibility of 

electrode placement at follow-up visits, electrode positions were 

traced on an acetate at first visit. Incidence of back pain prior to 

pregnancy was also recorded. Posture was monitored during the 

fatigue tests. It was shown that the back was close to the vertical 

during the tests, reproducibility between sessions was good, and 

posture varied little during a test once the trunk was stabilized. 
 

Back pain was evaluated at each visit and by a phone 

interview between visits, at 19 and 29 weeks. Women who 

answered positively to the question “Have you had back pain  
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Figure 1 Prevalence of reported back pain. 

 

since the beginning of your pregnancy/last visit?” were invited 

to complete a modified ODI (Fairbank et al., 1980). 
 

RESULTS AND DISCUSSION 
 

Incidence of back pain at each period is reported in Figure 1. 

All subjects reported back pain at some point during their 

pregnancy. In most cases the pain was minimal (Figure 2) but 

there were also severe cases. Because all subjects reported 

back pain, it was not possible to attempt to test whether 

muscle fatigability predicted future back pain. ANOVAs 

revealed no relation between back pain and fatigability of any 

muscle at any period, and no relations were found between 

back pain and weight, weight gain or height contrary to some 

studies. 
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Although this finding may be the reality, it may be that our sample 

size was too small to detect the relationship. Our definition of back 

pain may also be too broad resulting in 100% women in our sample 

experiencing some form of back pain, which is much larger than the 

50% reported in the literature. 
 

SUMMARY 
 

A group of 43 pregnant women were followed up and tested 

for back extensor muscle fatigability. Back pain was evaluated 

by ODI.  No relationship was found between back pain and 

fatigability of back extensor muscles.  
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INTRODUCTION 
For metal-on-UHMWPE joint bearings, it is known that the 
relative velocities between contact points are correlated with 
UHMWPE wear features (Cornwall et al., 2001).  Rolling and 
sliding conditions have been shown to produce different wear 
characteristics in pin-on-disk experiments.  For actual TKR 
components, one method used to investigate contact 
kinematics is computer simulation (Hamilton et al., 2005).  In 
this study, a dynamic finite element (FE) model is used to 
simulate an actual wear test.  Predicted kinematic contact 
conditions are compared to the wear features observed on the 
tibial insert. 
 
METHODS 
A posterior-cruciate-retaining TKR (PFC, Depuy, USA) was 
subjected to a cyclic loading regime using a single-station 
servo-hydraulic wear tester (Force 5, AMTI, USA).  The 
components were tested at a rate of 1 Hz for 106 cycles, based 
on the ISO-14243-1 standard.  After the test, the wear scar on 
the tibial insert was digitized and visibly distinct regions were 
identified.  The insert was examined further using scanning 
electron microscopy (SEM) to identify microscopic surface 
changes. 
 
A previously validated dynamic FE model of the TKR 
components and wear tester (Lanovaz et al., 2006) was used to 
simulate the physical test.  At every 10 ms of simulation, the 
relative velocities of the components were calculated for each 
node in contact on the tibial insert surface.  A kinematic 
contact metric (glide-roll-slide-ratio or GRSR) was calculated 
for each node in contact (Cornwall et al., 2001): 
 

                              
femvtibv

tibv
GRSR +=                                      (1) 

 
where vtib and vfem are the velocity magnitudes of the 
components at a given node.  The GRSR=0 when the tibia has 
zero velocity (sliding) and equals 1 when the femur is 
stationary (gliding).  A rolling condition exists when both 
velocities are equal (GRSR=0.5).  Mean GRSR values were 
calculated over the full cycle for each tibial insert node. 
 
RESULTS 
The boundary of the wear scars were visible on the tibial insert 
and several distinct regions were visible within the scars (Fig 
1).  SEM imaging showed areas of micro-delamination and 
longitudinal ridges mainly in the posterior areas and 
directional scratches and transverse ripples on the anterior 
boundaries.  The middle area of the medial wear scar showed 
a mix of wear features including sub-micron tufts and pitting 
(Fig 1). 
 
Mean GRSR values from the FE model showed a good 
qualitative correlation to the visually distinct regions on the 

wear scars as well as to the surface features identified with the 
SEM imaging (Fig 2).  
 
DISCUSSION 
This study showed a correlation between wear features and 
predicted contact kinematics for an actual TKR.  Micro-
delamintaion and longitudinal ridges, associated with rolling 
(Cornwall et al., 2001) and directional scratches and 
transverse ripples, linked to sliding conditions (Tamura et al., 
2002), were visible in the corresponding predicted regions. 
 
The scalar GRSR was highly predictive, probably due to the 
dominance of the anterior-posterior direction of motion in the 
testing standard.  The study shows the utility of the simulation 
itself and future work will involve advanced wear measures 
that include kinematics, loading and subsurface conditions. 
  

 
 
Figure 1.  Tibial insert outlining distinct wear regions. 
GREEN: Micro-delamination, longitudinal ridges.  RED: 
Pitting, sub-micron tufting, micro-delamination, longitudinal 
ridges.  BLUE:  Directional scratches, transverse ripples. 
 

 
 

Figure 2.  Mean GRSR values from the contact model.  Blue = 
sliding, green = rolling, red = gliding. 
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INTRODUCTION 
Biomechanical adaptations occur at the hip, knee and ankle of 
the lower limb during gait in those with knee osteoarthritis 
(OA) and are associated with the patho-mechanics of this 
degenerative process (Mundermann et al. 2005).  Andrews et 
al. 1996 suggested that toe-out gait reduces the knee adduction 
moment, a characteristic shown to be high in those with knee 
OA.  It is unclear if a toe-out gait modification will affect the 
biomechanical environment of the entire lower limb kinetic 
chain and the neuromuscular control of the knee.  The purpose 
of this pilot study was to determine if differences exist in the 
biomechanics and neuromuscular features of the hip, knee and 
ankle with alternative foot positions (Toe In (TI), Toe Out 
(TO), normal (N)) during walking. 
METHODS 
Five healthy subjects signed a written consent in accordance 
with institution policy. The GAITriteinstrumented walkway 
system was used to train the subjects in the appropriate foot 
placement position. TO angle was 10o greater and the TI angle 
was 10o less than the normal foot placement angle.  After skin 
preparation, Ag/AgCl Meditrace (10mm) surface electrodes 
were placed over the Rectus Femoris, Vastus Lateralis and 
Medialis, lateral and medial hamstring and lateral and medial 
Gastrocnemius muscles using standardized placements.  
Motion (Optotrak), force plate (AMTI), and 
electromyographic (AMT-Bortec) data (EMG) were 
recorded during the standardized walking conditions. A series 
of 8 Maximal Voluntary Isometric Contractions (MVIC) were 
elicited for EMG normalization following the walking trials.  
The EMG and force plate signals were digitized at 1000 Hz 
and kinematics at 100Hz using the Optotrak motion capture 
system. The EMG signals were full-wave rectified, then low 
pass filtered at 6 Hz. to yield a linear enveloped signal. The 
EMG waveforms for the walking trials were amplitude 
normalized to the MVIC.  Inverse dynamics were used to 
calculate the external 3D moments at the hip, knee and ankle 
joint using the kinematics and ground reaction forces. Hip, 
knee and ankle moments were normalized to body weight and 
reported as external moments.  The EMG and moments were 
then time normalized to 100 percent for one gait cycle.  The 
stance phase was divided into two phases (0-30% and 30-
60%).  For each phase, the average amplitude was derived for 
the moment and EMG waveforms.  Analysis of variance 
models were used to test the main effects 1) (condition) for the 
moment data and 2) (condition and muscle) and Interactions 
for the EMG data.  Bonferonni post hoc testing (p<0.05) was 
used to test all significant effects. 
RESULTS AND DISCUSSION 
Subject information and descriptive statistics are listed in 
Table.  Foot angles were significantly different (p<0.001) and 
velocity was not (p>0.05) among the three conditions.  Sagittal 
plane kinematics of all three joints were not significantly 
different (p>0.05) among the conditions.  Therefore changes 
among conditions in kinetics and EMG were not due to 
velocity or joint kinematics. 

 
       Table Demographic and Descriptive information  

 
The frontal plane hip adduction moment in the TO condition 
was significantly greater (p = 0.02) during the first 30% of the 
stance phase than in the TI condition but not from N (Figure 
1). The TO frontal plane knee adduction moment was not 
different (p = 0.21) from N during both phases but 
significantly lower (p = 0.01) than TI during the second phase.  
The knee and hip adduction moment findings are substantial, 
as the reverse relationship has been associated with advancing 
knee OA (Mundermann et al. 2005).  Significant differences 
were found (p<0.05) in the transverse plane ankle moments 
between conditions but not in the knee and hip suggesting that 
a toe-out modification may not alter rotational transverse 
plane shear stress at the tibio-femoral joint. 
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EMG results showed that TO gait did not change the medial 
knee muscle group activation from the N condition (p>0.05), 
where as the TI gait significantly increased the vastus medialis 
and medial hamstring activation during the first 30% of stance 
(p<0.05). Greater levels of muscle contraction have been 
suggested to increase the compressive forces at the joint 
surface, possibly increasing medial joint loading in the TI 
condition. Overall, the positive changes to the hip and knee 
joint kinetics are evident and coupled with minimal change in 
the medial muscle site EMG for the TO condition.  
SUMMARY 
Gait modifications have the potential to affect features of the 
entire lower limb kinetic chain.  The results of this pilot study 
suggest that the TO gait modification may promote a 
beneficial mechanical environment for those with knee OA 
through changes in the biomechanical and neuromuscular 
characteristics of the hip, knee and ankle in those with no 
known knee pathology.  Further investigation is required to 
determine if modifying the foot progression angle in those 
with knee OA will favorably alter the characteristic changes 
associated with this degenerative process. 
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 Age BMI  C1 (N) C2 (TO) C3 (TI) 
N= 5 44 y 22.9kg/m2 -9.0 o  -22.0 o 9.0 o 

Figure 1: Hip Frontal Plane 
Add (+)/Abd (-) moment for 
condition one (black), 
condition two (red . ) and 
condition three  (blue --).  
Y-axis is moment in Nm/kg 
and X-axis is percent gait 
cycle.
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INTRODUCTION 
 
Ice hockey involves hard contacts, collisions and fast-moving 
pucks. Consequently, the risk of injury is an integral part of 
the game. Of particular concern though, head injuries in ice 
hockey have been reported to represent up to 20% of all 
trauma (Flik, 2005).  Hence, concussions form a substantial 
problem in ice hockey. Given the complexity of the 
concussion phenomenon and the lack of knowledge on 
precise mechanisms of the injury, preventive strategies are 
necessary to promote the health of athletes in the future. 
In part to address this concern, helmets are designed to 
diminish the force of impact by distributing the load over a 
wider area over the cranium and by means of an energy 
absorbing liner system, thereby reducing the risk of cerebral 
concussion. However, the relation of face protectors in 
combination with helmets has not been addressed. The 
importance of facial protection in relation to concussion was 
underscored by Biasca et al. (2002). They proposed three 
different possible mechanisms responsible for causing 
cerebral concussion in ice hockey: (a) a direct blow to the 
head; (b) a direct blow to the face or jaw, and (c) a blow 
directed to the chin. The purpose of this project is to 
determine (1) whether facial protectors are effective in 
attenuating energy of direct impact within acceptable limits 
and (2) whether there is a difference between cages and visor 
facial protectors conjoined with ice hockey helmets. 
 
METHODS 
 
Facial protectors were assessed with the use of a Drop Rig 
Monorail Impact Tester conforming to the ASTM standards 
of Impact Attenuation test (ASTM International, F1045-04). 
A medium size NOCSAE head form was used as a surrogate 
in place of human testing. The head form was positioned so 
as to impact the area of interest of the facial protector. The 
energy of impact used was 45 J. The independent variables 
included (1) the facial protector type (1 visor and 1 cage), and 
(2) the impact location (3 sites). The peak acceleration (g) at 
impact was measured and compared across all tests.  
Statistical analysis was performed via Analysis of Variance 
(ANOVA) with post-hoc analysis. Each block represents 3 
repeated impact trials. Statistical significant differences were 
evaluated at α = 0.05. 
 
RESULTS AND DISCUSSION 
 
For the Impact Attenuation Tests at the front site, when the 
head form alone was dropped, impact values for peak 
acceleration were as high as 400 g.  When the head form was 
dropped with a helmet but no facial protector, the peak 
acceleration ranged between 75 – 85 g. The helmet offers 
absorption at the forehead, therefore attenuating contact at the 
front site. With facial protector, peak acceleration (g) values 
range from 60-80 g depending on impact repetition. Thus, 
visors and cages attenuate impact by more than five fold and 
add to the protection offered by a helmet only. 

 
Figure 1 shows peak impact acceleration values for three 
repeated impacts at three impact locations. Data analysis 
shows significant differences in the attenuation patterns of 
visors and cages in relation with the impact site and 
repeated impact (p < 0.0008 & p < 0.0001). The general 
trend is that the FB45 site has greater attenuation than the 
Front site which has greater attenuation than the Jclip site. 
Likewise, the first impact attenuates more than the second 
impact which attenuates more than the third impact. There 
are no statistical differences between cages and visors 
(p=0,3510). These results demonstrate the role of visors and 
cages in multiple impact sports. Possible future studies 
should look at impact attenuation across all models of 
visors and cages. As well, possible interactions with helmet 
liner types should be considered. 
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INTRODUCTION 
Different oblique fiber orientations and regional innervations 
within the External Oblique (EO) muscle produce complex 
activation patterns in response to external three-dimensional 
moment demands. Using Surface Electromyography (sEMG) 
differential activation profiles of the EO have been observed 
during exercise tasks (Davidson and Hubley-Kozey, 2005) and 
isometric axial rotations (Mirka et al., 1997). However, little is 
known about regional EO activation patterns during functional 
tasks. The purpose of this study was to determine if EO 
activation patterns differed among EO sites during a 
functional lifting task. 
METHODS  
Thirty, healthy, right-hand dominant individuals aged 20-50 
years were recruited for participation in this study. Electrode 
sites were selected to represent 3-regions of the EO muscle 
bilaterally that includes the anterior (EO1), lateral (EO2), and 
posterior (EO3) regions as described by Davidson and 
Hubley-Kozey (2005). After standard skin preparation, 
Ag/AgCL electrodes were placed in a bipolar fashion parallel 
over the muscle fibers. The myoelectric signal was pre-
amplified (AMTI, Bortec System) then sampled at 1000Hz 
using a NI 16-bit A/D system. All post collection processing 
was performed using MATLAB. 
From a standing position with the arm straight and reaching in 
front, the subjects were asked to lift a 2.9kg load 5 cm off the 
table. The load was positioned either 45-degrees to the right 
(RASYM) or left (LASYM) of the body midline. Three trials 
were recorded for each side. Subjects were asked to maintain a 
comfortable upright trunk position while minimizing spine and 
pelvic motion. Lumbar and pelvic position was monitored by a 
magnetic sensing device. The Root Mean Square (RMS) 
amplitude over the lift phase was calculated for each site. For 
normalization purposes the subjects performed 9 different 
Maximum Voluntary Isometric Contractions (MVIC). The 
overall maximum RMS amplitude from a 500-msec moving 
average window was used to normalize the lifting trials as a 
%MVIC.  
Separate two-way repeated measures ANOVA tested the 
effects of side (ipsilateral, contralateral) and electrode site for 
the RASYM and LASYM conditions (α=0.05). Bonferonni 
adjustments were performed for post-hoc analysis. 
RESULTS AND DISCUSSION 
Fifteen males [29.6(7.9) yrs, BMI: 24.1(2.9)] and 15-females 
[31.8(10.2) yrs, BMI: 23.6(5.3)] participated in this study. 
Overall the activation levels ranged from 4.8-8.3 %MVIC 
depending on lift condition and muscle site. Results from the 
ANOVA revealed significant side-by-muscle site interactions 
for RASYM (p=0.000) (Table 1) and LASYM (p=0.000) 
(Table 2).  
The multiple comparisons showed a significant increase in 
activation for ipsilateral EO1 and contralateral EO2 and EO3 

during LASYM. A similar trend was observed for RASYM, 
but only contralateral EO3 was statistically significant from 
ipsilateral EO1. These results suggest that the anterior fibers 
of the EO have a different role during this functional task than 
the posterior and lateral fibers. The task was a relatively 
simple lift, but the pattern of activation was not.  
 
Table 1: Mean %MVIC for muscle site by side during right 
(RASYM) lifting condition. 

Side Muscle site Mean SD 
ipsilateral REO1 6.6 (3.3) 
 REO2 †5.0 (3.3) 
 REO3 ℓ5.2 (3.5) 
contralateral LEO1 5.3 (2.7) 
 LEO2 6.4 (4.3) 
 LEO3 *§7.0 (3.7) 

* Statistically significant from LEO1; † = Statistically significant 
from REO1, § = Statistically significant from REO2; ℓ= Statistically 
significant from LEO3. 
 
Table 2: Mean %MVIC for muscle site by side during left 
(LASYM) lifting condition. 

Side Muscle site Mean SD 
contralateral REO1 *4.8 (3.4) 
 REO2 †‡7.1 (5.1) 
 REO3 †‡ℓ7.5 (4.1) 
ipsilateral LEO1 8.3 (4.2) 
 LEO2 *5.0 (3.4) 
 LEO3 *§5.0 (3.4) 

* = Statistically significant from LEO1; † = Statistically significant 
from REO1; ‡ = Statistically significant from LEO2; § = Statistically 
significant from REO2; ℓ= Statistically significant from LEO3. 
 
SUMMARY 
The regions of the EO muscle were activated to different 
amplitudes during this functional lifting task. Of particular 
interest was the differential recruitment of the EO1 site 
compared to the lateral and posterior sites. This differential 
role can be explained by the three-dimensional torques acting 
on the lumbar spine and pelvis to which the different fibers of 
the EO muscle respond. These data illustrate that healthy 
subjects utilize a unique pattern of activation among the EO 
regions while performing a simple lifting task. 
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INTRODUCTION 
Normalization to a muscle’s Maximum Voluntary Isometric 
Maximum (MVIC) provides a physiological reference and 
enables comparison between subjects, muscles and conditions 
(Burden and Bartlett, 1999). However, for interpretation it is 
critical to select appropriate exercises that elicit the maximum 
muscle activation. Since fiber orientations of the trunk 
muscles are multidirectional, the goal of this study was to 
identify a subset of exercises that elicit maximum activation 
from a large set of trunk muscles. 
METHODS 
Thirty-three individuals aged 20-50 years without a history of 
low back pain were recruited. EMG data was collected from 
24 bilateral (Right (R) and Left (L)) sites that include 2-sites 
for the Rectus Abdominis Lower (LRA) and Upper (URA), 3-
sites on the External Oblique representing the anterior (EO1), 
lateral (EO2) and posterior fibers (EO3), 1-site for the Internal 
Oblique (IO), and 6-sites for the back extensors at different 
lumbar levels L1, L3, L4 and L5. For L1 and L3 electrodes 
were placed at 3 and 6-cm from the midline. For L4 and L5 
electrodes were placed approximately 8 and 1-cm from the 
midline, respectively. All sites were based on standard 
placements but were adjusted for individual anthropometrics. 
Ag/AgCL (Meditrace .79 cm2) electrodes were placed in a 
bipolar fashion parallel to the fiber direction. The subjects 
performed 2-trials of MVICs for 9-different exercises: supine 
Sit-Up (SU) and V-Sit-Up (SUv); sitting Axial Rotation to the 
right (ARr) and left (ARl); side-lying Lateral Bend to the right 
(LBr) and left (LBl); prone Back Extension (BE) and coupled 
BE with AR to the right (BEARr) and left (BEARl). 
Resistance was provided to the subjects. The exercises were 
randomized with a 2-minute rest between trials. The 
myoelectric signal was pre-amplified using three 8-AMTI 
Bortec amplifiers and sampled at 1000Hz using a NI-
32channel 16-bit A/D system. The maximum RMS amplitude 
from a 500-msec moving average window was calculated for 
each electrode site for each MVIC exercise. For each site, the 
greatest RMS amplitude was used to normalize the exercises 
as a %MVIC. Within each exercise the maximum %MVIC 
trial was used for the statistical analysis. For each site, a one-
way repeated measures ANOVA (p<0.05) was performed to 

test the effects of exercise. Bonferonni adjustments were 
performed for post-hoc analysis. 
RESULTS AND DISCUSSION 
Fifteen-males [29.6(7.9) yrs, BMI: 24.1(2.9)] and 18-females 
[31.7(9.4) yrs, BMI: 23.3(4.9)] participated in this study. Only 
findings for the abdominal muscles are shown in Figure 1 and 
Table 1. The same exercise did not always produce maximum 
activation for an EMG site across all subjects. Results 
indicated that for the RA and IO sites the SUv produced 
maximum activation in the majority of subjects. The EO sites 
were side and site specific with the ipsilateral LB most 
effective for EO2 and EO3, whereas for EO1 it was the 
contralateral BEAR. Maximum activation of the back muscles 
occurred during BE and contralateral BEAR. 
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Figure 1: Percent count of each exercise that produced a 
maximum for 12-abdominal muscle sites. 
SUMMARY 
These data can provide guidance to researchers for exercise 
selection as well as interpretation of results from other EMG 
studies that use subsets of these exercises for normalization. 
Five different exercises (4 side specific) are required for the 
abdominal muscles and one for the back extensors. 
REFERENCES 
Burden A & Bartlett R (1999).Med Engineer&Phys.21;247-57 
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Table 1: Mean %MVIC (SD) for exercise and 12-abdominal muscle sites. Bolded numbers represent the exercise that elicited the 
maximum activation for a given muscle. Italicized numbers represent exercises that are NOT different from the maximum activation. 

 RLRA LLRA RURA LURA REO1 LEO1 REO2 LEO2 REO3 LEO3 RIO LIO 
SU 91(11) 91(13) 87(15) 86(15) 59(23) 60(22) 59(19) 59(16) 52(16) 51(18) 89(12) 88(14) 
SUv 94(10) 93(10) 96(8) 96(12) 60(21) 66(23) 71(22) 71(19) 68(20) 67(20) 91(13) 91(13) 
ARr 46(20) 47(18) 43(21) 40(23) 41(22) 76(21) 44(18) 60(21) 48(16) 54(22) 62(21) 49(21) 
ARl 50(21) 47(22) 45(21) 45(21) 73(26) 39(20) 62(23) 43(20) 57(22) 43(20) 51(19) 75(20) 
LBr 53(18) 30(16) 46(16) 34(20) 71(19) 34(16) 90(15) 23(15) 95(12) 24(16) 62(17) 42(21) 
LBl 27(13) 52(16) 30(16) 45(16) 32(21) 70(20) 20(16) 93(15) 23(14) 98(8) 32(15) 63(20) 
BE 10(9) 11(8) 10(10) 10(8) 37(21) 41(21) 20(12) 21(11) 24(11) 22(12) 18(11) 19(12) 
BEARr 10(10) 12(10) 10(9) 12(10) 17(9) 84(22) 29(12) 58(27) 35(21) 50(20) 43(25) 17(11) 
BEARl 11(9) 10(7) 11(9) 10(8) 79(27) 22(13) 56(27) 32(17) 54(22) 27(14) 21(14) 35(20) 
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INTRODUCTION 
 
Previous research has examined stability following an 
unexpected perturbation of a single step onto one type of 
surface (Marigold and Patla 2002, 2005) or multiple steps 
across the same unstable surface (MacLellan and Patla, in 
press; Menz et al. 2003). However, when walking in an 
outdoor environment we frequently encounter multiple 
different types of ground terrain that change as we progress 
forward. These continuous perturbations to balance must be 
controlled in order to prevent the occurrence of fall. Insight 
into how we perform this feat is critical to our understanding 
of why older adults have a high frequency of falling while 
walking. The purpose of this study was to examine how 
stability is compromised while walking on varying ground 
terrain in healthy young adults. 
 
METHODS 
 
Eight healthy young adults (4 female, 4 male; mean ± SD age 
= 22.4 ± 4.2 yrs.) volunteered for this study. Participants were 
required to walk at a self-selected pace along a wooden 
walkway (~8.5 m long, ~1.5 m wide and elevated ~0.1 m) 
where six different types of ground terrain (2 solid, 3 
compliant, 3 rocky, 3 irregular, 3 tilt, and 1 slippery), each 0.5 
m x 0.5 m, formed a 5 x 3 grid (i.e. multi-surface terrain 
section) in the middle portion (~2.5 m long). Prior to the trials 
with the multi-surface terrain, four control walking trials were 
performed where participants walked along the wooden 
walkway with the middle portion identical to the rest of the 
walkway (i.e. solid, level ground). There were three different 
multi-surface terrain configurations in which participants had 
to walk across and the path was manipulated such that there 
were two conditions: natural and restricted. In the natural 
condition, participants were free to choose which surfaces to 
step on. In the restricted conditions, two vertical posts were 
positioned on either side of one of the surfaces of the first row 
of the multi-surface terrain and participants were required to 
walk through them before choosing which surfaces to step 
upon. Irrespective of the conditions, participants were 
instructed to walk to an end goal marked on the end of the 
walkway and visible throughout the trial. The conditions were 
randomly presented within each configuration and each block 
of trials of a particular configuration was repeated three times 
in random order. Data from the natural and restricted path 
conditions and configurations were pooled for the analysis.  
 
Three OPTOTRAK camera’s (Northern Digital Inc., 
Waterloo, Canada) recorded the position of infrared emitting 
diodes (IREDs) on the xyphoid process, bilateral iliac crests, 
and bilateral ankles.  Foot contact on the first surface of the 
multi-surface terrain and foot lift off the last surface were 
determined from the velocity profiles of the ankle markers.  
We used three measures to indicate medial-lateral (ML) trunk 
stability. Trunk roll angle was determined from a line joining 

the bisection of the iliac crest IREDs with the xyphoid IRED. 
Additionally, the ML velocity (determined by differentiating 
the displacement data) of the xyphoid IRED (representing the 
trunk) was determined. The root-mean-square (RMS) 
difference across the entire multi-surface terrain (or control 
trial condition equivalent) was subsequently calculated for 
trunk roll and xyphoid ML velocity. The ML distance between 
the xyphoid IRED and the ankle IRED of the lead foot (during 
double support) was also determined for each step on the 
multi-surface terrain (or control trials) and subsequently 
averaged. Gait speed was determined from the xyphoid IRED. 
Paired t-tests with an alpha level of 0.05 were used to 
determine differences in these stability measures between the 
control walking trials and walking on the multi-surface terrain. 
 
RESULTS AND DISCUSSION 
 
The results are shown in Table 1. All stability measures 
showed differences between the ground terrain conditions. 
RMS difference was greater when walking on the multi-
surface terrain. The xyphoid was further from the lead foot’s 
ankle while walking on the multi-surface terrain suggesting 
that participants increased step width for those trials. There 
was no difference in gait speed (control = 1.16 ± 0.15 m/s vs. 
multi-surface terrain = 1.14 ± 0.19 m/s, p = 0.674). 
 
Table 1: Trunk stability measures between level walking 
(control) and multi-surface terrain. Data are mean ± SD. 
 

 
Condition 

Xyphoid – 
Ankle 

Distance (cm) 

Xyphoid ML 
Velocity 
(RMS) 

Trunk 
Roll  

(RMS) 
Control 5.76  

± 1.48 
0.81  

± 0.23 
0.27  

± 0.14 
Multi-surface 
terrain 

7.40  
± 1.36 

1.39  
± 0.30 

0.45  
± 0.13 

P-value < 0.0001 0.001 0.006 
 

The results suggest that when walking on a path with varying 
ground terrain that challenges balance the central nervous 
system has greater difficulty maintaining trunk motion and this 
in term may compromise stability. This may be a reason for 
the high frequency of falls during walking among older adults. 
Future work will address this notion. 
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INTRODUCTION 
 

Research has shown exposure to whole-body vibration (WBV) 
can lead to the development of low back pain (Bovenzi & 
Betta, 1994; Schwarze & Notbolm, 1998) and non-neutral 
driving postures have also been linked with an increased risk 
of developing back pain (Reid and Hubbard, 2000).  However, 
research looking at the combined effect of non-neutral 
postures during exposure to WBV is limited.  In 1997, 
Zimmerman and Cook showed that changes in pelvic 
orientation produced significant differences in vibration 
transmissibility, pelvic motion, and erector spinae muscle 
activity. However no study to date has examined the impact of 
a twisted sitting posture on erector spinae muscle activity and 
the transmission of whole-body vibration up the spine.  This 
study set out to determine if vibration transmissibility up the 
spinal column, during seated WBV exposure, is influenced by 
asymmetric trunk and neck postures.   
 
METHODS 
 

12 volunteer male subjects with no previous history of low 
back or neck pain were exposed to vibration (0.1 – 20 Hz 
random noise Z-axis exposure at 0.8 m/s2 or 1.2 m/s2) while 
adopting 1 of 6 postures (no neck or trunk rotation; no trunk 
rotation with 45 deg. of neck rotation (left); no trunk rotation 
with 15 deg. of neck rotation (left); 45 deg. of trunk rotation 
with 45 deg. of neck rotation (left); 15 deg. of trunk rotation 
with 45 deg. of neck rotation (left); max. amount of trunk and 
neck rotation that the subject could generate). The subjects sat 
on a rigid seat with no back rest.  Muscle activity was 
measured at six locations (not reported in this paper) and 
vibration was measured at the base of the rigid seat, L1 level 
of the spinal column, T1 level of the spinal column and at the 
level of the occipital protuberance.  
 
Seat-head vibration transmissibility and coherence were 
monitored during each data collection trial with the B&K 
PULSE vibration measurement and analysis system.  Every 
combination of vibration condition (2) and posture condition 
(6) were repeated twice resulting in 24 trials (1 minute of 
vibration exposure per trial) per subject. Preliminary results 
are shown for one subject  
 
RESULTS AND DISCUSSION 
 

The seat-head frequency response transfer function 
(transmissibility) for an example subject is illustrated in Figure 
1.  A vertical axis value greater than 1 indicates the input 
signal (measured at the base of the seat) has been amplified by 
the body.  If the body attenuates the vibration the vertical axis 
value will be less than 1.   
 

When the subject adopted a neutral neck and trunk position 
vertical vibration measured at the head showed a peak 
amplification at  ~5Hz and a peak attenuation at approximately 
~ 7Hz.  However when the subject was exposed to the same 
vibration condition while in a maximally rotated trunk and 
neck position the seat-head frequency response changed.  A 
peak amplification still occurred at ~ 4-5Hz however the 
vibration signal was also amplified at ~8Hz and attenuation 
did not occur until ~12Hz.  The difference in frequency 
response is believed to be related to a change in spinal column 
stiffness.   Transmissibility results at the L1 and T1 level and 
EMG findings will be presented at the conference. 
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Figure 1: The frequency response transfer function (seat to 
head transmissibility) is presented for one subject.  Top= 
neutral posture; Bottom = max trunk and neck rotation. 
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INTRODUCTION 
Recently there has been greater exploration into the notion of 
cumulative loading as a risk factor for low back pain (Kumar, 
1990; Norman et al., 1998).  Cumulative loading can be 
understood as the integration of instantaneous loads on a joint 
over a period of time.  Variability in definitions and therefore, 
calculation methods has made it difficult to compare 
cumulative loads between studies thereby stunting the 
development of a cumulative spine loading threshold.   
The purpose of this research was two-fold: 1) to compare the 
use of a single muscle equivalent (SME) and polynomial 
approach for determining lumbar compression forces; and 2) 
to determine the difference in cumulative exposure values 
when unplanned rest during a work cycle is accounted for in 
the calculation.  
 
METHODS 
Video data was collected for 28 workers completing various 
tasks within an automotive parts manufacturing facility.  
Using video data each posture was represented on a frame-by-
frame basis with hand forces included in each frame 
(3DMatch).  Three orthogonal moments were calculated about 
the L4/L5 joint based on a static 10 segment rigid linked 
model.  Spine compression was calculated using a single 
muscle equivalent approach and a 3rd order polynomial 
developed based on an EMG driven model (McGill et al., 
1996).  Each model provided time varying compression 
values, which was then integrated to determine the cumulative 
compression for the task.   
 
To determine the effect of unplanned rest on polynomial 
outputs, two methods were used; an addition of cumulative 
loads for each task extrapolated to the number of times each 
task was completed, and a time control method using the same 
addition and extrapolation technique but also accounting for 
unplanned rest between cycles allowing for each worker to 
have a cumulative load value representing the same time 
length.   This was accomplished by adding the cycle times 
(extrapolated to the number of cycles completed in a work 
day) and subtracting that time from the total time of a 
workday.  The remainder was assumed to be unplanned rest 
and was posture matched assuming a neutral upright standing 
posture with no additional forces acting on the body. 
 
RESULTS AND DISCUSSION 
Paired samples T-tests revealed a significant difference 
between the single muscle equivalent compression and the 
polynomial predicted compression (p<0.01) as shown in 
Figure 1.  Significant differences were also found between 
values incorporating rest, and those ignoring it (p<0.01) as 
seen in Figure 2.  

Although modeling approaches were significantly different, 
both could be argued as appropriate when given the 
constraints and limitations of each.  A hybrid approach might 
be best suited to increase the biological validity using the 
polynomial during movement, while the single muscle 
equivalent may better represent low loads for which the 
polynomial loses accuracy and sensitivity due to the large 
intercept value (1067.6N). 
 
When assessing cumulative loads it is clear that including rest 
does significantly change the daily cumulative compression.  
If an accurate estimate is to be attained, rest must be included 
to ensure comparisons are being made between workers with 
an equal time-course of loading. 
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Figure 1: Mean cumulative compression calculated using a 
polynomial and a single muscle equivalent. 
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Figure 2: Mean cumulative compression calculated to include 
moments of unplanned rest versus calculations not including 
unplanned rest 
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INTRODUCTION 
 

There is mounting evidence that suggests that abnormal 

movement strategies are demonstrated by individuals with 

chronic, recurrent low back pain (LBP) during a variety of 

tasks such as walking (Lamoth et al. 2005) and sit-to-stand 

(Coghlin & McFadyen, 1994). Poor neuromuscular control of 

the trunk muscles has been implicated as a potential 

contributor to LBP, thus to fully understand this link it is 

important to characterize muscle activation patterns in 

movements that require dynamic control. The sit-to-stand 

(STS) task is a voluntary, activity of daily living that requires 

dynamic control of the body as it transfers from the large 

seated base of support (BOS) to the smaller standing BOS, 

thus may be ideal to evaluate the postural control of 

individuals with LBP. However to our knowledge, muscle 

activation patterns during the sit-to-stand task (STS) have not 

been reported for individuals with chronic, recurrent LBP. 

Therefore, the purpose of this study was to compare the 

muscle activity patterns used to control the STS movement 

between individuals with and without LBP. 

 

METHODS 
 

Eleven individuals with no history of LBP (NLBP) and 18 

individuals with chronic, recurrent LBP were tested during a 

standardized STS task. Subjects with LBP were referred for 

physical therapy and were in pain at the time of testing, while 

control subjects reported negligible pain levels. Subjects sat 

with arms crossed and trunk unsupported on a seat 

instrumented with a force platform (1000 Hz; AMTI) and 

adjusted to 100% knee height. Subjects sat with the edge of 

the chair placed at mid-thigh position and with feet placed on 

a second force platform (AMTI) in 10° of ankle dorsiflexion. 

Seven STS trials were performed by each subject at self-

selected pace, however only the last 5 trials were recorded. 

 

Three-dimensional body kinematics were determined from 

passive marker coordinates captured by three infrared cameras 

(50 Hz; BTS). Kinematic data were used to determine the 

location of the whole body centre of mass (CM) using an 

anthropometric model. Surface electromyography (EMG; 

1000 Hz) was used to measure the muscle activation of 14 

muscles of the left lower extremity and the abdomen and back, 

bilaterally. Onset of STS motion was determined using the 

anterior/posterior ground reaction force recorded from the seat 

force platform. End of STS movement was determined using 

the vertical velocity of the CM. EMG integrals (normalized to 

% maximal voluntary contraction) were computed for each 

muscle across several epochs based on phases of acceleration, 

transition and deceleration (Roebroeck et al., 1994). Between 

group differences were examined using two-sample t-tests. 

 

RESULTS AND DISCUSSION 
 

In general, individuals with and without LBP performed the 

STS motion in a similar manner with non-significant trends 

toward reduced trunk flexion and increased ankle dorsiflexion. 

Individuals with LBP tended to demonstrate longer movement 

times (mean ± SD: LBP 2.85 ± 0.4 s; NLBP 2.69 ± 0.4 s), 

although this difference was not significant. No differences 

were detected for the peak CM velocity or the durations of 

momentum phases. 

 

Differences did exist in the muscle activation patterns used to 

accomplish these movements. Individuals with LBP had 

increased activation of the tibialis anterior (TA) and erector 

spinae about the first lumbar segment (ESL1) during the 

acceleration phase and increased internal oblique (IO) 

activation from baseline throughout most of the movement. 

 

Therefore, it appears that individuals with LBP are able to 

achieve similar movement patterns compared to those without 

LBP but do so through modified activation patterns of both 

proximal and distal muscles. The increased activation of the 

ESL1 and IO suggests that individuals with LBP may adopt a 

strategy of co-contraction early in the acceleration phase of 

movement.  This co-contraction may be adaptive to prevent 

excessive forward rotation of the trunk during the STS 

movement (consistent with the reduction in trunk flexion 

demonstrated by the individuals with LBP) and may indicate a 

general strategy of guarding. Increased activation of the TA 

may be necessary to create a sufficient dorsiflexion moment 

about the ankle in order to achieve the horizontal momentum 

required to propel the body from the seated BOS to the 

standing BOS. 

 

SUMMARY 
 

Individuals with chronic, recurrent LBP performed the STS 

motion with similar movement patterns to those demonstrated 

by individuals with no history of LBP. However, these 

movement patterns were achieved through alternative muscle 

actions that relied more heavily on distal contributions for the 

generation of horizontal momentum than proximal ones.  This 

change in activation pattern may be necessary if the individual 

with LBP engages in increased co-contraction about the trunk. 
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INTRODUCTION  
Trunk muscle function is important in providing dynamic 
stability to the spine1.  The trunk stability test (TST), has been 
widely used as a test for abdominal function1,2.  It is divided 
into 5 levels with the aim to progressively challenge the trunk 
muscles by including unilateral leg extension and bilateral leg 
extension, with and without loading (ie. heel sliding on or off 
the floor).  Only one study has examined the progression with 
respect to amplitude of neuromuscular response to the 
demands of the different levels2.  Clarke-Davidson and 
Hubley-Kozey2 found the relative amplitude of abdominal 
muscle activity between level 3 (unilateral leg extension heel 
off the floor) and level 4 (bilateral leg extension heel on the 
floor) was not different and concluded that there was no 
progression between the 2 levels.  However, the study only 
looked at muscle sites on the right side and the role of the back 
extensors as stabilizers was not explored in detail.  The current 
study examined the bilateral activation pattern of 12 trunk 
muscles (abdominals and back extensors) in response to the 
leg extension phase of TST levels 3 and 4.  There were 2 
hypotheses: (1) the unilateral loaded phase would produce an 
asymmetrical muscle response; while the bilateral unloaded 
phase would be symmetrical (2) the unilateral loaded phase 
would evoke greater muscle activation than the bilateral 
unloaded phase. 
 
METHODS 
Nineteen healthy males (10) and females (9) were studied.  
After skin preparation, Ag/AgCl Meditrace (10mm) surface 
electrodes were placed bilaterally over the lower rectus 
abdominis (LRA), upper rectus abdominis (URA), external 
oblique (E01-anterior, EO2-lateral, EO3-posterior), internal 
oblique (IO), longissimus (L13, L16), iliocostalis (L33, L36), 
quadratus lumborum (L48), and multifidus (L51).  
Electromyographic (EMG) (AMT-BortecTM) data were 
recorded during 3 trials of each TST level. Subjects performed 
three trials of each level in random order. The EMG signals 
were digitized at 1000 Hz using the National Instrument 16-bit 
A/D card and LabviewTM Software.  Root mean squared 
amplitude was calculated for the leg extension phase only.  
The RMS values were amplitude normalized to a maximal 
voluntary isometric contraction (MVIC) effort from 18 
different exercises.  Flock of BirdsTM was used to monitor 
pelvic angle to ensure a neutral position was maintained 
throughout testing.  Statistical analysis negated a trial effect 
and data were collapsed to compare the muscle activation 
during the 2 TST levels.  Effects of level, muscle, and side 
(right versus left) were analyzed using a General Linear 
ANOVA Model and post-hoc Tukey tests. 
 
RESULTS AND DISCUSSION 
Demographics for the 19 subjects are outlined in Table 1. 
 
 
 
 

 
 
 
Table 1:  Subject Demographics 

 Waist
Age (yr) Mass (kg) Height (cm)     BMI  Girth

Mean 30.2 70.4 172.2 23.6 78.9
St Dev 8.1 15.3 8.0 4.2 10.9
 
There was a significant level-by-muscle interaction (p=0.00).  
The TST levels varied in the response of 4/6 abdominal 
muscles (LRA, URA, EO1, IO), while both tasks evoked the 
same recruitment pattern in the back extensors.  There was 
also a significant side-by-level interaction (p=0.016), where 
the TST3 produced significantly different muscle activation 
between sides (right higher than left) while the TST4 showed 
symmetrical recruitment across all muscles.  The asymmetry 
of TST3 was primarily driven by LRA, EO1, EO2, and EO3. 
The overall side-by-muscle interaction was not significant 
(p=0.163), as the remaining 8 muscles did not differ between 
right and left sides. Interestingly, despite the asymmetrical 
muscle recruitment response evoked by TST3 as compared to 
the symmetrical pattern from TST4, the net muscle activity 
between the 2 levels was similar.  This was reflected by the 
lack of co-activation response of the back extensors between 
the 2 levels. The variability appeared to exist in the relative 
contribution of 4/6 abdominals (right versus left) between 
TST3 and TST4.  Furthermore, the greatest difference found 
among the abdominals was 3.7% MVIC, raising the question 
as to the clinical significance of such a change and the 
progressive nature of the exercises. 
 
SUMMARY 
(1) The TST3 elicited an asymmetrical recruitment pattern 
compared to the TST4, primarily driven by 4/6 abdominal 
muscles.  (2) The TST3 did not result in greater muscular 
activity overall as seen by the lack of change in the co-
activation of the back extensors between the 2 levels. Thus, 
the TST3 and TST4 cannot be described as progressive 
exercises in terms of one eliciting higher net muscle activation 
than the other.  These results have implications with respect to 
the value of these exercises for muscle training and testing.  
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INTRODUCTION   
Children with above-knee (AK) amputations can be very 
active and capable of running gait (Andrysek, 2005). 
However, the quantitative study of running gait has 
traditionally been limited to children with below-knee (BK) 
amputations, and the evaluation of prosthetic feet (Engsberg, 
1993; Brouwer, 1989).  This study aims to provide a 
biomechanical evaluation of running gait of children with AK 
amputations, and also, to explore the performance of single-
axis and polycentric knee joints.   
 
METHODS 
Two children participated in this study.  Subject 1 (S1) was a 
12 year-old male with a congenitally acquired unilateral AK 
amputation.    Subject 2 (S2) was a 10 year-old female with a 
bilateral amputation (AK/BK) due to disease.  Both subjects 
used energy storing feet, polycentric knee joints, and belt 
suspension.  Gait analysis was conducted bilaterally using a 
seven-camera VICON 370 (Vicon Peak) data capture system. 
Ground reaction forces were recorded with two offset force 
platforms located at the center of a 12 meter-long walkway. 
Joint moments and powers were normalized to body mass. 
Data from three trials were averaged. 
 
Children were instructed to run along the walkway.  For each 
child, testing was initially performed on the prosthesis with 
the polycentric knee joint (POLY). Prosthetic knees were 
exchanged. After four weeks of accustomization data were 
collected with a single-axis knee joint with an automatic 
stance-phase locking (ASPL) mechanism (Andrysek, 2005).  
Referent running gait data for able-bodied (AB) children were 
obtained from published literature (Davids, 1998)   
 
RESULTS AND DISCUSSION 
The spatiotemporal data are presented in table 1 and sagittal-
plane kinetic data in figure 1.    
 
Table 1. Mean (one standard deviation) spatiotemporal data for 
subjects and AB children 
*only one trial was captured 
 
 
 
 
 
 
 
Spatiotemporal, kinematic and kinetic data were generally 
comparable between POLY and ASPL knees, on both limbs.    
Both subjects had lower than normal running speeds (38% on 
average).  At the hip, lower than normal flexion moments 
were found.  At the knee slightly exaggerated intact knee joint 
moments were evident.  Ankle moments were comparable to 
normal, but slightly reduced in late stance for S2.   

Reduced power generation/absorption at the hip and ankle 
joints, and relatively normal powers at the knee joint, suggest 
that the knee plays an important role in propelling the body 
upward and forward.  This is further evidenced in the 
increased stance-phase knee flexion ranges of motion (ROMs) 
(not presented here), which were between 25º and 40º for S1 
and S2.  In contrast to able-bodied running gait, the knee joint, 
although flexed, undergoes ROMs of less than 15º in stance-
phase.  Lastly, similar to other studies involving children with 
BK amputations, the energy storing/releasing capacity of 
prosthetic feet was minimal.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Kinetic measures for S1, S2 and able-bodied children 
(AB). light bars ≡ AK limb - POLY; dark bars ≡ AK limb - ASPL; 
circle ≡ contralateral limb - POLY; black square ≡ contralat. limb - 
ASPL;  One standard deviation is shown by error bars.  
       
SUMMARY 
For the children in this study, no notable biomechanical 
differences were found between the single-axis and 
polycentric knees.  The children ran with reduced speed 
compared to able-bodied children, and heavily relied on their 
intact knees for propulsion.        
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INTRODUCTION 
 
Muscle fatigue may be defined as an inability to maintain a 
desired or required level of performance.  In previous work, 
fatigue has been assessed by increases in EMG amplitudes, 
decreases in median (Ament et al., 1993) or mean power 
frequency (MPF) (Flynn et al., 2004), subjective fatigue rating 
scales (Hunter & Enoka, 2001), declines in torque (Hunter et 
al., 2004), or an inability to maintain a given percentage of a 
maximum effort (Kent-Braun, 2002; Flynn et al., 2004).  Few 
studies use several criteria when defining fatigue within a 
muscle in advance of processing.  Previous work defined 
localized muscle fatigue (LMF) among young and old females 
using three criteria (Flynn et al., 2004). However, gender 
differences were not assessed.  Therefore, the purpose of this 
study was to examine multiple measures of LMF during 
sustained isometric contractions of tibialis anterior (TA) and 
lateral gastrocnemius (LG) in females and males, with the aim 
of verifying their need for defining LMF. 
 
METHODS 
 
Thirty subjects (15 male, 15 female; average age 22.6 years) 
were asked to maximally dorsiflex or plantarflex against 
resistance in order to determine their maximum activation 
state (MAS).  During the fatigue protocol, subjects were fixed 
supine to a human pendulum (Flynn et al., 2004).  For 
dorsiflexion, (session 1) and plantarflexion (session 2), 
subjects pulled and pushed their toes against a resistance while 
contracting isometrically at 50% MAS (activation viewed on a 
monitor), respectively. EMG frequencies and amplitudes were 
monitored during fatigue contractions.  Subjects were deemed 
to be fatigued when they could no longer maintain an 
isometric contraction at 50% of their MAS, coupled with 
visible signs of fatigue, and a decrease in MPF of at least 15%.  
Subjects also rated their fatigue on a 100 mm visual analogue 
scale (VAS).  
 
Bipolar Ag/AgCl surface electrodes were placed over the belly 
of each muscle with an intraelectrode distance of 2cm.  EMG 
signals were sampled at 2048 Hz, band-pass filtered (10-400 
Hz), and A/D converted. Fast Fourier Transfer was used to 
obtain the signal frequency characteristics for the MPF 
calculations (which was updated every second and displayed 
on a monitor). 
 
A 2x2x2 (gender x muscle x level) analysis of variance 
(ANOVA) was completed on the MPF data, while a 2x2 
(gender x muscle) ANOVA was done on time to fatigue (TTF) 
and the VAS rating.  Pearson product moment correlations 
were performed to examine any correlations between the 
multiple fatigue parameters.  Alpha (α) was set at 0.05, and 

Tukey HSD Post Hoc tests were completed on all significant 
effects. 
 
RESULTS AND DISCUSSION 
 
In general, MPF values prior to fatigue (143 Hz) were 
significantly higher than after fatigue (105 Hz); displaying 
consistent decreases in MPF of approximately 26.5% across 
both genders and muscles (Figure 1).  Only 6 of the 60 
conditions resulted in decreases in MPF of less than 15%.   
 
Females on average tended to have greater endurance times 
(TTF) than males (152 s and 123 s), and TA fatigued quicker 
than LG (130 s and 146 s).  No significant correlations were 
noted between the three fatigue parameters.  A significant 
main effect for VAS was seen across muscles (p<0.020), 
suggesting that subjects viewed the level of fatigue differently 
in the two muscles.  Taken together, these findings support 
why several criteria need to be considered when assessing 
fatigue at the local muscle level.  A decline in MPF of 15% 
alone does not seem to be sufficient for the leg muscles tested.  
Subjects were able to easily surpass this value when 
encouragement was provided.  This work also emphasizes the 
importance of the fatigue protocol and how we define LMF.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Average decreases in mean power frequency (MPF). 
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PATH SELECTION STRATEGIES DURING WALKING THROUGH  TALL OBSTACLES 
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INTRODUCTION 
 
When people walk through visually rich environments, such as 
a wooded forest, they can use different strategies for route 
selection. The simplest strategy is on-line, or reactive, control 
where an individual travels in a straight line until an obstacle 
is encountered and must be avoided with a directional change 
(Fajen & Warren, 2003; Patla et al., 2004). A more complex 
strategy involves the identification of safe areas or corridors to 
walk through. This strategy takes into account the location of 
the end-goal as well as the width and area of unobstructed 
corridors between obstacles, and requires higher level 
processing and pre-planning (Patla et al., in press). Since 
visual information is crucial for route selection, strategies 
could be different under visual impairments, such as with 
cataracts. The primary goals of this research were to determine 
what strategies people use for route selection in a visually rich 
environment, and to investigate the impact of simulated 
cataracts on these strategies.  
 
METHODS 
 
Sixteen young adults (mean age 26.9 ± 6.6 years) were asked 
to walk, at their preferred speed, through an obstacle 
arrangement under two visual conditions, normal and cataract 
simulation. The obstacles were twelve posts (20 cm diameter, 
height 261.5 cm) arranged in five configurations on a 455cm x 
315cm grid. Six trials in each configuration resulted in a total 
of 30 trials for each visual condition. Average contrast 
sensitivity impairment, induced by cataract simulation 
goggles, was 0.66±0.04 on Pelli-Robson Contrast Sensitivity 
Test. Different obstacle configurations and start/end positions 
impacted whether the end-goal was visible from the starting 
position. After each trial, participants were asked if the goal 
was visible to them at the start. Participants were videotaped, 
and their travel paths recorded. These experimental travel 
paths were then compared with those predicted by a computer 
simulation (Patla et al., in press) which uses algorithms 
incorporating either on-line control or safe corridor strategies. 
The focus of this abstract is on those trials where the model 
simulation predicted different paths for the on-line and safe 
corridor strategies (9 trials per participant, per visual 
condition). Paths were then scored as predicted by on-line, 
predicted by safe corridor or not-predicted. Sensitivity analysis 
was performed on the prediction models by introducing noise 
into the start/end position coordinates, and showed them to be 
robust.  
 
RESULTS AND DISCUSSION 
 
For 80.1±9.9% of the trials analyzed, the experimental paths 
were predicted by the computer simulation for all conditions 
combined. Safe corridor was the most commonly used strategy 
for both normal and cataract vision conditions (57.18±12.1% 

and 53.5±11.65%, respectively; Wilk’s Lambda, F(2,14)= 35.99, 
p < 0.001). On-line strategy was used much less frequently, 
(22.5±11.4% for normal vision, 27.1±14.5% for cataract 
vision) as shown in Figure 1. Visual condition did not 
significantly impact which strategy was employed.  
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Figure 1: Percentage of trials using different strategies, 
according with the visual condition. 
 
SUMMARY 
 
The safe corridor strategy requires more planning and 
proactive control than the on-line strategy. Although it does 
not always yield the shortest path, safe corridor appears to be 
the strategy of choice for navigation through a visually rich 
environment, such as the one in this study. This cataract 
simulation mainly impacted contrast sensitivity and did not 
have a significant effect on the navigation strategy used. For 
the task performed in this study, other visual properties, such 
as depth perception or acuity, may be more important and 
could be investigated in future research. 
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INTRODUCTION 
 
Visual information is important when walking through uneven 
terrain to guide foot placement for safe locomotion. Previous 
research has investigated the role of vision when spatial 
constraints are increased, for example when foot placement on 
specific targets is required (Hollands & Maple-Horvat, 2001; 
Patla & Vickers, 2003). Previous studies in this area have 
involved stepping on targets without individual path selection. 
The purpose of this study was to compare gaze fixation 
patterns while walking in two different stepping-stone 
environments, one with flat stones and one with a mixture of 
flat and raised stones. It was hypothesized that increased 
attention would be given to the raised stepping stones. It was 
also expected that participants would prioritize their attention 
to stones located in their path of travel. 
 
METHODS 
 
Four participants (mean age 30.5 ± 15.1 years) completed the 
study. Twenty-four 30 cm x 30 cm boards were arranged in 
three random configurations to represent stepping stones in a 4 
x 3 meter area. All flat boards were used for the normal 
condition; two of those were replaced with 10 cm high boards 
for the mixed condition. Participants were asked to walk from 
a designated start position towards a goal, along any path they 
chose, using only the stepping stones. Vision was blocked 
until the start of each trial. There were a total of 18 trials in 
each condition, each constituting a novel path. An ASL Eye 
tracker was used to collect gaze fixation data at 30 Hz. Steady 
gaze for 0.1sec or longer on a single location was considered 
to be a fixation. Travel paths and time of heel contact for each 
step were recorded from videotape. Pre-gait was defined as the 
period between vision exposure and initial movement. 
Frequency, location and duration of gaze fixations were 
recorded for pre-gait and during travel. The temporal 
relationship between gaze fixations and stepping was 
established for stones in the travel path.         
 
RESULTS AND DISCUSSION 
 
There was no significant difference between conditions for 
number or duration of total fixations.  During the pre-gait 
period (1.0 ± .2 sec both conditions), stones that were located 
in the future travel path were fixated more frequently than 
stones not in the path of travel (p<.05). This gaze behavior 
continued during travel as participants continued to fixate on 
stones in the travel path preferentially to stones outside the 
travel path (p<.01) (Figure 1). For mixed environments 
containing both flat and raised stones, three times more visual 

attention was given to the raised stones than the flat stones 
prior to gait initiation (p<.05). During travel in mixed stone 
environments, participants fixated on the raised stones nearly 
twice as frequently as the flat stones (p<.01). This was the 
case even though the raised stones only comprised 1/12 of the 
stones in the environment. In the mixed stone environment, 
participants tended to look one step ahead in their travel path. 
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   Figure 1 
 
SUMMARY 
 
Results from this study are consistent with previous reports in the 
literature which has shown that people attend primarily to task-
related objects (Land, in press). The relatively short time during 
pre-gait appears to be used for gathering visual information from 
the environment to identify potential hazards and plan paths of 
travel. Increased visual attention is given to potential hazards in the 
travel path to acquire information for necessary adaptations for 
successful locomotion. There was a trend of looking one step 
ahead in their travel path which does allow adequate time for 
successful gait adaptation to occur (Hollands & Maple-Horvat, 
2001).      
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INTRODUCTION 
Indoor running facilities have evolved with various 
configurations and sizes. Often tracks may incorporate 
banked curves in an attempt to compensate for body lean 
presumably to enhance running performance and / or reduce 
lower limb injuries. More specifically, it is thought that a 
banked curve put less torque on the ankles and that it is easier 
to reach maximum speed without being injured (Greene 
1987). However, the validity of this rationale has not been 
vetted with scientific verification; indeed, some evidence 
suggested that, conversely, indoor track running may 
adversely alter running symmetry and increase risks of injury 
(Beukeboom et al. 2000). Hence, the intent of this study was 
to investigate the mechanics of curved running with and 
without banked surfaces on an indoor track. 
 
METHODS 
Seven male elite mid-distance runners ran at 3.8 m/s and 7.0 
m/s in three different conditions: (1) straight, and curve with 
(2) 0% side inclination or (3) 19% (11°) side inclination (Fig 
1). Subjects’ mean (±SD) age, height and body mass of the 
participants were as follows: 20.6 ± 3.0 years, 67.8 ± 3.9 kg 
and 178.2 ± 4.7 cm.  The turn radius at 0% incline was 24.8m 
and at 19% it was 25.7m: a difference of 3.5%.   
 

Figure 1.  
Rear view of a subject 
running for each curved 
condition and speed.  
A) Curve 19% at 7.0 m/s;  
B) Curve 19% at 3.8 m/s;  
C) Curve   0% at 7.0 m/s;  
D) Curve   0% at 3.8 m/s 
 
 
 
 
 
 
 
 
 
 
 

 
Measures of lower limb kinematics (knee flexion / 
extension; ankle plantar / dorsi flexion and ankle inversion / 
eversion), muscle activation (tibialis anterior -TA- peroneus 
longus -PL- and gastrocnemius lateralis -GL), and plantar 
pressures were obtained bilaterally during the running 
conditions.  Joint angular measures were obtained using 
electro-goniometers (XM 110 Penny & Giles, UK) placed 
lateral to the knee and poster to the ankle (aligned with the 
long axes of the Achilles and calcaneus) while EMG 
measures were obtained using six surface bipolar pre-
amplifier sensors SX230 (Biometrics Ltd., UK) with a gain 
of 1000, bandwidth of 20-450 Hz then normalized to 

isometric MVCs.  Data were recorded at 200 and 1000 Hz, 
respectively, to a DataLOGII P3X8 (Biometrics Ltd., UK) 
contained within camel backpack. For plantar pressure, a 
total of 8 piezo-resistive sensors (Force Sensor Array, Verg 
Inc., CAN) were placed under the plantar surface of each 
foot. For each foot, the pressure sensors were positioned 
under the following anatomical sites: lateral heel, medial 
heel, lateral mid-foot, medial mid-foot, first, third and 
fourth metatarsal heads, and hallux.  From the know 
positions of the sensors for each foot, the center of pressure 
path on the plantar surface was estimated during the stance. 
Pressure values were recorded to a portable data logger at a 
sampling rate of 100 Hz.  Concurrent digital video records 
were collected to assess whole body lean. 
 
Testing order was block randomized. A within-subject 
repeated measures analysis of variance (ANOVA) was used 
to test the main effect of running condition, speed, and leg 
side (Statistica, 5.1) 
 
RESULTS AND DISCUSSION 
Significant differences were found in body lean angle 
between speeds but not between curve inclinations (5.7° 
and 14.9° at 3.8 m/s and. 7.0 m/s respectively).  As 
expected, differences were observed for dependant 
variables between speeds (p<0.001); however, minimal 
differences existed between sloped conditions.  Trends in 
muscle activation differences were seen for TA, GL, and 
PL.  For example, TA tended to be more active in the 
curves compared to straight running condition at 7.0 m/s 
bilaterally.  TA measures were found to be greater on the 
right versus left limb for all conditions at 3.8 m/s.  The left 
GL activation were higher than the right at Curve 19% at 
both speeds.  A similar trend was present for PL with 
greater EMG activity for the left leg for condition Curve 
19%. With regards to plantar pressures, a significant main 
effect was identified with respect to 4th metatarsal head 
location between 0% curve and straight running (p< 0.01). 
  
In summary, despite clear evidence of whole body lean, 
minimal gross differences in running mechanics were 
observed in the lower limb.  Possibly, this may in part be 
explained by prior adaptations of the subjects due to their 
habitual running within the same indoor track. Nonetheless, 
the question of how the body accommodates to the 
asymmetric bilateral foot support conditions during curved 
running still remains.  Refinement in the test protocol is 
warranted e.g. measurement of fore-foot varus-valgus as 
opposed to rear-foot would better identify foot strike 
changes in orientation for mid-foot strikers.  Similarly, the 
ability to account for shear as opposed to perpendicular 
induced plantar pressures may be more relevant in 
locomotion involving changes in trajectory. 
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INTRODUCTION 
 
Research has investigated appropriate frame rate reduction to 
estimate cumulative loading in sagittal plane lifting tasks 
(Andrews and Callaghan, 2003) and on X-ray technologist 
tasks (Kumar and Narayan, 2005). Both approaches used 
frame by frame digitization to quantify cumulative spine loads. 
To date no research has examined error in frame rate reduction 
when using a posture sampling approach.   
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The purpose of this research is to determine the optimal 
sampling rate to adequately represent cumulative spine loads 
when using a posture sampling approach. 
  
METHODS 
 
Video data were selected from a larger database of video 
recorded automotive assembly tasks (AAT). Thirteen tasks 
that required the worker to spend at least 50% of the AAT 
cycle in awkward trunk postures (Punnett et al., 1991) were 
chosen randomly for analysis. Awkward trunk postures were 
defined as having a trunk flexion deviation, axial twist, or 
lateral bend greater than 15°. Thirteen time matched AAT that 
did not require any time in awkward postures were selected for 
comparison. Trials were time matched to ensure similar 
cumulative loading values for comparison between conditions. 
 
Video was posture sampled at 30 frames/s using 3DMatch 
(Callaghan et. al., 2003), to estimate cumulative spinal loads. 
The 3DMatch software scrolls through video, frame by frame, 
allowing the user to select the workers body position based on 
a series of segment posture bins, which are used to calculate 
segment centre of mass moment arms. Three orthogonal static 
moments are then calculated about L4/L5 by summing all 
segmental moments. The orthogonal moments are then used in 
a 3rd order polynomial (McGill et al., 1996) to estimate spine 
compression.  
 
Postural data obtained from the 30 frames/s analysis were 
reduced to 15, 10, 5, 3, 2 and 1 frames/s using LabVIEW 
Graphical Development software (National Instruments, 
Austin, TX).  
 
A two-way (sampling rate x postural complexity) mixed 
factors repeated measures ANOVA was used to determine if 
there was a significant difference between sampling rates and 
postural complexity. A Bonferroni adjusted pair-wise 
comparison was used to determine at which level sampling 
rates were significantly different.  
 
RESULTS AND DISCUSSION       
The ANOVA showed no significant difference between 
compression values at 30 frames/s and 15 frames/s. Therefore 

relative error was calculated with respect to 30 frames/s and 
all values were compared against the relative error at 15 
frames/s. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Relative percent error across sampling rates. 
Relative error calculated from 30 frames/s. Significant 
differences from 15 frame/s are denoted by *.  
 
Although relative error at 5 frames/s was significantly larger 
than relative error at 15 frames/s, Figure 1 illustrates that the 
error as a percentage of the absolute value is not significantly 
different until 3 frames/s or less.  These results confirm 
findings presented by Kumar and Narayan (2005) suggesting 
that 5 frames/s is an optimal sampling rate to maintain 
accuracy. However from a clinical perspective a 1% error in 
cumulative load, which is introduced at 3 frames/s, would not 
considerably affect the interpretation of cumulative 
compression estimate when compared to a threshold value.   
 
SUMMARY 
 
A reduction to 5 frames/s is the optimal sampling rate that 
accurately preserves the time varying information in a task to 
calculate cumulative loads for tasks that involve low loading. 
There was no significant difference in relative percent error 
between awkward and neutral posture tasks at 5 frames/s.  
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INTRODUCTION
The development of an optimal level of independence during 
transfer activities is a critical goal of the rehabilitation process 
among individuals with spinal cord injury (SCI). Surprisingly, 
the ability to perform transfers in individuals with SCI has not 
been studied extensively using  biomechanical approaches
(Allison, 1997; Nyland et al., 2000). Limited knowledge 
remains available regarding sitting pivot transfers despite the 
fact that individuals with SCI frequently perform this 
demanding task (~18 times/day). The objective of this 
preliminary study, which is part of a larger research program that 
aims to study the biomechanical factors associated with transfer 
performance in individuals with SCI, was to quantify the 
electromyographic activity at the upper extremities among 
individuals with SCI during sitting pivot transfers toward 
target seats placed at different heights.
METHODS
Nine males (31.2 ±9.8 years) with a chronic complete motor 
SCI (C7 to T11), who reported to execute 19 ±9 sitting pivot 
transfers daily, participated in the study. During a laboratory 
assessment, all participants were invited to perform simulated 
sitting pivot transfers between two seats placed at an angle of 
~90° (Figure 1). The height of the target seat was set at three 
different levels: 1) similar height (reference task), 2) 10-cm 
higher and 3) 10-cm lower than the reference task. Three trials 
were recorded when transferring toward each height. EMG 
data were recorded at 600Hz with surface electrodes placed 
over the biceps, triceps, anterior deltoid, and pectoralis major 
on both arms using a Bortec system (AMT-8). All EMG data 
were band-pass filtered (30-300Hz), full-wave rectified and 
smoothed with a low pass filter at 4,8 Hz to obtain linear 
envelopes. For each subject, the mean and maximum EMG (in 
volts) for the leading (right) and trailing (left) arms during the 
lift phase were expressed relatively to those obtained during 
the reference task. The initial and final vertical displacements 
of the center of mass of the pelvis were used to determine the 
beginning and the end of the lift phase. 

Figure 1: Reference task

RESULTS AND DISCUSSION
All subjects (100%) performed the sitting pivot transfer toward 
the similar height whereas eight (88.9%) and five (55.6%) 
subjects completed the transfers toward the low and high 
target seat, respectively. For subjects who successfully 

completed all transfer tasks, durations of the lift phase were
1.16±0.24, 1.32±0.37 and 1.21±0.29sec while transferring to
similar, high and low heights, respectively. For the leading 
arm, the comparisons of EMG data between tasks revealed that 
all mean values show a tendency to be higher than the 
reference task for the transfer toward a high seat except for the 
triceps. The most important changes were noted in the biceps 
(+37.6%) and pectoralis major (+33.8%) when transferring to 
the high seat and in the triceps (+25.7%) when transferring to 
the low seat Although the triceps may play an important role 
during the descent phase, additional eccentric work at the 
shoulder and elbow may explain the reduction of the mean 
relative EMG in most muscles of the leading arm during the 
transfer to the low seat. For the trailing arm, mean and 
maximal values remained similar, except for the maximum 
value of the triceps (+19.6%) during the transfer to the high 
seat. For the transfer to low surface, the mean value of the 
biceps increased (+20.2%) and the one for the triceps dropped
(20.1%). 

Figure 2: Mean and maximum relative EMG during the lift phase 
(BIC=biceps; TRIC=triceps; D.A.=anterior deltoid; P.M.=pectoralis major).

SUMMARY
Participants encountered more difficulty when transferring
toward a high surface than when transferring toward similar or 
low heights given the success rates. Transferring toward 
different heights modified the mean and maximum EMG in 
both arms. Further analyses of these data in parallel with the 
3D movements and clinical status will help better understand 
sitting pivot transfers in individuals with SCI.
REFERENCES
1. Allison, G. Crit Rev Phys Rehab Med 1997;9(2):131-150.
2. Nyland J et al. Spinal Cord 2000;38:649-657.
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INTRODUCTION 
 
Manual materials handling (MMH), especially lifting, in the 
workplace has been identified as a risk factor for low back 
pain (LBP) (Marras et al., 1995). It has also been shown that 
shoulder disorders as a result of MMH, repetitive movements 
and non-neutral postures are a concern in the workforce 
(Bernard, 1997; Punnett et al., 2000). The shoulder is the most 
mobile joint in the body making it particularly vulnerable to 
injuries from trauma or repetitive motions. Surprisingly it has 
received less attention despite it being proven as a common 
site for work-related injuries (Søgaard et al., 2001).  
 
To date, no studies have been published on daily cumulative 
loads of the shoulder. There is a need for research linking pain 
to cumulative loads to establish guidelines and limits. The 
purpose of this study was to quantify cumulative loads on the 
shoulder and compare these values to worker-reported 
shoulder pain. 
 
METHODS 
 
3DMatch (Callaghan et al, 2003) was used to investigate the 
three-dimensional loads and postural requirements on the 
shoulder during assembly tasks. Twenty-eight workers 
participated in this study (13 males and 15 females). Age 
ranged from 20-59 years old.  
 
A one-way MANOVA was conducted to investigate 
associations between cumulative loads and shoulder pain. A 
Mann-Whitney U-Test was used to test for differences in 
variables that failed the Levene's test (cumulative left shoulder 
internal rotation moment), violating the assumptions of the 
MANOVA. The effect of pain/no pain was determined 
against ten dependent variables (Table 1). 
 

RESULTS AND DISCUSSION 
 
No significant differences were found between the pain and 
no-pain groups, Wilk’s Λ =.614, F(9, 18) = 1.258, p = .323, 
η2 = .386 
 
Variance in cumulative shoulder loads was large. The variance 
likely masked some of the findings, making it difficult to 
establish differences in cumulative shoulder loading between 
the groups with and without pain.  
 
SUMMARY 
 
In the automotive industry, workers are exposed to high 
shoulder loads as a result of forceful exertions and non-neutral 
postures which may put them at risk for shoulder discomfort 
and possible injury. Further research is needed before 
cumulative loading can be used to assess the development of 
shoulder injuries in the workplace. 
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Table 1: Means and standard deviations of daily cumulative shoulder loading variables, grouped by pain status. 

Pain (n=14) No Pain (n=14) Cumulative Shoulder Loading Variables 
Mean SD Mean SD 

Right Adduction Moment (kNm·s) 1.31 1.70 1.12 1.63 
Right Abduction Moment (kNm·s) -83.30 24.07 -101.19 36.40 
Left Abduction Moment (kNm·s) 79.18 20.85 94.14 33.13 
Right Internal Rotation Moment (kNm·s) 9.57 17.94 15.67 23.44 
Left Internal Rotation Moment (kNm·s) -4.33 4.71 -5.89 7.13 
Right Anterior Shear Forces (kN·s) -23.96 39.59 -29.38 23.46 
Right Posterior Shear Forces (kN·s) 18.58 34.95 32.32 47.76 
Right Flexion Moment (kNm·s) 92.53 27.57 125.54 34.59 
Right Extension Moment (kNm·s) -4.45 9.25 -4.54 9.86 
Right Caudal Shear Forces (kN·s) 995.50 217.15 1118.04 274.52 
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INTRODUCTION 
 
It is known that shoulder disorders, as a result of repetitive 
movements and non-neutral postures, are a concern in the 
workforce (Bernard, 1997; Punnett et al, 2000). The shoulder 
is the most mobile joint in the body making it particularly 
vulnerable to injuries from trauma or repetitive motions.  The 
purpose of this study was to see if workers who spent more 
time in non-neutral shoulder postures reported shoulder pain 
more often than those who spent less time in non-neutral 
shoulder postures.  
 
METHODS 
 
Twenty-eight workers from four automotive parts assembly 
plants participated in this study (13 males, 15 females). 
Fourteen had shoulder pain and 14 did not. Age ranged from 
20-59 years old. 3DMatch (Callaghan et al., 2003) was used to 
investigate the postural demands on the shoulder during 
assembly tasks. Non-neutral postures [right & left mildly (20-
90o) and severely (>90o) flexed shoulder postures, right & left 
mildly (45-90o) and severely (>90o) abducted shoulder 
postures] were compared against worker reported shoulder 
pain. Time spent within each posture for all tasks were 
averaged and extrapolated to represent a full shift.  
 
A one-way MANOVA was conducted to investigate the effect 
of pain/no pain against eight dependent variables. 
 
RESULTS AND DISCUSSION 
 
No significant differences were found between the pain and no 
pain groups. Workers spent about 34% of their job in mildly 
flexed and abducted postures. Approximately 2% of the shift 
was spent in severely flexed and abducted postures (Table 1). 
Results from Punnett et al. (2000) indicated that workers with 
and without shoulder pain spent about 5% and 2% of time, 

respectively, in severe flexion or abduction and about 25% of 
their job in mildly flexed and abducted postures. The literature 
has shown that working with arms raised in non-neutral 
postures for prolonged periods of time reduces blood flow to 
the arm and produces pain (Jarvholm et al., 1998).  
 
In the current study there was a lot of variance because all jobs 
were included in the analysis, and there were a variety of tasks 
performed within each job. Even with the large variance, there 
was a slight trend for workers with shoulder pain to spend 
more time in non-neutral postures than workers without pain.  
 
SUMMARY 
 
The large variance may have masked differences between the 
groups but trends suggest that in the automotive industry, 
workers are exposed to non-neutral shoulder postures which 
may put them at risk for shoulder discomfort and possible 
injury. Job modifications would require the reduction of non-
neutral postures to reduce shoulder pain. 
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Table 1: Means (SD) of percent time spent in non-neutral shoulder postures over the course of an 8-hour shift. 

Duration (% cycle) 
Right Shoulder Left Shoulder Status Posture Variable 

Mean (SD) Mean (SD) 
Mild Flexion 30.36 (20.22) 32.72 (20.68) 
Severe Flexion 1.03 (1.61) 1.34 (2.05) 
Mild Abduction 4.37 (3.81) 5.51 (4.80) 

Pain (n=14) 

Severe Abduction 1.22 (3.70) 0.27 (0.58) 
Mild Flexion 26.27 (14.26) 31.26 (23.42) 
Severe Flexion 0.15 (0.31) 0.18 (0.42) 
Mild Abduction 4.46 (6.0) 1.89 (3.01) 

No Pain (n=14) 

Severe Abduction .67 (2.47) 0.01 (0.04) 
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INTRODUCTION 
 
Inertial Motion Sensors (IMS) combining gyroscopes, 
accelerometers and magnetometers are now being marketed 
for biomechanical applications.  The IMS units use proprietary 
algorithms to fuse the three values and provide accurate, drift-
free orientation data on roll, pitch and yaw axes (Roetenberg 
et al. 2003).  Manufacturer specifications claim accuracy of 
0.5º RMS for static situations and less than 2º RMS in 
dynamic conditions.  Static testing using a protractor was 
previously found to be within manufacturers’ advertised 
range.  Mean RMS error on the roll axes was minimal (~0.7º 
RMS) (Godwin et al. 2005).  Since human motion is not static, 
further testing was done to ascertain how well the units could 
track a dynamic pendulum motion.  Orientation obtained from 
the IMS unit was compared to orientation estimates derived 
from 3D coordinates recorded in a Vicon lab.    
 
METHODS 
 
A single IMS unit was affixed to an aluminum form 
suspended from a threaded axis that allowed free pendulum 
motion.  Four retro-reflective markers were affixed to the 
aluminum structure in a non-colinear arrangement to 
determine orientation from 3D Vicon coordinates.  A static 
magnetic field (rare-earth magnet) was introduced into the 
testing environment in an attempt to disturb the magnetic 
north reference acquired by the magnetometer and used to 
correct drift.  The manufacturer-included magnetic disturbance 
algorithm was also tested for its ability to correct any drift 
introduced by the rare-earth magnet.  Testing parameters 
evaluated magnet effect (present/not present) and algorithm 
effect (on/off) on all three axes (roll, pitch, yaw).  IMS and 
Vicon motion samples were reduced to 20Hz, peaks were 
aligned and Root-Mean-Square (RMS) Error and correlation 
values (r2) were averaged across three trials of each testing 
arrangement.  Paired sample t-tests were used to determine if 
the mean difference between observations was significant. 
 
RESULTS AND DISCUSSION 
 
There were no significant differences in RMS error on the 
three axis and they were subsequently averaged (mean 1.74º; 
stdev 0.26º).  Table 1 gives mean (stdev) values for RMS and 
correlation values (r2) for each of the three axes when 
compared to the gold standard Vicon data. Vicon-derived 
orientation estimates were highly correlated to IMS sensor 
output (r2=0.978).  

Table 1: Inertial Motion Sensor RMS Error and R2 correlation
with Vicon data on roll, pitch, yaw axis

Axis RMS Error R 2  correlation
Roll 1.67º (0.41) 0.970
Pitch 1.79º (0.26) 0.984
Yaw 1.79º (0.41) 0.983
Introducing the rare-earth magnet to the environment did not 
affect RMS error and trials with and without magnet presence 
were subsequently averaged together.  The distance between 
the rare-earth magnet and the static testing field around the 
IMS sensor was likely too large to realize an effect on 
orientation estimates. Future work will use specific software to 
map the magnetic field disturbance and ensure that the IMS 
algorithm is being challenged to correct drift. 
There was a significant difference in RMS error (p<0.01) 
when evaluating what effect the magnetic disturbance 
algorithm had on orientation estimates.  An acceptable mean 
RMS error of 1.56º (0.31) was measured under normal testing 
circumstances.  When the magnetic disturbance algorithm was 
turned on, the RMS error increased to 1.89º (0.36).  Despite 
significance in this measure, the RMS error was still below the 
manufacturers’ specifications of about 2º RMS error.  It may 
be advisable to only use the magnetic algorithm adaptation in 
situations where a known magnetic disturbance (metal objects 
or electromagnetic motors) has been identified and its effect 
mapped using the appropriate software. 
 
SUMMARY 
 
Dynamic testing of an IMS unit against gold standard Vicon 
data demonstrated that manufacturer claims for RMS error in 
dynamic situations are within reason. RMS error was found to 
be even less than the 2º suggested by the technical 
specifications.  Comparing IMS to Vicon data revealed highly 
correlated data during dynamic pendulum action (r2=0.978).  
The IMS sensor can be considered as robust enough to capture 
dynamic pendulum motion, which is more applicable to 
capturing human motion than previous static testing.   
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INTRODUCTION 
 
Observation methods employing posture bins are commonly 
used in ergonomics to classify working postures (e.g. RULA: 
McAtamney et al., 1933).  The accuracy of classifying 
postures is affected by the size of the posture bins (Wiktorin et 
al., 1993) and the ability of the users to discriminate bin 
boundaries (Weir et al., 2006).  However, there has yet to be a 
systematic assessment of posture bin misclassification errors 
relative to bin boundaries.  Understanding where the errors 
occur and to what magnitude, is critical for establishing the 
accuracy and design of posture bin assessment methods.  
 
METHODS 
 
Ninety (45 male, 45 female) subjects participated in this study 
in one of 3 groups (Novice 1: 30 non-kinesiology 
undergraduate students; Novice 2: 30 undergraduate 
kinesiology students with functional anatomy; Expert: 30 
undergraduate and graduate kinesiology students with 
anatomy and ergonomics/biomechanics and some experience).  
 
Each subject viewed blocks of trunk flexion/extension (FE) 
images (49 images x 3 reps = 147 trials) and lateral bend (LB) 
images (20 images x 3 reps = 60 trials) that were presented on 
computer monitors.  Within a block, images were presented 
randomly (top of screen) with posture bins at the bottom of the 
screen.  When the image was presented, subjects selected the 
bin that they perceived to contain the correct trunk posture.  
The program then cycled to the next image.  There were four 
30o posture bins to select from for FE, with 5 bin boundaries 
located at -15o extension and 15o, 45o, 75o and 105o flexion.  
Images were presented at 2o, 4o, 6o, 8o, 10o, 12o, and 14o from 
each bin boundary except for the extremes (< -15o and >105o).  
Neutral postures were between -15 o to 15 o, moderate postures 
from 15 o to 45 o, and severe postures were >45 o.   There were 
3 posture bins to select from for LB, with 3 bin boundaries 
located at 0o, 15o, and 30o of left lateral bend.  Images were 
presented at 2o, 4o, 6o and 7o from each bin boundary.   Neutral 
postures were between 0o to 15 o, moderate postures from 15 o 
to 30 o, and severe postures were >30 o.   
 
Output files were saved for every subject and provided 
information on trunk posture angle presented, the posture bin 
selected, the time taken to select the posture, and the number 
and location of all posture bin misclassifications, relative to 
the correct bin, and relative to the bin boundaries. 
 
RESULTS AND DISCUSSION 
 
In general, subjects made more errors the closer the viewed 
image was to a bin boundary, for both FE and LB, with 

experts making fewer errors than novices (Figure 1).  Subjects 
made more errors viewing FE images than LB, and more in 
moderate and severe postures than neutral postures.  For both 
FE and LB views, incorrect bin selections were made in bins 
immediately adjacent to the correct bin, in the vast majority of 
cases.  For example, at 2o from the bin boundaries for LB, 99 
% of all selections occurred in the correct bin and the two bins 
adjacent to the correct bin for all groups (Figure 2).   
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Figure 1. % errors made in FE for all groups across all 
degrees relative to bin boundaries. 
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Figure 2.  % bin selections relative to correct bin for each  
Group (LB, 2o away from bin boundary, moderate posture). 
 
This study showed that factors such as expertise level, view, 
and location relative to bin boundaries have an effect on bin 
misclassification rate.  The interaction of these factors must be 
considered when designing posture assessment tools using 
posture bins.  Future work should evaluate the effect of 
training and bin size on the misclassification rate, as well as 
the effect that the errors have on assessments of injury risk. 
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INTRODUCTION 
To allow fluid and purposeful movement to occur in tasks 
such as walking, running and jumping requires appropriate 
intersegmental coordination of the lower limbs.  The multi-
articular nature of muscles within the lower limb increases the 
flexibility of locomotor strategies as a result of their redundant 
muscular actions.  As such, when the body is faced with 
changes in neurological, musculoskeletal or external 
conditions, certain trade-offs and changes in intersegmental 
coordination can occur across joints to accomplish a 
movement.  Recently, researchers have begun to investigate 
multivariate statistical methods such as principal component 
analysis (PCA), to analyze gait and quantify intersegmental 
coordination (Donker et al 2001, Sadeghi et al 2002, Wrigley 
et al 2005).  By understanding the main functional roles of the 
joints acting in the lower limb during gait and the interaction 
that occurs between joints, knowledge surrounding the 
understanding of compensatory mechanisms will be improved.  
As a result, the changes in whole limb function, as observed in 
the surgical limb of patients prior to compared to following 
hip arthroplasty (HA) surgery were evaluated using time 
varying net joint power profiles and principal component 
analysis & modeling (PCM). 
 
METHODS 
Seven HA patients (mean age: 47.0yrs, ht: 1.6m & mass: 73. 
9kg) were instructed to perform level, unobstructed walking 
tasks along a 10m walkway prior to and six months following 
surgery.  Three-dimensional kinematic data for the trunk and 
limbs, recorded using the VICON motion capture system 
(Oxford Metrics Ltd, Oxford, UK) and ground reaction force 
data, recorded using two force plates (AMTI, Watertown, MA) 
were used to determine net joint powers at the ankle, knee and 
hip.  PCA & PCM analyses of the power profiles were 
performed on both non-surgical and surgical limbs for each 
HA patient, to decompose the kinetic curves at the ankle, knee 
and hip joint into orthogonal principle component features to 
gain insight into the combined action of all three joints.  It was 
hypothesized that an adapted gait pattern would be observed 
following surgery through observable changes in inter-
segmental coordination encompassing the ankle, knee and hip.  
 
RESULTS AND DISCUSSION 
Following PCA on the pre-surgical data, an average variance 
of 96.7% ± 1.4% was retained for further analysis across all 
seven patients and for subsequent use in the PCM.  Upon 
closer examination of the prediction curves, features and pre & 
predicted post coefficients, the seven patients were separated 
into two groups based on observed similarities in significant 
changes in coefficient values and accuracy of pre and post 
predicted surgical outcomes. Group I patients’ depicted little 

  
Figure 1: Two patients (012 & 007) example of pre and post power 
profiles (W/kg) +/- 1 SD (grey band) with predicted curves +/- 1 SD 
(black lines) for the ankle, knee and hip joints across 100% stride. 
 
to no significant changes in coefficient values pre compared to 
predicted post. They also showed very good predictions of 
both the pre and post data. Group II showed more significant 
changes in coefficient values pre compared to predicted post. 
 
SUMMARY 
PCA & PCM appear to be useful quantitative multivariate 
statistical approaches that can assess changes in whole limb 
dynamic function during gait.  Evaluating adaptations in multi-
segmental movements has been proven to be difficult due to 
the numerous degrees of freedom and wide range of 
movement strategies offered by the biarticular muscles that 
span the lower limbs.  Based on the outcomes of this study, it 
was shown that PCA & PCM were successful in identifying 
similarities and changes in addition to providing insight into 
overall limb function of HA patients.  The method was useful 
in deciphering between patients who exhibited a habitual 
walking pattern vs. those who tended to reorganize the actions 
of the lower limb to result in a novel gait pattern following 
surgery.  Nevertheless, whether or not the changes observed 
can be deemed as improvements in gait when compared to a 
normal, healthy population has yet to be discerned. 
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INTRODUCTION 
 
There has been interest in gait initiation for some time 
(Breniere and Do, 1986, Mann et al., 1979) with its 
relationship to posture and balance being a focus for some 
investigators (Riley et al., 1990).  Given recent controversial 
theories about the control of quiet standing proposed by 
Winter et al (1998), it would be interesting to examine gait 
initiation in light of this. 
 
METHODS 
 
Eighteen undergraduate students with no known neurological 
or musculoskeletal conditions were convenience sampled for 
the study. Kinematic and force platform data were obtained 
using a VICON Motion Analysis System. Three force 
platforms were used to obtain data from the subjects. Two 
strides on the ipsilateral side (INIT1, INIT3) and one 
contralateral stride (INIT2) were analysed. The study used a 
33-marker full body model wth markers on the head (4), 
thorax (6), arms (8), pelvis (3) and legs (12).  Subjects stepped 
onto two force platforms, waited at least 3 seconds, and 
stepped forward on to the 3rd force platform, beginning with 
INIT1, and walked for several steps. Data analysis began 
500ms before INIT1 left the force platform and ended with the 
second heel contact of INIT3.  Data analysed included joint 
kinematics, moments of force and powers.  Multiple trials 
within-subjects were averaged with the means used to 
calculate between-subject average patterns. 
 
RESULTS AND DISCUSSION 
 
Since latencies between centre of pressure (COP) and centre of 
gravity (COG) trajectories were found by Winter et al. (1998) 
to be in the order of 4ms, this raised doubts as to how quiet 
standing was controlled by higher centres of the central 
nervous system. The authors described how quiet standing was 
controlled primarily through hip and ankle joint stiffness, 
focusing on hip ab/adduction and ankle dorsi/plantarflexion.  
Gait initiation fits nicely into this paradigm as the start of the 
initial step forward could be seen as a larger-than-average 
perturbation to steady state quiet standing.  Thus it would be 
reasonable to examine INIT1 for evidence of what Winter et 
al. (1998) found.  Additionally, it is of interest to see how soon 
a ‘normal’ gait pattern emerged by examining INIT2 and 
INIT3. 
INIT1:  Joint kinematics demonstrated recognisable patterns 
mostly in the swing phase.  Hip moments showed an abductor 
pattern initially as weight shifted to the contralateral leg in 
anticipation of toe-off, followed by an oscillatory abductor 
phase. Plantarflexion was decreased along with increased hip 
flexor moments suggesting hip “pull-off” rather than ankle 
push-off.  Joint power patterns confirmed this as the hip 
resembled what is normally found at the ankle, and the ankle 

showing absorption of energy reminiscent of below-knee 
amputee gait (Smith, 1990).  Contralateral limb joint stiffness 
values during single support were similar to standing data 
(Winter, et al. 1998). 
INIT2:  The patterns of joint kinematics and kinetics were 
very similar to steady-state walking, particularly from mid-
stance onwards.  The kinematics were biased in early stance as 
the joints were in the anatomical position at the start.  As a 
result, ankle power showed a delayed absorption phase in 
stance with a near-normal generation phase during push-off.  
The sagittal plane support moment (Winter, 1980), which had 
both extensor and large flexor patterns in INIT1, followed the 
normal pattern of extensor during stance and slightly flexor 
during swing.  
INIT3:  Joint dynamics were virtually indistinguishable from 
those found in normal steady-state gait, indicating how quickly 
normal gait emerged.  Variability of kinetic variables was 
substantially smaller as compared to INIT1.  Interestingly, 
joint kinematics variability tended to be lower in INIT1 and 
INIT2, the two ‘abnormal’ strides, as compared to INIT3.  
 
According to Winter et al. (1998), joint stiffness in the hip 
ab/adductors and ankle dorsi/plantarflexors control 
respectively the medial-lateral and anterior-posterior motion of 
the COP as it attempts to contain the COG within the base of 
support.  During gait, the COP will travel from heel to toe 
under each foot.  The gait cycle essentially begins with single 
support, which is preceded by a medial shift of the COG to the 
contralateral limb.  Hip moments demonstrated this shift as the 
control system shifted from a joint stiffness-based one to more 
volitional control.  Lacking the normal forward momentum in 
steady-state walking, the initial step is largely generated by hip 
pull-off rather than ankle push-off.  The next stride is nearly 
normal except that it begins from the anatomical position, with 
the second ipsilateral stride demonstrating patterns very 
similar to normal. 
 
SUMMARY 
 
This study demonstrated the transition from quiet standing to 
steady-state walking, revealing similiarities to standing joint 
stiffness patterns.  In addition, both joint kinematics and 
kinetics demonstrated normal steady-state gait patterns on the 
second stride of the leading leg. 
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INTRODUCTION 

Two mechanisms responsible for maintenance of a specific 
level of force during voluntary muscle contractions are 
modulation of the firing rates of already active motor units 
(MUs) and MU recruitment [1]. Changes in agonist and 
antagonist co-activation relationships, and changes in MU 
twitch force have also been hypothesized as mechanisms at 
work during prolonged static contractions [2, 3].  

During fatiguing contractions, the most confusing observation 
has been the decline in MU discharge rates despite an increase 
in excitatory drive to the motoneuron pool [4]. The purpose of 
this study was to determine if decomposition-based 
quantitative electromyography (DQEMG) could detect 
changes in motor unit potential (MUP) morphology and motor 
unit firing pattern statistics associated with muscle fatigue, as 
verified using surface electromyographic (SEMG) evidence. 

METHODS 

Electromyographic (EMG) signals were detected using a 
concentric needle inserted into the extensor carpi radialis 
brevis muscle (ECR) of ten healthy volunteer subjects (mean 
age = 28.6 yr, SD ± 3.9) while they performed two repetitions 
of a constant-torque isometric wrist extension contraction held 
at 20% of maximum voluntary contraction  (MVC) for 10 
minutes or until exhaustion. Data were recorded in 20 epochs 
of 30 s duration.  Signal decomposition was achieved using 
DQEMGTM on a Neuroscan Comperio EMG system. Surface 
EMG data were acquired simultaneously using Bortec AMT-8 
amplifiers and custom Labview software. 
The DQEMG protocol, as described in detail elsewhere [5], 
was used to determine mean MU firing rates and needle-
detected MUP morphology parameters over each 30 s epoch. 
The amplitude and mean power frequency of the SEMG data 
were computed over each 30 epoch.  

Time dependant changes in each outcome variable were 
investigated using a repeated measures analysis of covariance, 
(whereby time was a covariate) to determine if significant 
changes were present in MU firing rates, needle-detected 
MUP amplitude, duration, area, and area to amplitude ratios as 
well as in the SEMG amplitude and mean power frequency 
The last 30 s epoch was removed from each data set because 
there was evidence of bias in these data likely resulting from 
the subjects anticipation of the approaching end of each trial.  

RESULTS AND DISCUSSION 

The SEMG signal demonstrated the expected changes with 
fatigue: an increase in amplitude (slope = 0.02mV/s, p< 0.001) 
and a decrease in frequency content (slope = -0.03Hz/s, p< 

0.001) over time. A significant decrease in mean MU firing 
rate and a significant increase in mean needle MUP area were 
observed. Although not significant, mean needle MUP 
duration showed an increasing trend (P = 0.06). 

Fatigue-induced shifts towards lower values of SEMG signal 
MPF have been attributed to a slowing of muscle fiber 
conduction velocity (MFCV) as well as declines in motor unit 
firing rates. As fast twitch muscle fibers are easily fatigued, 
the slower-twitch fatigue resistant muscle fibers are left to 
maintain the force level, which have slower MFCVs and may 
contribute to decreases in MPF. A peripheral fatigue process 
that reduces MFCV could in turn be responsible for the 
increases in mean needle MUP duration.  However, reduction 
in MFCV can only explain a portion of the increases in area 
observed. Because subjects were able to maintain the required 
force level throughout the 10-minute contractions, the 
potential exists that as the contractions progressed there may 
have been recruitment of larger MUs explaining the increases 
found in mean MUP area. 

SUMMARY 
Two mechanisms proposed for the reduction of MU firing 
rates measured across constant-torque low-level submaximal 
contractions and supported by our results are: (1) that the 
firing rates of the initially active MUs decline, and (2) that 
newly recruited MUs have low firing rates.  The increases in 
mean MUP area observed can only be fully explained by 
recruitment.  The trend toward an increase in mean MUP 
duration can be explained by slowing MFCV and/or MU 
recruitment. These results are consistent with data for the 
brachioradialis muscle, which we have submitted for 
publication. We conclude that DQEMG can be effectively 
used to detect changes in physiological characteristics of MUs 
that accompany fatigue. 
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INTRODUCTION 

 
In the late 1990s strain analysis came into existence as a 
method of assessing ventricular performance by 
echocardiography. Briefly regional strain curve expresses 
the percentage of deformation into different mechanic 
phases of cardiac cycle. Currently radial strain cannot be 
measured reliably in the left ventricular septum wall 
segments by current methods because Doppler myocardial 
imaging techniques only estimate the axial component of the 
velocity vector, that is the component along the image line. 
As a consequence, only the axial strain and strain rate can be 
calculated. In this research we proposed a semiautomatic 
computer algorithm for resolving this problem based on wall 
thickness values and time-velocity data extracted from two-
dimensional (2D) echocardiographic images and Tissue 
Doppler Echocardiography (TDE) simultaneously. 

 
METHODS 
As strain can be defined as relative changes of wall 
thickness, therefore for strain assessment, we proposed use 
of two dimensional imaging performed from apical 
4chamber view according to guide lines of the American 
Society of Echocardiography, to measure septal wall 
thickness during cardiac cycle and the time-velocity curve 
acquired from TDE simultaneously.  
The proposed algorithm at thickness measurement consist of 
five steps; intensity profile extraction, converting image 
frames to binary images, adaptive bilateral thresholding, 
smoothing and ultimately average pixel counting and 
multiplying by pixel size. Based on the algorithm, firstly, 
septum wall thickness measured in basal or middle segments 
separately by use of manual drawing intensity profile in the 
1st frame of images in Matlab7 image processing toolbox. 
Secondly, intensity profile location in each septum wall 
segment determined by use of TDE time-velocity curve 
extracted data in the remaining image frames automatically, 
and then septum wall thickness measured during cardiac 
cycle. For this reason we carried out the proposed computer 
algorithm and then accuracy of measurements in 2D 
echocardiographic images and TDE data were assessed in 
cardiac mechanic phases.  

 
RESULTS AND DISCUSSION 
  
The thickness and strain results of the septum middle 
segment that acquired from examining of presented method 
on sample 2D echocardiographic images (50 frames per 
second) of a 55 years old man suffering from coronary artery 
disease shown in figure1and figure2.  

 
Figure 1: Thickness results of septum middle segment during one 
cardiac cycle 

 
Figure 2: Lagrangian strain estimation of septum middle segment 
during one cardiac cycle.  
 
It should be noted that measurements of wall thickness 
depend on sonographer experiment and also thickness 
measurements by manual methods during cardiac cycle in all 
constituent frames are tedious and time-consuming. 
Therefore in clinical practice, this assessment is impossible 
and encouraged us to develop a semiautomatic computer 
algorithm to access thickness, relative changes of wall 
thickness and radial strain parameters respectively. 
In this research, we could assess septum radial strain in basal 
and middle segments by use of proposed method which 
cannot be measured by current methods in echocardiography 
systems.   
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INTRODUCTION 
A lack of cocontraction may predispose to joint 
instability resulting in additional shear stress that 
has been associated with osteoarthritis in both non-
amputated limb (NAL) and amputated limb (AL) of 
below-knee amputee (BKA) adults (Burke et al., 
1978). To prevent premature deficiency, the 
purpose of this study was to investigate changes in 
coordination and to quantify the level of knee 
cocontraction in able-bodied (AB) and BKA 
children during stepping-in-place (SIP).  
 
METHODS 
Fourteen subjects (7 BKA and 7 AB children) 
participated in this study. All subjects were asked to 
perform five 30s trials of SIP at their self-selected 
cadence. Kinematics were recorded at 60Hz from 
eight Vicon Peak 3-D digital cameras while kinetics 
and EMG were respectively recorded at 900Hz by 
two AMTI force plates and eight Motion Lab pre-
amplified electrodes. EMG was extracted one both 
sides from Rectus Femoris, Vastus Lat, Med 
Hamstrings and Med Gastrocnemius. An updated 
version of the Amarantini & Martin (2004) EMG-
and-optimisation model now including isometric 
calibration and dynamic procedures in a single 
routine was used to estimate agonist and antagonist 
knee moments and to quantify the cocontraction 
index (CI) at the knee at each time t. One-way 
ANOVAs with Newman-Keuls post-hoc tests were 
realized to test the effect of amputation on 
representative kinematics, kinetics and CI (p<.05). 
 
RESULTS AND DISCUSSION 
Kinematics show remarkable consistency in 
subjects’ behaviour. Differences in net joint 
kinetics suggest changes in agonist/antagonist 
coordination to compensate for the loss of one limb 
thus exploiting the muscular redundancy. 
Concerning especially CI (Fig. 1), at the peak knee 
extension during weight acceptance, there was a 
significant difference for the CI between the control 
limb (CL) and the NAL. Indeed, the CI of the CL 
was significantly greater than for the NAL. Similar 
results were observed between the CL and the AL, 
where the CI of the AL is significantly smaller 
compared to the CL. Finally, during change of 
direction (from knee flexion to extension in swing 
period) the CI of the CL and NAL were 
significantly higher compared to the AL. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Mean CI for the control limb (CL), non-
amputated limb (NAL) and amputated limb (AL); 
* indicate peak knee extension at weight acceptance; 
** indicate change of direction during swing phase. 
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The motor strategy of BKA children induce a lack 
of cocontraction with may reduce the knee stability 
and may stress the internal structures of the knee in 
both limbs, i.e. including the non-amputee one. It 
would be important to propose early re-education 
(strength and coordination) of muscles surrounding 
the knee in both NAL and AL of BKA children. 
Indeed, an increase of cocontraction could prevent 
joint instability and maybe prevent development of 
premature knee osteoarthritis. 
 
SUMMARY 
In this study, BKA children performed symmetric 
muscle coordination during SIP with smaller 
cocontraction during weight acceptance and during 
change of direction when compared to AB children. 
This strategy may lead to joint stability problems 
and premature deficiency in both BKA children 
limbs. 
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INTRODUCTION 

Krell and Patla (2002) reported that the presence of a second 
obstacle in the travel path results in a change in gait 
parameters for both the first and second obstacle. Visual 
information is an important contributor during locomotor tasks 
and children reportedly are more reliant on vision information 
during goal-directed locomotion (Grasso et al., 1998). Few 
studies have examined the strategies used by children during 
obstacle negotiation. McFadyen et al. (2001) reported that 
despite similarities in coordination patterns between children 
(aged 7-9) and adults, children still used immature anticipatory 
locomotor strategies when avoiding a single obstacle. 

The purpose of the current work was to examine the head and 
trunk segmental control strategies of children and adults 
during a multiple obstacle avoidance task. 
 
METHODS 

Ten adults and ten children (aged 7 years) volunteered for the 
study. Subjects were instrumented with infrared markers, and 
were asked to walk along a ten meter path under three 
different conditions: unobstructed (control), single obstacle, or 
two obstacles in the travel path (first and second double). The 
distance from the floor to the top of the obstacle was 20 cm. 
These locomotor tasks were performed both in full and low 
lighting environments. Kinematic data were collected at 60 Hz 
using optoelectric cameras (Optotrak, Northern Digital, Inc.).  

The Anchoring Index in the pitch and roll directions was 
calculated for the anticipatory phase of obstacle avoidance 
(stride prior to obstacle crossing). The Anchoring Index is a 
measure that compares the amount of absolute head movement 
in space to the amount of head movement relative to the trunk 
(Assaiante and Amblard, 1993). This value, in turn, provides 
an indication as to the stabilization strategy employed by the 
subject (i.e. head stabilization in space or head stabilized on 
the trunk). A negative value suggests that the head is stabilized 
on the trunk; a positive value suggests that the head is 
stabilized in space. 

A two factor (lighting X obstacle condition) within-subject 
repeated measures ANOVA was used to detect differences 
between obstacle conditions. 
 
RESULTS AND DISCUSSION 

Adults had stronger head stabilization in space strategy (HS) 
for pitch in unobstructed trials than for the obstacle conditions 
(p<0.05). In the roll direction, adults adopted a head-on-trunk 
stabilization strategy for all conditions (HT; p>0.05; Fig 1).  

Children had much stronger HS strategy during pitch for the 
approach phase of the second double obstacle than for any 

other obstacle condition (p<0.01). This indicates greater 
overall movement of the head, possibly as a result of the 
children searching for more visual cues in the environment as 
they approach the second obstacle. Compared to adults, 
children used a HS strategy in the roll direction rather than a 
HT strategy (Fig. 1). This suggests that in contrast to adults, 
children are not discriminative in their selection of a segmental 
control strategy; rather they adopt a general approach for 
segmental control in the pitch and roll planes of motion. 

 
Fig 1. Anchoring Index values across obstacle conditions for 
adults and children in the pitch and roll directions. Data is 
presented for one stride prior to obstacle crossing (p<0.05). 
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SUMMARY 

Adults selectively employed different head stabilization 
strategies in pitch and roll for the different obstacle conditions, 
while seven year old children used the same strategy for all 
conditions suggesting that at this age children are still 
exploring their use of segmental motor control strategies.  
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INTRODUCTION 
Our long term goal is to understand the mechanisms and 
principles of postural control and temporal processes, and the 
age-related changes in these processes.  We hypothesized that a 
simple timing task could differentially affect postural control due 
to competition for cerebellar processes (termed ‘structural 
interference’, Kahneman, 1973).  The hypothesis was based on 
the following observations.  First, the control of the timing of 
discontinuous movements (such as finger-tapping), but not 
continuous, rhythmic movements (such as drawing circles), 
requires cerebellar involvement (Spencer, Zelaznik et al., 2003).  
Second, the cerebellum plays an integral role in balance control 
(see review in Morton & Bastian, 2002).  Third, recent research 
on attention has demonstrated a link between postural control and 
higher-order cognitive activity (Woollacott & Shumway-Cook, 
2002).  Fourth, classic research has demonstrated structural 
interference when performing dual tasks, that is, a decrement in 
performance is observed in one or both tasks when the two tasks 
use the same anatomical structure (Hicks et al., 1978).   
METHODS 
Eleven adults (21.6 ± 2.5 yrs) participated.  The independent 
measures were timing task, posture and vision.  Three timing 
tasks included:  no timing task, bimanual finger tapping at 2 Hz 
and bimanual circle drawing at 2 Hz (circles were 10 cm in 
diameter).  Posture included sitting and standing.  Vision included 
eyes open and eyes closed.  All conditions were randomized. 
IREDs were placed on the index fingertips, wrists and sternum, 
and recorded with an Optotrak (NDI), ground reaction forces 
were measured with a force plate (AMTI).  Sampling frequency 
was 200 Hz for 70 s.  Anterior-posterior (AP) and medial-lateral 
(ML) center of pressure (COP) was determined.   
Dependent measures were root mean square error (RMS), mean 
power frequency (MPF), entropy (calculated with recurrent 
quantification analyses) and coefficient of variation (CV – 
standard deviation in timing divided by mean interval).   
RESULTS AND DISCUSSION 
A striking decrease in COP excursion was observed while 
standing and tapping, but was not observed while drawing circles 
(Fig. 1).  The visual observation was reflected in decreased RMS 
while tapping; RMS was either the same or greater while drawing 
circles, this effect was greater when the eyes were open (vision by 
task, p<.03).  Thus, we provide preliminary support that a 

discontinuous timing task which requires cerebellar resources 
differentially affected postural control, and the effect was 
dependent on the availability of visual information.   
Postural comparisons across tapping and circle drawing are 
confounded by the larger arm movements for circle drawing, 
which limits our ability to fully differentiate between timing tasks 
that rely on the cerebellum and those that do not.  However, it is 
clear that the timing task which requires cerebellar involvement, 
tapping, had a striking effect on postural control. 
During tapping, the postural control strategy apparently relied 
more heavily on passive contributions:  increased stiffness was 
evidenced by decreased RMS coupled with increased MPF.  
When passive contributions to postural control are increased, we 
expected to observe reduced complexity in the time series of the 
center of pressure.  The entropy measures confirmed decreased 
complexity for tapping, while circle drawing was intermediate 
(p<0.005). 
The postural task did not affect the variability of timing (p>0.2), 
although  it appears that tapping is more affected by the standing 
task when the eyes are closed, whereas circle drawing is immune 
to that effect, consistent with the structural interference 
hypothesis we propose.  Larger numbers of subjects are necessary 
for adequate statistical power for the timing measures, and we are 
continuing data collection with young adults.   
We plan to extend this theoretical research to older adults to 
increase knowledge of (1) age-related factors that adversely affect 
control of balance and timing and (2) cerebellar function in 
timing and balance control as a function of age.   
SUMMARY 
Postural control was differentially affected by the nature of the 
timing task, apparently due to structural interference within the 
cerebellum.  
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INTRODUCTION 
 
Previous research has demonstrated neuromuscular 
independence between different segments of external oblique 
(Mirka, 1997) but there is controversy as to the ability to 
separate recruitment of upper from lower rectus abdominis 
(URA, LRA). The purpose of this study was to analyze 
recruitment patterns of URA/LRA in a group of dancers who 
are highly skilled at trunk motor control, and determine what 
role the internal and external oblique muscles  (IO, EO) play 
in the various dance motions.  
 
METHODS 
 
9 women participated in this study (age 25.8 ± 5; BMI: 25.7 ± 
5, years of experience: 4.0 ± 3), all with intermediate to 
advanced skill level of belly-dancing.  Ultra-sound was used 
to determine the exact position of the horizontal divisions of 
RA, enabling precise EMG electrode placement over the 
URA/LRA segment bellies. 16 channels of EMG were 
collected bilaterally over 8 trunk muscles, with an electro-
magnetic sensor recording spine motion. All trials were 
recorded on video.  
 
Although a total of 30 dance and exercise trials were recorded 
from each participant, only 4 appeared to demonstrate a 
possible differential in recruitment timing of the two segments 
of RA. Cross-correlation was done on 6 seconds of the linear 
envelope from each signal, to determine the lag time between 
URA and LRA. 
 
RESULTS AND DISCUSSION 
 
Three different dance movements, referred to as “abdominal 
waves” demonstrated a mean absolute lag of 0.17 ± 0.23, 0.16 
± 0.14 and 0.48 ± 0.31 seconds between the two portions of 
RA, during a 2Hz cadence. Comparatively, simple pelvic or 
trunk flexion in the sagittal plane resulted in lag times of 0.045 
± 0.023 and 0.020 ± 0.019, respectively. One subject 
demonstrated an ability to do sequential upper then lower RA 
“hollowing”, which resulted in a repeatable lag of 0.8 s, and a 
Pearson correlation value of -0.61 (Figure 1). During these 
same three motions, there was no consistent evidence of 
neuromuscular independence of medial EO from lateral EO.  
Recruitment of the EO and IO muscles generally synchronizes 
with activity of LRA.  Peak % MVC averaged less than 30% 
for the EO and RA segments, whereas IO averaged between 
50 and 80% MVC during these three dance moves. 
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Figure 1: Upper and Lower RA during a 6 second segment of 
middle-eastern dancing which required upper then lower 
“hollowing” of the abdomen. 

 
 
SUMMARY 
 
Previous studies have compared activation levels of URA and 
LRA during a variety of trunk exercises when searching for 
neuromuscular independence.  We chose to analyze the time 
lag between these two signals, in a group of women highly 
skilled in motor control. Our findings demonstrate clear 
evidence of an ability to recruit the two segments of RA in a 
sequential or even anti-phase manner, albeit at relatively low 
levels of muscle activation and only during very specific 
movements.  Once substantial moment and force requirements 
are needed from the muscle this ability seems to disappear. 
The oblique muscles tend to align their activation timing with 
that of LRA. 
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INTRODUCTION 
 
Fencing, although one of the oldest sports and means of 
combat, has not been researched in depth. Researchers suggest 
that there is a potential for injury to the knees as a result of 
positions that the fencer must assume, such as the lunge 
(Akada, Senma, Abe, et al., 1995). The purpose of this 
preliminary study was to examine the kinetics of the lunge 
movement in two highly trained provincial (Case 1) and 
national level (Case 2) fencers. 
 
METHODS 
 
Data were collected, following approval by the institution’s  
research ethics board. The data collected included ground 
reaction forces (GRFs), using an AMTI force plate, and 
kinematic data using an Optotrak system (Northern Digital). 
Markers were placed on the toe and heel of the shoe, ankle, 
knee and hip of the forward lunging leg. An inverse dynamics 
program was written by one of the researchers to determine 
forces within the lower extremity. 
 
Participants adopted the initial fencing position of en garde, 
lunged, and returned to en garde. The sword was aimed at a 
stationary target during the lunge. Ten acceptable trials were 
collected. A trial was deemed acceptable if; the participant’s 
forward leg landed on the force plate, the expert researcher 
determined that the lunge showed good form, and the 
participant provided feedback indicating that the lunge was 
properly performed. 
 
RESULTS AND DISCUSSION 
 
Case 1. The maximum amount of time on the ground was .88s 
and the peak vertical GRF was 1.46 times body weight. Her 
GRF pattern demonstrated a forceful foot contact, followed by 
a smooth holding phase of the foot. The anterior-posterior (A-
P) GRF demonstrated that the fencer pushed forward, then 
lifted off, rather than pushing backward to return to en garde 
position. The maximum knee downward force was 122 N, less 
than two times body weight. The horizontal force at the knee 
was low with a maximum of 150 N. 
 
Case 2. This fencer was on the ground for .64s. His vertical 
GRF was 1.32 times body weight (see Figure 1). However, 
this fencer showed different A-P GRF than the first fencer, in 
that he pushed back into en garde position, rather than lifted 
the foot. The knee forces were low here, with a peak force of 
946 N vertically and less than 90 N horizontally, which again 

suggests that downward forces were not excessive in the knee 
during the lunge. 
 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time (s)

Ve
rt.

 F
. (

%
 B

od
y 

W
t.)

Case 1 Case 2

 
Figure 1: Typical vertical GRF during the lunge, for both 
participants.  This graph demonstrates that the maximum 
force was similar to that found during walking. 
 
SUMMARY 
 
Fencing requires quick, precise movements. The second 
participant, who is higher ranked than the first, spent less time 
on the ground and used force to return to the en garde position. 
This suggests that coaches might want their fencers to push-
off during lunge recovery. This finding of faster responses in 
experienced fencers supports the work of Williams and 
Walmsley (2000), but differs from the findings of Yiou and 
Do (2001) who found similar lunge times between novice and 
experienced fencers. 
 
It was anticipated that both the ground reaction forces and the 
forces at the knee would be high during the stance phase of the 
lunge. This did not occur for either individual. The knee forces 
(both vertical and horizontal) and GRF were not as high as 
expected by the researchers. The GRF were such that they 
could be found in some individuals during walking. This 
suggests that either these individuals would not be prone to 
injury or that the lunge is not the movement that predisposes 
fencers to injury. 
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INTRODUCTION  
Quantitative computed tomography (QCT) is a 
powerful research tool to evaluate bone quality. 
Mechanical properties of finite element models 
(FEM) are also defined from predictive 
relationships between CT number and modulus 
of elasticity (E) of bone obtained experimentally 
(Rho et al. 1995, Kopperdahl et al. 2002). 
However, these relationships are not yet 
completely understood since the effect of the 
microstructure is still unclear. Actually, results 
of previous studies suggest an unpredictable 
adequacy of such models with respect to 
experimental data. For example, Silva et al. 
(1998) found a predicted stiffness approximately 
3 times the measured stiffness while Liebschner 
et al. (2003) found a correlation close to 1. 
 
The objective of this study is to evaluate the 
effect of the microstructure on the mechanical 
properties estimated using QCT. 
 
METHODS 
Thirty compression testing ABS cylinders were 
built using a free-form fabrication technique with 
five different densities and two built orientations 
representing the microstructure: horizontal (15) 
and vertical (15). The cylinders were CTscanned 
and analyzed to obtain their average CT number. 
Uniaxial compression tests were performed and 
elastic moduli were calculated from the resulting 
load-deformation curves. Two relationships were 
established between CT number and elastic 
modulus (MPa), one for each build direction. 
Nine additional cylinder parts were built with 
different densities than the one used to establish 
the relationships and with 2 build orientations (6 
horizontal, 3 vertical). A personalized FEM was 
built using QCT data to predict their mechanical 
properties using the relationship corresponding 
to their build orientation. Finally, compression 
testing were performed and compared with the 
stiffness (N/mm) predicted using the slope of the 
FEM force-displacement curves. 
 
RESULTS AND DISCUSSION 
The relationships obtained to predict the elastic 
modulus of ABS parts from CT numbers are 

shown in Table 1 for the 2 build orientations: 
1) horizontal and 2) vertical.  
Table 1: CT number to Elastic modulus Relationships  

Relationships R2

1. E = 0.0011 CT2 + 2.3548 CT + 1627.4 0.9951 
2. E = 0.0015 CT2 + 2.8738 CT + 1535 0.9980 

 
Figure 1 shows the comparison between 
experimental stiffness and FEM estimation 
using: 1) relation 1, 2) relation 2 and 3) relation 
corresponding to the build orientation. 
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Figure 1: Relationship between measured and 

predicted stiffness 
 

These results clearly indicate a better agreement 
between FEM and experimental measurements 
when the build orientation is taken into account 
(r2=0.979) than for the 2 other cases (r2=0.839).  
 
SUMMARY 
This study suggests that QCT is better in 
predicting the mechanical behavior of a material 
if the microstructure could be taken into account, 
which represents an important limitation to its 
clinical application. Additional tests will be 
performed with animal bone specimens to 
confirm these findings and investigate on 
possible improvements to the estimation of bone 
mechanical properties from QCT. 
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INTRODUCTION 
 
Falls are a serious health care problem among older adults. 
Foot problems are one of the factors that can increase the 
risk of falling.  This study will focus on the influence of 
bunions which are due primarily to hallux valgus[1]. As the 
formation of a bunion progresses, 50% of the weight-
bearing force that is taken by the first metatarsophalangeal 
joint is gradually directed over the more lateral second and 
third metatarsophalangeal joints[1]. Dananberg [2] suggests 
that foot deformities can impair the control of the body’s 
centre of mass in the forward direction when they are 
transferring their weight over a stiff first 
metatarsophalangeal joint. This suggests that hallux valgus 
will affect dynamic balance control in both the anterior-
posterior and medial-lateral directions. 
 
METHODS 
 
Ten older adult participants, five with a slight hallux valgus 
(controls 14o, hallux valgus 24o, measurement illustrated in 
Figure 1) deformity of the great toe and five age-matched 

control subjects, completed trials of gait over 
uneven terrain (Figure 2). Kinematic data was 
collected with a two OptoTrak (Northern Digital 
Inc, Waterloo, ON) camera banks. A 13-
segment model was using to determine the 
location of the centre of mass and foot markers 
were used to determine the base of support 
location. Kinetic data was collected via AMTI 
force plates to identify foot contact and foot lift. 
Prospective falls data and foot sole sensation 
tests were also done. 

 
Figure 1: Measurement of hallux valgus. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Uneven terrain setup 
 
RESULTS 
 
The results shown in figure 3 are from walking along 
uneven terrain as depicted in Figure 2. This exposed the 
participant to a laterally sloping surface during each foot 

contact of interest (first two force plates), thus potentially 
causing the person to move more laterally with each foot 
contact. The hallux valgus group showed a shorter first step 
onto the first wedge of interest and narrower step widths on the 
first and second step (Figure 3A). Additionally, during the first 
right single support phase (P2) of gait, the centre of mass 
(COM) approached significantly closer to the base of support 
(BOS, defined by the right foot in contact with the ground) 
termed the COM-BOS minimum (Figure 3B). Vibratory 
sensation thresholds for the hallux valgus group mostly did not 
significantly differ from the control group (p>0.05), expect for 
the 5th metatarsal and great toe at 250 Hz. The hallux valgus 
group also experienced more self-reported falls (2 of 5 subjects 
fell), that were confirmed via telephone follow-up, during a 12 
week postcard reporting system then did the control group (0 
falls). 

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

Step length 1 Step length 2 Step w idth 1 Step w idth 2

D
is

pl
ac

em
en

t (
m

)

Hallux Valgus

Control

p=0.0010 p=0.1265

p=0.0101

p=0.0038

 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Right Lat COM-BOS Max (P2) Right Lat COM-BOS Min (P2)

D
is

pl
ac

em
en

t (
m

)

Hallux Valgus

Control

p=0.4308

p=0.0403

 
Figure 3: A. Step length and width results, B. Lateral COM-
BOS maximum and minimum during right single stance (P2). 
 
DISCUSSION 
 
The results presented here indicate that hallux valgus has a 
stronger influence on the control of dynamic balance in the 
medial-lateral direction. 
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INTRODUCTION 
 

Risk of back injury can be estimated using a bottom-up 
inverse dynamic analysis that predicts loading of the low back. 
This analysis requires body position data normally collected 
using 3D motion capture systems (eg. Vicon Peak). However, 
a lack of portability restricts such systems to the laboratory 
where psychosocial factors that can affect loading of the spine 
(Davis, 2003) are difficult to recreate. Therefore, it is 
advantageous to perform these measurements in the actual 
workplace. The focus of the present work is to develop a 
portable alternative to existing motion capture systems. 
Specifically, for the initial development and validation of this 
technique, the purpose of this study is to determine the error 
associated with this novel technique when compared to a 
traditional motion capture system. 
  

METHODS 
 

System Description - Our portable posture sensing system 
(FootCam) is comprised of a video camera (calibrated for 
distortion) and two Xsens MT9 inertial sensors mounted to a 
lightweight rigid frame (Figure 1). The frame is strapped to 
the subject’s low back such that the feet are in view of the 
camera. One inertial sensor is mounted to the camera and 
tracks its 3D orientation (roll, pitch and yaw) to allow for a 
primary reference frame with the vertical direction defined by 
gravity. This setup enables us to determine the relative 
coordinates of the feet and L5/S1 joint. Resultant forces can 
then be calculated at this joint given ground reaction forces at 
the feet. The second inertial sensor is mounted on the frame 
close to the subject's low back. This sensor tracks the 
orientation of the L5/S1 joint so resultant forces can be 
resolved into compression and shear and compared to 
accepted limits (Waters, 1993; McGill, 1998). Two reflective 
markers are attached to each foot and two other reflective 
reference markers are fixed to the floor 50cm apart for finding 
the distance from the camera to the floor. 
 

Validation – Our system is compared to a Peak motion 
capture system. This includes examining the error due to a 
simplified lower body model and the errors in the predicted x, 
y, and z coordinates of the feet and L5/S1 joint. 
 

The first error is due to the fact that FootCam only predicts 
locations of the feet and L5/S1 joint. The Peak system predicts 
locations of knees, hips in addition to these. With Peak data, 
the effect of gravity on the thighs and shanks can be modeled 
as a point load at the centre of gravity (COG) of the segments.  
However, there is a discrepancy with FootCam data because 
the COG locations are unknown. To measure the magnitude of 
this error, position data for all joints in the lower body was 
collected by a Peak motion capture system for 5 caregivers 

rolling a patient on a bed while ground reaction forces were 
collected by a pair of forceplates. Forces at the L5/S1 joint 
were first calculated using all markers (gold standard) 
(Santaguida, 2001) and again using data only from the feet and 
pelvis (the model to be used with FootCam).  

RESULTS AND DISCUSSION 
 

The error in the resultant force due to missing estimates of 
COG locations of the thighs and shanks was 54.1N ± 113N 
(n=5), which corresponds to an error of 5.75% ± 11.9%. It 
may be possible to reduce both the magnitude and variability 
of this error by estimating the location of the knees and hips 
based on the locations/orientations of the feet and L5/S1 joint.  
 

Further testing will investigate two additional sources of error. 
First is the error in the predicted x, y, and z coordinates of feet 
and L5/S1 joint. Preliminary testing indicates this is 0.91cm ± 
0.4cm (n=10) for the z (height) coordinate (the result of 
capturing data with FootCam on a tripod at 10 different 
heights from 66.3 to 97.3cm).  The final source of error to be 
measured is due to oscillation of the device relative to the 
subject’s low back. Ultimately, the combined error in our 
force estimate will be found. If this total error is large, the 
system may be redesigned. We do expect to sacrifice some 
accuracy as a tradeoff to achieving portability. 
 

SUMMARY 
 

Preliminary validation indicates that FootCam may be useful 
as a portable motion capture tool. Further testing is required to 
fully determine the accuracy of FootCam compared to the 
Peak motion capture system. 
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Figure 1: A subject wearing FootCam. 



Figure 1:  Average joint angles for the knee transverse (top), frontal 
(middle) and sagittal (bottom) planes. Misaligned conditions were similar to 
the aligned conditions and have been omitted to improve clarity. 
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INTRODUCTION 

Although functional knee braces (FKBs) may not 
mechanically stabilize the knee joint, their use is believed to 
alter lower limb joint mechanics, which may offer protection 
to the ACL (DeVita et al., 1998). While shell type FKBs are 
believed to provide more mechanical stability to the knee than 
do strap braces, their distinct ability to alter joint moment 
patterns has not been investigated. Irrespective of the brace 
type, the hinge rarely coincides with the knee centre of 
rotation (Blauth et al., 1990). Specifically, greater than 12 mm 
of offset between the knee and brace axes of rotation has been 
found to increase the forces and moments within the hinge, 
which may alter joint mechanics and ligament length patterns 
(Regalbuto et al., 1989). With this being the case, the purpose 
of this research is: (1) to examine the effect of shell and strap 
type FKBs on 3D lower limb joint mechanics; (2) to 
determine if misalignment of each brace alters lower limb 
joint mechanics and (3) to determine if the effects of hinge 
misalignment are dependent on brace type. 
 
METHODS 

Ten healthy male participants took part in two randomly 
assigned walking conditions for each of the two braces – an 
aligned condition, where the brace was correctly positioned on 
the leg and a misaligned condition where the hinge axis had 
been deliberately distally misaligned by 2 cm. A non-braced 
condition was also included. Five trials were recorded for each 
condition. Kinetic data were collected with a Kistler force 
platform sampling at 640 Hz, while kinematic data were 
simultaneously collected with a four camera system at 80 Hz. 
Internal joint moments were calculated using a standard 
inverse dynamics analysis and were normalized to body mass. 
Joint angular impulses were then calculated as the time 
integral of positive or negative phases of the joint moment 
curve for one stride. Joint angular displacements were also 
calculated and were normalized to the standing position. Peak 
positive and negative joint moments from each condition and 
plane of motion were entered into separate one-way repeated 
measures ANOVAs (p<.05) to determine differences among 
the bracing conditions and between the two types of braces. 
Follow-up ANOVAs (corrected to p<.01) were used if 
significant main effects were found. Similar analyses were 
carried out with the angular impulses and displacements. 
 
RESULTS AND DISCUSSION 

Angular impulse values of the joints of the lower extremity 
were stable across conditions. As compared to walking 
without a brace, the shell brace in its aligned position 
significantly reduced the peak ankle plantarflexor moment at 
toe-off (p<.01). Likely, this was due to the rigidity of the shell 
brace, the external compression and load distribution over the 
gastrocnemius/soleus, which inhibited muscle expansion and 
subsequent force production. There was a decreased peak knee 

flexion angle with the shell and strap braces in their aligned 
position, which was most likely due to the stiffness that the 
brace imparted to the knee. Increased knee adduction seen 
with the aligned shell brace may place greater loads on the 
fibular collateral ligament and medial condyle during stance 
while the reduced peak knee internal rotation with the aligned 
shell brace may be beneficial in reducing ACL strain (Fig 1). 
The similarity in knee frontal and transverse plane moment 
profiles, however, suggest that the brace is simply forcing the 
leg into a more adducted and externally rotated position. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SUMMARY 

The results suggest that while the FKBs used in this study 
caused statistically significant changes in the aforementioned 
kinetic and kinematic parameters, these changes most likely 
are not sufficient to impose any additional benefit or risk to 
the knee joint or ACL than would occur during walking 
without an FKB. Furthermore, hinge misalignment in either 
type of brace does not evoke any changes in joint mechanics 
that would lead to the conclusion that this would pose undue 
risk to any joint of the lower extremity. 
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Figure 3: Overall floor plane LOS. 
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INTRODUCTION 
 

In Ontario, 18 lift truck fatalities were recorded between 1990 
and 1995 (Ministry of Labour, 1999).  The Ministry of Labour, 
MOL, also reported that from 1996 to 2002 there were 261 lift 
truck related incidents which resulted in critical injuries to 
Ontario workers. Larsson et al., (1994) reviewed severe 
injuries (more than 60 lost workdays) related to lift truck 
operation from 1989 to 1990 and fatalities between 1987 and 
1990. Of 224 injuries, 45% were the result of being hit by a lift 
truck and of 15 fatalities, 4 were the result of bystanders being 
struck by a lift truck.  
 
Line of sight (LOS) is an important consideration in the design 
of and operation of lift trucks.  The implications of reduced 
lines of sight (collisions, and sustained extreme postures and 
musculoskeletal injuries) make designing lift trucks to 
maximize lines of sight an important injury prevention 
measure.  Current LOS evaluation methods include the ISO 
5006-1 standard and the Forestry Engineering Research 
Institute of Canada (FERIC) method.  These methods involve 
a lengthy data collection process and the resulting output only 
reports line of sight at the floor plane (x,y).  Given the 
complex nature of injuries and accidents resulting from 
restricted line of sight during the operation of lift trucks a 
more informative analysis method is required.  A LOS analysis 
method capable of presenting LOS information in the x, y, and 
z planes is proposed in this paper.   
 
METHODS 
 

A lift truck model was built as a 3-dimensional Computer 
Aided Drawing (CAD) model based on the manufacturer’s 
specifications.  The CAD model was imported into a computer 
simulation program, JACK v4.1. Each piece of the lift truck 
was imported separately and then reassembled into the 
complete lift truck.  A line of sight assessment was developed 
based on the ISO 5006-1 Standard, as well as the FERIC 
Method.  The assessment consisted of a 10m2 grid and a 24m2 
grid.  In the 3-dimensional environment, a 50th percentile 
virtual male human was positioned in the lift truck. The 
simulated eye position was oriented at “bottom head sight” 
and located 650mm from the Seat Index Point (SIP) as 
described in the FERIC method. Target visibility planes were 
created by making thin rectangles 1m2.  The coverage zone 
tool in JACK was used to determine line of sight from the 
operator’s position.  The resolution for the coverage planes 
were adjusted to thirty horizontal units and thirty vertical units.  
Human geometry was ignored in order to obtain a line of sight 
representing 360 degrees around the vehicle. The output 
determined a percentage score of obstructed area for each 
visibility square.  Preliminary results are shown for the 
forward and rear line of sight assessment planes of the 10m2 
grid. 
 

RESULTS AND DISCUSSION 
 

The line of sight results are visually represented in Figure 1 
and Figure 2.  Red areas indicate blind spots due to obstruction 
from the vehicle, and the green areas indicate a clear LOS.  In 
Figure 1, the obstructed area is 46.8% due to the cage of the 
lift truck, light brackets, and mast of the lift truck.  Figure 2 
illustrates that there is a larger line of sight available from the 
rear with only 24.5% obstructed area.  The primary obstruction 
is caused from the roof of the cage and the safety light. LOS 
results for the floor plane are presented in Figure 3. LOS 
results from the 24m2 grid will be presented at the conference.  
 

 
Figure 1: Line of Sight of the front plane at 5m from SIP 
(Seat Index Point) 
 

 
Figure 2: Line of Sight of the rear plane at 5m from SIP.  
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INTRODUCTION 
 
Little is known about the importance of gait characteristics to 
walking performance in knee osteoarthritis (OA).  Previous 
research suggests that walking performance is affected by self-
efficacy, the confidence to perform a task.1, 2  We explored the 
relationship between knee angles and moments on walking 
performance, over and above self-efficacy, in people with 
knee OA.    
 
METHODS 
 
Participants had physician-diagnosed, radiographic medial 
knee OA (n=54, age 68.3 ± 8.7 years) consistent with the 
American College of Rheumatology criteria. Three-
dimensional Optotrack and AMTI forceplate output, collected 
at 100 Hz, were coupled with precision radiographs to produce 
3D gait characteristics. For the knee angles and moments we 
computed the peaks and ranges of motion. 
  
Indoor walking performance was measured using the Six 
Minute Walk (SMW). The Functional Self-Efficacy subscale 
(FSE) of the Arthritis Self-Efficacy scale assessed self-
efficacy for physical tasks. 
 
Pearson Correlation Coefficients were calculated to explore 
relationships between gait characteristics and SMW. A 
correlation was significant at a P value of <0.001 (2 tailed, 
Bonferroni correction for 18 comparisons, α = 0.01).  A step-
wise linear regression was performed with the SMW as the 
dependent measure and 2 blocks of independent measures.  
Block 1 included FSE and block 2 included gait variables 
significantly correlated with SMW. 
 
RESULTS & DISCUSSION 
 
Participants walked 440 ± 123m in the SMW test indicating 
good walking performance. Participants reported 81 ± 13 (out 
of 100) on the FSE suggesting a high level of self-efficacy.  
Walking performance (SMW) and FSE were significantly 
related (r=0.72, P<0.001).   
 
Correlation coefficients (r) between the gait variables and 
SMW ranged between 0.01-0.60 (Table 1).  Only the peak 
knee extension angle and the knee flexion-extension range of 
motion were related to walking performance.  The peak 
extension angle and knee flexion-extension range of motion 
were moderately related to each other (r = -0.58, P<0.001). 
 
The regression model demonstrated that the variance in SMW 
was explained by FSE (50%) and the range of knee 
flexion/extension angle (8%). 

Table 1:  Correlations between gait variables and walking 
performance (SMW). 
Knee Gait Variable r 

Peak Adduction Angle (°) -0.16 
Peak Abduction Angle (°) -0.13 
Range (°) -0.05 
Peak Flexion Angle (°)  0.27 
Peak Extension Angle (°) -0.55* 
Range (°)  0.60* 
Peak Internal Rotation Angle  (°) -0.26 
Peak External Rotation Angle (°) -0.27 

Angle 

Range (°)  0.11 
Peak Adduction Moment (Nm/kg) -0.01 
Peak Abduction Moment (Nm/kg) -0.17 
Range (Nm/kg)  0.34 
Peak Flexion Moment (Nm/kg)  0.14 
Peak Extension Moment (Nm/kg) -0.36 
Range (Nm/kg)  0.33 
Peak Int Rot Moment (Nm/kg)  0.09 
Peak Ext Rot Moment (Nm/kg) -0.17 

Moment 

Range (Nm/kg)  0.13 
*P<0.001 (Bonferroni correction for 18 comparisons) 
 
Self-efficacy for physical tasks explained a significant amount 
of variance in walking performance, suggesting that this 
psychosocial variable has a large influence on physical 
capacity.  In addition, sagittal plane range of knee motion 
explained some of the variance of walking performance.  
Clinicians could aim to improve dynamic knee range of 
motion to improve walking performance.  The knee adduction 
moment was unrelated to performance and does not explain 
current clinical status, based on walking performance in 
people with knee OA.  
 
SUMMARY 
 
These findings apply to a high functioning group of people 
with medial knee OA.  Kinematic output from the motor 
control system was useful in understanding some variance in 
current performance, over and above self-efficacy.  
 
REFERENCES 
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INTRODUCTION 
 
Confidence to complete physical tasks, or self-efficacy, 
explains 50% of walking performance.1  Hamstrings strength 
is related to self-efficacy in knee osteoarthritis (OA).2 We 
examined whether self-efficacy mediated the effect of 
hamstrings strength on walking performance in knee OA 
(Figure 1).  A mediator is a variable representing a 
mechanism through which an independent variable (e.g., 
strength) influences the dependent variable of interest (e.g., 
walking performance).3 
 
 
 
 
 
 
 
Figure 1:  Mediation proposes that self-efficacy is a 
mechanism through which strength affects performance. 
 
 
METHODS 
 
Participants had physician-diagnosed, radiographic medial 
knee OA (n=54, age 68.3 ± 8.7 years) consistent with the 
American College of Rheumatology criteria. Indoor walking 
performance was measured using the Six Minute Walk 
(SMW).  Self-Efficacy was assessed using the Functional Self-
Efficacy subscale (FSE) of the Arthritis Self-Efficacy Scale. 
Hamstrings strength was the mean peak flexor torque (HAMS) 
of 5 maximum-effort 60°/s trials on the Biodex System 3 
isokinetic dynamometer. To maximize the reliability and 
validity of the strength assessment, the data were windowed to 
remove acceleration and deceleration artifacts. 
 
Statistical analysis examined the relationships between SMW, 
FSE and HAMS. First, linear regressions examined the 
following relationships:  HAMS*FSE, FSE*SMW and 

HAMS*SMW.  Next, a linear regression examined the 
change in the relationship between HAMS and SMW while 
controlling for FSE. If FSE did not completely remove the 
effect of HAMS on SMW, partial mediation was assessed 
using the Sobel equation:4 
 

z = α β  /  √(α2 σβ2 + β2 σα2) 
 
α = unstandardized beta value (HAMS) 
β = unstandardized beta value (FSE) 
σα = standard error (HAMS) 
σβ = standard error (FSE) 
z > 1.96 significant (P<0.05) 

RESULTS & DISCUSSION 
 
Participants walked 440 ± 123m in the SMW test indicating 
good walking performance and reported 81 ±  13 (out of 100) 
on the FSE suggesting a high level of self-efficacy. The 
average peak hamstrings torque was 34 ± 21 Nm. 
 

 HAMS explained 14% of the variance in FSE (P=0.004).  
The unstandardized coefficient was 0.26 ± 0.09. 
 

 FSE explained 50.6% of the variance in SMW (P<0.001). 
The unstandardized coefficient was 6.67 ± 0.90. 

Self-Efficacy  
 HAMS explained 21% of the variance in SMW (P<0.001).  

The unstandardized coefficient was 2.93 ± 0.76. 
 
After controlling for FSE, the strength of the relationship 
between HAMS and SMW was reduced but remained 
significant.  This model suggests partial mediation by FSE.  At 
2.81 (>1.96), the Sobel calculation confirmed partial 
mediation.  Partial mediation suggests that influence of 
strength on performance is not straight-forward.  Perception of 
strength may influence the level of confidence a person has in 
task performance.  However, strength is also a task 
requirement.  The percentage of a person’s capacity that a 
physical task requires may also dictate the degree of 
mediation.  As well, additional untested variables may interact 
with strength to affect walking performance.   
 
SUMMARY 
 
These findings apply to a high functioning group of people 
with medial knee OA.  The effect of strength on walking 
performance is not fully mediated by self-efficacy.  Strength 
may interact with other unknown variables to influence 
walking in people with knee OA.  Further work is necessary to 
understand the interaction between strength, self-efficacy and 
walking performance. 
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INTRODUCTION 
 
Despite the plethora of research aimed at minimizing knee 
pain in people with knee osteoarthritis (OA), we know little 
about the determinants of pain intensity.  Some variance in 
pain is explained by psychosocial factors in this population.1, 2  
Less work has investigated the role of joint mechanics on 
pain; however it is clear that medications effectively change 
both pain intensity and loading at the knee.3, 4  We aimed to 
identify whether mechanical characteristics could explain 
variance in pain intensity in people with medial knee OA. 
 
METHODS 
 
Participants had physician-diagnosed, radiographic medial 
knee OA (n=54, age 68.3 ± 8.7 years) consistent with the 
American College of Rheumatology criteria.  Pain intensity 
was reported on the Pain subscale of the Western Ontario 
McMaster Universities Osteoarthritis Index (WOMAC-Pain) 
because this measure has been identified as excellent for pain 
assessment in knee OA.1 
 
Body Mass Index (BMI) was calculated from measured height 
and weight.  Quadriceps strength was the mean peak extensor 
torque (QUAD) of 5 maximum-effort 60°/s trials on the 
Biodex System 3 isokinetic dynamometer. To maximize the 
reliability and validity of the strength assessment, the data 
were windowed to remove acceleration and deceleration 
artifacts.  Static varus-valgus angle (VAR) was measured as 
the angle between the femoral and tibial shafts from precision 
weight-bearing radiographs.  Varus was designated as 
positive.  Three-dimensional Optotrak and AMTI forceplate 
output, collected at 100 Hz, were coupled with precision 
radiographs to produce 3D gait characteristics.  We computed 
the peak external knee adduction moment (ADD MOM) and 
the dynamic range of knee motion about the sagittal axis 
(ADD RNG) and coronal axis (FLEX RNG). 
 
Pearson Correlation Coefficients (r) were calculated to explore 
relationships between each of the mechanical characteristics 
and WOMAC-Pain.  A correlation coefficient was significant 
at a P value of 0.002 (2 tailed, Bonferroni correction for 6 
comparisons, α = 0.01).  A step-wise linear regression was 
performed with the WOMAC-Pain as the dependent variable 
and BMI, QUAD, VAR, ADD MOM, ADD RNG and FLEX 
RNG as independent variables. 
 
RESULTS & DISCUSSION 
 
Participants reported 30 ± 19 (out of 100) on WOMAC-Pain 
suggesting that this group experienced relatively mild pain 
intensity.  Data from one participant was removed (n=53) 

because her pain score was an outlier.  Scores for BMI (28 ± 5 
kg/m2) and VAR (-0.8 ± 4.6°) suggested that the 53 
participants had mild knee OA.  The average peak QUAD was 
64 ± 29 Nm.  Gait analysis included ADD MOM (0.44 ± 0.15 
Nm/kg), ADD RNG (8.8 ± 3.4°) and FLEX RNG (60 ± 9°). 
 
BMI and FLEX RNG were significantly related to pain (Table 
1).  ADD MOM was not related to pain intensity, suggesting 
that medial loading is not linearly related to joint pain. 
 
Table 1:  Correlations between mechanical variables and pain 
intensity measured on the WOMAC-Pain subscale (n=53). 
Mechanical Variable r 
BMI Body Mass Index (kg/m2)  0.41* 
QUAD Quadriceps torque (Nm) -0.03 
VAR Varus-valgus angle (°)  0.10 
ADD MOM Knee adduction moment (Nm/kg)  0.10 
ADD RNG Range of add-abduction angle (°) -0.04 
FLEX RNG Range of flex-extension angle (°) -0.41* 
*P<0.001 (Bonferroni correction for 6 comparisons) 
 
The model of pain intensity (Table 2) suggested that greater 
dynamic knee range of flexion-extension related to a lower 
pain score.  A lower BMI related to lower pain intensity.   
 
Table 2:  Model of WOMAC-Pain (n=53). 
Explanatory 
Variable 

Slope 
Coefficient 

Adjusted R2 P 

1)  FLEX RNG -2.9 ± 0.9 0.18 0.001 
2)  BMI  6.4 ± 2.1 0.29 0.001 
 
SUMMARY 
 
These findings apply to a high functioning group of people 
with medial knee OA.  Dynamic range of motion and body 
mass explain variance in pain intensity, providing evidence 
that mechanical variables are important to understanding pain 
in people with knee OA. 
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Introduction 
 
Knee osteoarthritis (OA) is a progressive disorder that 
involves multiple mechanical factors.  Gait analysis is often 
used to identify differences with knee OA, but most previous 
studies have focused on subjects in later stages of the disease 
process, shedding little light on the mechanisms that may be 
responsible for progression of the disease.  Some recent gait 
studies have looked at more moderate knee OA subjects 
(Mundermann et al., 2005), but few have tried to characterize 
these gait differences over severity levels.  In this study, we 
used principal component analysis (PCA) to identify 
differences in temporal kinematic and kinetic gait waveforms 
between three levels of knee OA severity.   
 
Methods 
 
Three-dimensional gait analysis was performed on three 
groups of subjects: 60 asymptomatic, 60 with moderate knee 
osteoarthritis (OA), and 61 with severe knee OA (just prior to 
total knee replacement surgery).  Three components of knee 
joint angles and moments were calculated for the knee, hip and 
ankle joints.  These gait measures were represented as 
waveforms, time normalised to represent one complete gait 
cycle.  Principal component analysis (PCA) was applied to 
each gait waveform measure separately to extract 
characteristic waveforms, called PC loading vectors, which 
represented the major modes of variation within the data.  The 
projections of subject waveforms onto each pc loading vector, 
called PC scores, were compared across the three groups of 
subjects using ANOVA.  Differences in PC scores between all 
three severity levels for a given principal component were 
considered progressive gait differences.  
 
Results and Discussion 
 
Three progressive gait differences were identified at the knee 
and one at the hip.  Progressive differences were found in PC1 
of the knee flexion angle, which represented the overall 
magnitude of knee flexion throughout the gait cycle.  Knee 
flexion angles were progressively lower with increasing OA 
severity (Figure 1a).  PC2 of the knee adduction moment 
represented the size of the moment during early stance (10-
20%) relative to mid-stance (30%).  Increasing OA severity 
was associated with a lower score and therefore less difference 
between early and mid-stance adduction moment (Figure 1b).  
Higher knee adduction moments with knee OA are commonly 
reported (Hurwitz et al., 2002).  The use of PCA in this 
analysis identified progressive differences in the shape of the 
gait waveforms rather than in peak values.  Higher mid-stance 
adduction moments relative to early stance were associated 
with OA severity.  PC2 of the knee flexion moment was a 
difference operator that captured the overall magnitude of the 
moment in stance.  Increasing OA severity was associated with 

lower scores and therefore lower knee flexion moments in 
early stance and lower knee extension moments in late stance 
(Figure 1c).  Decreased knee flexion moments with OA and in 
the absence of pain have been shown (Torry et al., 2000), 
supporting a progressive mechanism with this gait difference. 
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Figure 1: Example asymptomatic (blue), moderate OA (green) 
and severe OA (red) gait waveforms for the a) knee flexion 
angles, b) knee adduction moments, c) knee flexion moments, 
d) hip adduction moments.   
 
PC2 of the hip adduction moment represented the size of the 
moment in early stance relative to its size at mid-stance and at 
toe-off.  OA subjects had progressively lower scores with 
severity and therefore had lower hip adduction moments in 
early stance, and relatively higher adduction moments at mid-
stance and at toe-off (Figure 1d).  Although the OA groups had 
lower early stance hip adduction moments, they had more 
prolonged adduction moments throughout stance.  It has been 
suggested that higher hip adduction moments protects against 
ipsilateral medial OA progression (Chang et al., 2005).   
 
Summary 
 
The OA differences identified in this study are considered 
progressive in the sense that they are increasingly different 
with increasing knee OA severity, and therefore may therefore 
be important to the mechanical progression of the disease.  
The identification of a progressive gait feature at the hip 
highlights the need to consider all lower limb joints in the 
investigation of mechanical mechanisms of knee OA. 
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INTRODUCTION 
Hip arthroplasty is one of the most frequent orthopaedic 
surgeries. Recently, there is rising interest in the surface 
replacement arthroplasty (SRA). This technique may offer 
advantages such as (1) preservation of more biological tissue; 
(2) a better capacity to restore lower-limb length; (3) a lower 
dislocation rate; (4) more possibilities to revise the prosthesis. 
The purpose of this study was to investigate the improvement 
in the gait pattern in SRA patients 6 months after hip surgery. 
A significant improvement in the walking speed, range of 
motion (ROM) and in the mechanical work was hypothesized. 
 
MATERIALS AND METHODS 
Seven subjects were selected in the SRA group while 7 aged 
and sex matched subjects composed the control group. The 
spatio-temporal parameters, the kinematics (ROM), the 
kinetics (mechanical work) of the gait pattern were recorded 
with 8 VICON optoelectronic cameras and two embedded 
AMTI force plates. The measures were captured before (BS) 
and 6 months after the surgery (AS). ANOVA’s were 
performed to compare the pre and post surgical conditions and 
the difference between the groups. The statistical significance 
was set at (p<0.05) and post-hoc analyses were assessed. 

 
RESULTS AND DISCUSSION 
Table 1 shows the spatio-temporal parameters, ROM and 
mechanical work results. Before surgery, the step length and 
cadence were significantly lower for the SRA group compared 
to the control group. However, the walking speed increased in 
the SRA group BF and AS, mainly due to an increase in step 
length and cadence. After surgery, the SRA group walked 
significantly faster than the control group because of there 
higher cadence as showed in previous studies1,2.  

 
The results also showed a significant increase in the knee and 
hip ROM after the surgery. Before the surgery, the ROM at 
these two joints was significantly lower for the SRA group 
compared to the control group. After surgery, there was no 
more significant difference at the knee, but the ROM at the hip 
was still significantly lower for the SRA group compared to 
the control group. This might be explained by the fact that 
complete recovery is achieved around 2 years1,3. However, the 
increase in the ROM at the knee and hip after the surgery 
reflects a good pain relief.  
 
Finally, before surgery the SRA group showed significantly 
less energy absorbed by the hip flexors during the midstance 
(H2) compared to the control group. Indeed, muscular 
contractions acting at the hip joint may tend to increase the 
bone on bone forces, and consequently, patients could be likely 
to reduce the muscular contraction and therefore the hip flexor 
moment to minimize pain. The absence of significant 
difference in the mechanical work 6 months AS supports this 
hypothesis. 
 
SUMMARY 
The purpose of this study was to determine the improvement 
in the gait pattern 6 months after the hip SRA. The results 
showed that gait pattern return mostly to normal with a small 
hip ROM restriction. 
 
REFERENCES 
1Berman AT et al. (1991). Arch Phys Med Rehabil. 72: 190-4. 
2Gore DR et al. (1985). Acta Orthop Scand. 56: 386-390. 
3Miki H et al. (2004). J Biomech. 37: 443-455.

Table 1 –Spatio-temporal parameters, ROM and mechanical work mean values (sd). † Significantly different at p<0.05 from AS. ‡ 
Significantly different from control. § Significantly different from control. 

 
 SRA group (BS) SRA group (AS) Control group 

Walking speed (m/s)   1.17 (0.27) † 1.44 (0.16) § 1.26 (0.16) 
Step length (m) 0.61 (0.08) †‡

0.69 (0.06)  0.69 (0.08) 
Cadence (steps/min)   113 (16) †‡ 125 (6.1) § 110 (6.4) 
Knee ROM (º) 50.4 (9.5)†‡ 57.8 (4.8) 58.6 (4.8) 
Hip ROM (º) 27.9 (7.7)†‡ 38.2 (4.8)§ 46.0 (4.4) 
H2 Work (J/kg) -0.02 (0.014) ‡ -0.11 (0.105) -0.14 (0.102) 
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INTRODUCTION 
Alterations to hip kinematics during performance of 
cutting steps in individuals with an anterior cruciate 
ligament (ACL) deficiency suggest that whole body 
control strategies during locomotion may be affected 
following this injury (Houck et al 2005). To date, 
investigations of ACL deficient populations have largely 
focused on lower limb compensations. Thus, an 
understanding of upper body alterations following ACL 
injury is limited. The purpose of the current study was to 
examine head and trunk segment co-ordination in ACL 
deficient individuals during the performance of cutting 
step maneuvers.  
 
METHODS 
Eight unilateral ACL deficient participants (ACLD) and 
eight healthy control (CON) participants were asked to 
descend a 20° declined ramp. At the end of the ramp, 
participants landed with their injured (ACLD) or matched 
(CON) limb and performed a 40° side or cross cutting 
step. In addition to cutting step trials, ten ‘control’ trials 
were performed involving descent of the ramp followed 
by a continuation of a straight ahead trajectory. Three 
dimensional head and trunk segment kinematics were 
recorded using rigid marker clusters which facilitated the 
digitization of anatomical reference points (60 Hz; 
Optotrak motion analysis system; NDI, Waterloo, 
Canada).  
 
Onset of medial-lateral centre of mass (M/L COM) 
displacement, head and trunk yaw angles were measured 
as the instant in time when these profiles deviated from 
their mean trajectory (providing continuation past 1 S.D.) 
of the straight ahead control trials. Onset of this deviation 
was recorded as time from the initial contact of the 
landing stance limb during cutting step performance 
(Vallis and McFadyen, 2003). Repeated measures 
analyses (injury/segment; α = 0.05) were performed on 
each step type (side and cross) using the above variables 
with Bonferroni corrected post-hoc analyses. 
 
RESULTS AND DISCUSSION 
No interaction (injury x segment) was observed for onset 
of head and trunk segment co-ordination for the side 
cutting step (p = 0.420). In addition, timing of onset 
between segments and M/L COM was not statistically 
different (p = 0.675), indicating segment reorientation in 
the new travel direction was tightly coupled (Fig.1). In 
contrast, for the cross cutting step a significant interaction 
(injury x segment) was observed (p = 0.001). Onset of 
head and trunk yaw was delayed in ACLD compared to 

CON in the steps prior to execution of the cross step 
(Fig.1; p = 0.001 and p = 0.006, respectively). 

 
Fig. 1: Mean (S.D.) onset time of segments and M/L 
COM measured from initial contact of stance limb during 
cutting steps. Note: Greater time equals earlier onset of 
segment reorientation with respect to initial contact. 
 
SUMMARY 
Results of this study indicate that steering co-ordination 
required in the performance of cross cutting steps is more 
complex than those required when performing side 
cutting steps, as differences between ACL deficient and 
control individuals were evident during this latter 
maneuver. During side stepping ACL deficient 
individuals displayed similar control of head and trunk 
segmental reorientation compared to control. ACL 
deficient individuals delayed onset of head and trunk 
movement in cross cutting steps but maintained similar 
timing of M/L COM movement. Further analyses of 
COM acceleration and head and trunk angular measures 
will reveal how this differential control of upper body 
segments is occurring. 
  
REFERENCES 
Houck JR et al (2005). J Orthop Sport Phys Ther 35:531-
540. 
Vallis LA and McFadyen BJ (2003). Exp Brain Res 
152:409-414. 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Head Yaw

Trunk Yaw

M/L COM 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Head Yaw

Trunk Yaw

M/L COM 

Cross Step

Side Step

ACLD CON

Ti
m

e 
(s

)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Head Yaw

Trunk Yaw

M/L COM 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Head Yaw

Trunk Yaw

M/L COM 

Cross Step

Side Step

ACLD CON

Ti
m

e 
(s

)



  
SYNCHRONIZATION OF EMG SIGNAL RECORDED FROM THE STERNOCLEIDOMASTOID (SCM) MUSCLES IN 

HUMANS 
 

Evelyn L. Morin1 and Tauseef Irfan2 
 

1Associate Professor, Dept. of Electrical & Computer Engineering, Queen’s University, Kingston, ON, evelyn.morin @ queensu.ca   
2M.Eng. Student, Dept. of Electrical & Computer Engineering, Queen’s University, Kingston, ON 

 
INTRODUCTION 
 
An understanding of the functional characteristics of cervical 
muscles would be useful for assessment, treatment and 
rehabilitation of patients with neck pain or injury [Kumar, 
2003]. Power spectral analysis of recorded EMG can provide 
insight into muscle function, including motor unit (mu) 
recruitment, changes in mu firing rates, the presence of muscle 
fatigue and mu synchronization associated with fatigue.  
  
The sternocleidomastoid (SCM) muscles are important for 
flexion and rotation of the head. In this study, EMG was 
recorded from the right and left SCM muscles during rotation 
of the head. The data were analyzed to assess the development 
of fatigue and mu synchronization during high force isometric 
contractions [Kleine, 2001]. 
 
 
METHODS 
 
Fifteen adult subjects participated in the experiment, after 
giving informed consent. EMG data were acquired from the 
left and right (SCM) muscles on either side of the neck during 
dynamic movements and during static fatiguing contractions.  
 
For dynamic EMG data collection, the subject was asked to 
perform a series of head rotations by looking at a horizontal 
LED display and turning his/her head to track the lighting of 
an LED. In the static fatiguing EMG data collection,  the 
subject was asked to turn his/her head, pushing against the 
resistance of a padded cushion load cell in order to produce an 
isometric maximum voluntary contraction(MVC) and static 
contractions at 70 +/-5% MVC using visual feedback as a 
guide.  
 
The force exerted and the surface EMG data were sampled at 
1 kHz. The EMG data were subjected to Fast-Fourier 
transform analysis where median frequency (MF), 
autocorrelation, cross-correlation, and power spectrum of 
cross-correlation were analyzed. 
 
RESULTS AND DISCUSSION 
 
The MF was computed for 2.048 s segments extracted at 
regular intervals over the record length of the MVC and 
fatiguing EMG data, in order to detect decreasing MFs 
indicative of fatigue. In general, the MF did not show a 
consistent decline over the course of the contraction, however 
MF did decrease for selected records. These records   were  

 
examined to detect the presence of mu synchronization. Since 
synchronization would appear as a repetitive pattern in the 
EMG record, autocorrelation and cross-correlation analysis 
were performed to detect such a pattern. Preliminary analysis 
indicates that there is some regular activity in the EMG during 
certain segments of the fatiguing contraction. An example 
autocorrelation  with an apparent repeating pattern is shown in 
Figure 1. 
 

 
 
Figure 1: Autocorrelation of right SCM, segment-1, 5th 256 
data points, subject-10, 70%MVC, trial-1  
 
SUMMARY 
Evidence of synchronization during fatigue in the SCM has 
been found, although the MF does not follow the regular 
pattern previously reported in the literature [De Luca, 1993]. 
Data analysis is continuing to determine the prevalence of 
synchronization during static fatiguing contractions. 
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INTRODUCTION 
 
Cemented hip replacements have a successful clinical history. 
Bone cement (PMMA) is used to fix the prosthesis to the bone. 
The most common reason for revision of cemented hip 
replacements is aseptic loosening of the hip stem. The 
mechanical properties of the stem-cement interface are still far 
from being well documented.  
During cement curing, which is a very complex solidification 
phenomenon, residual stresses caused by the exothermic 
reaction are generated in the bulk cement. Moreover, these 
residual stresses can lead to formation of pre-load cracks. 
However, the precise magnitude of these stresses is still not 
well documented and no study can be found in the literature on 
the direct measurement of these stresses. Furthermore, the 
PMMA behaviour is strongly influenced by the system’s initial 
conditions (Li et al., 2004). 
The aim of this study is to determine the influence of initial 
conditions of the stem as well as bone cement on the residual 
stresses and temperature evolution during PMMA 
polymerization.  
 
METHODS 
 
An experiment has been developed to measure directly radial 
residual stresses due to bone cement curing at the stem/cement 
interface of an unloaded cemented hip prosthesis. The 
experimental set-up consists of an idealized hip stem placed 
inside a hollow cylinder made of synthetic bone filled with 
freshly prepared Simplex P. Hand mixing technique has been 
employed for the bone cement stored at different temperatures 
(24 °C and 5 °C). The stem temperature has also been varied 
from 5 °C to 50 °C in order to simulate the pre-cooling and 
pre-heating of the femoral implant.  
For each experiment, two very thin force sensors (FlexiForce, 
Tekscan Inc.) are placed at the implant/cement interface to 
measure directly the forces generated (later referred to as 
residual stresses) by the cement curing on the hip stem. 
Moreover, thermocouples (K type, Newport) are placed at 
stem/cement and bone/cement interfaces in order to record 
temperature history during polymerization.  
 
RESULTS AND DISCUSSION 
 
The stress generation varies during the curing process, and 
consequently the output voltage of the sensors varies. 
According to the calibration data, the output voltage is 
converted into the real force that is applied directly on the 
sensor’s active area, hence the residual stresses can be 
computed. Three initial temperature combinations are tested: 
1) Tc=24 °C, Ts=50 °C; 2) Tc=24 °C, Ts=24 °C; 3) Tc=5 °C, 
Ts=50 °C where Tc and Ts are the initial temperature of, 
cement and stem, and Tbone=37 °C. For each combination, two 

experiments have been performed. Figure 1 shows the residual 
stresses and temperature variations recorded during cement 
curing of one experiment for Tc=24 °C and Ts=50 °C. 
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Figure 1: Radial stresses at stem/cement interface and 
temperature evolution at both interfaces for the first hour. 
 
All the experimental results show the same pattern in the early 
phase of the experiment, i.e. up to the temperature peak. A few 
minutes after the bone cement mixing, the thermal expansion 
occurs due to the exothermic character of the polymerization 
reaction. Rapid increase of the temperature (up to 90 °C) at 
both interfaces is observed which is accompanied by the 
transient peak of radial stresses at the stem/cement interface. 
After the transient peak stress, the residual stresses are 
generated. Maximum radial residual stresses of 0.5 MPa in 
compression have been measured at the stem/cement interface. 
For some experiments, only transient peak stress is observed, 
without residual stresses recorded at the end of the 
polymerization reaction.  
 
SUMMARY 
 
The experiments are still being conducted. The measurement 
of the residual stresses will yield important information on the 
implant-cement interface characteristics for the numerical 
study of cemented hip prostheses debonding process. The aim 
is to better predict the long term behavior of cemented hip 
prostheses. 
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INTRODUCTION 
This study investigated the impact characteristics of materials 
typically used in helmets and protective sport equipment to a 
series of impacts. The materials included several foams 
(Vinylnitriles) and one each of a Expanded Polypropolene 
(EPP) and a Expanded Polystyrene (EPS). The purpose was to 
determine whether the attenuating properties of the materials 
were consistent after a series of impacts. Certain helmets are 
designed to withstand single impacts (e.g., bicycle and 
motorcycle) these typically use EPS and EPP liners, the latter 
are assumed to be more durable; others helmets are intended 
for repeated impacts (e.g., football) these use Vinylnitrile. 
 
METHODS 
A 5-kg load was dropped down a tube from 10, 20 and 30 cm 
onto an anvil with an imbedded uniaxial piezoelectric force 
transducer (ICP force ring, model 203B, PCB Piezotronics). 
The impact area was a 5.04 cm diameter circle. Each material 
had the same impact area had the same thickness of 2.54 cm. 
A photo-optical timer measured the velocity of the load prior 
to impact. Force data were collected at 20 kHz to determine 
the peak impact force and time to peak force. Each material 
was tested with a maximum of five repeated trials to observe 
the changes in the peak impact force and time. 
 
RESULTS AND DISCUSSION 
Figure 1 shows a relatively compliant material after only four 
drops from a height of 20 cm. Notice that trial 1 had a 
different force profile from trials 3 and 4. The material after 
the first drop yielded a peak force of only 900 N but two trials 
later the peak had risen to almost 1400 N. 
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Figure 1: Impact histories of trials 1, 3 and 4 of a compliant 
foam material (VN600) for a drop height of 20 cm. 
 
Figure 2 shows the results for a stiffer material (R3953V) for a 
reduced drop height of 10 cm. In this case, the material 
performed poorly on the initial drop but improved its 
performance for the second and third drops. The peak force for 
the first drop was over 2500 N but reduced to 1700 N and 
1300 N for drops 2 and 3. 
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Figure 2: Force histories of trials 1, 2 and 3 of a stiff foam 
material (R3953V) for a drop height of 10 cm. 
 
Figure 3 shows the average force histories (four trials each) 
for a 10 cm drop height. Notice that the foam materials 
(R313V, R326V, VN600) had lower peak forces due to a rapid 
early rises and by spreading the impact forces out over time 
while the EPS and EPP materials had slower rise times and 
consequently delivered higher peak forces. 
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Figure 3: Average force histories of five different materials 
for a drop height of 10 cm. 
 
SUMMARY 
Unexpectedly materials that were assumed to be durable but 
did not maintain their force attenuation properties even after 
one impact. Stiffer materials appear to perform better after an 
initial impact but further tests have shown that their 
performance also degrades after repeated impacts. One must 
therefore expect to change helmet liners frequently after 
severe impacts. 
 
ACKNOWLEDGMENT 
Xenith for financial support and test materials. 



ACTIVE CONTROL OF CENTER OF MASS CORRECTION DURING FRONTAL PLANE SURFACE TRANSLATIONS  
 

Michael J. MacLellan and Aftab E. Patla 
Gait and Posture Laboratory, Department of Kinesiology, University of Waterloo, Waterloo ON, mjmaclel@ahsmail.uwaterloo.ca 

 
INTRODUCTION 
 
During surface translation in locomotion, the base of support 
is directly manipulated and this could in turn affect stability. 
Current studies have examined surface translations in the 
anterior-posterior direction but none have been examined in 
the frontal plane. Studies such as these give insight into how 
the CNS maintains stability during movement. 
 
METHODS 
 
Eight young adults with no previous neuromuscular, muscular, 
or balance disorders participated in this study. A walkway was 
outfitted with a moving AMTI force plate which was driven 
by a stepper motor that would displace the plate 0.15 meters in 
the frontal plane. Four perturbations were used in this study: 
medial at heel contact, lateral at heel contact, medial at 200 ms 
post heel contact, and lateral at 200 ms post heel contact. A 
total of 160 randomized trials were used in this study: 10 for 
every perturbation condition and 120 walkthrough trials. For 
each trial, participants started walking five steps prior to 
contact with the force plate with the right leg. Full body 
kinematics and EMG from 16 lower limb muscles were 
collected. This allowed measurement of full body COM, 
perturbed leg COM, full body minus perturbed leg COM 
(posture COM), step characteristics, and muscle onset latency. 
For measurement of step characteristics and all COM 
measures, baseline values were subtracted from perturbation 
trials. All steps were named with respect to the step on the 
force plate (step N).  
 
RESULTS 
 
An analysis of COM difference between perturbation onset 
and heel contact of step N+1 showed perturbed leg COM 
moved in the direction of the perturbation while COM of the 
posture would move in the opposite direction  (F(2,14) = 50.99, 
p < 0.0001) (Figure 1). A post hoc analysis showed that full 
body COM in delayed perturbations was not significantly 
larger than zero. Absolute values of COM were compared to 
determine any differences in the magnitudes. An interaction 
effect (F(2,14) = 21.91, p < 0.0001) showed that full body (p < 
0.0001) and perturbed leg COM (p < 0.0001) difference was 
larger in medial heel perturbations than in lateral heel 
perturbations. Analysis of COM velocity latency shows a 
direction by COM calculation interaction effect (F(2,14) = 7.97, 
p < 0.0049) in which perturbed leg latency occurred before full 
body and posture COM and lateral posture onset (250 ms) 
occurred before medial posture COM (314 ms). Observations 
of initial perturbation EMG shows that muscle latencies 
occurred at approximately 168 and 249 ms post perturbation 
for lateral and medial heel perturbations respectively. No 
consistent EMG patterns could be observed in initial delayed 
perturbations.  
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Figure 1: COM differences in full body, perturbed leg, and 
full body with perturbed leg removed. 
 
DISCUSSION 
 
During perturbations at heel contact, the CNS uses reactive 
control to manipulate full body COM. This can be seen by 
muscle activations occurring before changes in COM velocity. 
The CNS compensates for perturbed leg movement by 
directing the COM in the opposite direction from the 
perturbation and a deviation from normal walking trajectory. 
Similar results were observed in Patla et al. (2002) when arm 
movement caused a perturbation on the body and Oddsson et 
al. (2004) during diagonal surface translations. These 
perturbations also caused a bias in travel path which can be 
seen in figure 2. In delayed perturbations, full body COM did 
not significantly deviate between perturbation onset and N+1 
heel contact. This would suggest that there was no active 
control by the CNS due to the minimal time between 
perturbation and N+1 heel contact to make corrections.  
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Figure 2: Perturbation COM trajectories with walkthrough 
subtracted. 
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INTRODUCTION 
 
Human locomotion depends heavily on making necessary 
proactive changes when obstacles arise in the travel path. 
Obstacle clearance is accomplished during single support of 
one limb and during swing phase in the other; the decreased 
base of support while the limb is elevated can pose a risk to 
balance. This task would clearly be more challenging when the 
surface one is walking on is irregular or compliant. Patla et al. 
(1991) concluded that toe clearance was controlled during 
obstacle avoidance and this clearance was approximately 0.1 
m. If the CNS controls toe clearance, accommodations should 
be made to account for any compression under the stance limb 
when clearing an obstacle on a compliant surface. This study 
was performed to determine how the CNS organizes 
movement in order to avoid an obstacle on a compliant 
surface. 
 
METHODS  
 
Six young adults with no previous neuromuscular, muscular, 
or balance disorders participated in this study. Trials were 
arranged into four blocks: 10 ground/no obstacle, 10 
ground/obstacle, 10 compliant/no obstacle, 10 
compliant/obstacle. The compliant surface used was a medium 
density foam mat (5m long, 0.91m wide, 0.12m deep) and a 
wooden obstacle (0.3 x 0.7 x 0.005 m) was placed at 4 
distances from the start position during obstacle trials. 
Optotrak was used to measure limb kinematics using a twenty 
three iRED placement (5th metatarsal, top of ankle, lateral 
malleolus, fibular head, greater trochanter, iliac crest, clavicle, 
acromion process, olecranon process, radial styloid process, 
and xiphoid process bilaterally). Measurement of limb 
kinematics allowed for determination of foot placement, center 
of mass, dynamic stability margin, toe elevation (distance 
from toe off to toe trajectory at obstacle clearance), toe 
clearance (distance from top of obstacle to toe trajectory at 
obstacle clearance), and swing limb kinetics during obstacle 
clearance. 
 
RESULTS  
 
Toe trajectory over the obstacle showed that toe elevation was 
maintained (T(112) = 0.79, p = 0.2163) while clearance over the 
obstacle was lower in the compliant surface condition(T(112) = 
2.05, p < 0.0151). Representative toe trajectories over the 
obstacle can be seen in Figure 1. Analysis of lower limb joint 
work showed that a knee strategy was used during toe 
elevation over an obstacle and a hip strategy during lowering. 
These strategies correspond to strategies used when clearing 
an obstacle on stable ground. Work done in the knee during 
elevation (F(1,5) = 66.04, p < 0.0005) and hip (F(1,5) = 11.78, p < 
0.0186) during lowering was similar in the compliant and 

ground conditions even though a lower clearance over the 
obstacle was achieved in the complaint condition. 
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Figure 1: Toe clearance for ground (black) and foam (grey). 
Inset: Representative toe trajectories for ground (solid) and 
foam (dashed) conditions from toe off to heel contact during 
obstacle avoidance. 
 
DISCUSSION 
 
Observations from toe trajectory data show that the CNS 
maintains toe elevation, not toe clearance during obstacle 
avoidance and suggests an inability of the CNS to account for 
compression of the surface prior to obstacle clearance. No 
attempt is made by the CNS to increase clearance over the 
obstacle even when enough time is present for changes to be 
made. It is thought that estimations are made by the CNS 
before approaching the obstacle, and in this case, while the 
participant is on solid ground. These estimations that are made 
direct the elevation needed to successfully avoid the obstacle. 
Further evidence of this is seen in the comparison of work 
done by the knee and hip joint during obstacle clearance in 
that no changes are made between the conditions even though 
there is compression of the ground under the stance limb in the 
compliant surface condition. These results are interesting to 
note due to the fact that this decrease in obstacle clearance 
would increase the risk of contact with the obstacle during 
avoidance. 
 
SUMMARY 
 
Results show the CNS is unable to make toe clearance changes 
during obstacle avoidance which suggests the CNS controls 
toe elevation, not toe clearance during obstacle avoidance. 
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INTRODUCTION

The anterior cruciate ligament (ACL) is the most

commonly injured structure in the knee. Joint

instability following ACL injury is correlated to an

increased risk of joint degeneration (Huston et al.,

2000). Clinical management of ACL injury includes

surgical and non-surgical approaches, with some

patients (‘copers’) able to return to preinjury

activities without surgery, while others (‘non-copers’)

require surgery to restore joint stability.

Understanding differences between copers and non-

copers may provide important information useful in

optimizing rehabilitation programs. Alkajear et al.

(2000) reported that knee flexion moments during a

lunge task distinguished non-copers from copers and

healthy controls and, therefore, was a useful tool to

use in evaluating functional instability following

ACL injury.

Elite athletes are trained to move in a precise,

controlled, and repeatable manner (Rodrigues et al.,

2002). Analyzing the movement strategies of highly

skilled athletes may provide insight into effective

rehabilitation techniques following ACL injury if the

movement patterns optimize mechanical demands on

the joint. The purpose of this study was to quantify

differences in ankle and knee kinematics and kinetics

during functional tasks among controls, ACL-

deficient (ACLD) subjects, and elite ballet dancers.

The data presented focus specifically on knee and

ankle mechanics during a forward lunge task.

METHODS

Lower extremity mechanics of controls (n=10),

dancers (n=11), and ACLD (n=6) adults were

quantified during a forward lunge task. Of the ACL-

D subjects, three were unable to participate in pre-

injury activities. An 8-camera video motion capture

system recorded motion of reflective markers placed

on the lower extremities bilaterally (3

markers/segment).  Motion (120 Hz) and force (2400

Hz) data were collected as the subject stepped

forward onto a forceplate. Kinematic and kinetic

variables were computed (KinTrak, Motion Analysis

Corp.) from 10 trials with each foot using principles

of rigid-body dynamics. Significant (p<0.05) group

differences in knee and ankle sagittal plane angle and

joint power were tested with a t-test.

RESULTS

No significant group differences in knee motion

existed during the lunge contact phase. Dancers

contacted the forceplate with significantly (p<0.05)

greater ankle plantar flexion than controls and ACLD

subjects. No significant group differences were found

in the knee flexion moments or maximum anterior-

posterior shear force at the knee during plate contact .

Significantly greater negative and positive ankle joint

power was seen in the dancers compared to the

controls or the ACL-D (Figs 1 & 2).

DISCUSSION

Significantly greater joint powers with similar joint

moments suggests that muscular control of the

motion may have differed among the groups.

Differences appeared to be greater at the ankle than

the knee, suggesting a distal to proximal control

strategy. Differences in ankle kinematics in the

dancers likely reflected their stylized movement

patterns and did not influence knee mechanics. The

extensive physical training histories of the

professional ballet dancers did not change the knee

mechanics, suggesting that the functional demands of

the task may play a greater role than training in the

task outcome.

Figure 1: Initial, negative ankle joint power (W/bw).

Figure 2: Final, positive ankle joint power (W/bw).
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GAZE FIXATION PATTERNS WHILE NAVIGATING AROUND PYLONS IN THE STRAIGHT PATH 
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INTRODUCTION 
 
During walking in a complex environment, visual information 
is crucial to detect relevant information to safely guide 
locomotion. To avoid obstacles, visual information has to be 
able to detect objects in the environment; this is greatly 
dependent of the discrimination between object’s edges and 
background. Low contrast level between object and 
environment, such as during reduced luminance and/or color 
discrimination conditions, can affect significantly the way how 
vision detects information to guide locomotion. The aim of 
this study was to investigate the gaze behavior during walking 
in a complex environment with contrast constraints. 
 
METHODS 
 
Six young adults were asked to walk on a mat with 
approximately 7m where standard traffic pylons were placed. 
During the trials, the environment was manipulated by: a) the 
number of pylons on the path (3, 4 or 5); b) and visual contrast 
(high contrast and low contrast) controlled by luminance level 
and the obstacles’ color. Each participant performed 2 
randomized trials in each condition. 
 
Gaze fixations were identified by frame-by-frame analysis of 
the combined video data. A fixation was defined as gaze 
stabilized on a location for three consecutive frames (~0.1s) or 
longer (Patla & Vickers, 1997). The gaze variable selected for 
this study were the percentage of fixation on the path, pylon, 
and goal and the percentage of fixation on pylons placed in the 
early, mid and late path. 
 
One-way repeated measures ANOVAs were carried out on the 
percentage of gaze to verify the influence of the number of 
pylons, the contrast conditions, and path phase.  Significance 
level was set at 0.05. 
  
RESULTS AND DISCUSSION 
 
The percentage of gaze fixation was significantly higher on the 
pylons than on the path and on the goal (Wilks’ Lambda, 
F(2,4)= 393.937, p<0.001, Figure 1). These results show that 
the pylons were relevant source of information to guide 
locomotion during this task. 
 
Independently of the number of obstacles on the path, most 
percentage of fixation occurred during the mid path followed 
by the late and early path (Wilks’ Lambda, F(2,4)=44.995, 
p<0.003; Figure 2A). The mid path was the portion of the path 
where turns were performed to avoid the pylons, suggesting 
the necessity of additional information to adapt the locomotion 
pattern. Indeed, the number of fixations was significantly 
higher with the increase of the number of obstacles on the path 
(Wilks’ Lambda, F(1,5)=75.855, p=0.001, Figure 2B).  

Contrast conditions did not affect the percentage of gaze 
fixation in this study. However, it is possible that contrast 
affects other variables, such as duration of fixation and gait 
speed. 
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Figure 1: Percentage of gaze fixation on different location (a ≠ 
b, p≤0.001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Path phases. A) Percentage of gaze fixation for each 
path phase. B) Number of fixations during mid phase 
according to the number of pylons on the path. (a ≠ b and c; b 
≠ c, p≤ 0.01). 
 
SUMMARY 
 
Objects along the path represent an important source of 
information to guide locomotion and they are the most 
common place for gaze fixation during walking. Gaze fixation 
on objects increases when adjustments have to be made in the 
locomotor pattern. Also, this increase in the number of gaze 
fixations follows the number of turns required for the task. 
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INTRODUCTION 
Impairment of postural control is a common consequence of 
Parkinson’s disease (PD). This study aims to compare the 
postural strategies and postural control in young, elderly and 
PD subjects during quiet standing, and to assess the impact of a 
stooped posture on these postural strategies. 
 
METHODS 
Each group was composed by ten subjects who were required 
to maintain a side-by-side and a 45º foot positions. Elderly 
subjects were also requested to mimic the stooped posture as 
adopted by PD subjects. The net centre of pressure (COPnet) 
and centre of mass (COM) profiles were analyzed from two 
AMTI force plates and an OPTOTRAK motion system. The 
COPnet signal was categorized in two mechanisms: an ankle 
strategy (COPc) and a load/unload hip strategy (COPv)1. Cross-
correlations and RMS amplitudes were calculated respectively 
to determine the relationship between COPnet and COPc or 
COPv and to quantify postural control mechanism. ANOVA’s 
were conducted to compare groups and postural configurations.  
 
RESULTS AND DISCUSSION 
The results showed similar postural strategies used in young, 
elderly and PD subjects. When the feet were side-by-side, the 
COPnet was controlled by the ankle plantar/dorsiflexors (COPc) 
in the A/P direction (r>.99), while the hip abd/adductors 
(COPv) controlled in the M/L direction (r>.98) (Fig.1). In 
contrast, in 45º foot position, both the ankle and hip strategies 
contributed to the COPnet. Otherwise, the PD subjects showed 
significant smaller COPnet and COM amplitudes compared to 
the elderly in the 45° foot position and in the stooped posture 
(Table 1). These findings suggest that PD subjects have 
difficulties to deal with postural tasks that imply a mixed 
strategy may due to their stiffness2, but develop postural 
adaptations to their stooped posture. 

 
Figure 1: Partitioning of the COPnet into the COPc and COPv in the A/P and 
M/L directions. Feet side-by-side. 
 
SUMMARY 
This study highlights similar postural strategies in young, 
elderly and PD subjects, showing the robustness of the hip and 
ankle postural mechanisms in regulating respectively M/L and 
A/P sway during a quiet standing posture. Postural adaptations 
are reported in PD subjects to accommodate to their stooped 
posture.  
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  Side-by-side 45° 
  Young Elderly ESP     PD Young  Elderly      PD 

COPnet 0.36(.15) 0.48(.23) 0.49(.16) 0.45(.17) 0.39(.13) 0.41(.16) * 0.34(.19) 
COM 0.33(.15) 0.39(.20) 0.43(.16) 0.42(.18) 0.33(.13) 0.39(.18) * 0.35(.07) 
COP-COM 0.08(.03) 0.14(.15) 0.14(.04) 0.11(.08) 0.13(.04) 0.18(.16) 0.16(.06) 
COPc 0.37(.14) 0.47(.23) 0.49(.17) 0.45(.18) 0.61(.26) 0.66(.16) * 0.55(.21) 

A/P 

COPv 0.02(.01) 0.04(.04) 0.04(.03) 0.03(.03) 0.35(.16) 0.40(.10) * 0.37(.24) 
COPnet 0.20(.08)** 0.27(.12) 0.42(.19)* 0.24(.15) 0.50(.20) 0.52(.10) 0.50(.15) 
COM 0.16(.08)** 0.21(.11) 0.35(.18)* 0.24(.15) 0.43(.20) 0.44(.11) 0.41(.20) 
COP-COM 0.07(.03)** 0.10(.06) 0.12(.03) 0.08(.06) 0.16(.06) 0.19(.05) 0.17(.07) 
COPc 0.05(.05) 0.05(.03) 0.06(.03) 0.05(.04) 0.16(.08) 0.17(.04) 0.19(.10) 

M/L 

COPv 0.18(.08) 0.25(.10) 0.37(.17)* 0.23(.17) 0.38(.17) 0.39(.09) 0.38(.16) 
Table 1: RMS amplitudes of the COPnet COM, COP-COM, COPc and COPv. Mean value (standard deviation) in cm. ESP: Elderly stooped 
posture. * significantly different from PD. ** significantly different from Elderly. 
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INTRODUCTION 
Some humeral components used in total elbow arthroplasty 
incorporate an anterior flange on the distal aspect of the stem 
[Wright & Hastings, 2005].  When such components are used, 
a wedge of bone or bone cement is placed between the anterior 
surface of the humerus and the flange in an effort to improve 
load transfer to the bone.  The purpose of this study was to 
experimentally quantify the cortical strains in the humerus 
after arthroplasty using an anterior-flanged component for 
different materials placed behind the flange. 
 
MATERIALS AND METHODS 
Five fresh-frozen cadaveric distal humeri (right specimens, 
mean age 75.8 years) were thawed and cleaned of all soft 
tissues.  The bones were sectioned in the mid-diaphyseal 
region.  Each end was securely cemented in separate stainless 
steel boxes.  The distal box was removed after curing, leaving 
a cement block (Figure 1a).   
 
Strain gauges (Vishay Micro-Measurements, Raleigh, NC) 
were applied to the anterior and posterior surfaces to record 
axial strain and bending strains at two transverse levels.  One 
level was approximately 4mm proximal to the tip of the 
flange, and the next approximately 12mm further.  The gauges 
were wired into Wheatstone Bridge circuits.  Data were 
collected at 100Hz. 
 

         
Figure 1: (a) Intact bending testing, (b) implant with bone graft. 
  
Cantilever bending and axial compression loads were applied 
to the distal cement block using a materials testing machine 
(Instron, Canton, MA).  Trials consisted of ramp loading each 
specimen over 10 seconds, holding the target load for 10 
seconds, and then ramp unloading.  In bending, the target load 
was 50N (anterior side in tension); in axial compression 500N.   
 
Following intact testing, the distal bone and cement block was 
resected, and the humeral component of a total elbow 
prosthesis (Tornier S-A, Montbonnot, France) was implanted 
by a surgeon.  The loading protocol was repeated with three 
different materials placed behind the flange: no graft 
(simulating a component without a flange), cancellous bone 
graft (Figure 1b), and cement graft.  Loads were applied 
directly to the most distal aspect of the stem.  Strains were 

normalized for the applied moments.  Data were analyzed 
using repeated-measure ANOVAs (p<0.05). 
 
RESULTS 
For bending tests, the strain values at the distal-most gauge 
level were approximately 80% of the intact values with no 
graft material, 80% with the bone graft, and 87% with the 
cement graft (Figure 2a).  These differences among the graft 
materials were not significant (p=0.5).  At the proximal-most 
gauge level, strain values were approximately 90% of the 
intact values for all flange types (p=0.9) (Figure 2b).  Similar 
results were found for the axial strains (p=0.3).  

 
  

Figure 2: Bending strains for three flange types at (a) distal and 
(b) proximal gauge levels (error bars are ± S.D.) 
 
DISCUSSION 
In this investigation, the presence of an anterior flange had no 
significant effect on load transfer through the distal humerus 
regardless of graft material used or loading mode.  One recent 
finite element study examined the effect of adding an anterior 
flange to the existing GSB III humeral component design 
(Zimmer Inc, Warsaw, IN) [Herren et al. 2004].  Computer 
generated models of the original GSB III implant and an 
identical implant with an anterior flange were virtually 
implanted into a CT scan of a humerus.  No significant 
differences in displacements or stress distribution were noted 
between the models, suggesting the flange had little effect.   
 
This study examined the effect of three different flange styles 
on the humeral component of a total elbow prosthesis: no 
flange, cancellous bone graft, and cement graft.  Testing was 
conducted on cadaveric specimens in bending and axial 
compression and it was shown that there were no significant 
differences in cortex strains among the implant styles.  This 
suggests that an anterior flange may not provide additional 
load transfer benefits as originally intended. 
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INTRODUCTION 
 
Older adults and those with lower extremity disabilities have 
great difficulty climbing stairs: raising the body to the next 
step and avoiding the intermediate step is very demanding for 
the lower extremities (Nadeau 2003).  Handrails reduce the 
load on the lower extremities (Startzell 2000). 
 
Unfortunately, for many individuals, a single handrail may not 
be enough to allow them to climb stairs without great effort.  
A double handrail system was designed to help individuals 
needing more than a single handrail to negotiate stairs, without 
interfering with stair negotiation of healthy subjects.  The 
proposed stair handrail system consists of two handrails 
mounted on the same side of the staircase, with one rail 
directly above and parallel to the other (Fig. 1).  The intent is 
that by grasping both rails, an individual will require less 
energy to navigate stairs. 
 

 
Figure 1: Diagram of a person using the double handrail system. 

Since older subjects often have mixed disabilities, specific 
disabilities will be targeted through the use of younger, 
healthy subjects who have simulated disabilities.  The 
objective of this study is to determine if this handrail system 
reduces effort for subjects with simulated disabilities 
compared with single handrail support in climbing stairs.  
 
METHODS 
 
Overall strength declines 20-40% in individuals from the age 
of 30 to 70 years old (Wolfson 1995) In particular, grip 
strength in persons over the age of 40 decreases with 
advancing age (Schectman 2004). Therefore, effectively 
weakening the legs and hands of young healthy individuals 
may simulate those of older subjects. 
 
Subjects will wear a weighted vest to give the same dynamic 
effect as weakened lower extremities. The vest distributes 

weight evenly around the center of mass of the upper body.  
Those users with lower extremity weakness may use a 
handrail to pull themselves up the stairs, which can be difficult 
with low grip strength.  Thus grip strength of younger subjects 
will also be lessened using slippery gloves.   
 
Fifteen to twenty subjects between the ages of 19 and 34 will 
be recruited for this study.  The subjects will be instructed to 
hold the double handrails in a specific manner. 
 
As a baseline, the subjects will be asked to ascend the stairs 
with single handrail support they normally would.  Then, the 
subjects will ascend the stairs with single handrail support and 
the lower extremity disabling device, as well as with single 
handrail support and both the lower extremity and grip 
strength disabling devices.  These two conditions will be 
repeated with double handrail support.   
 
The setup includes a four-step staircase instrumented with four 
AMTI 250x500 force platforms (Advanced Mechanical 
Technology, Inc., Watertown, Massachusetts) and the double 
handrail system instrumented with two Model 41 Precision 
Pancake load cells (Honeywell Sensotec Sensors, Columbus, 
Ohio) and one AMTI MC3A Force/Torque sensor.  During the 
trials, the force platforms and load cells will gather the 
reactions at the feet and hands.  The subject’s movement will 
be tracked using a Peak Motion Capture System (Vicon Peak, 
Centennial, Colorado).  A Borg test for perceived exertion will 
be recorded to determine the effort of the subjects as they 
climb the stairs.  The effectiveness of the hobbling devices 
will be verified by observing the reactions at the hands and 
calculating the lower extremity joint torques. 
 
SUMMARY 
 
A double handrail system has been developed to assist frail 
older and disabled subjects in stair ascent.  This system will be 
tested on younger subjects who have simulated disabilities 
mimicking the lower extremity and grip strength weaknesses 
of older adults. 
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INTRODUCTION 
The human system controls multiple degrees of freedom in a 
coordinated manner to create goal directed movements.  In 
people with Multiple Sclerosis (MS) impaired functioning of 
dynamic balance control mechanisms may lead to reductions 
in postural stability (Bell 2002) and changes in gait strategies 
(Benedetti et al. 1999).  The purpose of this study is to 
characterize the effect of MS on dynamic balance control 
during gait initiation (GI).  Any changes in limb loading 
patterns that relate to the center of pressure (COP) or center of 
mass (COM) motion during the transition into gait may reflect 
alterations in the postural control system that are not evident 
in the steady state conditions of stance or locomotion.  The GI 
transition may provide more information on the interaction of 
dynamic control mechanisms in people with MS. 
  
METHODS 
Twelve moderately impaired females with MS (EDSS = 4.0 ± 
1.4) and 12 healthy female adults volunteered for the study 
(MS: 55 y ± 9, 164 cm ± 9, 71 kg ± 14; control: 53 y ± 9, 161 
cm ± 6, 71 kg ± 10).  Each subject was instructed to stand 
comfortably and begin walking upon seeing the initiation 
signal. Qualisys’ QTM software package synchronized six 
MCU 240 cameras and two AMTI force plates at 100 Hz. A 
13 segment 3D biomechanical model estimated the COM.  A 
timed 6.09 m walk was performed.  
Based on reactive force traces, GI was broken into 3 phases 
(Figure 1).  The first and second phase of GI also describe part 
1 and 2 of an anticipatory postural adjustment (APA). 
 

 
Figure 1: Phases of GI from bilateral vertical force traces: 
Reaction (R), Maximum swing foot loading (M); P1= R - M;       
P2= M - swing toe off (P1-2= APA); P3= swing toe off - stance 
toe off;    Tv= R –1st peak of COM  velocity (v1).  Time in sec. 
 
Kinematic data allowed for identification of stance width, step 
length, and the swing foot heel strike (HS) that divided P3 into 
a unipedal and dual support phase.  Time at v1 was selected as 
a salient point where approximately 90% of steady state 
velocity has been attained (Jian et al. 1993).  Gait initiation 
timing was analyzed by absolute and scaled phase durations. 

RESULTS AND DISCUSSION 
Average gait velocity in the timed walk was slower for the MS 
group than controls (0.71 m/s MS vs. 0.90 m/s control).  The 
COM v1 velocity was slower for the MS group during GI 
(0.46 m/s MS vs. 0.81 m/s control), and represented a lesser 
percentage of average gait velocity (65% MS vs. 90% control) 
compared with controls.  Gait initiation timing results are 
shown in Table 1.   
 

P1 P2 P3 Tu HS Tv P1-3

time (s) 0.24 0.53 0.91 0.48 1.25 1.56 1.69
time % 14.9% 30.6% 54.5% 29.3% 74.8% 94.1% 100%
time (s) 0.25 0.38 0.75 0.47 1.10 1.35 1.38
time % 18.5% 26.9% 54.6% 34.6% 80.0% 97.7% 100%
p< (s) 0.416 0.001 0.000 0.730 0.005 0.001 0.000
p< (%) 0.001 0.022 0.918 0.000 0.001 0.140

M
S

C
on

tr
ol

 
Table 1: Timing data; absolute (seconds) and relative scaled 
GI (percent); Tu= unipedal phase; HS= heel strike swing foot. 
 
The COM acceleration was lower for the MS group than for 
controls due to their slower velocity and longer GI duration.  
In the MS group, stance width was wider (34 cm MS vs. 30 
cm control) and the first step length was shorter (35 cm MS 
vs. 55 cm control) than in controls. 
 
SUMMARY 
People with MS may have difficulty producing a concise 
transition to locomotion as the first peak in COM velocity 
represented a low percentage of average gait speed.  In the MS 
group, the transition into locomotion is incomplete by the end 
of phase 3 and velocity continues to be generated in 
subsequent steps.  The phase 1 and 2 duration tradeoff seen in 
the relative timing patterns may reflect a change in 
organization of the APA as a part of the transition into gait.  
Lower gait velocities are hypothesized to be a “safer” 
approach to walking (Halliday et al. 1998), and a longer more 
deliberate construction of phase 2 leading up to the  unipedal 
phase of gait (Tu) may serve a similar purpose.  Other possible 
safety enhancements adopted by the MS group are a more 
stable, wider stance width and a shorter step length.  Further 
research may determine if changes to GI in the MS group are 
influenced primarily by the disease or a safer transition into 
locomotion. 
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INTRODUCTION 
Ideal in vitro biomechanical joint testing requires simulation 
of the in vivo environment for cadaveric specimens.  
Although joint kinematics have been extensively studied, 
joint kinetics are not well known mainly due to the difficulty 
in measuring the loads exerted by the muscles.  Accordingly 
our understanding of joint loads relies on mechanical testing 
or analytical models that incorporate kinematics, 
anthropometric data, and predicated muscle loads from EMG 
and/or optimization techniques (Costigan et al. 2002; Hurwitz 
et al. 1998).   
 
Cartilage degeneration due to osteoarthritis and injury has 
fuelled research into cartilage repair techniques.  Knowledge 
of the in vivo stresses that these tissues must withstand is 
therefore important.  The purpose of this study was to 
measure the contact mechanics between the tibio-femoral 
articulating surfaces of sheep stifles using a robotic system 
applying repeatable 6 degrees-of-freedom (DOF) loading 
conditions to the cadaveric joints. 
 
METHODS 
The ovine stifle was used as a model for the human knee due 
to their anatomic similarities (Appleyard et al. 2003; Radford 
et al. 1996).  Measured stifle kinematics and predicted 
kinetics from walking sheep were taken from literature 
(Taylor et al. 2006; Duda et al. 1998) and used to generate 
input profiles for a robot (Parallel Robotic Systems Co., NH, 
USA) to manipulate cadaveric stifles.  Fuji pressure sensitive 
film encased in plastic wrap was used to measure the tibio-
femoral contact pressures and contact areas of the joints 
(Appleyard et al. 2003; Fukubayashi & Kurosawa 1980). A 
static target for robot simulation was chosen at the early 
stance phase of gait due to the severe loading condition at 
that stage.   
 
Female Arcott sheep between 3 and 5 years of age were 
sacrificed in accordance with the Canadian Council of 
Animal Care, and their stifles were removed.  Musculature 
was removed from the stifles by one of the authors (MH) and 
the bone shafts secured in dental cement (Lang Dental, Henry 
Schein Ash Arcona, Canada) within aluminium pots.  To 
allow the later introduction of pressure sensitive film, two 
window-incisions were made through the cranial and caudal 
capsule of each stifle, and the peripheral meniscal 
attachments to the tibia were cut.  The joint was manually 
pre-conditioned through cyclic flexion-extension and then 
secured to the robot as shown in Figure 1. 
 
The robot generated static joint loads of 0.15 times body 
weight (BW) medial shear, 0.625 BW cranial shear and 1.875 
BW of compression at 6.5o of flexion. On reaching this 

 
Figure 1: Ovine stifle set-up for testing; the tibia was mounted to the
robot’s end-effector (above) and the femur was secured to the fixed
load cell (below). 
 
target, the joint’s kinematics and kinetics were recorded.  The
robot distracted the joint and pressure film strips (low range)
were inserted between the menisci and the tibial plateau, in the
medial and lateral compartments.  The robot returned the joint
to the target kinematics.  The pressure film strips were then
removed and scanned, and the images analysed (Matlab 7.0).   
 
RESULTS 
The mean and peak contact pressures on the medial tibial
plateau were 5.5 + 0.9 MPa and 8 + 1 MPa respectively; on the
lateral compartment they were 4.4 + 1.1 MPa and 7 + 3 MPa
respectively.  Average total contact area was 107.7 + 28.7mm2

and 60.8 + 56.3mm2 on the medial and lateral compartments
respectively. 
 
SUMMARY 
The robotic system, operating in hybrid load-position control,
has proven capable of studying cadaveric joint mechanics; we
quantified the near-physiologic contact mechanics of ovine
stifles. 
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INTRODUCTION 
Nearly 2.5 million Canadian adults reported a mobility 
disability in 2001 (Statistics Canada, 2002). The rollator (or 
‘four-wheeled walker’) is an assistive mobility device 
prescribed to facilitate standing and walking activities. Studies 
have revealed increased walking distances (Solway et al, 
2002), and improved efficiency (Probst et al, 2004) with 
rollator use in a cardiopulmonary population, but no studies 
have investigated how rollators affect balance control.  
 
The primary objective of this study was to examine the 
influence of rollator use on standing balance. It has been 
shown that assistive devices can facilitate balance control 
through haptic cues (Jeka, 1997). We hypothesized that 
balance related to rollator use is maintained through 
stabilizing forces generated through the hands, indicated by 
increased root mean square (RMS) centre-of-pressure (COP) 
excursion and an increased mean vertical load (Fz) applied 
through the rollator under balance challenged conditions. 
 
The scope of this work falls within an on-going project 
towards development of a remote measurement tool capable of 
directly measuring mobility behaviour in the community. 
 

 
Figure 1: Example COP plots from the forceplate measuring rollator forces 
(left) and feet (right) are shown. Resultant COP from the QUIET condition are 
plotted in black lines, and from FOAM condition in gray lines. (Subject 6) 

METHODS 
Six healthy, young adults (3 male, 3 female, 26-34y) 
participated in the study. Subjects reported no musculoskeletal 
or neurological impairment that might affect their balance. 
Participants performed two quiet standing trials while gripping 
a rollator. In the first trial, subjects stood comfortably with 
eyes open looking straight ahead, feet at pelvis-width apart 
(QUIET). In the second trial, the participant stood eyes-closed, 
on foam, with feet together (FOAM). The rollator handles 
were adjusted to wrist height with arms hanging, and brakes 
locked in the ‘engaged’ position. Separate forceplates were 
used to record ground reaction forces beneath the feet and the 
rollator for 90 sec. 

RESULTS AND DISCUSSION 
Mean Fz and RMS COP results are shown in Table 1. Mean Fz 
did not increase under the FOAM condition compared with the 
QUIET condition. Increases in rollator COP excursion was 
observed in both ML and AP directions, with no appreciable 
increase in RMS COP applied through the feet. Figure 1 
shows example COP plots from rollator (left plot) and feet 
(right plot) forceplates under quiet standing (gray trace) and 
challenged balance (black trace) conditions. The increased 
COP excursion indicates that stabilizing forces in response to 
increased balance challenge are generated through the rollator 
frame.   

SUMMARY 
The results support the hypothesis that significant stabilizing 
forces are generated by the hands to maintain balance with 
rollator use. However, the anticipated increase in vertical 
loading was not observed. This suggests that shear forces 
applied through the rollator may play a larger role than 
expected. Ongoing work is focused on measuring the 
influence of rollator use on dynamic stability control during 
walking. 
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Table 1: Mean vertical loading Fz and COP excursion measures from rollator and feet forceplates (SD) 

 Rollator Feet 
Condition Fz [%BW] RMS(COPx) [mm] RMS(COPy) [mm] Fz [%BW] RMS(COPx) [mm] RMS(COPy) [mm] 
QUIET 5.7 (3.5) 5.6 (3.4) 38.0 (34.1) 94.3 (3.4) 0.8 (0.3) 1.0 (0.3) 
FOAM 5.4 (3.4) 11.7 (8.8) 49.5 (46.7) 94.7 (3.4) 1.0 (0.5) 1.0 (0.2) 
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INTRODUCTION 
 
Morphological characteristics of motor evoked potentials 
(MEPs) can be used to study conduction along central and 
peripheral motor pathways. Compression of a nerve root 
causes a conduction block at a very short segment of the 
peripheral nerve. A conduction block could cause a reduced 
amplitude and area of the MEP, although the duration and 
latency of the MEP would be expected to be unaffected. 
However, three studies (Bischoff C et al. 1993; Herdmann J et 
al. 1992; Inoue S et al. 2003) have shown there to be 
differences in MEP latency between healthy subjects and those 
with cervical radiculopathy.   
 
The first purpose of this study was to record infraspinatous 
MEP latency, amplitude and duration to determine the range 
of normal values. The second was to determine if there were 
significant side-to-side differences for these parameters in 
healthy subjects. The third was to determine the reliability of 
measuring MEP latency, amplitude and duration. Normative 
data and normal side to side variations in MEP latency have 
not been presented previously. 
 
METHODS 
 
Twenty healthy volunteers (14 women, 19 right-handed, aged 
20-58 years) participated after providing informed consent. 
Monopolar surface electrodes were placed bilaterally at the 
lateral scapular spine (inactive) and over the motor point of the 
infraspinatous (active). A reference electrode was placed over 
the C7 spinous process. Using transcranial magnetic 
stimulation, the MEP threshold, where discernable MEPs are 
produced in three of six consecutive trials, was determined 
while subjects performed a continuous facilitating contraction 
at 20% of their maximum shoulder external rotation effort. 
The stimulus intensity was increased to 120% of threshold and 
10 consecutive MEPs were recorded from the infraspinatous 
muscle using a sampling rate of 2 kHz. 
 
Two methods were used to determine MEP latency, the first 
zero-crossing of the MEP (latency 1) and the first crossing of a 
line positioned at 2 standard deviations (SD) above the pre-
stimulus baseline noise (latency 2). Amplitude was measured 
from the first negative peak to the first positive peak. Duration 
was measured from the first to the third zero-crossing of the 
triphasic MEP. The ten trials were ensemble averaged, and 
descriptive statistics were calculated for each outcome 
variable. Repeated measures analyses of variance (ANOVAs) 
were used to assess side-to-side differences. To assess within-
subject, within-session reliability, individual trials were 
analysed and coefficients of variation were computed to for 
each outcome variable. A one-way repeated measures 

ANOVA was used to test which method of calculating latency 
was more reliable. 
 
RESULTS AND DISCUSSION 
 
The normative data are presented in Table 1. As expected, the 
variability of the MEP amplitude was much greater than that 
of MEP latency or duration. Latency 2 was slightly longer than 
latency 1 because the crossing of the 2 SD line occurred later 
than the first zero-crossing. While it is difficult to compare 
peripheral nerve lengths, the latencies are in line with previous 
research values of, for example, 11.6 ms ± 1.2 SD for the 
biceps brachii (Rossini et al. 1994). 
 
Table 1:  Normative values for MEPs of the infraspinatous.  
Data are mean, standard error of the mean and SD. 

 
When all trials for each subject were analysed separately, there 
were significant differences between sides for latency 1 
(p=0.01) and latency 2 (p=0.001), however these differences 
were not present when the ensemble-averaged waveforms 
were tested. There were no significant side-to-side differences 
for amplitude and duration, therefore left and right side data 
were pooled.   
 
The coefficients of variation for the outcome measures was: 
latency 1 = 12.5%; latency 2 = 10.4%; amplitude = 28.2%; 
duration = 10.4%. Latency 2 was significantly more reliable 
than latency 1 (p=0.003).  
 
SUMMARY 
 
These data can be used as a basis for comparison when 
studying neuromuscular disorders affecting the proximal 
musculature, including but not limited to cervical 
radiculopathy.  Data outside the normative 95% prediction 
intervals (mean ± 2 SD) for side-to-side differences, which are 
2.39 ms for latency 1, 2.03 ms for latency 2, 2.73 µV for 
amplitude and 3.34 ms for duration would indicate that an 
individual might have some form of neuromuscular disorder. 
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 Ensemble Averaged 
Data 

All Trials Analysed 
Separately 

 Mean SEM SD Mean SEM SD 
Latency 1 (ms) 9.44 0.19 1.22 9.98 0.09 1.76 
Latency 2 (ms) 10.49 0.19 1.22 11.55 0.08 1.64 
Amplitude(µV) 3.01 0.20 1.26 3.12 0.07 1.42 
Duration (ms) 14.60 0.34 2.16 14.56 0.19 3.80 
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INTRODUCTION 
There are presently about 300,000 Canadians currently living 
with the debilitating effects of stroke.1 With an annual cost 
exceeding $2.7 billion there is a considerable challenge for 
rehabilitation professionals to provide efficacious treatments to 
restore function and reduce disability caused by stroke. Motor 
dysfunction experienced by stroke survivors can be due to any 
number of different functional syndromes such as paresis, ataxia, 
apraxia, visuo-perceptual deficits, or deafferentation.2 A 
common functional deficit experienced by many stroke survivors 
is severe arm paresis. This can be characterized in general as loss 
of elbow and shoulder mobility caused by spasticity of flexor 
muscles, resulting in severe difficulties in self-care, such as 
feeding and dressing, and inability to perform common 
functional tasks, such as grasping and moving objects. Recent 
evidence suggests that arm motor function at 1 month post-
stroke is one of the biggest predictors of stroke recovery.3 It is 
therefore imperative that close monitoring of arm function in the 
weeks following stroke be clinically viable. Unfortunately, high 
costs and other burdens associated with frequent visits to the 
clinic or rehabilitation hospital often prevent adequate temporal 
resolution of arm mobility recovery assessments. The project 
described in this paper seeks to address this problem, by 
developing, testing and implementing a wireless, wearable 
motion sensor device for capturing arm (elbow and shoulder) 
motion at any desired temporal resolution, and with accuracy 
and reliability exceeding that of commonly used clinical 
instruments. 
 
METHODS 
A prototype arm was constructed to simulate human arm 
movement, and to allow for accurate measurement of joint 
angles and validation of the sensor system. Validation of the 
elbow sensor system was accomplished by comparing the 
measured joint angles with a precision potentiometer, which 
served as the gold standard angle measurement, and with a 
Vicon M-Cam motion analysis system, which provided the 
clinical performance criteria. The goal of this sensor design was 
to provide both accuracy and precision equal to, or better than, 
that of the clinically accepted Vicon system.  
 
The experiments consisted of measuring elbow joint angle of a 
prototype mechanical arm at various known configurations. 
Vicon marker arrays were rigidly attached to each limb segment, 
from which elbow angles were computed to define the 
performance criteria. Nine different arm configurations were 
examined, selected to represent common physiologic arm 
positions: the nine configurations were a combination of 
shoulder abduction angles: 0, 30 and 60 deg., and elbow flexion 
angles: 0, 45 and 90 deg. Each arm position was repeated three 

times, for a total of twenty-seven trials in a single test. The order 
of arm positions was randomly determined prior to the 
experiments. The experiments were repeated on a second day, 
after completely doffing and donning the sensor system from the 
mechanical arm, for a total of fifty-four trials. 
 
RESULTS 
Accuracy: Overall accuracy as measured by absolute mean error 
(± 1 standard deviation) across all trials and test days (N=54) for 
the sensor system was 4.4 ± 1.4 deg, and 3.0 ± 1.2 deg for the 
Vicon.  
Precision: Overall precision as measured by standard deviation 
of samples over the 1 second data collection period across all 
trials and test days (N=54) was .07 ± .02 deg for the sensor 
system, and .07 ± .06 deg for the Vicon system.  
Repeatability: Within-test repeatability, for trials having 
identical configurations (N=9 per test day), was very high, with 
the intraclass correlation coefficient (ICC) = .99 for both test 
days. Within-test repeatability, for trials having the same elbow 
angle but different shoulder positions (0, 30 and 60 deg), across 
both test days (N=18), was also very high, with ICC = .99. 
Finally, test-retest repeatability between days was also very high, 
with ICC = .99, with no differences in elbow angle 
measurements between days after removing and replacing the 
entire sensor system from the mechanical arm. 
 
SUMMARY 
These preliminary validation experiments show that the IBME 
sensor system for measuring elbow angle (or knee angle) 
exceeded both the target precision (<.1 deg) and the target 
repeatability (ICC>.90) performance criteria. 
 
However, the overall accuracy of the device, primarily due to 
increasing error at larger elbow flexion angles, did not reach the 
target of <3deg. The next step, therefore, is to fine tune the 
calibration procedures, and try different sensor mounting 
configurations, in order to reach this design goal. 
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INTRODUCTION 
Movement in the environment creates optic flow, which 
provides critical information (Gibson, 1958; Mohagheghi, 
Moraes, & Patla, 2004; Patla, 1998).  The amount of optic 
flow can be manipulated:  during walking there is relatively 
larger amounts of optic flow, during quiet standing, head 
movement is generally less than three centimeters and optic 
flow would be decreased, and finally if the head is fixed in 
space during standing, there is virtually no optical flow apart 
from that resulting from eye movement.  The relevance of 
dynamic vision has been examined in an obstacle avoidance 
task, where tripping with the lead limb was observed two and 
a half times more often in a static visual sample compared to a 
dynamic visual sample (Patla, 1998).  The purpose of this 
study was to examine foot placement and swing limb elevation 
during two types of static vision (head fixed and quiet 
standing) and dynamic vision during an obstacle avoidance 
task.  We hypothesized that foot position and swing limb 
elevation would be the smallest in the dynamic visual 
condition and largest for the head fixed visual condition.   
 
METHODS 
Five subjects (27.8 ± 2.3 years) participated in an obstacle 
avoidance task.  IREDs were placed on the toes, heels, ankle, 
knee, hip and shoulder.  IRED position data was collected 
with an Optotrak (Northern Digital, Inc.) at 120 Hz.   
 
Independent measures were obstacle height (10, 20 or 30 cm) 
and visual condition (head fixed, quiet standing or dynamic).  
Each obstacle by vision condition was randomly presented 
eight times for a total of 72 trials.  Subject’s eyes were open 
for 1.5 seconds and then they closed them as they approached 
and cleared the obstacle.  Starting position for the head fixed 
and quiet standing vision condition was five steps from the 
obstacle and during the dynamic vision condition, the subjects 
started eight steps from the obstacle.  In the head fixed 
condition, the subject’s head was fixed against a solid object 
to minimize body sway.  The quiet standing condition was 
similar to the head fixed condition, except the subjects were 
not touching anything to allow for normal body sway.  In the 
dynamic condition, the subjects were allowed to take 
approximately 3 steps toward the obstacle during the 1.5 
seconds of vision.  Obstacle placement was randomly varied 
within a 70 cm boundary.  Dependent measures included lead 
and trail foot position and toe clearance relative to the 
obstacle, as well as peak foot elevation.  A 3 X 3 ANOVA 
(obstacle by vision) was run with the alpha level set at p < 
0.05. 
 
RESULTS AND DISCUSSION 
No obstacle by vision interactions were observed in the lead or 
trail foot positions (p > 0.2).  A significant main effect across 
visual conditions was observed for lead foot position (p < .01).  

The greatest foot position was observed in the head fixed 
vision condition, as hypothesized.  Lead foot position as a 
function of obstacle height and visual condition are reported in 
Figure 1. A significant main effect across visual conditions 
was also observed for trail foot position (p < 0.01), where the 
largest foot position value was also observed in the head fixed 
condition.  While differences in foot position between vision 
and no vision conditions have been reported (Mohagheghi, 
Moraes, & Patla, 2004), our results indicate that the type of 
vision received before a no vision condition also affects foot 
position.   
 
Swing limb elevation (lead foot toe clearance, trail foot toe 
clearance and peak vertical position of the lead foot) was not 
different across visual conditions (p > 0.13).  Peak vertical 
position of the trail foot was significantly different across 
visual conditions (p < 0.01), with the lowest value observed in 
the dynamic visual condition.  This finding increases support 
for the independent control of the lead and trail limb, as 
suggested by Patla et al. (1996). 
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Figure 1.  Lead foot position as a function of obstacle 
height and visual conditon. 
 
SUMMARY 
Reduced optic flow increased foot position, did not alter toe 
clearance or lead limb elevation, but did increase trail limb 
elevation.  The significant difference between the head fixed 
and quiet standing visual conditions indicate that even small 
amounts of optic flow influence the adaptation.   
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Introduction 
An on-body personal lift assistive device (PLAD) 
developed that reduces lumbar moments (Abdoli-E, 
2006-a) as well as the EMG of the erector spinae 
without interfering with the abdominal muscles and 
kinematics of the lumbar spine in symmetrical lift 
(Abdoli-E, 2006-b). The purpose of this study was to 
show the effect of this device on the 
electromyographic (EMG) activity of the back and 
abdominal muscles through stoop and squat lifting 
across 3 load magnitudes (5, 15, 25kg) in 
asymmetrical conditions.   
 
Methods 
Nine male subjects participated in this study. Using a 
psychophysical test, each subject selected a specific 
tension for the elastic bands of the PLAD. Subjects 
then lifted three loads from 45 degrees on the left and 
the right side in stoop and squat style with and 
without the PLAD.  EMG activity was monitored at 
four bilateral locations; lumbar (L4) and thoracic 
(T9) erector spianae muscle group (LES and TES), 
rectus abdominus (RA), as well as external obliques 
(EO). EMG data from each muscle were measured 
and normalized to each muscle’s isometric MVC. 
Synchro-switches attached to the box and 3 Fastrak® 
units were used to quantify the box and body motions 
during the lifting tasks. 3D dynamic moments were 
estimated about the lumbar spine through the Hof 
equation (Hof, 1992). The integrated moments about 
three axes as well as the integrated EMG’s of the 
muscles were compared through a  repeated measures 

analysis of variance to assess the effects of PLAD 
across each lifting condition. 
 
Results and Discussion 
The ANOVA test indicated that use of the PLAD 
system significantly reduced the ipsi and contra 
lateral muscles of LES and TES activity for 5 kg, 15 
kg, and 25kg loads (p < 0.01) in both styles of the 
lifts. Significant reduction was observed on 
contralateral muscle of EO, but not the ipsilateral one 
in both stoop and squat lifts. No significant difference 
was found in RA muscles activity (Table 1). No main 
effect of the direction (left and right) was also 
observed for both styles. Significant reduction was 
observed for all of the moments about the three axes 
(Table 2-a). By mathematically zeroing the PLAD 
tensions, results confirmed that there were no 
kinematic differences in lifting technique that would 
cause the moments to be reduced by these amounts 
(Table 2-b). These results confirm that the PLAD 
with its elastic elements does reduce the 3D moments 
as well as the EMG force requirements during the 
stoop and squat style lifting technique and different 
loads. 
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Dependant 
variables Direction Load Device 

Mx NS .001 .001 
My NS .001 .001 
Mz NS .001 .001 

Dependant 
variables Direction Load Device 

Ipsilateral NS .001 .001 L4 Cotralateral NS .001 .001 
Ipsilateral NS .001 .001 T9 Cotralateral NS .003 .005 
Ipsilateral NS .002 NS EO Cotralateral NS .002 .001 
Ipsilateral NS .001 NS RA Cotralateral NS 0.01 NS 

Dependant 
variables Direction Load Device 

Mx NS .001 NS 
My NS .001 NS 
Mz NS .001 NS 

Table 1.  Summary of 3-way repeated measure 
ANOVA showing the main effects that were 
significant for at least one of the dependent 
variables of IEMG during the squat lift. 

Table 2.  Summary of 3-way repeated measure 
ANOVA showing the main effects that were 
significant for at least one of the dependent variables
of 3D moments during the squat lift (a) with the 
PLAD and (b) with the PLAD and zeroed moments. 

a 

b 



 THE PLAD REDUCES MUSCLE ACTIVITY OF THE POSTERIOR CHAIN WITHOUT  
A SUBSEQUENT CHANGE IN THE LUMBO-PELVIC ANGLE DURING A FREESTYLE LIFTING TASK  
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INTRODUCTION 
 
The lifetime prevalence of lower back pain is now close to 
90%, resulting in billions of dollars lost due to absenteeism, 
disability and medical expenses (Cassidy et al., 1998).  In the 
last decade, lifting belts were thought to be a solution for 
factory work both as a prevention tool and a rehabilitation 
strategy.  However, with conflicting and negative research 
findings, advocacy for the lifting belt has started to decline.  
For example, a growing number of studies now show that belts 
do not significantly change active stability of the lumbar 
spine, and they do not reduce joint compression forces at 
L4/L5, and extended wear may actually weaken the lumbar 
musculature (Ivancic et al., 2002).   
The PLAD (personal lift augmentation device) is a mechanical 
device designed to assist the musculature of the posterior 
chain (erector spinae, gluteus maximus, biceps femoris) during 
a lifting task, via band tension, thereby reducing the amount of 
work that the muscles are required to do (Abdoli-E et al. 
2006).  The purpose of this investigation was to examine the 
changes in muscle activity and the consequent lumbo-pelvic 
angle over a range of PLAD tensions while performing a 
symmetrical lifting task with a freestyle posture. 
 
METHODS 
 
Fifteen male subjects with no history of lower pack pain 
completed a total of 90 symmetrical lifts (15kg) using 6 
different PLAD tensions (~260, 210, 160, 110, 60, 0 N) with a 
freestyle lifting posture. Single differential surface electrodes 
were placed at 8 designated sites to detect muscle activity 
(latissimus dorsi, thoracic erector spinae (T9), lumbar erector 
spinae (L4), rectus abdominis, external oblique, gluteus 
maximus, biceps femoris, and rectus femoris).  Raw EMG 
data were normalized, filtered and ensemble averaged to allow 
for a trial-to-trial comparison, and the data were integrated to 
provide a representation of the total activity done during each 
lifting task.  Fastrak sensors were placed on 8 landmarks (L1, 
L4, ASIS, right thigh, sternum, hand, head, PLAD) to compare 
the kinematics between band tensions and lifting styles.  Mean 
integrated EMG (iEMG) and joint kinematics were 
statistically analyzed using a one way repeated measures 
ANOVA with Holm-Sidak comparisons. 
 
RESULTS AND DISCUSSION 
When adopting a freestyle lifting posture the highest PLAD 
tension prompted the most significant reductions in iEMG of  
 

the thoracic erector spinae (36.2%), lumbar erector spinae 
(37.3%) and biceps femoris (37.8%), however tension five 
elicited the most significance from gluteus maximus (26.1) 
(Table 1).    A comparison of the cumulative mean of all five 
PLAD conditions with the no PLAD condition demonstrated 
significant reductions for thoracic and lumbar erector spinae 
(23.0% and 25.5%, respectively) and near significance for 
gluteus maximus (18.2%) and biceps femoris (28.9%) (Table 
1).  Analysis of the lumbo-pelvic angle for the freestyle lifting 
posture revealed non-significant differences between tension 
one and all other tensions (T2: -1.5°;p=0.791, T3: 3.5°;p=0.51, 
T4: -0.6°;p=0.923, T5; 0.5°;p=0.934, T6: 4.0°;p=0.482) and 
between PLAD and no PLAD conditions (1.18°;p=0.776). 

 
SUMMARY 
 
Although the largest changes were observed when the PLAD 
provided the most assistance, significant reductions in 
integrated EMG were seen across all tensions without 
subsequent changes in the lumbo-pelvic angle (Figure 1).  
Significance was also established by comparing the 
cumulative mean of the PLAD trials to the no PLAD 
condition, suggesting that the PLAD offers a means of 
reducing the prevalence of lower back pain in industry, with 
any tension, by reducing the total muscular work required to 
perform successive lifting tasks.  However, such a contention 
needs further investigation. 
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Table 1. %iEMG Reduction from Tension 1/no PLAD condition.  PLAD condition is combined mean iEMG of tensions 2 - 6. (ES – Erector Spinae, T – Tension).   
Muscle T2 p-val. T3 p-val.  T4  p-val. T5 p-val.  T6  p-val.   PLAD p-val.  
Thor. ES  12.8 0.008  14.8  0.002   23.5  0.001 27.4 0.001  36.2 0.001   23.0  0.046  
Lumbar ES 10.3 0.001  23.6  0.000   27.6  0.001 28.9 0.001  37.3 0.001   25.5  0.001 
Glut. Max. 13.6 0.062  17.5  0.017   13.0  0.075 26.1 0.001  20.8 0.005   18.2  0.133  
Bicep. Fem.  17.8 0.055   25.9  0.006   29.0  0.002 34.2 0.001   37.8 0.001   28.9  0.066  
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Figure 1. Tension-iEMG/Lumbo-Pelvic Angle Relationship. 
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INTRODUCTION 
 
More than one-third of adults fall each year, with 3-5% of 
those falls resulting in a fracture. While about 50% of falls 
occur while walking, such as from a slip or trip, about 30% 
occur while turning (Patla et al, 1992). Very little is known 
about turning movements.  A fall while turning is more likely 
to result in a hip fracture than a fall from a slip or a trip 
(Cumming and Klineberg, 1994).  Hip fractures are more 
devastating than the wrist fractures that can result from a fall 
while walking, both in terms of recovery for the individual and 
in terms of cost for medical care. 
 
METHODS 
 
Ten young (25 ± 1.3 years) and 10 older adults (74.8 ± 5.3 
years) participated.  Subjects stood with one foot on each of 
two force platforms with feet hip-width apart. They were not 
allowed to move their feet during the turning task.  Targets 
(47.5 cm2) were placed at eye level 130° to the right and left 
from the front of the collection space.  A light was placed at 
eye level two meters from the subject.  Prior to each trial, 
subjects were instructed to turn at a self-selected pace to the 
right or to the left.  When the light was illuminated, they were 
to begin their turn, acquire the target, and return to face the 
front of the room All subjects performed twelve trials, with 
direction of turn randomized in advance.  A headpiece was 
fitted with a laser pointer that had to contact the target for the 
trial to count. Head, trunk and pelvis rotational range of 
motion (ROM), trunk flexion/extension and knee flexion were 
calculated for each trial from retroreflective markers placed on 
the subject. Center of pressure (COP) and center of mass 
(COM) range in the anterioposterior (AP) and mediolateral 
(ML) directions were also calculated.  Means and standard 
deviations were calculated for each group.  A one-way 
ANOVA was performed on the data. 
 
RESULTS AND DISCUSSION 
 
Range of Motion: 
For all left and right turns combined, the older adults averaged 
a total ROM of 137° to reach the targets, and the young adults  
138° (p = .60).  With respect to individual segment ranges of 
motion, older adults demonstrated less head rotation than 
young adults (66° vs. 75°, p = .0008) and more trunk rotation 
than young adults (18° vs. 14°, p = .018).  There were no 
differences between the groups in pelvis rotation (49° vs. 52°, 
p = .11) (See Figure 1a). Young adults demonstrated less trunk 
flexion/extension than older adults (4° vs. 7.7°, p = .0069) and 
less left (8° vs. 12°, p = .024) and right knee flexion (9° vs. 
13°, p = .002) than older adults (See Figure 1b). 
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INTRODUCTION 
 
In today’s demanding workplace, employees are often 
required to perform multiple tasks simultaneously. An 
increase in both mental and physical complexity may reduce 
performance and likely contributes to elevated muscle activity 
(Sporrong et al., 1995). From an ergonomic perspective, 
understanding how task complexity affects both performance 
and muscle activity could provide valuable information into 
the total amount of physical stress.  Bloemsaat et al. (2005) 
further suggested that increased muscular activity can lead to 
fatigue and thus eventually cause musculoskeletal problems.  
Furthermore, Visser et al. (2003) determined that the 
variability of the force contribution in the fingers increased 
during tasks of increasing complexity.   
 
The purpose of this study was to further evaluate how 
increases in task complexity contribute to muscle and force 
activity variability of selected forearm and shoulder 
musculature. Unintended (off-axis) forces were also examined 
to further evaluate the effects of task complexity. 
 
METHODS 
 
Sixteen healthy volunteers (8 males, 8 females) with a mean 
age of 25.1 years (SD±1.8) provided informed consent to 
participate in the study. All participants cleared specific 
screening requirements, including color vision and no history 
of shoulder, wrist pain or injury in the past year.  
 
Subjects performed a combination of four grip conditions, 
three shoulder loading conditions, and two levels of mental 
loading.  Each trial lasted for 10 s and participants received a 1 
minute rest between trials.  The 24 trials were repeated three 
times in randomization and 5 minutes rest was given at the end 
of each 24 trial group.  The four grip conditions included, no 
grip force, 30% grip with low and high precision, and 
maximal grip.  The three shoulder conditions included, a 90° 
abduction shoulder posture, where participants simply 
maintained the desired posture (SO), maintained a 40% force-
controlled shoulder moment (exerting force against a 
transducer) (SF) and finally, exerting a 40% posture-
controlled shoulder moment (controlling posture with an 
equivalent inertial load) (SP).  The two levels of mental 
loading consisted of, performing the tasks with or without the 
Stroop test. 
 
Eight muscles on the right upper extremity were monitored 
with surface EMG: trapezius pars descendens (TR), anterior 
deltoid (AD), middle deltoid (MD), posterior deltoid (PD), 
flexor digitorum superficialis (FDS), flexor carpi radialis 
(FCR), extensor digitorum communis (EDC) and extensor 
carpi ulnaris (ECU).  All EMG signals were analog linear 

enveloped at 3 Hz.  Once collected, LE EMG, grip force, as 
well as forces and moments, were A/D converted at 100 Hz.  
With data pooled across gender, repeated measures ANOVAs 
(SPSS 11.5, SPSS Inc., U.S.A.) were performed. 
 
RESULTS AND DISCUSSION 
 
The PD and MD muscles demonstrated significantly greater 
variability in muscle activity during the low precision grip task 
than the high precision grip task (p<0.05).  The MD muscle 
also showed the no Stroop condition to be significantly greater 
than the Stroop condition (p<0.05), while the PD muscle 
showed a similar trend (p=0.054).  The mental task failed to 
show significant effects for force variability.  FX and FY force 
variation showed a constant decrease with task complexity (no 
grip to low precision and then high precision).  Figure 1 shows 
the constant decrease in variation from low to high precision 
tasks for the PD and MD muscles.  
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Figure 1:  Muscle activity (SD) of the PD and MD muscles, during low and 
high precision tasks with each of the shoulder moments  
 
Examination of force and muscle activity variability suggests 
that differential patterns exist between simple and more 
complex tasks.  It appears that increased concentration during 
higher mental efforts result in lower variability. Perhaps 
increasing mental load results in a more constrained behavior 
as participants are confined to more specific parameters.  
Visser et al. (2003) suggested that optimal force levels may 
exist for tasks with high precision demands. However, 
whether a trade off for greater muscle activity is of benefit to 
potentially small performance increases requires further 
investigation. 
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INFLUENCE OF A COGNITIVE TASK ON THE ABILITY TO AVOID HIP IMPACT DURING SIDEWAYS FALLS 
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INTRODUCTION 
 

Falls are a major health problem among the elderly, 
accounting for over 90% of hip fractures (Grisso et al., 1991). 
Hip fracture risk increases 6-fold when falling sideways 
(Greenspan et al., 1994) and 30-fold when landing directly on 
the hip (Nevitt and Cummings, 1993). Recent studies have 
shown that young subjects can use specific “protective 
responses” to reduce impact severity during a fall, such as 
rotating the body during descent to avoid hip impact 
(Robinovitch et al., 2003). Given the time demands for 
initiating these responses, it is likely that their effectiveness is 
impaired by attention-demanding tasks (Lajoie et al., 1993; 
Sparrow et al., 2002; Tideiksaar, 1996). We describe results 
from falling experiments which tested this hypothesis.  
 

METHODS 
 

Nineteen young adult women (aged 18-30) participated in 
trials where they were released (via a tether and 
electromagnet) from a 20 degree sideways leaning position, 
causing them to fall to their right onto a gym mat. Subjects 
were instructed before each trial to “land as softly as possible” 
and “keep your knees extended during descent.” Furthermore, 
at the instant of tether release, a visual cue was displayed 
instructing the subject to rotate during descent either forward 
(to land on the hands and knees) or backward (to land on the 
buttocks). In “cognitive” trials, subjects were also required to 
recite spoken text that they listened to via headphones. We 
acquired the 3-D positions of skin surface markers at 120Hz. 
From these data, we calculated orientation and velocity of the 
pelvis at impact, the time during descent to initiate pelvis 
rotation, and the mean angular velocity of the pelvis during 
descent.  
 
RESULTS AND DISCUSSIONS 
 
We found that the site of impact on the pelvis (as reflected by 
the hip proximity angle) was closer to the lateral aspect of the 
hip in cognitive trials than in control trials (Table 1 and Figure 
1). This was due to a longer delay in the initiation of rotation, 
as opposed to a change in mean angular velocity. There was 
no difference in pelvis impact velocity between cognitive and 
control trials.  
 

Participants had smaller values of impact velocity in forward 
rotation than backward rotation trials. However, they were 
better able to rotate during descent in backward than forward 
rotation trials. 
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Figure 1. Axial rotation of the pelvis during descent for a 
typical subject in a forward rotation trial (FR) and a backward 
rotation trial (BR). Axial rotation at pelvis impact is equal to 
the hip proximity angle shown in Table 1.  
 

SUMMARY 
 

We found that a secondary attention task impaired some but 
not all fall protective responses: it reduced participant’s ability 
to rotate during descent to avoid impact to the hip, but had no 
effect on impact velocity. Future studies might explore 
whether incorporating a secondary attention task into fall 
prevention training programs might reduce the impairment 
seen in this study.   
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Table 1. Means and standard deviations for outcome parameters.  
 
 

Variable FR Control FR Cognitive BR Control BR Cognitive   
 

Hip Proximity Angle (deg)  51.1 ± 19.2 43.4 ± 18.0* 67.8 ± 17.5† 59.4 ± 18.1*† 
Time to Initiate Rotation (ms) 232 ± 72.1 293 ± 78.6* 239 ± 60.1 278 ± 87.0* 
Pelvis Impact Velocity (m/s) 2.70 ± 0.308 2.61 ± 0.320 2.90 ± 0.167† 2.84 ± 0.205† 
Mean Angular Velocity (m/s) 139 ± 27.5  129 ± 42.1  -137 ± 25.1  -138 ± 26.9  
Notes: FR = forward rotation; BR = backward rotation;* = different than control (p<0.05), † = different than FR (p<0.05) 
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INTRODUCTION 
  
Several tracking devices are commercially available to 
quantify rearfoot motion.  As with many electronic devices a 
significant increase in monetary investment accompanies 
improved accuracy and reliability.  The “gold standard” in 
motion analysis, the Vicon® has a relatively low mean error 
compared to other systems (Ehara et. al 1997) and is 
commonly used in kinematic studies.  The present study will 
evaluate a biaxial electrogoniometer against the Vicon system 
for measurements of rearfoot motions during running and 
walking. 

Table 1:  Line of best fit results (Least Squares Method) to the angle-angle plot of the calculated Vicon 460 and goniometer angles for both dorsi and plantar flexion and 
inversion and eversion motions. 

Rearfoot Motion Walking Jogging 
 Slope(n=5) R2 (n=5) RMSE (n=5) Slope(n=5) R2 (n=5) RMSE (n=5) 
Plantar/Dorsi Flexion 0.93 0.98 0.56 0.84 0.93 1.69 

Inversion/Eversion 0.76 0.86 0.78 0.77 0.70 2.05 

 

Figure 1 – Reflective marker placement 
along the electrogoniometer. 

 
METHODS 
 
A biaxial electrogoniometer (Model SG110 Biometrics Ltd, 
Gwent, UK) was modified by attachment of two flat bars 
(70mm x 15mm x 1mm) to the dorsal surface with epoxy 
resin.  Reflective markers (d=9.5mm) were attached to the 
proximal and distal portion of the modified goniometer 
endblocks to form two triads (Figure 1).  The goniometer 
apparatus was taped to the right rearfoot along the Achilles 

tendon.  Special care 
was taken to secure the 
device to the skin 
surface.  A portable data 
logger (DataLog, 
Biometrics Ltd, Gwent, 
UK) collected analog 
angle outputs from the 
goniometer and two 
digital switches.  One 
switch served as an 
event marker for heel 
contact, while the other 
was used to synchronize 
recordings from the two 
capture systems.  A six 

camera Vicon 460 (Vicon Peak, CA, USA) system was used 
to track the coordinates of the reflective markers in sync with 
the goniometer recording via a voltage trigger connected to the 
Vicon’s analog input. Both devices captured data at 100Hz.  A 
single subject performed a standing trial and five straight line 
walking and jogging trials.  Zero-base angles from the 
standing trial were calculated using a custom Matlab script.  
Trial data were normalized, and low pass filtered (4th Order 
Butterworth, Fc = 10Hz) before performing statistical 
analyses. 
 

 
RESULTS AND DISCUSSION 
 
A representative plot of the walking trials is presented below 
(Figure 2).  The electrogoniometer highly correlated  
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 Figure 2 – Dorsi and plantar flexion deviations from the 
neutral standing position calculated using point coordinates 
from a Vicon 460 and analog output from a 
electrogoniometer.

 
 
 
with the Vicon for angle measures during walking trials (Table 
1).  The correlation coefficient was greatest in the dorsiflexion 
and plantar flexion motions (R2 = 0.98, n=5).  At higher speeds 
of movement, the two systems correlate to a lesser degree, 
with the lowest R2 value in the inversion/eversion plane (Table 
1).  Root mean squared error (RMSE) between systems was 
significantly greater for measures of inversion and eversion of 
the rearfoot (ANOVA, F1,18=25.53, P<0.05) than it was for the 
measure of dorsi and plantar flexion. 

 
SUMMARY 
 
A larger sample size is required to obtain a more accurate 
representation of the testing range of motion at the rearfoot.  
This preliminary data helps to validate the use of similar 
electrogoniometers for capture of rearfoot motion in walking 
and jogging tasks especially in capture of plantar/dorsi flexion 
movement.  These devices have several advantages over 
optical systems, specifically in capturing motion outside of a 
calibrated workspace. 
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INTRODUCTION 

Before being deployed, all Canadian Forces (CF) members of 
the Land Force Command must achieve the Army Fitness 
Standard (AFS)1. Among the four tasks outlined in the AFS, the 
weight load march (WLM) that consists in marching a distance 
of 13km in full fighting gear and rucksack (for a total of 24.5 
kg) is the first one to complete. Carrying heavy loads over long 
distances can result in a high incidence of injury to the lower 
body2,3. Although several factors associated to the WLM in 
military populations have been studied, no studies have reported 
the levels of effort at the lower limbs. This study quantified the 
relative muscular demand (% of maximal strength) of three 
lower limb muscle groups during walking with and without the 
military equipment worn during the CF WLM.    

METHODS 
Thirty-five CF soldiers (8 women and 27 men), from different 
military occupations, were recruited at the Valcartier Garrison, 
Quebec. Their mean age and time in the CF were 34.4±7.4 and 
13.6±8.33 years, respectively. All participants had performed at 
least one WLM before being assessed. Five gait cycles were 
collected in each of the following conditions: normal walking 
(NW), fast walking (FW), normal WLM (NWLM) and fast 
WLM (FWLM). The NWLM was the pace spontaneously 
adopted by the soldiers when they performed the 13km-walk 
whereas the FWLM was the pace they estimated appropriate, if 
they would have to catch up with the group.  
The Muscular Utilization Ratio (MUR)4, that compares the net 
joint moment obtained during gait (numerator) to the maximal 
potential moment (denominator) at each percentage of the gait 
cycle, was used to estimate the mechanical relative demand. A 
biomechanical analysis of gait allowed the calculation of the 
numerator, whereas the denominator values were obtained by 
regression equations developed from the torque data measured 
with a Biodex dynamometric system. The MUR values were 
computed for the plantarflexors (PF), hip flexors (HF) and hip 
extensor (HE) muscles during their concentric action, 
conventionally named A2 for the PF, H3 for the HF and H1 for 
the HE. The main dependant variable was the peak MUR and 
values were compared between the four conditions using 
repeated ANOVAs and t-tests with a p-value adjusted for the 
number of comparisons.  

RESULTS AND DISCUSSION  

For a given muscle group, the differences in the peak MUR 
between the four conditions were all significant except for the 
peak HF MUR between the FW and NWLM (Fig.1). The 
walking speeds and cadences (not reported) were statistically 
different between conditions (p < 0.008) except between FW 
and FWLM. This suggests that the significant changes (mean 
values PF=14.7%, HF=16.4%, HE=12.2%) observed in the peak 
MUR between these two conditions might be directly associated 

to the loading factor. Using the natural pace they would have 
adopted to perform the field WLM, the peak MURs ranged from 
30 to 122%. This clearly indicates that some soldiers have 
reached their maximal strength capabilities during this task, 
especially when considering the between-subjects variability. 
Future analyses will need to identify if other factors such as 
gender, maximal strength and military occupations can explain 
these findings. Another interesting result of this study is that, in 
contrast to the PF that showed higher peak MUR values for the 
NWLM than the FW condition, those of the HE muscles were 
more affected by the gait speed change than the loading.  
Finally, it should be emphasised that levels of effort computed 
at NW were very similar to those reported in a previous study 
(PF: 53% vs. 60%; HF: 40% vs. 43% and HE: 37% vs. 38%) in 
healthy subjects walking at similar speed5. 

SUMMARY 

WLM performed according to the CF AFS requires high levels 
of effort, particularly when soldiers have to increase their 
walking speed. Some of them have to produce net joint walking 
moments that are close to their maximum strength, which put 
them at a higher risk of injury. Further analyses will aim to 
determine the relationship between the laboratory, and clinical 
data and the performance recorded in the field. This should 
allow a better understanding of the muscular demands required 
during the CF WLM and identify tailored prevention strategies.   
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INTRODUCTION 
Adequate reflex responses of the lumbar muscles are important 
in maintaining appropriate spinal stability. A sudden loading 
paradigm has been used (Krajcarski et al., 1999) as a non-
invasive and indirect method of measuring the reflex 
responses. Three measures, all associated to lumbar stability, 
may be obtained from this method: 1) reflex latency; 2) reflex 
amplitude; and 3) amplitude of the forward displacement of 
the trunk. The purpose of this study was to estimate the 
reliability of these measures and to identify the main sources 
of variability in order to estimate the most appropriate 
measurement strategies to improve reliability. 
 
METHODS 
Sixteen healthy male participants were subjected to a sudden 
loading perturbation [adapted from Krajcarski et al., (1999)]. 
Reflexes were elicited in response to an anteriorly directed 
perturbation applied at the T8 level of the trunk, corresponding 
to 35% of the trunk mass. Five trials each of a pre-load, 
equivalent to 15% of the trunk mass (PRE15), and a no 
preload (NP) condition were performed on two separate 
occasions within the same day to determine the intra-day 
reliability and then on a different day to determine the inter-
day reliability. Electromyographic (EMG) signals were 
recorded bilaterally from 3 back muscles (LONG-L1, ILIO-
L3, MULT-L5) and were used to determine the reflex latency 
and amplitude. EMG signals from 2 abdominal muscles were 
given as feedback to reduce co-contraction before the release 
of the load. Trunk angular displacement, velocity and 
acceleration were measured via a cable that was attached to a 
potentiometer. Reflex latency was calculated as the time delay 
from the perturbation onset to the EMG onset. The EMG onset 
was determined automatically for each muscle using a 
threshold of 2 times the standard deviation of the signal at rest 
(Hodges & Bui, 1996). The amplitude was calculated as the 
ratio of the filtered EMG signal (1st peak) after the sudden load 
to the EMG signal during the rest period prior to the loading. 
For all variables, the different sources of variance (Subject,  
Day, Session, Trial, all interactions) and the reliability indices 
(intraclass correlation [ICC], standard error of measurement 
[SEM]) for different measurement strategies were calculated 
using the generalizability theory (Shavelson & Webb, 1991).       
  
RESULTS AND DISCUSSION 
In all muscles, for the reflex latency and amplitude, the 
variance attributed to Day, Session and Trial was <5%, 
showing the presence of negligible systematic errors. The 
largest source of variance was attributed to the Subject x Day 
x Session x Trial , depending on the measure.  The reliability 
of the variables was poor to moderate in most cases, thus 
measurement strategies must be used to improve it. Averaging 

the scores across homologous muscles and several trials is a 
practical way to achieve more acceptable reliability (Table 1). 
A preload was applied to standardize preactivation of the 
lumbar muscles. Surprisingly, results showed that this was not 
as reliable as when no preload was applied.  
  
Table 1: Reliability results corresponding to the averaging of 
homologous muscles and 10 trials in the same day. 

NP PRE15  
ICC SEM* SEM 

(%) ICC SEM* SEM 
(%) 

Latency   
LONG-L1 0.89 5.0 5.6 0.61 11 13.6 

ILIO-L3 0.63 7.7 9.1 0.15 8.4 11.2 
MULT-L5 0.65 5.1 6.8 0.58 10 13.6 

Amplitude 
LONG-L1 0.49 1.9 32 0.40 2.6 37 

ILIO-L3 0.59 1.8 33 0.59 2.1 37 
MULT-L5 0.52 1.8 32 0.58 2.7 41 

*SEM (units): latency (ms), amplitude (%) 
 
Knowing that the muscle elongation elicits the stretch reflex, 
the kinematics of trunk displacement must be reliable to allow 
reliable reflex responses. ICC values for 10 trials were (NP, 
PRE15): trunk angular displacement (0.59, 0.43); average 
angular velocity (0.47, 0.28); maximal angular velocity (0.47, 
0.37); and maximal angular acceleration (0.46, 0.20). SEM% 
values were: trunk angular displacement (18%, 20%); average 
angular velocity (15%, 11%); maximal angular velocity (15%, 
10%); and maximal angular acceleration (19%, 28%). The low 
ICC values are expected since the inter-subject variability was 
reduced by adjusting the load as a function of trunk inertial 
properties. Thus, the index of most interest is the SEM%. 
 
SUMMARY 
In summary, the stretch reflex response of back muscles is 
inherently variable using this sudden load protocol. This might 
be attributable to the difficulty to standardize the back muscle 
elongation (amplitude, velocity) across subjects, days, and 
trials. However, averaging the scores across homologous 
muscles and many trials was an efficient measurement strategy 
to achieve acceptable reliability results for some muscles. 
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No PLAD PLAD No PLAD PLAD No PLAD PLAD No PLAD PLAD No PLAD PLAD
Pre 1 1 1 1 1 1 1 1
Post 1.87 (0.92) 1.38 (1.10) 0.97 (0.18) 0.998 (0.12) 1.74 (0.44) 1.35 (0.46) 0.87 (0.05) 0.97 (0.17) 39.47 (16.8) 47.21 (21.2)
% (+,-) 87.14% 38.59% -2.04% -0.20% 74.99% 35.04% -12.60% -3.18% -57.99% -49.74%

Table 1.0 Normalized relative means (+/- SD) for RMS amplitude, Median frequency, and Endurance times across sessions

Thoracic EMG Lumbar EMG
RMS MDF RMS MDF

Endurance
Time (s)

93.95 (17.2)
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INTRODUCTION 
 
Recently, Abdoli-E M et al. (2006) identified the beneficial 
attributes of a personal lift augmentation device (PLAD) 
through quantifying reductions in low back EMG activity over 
single lifting tasks.  However, while the PLAD seems 
beneficial for single lift purposes, the effect of the device at 
reducing fatigue over long term, repetitive lifting scenarios is 
unknown. Therefore, the purpose of this study was to test the 
efficacy of the PLAD device at reducing the magnitude of 
fatigue in the low back musculature throughout a repetitive 
lifting task. 
 
METHODS 
 
To date, data has been processed for 8 of 15 male subjects.    
In order to test the efficacy of the PLAD device, subjects were 
tested over the course of 3 separate sessions using a 
methodology similar to Potvin and Norman (1993).   
 
Session 1 
  
Subjects were required to exert 3 maximum isometric trunk 
extensions in a custom apparatus.  While standing, subjects 
maximally extended against a harness placed around the trunk, 
under the subject’s arms.  This harness was connected in series 
to a load cell and to a rigid structure.  Each subject’s pelvis 
was aligned with an adjustable support.   The height of the 
restraints and the horizontal length of the harness were 
adjusted to subject‘s upright standing posture.  The height and 
depth of each restraint was recorded so that the configuration 
could be maintained for each subject over the 3 sessions.  
Once placed in the apparatus, subjects were required to 
attempt 3 maximal isometric trunk extensions (MVCs).  
Following a 15 minute rest, subjects then performed an 
endurance test.  For the endurance test, subjects were placed in 
the test apparatus and required to maintain a 50% MVC trunk 
extension until exhaustion.  Contraction intensity (as recorded 
from the load cell), relative to the set target (50% MVC) was 
provided to the subject in real time.   
 
Sessions 2 & 3 
 
Sessions 2 and 3 used the same methodology, however one 
session required subjects to wear the PLAD device; the order 
was randomized.   For each session, subjects were required to 
perform ten, 5-minute series of repetitive lifts (floor to 
knuckle height) at a rate of 12 lift/lowers per minute. The load 

lifted by each subject was scaled to 20% of the MVC extensor 
force from Session 1.  Bi-polar EMG electrodes were placed at 
both the right thoracic, and lumbar erector spinae muscles of 
the trunk, (and several other muscles – data not presented 
here).  EMG signals were differentially amplified (1K – 5K), 
digitally converted (12-bit) at a sample rate of 1024 Hz and 
stored for post processing. EMG data were recorded 
continuously throughout the entire session. 
  
Prior to and immediately following each lift series, subjects 
were placed in the extension apparatus and instructed to 
perform three, 5-second reference contractions at 50% MVC.  
Following the final series of reference contractions, subjects 
were required to perform the same endurance test as 
performed in session 1.  From these methods, the efficacy of 
the PLAD device at reducing low back fatigue was quantified 
by contrasting the following variables across sessions: relative 
normalized increase in RMS EMG amplitude (LES and TES) 
observed during the reference contractions; relative 
normalized change in EMG median power frequency (LES 
and TES) over the course of the reference contractions; and 
absolute decrease in endurance time (compared to session 1).  
 
RESULTS AND DISCUSSION 
 
Preliminary results from the 8 subjects are listed in Table 1 in 
the form of means.  Comparing No-PLAD/PLAD conditions, 
it is apparent that when using the PLAD, subjects had greater 
endurance test times following the lifting sessions; (47.22 ± 
21.2s, 39.47±16.8s, respectively), a smaller increase in 
normalized RMS amplitude for both EMG channels, and a 
smaller decrease in normalized lumbar EMG median power 
frequency.   
 
SUMMARY 
 
Although limited, the preliminary analysis of these 
physiological indicators suggests that the PLAD device is 
capable of reducing fatigue in the low back musculature 
during a repetitive lifting task.  Once completed, this study 
should provide insight regarding the beneficial use of the 
PLAD device for both healthy and clinical populations. 
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INTRODUCTION 
The inability to rise from a chair is recognised as a disabling 
condition. This task can be difficult to accomplish for 
individuals with hemiparesis following a stroke1. During this 
task, hemiparetic persons place more weight on the unaffected 
lower limb than on the affected one2,3. They also show trunk 
movements towards the unaffected side with corresponding 
displacements of the body center of gravity4. This study 
examined the relationship between the trunk movements in the 
frontal plane and the weight-bearing asymmetry during sit-to-
stand (STS) task in healthy and hemiparetic subjects.  

METHODS  
Seventeen hemiparetic subjects (HS: 49.7 ± 11.3 years) and 15 
healthy controls (HC: 56.1 ± 10.9 years), able to stand up 
independently from a standard chair without using their upper 
limbs, participated in the study. The HS were 6 months to 6 
years post-stroke and 12 presented a left-sided hemiparesis. 
They had a mean natural walking speed of 0.84 ± 0.26 m/s. 
Subjects were required to stand up at natural speed from an 
instrumented chair adjusted to individual’s knee height using 
three different feet positions: spontaneous (SP), symmetric (S) 
and asymmetric with the affected foot placed behind the 
unaffected foot (AS-A) for the HS or with the dominant foot 
placed behind the non-dominant foot (AS-D) for the HC. The 
ground reaction forces under each foot were measured by two 
force plates embedded in the floor. Kinematic data of the trunk 
and lower limbs were recorded with an Optotrak system and 
infrared markers. The main dependant variable was the 
weight-bearing asymmetry (WBASYM) estimated with the 
vertical reaction forces (VRF) between sides [VRF non 
dominant side (or affected side) / VRF dominant side (or 
unaffected side)]. From the 3D marker coordinates, two trunk 
movements were calculated: absolute translation, estimated by 
the lateral displacements of the neck joint center, and side 
flexion corresponding to the angle between the trunk 
longitudinal axis projected in the subject frontal plane and the 
vertical axis. These parameters were analysed at seat-off (no 
chair contact) for two trials executed for each foot condition. 
Pearson correlation coefficients (r) were used to assess the 
relationship between the WBASYM and the trunk movements.  

RESULTS AND DISCUSSION  
For the HS at the seat-off, the WBASYM was modified by the 
feet positions. The mean values ranged from 0.67 to 0.87 with 
less asymmetry observed with asymmetrical feet placement 
(AS-A). In contrast, HC showed asymmetrical WB in the 
asymmetrical feet condition (0.74±0.22) whereas they 
spontaneously performed symmetrically (1.0±0.12). For this 
group, no differences were observed in the WBASYM between 
the SP and S feet conditions. Regarding the mean (SD) trunk 
movements, the absolute translation and side flexion were 
6.1cm (3.7) and 12.1° (6.1), 5.6cm (4.1) and 11.0° (6.5) and 

2.6cm (3.9) and 6.2° (5.8) for the SP, S and AS-A conditions, 
respectively. The corresponding values for the HC were 1.7cm 
(2.6) and 2.4° (2.7), 2.2cm (1.8) and 3.2° (2.7) and 5.0cm (2.5) 
and 8.2° (3.7). Thus, in both groups, regardless of the feet 
position, the most important trunk movements were observed 
in feet conditions having the most important WBASYM. For 
both groups, the association between the WBASYM and the 
absolute trunk translation was good whereas it was less for 
side flexion angle in the HS (Fig.1). Moreover, the results 
showed that the trunk parameters were interrelated (HS: 
r=0.60; HC: r=0.83; not presented). This was expected since 
the displacement of the neck joint center might be affected by 
both lateral displacement and inclination of the trunk.  

Fig.1: Scatter plots showing the association between the WBASYM and 
the trunk movements in both groups. Each symbol refers to a 
specific feet condition.   

SUMMARY 
This study showed that WBASYM might be partly determined 
by the trunk movements in the frontal plane in HS. 
Interestingly, the asymmetrical limb-loading of the HC, 
created by altering the feet position, was also associated with 
increase trunk movements. This suggests that in rehabilitation, 
clinicians might be able to infer on the WBASYM by the 
observation of the trunk movements, particularly if they look 
at the absolute translation of the trunk. However, other 
analyses are required to further precise this association.  
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FACTORS AFFECTING MUSCLE LOADING AT THE SHOULDER 
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INTRODUCTION 
 
Work-related musculoskeletal disorders (WMSD) of the upper 
extremity currently rank second in Ontario in workplace injury 
claims (WSIB, 2004). Although external risk factors 
associated with shoulder WMSDs have been identified, their 
relationships to internal loading and the mechanisms of injury 
are not completely understood.  Shoulder muscle activity is 
affected by several factors including shoulder posture, mental 
loading, handgrip force and dynamic versus static exertions 
(MacDonell & Keir, 2005; Au, 2005; Laursen et al., 1998).  
Evaluation of risk exposure, without incorporating many of 
these factors likely results in an underestimation of internal 
muscular loads.  Thus, the purpose of this study was to 
examine the effects of hand force, static and slow dynamic 
exertions on shoulder muscle activity.  
 
METHODS 
 
Eight males and eight females were recruited from the 
university community to participate in this study.  Surface 
EMG was recorded from the following eight muscles: anterior 
deltoid, middle deltoid, posterior deltoid, pectoralis major, 
infraspinatus, latissimus dorsi, biceps brachii and trapezius.  
The recording sites were prepared by shaving (if necessary) 
and lightly scrubbing the skin with isopropyl alcohol.  
Participants completed two protocols, one consisting of static 
exertions and the other consisting of slow dynamic shoulder 
exertions. 
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The static protocol required participants to maintain shoulder 
positions for 3s in a set of postures under three hand 
conditions: no load, holding a 0.454 kg load and exerting a 
force of 40 ± 1.2 N on a grip dynamometer (MIE Medical 
Research Ltd., Leeds, UK).  The static shoulder postures 
included a combination of five elevation angles (0, 30, 60, 90 
and 120°, with 0° being the arm at the side of the body) and 
three flexion/abduction planes (0° or pure flexion, 45° and 90° 
or pure abduction) for a total of 15 postures and 45 conditions 
overall.  Each condition was repeated three times in a 
randomized block design for a total of 135 trials.  The second 
protocol involved participants performing slow dynamic 
exertions through the complete range of elevation angles in 
each of the three flexion/abduction planes.  For each trial, 
participants moved through the range of elevation angles 
(starting at 0°, moving to 120° and finishing back at 0°) a total 
of three times.  Each of the three repetitions lasted 6s, for a 
total trial time of 18s. This ensured that shoulder movements 
were preformed in a slow and constant pace within trials and 
between participants.  Dynamic exertions were also completed 
with each of the three hand conditions for a total of nine trials.  
Shoulder posture during dynamic trials was determined using 
FASTRAK® (Polhemus Ltd., Colchester, VT, USA) with one 

sensor attached to the lateral aspect of the distal humerus and 
another sensor attached to the spine, at the level of C7.  
Posture data was synchronized with shoulder muscle activity 
to allow for angle EMG comparisons. 
 
RESULTS AND DISCUSSION 
 
As expected, preliminary data indicated increased muscle 
activity from the static to dynamic trials for all muscles in all 
conditions for a particular posture.  However, the relative 
increase in EMG for an individual muscle was dependent on 
the plane of motion and of the type of hand load.  These 
findings agree with previous research, which has reported 
increases in shoulder EMG during movement.  This may be 
partially explained by the need for increased co-contraction at 
the shoulder to stabilize the joint.  Figure 1 illustrates the 
increased anterior deltoid activity associated with dynamic 
exertions in the flexion plane (0°) for each hand loading 
condition.  For a given angle, it can be seen that exerting a 
grip force in combination with dynamic exertions produced 
the largest muscle activity.  At this early stage, it is unclear 
whether increases in EMG are of a set magnitude or 
interaction between factors. These data provide a greater 
insight into the muscular response and loading at the shoulder 
joint under dynamic conditions with additional tasks. 

Figure 1: Mean anterior deltoid activity for static and dynamic 
trials for the three hand load conditions in the 0° abduction plane 
(shoulder flexion). 
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INTRODUCTION  
Muscle synchrony and coordinated activation of all trunk 
muscles in response to changing dynamic loading is 
considered important to spinal stabilization (McGill, 2002).  
Few studies have examined the dynamic responses of the 
trunk musculature to dynamic loading and most rely on 
discrete electromyographic (EMG) measures at one instant in 
time. Pattern recognition techniques allow for simultaneous 
examination of the amplitude and shape characteristics of the 
EMG waveform and have been successfully used to 
differentiate asymptomatic controls from those with low back 
pain (Hubley-Kozey and Vezina, 2002).  That study was 
limited to a few selected muscle sites.  The present study was 
designed to provide a comprehensive assessment of the 
responses of the major muscles of asymptomatic individuals to 
asymmetric perturbations. This template could then be used 
for evaluating individuals with spinal dysfunction and pain. 
The focus of this study was the responses of the abdominal 
musculature to an asymmetrical leg-loading task. It was 
hypothesized that there would be i) amplitude differences 
between the contralateral and ipsilateral muscle sites to the 
single-leg loading task, ii) no differences in the shape of the 
EMG patterns between sides and iii) no difference in shape 
and amplitude among abdominal muscles within each side for 
asymptomatic controls. It was thought that these patterns 
would be altered in the presence of low back pain (LBP).  
METHODS 
Nineteen healthy persons with no history of LBP and 4 
subjects with chronic LBP performed an asymmetric leg-
loading task in supine lying (Clarke-Davidson and Hubley-
Kozey, 2005). This task is used in therapeutic programs for 
low back pain to recruit abdominals in response to dynamic 
loading demands, and the goal is to maintain a stable spine 
and pelvis during the task. A magnetic sensor was fixed on the 
iliac crest to monitor pelvic motion in three dimensions. 
Surface electromyograms were collected from 12 abdominal 
muscle sites. These sites included bilateral upper and lower 
rectus abdominus, anterior, lateral and posterior external 
oblique and internal oblique.  The EMG signals were 
amplified (AMTI-8, Bortec, Canada) and digitized at 1000 Hz 
using LabviewTM and processed using MatlabTM software.  
The raw signals were full-wave rectified, low pass filtered at 6 
Hz, time normalized to the total movement and amplitude 
normalized to maximal voluntary isometric contractions 
(MVIC). The EMG ensemble average waveforms were 
entered into a principal component analysis (PCA) model. The 
PCA scores were derived and used in an analysis of variance 
model to determine if there were significant differences in 
shape and amplitude of the waveforms among muscles and 
between sides. All significant effects (p<0.05) were tested 
using a Bonferonni post hoc test. Qualitative comparisons of 
the temporal muscle patterns between chronic LBP subjects 
and asymptomatic controls were performed. 

 
RESULTS AND DISCUSSION 
Ten males and nine females with a mean age of 30± 8 years, 
mean BMI 24± 4 participated in the healthy group. Four 
females classified as chronic LBP sufferers with a mean age of 
28± 7 years, mean BMI 23± 2 were also involved in the study. 
The PCA model demonstrated that 5 patterns explained 90% 
of the variance for the control subjects. The analysis showed 
that there were significant differences (p<0.05) between sides 
and muscles for 3 principal patterns for the controls. In general 
the variability among muscles was more evident for the 
chronic LBP subjects compared to the controls (see Figure 1).  
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Figure 1: Ensemble average profiles for all 12 muscle sites 
for blue- asymptomatic and red- low back pain groups. 
SUMMARY 
These results show that the ipsilateral amplitude was greater 
and that the patterns were similar in shape for the controls for 
bilateral muscle sites.  The differences among muscles clearly 
identified the distinct roles of the rectus abdominis compared 
to the external oblique sites for this task. The patterns within 
the LBP group were highly variable and illustrate the need for 
more specific diagnosis of neuromuscular impairments. The 
goal is to determine whether these neuromuscular alterations 
would differ among muscles depending on the location of the 
pain and the structure damaged between different individuals. 
In conclusion,   hypotheses 1 was supported by the analyses 
but 2 and 3 were not.  
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INTRODUCTION 
Women's exposure to manual materials handling jobs has been 
steadily increasing, while work requirements are rarely 
adjusted for sex.  Often times, men have higher loads acting 
on their spines when lifting, but women have lower load 
tolerances.  Marras et al. (2002) reported women working at 
levels closer to their expected tolerances. In addition, when 
data were normalized to body mass, the differences between 
genders were still apparent suggesting that the differences in 
loading between males and females were not a consequence of 
body size.   This manifests itself in women reporting serious 
cases of LBP more often than men and the duration of 
treatment is significantly higher for women. (Alcouffe et al., 
1999).   
 
If the industrial loads cannot be reduced, can the backs of 
women be protected by an ergonomic aid? The purpose of this 
study was to determine if wearing an on-body dynamic 
ergonomic lifting aid would assist women in common lifting 
tasks found in industry.  This on-body device called PLAD is 
attached at the shoulder and knees by elastic bands that ran to 
a 15 cm moment arm at L4/L5 and hips (Abdoli et al., 2006).  
 
METHODS 
Nine women with no history of back pain volunteered for the 
study.  For both PLAD/No PLAD conditions, participants 
executed in a random order lifts of 5 kg, 10 kg and 15 kg from 
floor to waist height under freestyle, stoop and squat postures.  
Fastrak® 3D sensors placed at the centres of gravity of the 
hands, forearms, arms, thighs, head, and on C7, L1 and L5. 
Surface electrodes were placed over the erector spinae at T9 
(TES) and L4 (LES) and on external obliques (EO) and rectus 
abdominus (RA). Three data acquisitions systems were 
synchronized by a switch on a box.  Three Fastraks® collected 
data at 30Hz on one computer with electromyographic (EMG) 
data collected simultaneously on a slave computer at 1000 Hz 
along with six strap force sensors using a A-Tech amplifier.  
 
To calculate lumbar moments, Fastrak® data were filtered at 6 
Hz with a 2nd order Butterworth filter before calculating  the 
inputs necessary for a fully dynamic moments at L4/L5 based 
on a validated global moment expression (Hof, 1992; 
Plamondon et al., 1996). A lifting cycle was defined from the 
start of motion in standing, to box lift off and return to erect 
standing. Flexion/extension moments were normalized to 
100% lift cycle for visual comparison and as integrated 
moments for statistical comparisons. EMG data were rectified, 
noise removed and low pass filtered using a 2nd order 
Butterworth filter at a 2.7 Hz cut-off.  Then the signals were 
normalized to maximal contraction and 100% of lifting cycle 
and plotted as mean ensemble averages. Three-way analyses 
of variance of repeated measures were used to find the effects 
of independent variables on the dependant variables.  

 
RESULTS AND DISCUSSION 
Regardless of the condition, L4/L5 moments increased 
steadily as the subject bent to reach the load and then 
increased more dramatically during lift off thus ending with at 
a higher moment during standing posture (Figure 1). The 
PLAD reduced the lumbar moments from 15% to 25% overall, 
resulting in a significant difference between PLAD/no PLAD 
conditions for all loads (p=0.05) but not for lifting styles.   

 
The EMG followed a similar pattern of decreased erector 
spinae muscular activity during both the lowering and lifting 
phases (Figure 2). Integrated (iEMG) amplitudes of the LES 
and TES were reduced by an average of 17% and 23% 
respectively across all PLAD conditions. Similar to moments, 
there were significant differences in LES and TES by PLAD 
(p=0.001) and load (p=0.05) but not by lifting style. There 
were no significances in any variables in EO and RA muscles 
indicating that these muscles were not affected by the PLAD. 
Implications of these findings for women will be discussed. 
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Figure 1. L4/L5 Moment for 10 kg for FreestyleFigure 1. L4/L5 Moment for 10 kg for Freestyle

 

 

Figure 2.  LES at Medium Load (10 kg) FreestyleFigure 2.  LES at Medium Load (10 kg) Freestyle



THE EFFECT OF WRIST POSTURE ON MUSCLE FATIGUE DURING A REPETITIVE PINICHING TASK 
 

William P Trougakos and Anne Moore 

School of Kinesiology and Health Science York University, Toronto, ON, wtrougak@yorku.ca 
 
INTRODUCTION  
 
The use of a pinch grip is common in industries featuring 
repetitive manual work and has been shown to have a link 
with work related muscloskeletal disorders (WRMSD) 
(Silverstein et al, 1987). Other risk factors for WRMSD 
include high force, high repetition and awkward posture with 
potentially multiplicative interaction effects. It has also been 
suggested that prolonged fatigue without sufficient rest can 
lead to musculoskeletal disorders (Sjøgaard and Jensen, 1997). 
While studies have noted the effect of high force on muscle 
fatigue, less is known about the effect of low level repetitive 
contractions and little is known about the effect of posture on 
fatigue. The purpose of this experiment was to determine the 
effects of wrist posture on muscle fatigue during a low level, 
repetitive pinching task.  
 
METHODS 
 
Four male subjects performed a chuck pinch (thumb opposing 
index and middle digits) grip task on two non-consecutive 
days. They pinched with their right hand in a pronated forearm 
posture,  while sitting upright with knees and right elbow at 90 
degrees and right shoulder abduction held as close to 0 
degrees as possible. Day one consisted of 10 maximal 
voluntary contractions (MVC), 2 MVC’s completed for each 
wrist posture of 50° and 25° flexion, 50° and 25° extension 
and 0° (neutral). The highest score of the two was taken to 
represent the peak pinch strength for that wrist posture. On 
day two subjects were required to perform 5 repetitive 
pinching trials, one for each wrist posture, at loads of 25% +/-
5% MVC based on visual feedback. Each trial consisted of 10 
seconds of pinching and 2 seconds of rest repeated for 4 
minutes with 10 minutes of rest between trials. The order of 
wrist postures was randomized for each subject on both days.  
    
Raw surface electromyography (EMG) was recorded from the 
flexor digitorum superficialis (FDS), flexor carpi radialis 
(FCR), extensor carpi radialis (ECR), first dorsal interosseus 
(FDI), abductor pollicis brevis (APB) and flexor pollicis 
brevis (FPB) muscles of the right arm using a commercial 
system (AMT-8, Bortec Biomedical, Canada). Force was 
collected using a pinch grip analyser (MIE, UK). All signals 
were A/D converted at 1024 Hz. RMS and MPF from the 
EMG and mean force were calculated over the first 10 second 
cycle and the twentieth 10 second cycle within a trial. A wrist 
posture (5) x cycle (2) repeated measures ANOVA and 
contrasts using a Modified Bonferroni correction procedure 
were utilized. 
 
RESULTS AND DISCUSSION 
 
Results show that there was a significant decrease in mean 
force at neutral (p=.003) and 25° extension (p=.05) and a trend 

at 25° flexion (p=.07) from the 1st to the 20th cycle (Figure 1). 
Also there was approximately a 2 percent significant decrease 
in % MVC at the 20th cycle compared to the 1st cycle across 
wrist postures (p=.0001). Although most MPF muscle/trial 
combinations showed a drop over the 20 cycles, only three 
were significant (FDS at 25°F and 50°E and FPB at Neutral).  
 
These results suggest that there may be a protective 
mechanism when pinching at a more awkward posture that 
limits the activation used. Subjects may not pinch both with as 
much maximum force and as much target force in these 
postures not only due to muscle length changes but also due to 
potential or perceived discomfort. This discomfort may reduce 
activation, limiting any fatigue effects. These EMG and force 
data results suggest there are signs that there is fatigue 
occurring at the more neutral postures.  
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Figure 1: Force (% MVC) over wrist posture (mean across 
subjects); 0° (neutral), E25 (25° extension), F25 (25° flexion), 
E50 (50° extension) and F50 (50° flexion) at the 1st (―) and 
20th (---) cycles.    
 
SUMMARY 
 
In conclusion the discomfort caused by awkward postures may 
limit muscle fatigue due to either reduced force and/or reduced 
activation. Future research is necessary to examine the 
combined effects of different wrist and forearm postures as 
well as the role of absolute versus relative force levels.  
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INTRODUCTION 
Despite many studies on the etiology of Adolescent Idiopathic 
Scoliosis (AIS), its cause still remains elusive. Discrepancies 
amongst reports exist on the effects of exercise on stabilization 
of the scoliosis progression.  In an intensive recent review, 
however, Hawes (2003) stated that previous studies were 
mostly based on the reinforcement of flexibility, muscle 
strength, endurance and/or cardiovascular and respiratory 
systems.  None of the sighted studies in that review used the 
proprioception reinforcement based exercises during the early 
stages of scoliosis. It has documented that Adolescent 
Idiopathic Scoliosis (AIS) is associated with the balance 
dysfunction (Farahpour et al., 2004; Yamamoto et al., 1992). 
The objectives of this study were to evaluate the dynamic 
balance performance of AIS patients with mild curvature and 
to examine the effects of a proprioception reinforcement 
training program on the related Cobb angle.  
 
METHODS 
Twenty girls with AIS disease were selected. Their mean 
height, weight and Cobb angle were 157.1 ±5.2 cm, 42.8 
±5.9 kg and 12.6 2.2º, respectively. Twenty-one matched 
healthy volunteers served as a control group. Using a dynamic 
stability platform (BIODEX) the deviation of postural 
orientation, so called postural deviation (PD) from vertical line 
in anteroposterior (AP) and mediolateral (ML) directions and 
total were measured in different upright standing conditions 
for both groups. The first four test conditions were performed 
with eyes opened on both a stable platform (I) and unstable 
platform (II), and then with the head extended on a stable 
platform (III) and unstable platform (IV).  
 
The tests number IV to VIII used the same conditions but with 
the eyes closed. Patients underwent four months balance 
training with special reference to proprioceptive 
reinforcements. The measurements were repeated after the 
exercise therapy. Repeated Measure ANOVA (with α=0.05) 
was used for statistical analysis. 
 
RESULTS 
PD of normal subjects on test I were 1.35±0.29, 1.15±0.24 and 
0.89±0.20 deg for total, AP and ML directions, respectively. 
These values increased significantly to 5.39±1.96, 4.58±1.31 
and 3.42±1.19 for test VII and 11.41±2.79, 9.29±2.15 and 

6.63±2.06 for test VIII. Between the scoliosis and control 
groups only the ratio of PD for unstable / stable platform was 
significantly different (p<0.05). This greater ratio in people 
with scoliosis implies that a relative deficit of balance 
performance with more difficult tasks exists. After treatment, 
this ratio was significantly reduced to the normal range (table 
1). In AIS patients, after exercise training, the Cobb angle was 
reduced significantly in 60% of the subjects (between 1 to 11 
degrees) and unchanged in 40%; (p= 0.008) (Fig. 1). 
 

Table 1:  PD in test I before and after the treatment 
Before 1.78±0.40 1.41±0.41 1.14±0.48  Ankle 

strategy After  1.21±0.40 1.09±0.41 0.87±0.25 
Before 2.95±1.93 2.47±1.63 1.72±1.10 

Hip strategy After  1.76±0.52 1.48±0.48 1.15±0.32 
Fig. 1:  Changes in the Cobb angles after the 

properioception reinforcement based exercise (The 
right side shows the degrees reduced and the left side 

shows the degrees increased
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CONCLUSIONS 
In conclusion, this study showed that balance dysfunction of 
AIS patients can be characterized by the ratio of PD 
(unstable/stable) when vision is blocked. Furthermore, that 
proprioception reinforcement based exercise therapy has a 
significant effect on curve progression in mild AIS. 
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INTRODUCTION 
 
It is documented that low back pain is associated with 
impaired postural stability, but the postural control and 
balance performance can be improved with rehabilitation 
(Luoto, 1998).  However, its exact mechanism has not been 
well explained.  The objectives of this study were to study 
postural control among control subjects and patients with 
chronic low back pain with and without visual and 
proprioception perturbation, and to evaluate the effects of 
vision and proprioception as well as their interaction with 
gender and exercise therapy. 
 
METHODS 
 
Thirty females and eleven males with moderate chronic low 
back pain were selected from local clinics.  Also from the 
healthy population, 30 female and 20 male volunteers were 
selected as a control group.  All subjects were between 20 and 
50 years of age.  Dynamic stability platform (BIODEX) was 
used to measure the deviation of postural orientation, called 
postural deviation (PD), from a vertical line in anteroposterior 
(AP), mediolateral (ML) and total were measured in different 
upright standing conditions for both groups.  The three first 
tests were performed on a stable platform with opened eyes 
without specific feedback (I), opened eyes with feedback (II) 
and with closed eyes (III).  The tests number IV to VI were 
with same conditions but on unstable foot platform.  Patients 
underwent four months of exercise therapy with special 
reference to mobility and balance training.  The measurements 
were repeated after the exercise therapy and were compared to 
the control group. Repeated Measures ANOVA (with α=0.05) 
was used for statistical analysis. 
 
RESULTS 

The pain was reduced by 60% after the exercise therapy.  
Grand total mean of PD in control group and patients before 
the treatment were 1.1±0.14 and 2.6±0.17 deg, respectively.  
This value for the patients after the treatment was 1.02±0.19 
showing a significant improvement.  Balance performance 
among different gender was significantly different in both 
groups.  Males showed about 1.9 times greater imbalance than 
females. There was a significant interaction between 
proprioception and back pain (Figure 1). The balance 
dysfunction in patients was more obvious with no feedback 
than without vision (table 1). There was a significant 
interaction between proprioception, vision and pain factors 
(p=0.001). 

 

Fig 1:  Interaction between properioception 
perturbation and back pain
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Table 1:  PD of low back pain patients in different visual 
conditions before treatment  (FB=feedback) 
    Total AP ML 

Open with FB 7.6±2.8 6.9±2.6 3.1±1.3 
Open without 
FB 7.8±2.9 6.9±2.6 3.7±1.7 Men 

closed 15.9±1.5 13.7±1.1 9.4±1.5 
Open with FB 7.3±3.1 6.8±2.9 2.7±1.3 
Open without 
FB 7.8±3.6 7.1±3.5 3.4±1.5 Women 

closed 13.4±2.9 11.7±2.6 6.7±2.1 
 
CONCLUSIONS 
 
Impaired postural stability is associated with low back pain.  
In general, females’ postural stabilities were affected less by 
back pain than males.  Visual perturbation together with 
proprioception perturbation exacerbates balance dysfunction 
in back pain patients. Exercise therapy resulted in an improved 
balance performance. Poor stability could be considered as a 
risk factor for reoccurrence of low back pain. 
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INTRODUCTION 
Bone is maintained through a coupled process of bone 
resorption and bone formation, in a continuous process called 
bone remodeling. An imbalance in this process may predispose 
bone to fracture injuries. The remodeling process is generally 
viewed as a material response to functional demands. Here, a 
new set of constitutive equations for bone remodeling is 
proposed.  In this theory, we incorporate the specific surface 
instead of the volume fraction and, in addition, the degree of 
microcracking is also included.  In this approach, the effect of 
mechanical stimuli, rate of mechanical stimuli, and integration 
of mechanical stimuli on bone remodeling can be evaluated 
simultaneously.  
 
METHODS 
Bone is considered as a poroelastic material, and remodeling 
as an exchange of mass between the solid and fluid phase. 
Balance equations, entropy inequality, constitutive equations 
and small-strain assumptions have been used to develop the 
model of bone remodeling. Since bone actor cells work on the 
free surfaces of bone (Eriksen and Kaasem, 1992), we have 
defined a free surface density and used it in the constitutive 
equations instead of the traditional volume fraction (Cowin 
and Hegedus, 1976). Also, we used an effective volume 
fraction with a microcrack factor (d) as proposed by Ramtani 
& Zidi (2001). It is assumed that the Helmholtz free energy in 
the damaged state can be expressed as a function of the 
Helmohltz free energy in an undamaged state and a damage 
factor (Miehe, 1994). Using the 2nd law of thermodynamics 
and making use of standard arguments (Coleman and Gurtin, 
1967), expressions for stress tensor, specific entropy and a 
reduced form of 2nd law of thermodynamics are obtained. 
Then, using this reduced form of the entropy inequality and an 
empirical relation proposed by Martin (Martin, 1984), it is 
shown that cortical and cancellous bones show opposite trends 
in changing their densities under the same conditions. 
 
RESULTS  
The axiom of mass balance for our system can be written as: 
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where 
ζ
 is the unstrained reference state volume fraction of the 

matrix, J=detF (where F is the deformation gradient), C is the 
rate of formation or resorption per unit volume of the bone, d 
is the microcrack factor and γ is the density of the matrix 
material.  
Using small strain assumption within a Taylor series 
expansion, Eq. (1) finally can be written as: 
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where ζ0 is the initial value of the unstrained reference state 
volume fraction before remodeling, Aij

0 and Aij
1 are material 

constants, Eij  and Eij
0 are the strain tensors at time t and at the 

remodeling equilibrium state, respectively. Furthermore, Sv is 
the specific surface defined as an area of interface between the 
matrix and void per unit volume of bone, and e=

ζ
-

ζ
0. 

 

The Helmholtz free energy in the current configuration ( ψ ) can 
be expressed as (Miehe, 1994): 

)S,F,()d1(
vijθψψ −−−−====                                             (3) 

 
where −−−−

ψ  is the free energy in an undamaged state and θ  is the 
absolute temperature.  
Taking the time derivative of Eq. (3), using the entropy 
inequality and making use of standard arguments (Coleman 
and Gurtin, 1967), the reduced form of the entropy inequality 
for an isothermal process can be deduced as: 
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where the superimposed dot represents the material time 
derivative.  
Using an empirical relation between specific free surface and 
density (Martin, 1984), in combination with Eq. (4), one can 
observe that cortical and cancellous bones show opposite 
trends in changing their densities under the same conditions. 
Using the assumption that there is no remodeling without a 
free surface, the rate of damage production can be found as: 
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SUMMARY AND DISCUSSION 
The fact that all resorption and formation occurs on the free 
surface of bone should be represented in a theory of 
remodeling. Also, it is well accepted that damage can initiate 
and accelerate bone remodeling (Taylor et al., 2003). We have 
replaced volume fraction by specific surface in the constitutive 
equations, as well as incorporated a damage factor in the 
definition of the effective volume fraction. By adding these 
points to the adaptive elasticity theory, a more complex form 
of the remodeling equation resulted. In the remodeling 
equation (Eq. (2)), the pattern of solid mass distribution, 
mechanical stimuli, their time rate, and their history are 
coupled (Rouhi et al., 2006). As Eq. (2) shows, the rate of 
remodeling is not a function of the rate of damage production, 
but the damage factor. This result can be interpreted by the 
significant difference in characteristic times of the remodeling 
process and damage production. Both experimental and 
numerical research need to be performed to evaluate the 
conceptual ideas proposed in this work, and quantification of 
the material properties governing bone adaptation needs to be 
addressed. 
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INTRODUCTION 
Resorption of extra-cellular matrices by osteoclasts 
(Teitelbaum and Ross, 2003) is followed by osteoblastic 
invasion of the cavity, and subsequent secretion of extra-
cellular matrix that is then mineralized (Ducy et al., 2000). 
These sequential processes continuously occur in healthy bone 
in a balanced manner (Riggs et al., 2002), and taken together 
they constitute bone remodeling. There are several theories 
about the bone remodeling, but most of these consider a 
unique governing equation for the whole process and they are 
typically based on a single phase continuum model. In this 
research, we consider bone as a mixture of matrix and fluid. 
Moreover, only the first phase of the remodeling process, i.e., 
bone resorption is modeled. Bone resorption is considered as a 
chemical process between osteoclasts and matrix. 
 
METHODS 
Bone is treated as a bi-phasic mixture of matrix and fluid. 
Bone resorption is treated as a chemical reaction caused by the 
secretion of H+ and Cl- from osteoclasts which creates an 
acidic environment in a sealed zone (Blair, 1998; Teitelbaum, 
2000). Mixture theory with chemical reactions is used to write 
balance laws and the entropy inequality. It is assumed that the 
solid phase obeys the small deformation theory and is linearly 
elastic. The velocity of both matrix and cells is assumed to be 
zero. The fluid phase is assumed to be viscous and inertial 
effects are neglected because of the slow velocities that are at 
play. Momentum supply to the matrix and to the cells is 
assumed to be negligible compared to the momentum supply 
to the fluid. Bone resorption is considered an isothermal and 
quasi-static process. Using a dissipation law, an expression for 
the chemical affinity is derived which contains mechanical, 
chemical and biological factors simultaneously. The rate of 
mass transferred to the bone fluid caused by chemical 
reactions is taken from an empirical relation. The degree of 
saturation is assumed to be a function of the chemical affinity, 
but not the chemical potential. The governing equations for 
bone resorption are derived using the balance laws as well as 
the entropy inequality. Appropriate constitutive assumptions 
are made.  
 
RESULTS  
Conservation of mass for the bone matrix and also for the 
whole bone can be written as: 
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where ρ
s is the matrix apparent density and aC

Λ , a = s and f 
stand for the rate of mass supplied to the matrix and fluid 
caused by chemical reactions, respectively.  
The bone resorption process can be simplified to (Margolis 
and Moreno, 1992): 
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The rate of dissolution of the mineral phase (Hydroxy apatite, 
HA) in the bone resorption process (J, Mol/LT) can be written 
as (Margolis and Moreno, 1992): 

nm )H()DS1(kJ ++++−−−−====                                             (4) 

where k, m and n are three empirical constants, DS is the 
degree of saturation, and (H+) is the concentration of hydrogen 
ion after resorption.  
The chemical affinity for resorption is derived as: 

)(
M

pA sBGP
m µµρψ −−−−−−−−++++====                                             (5) 

where ψ m is the strain energy density of the matrix, p is the 
hydrostatic pressure, ρ  and M are density and molar mass of 
HA, � BGP and � S are the chemical potentials generated by the 
osteoclasts and the matrix, respectively. Using Eq. (4), the rate 
of dissolution of mineral phase, and introducing the chemical 
affinity (Eq. (5)) instead of the chemical potential in the 
degree of saturation, Eq. (1) can be finally written as: 
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where Sact. is the total active area for resorption, (x) and (x)0 
are concentration of ion x after and before resorption, 
respectively. 

 
SUMMARY AND DISCUSSION 
Mechanical, chemical and biological factors affect the bone 
resorption process. Chemical affinity contains mechanical 
(strain energy density, and the hydrostatic pressure), chemical 
and biological (ion concentrations) factors. This model shows 
that the rate of bone resorption decreases by: (1) increasing the 
concentration of calcium or phosphate ions; (2) decreasing the 
concentration of hydrogen ion; (3) increasing hydrostatic 
pressure and/or increasing strain energy density. This model 
also suggests that the rate of resorption in cortical bone is 
greater than in spongy bone.  
In agreement with available experimental evidence, strain 
energy density can be seen as the mechanical stimulus in the 
resorption and remodeling processes (Brown et al., 1990). 
Moreover, increasing calcium ion concentration decreases the 
rate of resorption (Logert et al., 2000).  
Further experimental and theoretical research is required to 
test the validity of this theoretical model. 
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INTRODUCTION 
 
Epidemiological studies have suggested that the coupling of 
force, repetition and/or non-neutral joint posture are associated 
with the development of upper extremity musculoskeletal 
disorders (MSDs) (NIOSH, 1997; Silverstein, et al., 1986).  
Upper extremity MSDs are often referred to as “Cumulative 
Trauma Disorders” implicating that these disorders result from 
an “accumulation” of loads over time. To date, cumulative 
loading has yet to be assessed in the upper extremity.  Load 
accumulation in muscle tissues may be estimated by recording 
muscle activity over time.  The purpose of this experiment was 
to estimate muscle tissue loading in the distal upper extremity 
using muscle activity while combining force, repetition and 
non-neutral postures to provide insight into the nature of 
cumulative loading in the upper extremity.  In addition, forces 
and moments created during grasping tasks were evaluated. 
 
METHODS 
 
Twelve participants (six male, six female) performed grasping 
tasks using their dominant hand in a two phase protocol.   
Phase 1: Participants performed 5 static grasp conditions, 
including a three finger pinch, a lateral pinch, an isolated hand 
grip, a hand grip coupled with a shoulder pushing task and a 
hand grip coupled with a shoulder pulling task. All grasps 
were generated in 3 forearm postures (supination, neutral and 
pronation) and repeated at 10, 30 and 50% of maximal grasp.  
Task duration was 10 seconds with one minute of rest between 
trials. All 45 trials were repeated twice in randomized order.  
Phase 2:  Dynamic contractions were performed in 3 hand 
grip conditions (isolated hand grip, hand grip coupled with 
shoulder pushing task and hand grip coupled with shoulder 
pulling task) for five minutes while maintaining a neutral 
forearm posture. Each grip condition included 2 loading 
paradigms with repetitive five second exertions followed by 
five seconds of “rest”.  For each paradigm identical workloads 
were maintained, however participants were required to exert 
differing levels of force, as quantified as a percentage of 
maximal grip force.  A total of six trials were performed in a 
randomized order with a minimum 10 minute rest period.  
 
A grip dynamometer (MIE Medical Research Ltd., Leeds, 
UK) was fixed to a triaxial force transducer (MC3A-6-500, 
AMTI, Watertown, MA, USA) and mounted to a plate which 
could be rotated.  This set up enabled collection of grip force 
and coupled push/pull forces in the simulated work tasks for 
all forearm postures. Data from the grip dynamometer and 
force transducer were sampled at 100 Hz. Electromyography 
(EMG) was collected from seven forearm muscles: flexors 
carpi radialis and ulnaris, flexor digitorum superficialis, 
extensors carpi radialis and ulnaris, extensor digitorum 
communis and the thenar muscle group. Electrode placement 
was determined through palpation during muscle-specific 
movements and positioned over muscle bellies along the 

direction of the fibres. Differential EMG (AMT-8, Bortec 
Biomedical, AB, Can) was analogue linear enveloped at 3 Hz 
and then sampled at 100 Hz. Average (AEMG) and integrated 
(IEMG) muscle activity were analyzed.  In addition, reference 
contractions were performed at set intervals to test for 
potential fatigue. 
 
RESULTS AND DISCUSSION 
 
Forearm posture had little effect on maximal grasp force 
regardless of grasp type (Figure 1) which supported findings 
by Mogk & Keir (2003). Thus, posture specific maximal grasp 
trials were not necessary for the full experiment. Male 
participants generated higher maximal hand grip and lateral 
pinch forces than female participants by 49 and 34%, 
respectively (p>0.005). No consistent patterns of forces and 
moments were found during maximal grasp tasks. Although 
slightly different methods were employed, grasping has also 
been combined with forces and moments in an effort to 
quantify hand prehension abilities using a “force and moment 
wrench” (Wells & Greig, 2004). As tasks with “uncoupled” 
shoulder and grip exertions altered forearm and shoulder EMG 
(Au, 2005), further examination into tasks coupling repetitive 
hand gripping with push/pull tasks may better represent 
functional daily activities. 
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Figure 1.  Maximal grip force in three grasp conditions and 
three forearm postures for both genders. 
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INTRODUCTION 
Musicians are subject to a variety of soft-tissue and repetitive 
strain injuries as a result of the postures, practice and 
performance techniques associated with their chosen vocation.  
Little research has been done to date, to systematically 
measure the demands placed on muscles and joints when 
playing. Surface electromyography (EMG) and three-
dimensional (3D) motion analysis have been used separately 
to study violin technique, but there has been no attempt to 
relate the muscle activation data to the movement patterns. 
Combining the two will allow a more detailed examination 
and understanding of the demands placed on violinists’ 
muscles and joints. The purpose of this study was to assess 
simultaneously, muscle activity and movement patterns 
involved in a violin bowing task.  
 
METHODS 
Uninjured violinists with at least two years playing experience 
were recruited. Reflective markers were placed on the left (L) 
and right (R) acromion processes, C7, R lateral humeral 
epicondyle, R ulnar styloid and R 5th metacarpophalangeal 
joint to create a three-segment upper extremity model. Surface 
electrodes were placed over L and R upper trapezius, R 
anterior deltoid, biceps brachii, triceps brachii and L 
wrist/finger flexors and extensors. Subjects performed five 
bowing cycles (one cycle = one down-bow + one up-bow) on 
each string (G, D, A, E) to a metronome setting of four beats 
per bow at 100 beats per minute.  
Data Analysis: Coordinate data were filtered at 10 Hz. 
Shoulder flexion, extension, abduction and adduction and 
elbow flexion and extension angles were calculated. The 
minimum and maximum angle and range of motion for each 
movement were determined, on each string. EMG data were 
band pass filtered at 10 and 500 Hz, and expressed as a 
percent of maximal voluntary contraction (MVC). The EMG 
and angle data were then matched to identify the %MVC 
activity of the biceps and triceps brachii in their roles as 
agonist (AG) and antagonist (ANT) for elbow flexion and 
extension during the bowing movement (Figure 1). 
 
Figure 1: Elbow flexion/extension angle and biceps and 
triceps activity on the A-string for a single subject.  
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSION 
As the bow moved across the strings from G to E shoulder 
abduction angle decreased, i.e. the bowing arm moved closer 
to the body (Figures 2 and 3). 
 
Figure 2. Bow angle required to play across the strings 
 
 
 
 
 
 
Figure 3. Shoulder abduction angles. 
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Biceps activity increased during both the up-bow (concentric 
shoulder/elbow flexion against gravity) and down-bow 
(eccentric shoulder/elbow extension with gravity) across 
strings.  Triceps activity decreased slightly (Figure 4). 
 
Figure 4: Biceps and triceps muscle activity during bowing. 
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Mean muscle activity during elbow extension and flexion
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The bowing motion required a mean effort of 4-12% of MVC 
for biceps and 4-6% of MVC for triceps.  
 
SUMMARY 
3D motion analysis and EMG were done simultaneously. The 
data collected allowed us to characterize the movement pattern 
and assess the muscle activity required to perform the task. 
This method will allow a thorough analysis of violin technique 
in order to relate playing patterns and demands to the injuries 
commonly incurred by this group of musicians.  

0 0.5 1 1.5 2 2.5 3

x 10
4

0

50

100

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

0 0.5 1 1.5 2 2.5 3

x 10
4

-0.4

-0.2

0

0.2

0.4
Subject11- Elbow Flexion/Extension - A String



 
Vestibular Sensitivity in Headache Sufferers  

Christina W.L. So1 and Leah R. Bent2  
 

1 Department of Human Health and Nutritional Sciences, University of Guelph, Guelph, ON, cso@uoguelph.ca 
2 Department of Human Health and Nutritional Sciences, University of Guelph, Guelph, ON, lbent@uoguelph.ca 

 

INTRODUCTION 
It is becoming more widely accepted that migraines and 
headaches are associated with frequent and recurring 
vestibular symptoms, such as dizziness, vertigo and 
disequilibrium (Helm 2005; Crevets and Bosman 2005; 
Uneri 2004).  A significantly higher prevalence of migraine 
has also been observed among people experiencing dizziness 
than in control individuals (Crevets and Bosman 2005). 
Studies have used various methods to examine the 
relationship between the headache condition and vestibular 
function.  Significant vestibulo-ocular reflex and 
vestibulocerebellar abnormalities in migraine sufferers have 
been demonstrated using neurotologic tests, such as video-
oculography, electronystagmography, caloric testing, and the 
vestibular autorotation test (Harno 2003; Helm 2005). Static 
stabilometry studies have demonstrated significantly 
increased postural sway in migraine subjects with eyes 
closed (EC), and during optokinetic stimulation (OKN) 
(Ishizaki 2002; Rossi 2005). Conflicting evidence exists for 
postural sway in tension-type headache sufferers (Ishizaki 
2002;Rossi 2005).  Collectively, these studies suggest that 
there may be abnormal vestibular response in headache 
patients.   
Our objective was to test vestibular sensitivity in headache 
sufferers using Galvanic vestibular stimulation (GVS). GVS 
enables isolated perturbation of the vestibular system. There 
is potential for identifying individuals at greater risk of 
developing migraines by better understanding the vestibular 
function in headache sufferers. We hypothesized that 
headache sufferers will demonstrate an increased sensitivity 
to vestibular stimulation compared to people without 
frequent headaches. 
 
METHODS 
Six subjects participated in the study (3 headache, 3 control).  
Individuals were allocated into control and headache groups 
based on a headache questionnaire derived from the 
diagnostic criteria of the International Headache Society 
(IHS). Subjects were instructed to stand relaxed on a force 
platform (AMTI Accugait) with their eyes open (EO) or 
closed (EC). Bioplar, binaural GVS was used to evoke a 
vestibular perturbation (15sec duration, 3x threshold) with 
the anode either on the right (R) or left (L) mastoid process, 
or no stimulation (control). Threshold testing was performed 
prior to the testing session to determine the appropriate level 
of stimulation for each subject (range 1mA-1.5mA).   
All data were collected and processed utilizing custom 
written LabVIEW software programs. The Centre of Pressure 
(CoP) was calculated in the medial-lateral (M-L) and 
anterior-posterior (A-P) direction. The peak CoP deviation 
towards the Anode was quantified for all conditions. CoP 
deviation during non stimulation trials was subtracted from 
stimulation trials to determine sway induced due to the 
vestibular perturbation. 

Figure 1: Electrodes were placed on the skin over the mastoid 
processes behind the participants ears. Individuals stood relaxed with
eyes open or closed on a force platform while binaural, bipolar 
galvanic vestibular stimulation (GVS) was delivered. 
 
RESULTS 
All subjects swayed towards the Anode electrode and reported 
the sensation of movement during GVS. Peak measurements of 
CoP towards the Anode indicated no difference in the
magnitude of sway between the headache (3.8cm±3.3cm) and 
control (3.5cm±1.0cm) group (averaged across stimulus
polarity) when the eyes were closed. Interestingly, when the 
eyes were open the headache group demonstrated peak CoP
deviation that was similar or even greater than that experienced 
without vision; control 1.8cm±1.3cm, headache 3.9cm± 4.4cm). 
 
DISCUSSION 
Preliminary results demonstrated that the average sway towards 
the anode electrode was similar for the two groups when the 
eyes were closed. The headache group experienced equal, if not 
greater sway when their eyes were open, demonstrating little to
no visual attenuation of the vestibular response. Although these
data are highly variable they provide some evidence in support
of greater vestibular sensitivity in undiagnosed headache 
sufferers possibly due to a decreased reliance on visual 
information.    
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INTRODUCTION 
 
The increasing incidence and disability associated with RSI 
and MSD and their frequency among computer users has led 
to concern. (Gerr, 2002)  This concern has been extended to 
young children who are potentially also at risk for these 
injuries. Jacobs (2002) has shown that children are reporting 
moderate amounts of musculoskeletal discomfort and this 
discomfort can be related to computer use.  This risk is 
increased by the fact that children are often required to play 
and work on computer workstations which are designed for 
adult anthropometrics.  The purpose of this research study was 
to examine the quality and quantity of postural movements 
exhibited by seven and eight year olds when using an adult 
workstation to play a computer game.  Quantitative measures 
children’s postures and joint and segmental angles and the 
qualitative analysis was examined by time-motion analysis. 
 
METHODS 
 
Fifteen physically healthy seven and eight year olds were 
asked to participate.  After ethics approval by parents, children 
were asked to give verbal consent.  Sensors were attached to 
C7, T12, PSIS, hand, forearm, arm, shoulder and a sensor was 
attached to a baseball cap for the head position (Figure 1).  
Two FastrakTM systems were synchronized into one computer 
in order to provide 8 electromagnetic sensors with 6 dof.   
Simultaneous data sampled at 30 Hz were averaged and 
recorded every second for 30 minutes.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Child at adult workstation with eight Fastrak sensors 
attached to arm, head and back to gather 3D positional data.    
 
 
Data were compared to a neutral resting posture which was 
defined as the recommended postures by Occupational Safety 
and Health Association (OSHA). Neutral position was defined 

as; elbows at 90o, when wrists are straight and arms are 
situated close to the erect trunk in sitting posture with head 
and trunk (spine) in neutral posture while supported by 
backrest and hip and knee angles at  90o. 
 
The children were then instructed to play an educational 
computer game for 30 minutes. This provided 1800 samples 
per session. Segment and joint angles and displacements 
relative to the neutral starting posture were then identified. 
Data were then appended to a file and later filtered at a rate of 
60 Hz.  Segment and joint angles and displacements relative to 
the neutral starting posture were then determined.   
 
RESULTS AND DISCUSSION 
 
Analysis of children’s postures at adult workstations showed that 
children were not following OSHA guidelines and spent little of 
their time in the recommended neutral resting posture.  Three 
main areas of concern were identified: 1) spinal curves were 
compromised from their neutral positions; 2) wrist postures 
show increased wrist extension, lateral deviation and elbow 
flexion; 3) shoulder abduction occurs throughout. 
 
CONCLUSION 
 
Based on these results it would be advisable to devise 
recommendations and guidelines for children’s workstation 
design.  This need is deemed to be imperative based on the 
increasing use of computers both in school and at play and the 
increasing amount of time spent at the computer on a daily 
basis. (Jacobs, 2002) 
 
SUMMARY 
 
Increasing concern about children’s musculoskeletal health 
and their use of adult computer workstations is justified.  
Fifteen children played a computer game for 30 minutes and 
their postures were analysed using two FastrakTM systems and 
sensors attached to key anatomical landmarks.  Data were 
compared to a neutral resting position as defined by OSHA 
guidelines.  Several areas of concern were identified 
including; spinal curvature, wrist resting posture and shoulder 
abduction. 
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INTRODUCTION  
 
It has been suggested that femoral neck notching and femoral 
component alignment are two of the major contributors to 
weakening and ultimately failure of the proximal femur with 
hip resurfacing arthroplasty (Beaulé et al. 2004, Shimmin et 
al. 2005, Silva et al. 2004, De Smet 2005, Amstutz et al. 
2004).  Studies have shown that superior neck notching causes 
a stress riser in the proximal femoral neck which may lead to 
premature fracture (Shimmin et al. 2005, De Smet 2005, 
Amstutz et al. 2004).  Also, while a valgus component 
alignment is generally recommended, some believe a relative 
valgus orientation with respect to native neck-shaft angle is 
favourable (Beaulé et al. 2004, Shimmin et al. 2005), whereas 
others recommend an absolute component orientation of 140 
degrees to achieve optimal clinical outcome (Silva et al. 2004, 
De Smet 2005, Amstutz et al. 2004).  The purpose of our study 
was to investigate the effect of both superior femoral neck 
notching and relative varus and valgus alignment of the 
femoral hip resurfacing component on proximal femoral 
strength in hip resurfacing arthroplasty.  
 
METHODS 
 
3rd generation composite femurs (3306&3303, Pacific 
Research Laboratories, Vashon, WA) were implanted with the 
Birmingham Hip Resurfacing (42mm & 46mm, Smith & 
Nephew, Memphis, TN) prosthesis and tested in axial 
compression in the position of single leg stance using an 
Instron (Instron, Canton, MA) mechanical testing machine. 
Imageless computer navigation (VectorVision hip SR, 
BrainLAB, Heimstetten, Germany) was used to position the 
initial guide wire during femoral head preparation.  All 
components were cemented in place on the prepared femoral 
head and stem-shaft angles verified by plain digital 
radiograph.  Results were evaluated using ANOVA and Tukey 
post hoc analysis. 
 
In the notching arm of investigation, six specimens each were 
prepared with a 2mm and 5mm notch in the superior aspect of 
the femoral neck.  These groups were compared to six 
specimens prepared without a superior notch in the neck of the 
femur. 
 
In the alignment arm of investigation, native neck-shaft angles 
(NSA) of 120 and 135 degrees were investigated each 
comprised of subgroups of 5 specimens.  Femurs with 120 
degree native NSA were implanted in relative varus (5, 10 & 

15 degrees) and relative valgus (5, 10, 15 & 20 degrees) 
position. Femurs with 135 degree native NSA were implanted 
in relative varus (10 and 20 degrees) and relative valgus (10 
and 20 degrees) position. 
 
RESULTS AND DISCUSSION 
 
The 5mm notched group was significantly weaker than the un-
notched group (2964.7±532.1 N vs. 5302±746.6 N, p=0.0003).  
The 2mm notched group was also significantly weaker than 
the un-notched group (4034±793.3 N vs. 5302±746.6 N, 
p=0.017), but was significantly stronger than the 5mm notched 
group when tested to failure (4034±793.3 N vs. 2964.7±532.1 
N, p=0.046). 
 
In the synthetic alignment study, for the 120 degree native 
NSA group, varus implant alignment showed no improvement 
in ultimate failure strength at any angle tested compared to 
neutral alignment (p>0.15).  A 20 degree valgus implant 
showed a significant mean failure strength increase of 48% 
compared to neutral alignment (6979.7±1032.7 N vs. 
4702.7±761.8 N, p=0.004). For the 135 degree native NSA 
group, a 10 degree varus alignment significantly weakened the 
proximal femur 18% compared to neutral alignment (5170.8 
±418.7 N vs. 6236.5±280.6 N, p=0.03), while a 20 degree 
valgus implant showed a significant mean failure strength 
increase of 20% compared to neutral alignment (7471.9±415.5 
N vs. 6236.5±280.6 N, p=0.01).  
 
SUMMARY 
 
This study provides biomechanical evidence that notching of 
the femoral neck or varus alignment of the component may 
lead to an increased risk of femoral neck fracture following 
hip resurfacing.  This study demonstrates that when preparing 
the femoral head in hip resurfacing, implants should be 
positioned in 20 degrees of valgus relative to the native 
femoral neck-shaft angle in the absence of a femoral neck 
notch to achieve optimal clinical result.    
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INTRODUCTION 
 

Predetermined time standards are based on the study of 

“micro-motions” which allow complex movements to be 

sectioned into a series of smaller micro-motions which have 

been assigned time estimates. This can be then used by 

engineers to establish production rates for repetitive assembly 

tasks.  While recent studies have developed complementary 

methods to assess musculoskeletal risk based on posture and 

external force (e.g. Laring et al, 2002), no studies have looked 

at order effects of micromotions.  The purpose of this paper is 

to examine the effect of micro-motion order on 

musculoskeletal loading. 
 
METHODS 
 

Eight male participants (age 23-55 years) performed a 

repetitive hand transfer task with an instrumented 2.0 kg part.  

This task was broken into 6 micro-motions (reach, grasp, turn, 

move, position, release) and given a time standard (2.26 s) 

based on the principals of the Methods Time Measurement 

(MTM-1) system.  The investigators then created 3 variations 

(V1, V2, V3) of the task simply by switching the order of 2 

micro-motions (V1: turn then move; V2: move then turn; V3: 

move and turn simultaneously).  Each variation was performed 

at 2.26 s based on an auditory signal.  Surface RMS EMG was 

collected from 7 upper limb muscles using a commercially 

available system (MEGA, Finland).  Hand grip force, wrist (2 

axes) and elbow posture and a series of pressure and optical 

switches which located the part were simultaneously collected. 

The timing of each individual micro-motion was identified by 

combining the force, kinematic and switch data using logic 

parameters. A GAPs analysis (Veiersted et al, 1990) and 

Amplitude Probability Distribution Function (APDF) analysis 

(Jonsson, 1982) were performed on all signals.  Static (10
th
), 

Median (50
th
) and Peak (90

th
) percentile levels were analyzed 

by variation and by micro-motion. Statistical analysis 

consisted of repeated measures ANOVA. 
 
RESULTS AND DISCUSSION 
 

When considering the whole task start to finish, Variation 3 

(V3) had the lowest overall infraspinatus (IS) EMG, median 

Extensor Digitorum (ED) and peak trapezius (traps) (p<.05).  

Overall, there was a trend to lowest loading with simultaneous 

move and turn (V3). In detail, it had the lowest peak value for 

7/7 muscles, median value for 5/7 muscles.    

 

Within the TURN micro-motion, V1 had the significantly 

(p<.05) highest EMG for the anterior deltoid (AD) (Figure 1) 

and infraspinatus (IS) (Figure 2).  Additionally, within the 

MOVE micro-motion, V2 had the significantly highest EMG 

for the trapezius, AD and IS (p<.05). 
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Figure 1: Mean of the median value of the AD EMG over the 

micro-motions turn and move for each of the three variations. 
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Figure 2: Mean of the median value of the IS EMG over the 

micro-motions turn and move for each of the three variations. 
 

DISCUSSION 
 

There is an apparent trade-off between the TURN and MOVE 

micro-motions in V1 and V2. However, V3 has lower muscle 

loading effect over the whole micro-motion series, due to its 

unconstrained movement.  This unconstrained movement 

clearly has an effect on muscle loading, particularly in the 

proximal upper limb musculature.  This has implications in the 

use of micro-motions for risk management and the ordering of 

tasks.  Furthermore, this study displays the benefit of 

analyzing repetitive tasks on the micro-motion level, to 

determine the exact moment in an overall task that can make it 

biomechanically detrimental to the worker. 
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INTRODUCTION 

Driving is a weekly and even daily event for many 

Canadians, and automobile collisions and resulting injuries 

naturally occur. The personal, societal and economic burden 

of whiplash associated disorders is huge (Spitzer et al. 

1995). Motor vehicle accidents, including rear impact, occur 

during driving. Retrospective analysis of injured automobile 

occupants has shown that the position of the head and the 

level of preparedness are significant factors in determining 

severity of injury in rear impact accidents (Sturzenegger et 

al. 1994).  Furthermore, in a number of laboratory-based 

controlled cervical whiplash studies have shown that muscle 

preactivation is beneficial and may ultimately decrease 

injury severity (Kumar et al. 2005; Ono and Kanno, 2005). 

However, the amplitude of cervical muscle activity and the 

cervical range of motion that is utilized in natural 

automobile driving have not been previously evaluated.  

Determining specific cervical muscle activity and range of 

motion will thus further aid in our understanding in the 

areas of musculoskeletal injury.   

 

METHODS 
Seventeen subjects participated in the study.  Surface EMG 

(sEMG) signals were collected bilaterally from the upper 

trapezius, splenius capitus and sternocleidomastoid. 

Maximal voluntary isometric contractions (MVIC) were 

determined in a neutral position for future normalization. 

Subjects were then taken to their own automobiles to drive a 

20 minute specific route that included sections of 

residential, throughway and highway driving.  sEMG was 

recorded continuously throughout the driving experience.  A 

3Space Isotrak II electromagnetic sensor was used to 

determine cervical axial rotation range of motion during 

driving.  The subjects’ driving posture and hand positions 

were videotaped using a digital video camera. 

All data were collected and processed utilizing custom 

written LabVIEW programs.  The linear enveloped sEMG 

was quantified by static, median and peak sEMG activity 

according to the 0.1, 0.5 and 0.95 cumulative probability 

levels (Lamotte et al., 1996). Cervical motion was 

quantified by evaluating the peak cervical axial rotation and 

the proportion of time spent in a non-neutral position 

(outside of 15 degrees of rotation to the left or right). The 

sEMG and kinematic data was then separated into the 

various areas: residential, throughway and highway driving, 

and various actions (eg stopping, starting, lane changes etc). 
 

RESULTS 

The overall level of muscle activity was relatively low, with 

the upper fibres of trapezius (peak <13% MVC), 

sternocleidomastoid (peak<6.0%MVC) and splenius 

(<10%XXXXXXX 

Figure 1: In car testing showing location of 3Space sensors and 

electromyographic electrodes on the splenius capitus and 

sternocleidomastoid muscles. The electrodes on the upper fibres of 

trapezius, and accelerometers, are not shown. 

 

capitus (peak <10% MVC). The activation levels were highly 

variable across subjects. The utilized range of cervical rotation 

was also highly variable, with the majority of movement within 

20
o 

of neutral.  The proportion of time spent in a non-neutral 

rotation was very small with peak rotations rarely reaching 45
o
. 

 

DISCUSSION 

This study has quantified the muscle activation patterns and 

cervical axial rotation during natural driving for the first time. 

The cervical muscle activity was relatively low and highly 

variable.  Driving appears to be a relatively low intensity static 

load activity with intermittent work periods. The muscle 

activation levels observed during natural driving were below 

levels thought to lead to injury (Jonsson, 1982). The low levels 

of muscle activation during natural driving may not be protective 

during unanticipated collisions. 

Cervical axial rotation range of motion was highly variable, but 

mostly within 20
o
 of neutral. The neck motion during driving 

was below the threshold of >15
o
 for more than 75% of the time

which is considered detrimental (Tegner et al., 1983).  
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INTRODUCTION 

 

Controversy surrounds the role of the neck musculature 

during whiplash perturbations.  Tennyson et al., (1977), 

reported the onset to be in excess of 200ms, suggesting 

muscles do not play a role in protecting the head and neck 

complex from whiplash perturbations.  More recently, 

Magnussen et al., (1999), observed the onset of muscle 

activity between 13.2-22ms after the initiation of head 

acceleration.  Although many other studies have evaluated 

the role of neck musculature during whiplash and found 

results in agreement with both theories, none have 

controlled the perturbations in a precise manner (for 

example, Welcher & Szabo, 2001). 
 

 

METHODS 

 

Two different magnitudes of a simulated rear impact 

whiplash-like perturbation, 1g and 0.5g peak acceleration 

were performed using a robotic platform (PRSCo, New 

Hampshire, USA).  A 1991 Honda Accord front passenger 

car seat and seatbelt restraint system was mounted on the 

robot’s platform.  Surface EMG was collected for the 

Sternocleidomastoid, Splenius Capitis and Upper Trapezius 

neck muscles (Figure 1).  In an effort to collect more 

functional MVC values, a fixture was used to stabilize the 

head while the subject was seated in the car seat and then 

removed for perturbation testing.   Muscle activity during 

the perturbations was compared to maximum voluntary 

contractions (MVC) obtained prior to testing.   
 

 

 
Figure 1: Subject testing; 

surface EMG and head 

acceleration data was 

collected during the 

perturbation with the subject 

secured in the car seat using 

the standard safety seat belt. 

 

 

 

RESULTS 

 

Preliminary results are in agreement with previous studies 

indicating the magnitude of the activation of the neck muscles is 

influenced by the rate of acceleration (Kumar et al., 2002).  The 

onset of muscle activity follows very quickly after the onset of 

vehicle acceleration (approximately 98 ms) and the muscle 

activity was more than double in the higher acceleration profile.  

This establishes that the specific parameters of the perturbation 

impulse modulate the subsequent muscle activation amplitudes 

and timing.  As well, it was noted that the head accelerations 

exceeded the robot accelerations in the high (1 g) profile 

perturbation (Figure 2).  Future research will evaluate the 

influence of specific features of the perturbations. 
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Figure 2: Head and robot accelerations during a representative 1g peak 

acceleration trial. The peak head acceleration was more than double the 

acceleration of the robot.  

 

 

SUMMARY 

 

We observed that the muscle activation patterns changed as a 

result of the specific perturbation profile.  On-going research 

will focus on the specific parameters of the impulse which 

influences muscle activation patterns. 
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INTRODUCTION 

During walking, the normal ground reaction forces acting on 

the lower limb produce a varus torque at the knee joint. This 

torque is associated with compressive forces acting across the 

medial aspect of the knee and is thought to be problematic for 

patients suffering from medial compartment osteoarthritis 

(OA) of the knee. Laterally wedged insoles have been 

advocated as a way to relieve pain by reducing the knee varus 

moment during walking. While the effectiveness of the wedge 

is not universal, one of the issues that has not been explored is 

if the density of the wedge makes a difference.  

Therefore a study which compares the effects of insole 

stiffness on the frontal plane knee varus moment in normal 

subjects was designed. It was hypothesized that using an 

insole would reduce frontal plane knee varus moment, with 

rigid wedge having a more significant effect, as compared to 

soft wedge. 

 

METHODS 

Seven subjects were recruited via a convenience sampling. 

Three dimensional gait analysis was performed using the 

Optotrak Motion analysis system. The frontal plane knee varus 

moment was calculated using a five segment link model and 

inverse dynamics. Subjects were asked to walk barefoot at a 

self selected speed with and without the insoles. The rigid 

insole was made of Polyurethane, with an inclination of 8.5
◦
 

and soft insole used was the Toda insole made of urethane 

with an inclination of 8.5
◦
 fixed to a flexible ankle strap. One 

standing and five walking trials were acquired for each of the 

three conditions. The data were analyzed using Visual 3D.  

 

RESULTS & DISCUSSION 
The average knee varus moment for each subject, across three 

wedge conditions, is given in the Table 1. Our results show 

that there is no significant difference in the mean knee varus 

moment across subjects for the three wedge conditions with 

peak values of -0.348, -0.345, -0.352 for no wedge, hard 

wedge and soft wedge respectively. However, we did find 

individual variations in the knee varus moment across three 

wedge conditions (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Data of one subject across three wedge conditions, 

blue-no wedge, yellow- soft wedge, pink-hard wedge. 

 
The lack of significances across conditions may be partially 

explained by the inclusion of a young healthy population 

without knee OA.  However, the response of older populations 

with OA to a lateral wedge is not universal. 

  

SUMMARY 

The results indicate that the overall effectiveness of a lateral 

wedge in reducing knee varus moments may not be universal. 

The characteristics of the wedge appeared to have the 

expected effect on some of the individuals. The subject/wedge 

characteristics that influence this effectiveness require further 

exploration. 
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Subject # 01 02 03 04 05 06 07 
No Wedge -0.412 -0.354 -0.436 -0.076 -0.214 -0.507 -0.585 

Hard Wedge -0.447 -0.200 -0.394 -0.064 -0.255 -0.571 -0.548 

 wedge -0.494 -0.253 -0.451 -0.119 -0.199 -0.494 -0.536 
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INTRODUCTION 

We often encounter more than just a single obstacle in 
our daily environment that requires us to make on-line 
modification to our gait patterns. A recent Health Canada 
publication indicates that approximately 44% of all 
reported falls were due to a stumble, slip or trip over an 
obstacle (Canadian Community Health Survey, Cycle 2.1 
Report on Seniors' falls in Canada 2005). Aspects of low 
vision have been correlated to poor performance while 
negotiating an obstacle course (Kuyk et al., 1998) 
indicating the importance of vision for avoiding 
obstacles.  It has been determined that in young adults 
the presence of a second obstacle in the travel path 
influences trail limb take-off distances (Krell and Patla, 
2000) however, further investigation is needed to explore 
how segmental control is affected by the presence of a 
second obstacle and if these parameters undergo age-
related changes. The purpose of the current work is to 
explore differences in gaze patterns, as well as segmental 
control, within an older adult population (young elderly: 
65-79 years and older elderly: 80+ years) and between 
older and younger adults (20-30 years) as participants 
step over one or two obstacles in the travel path.        
 
METHODS 

Spatio-temporal gait parameters were collected using 
the GaitRITE system.  Segmental control was evaluated 
using 3D kinematic data collected (Optotrak Motion 
analysis system; NDI, Inc). Visual parameters were 
collected using a monocular, gaze-monitoring system 
(ISCAN, Inc).  Trials were presented in blocks consisting 
of control trials and obstructed trials. In the obstructed 
trials, ground-based obstacles (adjusted to 45% of lower 
leg length for each subject) were placed along the travel 
path in two conditions: Single (one obstacle) and Double 
(two obstacles; referred to as, ‘first Double’ and ‘second 
Double’). The data were analyzed according to steps in 
the approach phase of the gait cycle as defined by heel 
contacts; OBS-2 or two steps prior to obstacle crossing, 
OBS-1 or one step prior to obstacle crossing, OBS-X the 
obstacle crossing step.    
 
RESULTS AND DISCUSSION 

Data analyses are currently ongoing, however 
preliminary kinematic data revealed trends of decreasing 
ranges of trunk and head pitch motions with increasing 
age during obstructed trials (Table 1). It appears that 
older adults use a smaller range of pitch motion of their 

head and trunk than young adults. These smaller ranges 
could suggest that the older adults limit movement of 
their head and trunk segments, perhaps to aid in the 
maintenance of stability while negotiating obstacles in 
the travel path.       

Fig 1: Schematic diagram of obstacle location and gait cycle events. 

Table 1: Mean range of trunk and head pitch motion for young (Y) and 
older adults (O) during Single, Double and Control trials. TP=Mean 
Trunk Pitch, HP=Mean Head Pitch (in degrees.) 
 
SUMMARY 

Older adults tend to use smaller ranges of trunk and head 
pitch motions during obstacle trials.  Further examination 
of visual gaze data will indicate whether this control 
strategy is related to the timing and nature of visual 
information gathered during obstructed trials. 
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OBS-2 OBS-1 OBS-X OBS-1 OBS-X

Double  

Single  

Control 

OBS-2 OBS-1 OBS X   
Y O Y O Y O 

TP 3.93 3.23 3.76 2.08 4.65 3.40 First 
Double HP 5.48 3.99 5.95 4.02 6.85 4.24 

TP -- -- 4.03 3.53 4.08 3.07 Second 
Double 

HP -- -- 5.71 3.54 6.94 3.01 

TP  3.57 2.80 3.66 2.51 6.0 3.19 Single 

HP 6.81 4.61 7.09 3.81 10.5 4.44 

TP 3.67 
 

2.73 
 

3.42 2.70 3.61 2.38 Control 

HP 3.34 3.32 3.31 3.02 3.42 3.23 
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INTRODUCTION 
Chondrocytes are essential for the health of articular cartilage, 
because they synthesize and maintain the extracellular matrix. 
Since the mechanical environment is known to influence the 
biosynthetic activity of the chondrocytes, their response to 
mechanical stimuli has been studied extensively (Freeman et 
al., 1994; Guilak et al., 1995; Clark et al., 2003). However, 
previous studies were performed on isolated cells in agarose 
gel (Freeman et al., 1994), cartilage explants (Guilak et al., 
1995), or after the fixation of whole tissue (Clark et al., 2003). 
Because of spatial and temporal limitations in experimental 
approaches, it has not been possible to measure cell 
deformations and the corresponding biosynthetic responses for 
dynamic loading conditions and the cell within its native 
environment. Therefore, the question remained, how do cells 
behave in the intact tissue during loading? The purpose of this 
study was to design an indentation system that allows for 
simultaneous loading and observation of chondrocytes in their 
native environment, and measure cell behaviour under 
controlled loading conditions. 
 
METHODS 
In order to observe the dynamic deformation behaviour of 
chondrocytes in intact articular cartilage attached to its native 
bone, we designed a novel indentation system, which allows 
for microscopic imaging of chondrocytes through an indentor 
made of sapphire glass (diameter 1.64mm thickness 1.7mm: 
Rudolf Brügger SA, Switzerland: Fig.1a). In order to control 
displacements and detect deformations of the cartilage 
specimen, a displacement controller (Microminiature Gauging 
LVDT, MicroStrain, VT, USA; fig.1b) was mounted on the 
indentation system. A load cell (ELW-D1, entran, VA, USA; 
fig.1d) was attached to the bottom of the cartilage specimen 
holder for measuring contact forces on the cartilage surface. 
The position of the cartilage specimen is controlled using a 
piezo actuator (FPA-2000, DSM, TN, USA; fig.1e) and 
LabView software. The whole indentation system is mounted 
on the XY stage of a confocal microscope (Zeiss LSM 510, 
Carl Zeiss, Germany). Experiments were performed with the 
lateral femoral condyle of 6 months New Zealand white 
rabbits. In order to obtain optimal contrast between cells and 
extracellur matix, cartilage samples were soaked in 50 µM 
Calcein-AM (Molecular Probes, Eugene, OR) for 1 day at 4°C 
prior to fluorescent confocal imaging. After staining, cartilage-
bone samples were fixed in the specimen holder using dental 
cement. Cartilage samples were immersed in a phosphate-
buffered saline solution throughout testing. The argon laser of 
the confocal microscope was set at 5.9% of full power at 
488nm. A series of 40-50 planar optical sections (depending 
on the size of the cell) were recorded at a spacing of 0.5 µm 
per section using a 40x water immersion objective (Zeiss, Carl 
Zeiss, Germany). A 2MPa load was applied on the lateral 
femoral condyle using a 34s ramp and then kept constant until 
steady state (1200s).  

Figure 1: 
Section view of the 
indentation system: 
a) light transmitting          
indentor, 
b) LVDT, 
c) specimen holder, 
d) load cell, 
e) piezo actuator. 
Circle: detailed view of 
the end of the indentor 
with the sapphire window 

RESULTS 
Figure (2) shows an example of a reconstructed chondrocyte at 
40 um below the cartilage surface before and after load 
application. In this particular example, cell height decreased 
by 19%, and cell width stayed the same in the W1 direction and 
decreased by 4% in the W2 direction. 
 

Figure 2: Reconstructed cell 3D shape a) before loading, b) at steady 
state.  
 
DISCUSSION 
We developed and tested a novel indentation system based on 
a confocal microscope and an indentor that allows for light 
transmission and imaging of cells within articular cartilage 
attached to its native bone. Our data confirm previous results 
(e.g. Guilak et al., 1995) of steady-state chondrocyte 
deformations and volume changes obtained in explant, and our 
system allows for dynamic observation of in situ cell changes 
and the associated biosynthetic responses to be quantified. 
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INTRODUCTION 
 
When an activated muscle is stretched and then is deactivated, 
the passive force obtained is much greater than the passive 
force of the same muscle stretched passively to that same 
length. This phenomenon has been called “passive force 
enhancement” (Herzog and Leonard, 2002). Passive force 
enhancement has been associated with a calcium-dependent 
increase in stiffness of a passive structural protein. The 
molecular spring titin has been implicated as the ideal 
candidate for the origin of this passive force enhancement. 
However, recent evidence suggested that although titin 
changes its stiffness in a calcium-dependent manner, these 
changes are too small to explain the substantial passive force 
enhancement observed in muscle (Labeit et al., 2003). 
Therefore, we hypothesized that the passive force 
enhancement might be directly related to the cross-bridge 
kinetics. The purpose of this study was to alter actin-myosin 
interactions and cross-bridge kinetics in single fibres that were 
actively stretched and then observe the associated passive 
force enhancement. 
 
METHODS 
 
Single fibres (n = 6) were dissected from frog lumbrical 
muscles and suspended between a motor arm and a force 
transducer inside an experimental chamber. Sarcomere length 
was measured using a laser diffraction technique. Fibres were 
activated and stretched by 10% of optimal sarcomere length 
along the descending limb of the force-length relationship. 
Passive stretches were performed in an identical manner, and 
isometric reference contractions were performed at the 
corresponding final lengths. Experiments were performed in 
Ringer’s solution (pH=7.5), and also after the addition of 5 
and 15 mM of 2,3-butanedione monoxime (BDM), which 
inhibits active force production by inhibiting phosphate 
release in the pre-power stroke state. 
 
RESULTS AND DISCUSSION 
 
Passive force-sarcomere length relationships after isometric 
reference contractions and passive stretches were identical for 
all experimental conditions. However, the passive forces were 
substantially increased following active fibre stretches in the 
normal fibre and were further increased with increasing 
concentrations of BDM (Fig. 1). Half relaxation times 
following active stretching were significantly greater than 
those obtained for isometric reference contractions for the 
normal and the BDM conditions (Fig 2). These results suggest 
that the passive force enhancement is associated with an 
inhibition of cross-bridge release following stretch, which has 
been observed experimentally in smooth muscle contraction 
(Dillion et al., 1981).  

Figure 1: Mean (±S.E.) passive force-sarcomere length 
relationship with a best-fit regression line (stretch normal-
solid, 5mM-dashed, 15mM-dotted; isometric contractions and 
passive stretches, dashed-dotted).  

Figure 2: Mean (±S.E.) half-relaxation time vs. sarcomere 
length with best-fit line for isometric contraction (thin line) 
and active stretch (thick line) in three conditions (normal-solid, 
5mM-dashed, 15mM-dotted). 
 
SUMMARY 
 
This study suggests that the passive force enhancement is not 
caused by a passive structural component, but is associated 
with the kinetics of cross-bridge attachment/detachment. 
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INTRODUCTION 
 
Osteoporosis (OP) is a skeletal disease in which bone mass 
declines and the microarchitecture deteriorates, leading to 
increased bone fragility and risk of spontaneous fracture.  
Studying changes in bone architecture in addition to bone 
mineral density is important when assessing the risk of 
fracture (Marx 2004).   
 
Micro-computed tomography (micro-CT) is a non-destructive 
3D imaging method that can be employed to examine bone 
microarchitecture and provide insight into bone adaptation.  
New developments in micro-CT imaging have enabled in vivo 
scanning at high isotropic resolutions (~10μm).  Bone loss can 
be monitored over time in the same subject, reducing the 
variability for each measurement.   
 
The ovariectomized (OVX) rat is a standard model used to 
study osteoporosis.  Subsequent to OVX, there is a rapid 
reduction in bone volume and bone mineral density that occurs 
in rats (Dempster et al. 1995). Longer term in vivo micro-CT 
studies have identified the first 8 wk post OVX as a critical 
phase (Boyd et al., 2006).   
 
The purpose of this study is to establish a detailed longitudinal 
time course of bone loss in the OVX rat model in the initial 8 
wk period against which future research into OP interventions 
can be compared, and to provide baseline data for models of 
OP bone loss can be developed. 
 
METHODS 
 
Eight month old female Wistar rats were assigned to one of 
two groups: OVX (N=10) or sham operated (N=10).  The right 
proximal tibial metastasis was micro-CT scanned in vivo 
(vivaCT 40, Scanco Medical, Switzerland) every two weeks 
from wk 0 to wk 8.  The contralateral left limb was used as 
non-irradiated control and scanned post-mortem at the end of 
the protocol.  Morphological analyses were performed at each 
time step for every animal, and a two-way ANOVA with 
repeated measures was used to analyze the data. Three-point 
bending at the termination of the experiment determined 
differences in mechanical strength. 
 
RESULTS AND DISCUSSION 
 
Preliminary work shows a rapid decrease in bone volume 
(BV/TV) within the first two months following OVX (Figure 
1).  For this study, measurements of bone microarchitecture in 
the first 6 wk are complete, and while a full morphological 
examination is pending completion of the measurement 
protocol, it is clear that estrogen deficiency due to the OVX 
operation has had a potent effect on bone architectural changes 

in the tibial metastasis of the rat in the first 6 wk. The OVX 
groups showed substantial decrease in bone volume as 
compared to the sham groups.  
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Figure 1: Bone volume/total volume (BV/TV) over time.  The 
OVX groups are seen in the left graph and the sham groups on 
the right. 
 
Initial observations indicate a large variation in morphometry 
in both OVX and sham groups as has been observed 
previously over a 6 month time period (Boyd et al., 2006). The 
individual variation highlights the value of performing in vivo 
analysis where each animal acts as its own control. 
 
SUMMARY 
Qualitative data demonstrating trabecular architectural 
changes over time in an OVX rat model provides important 
baseline data of the effects of OVX on 3D bone morphology. 
The full 8 wk dataset will provide a basis for the design of 
future in vivo studies to study interventions into bone loss, and 
to assist in the targeting of specific time points for application 
of interventions. Additionally, 3-point bending will provide 
baseline biomechanical data, and non-irradiated contralateral 
limbs will assess the effects of radiation on bone adaptation in 
this important model for studying osteoporosis. In vivo 
analysis provides the novel ability to monitor changes within 
individuals which provides a strong basis upon which to assess 
interventions, and accelerated discovery of treatment of bone 
diseases.  
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INTRODUCTION                                                                                                                                                  

 

Osteoarthritis (OA) is a very common debilitating condition 

contributing to morbidity among middle age US adults who 

are 55 years or more (Felson, 1998). Obesity, a modifiable risk 

factor, may contribute to both, the development (Gelber, 1999) 

as well as the progression of knee OA (Spector, 1994) by 

increasing the loading at the knee joint.  

Studies have postulated that the increased prevalence of knee 

OA among obese women may be attributable to the 

differences in body mass distribution between men and 

women (Radin, 1972).The lower obesity pattern seen in 

women may put them at greater risk due to altered gait 

mechanics. If the external knee adduction moment (EKAM), 

a known contributor to medial compartment knee OA 

(Baliunas, 2002), is found to be increased in adults with  lower 

body obesity patterns (based on Waist: Hip ratio), this might 

help in identifying populations at a higher risk. 

Hypothesis: Obese adults with lower body mass distribution 

patterns will have greater peak EKAM than the obese adults 

with central pattern and both obese groups will have greater 

EKAM than the controls. 

 

METHODS 

 

Fifty two volunteers (37 obese and 15 controls) between ages 

of 35-55 years and with no knee, lower limb, neuromuscular 

or medical problems participated in the study. Obesity was 

defined as having body mass index (BMI) greater than or 

equal to 30 kg/m2. Subjects were stratified into the central and 

lower body obesity patterns based on their Waist: hip (W: H) 

ratio. Women with ratio of 0.85 or less and men with 0.95 or 

less were identified to have lower (pear-shaped) pattern. 

Anthropometric variables such as height, weight, waist, hip, 

mid-thigh, gluteal furrow circumferences will be measured as 

per the protocol. 

Standard kinetic and kinematic data was collected using an 

Optotrak motion analysis system and Kistler Force plate as the 

subjects walked along a 10 m walkway. Three non-collinear 

markers were used to track the right lower limb, pelvis and 

trunk. Motion data were collected as the subjects were asked 

to walk at their self selected speed with a sampling frequency 

of 60 Hz. Frontal plane data was analyzed using Visual 3D to 

obtain the external knee adduction moments using inverse 

dynamics. Inter-group comparisons of the peak moment 

during the first 50% of stance were made using 2-sample T-

tests. 

 

RESULTS AND DISCUSSION 

 

The 37 obese subjects demonstrated higher peak EKAM than 

the 15 normal weight controls (p=0.00). Subjects with central 

obesity patterns had significantly higher peak EKAM than 

those with lower patterns (p=0.037); -47.01±21.12 Nm vs -

34.05±9.34 Nm.  

 

A distinct sub-group of 5 subjects was observed within the 

central obese group wherein subjects had relatively higher 

moments that was greater than the two standard deviations of 

the mean. Ignoring these outliers, there was no difference 

between the two obese groups (p=0.5). No significant 

relationship was observed using other variables of interest 

such as gluteal furrow circumference, waist: mid-thigh ratio, 

waist: gluteal furrow ratio, however a trend was observed 

between the peak EKAM and the mid thigh circumference 

with a Pearson’s correlation coefficient of -0.42 once the 

outliers were treated. 
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SUMMARY 

 

Contrary to the hypothesis, the obese adults with central 

obesity have greater peak EKAM than the lower pattern. 

However this result is driven by a few subjects who exhibited 

distinctly higher moments. Hence, further exploration of the 

gait biomechanics of these subjects is warranted. Overall, the 

obese adults tend to exert greater forces at the knee joint than 

their normal weight peers, suggesting an increased risk for 

knee OA. Also, differences in anthropometric variables appear 

to affect loading at the knee joint. 
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INTRODUCTION

In the early 90’s (1990-1995) alone powered lift trucks where 
involved in 136 critical injuries (Ministry of Labor, 1999). 
These accidents, which can prove to be fatal, need to be 
prevented. One of the methods of improving the chances of 
having an accident is to improve the visibility of the 
surrounding area. Before visibility can be improved it is first 
necessary to do an exploratory investigation into where lift-
truck drivers actually look (point-of-regard). Once the patterns 
of point-of-regard are obtained modification to the lift-tuck 
could be made to increase the visibility of specific areas of the 
visual field noted by eye-tracking as most significant to 
driving.

The ASL Model H6 Eye tracker works by recording two 
different camera views, one of the scene (a picture of what 
they are looking) and one of the eye. A driver’s point-of-
regard with respect to the head is displayed as a set of cross-
hairs superimposed on the image from the scene camera. In the 
case of the calibration of the eye being lost information can 
still be obtain from the scene camera, by doing a descriptive 
analysis of the center of field of view.

METHODS

Six Lift-truck drivers where tested. Four reflective markers 
were place on the head to yield three dimensional head 
motion. The eye tracking system was then mounted on the 
persons head. The system was then calibration using a 9 point 
hanging calibration grid. After calibration the driver proceeded 
through a driving course, which was constructed to simulate 
fork lift driving tasks. The course consisted of going down a 
long corridor, picking a load up, reversing through the corridor 
, going forward around a blind corner, then reversing around 
the same blind corner, re-entering the corridor and dropping 
the load off, and reversing out of the corridor (simulating the 
loading of a tractor trailer).

RESULTS AND DISCUSSION

The eye calibration was lost on all drivers due to the vibration 
of the cab and the lightening situation. The loss of the 
calibration made it impossible to obtain exact coordinates for 
the point-of-regard. For this reason a new method of analyzing 
the eye-tracking data was generated. The central point of the 
scene camera video for each driver was analyzed on the 
following 6 dimensions: 1) the horizontal direction of the head 
(left, right, center), 2) the vertical direction of the head (up, 
down, center), 3) the direction of motion, 4) if they are 

carrying a load or not, 5) the task, and 6) if cross-hairs are 
present or not. 

Table 1: An example of one driver's visual attention location. The 

Dimension Direction % of time

Vertical 
direction of 
the head

Looking down 62

Looking center 38

Looking up 0

Horizontal 
direction of 
the head

Looking left 69

Looking right 21

Looking  center 10

Direction of 
motion

Backing up 41

Going forward 26

Stationary 33

Interestingly the drivers rarely look directly behind them even 
when driving backward (41% of the time). They look to the 
side and follow the wall as a gauge of the line of travel. 
Regardless of direction of travel the majority of the time is 
spent looking down and to the front or to the side.
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INTRODUCTION 
 
Tracking of the 3-D rotational displacements of the trunk is 
necessary for biomechanical purposes ranging from a simple 
understanding of trunk motion to complex modeling of the 
relationship between muscle force and moment generation and 
the movements thereby produced.  Electromagnetic tracking 
devices are often used to monitor 3-D trunk displacements (eg. 
Dolan et al., 2001).  Acquiring trunk rotational velocity and 
acceleration records requires the single and double 
differentiation of the rotational displacement signal.  It is well 
known that differentiation is an inherently noisy process 
whereby higher frequency components (often noise) of the 
signal will be amplified (Winter, 2005).  It is therefore 
important to understand the frequency content of both the 
“true” kinematic signal and noise signal obtained from such 
devices. The purpose of this study is to then test the frequency 
content present in quick angular trunk movements as well as 
the noise inherent in the rotational displacement signals of a 
commonly used electromagnetic tracking device (3-Space 
Isotrak, Polhemus, Colchester, VT).  
 
METHODS 
 
Angular displacements of the gross lumbar spine with respect 
to the pelvis were quantified using an electromagnetic tracking 
device (Isotrak, Polhemus), digitally sampled at 32 Hz.  The 
sensor was secured over the T12 spinous process and the 
source was secured over the sacrum. Ten male subjects were 
statically loaded, via a cable aligned approximately with the 
T7 level, with either an 8.0 kg or 10.3 kg load. The cable was 
oriented horizontally through a pulley and attached to the load. 
The cable load was delivered to produce either a flexion or 
combined flexion and right-side twist perturbation. At each 
direction, the load being maintained was released, via a 
magnet, by the investigators without warning, within a 15 
second window. Angular displacement data, corresponding to 
each of the flexion and twist axes, was analyzed over a 1 
second window beginning 200ms prior to the first movement 
in response to the quick release.  Fast Fourier Transforms were 
performed on the signals over the 1 second window.  
Variables calculated were the mean power frequency (MPF) 
of the signal, as well as the percent of total power existing in 
the 1st harmonic alone and in the 1st and 2nd harmonics 
combined.  
To obtain an estimate of the inherent system noise, two 
additional tests were conducted.  The first consisted of 
securing the 3-Space source and sensor on a wooden board 
(the sensor was 35 cm superior to the source) and collecting 
two dummy trials each of 15 seconds duration.  The second 
consisted of adding four channels of EMG, arranged in a 20 
cm by 20 cm configuration with the 3-Space sensor in the 

centre, to the wooden board and collecting two additional 
dummy trials each of 15 seconds duration.  One second was 
windowed out of each of these trials and the identical 
frequency analysis as described above was conducted. 
 
RESULTS AND DISCUSSION 
 
The MPF was found to be significantly higher (p=0.0046) in 
the twist (1.59 ± 0.42 Hz) when compared to the flexion (1.40 
± 0.22 Hz) displacement signal.  The percent of power 
residing in the 1st harmonic (1 Hz) was found to be 
significantly higher (p<0.0001) in the flexion (85.7 ± 7.7 %) 
when compared to the twist (75.2 ± 11.1 %) frequency 
response. Average MPF of the noise trials was 2.80 Hz and 
6.18 Hz without and with the presence of EMG, respectively.  
In the absence of EMG the percent power residing in the 1st 
harmonic alone (1 Hz) and 1st two harmonics combined (1 and 
2 Hz) was 38.6 and 57.1 %, respectively.  In the presence of 
EMG, the percent power in the 1st harmonic alone (1 Hz) and 
1st two harmonics combined (1 and 2 Hz) was reduced to 11.9 
and 24.5 %, respectively. 
The vast majority of signal power (approximately 93 %) 
residing in trunk angular displacement data lies at or below 2 
Hz.  This supports the findings of Brereton and McGill (1998) 
who showed that the frequency response of the erector spinae 
muscles, matched to external torque profiles, lie between 2 
and 2.5 Hz. The mean power of the 3-Space noise signal was 
found to be at 2.8 Hz, with approximately 57 % of the power 
lying at or below 2 Hz.  The presence of EMG in the vicinity 
of the Isotrak added high frequency noise components to the 
kinematic signal, raising the MPF to 6.18 Hz and lowering the 
percent power at or below 2 Hz to approximately 25 %.  It 
must be noted that the total power in the noise signal was very 
low, however, in comparison to the total power in the 
rotational displacement signals obtained in the quick release 
protocol.  Therefore, to maximize the signal to noise ratio, 
low-pass filtering of trunk kinematic signals at approximately 
2.5 Hz appears a good guideline. It must be noted that while 
the bulk of the angular displacement signal power lay below 2 
Hz, some power (approximately 7 %) did reside above this 
level. It is possible that while the power above 2 Hz is quite 
low, it may in fact represent a potentially important 
component of the signal.  Therefore, one has to consider the 
pros/cons of the nature of the signal to noise relationship and 
make then a determination as to signal treatment appropriate 
to the goals of the analysis. 
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INTRODUCTION 
Botulinum neurotoxin type-A (BTX-A), produced by 
Clostridium botulinum, causes a paralytic effect in muscles by 
preventing the release of acetylcholine at the neuromuscular 
junction.  Currently, BTX-A is widely used clinically in the 
therapeutic treatment of a variety of muscle spasticity 
disorders including cervical and hemifacial dystonia (Brin, 
1997).  BTX-A is also used in experimental applications for 
the study of motor control (Misiaszek & Pearson, 2002), and 
functional muscle weakness (Longino et al., 2005).  However, 
as the mechanism of action of the neurotoxin becomes more 
clearly understood and it is used to treat an increasing number 
of humans, insight into the effects of BTX-A on muscle 
mechanics is of increasing importance. Therefore, the purpose 
of this study was to investigate the short-term and long-term 
effects of BTX-A on the mechanical properties of an injected 
soleus and non-injected plantaris muscles of the cat hindlimb. 
 
METHODS 
Six skeletally mature cats (4 female, 2 male, 3.0-5.4 kg) were 
randomly assigned an experimental hindlimb, with five 
animals receiving a one-time intramuscular injection of BTX-
A into the soleus muscle and one animal receiving an intra-
muscular saline control injection into the soleus.  Animals 
were anesthetized using a 2% halothane/oxygen mixture.  The 
tibial nerve was dissected and a nerve cuff stimulator was 
implanted prior to any nerve branching and the soleus and 
plantaris muscles were separated from the surrounding tissues 
on the experimental hindlimb.  Animals were then secured in a 
stereotactic frame at the hip, knee and ankle joints and the 
soleus and plantaris muscles were attached to a muscle puller 
via a remnant piece of the calcaneous to which their distal 
attachments remained.  The muscles were tested using a 30 
minute experimental test protocol consisting of a 5 minute set 
of stimulations (single twitch, doublet, 50Hz, and 100Hz) with 
duration of 1000 ms, repeated four times, followed by the 
characterization of the force-length relationship using a 
stimulation frequency of 50Hz at six to seven lengths within 
the range of everyday motion. After the test protocol had been 
completed twice, the soleus muscle received a total BTX-A 
injection dose of 3.2 units/kg, with half of the injection 
volume administered towards the proximal end of the soleus 
muscle and half towards the distal end.  The test protocol was 

then repeated every 30 minutes for 7 hours, with the BTX-A 
injection occurring at 0 hour.  Following testing, the animals 
were sacrificed by an overdose injection of Euthanyl into the 
femoral vein. 
 
RESULTS AND DISCUSSION 
In the five animals that received an intra-muscular BTX-A 
injection, there was a slow but gradual decrease in the force 
production of soleus over seven hours compared to the saline 
control injection.  When these results are compared to those 
four weeks after a BTX-A injection of the same dosage (Table 
1), it can be seen that the full effect of BTX-A on the soleus 
muscle after seven hours appears to be incomplete.  However, 
a gradual decrease in the force production of plantaris over 
seven hours was found in all animals including the saline 
control, indicating that this decrease was not a result of the 
BTX-A injection in the nearby soleus muscle but from muscle 
fatigue.  Whereas for the plantaris muscle four weeks 
following an injection into the adjacent soleus muscle 
(Yaraskavitch & Herzog, 2006) the drop in force production 
was found to be due to diffusion of BTX-A into the muscle. 
 
SUMMARY 
The results of this study suggests that seven hours following 
BTX-A injection into the cat soleus muscle, a reduction in 
force production in the soleus muscle is evident, however the 
effect of the toxin on the muscle is not yet complete.  In 
addition, it would appear that the diffusion of BTX-A into 
muscles adjacent to the one injected takes longer than seven 
hours. These results have clinical implications for the 
administration of BTX-A for therapeutic paralysis, in that 
paralysis is not complete within seven hours and specific 
injections do not only affect the target muscles but 
surrounding non-target muscles as well. This might produce 
clinically non-desired effects that must be considered in 
therapeutic or cosmetic BTX-A treatments. 
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Table 1: Percentage Decrease in Peak Force Production for Soleus and Plantaris 
 Soleus Plantaris 
 7 hours post-injection* 4 weeks post injection** 7 hours post-injection* 4 weeks post injection** 
 [%] (±SD) [%] (±SD) [%] (±SD) [%] (±SD) 
Twitch 24.47% (21.51) 33.0% (27.0) 28.81% (10.61) 11.0% (14.0) 
Doublet 21.24% (11.79) 27.0% (26.0) 22.81% (8.05) 11.0% (17.0) 
50Hz 12.12% (6.90) 29.0% (26.0) 25.86% (7.15) 13.0% (11.0) 
100Hz 11.97% (11.75)  21.70% (5.75)  
* Loss of muscle force production with respect to pre-injection levels. 
** (Yaraskavitch & Herzog, 2005).  Loss of muscle force in injected hindlimb with respect to the contralateral hindlimb. 
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INTRODUCTION 
 
Maximum voluntary isometric contractions (MVIC’s) are 
performed so that electromyographic (EMG) data can be 
normalized to the subject’s maximum EMG activity, and 
subsequently be referred to as a percentage of maximum, or % 
MVC.  Failure to elicit a maximum voluntary contraction may 
result in an artificially high % MVC, giving a false impression 
of the degree of activation of the muscle. The purpose of this 
study was to analyze different methods of collecting trunk 
muscle MVIC’s and compare how often each resulted in the 
true maximum level of electrical activity for each muscle. 
Females were selected given the additional challenge of trying 
to elicit maximal responses in women. 
 
 
METHODS 
 
9 women participated in this study (age 25.8 ± 5; BMI: 25.7 ± 
5).  Ultra-sound was used to determine the exact position of 
the horizontal divisions of RA, enabling precise EMG 
electrode placement over the URA/LRA segment bellies. 16 
channels of EMG were collected bilaterally over 8 trunk 
muscles: internal oblique (IO), lateral and medial external 
oblique (LEO, MEO), upper and lower rectus abdominis 
(URA, LRA), latissimus dorsi (LD), upper and lower erector 
spinae (UES, LES).  
 
Participants were required to do a total of 12 different 
maximum voluntary contractions while being physically 
restrained to ensure an isometric contraction. The 12 MVIC’s 
included: 1. ABS: supine trunk flexion (attempting to flex the         
thorax forwards; sagittal, twist right, twist left); 2. RABS: 
reverse supine trunk flexion (attempting to flex the pelvis 
forwards; sagittal, twist right, twist left); 3.  RSB: right side  
bridge   (resisting   downward   pressure  on   the  left   pelvis);           
 

 
 
4. LSB (resisting downward pressure on the right pelvis); 5. 
RRB: reverse right bend (side bend the pelvis in the frontal 
plane against resistance; 6. RLB: reverse left bend; 7. EXT: 
prone lying thoracic extension against resistance; 8.  REXT: 
reverse extension (prone lying with hips and knees flexed to 
90° over end of bed, supported, then attempting to lift the 
pelvis against resistance); 9. RLD: right latissimus dorsi 
(upright standing, attempting to adduct and internally rotate 
the shoulder against resistance); 10: LLD left latissimus dorsi; 
11. Hollow: abdominal hollowing maneuver; 12. Brace: 
abdominal bracing maneuver. 
 
 
RESULTS AND DISCUSSION 
 
These female subjects demonstrated great variability as to 
which resisted activity resulted in the greatest muscle 
activation.  For example, the highest activation level for lower 
rectus abdominis was elicited by doing R ABS in 50% of the 
participants, ABS in 25% and a side bridge in 25%. Lower 
erector spinae maximum activity was found 44% of the time 
with an EXT contraction, and 56% of the time with R EXT.  
25% of the time, the highest activity for internal oblique was 
found in an un-resisted hollowing maneuver. (Figure 1) 
 
 
SUMMARY 
 
Obtaining the maximal EMG for normalization is challenging, 
anecdotally moreso in females. This data suggests that several 
tests should be attempted, since the position that elicits 
maximum activity from a muscle varies greatly from person to 
person.  
 

100  
Figure 1:  An example of 8 different positions used to obtain MVC’s in the 
trunk muscles.  The y-axis indicates the % of participants that demonstrated 
maximum EMG activity in each of the positions listed on the x-axis.   
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INTRODUCTION  
 
Varying degrees of complexity exist in the biomechanical 
models used to perform segmental power analyses 
(Riley,2001; Seigel,2004; Neptune,2004). The assumptions 
made in the biomechanical model affect the accuracy of the 
interpretations made about the role of the muscle or joint 
moments during movement. All the above studies have 
modeled the upper body (trunk and pelvis) as a single 
segment. In the current study, the effect of modeling the pelvis 
and thorax segments as two separate segments (8-segment 
model, 8SM) versus a single segment (7-segment model, 
7SM) on the segmental power during normal walking was 
evaluated. 
 
METHODS 
 
Motion data from 4 healthy subjects were collected during 
normal walking. Informed consent was obtained from the 
subjects before participating in the data collection. Joint 
moments and powers were computed using standard inverse 
dynamics approach. 
 
The 3D biomechanical model was created in ADAMS (MSC 
Software, Ann Arbor, MA) for each subject. Two different 3D 
models were created for each subject; a 7-segment, 22 
degrees-of-freedom (DOF) (upper body and bilateral thigh, 
shank, foot) model and an 8-segment, 25 DOF (thorax, pelvis, 
and bilateral thigh, shank, foot) model. For both the models, 
the ankle was modeled as a universal joint, and the hip and 
knee as spherical joints. For the 8-segment model the lumbar 
joint (joint between the pelvis and thorax) was modeled as a 
spherical joint. The motion of the trunk in the 7 SM was 
prescribed using the pelvis markers but the anthropometry of 
the trunk was used; similar to Seigel (2004). Foot floor 
interaction was modeled as a revolute joint at the COP during 
the entire stance phase. The contribution of the joint moments, 
gravity and centripetal forces to the segmental power for the 7 
SM and 8 SM was computed by performing a short simulation 
in ADAMS using similar methods as described by Seigel 
(2004). For ease of comparison of the upper body power 
between the 7 and 8 segment models; the power of the pelvis 
and thorax segments are summed for the 8 SM and then 
compared to the upper body of the 7 SM.  
 
RESULTS AND DISCUSSION 
 
The inverse dynamics solution was used to verify the model 
(Siegel,2004). The contribution of the joint moments to the 
segmental power, for the 7 and 8 segment models are shown 
in Figure 1. The segmental energy flow results of the 7 SM 
were similar to the published data using a similar model 
(Seigel,2004).  
 

 
Figure 1: Average (of 4 subjects) contribution of the right hip and ankle 
moment to the power of all the body segments during the right stance 
phase of gait. The abbreviations used in the legend are explained here. 
RTh: right thigh, RSk: right shank; RFt: right foot; Pel:Pelvis; contra: 
contralateral leg.  
 
Differences between the two models were greatest with 
respect to the contribution of the hip moment to the power of 
the body segments (Figure 1).  During late stance for the 7 SM 
the right hip moment was responsible for removing energy 
from the upper body and adding energy to the right thigh; 
consistent with the findings of Riely (2001) and Seigel (2004). 
The opposite was observed for the 8 SM where energy was 
removed from the right thigh and added to the upper body 
during late stance. Significant changes were observed in the 
amplitude of the power delivered by the ankle moment to the 
body segments for the two models. During late stance the 
ankle plantar flexors were responsible for transferring energy 
into the upper body for both the models, which is consistent 
with the findings of Seigel (2004) and Neptune (2001). 
 
CONCLUSION 
 
Modeling the pelvis and thorax as separate segments for 
normal walking appears as a better assumption; even when the 
thorax motion relative to the pelvis is fairly small. 
Substantially larger motions between the pelvis and thorax are 
observed in some pathologies, such as in patients with 
myelomeningocele (Ounpuu ,2001). From the results, an 8 SM 
appears to be more appropriate for estimating the role of joint 
moments for not only pathologic but also normal walking.  
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INTRODUCTION  
 
Squaring the pelvis and thorax segments to home plate at the 
proper time in the pitching motion is thought to maximize 
pitch velocity and minimize shoulder and elbow injury during 
fast ball pitching. The purpose of this study was to determine 
whether a relationship exists between pitch velocity and upper 
body (trunk and pelvis segments) kinematics; and ball velocity 
and upper extremity loads in Little League (LL) pitchers.  
 
METHODS 
 
Motion data from 27 healthy, right-handed, LL pitchers, aged 
10-14, was collected using a VICON 512 system (VICON 
Motion Systems, Lake Forest, CA). The kinematics and 
kinetics were computed using a custom biomechanical model, 
which included a separate scapula and a hand segment in 
addition to the typical model reported in the literature (Rab et 
al. 2002, Flesig et al 1999). A spherical joint center technique 
(Westwell et al., 2004) was used to determine the gleno-
humeral (GH) joint center. All pitchers underwent 15-20 
warm-up pitches followed by data collection from 10 pitches. 
Data was analyzed for an average of three pitches for each 
subject. The wrist, elbow and GH moments and forces and the 
pelvis, thorax and spine (relative motion between the pelvis 
and thorax) angles were analyzed. 
  
RESULTS AND DISCUSSION 
 
The ball velocity of the tested pitchers varied from 17 m/s to 
29 m/s (mean 24 m/s). Higher peak elbow varus torque 
(Figure 1) and higher peak GH internal rotation moment 
(r=0.73) was observed with increasing ball velocity. Also, 
there was a trend towards increasing peak GH flexor moment 
(r=0.62) and higher peak elbow medial force (r=0.58) with 
increasing ball velocity. 
 
Greater external rotation of the spine (thorax is more 
externally rotated than the pelvis) at foot contact (FC) resulted 
in greater ball velocity (Figure 2). Wight (2005) observed a 
positive correlation between pelvis orientation at FC and peak 
elbow varus load in college pitchers. We observed poor 
correlation between the above two variables for the tested LL 
pitchers, but instead there was a trend towards higher elbow 
varus loads with greater spine external rotation at FC (r=0.58). 
Increasing spine peak posterior angular velocity during arm 
cocking resulted in increasing ball velocity (Figure 3) and 
peak elbow varus torque (r=0.59). 
  
SUMMARY 
 
Although the data from LL pitchers did not show the same 
relationships as seen in the college pitchers, there were trends 

between spine motion and elbow loads that warrant further 
examination.  As was expected increased ball velocity was 
correlated with increased elbow moments. Future efforts will 
focus more comprehensively on the possible interaction of 
multiple complex motions that may contribute to increased 
elbow loads.  
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Figure 1: Ball velocity versus peak elbow varus torque during 
arm cocking. Correlation: r=0.72; p<0.05. 
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Figure 2: Ball velocity versus external rotation of the spine 
(Thorax-Pelvis) at foot contact. Correlation: r=0.68; p<0.05. 
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Figure 3: Ball velocity versus peak spine posterior angular 
velocity during arm cocking. Correlation: r=0.60; p<0.05. 
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INTRODUCTION 

Four-wheeled walkers, also known as rollators, are typically 
prescribed to patients with general weakness, extreme inability 
to bear weight with the lower limbs, debilitating conditions, or 
poor balance control (Bateni & Maki, 2005).  However, there 
have been reports of increased fall risk associated with the use 
of these assistive mobility devices.  Although rollators are 
used by people with a wide variety of locomotion-related 
deficits, little is known about how and if rollators help or 
hinder ambulation.  This is due, in part, to a lack of 
standardization in the assessment of how these devices 
influence gait.  Measurement to date has been largely focussed 
on quantification of the stability of the walker itself, and the 
degree of upper limb contribution to stability during walker 
use, with the Walker Use Risk Index (WURI: Pardo et al, 
1993) and the simpler Walker Tipping Index (WTI: Deathe et 
al., 1996).  Fast et al. (1995) identified two distinct patterns of 
walker usage: as a means of reducing load through the lower 
limbs, and as a means to enhance balance and stability.  
However, there is no known published quantification of how 
rollator walkers are actually used in terms of the movement of 
the walker, and that of the user in reference to the device.  
Therefore, the purpose of the present study is to develop and 
implement new outcome measures which will assess both the 
motion of the rollator itself with respect to the walkway, and 
foot placement (anterior-posterior: AP, and medial-lateral: 
ML) with respect to the rollator.   
 

METHODS AND MATERIALS 

Six healthy adults (3 males, 3 females, ages mean=33 years, 
SD=6 years) walked with a rollator along a GAITRite™ 
walkway.  The active area of the walkway was 340 cm in the 
anterior-posterior direction of progression, by 50 cm in the 
medio-lateral direction, instrumented with force-sensing 
resistors (FSRs).  A standard sized Dolomite Legacy™ rollator 
walker was used by all six participants: 58.42 cm wide, 66.04 
cm long (front to rear), 93.98 cm handle height (adequate for 
all six participants), 43.18 cm width between the handles, 20 
cm diameter wheels, 48.26 cm between the rear wheels.  
Participants each performed five walking trials.  The raw 
sensor events representing loads applied to the GAITRite 
walkway surface during walking trials (time stamp, x-
coordinate, y-coordinate, force level) were output using the 
GAITRaw™ software.  Custom software (LabVIEW 7.1, 
National Instruments) was developed to separate the GAITRite 

sensor events which represented individual footfalls from 
those events which represented the tracks of the rollator 
wheels.  The total number of footfalls captured depended on 
the individuals’ step lengths: 4 to 8 footfalls per walk, 
resulting in 19 to 36 complete footfalls over the five walking 
trials per participant.  Step-to-step variability of the spatio-
temporal parameters of rollator motion and foot placement 
with respect to the rollator rear wheels was calculated.   
 

RESULTS AND DISCUSSION 

Rollator anterior velocity of the normal participants was 
relatively slow, 0.76 (0.03) m/s, when compared to normal gait 
without any assistive device.  Medial-lateral distance 
variability was 0.60 cm.  Heading angle with respect to the 
long axis of the walkway was essentially zero, -0.09 (0.21) 
degrees.  Healthy participants stepped into the base of support 
of the rollator, placing the leading foot anterior to the ‘virtual 
rear axel’ (an imaginary line joining the centres of the rear 
wheels), with no significant difference between the left foot: 
13.95 (0.61) cm, and the right: 14.22 (0.24) cm, p=0.892.  
Medial-lateral clearance of the leading foot with respect to the 
near wheel was not significantly influenced by side, 11.92 
(0.24) cm for left, and 12.10 (0.26) cm for the right, p=0.837.   
 

On-going work 

The present measures were designed to improve current 
knowledge of how rollators may assist balance and mobility.  
On-going work is focused on examining additional measures, 
and on further development of the algorithms in order to deal 
with the higher than normal variability of patient populations 
with neurological disorders.  Of specific interest is a cohort of 
40 multiple sclerosis patients who have undergone evaluation 
with an assistive mobility device on the GAITRite mat over 
the last 2 years. 
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INTRODUCTION 
 
The Canadian Armed Forces load carriage system includes a 
Tactical Vest (TV), and a Rucksack (Ruck), which have been 
designed to be configured to support a variety of operational 
objectives.  Current guidelines recommend wearing the TV 
under the Ruck and a Ruck load of 25 kg. Due to increased 
threat levels, soldiers are increasingly attempting to wear a 
Fragmentation Protection Vest (FPV), with bullet resistant 
plates (BR) beneath the TV and Ruck.  Additionally, 
operational loads carried in the Ruck often approach 45 kg.  In 
an attempt to optimize for this configuration, soldiers have 
been removing or straightening the contoured vertical stays in 
the Ruck.  This study assessed the effects of these practices on 
the load distribution to the body in terms the vertical load on 
the shoulders and forward lean moment.   Contact pressures 
under the equipment were also determined but are not reported 
in this paper. 
 
METHODS 
 
A Load Distribution Tester, Figure 1, consisting of a human 
form with two 6 degree of freedom load cells,  positioned at 
T12/L1 (AMTII MC5-2500) and beneath the body (AMTI 
AccuPower), was used to assess the force distribution to the 
body for  the following conditions:  1) TV and Ruck, with 
stays bent to conform to the back, 2) TV, FPV with BR Plates 
and Ruck, stays bent to conform to back,  2) TV, FPV with 
BR Plates and Rucksack, straight stays,  2) TV, FPV with BR 
Plates and Rucksack with no stays.   All were tested with 25 
kg in the rucksack.  Position of the Ruck waist belt and 
shoulder straps was marked for reproducibility, tension in 
shoulder straps (22N), waist belt (32N) was measured with in-
line load cells and keep within +/-2 N for each configuration. 
A single static trial was recorded at 20 Hz for 10 seconds for 
each configuration at 0 degrees forward lean. Vertical force on 
the upper body and forward lean moment was calculated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:   Test Configuration - TV, FPV, BP and Ruck 

RESULTS  
 
Force measurement error was +/- 10N. 
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Figure 2:  Compressive Force on Upper Body 

 
Figure 3:   Forward lean moment  
 
DISCUSSION AND CONCLUSIONS 
The upper body carries a greater portion of the load when the 
FPV is worn since the vest is supported only by the shoulders. 
Stays were able to transfer a portion of the rucksack load 
directly to the hips, even when worn with the FPV and BP.  
Bent stays were more marginally more effective (~5%) than 
straight stays at unloading the shoulders. The No Stay 
condition disproportionably loaded the shoulders, shifting 95 
N of the rucksack load onto the shoulders, in addition to the 
inherent increase of 90 N due to the FV weight.  The FPV has 
minimal effect on the forward lean moment since the load is 
distributed about the torso 
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INTRODUCTION 
Walking on inclined surfaces such as a ramp has been 
recognized as an activity that is associated with increased risk 
of falls in the elderly (Berg et al., 1997). The goal of this study 
was to determine if older adults were able to successfully 
modify their walking patterns in order to walk up a ramp at 
various inclines to provide insight into why ramps may 
increase the risk of falling in older adults. 
 
METHODS 
Four healthy older females (mean age = 79 years) were asked 
to walk up a ramp at various inclines. Right lower-limb and 
trunk kinematics were obtained with an OPTOTRAK system 
with markers placed on anatomical landmarks defining a four 
segment representation of the right lower-limb and the trunk.  
The participants performed five blocks of five walking trials 
with each block having a different ramp inclination (0º, 3º, 6º, 
9º, 12º). The order of the conditions was randomized. 
 
Segment and joint kinematic time histories were determined 
using the conventions described by Winter (1991) and net 
joint moments and powers in the sagital plane were calculated 
at the ankle, knee and hip joints during the swing phase using 
standard inverse dynamics (Winter, 1991). The first step 
following contact with the ramp was analyzed. 
 
RESULTS & DISCUSSION  
The participants were able to complete all ramp conditions, 
with no changes in horizontal velocity, or step times. The 
lower limb joint angle profiles are shown in Figure 1.  From 
the limited data available for comparison the older adults 
appear to achieve similar kinematics while walking up the 
ramp compared to younger subjects (Lay et al, 2005).  
 
Other than small increases in ankle dorsiflexion during early 
to mid-stance, the lower ramp inclinations (3º & 6º) led to 
very little changes in the walking pattern during stance. As the 
inclination of the ramp increased, the amount of flexion 
increased during early stance for all joints. This increased 
flexion allows for the participant to maintain stability and to 
generate the necessary forward propulsion to continue walking 
up the ramp. During late swing there appeared to be an online 
adjustment of the joint angles in order match the inclination of 
the ramp, which appeared to be a result of increased work 
performed by the hip flexors and a small increase in work 
performed by the ankle dorsi-flexors during early swing. 
 
Prentice et al (2004) showed that healthy young participants 
use a two-stage response during swing to step onto a ramp, 
where in early swing there is an increase in the work done by 
the hip flexors and knee extensors during early swing, and foot 
placement was controlled during late swing through an 
absorption by the knee flexors.  In this study it was found that 
as the inclination of the ramp increases the older adults are   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Joint angle profiles for all ramp conditions. 
 
reliant on a hip strategy to initiate the swinging of the limb 
and less able to use a knee flexor strategy to control the 
placement of the foot during late swing. This finding may 
have implications for stability as the older adults as they 
ascend a ramp. 
 
SUMMARY 
This study shows that older adults may use a different strategy 
for walking up an inclined surface that those previously 
reported for younger subjects, and may help partially explain 
why walking up ramps poses an increased risk of falls for 
older adults.  
 
REFERENCES 
Berg WP et al. (1997). Age and Aging, 26(4):261-8. 
Lay et al. (2005). J. Biomech. In Press. 
Prentice et al. (2004). Gait and Posture. 20: 255-65. 
Winter DA (1991) The Biomechanics and Control of Human  
Gait. Waterloo, Waterloo Biomechanics.  
 
ACKNOWLEDGEMENTS 
This work was supported by a grant from NSERC. 

0

10

20

30

40

50

60

70

0 20 40 60 80 1

K
ne

e 
A

ng
le

 (D
eg

re
es

)

00

-10

0

10

20

30

40

50

60

0 20 40 60 80 100

% Stride

H
ip

 A
ng

le
 (D

eg
re

es
)

Level

3º

6º
9º

12º

-30

-20

-10

0

10

20

30

0 20 40 60 80 10

A
nk

le
 A

ng
le

 (D
eg

re
es

)

0

mailto:jwnoble@uwaterloo.ca


FOOT JOINTS AND TIBIAL KINEMATIC COUPLING PATTERNS DURING STANCE 
PHASE OF BAREFOOT VERSUS SHOD RUNNING 

 
Mansour Eslami 1, 2 and Paul Allard 1, 2 

 

1Department of Kinesiology, University of Montreal, Montreal, Canada, 
mansour. eslami@umontreal.ca 

2Laboratoire d’Étude du Mouvement, Research Center, Sainte-Justine Hospital, Montreal, 
paul.allard@umontreal.ca 

 
 

Introduction 
 
Forefoot motion in the sagittal and     
transverse planes contributed to rearfoot 
frontal plane motion during running (Pohl 
et al.). Therefore, the alteration of three 
dimensional forefoot motions could be the 
possible biomechanical effects of shoes and 
orthotics to reduce and control excessive 
rearfoot eversion and tibial internal 
rotation. However, the effect of shod 
condition on the alteration in forefoot and 
rearfoot coupling hasn’t yet been 
investigated. The objectives of this study 
were:  a) to compare three dimensional 
excessive excursion of forefoot, frontal 
plane rearfoot excessive eversion and the 
transverse plane tibial rotation during first 
50% of stance phase of barefoot versus 
shod running b) to determine differences in 
mean relative phase angle of the forefoot 
and rearfoot frontal plane motion during 
the stance phase of barefoot versus shod 
running 
 
Methods 
 
Sixteen subjects ran 10 times at 170 steps 
per minute under barefoot and shod 
conditions. A force plate and a six- camera 
system recorded impact forces and three-
dimensional kinematic coordination, 
respectively. Rearfoot and forefoot 
coordinate systems were defined in line 

with Kidder’s model and tibial axes 
definition respected ISB recommendation. 
Paired t test and two factor repeated 
measure ANOVA were used to test the 
hypothesis.    
 
Results 
  
Forefoot showed 1.6° higher inversion in 
the frontal plane with respect to rearfoot  in 
shod condition in compared with the 
barefoot condition (p<0.05). Forefoot 
abducted about 0.24° in shod running while 
it adducted -0.99° in the barefoot running 
(p<0.05). No significant differences in 
mean absolute relative forefoot and 
rearfoot frontal plane coupling angle was 
observed between shod and barefoot 
running conditions during any phase of 
stance (p>0.05). 
 
Conclusion: Alteration in forefoot frontal 
and transverse plane motions is likely due 
to an intervention effect during first 50% of 
stance phase. However, no significant 
frontal plane forefoot- rearfoot coupling 
motion   patterns was observed during 
stance phase of shod running. 
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INTRODUCTION 
 
The active straight leg raise (ASLR) test has been clinically 
linked to pelvic stability (O’Sullivan et al, 2002). In particular, 
unnecessary pelvic twist in the transverse plane during the 
ASLR test has been identified as an indicator of poor pelvic 
motion control. Clinical observation suggests that lumbar axial 
rotation may occur during the ASLR test. Thus, the goal of 
this investigation was to determine the applicability of the 
ASLR test for evaluating lumbar spine stability in an axial 
rotation mode. 
 
METHODS 
 
Five healthy participants (25.4 years, 166 cm, 66.5 kg) were 
recruited for this study. Participants were asked to perform the 
ASLR test by raising their right leg to a measured height of 
0.2 meters without (control), and with abdominal bracing. 
  
Twelve channels of surface electromyographic (EMG) activity 
were recorded bilaterally from six trunk muscles. EMG signals 
were amplified, full wave rectified, and low pass filtered 
(cutoff frequency of 2.5 Hz) using a second order Butterworth 
digital filter. The processed EMG signals collected during 
each ASLR condition were normalized to the peak EMG 
amplitude obtained during a maximal voluntary isometric 
contraction. Three dimensional motion of the lumbar spine 
was recorded using an electromagnetic sensor secured at T11 
and transmitter secured over the pelvis. 
 
Individual muscle force and stiffness for a set of 118 muscle 
fascicles of the lumbar spine were derived from the 
normalized EMG using a Distribution Moment model. 
Muscular lumbar joint stiffness was computed using the 
fascicle geometry, force and stiffness (Potvin & Brown, 2005). 
The computed stiffness values for the abdominal bracing, 
manual resistance and the combined manual resistance with 
abdominal bracing conditions were normalized to the 
computed stiffness during the control trial. 
 
Differences between the control and abdominal bracing 
conditions, for both the lumbar stiffness and axial rotation, 
were evaluated with t-tests and a Bonferroni correction factor 
to create a significance level of 0.025. 
 
RESULTS & DISCUSSION 
 
Lumbar spine stiffness increased (p = 0.009) during the 
abdominal bracing condition, relative to the control condition 
(Figure 1). Moreover, the lumbar axial rotation that occurred 
from performing the ASLR was reduced (p = 0.02) during the 
abdominal bracing condition relative to the control (Figure 2). 
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Figure 1 – Rotational lumbar stiffness about the axial rotation 
axis between the control and abdominal brace conditions. 

0

1

2

3

4

5

6

7

8

9

10

Control Abdominal Brace

Lu
m

ba
r A

xi
al

 R
ot

at
io

n 
(d

eg
re

es
)

 
Figure 2 – Lumbar axial rotation between the control and 
abdominal brace conditions. 
 
Increased abdominal activation during the bracing condition 
appears to function as a pelvic restraint which limits lumbar 
spine axial rotation during the ASLR. Restricting pelvic 
rotation has been shown to reduce pelvic pain in a patient 
population (Mens, 1999) 
 
SUMMARY 
 
The ASLR can be used as a clinical indicator of lumbar 
stability in a twisting mode. 
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INTRODUCTION 
Both dynamic postural control and focal movements require 
organized synergistic muscle activations, with resultant 
coordination of body segment kinematics and postural kinetics 
[Massion, 1992].  For Parkinson’s disease patients (PD), 
discoordination of these patterns can limit independence in 
activities of daily living [Chapuis et al., 2005].  Consequently, 
the examination of the coordinated control of an ecologically-
relevant task may help identify both functional limitations and 
rehabilitative strategies for PD [Montgomery, 2004].  The 
purpose of this study was to investigate the spatiotemporal 
coordination between segments contributing to a skilled reach 
among unmedicated and medicated PD. 
 
METHODS 
Ten participants with idiopathic PD (PD; mean age: 66.8 ± 
10.6 years, mean disease duration: 10.9 ± 4.2 years, UPDRS 
III [OFF]: 37.8 ± 19.9, UPDRS III [ON]: 17.0 ± 8.9), eight 
age-matched controls (OAC; mean age: 66.9 ± 9.1 years), and 
eight younger controls (YAC; mean age:  21.0 ± 2.0 years) 
served as subjects.  PD were all receiving daily dopaminergic 
medication treatment, and each PD was tested in OFF (>12 h 
removed from last drug dose) and ON (between 1h and 2 h 
following drug dose) conditions in the same laboratory visit.    
Participants were seated on a force plate (FP) embedded at the 
edge of a height adjustable seat platform.  A vertical pedestal 
with a small horizontal top surface (2.5 cm), was positioned 
directly parallel to the patients’ midline at a distance measured 
to the tip of the index finger with the elbow fully extended. A 
piece of dry breakfast cereal (Cheerio™) was placed on the 
top surface of the pedestal. Participants were instructed to 
reach for a single cereal on a “go” signal. Segment 
displacement data were captured using a computerized motion 
analysis system (VICON/PEAK, Englewood CO), at a 
synchronized sampling rate with the FP.   Cereal reaching 
trials (n=6 per subject) were randomly presented among a 
block of 18 ecologically-relevant reaching trials, other 
examples of which have been previously examined [Doan et 
al., 2006].   
 
RESULTS 
All participants were able to successfully retrieve and eat the 
food target following the go stimulus.  For PD, the reach 
displacement paths exhibited a strong uniaxial organization, 
with most patients concluding the reach with a prolonged 
vertical translation (Figure 1).  This vertical translation 
coincided with peak forward trunk velocity.  In the transport-
to-mouth phase, the initial endpoint translation was primarily 
horizontal among PD participants, in conjunction with an early 
onset of posterior trunk translation.  

 
Figure 1. Sagittal displacement path of seated reach 
movements from exemplar participants in PD OFF, PD ON, 
and YAC groups.    
 
SUMMARY 
Unmedicated and medicated Parkinson’s disease patients 
exhibited segmented movements, with the trunk providing a 
direct and uniaxial contribution to endpoint motion during 
targeted reach and transport.   This segmentation, which 
penetrates down to the submovement level, may contribute to 
the functional difficulties observed among some PD patients 
in tasks that require multisegmental motor control.   
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INTRODUCTION 
 
Despite the disagreement in the effect of different orthotic 
devices on calcaneus and tibial coupling motion, the 
knowledge of appropriate application of shape, material and 
the placement of foot orthoses is small. The purpose of this 
study is to examine the effect of a medial moulded, arch 
support, semi-rigid polypropylene foot orthoses on the 
rearfoot eversion, the tibial internal rotation, the rearfoot 
eversion velocity and the rearfoot and tibia coupling ratio 
during the first 50% of the stance phase of running. 
 
METHODS 
 
Eleven subjects ran 10 times at 170 steps per minute under 
barefoot and shod orthotic conditions. A force plate and a six- 
camera system recorded impact forces and three-dimensional 
kinematic coordination, respectively. Rearfoot and tibial 
coordinate systems were defined in line with ISB 
recommendation (Wu et al., 2002) A one-factor repeated 
measure ANOVA were used to test mean differences for 
maximum rearfoot eversion excursion (RF EV), maximum 
eversion velocity (max EV velocity), maximum tibial internal 
rotation excursion (TIR), maximum eversion/maximum tibia 
internal rotation excursion ratio (EV/TIR). The maximum 
excursion is calculated by substracting the initial value from 
the maximum value. Bonferroni post hoc test was used to 
identify where the differences lay. The level for statistical 
significance was set at P<0.05. 
 
 
RESULTS 
 
A significant main effect of the conditions was found on the 
mean maximum tibial internal rotation excursion (F=5.45; 
P=0.01). Post hoc test revealed that semi-rigid orthoses 

significantly increased (by 1.26°) the maximum tibial internal 
rotation excursion in compared to the barefoot condition 
(P=0.03). This finding is in contrast to the result of Stacoff et 
al., (2000). Although they used markers mounted on the bones 
and 1cm cork posteriorly posted orthoses.  No significant 
differences between barefoot and shod conditions (P=0.24) 
and shod and orthoses condition (P=0.55) were found for the 
maximum tibial internal rotation excursion. Power of 0.79 was 
observed in this test. No significant differences were found in 
the other dependent variables among three conditions.  
 
SUMMARY 

The kinematic effect of semi-rigid foot orthotics with medial 
molded arm and arch support characteristics could be related 
to tibial transverse rotation. Higher tibial internal rotation in 
the orthoses condition was seen in all subjects except subject 
11 in compare to the barefoot condition. It is reported that 
rearfoot and tibial coupling motion is mainly proximal to 
distal (Bellchamber and Bogert, 2000). As the tibial internally 
rotates, the rearfoot everts. Thus, according to the single axis 
model of the ankle joint, the effect of an orthotic device on 
obliquity of the ankle joint axis could determine the amount of 
tibial rotation during a dynamic motion. However, it is 
speculated that a foot orthoses effect may be more 
proprioceptive and mechanical.   
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INTRODUCTION: 
 
Gait Termination (GT) requires feed-forward and online 
sensory information to stop the forward momentum of the 
body safely (Jaeger & Vanitchatchavan, 1992; Perry et al., 
2001). This task is considered to be challenging. It increases 
the risk of falling especially for individuals who have sensory 
deficits. That is due to self-induced perturbation produced 
from the large upper body inertial mass (Winter, 1995) and 
can destabilize the body. The Central Nervous System (CNS) 
has to deal with such perturbation while it does not 
compromise the postural stability and at the same time it 
controls the dynamic balance. The focus of this study was to 
understand whether and how the CNS modulates the GT 
strategy while different types of Visual Information (VI) are 
not available. Backward GT was performed to understand the 
contribution of VI about the target and environment; also 
special glasses were used to Block the Lower Visual Field 
(BLFV). To verify the role of the Lower Visual Field (LVF) in 
backward gait termination, the same glasses were used to 
remove that information. 
 
METHODS 
 
Eight females were asked to walk along an eight meter 
walkway and during randomly selected trials (20% of trials) to 
stop with their both feet within one stride. GT was performed 
under four conditions:  Forwards, Forwards with BLVF, 
Backwards, and Backwards with BLVF. To ensure 
comparable conditions, the forward momentum was controlled 
by: (1) giving the participants the same time to stop, i.e. two 
steps, and (2) keeping the velocity of the forward momentum 
constant, using a metronome (Perry et al.,2001). Whole body 
kinematics and EMG data were collected and analyzed.  
 
RESULTS AND DISCUSSION 
 
Absence of VI about the target and environment (as a result of 
performing a backward gait termination) increased the step 
widths, which resulted in the center of mass (COM) moving 
farther from the Base Of Support (BOS) (P<.0001). 
Additionally, the length of the first step following the GT cue 
decreased (P=0.008). That change in stepping strategy can 
provide a quicker double support phase. The LVF blockage in 
forward GT resulted in constraining the COM to the middle of 
the BOS while in the normal vision condition the COM was 
placed closer to right perimeter of the BOS (Table 1). The 
number of instances that the vector of the COM velocity was 
directed outside the BOS during normal vision condition was 
much higher than that during the VI manipulation. Such 
observation implies that a higher level of confidence in 
stability control exists when all types of VI are available. The 
sequence of the muscle activities was changed due to absence 
of LVF in forward GT. The average latency of muscle 

activities, onset of COM slowdown, and the times of GT 
completion were the same across the four conditions. Due to 
blocking LVF in backward GT, some changes in the activity 
pattern of a few muscles were produced; however, the 
kinematic behavior remained unchanged. Therefore, during 
GT the CNS may rely on different types of VI for controlling 
the body balance; the absence of such information results in 
changes in the GT strategy towards safety considerations.  
 
 
Table1: a, b) Stepping strategy was changed due to removing the VI 
about the end goal and GT area. The COM location relative to the 
BOS is shown in three directions: c) right d) left e) front. Data is 
shown as mean values. The P values for the highlighted data are less 
than 0.05.   

 
 
SUMMARY 
 
It is found that during GT, the CNS mostly relies on visual 
information about the end-goal and GT-area. Lack of such 
information due to backward walking has a dramatic effect on 
activity pattern and the onset latency of the muscles. 
Moreover, the normal movement of the COM and the dynamic 
stability control are also affected towards increasing the safety 
considerations. The manipulation of VI by removing the LVF 
in forward GT also changes the muscle activity pattern and 
affects the dynamic control of balance.  
 
The LVF information in backward GT does not have a critical 
role on the postural control, since the stability parameters were 
not affected. The reason may be the fact that the important 
information about the foot placement from the final period of 
the step cycle is already unavailable. The CNS preserves 
stability control through changing muscular activity. Such 
strategy is adequately powerful to keep the normal COM 
behavior and kinematic trend. 
 
 REFERENCES 
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Trial 
Condition 
 

a) Step 
Length 
(m) 

b) Step 
Width 
(m) 

c) COM-
BOS 
 right (m) 

d) COM-
BOS 
Left (m) 

e) COM-
BOS 
Front (m) 

BWD-Vision 51.87 20.45 10.32 10.13 12.23 
BWD-BLVF 61.03 21.47 11.50 9.97 12.57 
FWD- BLVF 57.40 15.75 7.20 8.54 5.03 
FWD (Control) 60.16 15.42 6.82 8.59 5.01 
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INTRODUCTION: 
During human locomotion, availability of the online 
information about the environment and the body limbs 
(relative to each other and to the environment) is an important 
issue for the Central Nervous System (CNS). The CNS 
modulates the motion strategies to control and maintain the 
postural balance. There are three main feedback systems, 
which update the CNS about the environmental and the body 
position relative to the surrounding space during performing 
any task, such as Gait Termination (GT). Those controlling 
systems are: visual, vestibular, and somatosensory systems 
(Dietz, 1992, Patla, 2003). Visual system contributes in feed-
forward control as an anticipatory strategy for dynamic 
stability for navigation in the environment (Patla, 2003). In 
reactive control, however, the information from the visual 
system is not fast enough to recover the body equilibrium from 
an unexpected perturbation such as slip (Patla, 2003). The 
vestibular system detects the perturbation by head acceleration 
and activates extensor synergies to support the body. 
Moreover, the somatosensory information from the foot 
mechanoreceptors and load sensitive afferents in the joints 
provide feedback from the perturbation and send signal to 
initiate a polysynaptic response (Patla 2003; Oates et al., 
2005). The focus of this study was to have a better 
understanding about the role of each of the three sensory 
systems in postural control during GT strategy. 
 
METHODS 
Seven females were asked to walk with their normal speed 
along an 8 meters walkway and stop within one stride with 
their both feet side-by-side following an auditory stop signal. 
A visual target was mounted at the eye level of the participants 
at a distance of 10 meters straight ahead from the starting 
position and the participants were asked to fix their eyes on the 
target during trials performance. A total of 120 trials, 
including 33% of termination trials were performed. The 
experimental conditions were performed in 8 conditions of 15 
trials: 1) No Vision (NV), 2) Galvanic Vestibular Stimulation 
(GVS), 3) foam, 4) NV+GVS, 5) NV+foam, 6) GVS+foam, 7) 
NV+GVS+foam, and 8) control condition (no sensory 
manipulation) GT trials. Whole body kinematics and EMG 
data were collected and analyzed.  
 
RESULTS AND DISCUSSION 
During somatosensory manipulation the amount of body sway 
(shown as Center of Mass (COM) RMS) in anteroposterior 
direction increased significantly comparing to the control 
condition. Due to lack of correct perception about the location 
of the Center of Pressure (COP) under the plantar surface of 
the feet, the step width was reduced, which resulted in closer 
location of the COM to the Base of Support (BOS) boundaries 
(P<.0001) (table 1). As a result, the time to fall outside the 
BOS was decreased significantly (P= 0.0007). The onset 
latencies of the muscle activities were shown to have delay 

from 70 to 104 msec during manipulation of this sensory 
system. The visual and vestibular manipulation did not affect 
the COM trajectory; however, they affected the trend of 
muscle activation and caused some delays in their latencies. 
 
Table 1: A change in postural stability was found due to sensory 
manipulation. a, b)The COM was located closer to the BOS edges 
due to unusual sensory inputs. c) Measurement of COM RMS was 
conducted to estimate the amount of body sway.  The data are shown 
as mean values. The P values for the bold data are less than 0.05.  

 
Step width 
(cm) 

a) COM-
BOS left 
(m) 

b) COM-
BOS front 
(m) 

c) COM 
RMS 
 

GVS 11.79 5.82 5.38 102.91 
NoVision 11.89 5.97 5.95 103.52 
Foam 10.37 4.85 2.99 104.13 
GVS+ 
NoVision 12.57 6.18 5.95 103.10 
GVS+ 
Foam 10.83 5.14 3.05 104.59 
NoVision+  
Foam 11.38 5.69 3.40 105.67 
G+NV+F 11.08 5.51 3.08 105.43 
Control 11.93 5.57 5.23 102.77 

 
SUMMARY 
During stepping on the soft surface, the mechanoreceptors of 
the plantar surface of the feet cannot predict the COP position 
under the feet. As the COP has a dominant role in controlling 
the COM, uncertainty about the position of the COP grants a 
great challenge to the CNS in dynamic control of the body. 
Thus, the most effective information in GT control comes 
from the somatosensory system. The reason is that the 
manipulation of this system by itself or in conjunctions with 
other sensory manipulation has the most effect on the GT 
strategy and postural stability. According to our results, the 
individuals with somatosensory deficit (e.g. individuals with 
diabetic neuropathy) have to pay extra attention during tasks 
such as termination of gait. The manipulated vestibular 
information has the least effect on dynamic stability control 
comparing to the two other sensory systems. However, when 
the vestibular inputs are not reliable in conjunction with 
unusual somatosensory information or unavailable visual 
information, the difficulty of the postural control is 
aggravated. Therefore, the vestibular system has a 
complementary role with the aid of the two other sensory 
systems in controlling the postural stability during GT. 
Absence of visual information delays the action that is 
required to arrest the forward momentum of the body and 
causes delay in GT completion. 
 
REFERENCES 
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INTRODUCTION
Surface  replacement  arthroplasty  (SRA)  is  a  bone 
conserving  technique  alternative  to  classical  total  hip 
arthroplasty. The SRA technique retains a larger part of 
the natural geometry of the hip and consequently its range 
of motion (ROM). However, little information exists on 
the  effect  of  SRA  prosthetic  component  size  and 
positioning on the ROM. The objective of this study is to 
investigate  the  effect  of  the  femoral  component 
positioning and  size on the coxo-femoral  joint range of 
motion of the patient.
METHODS
A 3D pelvis is reconstructed from multi-slice CT images 
(Hôpital Maisonneuve-Rosemont, Montréal). Femoral and 
acetabular components of Durom prosthesis are modeled 
using  software  Catia  v5.  The  acetabular  component  is 
positioned  optimally  into  the  acetabular  fossa  in  the 
orthopaedic orientation:  45° abduction,  30° anteversion. 
The reference or neutral position,  the centre  of rotation 
and  displacement  axes  of  the  femoral  component  are 
defined with clinicians. Femoral head/neck offset such as 
antero-posterior/infero-superior translations (0-3mm) and 
valgus-varus/anteversion-retroversion  orientations  (0-10° 
rotation)  are investigated.  Translations and rotations are 
applied to the reference femoral component position. The 
choice of the diameter of the femoral component (50, 52, 
54, 56 mm) is also investigated because it is well-known 
that increasing its diameter increases the joint ROM. ISB 
recommendations  for  the  hip  joint  motion  coordinates 
systems  are  used  for  motion  simulation.  Flexion-
extension, internal-external rotation for 0 and 90° flexion 
and abduction-adduction motions are simulated using the 
kinematics  module  of  Catia  v5  for  each  translation, 
rotation and femoral component diameter.

RESULTS AND DISCUSSION
The femoral component diameter has the greatest effect 
on the ROM. Figure 1 represents femoral component size 
effect  on  ROM. For  example;  a  54  mm  femoral 
component  has  greater  ROM  than  for  a  52  mm 
component.  All  femoral  head/neck  offsets investigated 
have  an  effect  on  hip  ROM,  however in  general;  the 
femoral  component  orientation has  less  effect  on ROM 
than  translations. The effects for 1mm translation on the 
ROM  for  a  54mm femoral  component  are presented in 
Table  1.  It  shows  motion  variation  (in  °)  between  the 
neutral position and translated positions ROM (- signify a 
decrease  and  +  an  increase).  Varus/valgus  and 

retroversion  modifications  (5°,  10°)  have  no  effect  on 
ROM  for  a  54mm  femoral  component.  Only  external 
rotation at 0 and 90° flexion are affected by  anteversion 
rotation.

Figure 1: Femoral resurfacing component size (mm) effect on ROM

Displacement (mm)
Superior Posterior Neutral Anterior Inferior

Motion (°) 1mm 1mm position 1mm 1mm

Flexion -5° -6° 108° 6° +6°
Extension -1° +8° 36° -4° +2°
Abduction -1° -1° 32° -1° 0°
Adduction +3° +1° 54° 0° -2°
Internal rotation +2° -4° 109° +5° -2°
External rotation +2° +6° 44° -19° -2°
Internal rotation 90° flex 0° -4° 20° +4° 0°
External rotation 90° flex -2° +8° 98° -12° +2°

Table 1: Motion variations in ° due to 1mm offset between neutral and  
translated positions for a 54mm femoral component. 

SUMMARY 
This study allows clinicians to quantify positioning and 
component size effect on ROM. Translation errors (1 or 2 
mm) during hip resurfacing surgery  dramatically change 
joint  ROM  since  1  mm  anterior  translation  decreases 
external  rotation  by  19° and  external  rotation  at  90°of 
flexion by 12°.  The  optimal  positioning of  the femoral 
component  still needs to be established in relation to  the 
ROM needed for daily activities.
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INTRODUCTION 
Although there is much previous research indicating the 
importance of binocular vision to hand position precision in 
human prehension tasks (e.g. Servos et al. 1992, Mon-
Williams et al. 2001), little is known about the role of 
binocular vision in foot placement precision when stepping. 
The aim of this study was to determine if foot trajectory 
adjustments and foot placement accuracy when stepping 
onto a moving target occurred sooner and with better 
precision respectively during binocular viewing. 
 
METHODS. 
Starting from stationary eight young adults (4/4, male/ 
female) with no history of musculoskeletal or balance 
disorders completed walking trials during which they 
attempted to place alternate feet onto floor based targets 
(n=5), which were spaced according to subject height at 
regular intervals along a walkway. The initial target (target 
1) was located on a platform that could be triggered to move 
either medially or laterally at 5 cm/s (by 15 cm). Repeated 
trials when target 1 was stationary, or moved medially or 
laterally at the point of toe-off (TO) or 0.2s after TO were 
undertaken (random order) under binocular or monocular 
viewing conditions. Foot/toe kinematics were determined 
using Optotrak. Only data for stepping to target 1 is 
presented here. 
 
Foot placement precision was assessed by determining the 
foot position relative to the target during ground contact 
compared to an optimised target-foot position determined 
during static calibration. Foot trajectory adjustments when 
stepping to the moving target were assessed by determining 
when the m/l foot velocity curve first deviated outside the 
mean ±2SD m/l foot velocity curve of the binocular vision 
trials for when target 1 was stationary. This measure defined 
the latency of response. 
 
RESULTS AND DISCUSSION 
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Figure 1. Group mean foot placement m/l precision error 
when stepping onto a stationary or moving target under 
binocular and monocular viewing. 
 
Foot placement precision was reduced under monocular 
viewing conditions and was worse when stepping to a 
moving target, particularly when movement of the target 

was initiated 0.2s after point of TO (Figure 1). Foot 
trajectory adjustments (see Figure 2) occurred 324 ±0.09ms 
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Figure 2. Exemplar subject data of a/p versus m/l left foot 
trajectory during lateral shift of target. Red lines (square 
markers) indicate trials were target moved 0.2s after point of 
toe-off and black lines when target moved at toe-off. 
 
after the target began moving during trials when movement 
was initiated at TO and 288±0.06ms when movement was 
initiated at TO+0.2s. Although this reduction in latency 
across stepping conditions was significant (p=0.04) there 
were no differences in latency across vision conditions. This 
indicates that the differences in foot placement precision 
across vision conditions were not due to differences in 
latency of response. The reduced latency for the trials were 
target movement occurred 0.2s after point of TO suggests 
that foot trajectory is easier to adjust during terminal swing, 
and findings indicate that adjustment were made as late as 
130ms prior to foot contact during these trials. 
 
SUMMARY 
These findings suggest that binocular vision is not required 
to accurately determine the initiation of movement of floor 
based targets but is important for controlling foot placement 
precision. Findings also indicate that visual feedback can be 
used to control foot positioning right up to the point of foot 
contact. 
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INTRODUCTION 
The stability of sensorimotor coordination is influenced by the 
biomechanical context in which the movements are performed 
(e.g. Carson & Riek, 1998). The inference is that changes in 
posture alter the characteristics of the engaged muscles, thus 
changing the level of descending drive that is necessary to 
generate a specific kinematic outcome. However, it is not 
possible to exclude the possibility that the observed variations 
in the stability of coordination are attributable, at least in part, 
to changes in peripheral afference arising from the imposed 
alterations of limb posture. The use of inverse control allows 
the manipulation of the effective gravitational field acting 
upon a limb, and thus the level of torque and muscle activity 
that must be generated in each phase of movement cycle, in a 
manner that is independent of the posture of the limb. 
 
System identification techniques (e.g. Box-Jenkins) are 
valuable tools for establishing dynamic mathematical models 
of biological systems. They match the measured input-output 
data of the system. Stochastic signals (smoothly changing 
random combinations of sine waves) are used as inputs. The 
bandwidth (the range of frequencies of the constituent sine 
waves) of the input signal spans the range of normal operation 
of the system to ensure a practically accurate model. For any 
given order of parameters, the model output is the best linear 
fit of the actual output. 
 
METHODS 
Eight participants each placed their pronated right hand in a 
manipuladum attached to a servo-controlled torque motor. The 
hand was positioned so that the axis of rotation on the wrist 
was coaxial with the axis of the motor. Stochastic inputs of 
position were used (bandwidth 0.5 – 3.5 Hz). Torque was 
measured using a torque transducer located in the shaft of the 
motor and was sampled at 200 samples per second and stored 
on computer. Participants were instructed to keep their 
forearm and wrist as relaxed as possible. Electromyographic 
activity of the wrist flexors and extensors was monitored using 
surface electrodes and auditory feedback was given to the 
participants to ensure the muscle remained passive. In four 
participants we also established an ischemic nerve block using 
a blood pressure cuff to ensure there was no reflex mediated 
activation of the wrist musculature. The input (position) – 
output (torque) relationship was established using Matlab 
Systems Identification Toolbox.  
 
RESULTS AND DISCUSSION 
Once the dynamical model of the motor was established, its 
inverse was used as a feed-forward controller. This means that 
the controller generated just the right input to the motor such 
that the present motion dynamics were maintained. During 
‘reverse gravity’, the motor received additional input such that 
the resultant torque around the wrist is the opposite of the 
natural weight of the hand. 

 

 
Figure1. EMG recordings from FCR and ECR during flexion-
extension under normal gravity of a pronated hand in the 
parasaggital plane. Extensors work against gravity and hence 
the dominant ECR EMG activity.  

 
Figure 2.  EMG recordings from FCR and ECR during 
flexion-extension under ‘reverse gravity’ of a pronated hand in 
the parasaggital plane. Flexors work against ‘gravity’ and 
hence the dominant FCR EMG activity.  
 
SUMMARY 
Passive dynamics of limbs can change with orientation. 
Consider flexion and extension of the hand in prone and 
supine positions under normal gravity, where passive 
dynamics of the wrist will change with posture. Inverse 
control makes it possible to cancel out varying wrist dynamics 
and impose a novel one, which can then be kept constant for 
both postures. 
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INTRODUCTION 
 
In the field of ergonomics three major risk factors for the 
development of injury are often discussed; force, posture and 
repetition (rest).  Despite the common acceptance of these as 
potential risk factors little is known regarding how these 
factors act in the progression of cumulative compression 
injuries and even less is known regarding the interactions of 
these factors.  For this reason we were driven to investigate 
the potential effects of rest length on the development of 
cumulative compression injury in the spine and the interaction 
of rest length with load magnitude. 
 
METHODS 
 
193 porcine spinal units (C3/C4 and C5/C6) were randomly 
assigned to one of 15 loading groups (Table 1) - 3 normalized 
loading magnitudes (50, 70 and 90% of estimated ultimate 
compressive strength) and 5 normalized rest durations (0, 50, 
100, 200 and 1000% of load application duration (2 seconds)).  
Specimens were dissected to remove excess soft tissue, 
mounted into custom aluminum cups via non-exothermic 
dental plaster and mounted into an Instron materials testing 
system (8872, Instron Canada, Toronto, ON, Canada).  The 
lower aluminum cup was in contact with a metal bearing 
covered surface allowing unconstrained translations in the 
horizontal plane and rotation about the vertical axis.  Once 
mounted, specimens were preloaded at 300N for 15 minutes.   
When preloading was complete specimens were cyclically 
loaded using a normalized physiological profile until failure 
occurred or a 12 hour trial time was reached. 
 
RESULTS AND DISCUSSION 
 
Of the 193 specimens tested, 7 survived the 12 hour exposure 
time without sustaining any visible injury.  All survivors 
occurred in the lowest loading magnitude (50%).  All fractures 
were found to occur in the endplate, typically exhibiting a 
crack or stellate (Brinckmann et al., 1988) fracture pattern.  In 
terms of cumulative load tolerance, no interaction was found 
between load magnitude and rest period length (p = 0.1768).  
Load magnitude had a significant affect on the cumulative 
load tolerated to failure (p < 0.0001); post hoc analysis 
revealed that the 70 and 90% load magnitudes did not result in 
significantly different cumulative load tolerance.  These 
results support earlier findings on the effects of load 
magnitude (Parkinson and Callaghan, 2006).  Rest period 
length was not shown to have a significant influence on the 
cumulative load tolerated to failure (p = 0.0809) although it 
appears to result in higher cumulative load tolerance at the 
lowest and highest rest lengths (Figure 1).  Further 
examination of the data indicates that for the 50 and 70% load 
magnitude groups the lowest cumulative load tolerance occurs 
with a rest period of 50%.  Extending rest period duration to 

1000% increased the cumulative load tolerance by more than 
300%.  Eliminating rest increased cumulative load tolerance 
by more than 300% when compared to the 50% duration.  In 
contrast, the 1000% rest period resulted in the lowest 
cumulative load tolerance of those specimens exposed to the 
90% loading magnitude, with 0% rest resulting in the highest 
tolerance. 
 
Table 1:  Number of specimens loaded within each load-rest 
combination.  Numbers in parentheses indicate the number of 
specimens which did not fail prior to the 12 hour limit. 

              Rest Period Length (% of work length)  
 0 50 100 200 1000 

50 8(4) 9(2) 12 10(1) 10 

70 16 14 15 14 14 

Load 
Magnitude 
(% of max 
strength) 90 13 12 13 13 13 
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Figure 1:  3D barplot of average cumulative load (MNs) + 1 
standard deviation tolerated to failure for each of the 15 load-
rest combinations. 
 
SUMMARY 
 
Load magnitude significantly alters the amount of cumulative 
load that can be tolerated by a spinal unit.  Despite a lack of 
statistically significant differences, rest period appears to have 
a substantial influence on the cumulative load tolerance of the 
spine which is dependent on the loading magnitude. 
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INTRODUCTION 
 
The lumbar spine and the connected wires can easily be 
represented by a simple model similar to the one 
proposed  (McGill, 2002). The lumber spine is treated 
like a flexible rod free at the top and hinged at the 
bottom and connected to pelvis. The guy wires 
individually can each be treated like a truss member, free 
at the top and hinged at the bottom and connected to the 
pelvis. The hinge joint at the bottom (pelvis) allows 
rotation at the base but no translation. The guy wire itself 
is treated like a combination of tendon and muscle. All 
these elements/members (tendon, muscle, pelvis, lumbar 
spine) have certain individual material and geometric 
properties. The main material property considered in this 
study is modulus of elasticity (Young’s modulus). The 
main geometric properties  considered are the length of 
the member and the cross sectional dimensions. The 
cross sectional dimensions are to be used to calculate the 
area and the moment of inertia. 
 
Thus the truss to be analyzed is a four member truss with 
four joints. The unknown displacement is at the joint 1. 
The other joints 2-4 are treated like hinge joints with no 
translation. The procedure using Direct stiffness method 
will involve calculation of the unknown joint 
displacement at joint 1 and then subsequent calculation 
of member forces in all the members. 
 
 METHODS 
 

The forces in the members of the equivalent truss 
are calculated using the Direct stiffness method 
(Weaver and Gere, 1990). It mainly consists of 
calculation of displacements at the free joint  and 
member forces. The elements of the stiffness matrix, 
the corresponding unknown  displacements [ D] , 
and finally the member forces in the actual structure 
[ AM ]  will depend on the geometric and material 

properties of the four members of the equivalent 
truss. This procedure is developed in subsequent 
steps for two cases, namely, all members having 
same and different material and geometric 
properties. 

 
RESULTS AND DISCUSSION 
 
All members have same properties: 
For this case, The member forces are calculated 
using the basic principles of structural analysis. The 
member forces are obtained as 0.292 P in the guy 
wires and 0.585 P in the lumbar spine and 0.207 P in 
the pelvis. The results show a reduction of 41.5% 
load in the lumber spine thus reducing the 
vulnerability of facture of lumbar spine. 
 

 
SUMMARY 
 
A mathematical model present in the literature (McGill, 
2002) has been used to calculate the forces in the lumber 
spine for two specific cases of all members (guy wires, 
lumber spine and pelvis) having same geometric and 
material properties. It has been shown that for the case of 
all members having same geometric and material 
properties the reduction in the force in the lumber spine 
for the spine-guy wire model is as much as 41.5% thus 
reducing the vulnerability of the spine. 
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INTRODUCTION 
A recent study examining the development of low back 
discomfort (LBD) in individuals during a prolonged period of 
standing found that 93% of the variance in the final rating of 
low back discomfort could be explained by the magnitude of 
various biological measurements observed during the first 15 
minutes of a 2-hour standing period (Gregory and Callaghan, 
2005).  The highest contributing variables included anterior-
posterior shifts in centre of pressure under the feet (CoPAP), 
number of gaps in the left gluteus medius muscle, and the 
degree of lumbar spine axial twist.  This previous study 
suggested that an increased number of shifts and gaps and 
increased axial twist were associated with increased ratings of 
LBD, contrary to previous research that had suggested that 
dynamic postures and frequent breaks decreased LBD. 
Therefore the purpose of this study was to further examine the 
mechanisms of LBD development as well as to potentially 
predict discomfort based on the original regression equation 
presented in Gregory and Callaghan (2005). 
 
METHODS 
Six individuals were required to stand for two hours in a 
constrained area.  Muscle activation in eight trunk and two hip 
muscles were measured, as well as whole-body and three-
dimensional lumbar spine postures.  CoPAP and CoPML under 
the feet were determined from a forceplate. 
Low back discomfort was monitored using a 100mm rating of 
perceived discomfort scale.  Each participant completed a total 
of nine discomfort scales, one at the start of the standing 
period, then one every 15 minutes throughout the collection. 
 
RESULTS 
All six participants developed low back discomfort (LBD) 
over the 2 hours.  Similar to the work of Gregory and 
Callaghan (2005), few variables changed significantly over 
time.  The variables that were affected by time were average 
activation of the right lumbar erector spinae (p=0.0195), left 
external oblique (p=0.0335), and left gluteus medius (LGM) 
(p= 0.0060), as well as shifts in LGM (p=0.0020), and degree 
of lateral bend (p=0.0207).  No progressive increasing or 
decreasing trends were observed when the response of each 
variable was examined across the 2 hour standing period.    
Similar to Gregory and Callaghan (2005), a regression model 
was generated using three biological variables measured 
during the first 15 minutes (shifts in flexion/extension, shifts 
in rectus abdominus activation, and magnitude of L4-L5 joint 
compressive force) to predict the final magnitude of LBD after 
the 2 hours of standing (R-squared = 0.999).  Figure 1 is a 
graphical representation of how well the regression models 
were able to predict the magnitude of LBD compared to the 
actual recorded level of discomfort for the current participant 
pool of six (A) and the original pool of 15 (B) (Gregory and 
Callaghan, 2005). 
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Figure 1: Actual LDB rating after 2 hours versus the predicted value 
based on the regression model (R2 = 0.999) from participant pool A 
(n=6), and from participant pool B (R2 = 0.937) (n=15). 
 
 
 
DISCUSSION AND CONCLUSION 
Both the original study conducted by Gregory and Callaghan 
(2005) and the current study observed increasing LBD 
discomfort in participants over the 2 hours of standing.  The 
variance in the final rating of LBD for each respective pool of 
subjects could be explained by how each individual stood in 
the first 15 minutes.  The primary variables which explained 
the majority of the variance were shifts in flexion/extension 
and shifts in CoPAP which were found to significantly correlate 
with each other (R=0.452).  In addition, when both pools were 
combined, the regression analysis revealed that only one 
variable could significantly explain any variance in the final 
LBD; shifts in CoPAP (R2=0.218).  These regression analyses 
provide further confirmation of the importance and 
involvement of shifts in posture, either through centre of 
pressure movements or spinal posture movements, in the 
development of LBD during prolonged standing. 
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INTRODUCTION 
 
For decades, many investigations have been focused on the 
production and removal of lactate in relation to exercise (see 
for example, Van Hall et al. 2002, Draper et al. 2006, and the 
references therein). During intense exercise, lactate is 
produced faster than the ability of the tissues to remove it , and 
thus lactate concentration begins to rise. Recovery process 
plays an essential role in determining subsequent athletic 
performance. Several studies have concluded that the recovery 
exercise causes significant disappearance of lactate in athlete’s 
blood. Bogdanis et al. (1996) observed that recovery of power 
output during repeated sprint exercise is enhanced when low-
intensity exercis e is performed between sprints. Corder et al. 
(2000) found significant reductions in lactate during short 
duration low-intensity active recoveries when compared with 
passive recovery. Hemmings et al. (2000) also investigated the 
effects of massage on the disappearance of blood lactate. Their 
results provided some support for the psychological benefits of 
massage comparing to passive program;  however, the 
efficiency of massage for blood lactate removal and speeding 
recovery in the repeated sports performance was questioned. 
 
The goal of this study was to compare three recovery 
programs: active (slow running), passive (complete rest, 
sitting on the chair) and massage (friction type) in 
disappearance of stored lactate in wrestler’s blood after an 
exhaustive exercise. 
 
METHOD 
 
We selected 60 volunteered athletes’ students  who participated 
in the university wrestling competition. They were divided 
into three groups, but only 53 persons could finish all the 
period of study. Blood samples were collected from athletes 
during the rest, after exercise and after recovery programs . 
The range of lactic was measured using a lactometer. The 
activity was 800 meter running with maximum possible speed 
of athletes. 
 
RESULTS AND DISCUSSIONS 
 
The measured results for three types of recovery programs 
(i.e., active, passive and massage) indicated that the removal 
rate of the lactate in athletes’ blood were not significantly 
different in these groups. However, it was observed that active 
recovery has better effectiveness on the disappearance of 
lactate in athletes’ blood comparing to other two groups, see 
Table 1. The result also showed that massage recovery 
program has a better outcome than the passive recovery group. 
 

Table 1: Measured lactate for three different case 
 

Passive 
(mM/L) 

Active 
(mM/L) 

Massage 
(mM/L) 

 

2.17 2.11 2.23 Rest 
14.97 14.81 14.96 After activity 
10.44 9.12 10.27 After recovery 
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Figure 1: Comparing three recovery programs: Passive (1), 
active (2), and massage (3). 
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INTRODUCTION 
The structure responsible for resisting rotation is disputed in 
the literature. There is abundant research to support the 
argument for either the intervertebral disc or the facets to 
primarily resist rotation. Recent work has investigated the 
passive response of lumbar spine tissues in-vivo to applied 
torsion in flexed and extended postures (Drake & Callaghan, 
2006). The angle of passive rotation and passive rotational 
stiffness was larger in a flexed posture, and was reduced if 
extended posture was assumed (relative to neutral posture). 
Haberl et al. (2004) found that the range of rotational motion 
achieved was shown to be a function of the inter-facet spacing. 
 
The purpose of this study was to investigate whether non-
neutral postures alter the distance between the facet articular 
surfaces (inter-facet spacing).  
 
METHODS 
Two porcine cervical spine motion segments (C3/4) were 
secured into custom nylon cups with copper wire and brass 
screws. The specimen fixation and loading methods were 
modified from work published elsewhere which used 
aluminum cups and steel wire for fixation (Drake et. al., 
2005). A 300N compressive load was initially applied to the 
specimen through a modified press. To secure the specimen 
four nylon threaded rods were fastened through the cups to 
maintain the compressive load. The specimens were imaged in 
five postures: neutral, flexed, extended, flexed-twisted, and 
extended-twisted.  

 

A customized magnetic resonance imaging coil (a specialized 
antenna that encircles the specimen to receive signals from the 
item being imaged at close range) was used.  The image 
specifications were a 1.5T scan with 0.5mm transverse slices. 

Facet gap measurements were obtained as the perpendicular 
between the articular surfaces of the facets (Figure 1). 
 
RESULTS AND DISCUSSION  
The inter-facet spacing was significantly increased by 24.3% 
in 7° flexed posture compared to the neutral posture. (These 
initial results are for one specimen, imaged in two postures.)  
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Figure 2: The inter-facet spacing in the flexed posture, 1.35mm ±0.07, 
was significantly larger than in the neutral posture, 1.09mm ±0.02 
(P=0.041). 

These results suggest that the controversy regarding the 
structure primarily responsible for resisting rotation may be 
context dependent. When the spine is flexed, there is an 
increased distance between the facets, and so the intervertebral 
disc will be responsible for resisting rotation until the facets 
contact. However, in neutral or extended spine posture, the 
relatively reduced facet spacing would suggest that the facets 
are the primary tissue that is resisting the rotation. Further, the 
inter-facet spacing may account for the passive rotational 
differences quantified in-vivo for combined postures (Drake & 
Callaghan, 2006). 
 
SUMMARY 
This unique study suggests that flexion posture may contribute 
to alterations in spinal kinematics, and by corollary the tissues 
that resist rotational loads. This information will be useful in 
determining spine rotational injury mechanisms.  
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 Figure 1: The inter-facet spacing was measured as the perpendicular 

between two lines drawn along the articular surfaces of the facets 
(circled in red). The gap between the facets appears white on the MRI 
(circled in white). 

ACKNOWLEDGEMENTS 
We would like to thank the Natural Science and Engineering 
Research Council of Canada (NSERC) for their financial 
support. Dr. Jack Callaghan is supported by a Canada 
Research Chair in Spine Biomechanics and Injury Prevention. 
Janessa Drake is supported by a Canadian Institute for the 
Relief of Pain and Disability (CIRPD)/Canadian Institutes of 
Health Research (CIHR) Doctoral Research Award.  

mailto:jdrake@ahsmail.uwaterloo.ca
http://www.ahs.uwaterloo.ca/kin/people/JackCallaghan.html


INVOLVEMENT OF THE HEAD AND TRUNK DURING GAZE REORIENTATION DURING STANDING AND 
TREADMILL WALKING 

 
Michael E. Cinelli1, Aftab E. Patla1, and Bethany L. Stuart1

 
1Gait and Posture Lab, Department of Kinesiology, University of Waterloo, Waterloo, ON, mecinell@uwaterloo.ca  

 
INTRODUCTION 
Visual orienting is when individuals redirect their gaze to a 
new location in their visual field in order to allow an object of 
interest to be foveated.  The question that remains is, “How 
much are each body segment involved in producing these 
orientations?”  Sanders (1970) found that the eye field 
extended to eccentricities of 20o, while the head field extended 
to eccentricities of 20 to 90o.  We tested field magnitudes 
during everyday tasks and determined if these field ranges 
were similar when individuals stood or walked at 2m away 
from a curvilinear light array and if the trunk is at all involved. 
 
METHODS 
This was a counter-balanced study that had participants (N=7; 
22yrs) stand or walk on a treadmill 2m away from a 
curvilinear display of LEDs (19) located at eye-level.  LEDs 
extended from 0o to an eccentricity of 90o and were spaced out 
every 5o.  At the beginning of each trial the central LED (0o) 
was illuminated and when it went out another of the 18 LEDs 
would illuminate. The participants were asked to fixate on the 
illuminated LED while their gaze location (Applied Science 
Laboratories) and head and trunk orientations (Optotrak, NDI) 
were monitored.  Each participant performed a total of 144 
trials (2 conditions x 18 LEDs x 4 trials at each LED).   
 
RESULTS and DISCUSSION 
We analyzed the head and trunk rotations about the vertical 
axis throughout the trial.  We average the positions of these 
segments during the first and last 500msec of each trial and 
subtracted them to determine the amount of rotation needed by 
each segment at each eccentricity. 

 
Figure 1- Amount of eye (with respect to head), head (with 
respect to trunk) and trunk (with respect to room) rotation 
during A) standing and B) walking on a treadmill.  Proportion 
of involvement from each segment to orient towards a specific 
eccentricity during C) standing and D) walking on a treadmill. 

 
From Figure 1 it is apparent that the eye accounts for almost 
all the gaze orientation for the first three eccentricities.  In 
order to determine the point at which a significant change in 
rotation occurred, we averaged the magnitude for both the 
head and trunk for the first three eccentricities and found the 
point at which rotation magnitudes fell outside two standard 
deviations.  We determined that during the standing trials the 
head had a significant contribution to gaze reorientation at 
eccentricities of 35o and greater while the trunk did not 
significantly contribute until 60o.  The results when walking 
on a treadmill revealed that the head significantly contributed 
at 30o while the trunk began to rotate at 35o.  These results are 
further demonstrated in figure 1 C) and D), that show that the 
amount of involvement from the eyes to reorient decreases as 
soon as the head has a significant amount of rotation and the 
head involvement plateaus as the trunk increases its 
involvement. 
 
Table 1- The average difference in latencies between the onset 
of trunk and the head rotations from the eccentricities where 
the trunk rotation began to significantly increase to 90o. 
Condition Latency (ms)
Standing 200
Walking on treadmill -474

 
The average difference in latencies from 60o to 90o when 
standing and from 35o to 90o when walking on a treadmill 
shows that head and trunk rotations do not occur 
simultaneously when reorienting gaze.  In one the first 
condition the head precedes the trunk and in the second, the 
opposite occurs.  The reason for this is because when standing 
the trunk is a larger mass than the head and requires more 
inertia to move.  As the head rotations increase the neck 
muscles become stretched and the trunk will move at a slower 
rate to help keep the head and trunk aligned (passive).  When 
walking on a treadmill the trunk has constant torsional 
oscillations, but the head does not in order to help stabilize 
gaze.  However, the head rotation magnitude exceeds that of 
the trunk and is done actively. 
 
The initiation of rotation of the head on the trunk (i.e. the neck 
movement) and the amount of involvement of the head and 
trunk during gaze orientation is very different in the two 
conditions. Therefore, head and trunk are controlled 
independently and are summed together to reorient gaze.   
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INTRODUCTION 
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There have been documented gender-specific sitting responses 
to seated office work (Dunk et al, 2005). Increased time spent 
in vehicles whether for work or for leisure has been linked to 
LBP. This study examined whether gender-based differences 
in office work persist in prolonged simulated driving. 
 
METHODS 
 
Male and female study participants were exposed to one hour 
of simulated automobile driving. Twenty-four individuals (12 
males and 12 females) were recruited from a university 
population to participate in the study.  
 
Whole body position data were recorded at a frame frequency 
of 32 Hz using an optoelectronic motion analysis system 
(Optotrak Certus, Northern Digital Inc., Waterloo, ON). 
Active markers (infrared light-emitting diodes) were taped to 
the skin overlying the right metacarpo-phalangeal (3rd MP), 
distal radio-ulnar (wrist), humero-radial (elbow), gleno-
humeral (shoulder), temporo-mandibular (TM), greater 
trochanter (hip), tibial tuberosity (knee), and lateral malleolus 
(ankle) joints. Pressure distribution data were recorded 
continuously at a rate of 4 Hz from both the seat pan and back 
rest using a pressure mapping measurement system (X2 
Seating System, XSensor Technology Corporation, Calgary, 
AB). Anterior/posterior (sagittal plane) rotations of the pelvis 
and lumbar spine were determined based on outputs of 
uniaxial strain-gauge accelerometers (EGCS-DO-50, Entran) 
that were taped to the skin overlying the sacrum and L1 
spinous process of study participants. 
 
RESULTS AND DISCUSSION 
 
Females adopted greater lumbar flexion (6%) than males, 
females’ seat pan centre of pressure was located farther in 
front of their upper body centre of mass in comparison to 
males and females also had a greater percentage of their leg on 
the seat pan. Even though the standing pelvic posture was 
different between genders both males and females sat with the 
same degree of posterior pelvic tilt (35°), however males sat 
with greater trunk extension (5.5°).  
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1: Gender-based comparison of seat pan centre of 
pressure (CoP), hip joint, and upper body centre of mass 
(CoM) locations with respect to the front edge of the seat pan. 
Data are expressed as the mean values calculated across 
driving intervals.  
 

 
 
Figure 2: Seat pan pressure profiles for a representative 
female (left panel) and male (right panel) participant.  
 
SUMMARY 
 
The findings demonstrated that females and males adopt 
different seating strategies in automobile seats. Interestingly 
these differences did not follow the same gender differences 
observed in office seated work. 
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Table 1: Mean (standard deviation) sagittal plane rotations of the lumbar spine and pelvis.
Measurement  Interval 1 Interval 2 Interval 3 Interval 4 Mean (SD) 

Male 34.8 (12.7) 38.8 (10.8) 40.4 (11.1) 42.0 (11.8) 39.0 (11.6) 
Female 44.5 (11.2) 45.8 (11.3) 48.8 (10.6) 47.4 (9.0) 46.6 (10.3) 

 
Lumbar Flexion 
(% max) Mean 39.2 (12.7)# 41.9 (11.4)§ 44.2 (11.5) 44.4 (10.7)  

Male  32.2 (7.0) 34.4 (5.4) 36.1 (5.7) 37.7 (6.1) 35.1 (6.2) 
Female 33.2 (7.5) 34.9 (7.5) 37.4 (8.7) 37.5 (9.3) 35.8 (8.1) 

Pelvis Rotation 
(deg) 

Mean  32.6 (7.0)# 34.6 (6.2)§ 36.7 (7.0) 37.6 (7.5)  
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INTRODUCTION 
 
Forward dynamic simulations of anthropomorphic human 
models are becoming increasingly investigated as a 
replacement for inverse dynamic analyses (Wojtyra 2003, 
Peasgood et al. 2005). These models are typically forced into a 
walking pattern using pre-computed joint trajectories 
reminiscent of a central pattern generator. Simple balance 
controllers inspired from similar work in the robotics field 
(Pratt 1995) allow the models to walk indefinitely. The current 
work implements a 2D, 7-segment, 9-degree-of-freedom gait 
model coupled with an optimization routine to find a 
minimally fatiguing gait. 
 
METHODS 
 
The aforementioned models have been developed using 
commercially available mechanical modeling software 
packages such as Adams or Dads. A new modeling package 
called DynaFlexPro produces simulations that are typically 
10-20 times faster than traditional modeling packages. A 2D, 
7-segment gait model was developed using DynaFlexPro, 
converted into a C++ routine, and simulated in Matlab's 
Simulink environment.  
 
The foot was modeled as a single segment with two contact 
points. The contact properties of the foot were modeled using 
a Hunt-Crossley contact model and a Coulomb friction model. 
The balance controller from Peasgood et al. allowed the model 
to walk indefinitely without falling over.  
 
The simulation included a joint trajectory optimization routine 
to find a minimally fatiguing gait. Joint trajectories from a 
human subject were taken from tables (Winter 2005) and 
interpolated using a 5-term Fourier series. The optimization 
routine adjusted the Fourier coefficients to find joint 
trajectories that minimized muscular fatigue per distance 
traveled using a non-linear optimization technique (Lewis and 
Torczon 1999). Fatigue was estimated by integrating muscle 
stress of 9 leg muscles (Crowinshield and Brand 1981) over 
time. An equivalent model was also developed in Adams for 
verification and benchmarking purposes.  
 
RESULTS 
 
The final model was able to walk indefinitely with 
physiologically reasonable gait pattern. The gait trajectory 
optimization routine required 721 ten-step simulations and less 
than 8 hours to converge, finishing nearly 10 days ahead of the 
equivalent Adams system. The resulting optimal gait had half 
the fatigue rate of the initial gait. An excessive amount of 
plantar flexion during the late stance phase suggests that the 
computer-generated gait is only semi-optimal. 
 

DISCUSSION 
 
Current forward dynamic gait simulations can be greatly 
improved from both a theoretical and practical standpoint. The 
optimization routine of Peasgood et al. was found to be 
inefficient: of the 721 trajectories tested 543 resulted in a fall, 
164 made no metabolic improvements and only 14 trajectories 
improved the objective function. Closer inspection revealed 
that the monophasic Fourier-series joint trajectory 
interpolation made the search phase particularly difficult - it 
was nearly impossible for the search routine to make a 
beneficial change to the stance phase of the gait without 
negatively affecting the swing phase, and vice-versa. It is 
recommended that simulations driven by joint trajectories 
should be divided up into separate swing and stance phases, as 
has been done in robotics (McGhee 1968).  
 
In general, forward dynamic gait simulations are not making 
use of the large body of knowledge gained through more 
conventional motion and energetics analysis (Winter 2005, 
Kuo 2002) and EMG studies (Hirschfled et al. 1991), but 
rather rely heavily on minimizing metabolic energy 
consumption to find human-like gaits. Advances in bipedal 
robotics control systems offer the promise of gait simulations 
that don't require specification and modification of joint 
trajectories (Wight et al. 2005) allowing the underlying control 
systems to be modeled.  Finally, foot topology and foot pad 
models used in gait models can be updated to reflect recent 
advances (Carson et al. 2001, Guler et al. 1998) to yield more 
realistic simulations.   
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INTRODUCTION 
The use of surface electromyography (SEMG) in the detection 
of muscle fatigue appears to be complicated by increases in 
muscle temperature. A recent study conducted by Durkin et al. 
(2005) investigated the effects of prolonged driving on low 
back muscle fatigue. It was found that as skin temperature 
increased, the mean power frequency (MPF) of the SEMG 
signal also increased masking the ability to detect muscle 
fatigue which is typically characterised by a decrease in MPF 
(Durkin et al. 2005). Thus the purpose of this study was to 
investigate the effect of intramuscular temperature on the 
frequency content of the SEMG signal.  
 
METHODS 
Sixteen young healthy adult volunteers (8 males, 8 females) 
participated in this study.  Participants performed 2 maximal 
voluntary efforts (MVE) of their bicep brachii while standing, 
with forearm supinated and at a 90° angle to the upper arm. 
SEMG, skin temperature, intramuscular temperature, and force 
were measured. The right arm was designated as the fatigue 
arm (FA) and the left arm was the control or non fatigue arm 
(NFA). For the FA, a 30 second contraction, at 60% of MVE 
was conducted, while for the NFA, a 10 second contraction at 
60% of MVE was completed. Heat was then applied, using a 
250W infrared lamp, over the biceps brachii muscle until the 
intramuscular temperature (IMT) had increased by 1°C. A 
60% MVE contraction was then repeated with a minimum of 3 
min. of rest from the previous contraction. Heating followed 
by a 60% MVE contraction were repeated at 1°C intervals 
until a maximum temperature was reached at 39°C. A short 
time Fourier transform (STFFT) was run using 0.5 s 
rectangular windows, and MPF was calculated for each 
window. Mean power frequency was normalized to the first 
0.5 window of each subject’s baseline temperature. Raw 
SEMG signals were normalized to the MVC contractions and 
the RMS of the signals was calculated for each 0.5s window. 
Least squares linear regression analysis was run on each MPF 
and RMS vs. window time-series for each subject at each 
temperature to determine the Y intercept and slope of each 
line. Two-way mixed analysis of variance (ANOVA) (within 
factor temp = 6 levels, between factor gender = 2 levels, α = 
0.05) were run on the MPF and RMS intercept and slope 
results revealing no effect for gender, so 1-way ANOVAs 
(factor temp = 6 levels, α = 0.05) were performed. 
 
RESULTS 
The results for the FA trials revealed statistically significant 
differences for the MPF Y intercepts (Figure 1) (F=3.12, 
p=0.0151). However, there was no statistically significant 
difference between MPF slopes at different temperatures 
(F=2.31, p=0.0559). The results for the NFA trials revealed 
statistically significant differences for the normalized MPF Y 
intercepts (F=6.05, p=0.0001). The slopes of the MPF during 

the NFA trial were not statistically significant (F=0.67, 
p=0.6468). Also, the NFA trials revealed statistically 
significant differences for normalized RMS Y intercepts 
(F=2.61, p=0.0334), however the differences between slopes 
was not significant (F=1.4, p=0.2352). The RMS vs. time data 
for the FA were non-linear and therefore the slopes or 
intercept values were not compared.  
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Figure 1: Mean changes in normalized MPF over 30s of a 
fatiguing contraction at 60% maximal voluntary exertion.  
 
DISCUSSION 
The results show that as muscle temperature increased from 
baseline, MPF increased as well by a mean of 5.25% from 
34°C to 39°C. Conversely, the fatiguing contractions caused a 
mean MPF decrease of 22.69% at 34°C over a 30s contraction. 
While most participants exhibited an increase in MPF with 
increases in temperature, individual results were quite 
variable. For example, one participant displayed a 14.25Hz 
increase in MPF due to temperature with only an 8.26Hz 
decrease due to fatigue. Fatigue in this participant may 
therefore be completely masked by an increase in temperature. 
Another participant was not affected by temperature which 
caused a 0.24Hz decrease in MPF compared with a 15.59Hz 
decrease in MPF. The results therefore suggest that a fatiguing 
contraction that also involves an increase in temperature may 
result in poor fatigue detection depending on the level of 
fatigue present and depending on individual muscle 
characteristics. Madigan & Pidcoe (2002) developed a linear 
regression equation to correct for the effects of temperature on 
MPF, however the inter-subject variability detected in this 
study suggests that such corrective models may not be 
appropriate for all human subjects. The RMS of the EMG 
signal was minimally affected by increases in temperature, 
revealing a mean decrease of 0.59 %.  
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INTRODUCTION 
Motor vehicle interiors are currently designed to accommodate 
a wide range of anthropometric dimensions from 5th percentile 
females to 95th percentile males. Little consideration is given 
to the needs of elderly drivers who may have difficulty 
operating a vehicle due to reduced joint range of motion, 
muscular strength or vision. Such limitations in this population 
may lead to increased risk to injury in a collision or due to 
prolonged exposure to mal-designed interiors. Chaffin et al. 
(2000) performed an analysis of stature, age and gender 
effects on similar tasks within an automobile environment, 
however the age groups selected included a mean age of 34.2 
(± 14.1) years only. It was felt that a more detailed view of a 
much older population was needed to identify limitations in an 
elderly group. Further, Chaffin et al. (2000) did not examine 
seatbelt use which is a task that is reported as difficult by 
many seniors. The purpose of this study is to examine seat 
position selections, reach envelopes and postures in a 
simulated driving environment between male and female 
drivers of elderly and young adult populations. 
 
METHODS  
Forty subjects who drive a car 5-7 times a week, were selected 
to participate in this study. Subjects were grouped according 
to age (18- 30 years old, 65+ years old) and gender (males, 
females). Participants sat in a simulated automobile 
environment while performing 42 randomized reaching tasks 
to 6 specific locations on a dashboard within the car (Seatbelt, 
Volume Control, Radio Station, Vents, Glove Box, and 
Thermostat). Prior to the reaching tasks subjects self selected 
their seat position to a place where they felt the most 
comfortable. Horizontal seat positions were measured and 
compared between groups using a 2-way analyisis of variance 
(ANOVA). A total of 30 infrared emitting diodes (IREDS) 
were placed on 17 anatomical landmarks with the remaining 
13 IREDS placed in arrays on 4 body segments (hand, 
forearm, upper arm, and chest). 3-D kinematic data of the 
head, trunk, upper arm, forearm, and hand were measured 
using an OPTOTRAK Certus system (Northern Digital Inc., 
Waterloo, Ontario) and Visual 3D (C-motion, Rockville, MD). 
Four frames were selected from each trial indicating the start 
of the reach, end of the reach, beginning of return, and end of 
the movement. Data between these points were used to 
produce ensemble averages for 7 trials to each of the 6 
reaching locations. Flexion-extension, abduction-adduction 
and internal-external rotation of the shoulder, elbow, and wrist 
were compared between groups as were trunk flexion, rotation 
and lateral bending. Peak joint excursions about the three axes 
of motion were calculated and compared between groups for 
each task. Anthropometric measurements of each participant 
were taken including shoulder range of motion (ROM) in 

flexion and abduction. Shoulder ROM was compared between 
groups using a 2-way ANOVA. 
 
RESULTS & DISCUSSION 
Data on ten participants per group were analyzed except for 
elderly females where one participant was excluded due to 
missing marker information (Table 1). Seat position results 
revealed that elderly participants sat much closer to the 
steering wheel in the driving simulator compared with 
younger participants despite seat position distances being 
normalized to leg length or arm length (Figure 1). 2-way 
ANOVAs revealed statistically significant differences for age 
when normalized to leg length (F=30.22, p<0.0001) and arm 
length (F=13.65 p=0.0007). Shoulder ROM was found to be 
significantly different between the age groups for flexion (F 
=20.64, p<.0001) and abduction (F=16.45, p=.0003). 
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Figure 1. Comparison of seat position normalized to leg 
length for groups of elderly and young adult participants. 
 
Preliminary results indicate that elderly individuals began the 
Vents task with their elbows more flexed which is likely a 
result of their closer location to the steering wheel. The overall 
extension range of motion of the elbow did not differ from 
younger groups. Elderly drivers reached a greater degree of 
shoulder flexion in reaching movements compared with 
younger groups with about 4.26o greater in their range of 
motion. No differences were evident in shoulder abduction-
adduction motion or trunk flexion. Trunk lateral bending was 
more than 3 times greater in elderly individuals compared with 
younger drivers. Overall, greater joint motion is used by 
elderly drivers to operate within a vehicle environment. 
Further analysis of the data will provide greater insight into 
why this is occurring and what the implications are for safety. 
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INTRODUCTION 
 
The general conceptual framework describing the mechanism 
of development of vertebral end-plate fractures is that high 
compressive loads create high pressures within the nucleus of 
the intervertebral disc which produce tensile stresses on the 
end-plate resulting in fracture.  This theory has been tested in-
vitro by applying compressive loads to the vertebra and 
monitoring nucleus pressure and resulting fractures.  The 
compressive load and corresponding intradiscal pressures 
interact to damage the end-plate; the effects of each 
component have been tested independently only sparingly 
(Jayson et al., 1973).  We were thus motivated to examine the 
effect of high pressures within the intervertebral disc in the 
absence of compressive load on the development of end-plate 
fractures.  
 
METHODS 
 
Sixteen porcine functional spinal units (FSU: eight C5-6; six 
C3-4) were tested.  Posterior elements were removed to access 
the intervertebral disc from the posterior direction.  One 
needle was injected into the nucleus from the anterior 
direction and was connected to a manually controlled 
hydraulic pump.  The nucleus was first slowly filled with 
hydraulic fluid, then once full, additional fluid was injected at 
a high rate into the nucleus until FSU failure.  Nucleus 
pressure was monitored by a needle transducer (Ortho AR, 
Medical Measurements Inc., NJ) injected into the nucleus 
from the posterior direction.  The pressure signal was A/D 
converted at 2000 Hz.  Rate of pressure development and 
pressure at failure were recorded.  FSUs were dissected post-
failure to determine the nature and site of the failure. 
 
RESULTS AND DISCUSSION 
 
Fractures occurred in 15 of the 16 FSUs.  The non-fractured 
FSU was found to have a degenerated disc.   Thirteen of the 
remaining 15 FSUs fractured in the same location: the superior 
vertebral body endplate with underlying bone fracture along 
the growth plates (Figure 1).  Each of these fractures followed 
the growth plate posteriorly such that the bone fragment was 
completely separated from the remaining vertebral body.  A 
slightly exponential relationship was found between rate of 
pressure development and peak pressure (R2=0.544) (Figure 
2). 
Also, in each of the fractured specimens, at the time of 
fracture occurrence (marked by an audible “popping” sound) 
nuclear material was observed to be forcefully discharged 
from the posterior of the vertebral body into the spinal canal.   
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1. Transverse cut through the intervertebral disc to 
expose the inferior end-plate of the C3 vertebral body (S2). 
Fracture is seen as the horizontal line towards the posterior of 
the vertebrae.  ANT = anterior; POST = posterior.  
 
SUMMARY 
 
FSUs were predominantly found to fracture along the superior 
vertebral end-plate in response to high pressure loading.  
Failure occurred in the absence of any compressive forces 
acting upon the FSUs.  Thus, the normal forces acting on the 
end-plate within the highly pressurized nucleus caused the 
fracture to occur.   
Further, an additional injury mechanism was identified.  
Nuclear material was discharged at a high rate through the 
posterior of the vertebral body and into the area occupied by 
the neural arch.  This highlights the potential for damage 
and/or hematoma to the spinal cord or spinal nerves in the area 
of the vertebral fracture.    
The mechanisms of damage simulated in this study are 
thought to represent those possible during mild, yet rapid, 
trauma such as those potentially experienced during such 
events as unexpected falls and/or athletics. 
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Figure 2. Relationship between peak pressure (MPa) and rate 
of pressure development (MPa/s) in the 15 fractured FSUs. 
 
REFERENCES 
Jayson et al. (1973). Annals Rheumatic Diseases 32: 308-315. 



EXPLORATORY STUDY INTO WORKING RESTS IN DIFFERENT HAND GRIPS 
 

Kristen McFall and Richard Wells 
Department of Kinesiology, University of Waterloo, Waterloo, ON kmcfall@ahsmail.uwaterloo.ca

 
INTRODUCTION 
Job rotations are implemented to decrease musculoskeletal 
disorder propagation by limiting exposure to known risk 
factors. By rotating tasks, a working rest occurs during which 
other previously idle joints and their tissues are being loaded. 
This allows the stressed tissues time to recover and potentially 
repair (Konz & Johnson 2004). However, how different do 
tasks have to be to achieve this state of working rest?  
The purpose of this exploratory study is to investigate the 
effectiveness of working rests in three different grips, power 
grip, two finger pinch, and lateral pinch. 
 
METHODS 
This exploratory study was conducted with the informed 
consent of 10 subjects (ages 20-32). The project was approved 
by the ethics committee at the University of Waterloo. Three 
MVC trials were performed for each grip to obtain a 
maximum initial reference value. Each trial consisted of 55 
seconds (s) at 30% MVC contraction for a particular grip, 
followed by a 5s MVC. Immediately this was followed by the 
2nd 55s task and a final 5s MVC in the same grip as the first 
MVC. The 55s task grips could be the same or different from 
the MVC grip. Combinations of power grip, and either two 
finger or lateral pinch were randomly assigned and tested.  
A force dynamometer was utilized with a grip span at 25mm. 
Data was A/D sampled (NIAD, USA) at 1024 Hz and the 
highest 1 second moving average taken. Statistical analysis 
was performed on SPSS (v 14.0), significance determined by 
two-way ANOVA and post hoc tukey test at p<0.05 level.  
 
RESULTS AND DISCUSSION 
The testing protocol created muscle fatigue, as identified by 
the decreases observed force between the original maximum 
and the first measured MVC values (p<0.05). An exception to 
this result is the lateral pinch MVC after the power grip task 
(Table1). A possible explanation is that the compressive forces 
of the lateral pinch are predominately generated by the FDS  

muscle group and DI-I whereas the FDP and the FDS are the 
main generator in a power grip (Long et al. 1970). 
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 Figure 1: Overall comparison of mean percent MVC of two finger 
pinch trials with the power grip as a working rest. MVC in a pinch 
grip is measured at all three times. A is two finger pinch for the 
complete trial, B is two finger pinch task first and power grip second, 
C is power grip first and two finger pinch second   
 
The relative increase in force at the end of the trial achieved 
for condition B over condition A (Figure1) suggests that 
different hand grips may provide a working rest in manual 
activities.  The other grip combinations showed similar trends 
(Table1). Asmussen et al. (1978) had similar results in their 
investigation of diverting activity. Further investigation is 
required to verify this exploratory study. 
 
SUMMARY 
Preliminary results demonstrate promising trends in the 
effectiveness of working rest periods; even within one body 
region... Further research will verify and expand on this initial 
study. 
 
REFERENCES 
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Table 1: Changes in Maximum voluntary effort (MVC) from initial MVC after first fatiguing contraction, recorded as a percentage
1st 55 Seconds Task Measured trial 1st 

occurring MVC Grip 
Measured 1st trial 

MVC, expressed as % 
MVC 

2nd 55 Seconds Task Measured trial 2nd 
occurring MVC Grip 

Measured final trial 
MVC, expressed as % 

MVC  
Power Grip 70.7162* Power Grip 60.9744 
Power Grip 71.0341* Two Finger Pinch 78.2068 
Two Finger Pinch 

Power Grip 
78.0843* Power Grip 

 
Power Grip 

62.8709# 
Two Finger Pinch 65.2384* Two Finger Pinch 53.2586 
Two Finger Pinch 64.7322* Power Grip 77.3515 
Power Grip 

Two Finger Pinch 
78.4201* Two Finger Pinch 

 
Two Finger Pinch 

62.8473# 
Lateral Pinch 73.7509* Lateral Pinch 70.0974 
Lateral Pinch 75.2917* Power Grip 87.4702 
Power Grip 

Lateral Pinch 
90.3010 Lateral Pinch 

 
Lateral Pinch 

74.1056# 
*means significant different from initial MVC at p<0.05 level     # means significant different from middle MVC at p<0.05 level  
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INTRODUCTION 
Bone density loss is common amongst elite cyclists and 
endurance runners. For cyclists, one hypothesis is that 
minimal loads in the lumbar spine are experienced while 
riding, thus resulting in considerable periods of unloading. 
Several studies on spine angles and postures in elite cyclists 
have been conducted1 but to our knowledge no quantifications, 
either direct or indirect, of loads sustained in the lumbar spine 
have been made.  
 

The purpose of this pilot project was to model three 
dimensional net loads at L4/L5 for four typical bicycling 
postures and at three workloads. At the present juncture, pilot 
data examining the joint and reaction forces and moments at 
L4/5 will be presented in conjunction with trunk muscle 
activation level data.  
 

METHODS 
Six elite male cyclists aged 18 – 40 were recruited from local 
community bike racing and training clubs – data from one 
pilot subject, aged 40, will be presented.  
 

Subjects set up a fully adjustable cycle ergometer in the lab to 
match their regular road bike position. Six randomly assigned 
trials, each lasting 90 seconds were completed on the bike; 
kinematic, hand force and electromyography (EMG) data were 
collected during the last 30 seconds of each trial. Three riding 
positions at each of two levels of perceived exertion were 
tested: easy ‘spin as if out with a peleton’, and hard ‘seated 
hill climb or seated break away’.  
 

To obtain independent hand force measures a custom set of 
road handlebars was fitted to the cycle ergometer. These bars 
contained two, six degree of freedom force cubes, one per 
hand, which permitting riding on the top of the bars (P1), on 
the hoods (P2), in the drops (P3) and standing to climb (P4) as 
on a regular road bike. Force data was sampled at 2048 Hz. 
 

Full three dimensional motion data were collected at 32 Hz 
using four Optotrak position sensors and 48 ired markers 
positioned in four-marker clusters on rigid bodies attached to 
nine segments: head, upper arms, lower arms, hands, thoracic 
and lumbar trunk. Visual 3D (C-Motion, Maryland) was used 
to calculate segment centre of mass locations and trunk angles.  

Fourteen channels of electromyography (EMG) data were 
collected bilaterally from three abdominal sites (rectus 
abdominus – RA, external obliques – EO, and internal 
obliques – IO), three levels of erector spinae (T9, L3 and L5) 
and latissimus dorsii. EMG was sampled at 2048 Hz, linear 
enveloped (Butterworth 2.5 Hz) and normalized to peak values 
determined from maximum voluntary efforts (MVE).  
 

Using an inverse quasi-static 3D rigid link segment model 
approach and an L4/L5 joint model (3DMatch2), reaction 
forces and moments were calculated. Additionally, joint 
compressive forces were calculated using a single muscle 
equivalent model (6 cm, 5.3°) and a 3rd order polynomial 
EMG based model3.  
 

RESULTS AND DISCUSSION 
In all three seated postures compressive forces were larger at 
lower workloads than in the respective positions at higher 
workloads, irrespective of the compression model used. 
Posture data show flexion angles to be approximately 10˚ 
larger at lower workloads and flexion moments were 
considerable higher. Further, the vertical and horizontal loads 
exerted by the hands were considerably at higher workloads – 
more support of the trunk occurred under higher workloads. 
EMG recordings did not exhibit consistently higher values 
relating to riding effort. From these results the pilot subject 
showed decreased L4/5 net joint loading with increased effort. 
Loading and motion patterns showed smaller oscillations 
throughout a pedal cycle when pushing larger loads.  
 

Previous studies have shown compressive joint force values to 
be 1.5 to 3 times body weight4, during walking depending on 
speed, and simple quiet upright stance for this individual 
would produce about 475N of compressive force: the 
magnitude of compression force experienced on the bike 
clearly are clearly lower than those experienced during normal 
upright motions. 
  

REFERENCES 
1 Usabiaga et al. (1997). Spine, 22(17), 1965-1969. 
2 Callaghan et al. (2003). Preceding: 34th Ann. Conf. ACE.  
3 McGill et al. (1996). Ergo, 39, 1107-1118. 
4 Callaghan at al. (1999). Clin Biomech, 14, 203-216. 

Table 1 – Mean (standard deviation) and peak values for key output variables at low and high workloads riding on the hoods (P2), drops (P3) and standing (P4). 
Positive values indicate: vertical hand force pushing down, flexion moment, compression, and anterior shearing of the trunk with respect to the pelvis. 

 Work 
(W) 

Msr 
 

Vert. Hand 
Force (N) L/R 

Flexion 
(deg.) 

Flex/Ext 
Moment (Nm) 

Reaction 
Comp. (N) 

Reaction A/P 
Shear (N) 

SME Joint 
Compression (N) 

Polynomial  
Compression (N) 

low X (SD) 18.2 / 46.8 73 58.3 (16.8) 119.9 (52.0) -291.0 (45.4) 1087.2(293.4) 1269.9  (168.5) 
120 Peak 81.6 / 105.0 77 97.7 224.8 -406.4 1777.3 1435.2  
high X (SD) 69.1 / 70.8 59 8.5 (2.9) 180.7 (3.8) -169.7 (7.6) 322.1(46.9) 1084.6  (17.9) 

P2 

485 peak 89.6 / 99.2 60 16.4 192.0 -188.1 451.7 1133.0 
low X (SD) 46.5 / 65.6 80 45.6 (10.3) 102.4 (22.3) -253.5 (23.0) 858.9 (173.6) 1445.6 (84.2) 
110 peak 93.2 / 126.8 83 73.3 155.9 -323.7 1330.9 1939.8 
high X (SD) 83.6 / 85.7 73 11.9 (3.9) 13780 (5.4) -176.0 (10.2) 335.6 (62.4) 1081.4  (24.4) 

P3 

450 peak 105.6 / 122.3 74 22.5 155.8 -206.1 504.9 1136.0 
high X (SD) 28.8 / 61.8 79 55.1 (27.1) 44.4 (52.5) -276.6 (79.5) 959.4 (466.5) 1318.3 (275.8) P4 
586 peak 192.8 / 246.3 89 112.0 145.5 -436.7 1947.9 1625.6 



THE EFFECTS OF JOB ROTATION AND TASK ORDER ON DELTOID MUSCLE FATIGUE 
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INTRODUCTION 
Job rotation is an industrial practice often applied with the 
intention of reducing muscle fatigue or workload. However, 
the effects of job rotation on muscular workload is not often 
well described (Kuijer, 2005). This can be difficult in complex 
regions such as the shoulder, where many muscles may be 
active for tasks that appear to be substantially different 
(Sigholm, 1984). The purposes of this study were to 
determine: 1) the impact of rotating between two tasks 
involving the same principal muscles; and 2) the importance of 
the order of task rotation, both with respect to muscle fatigue. 
 

METHODS 
Subjects: To date, five healthy university-aged subjects (4 
male, 1 female, mean age = 25) have taken part in this study. 
Experimental Tasks: Two repetitive, unloaded arm 
movements, repeated at a frequency of 0.5 Hz were used to 
simulate similar, yet different work tasks: forward shoulder 
flexion (A) and shoulder abduction in the frontal plane (B). 
Subjects completed four combinations of the tasks, generating 
four conditions: AA: four continuous minutes of task A; AB: 
two minutes of task A, followed by two minutes of task B, and 
their analogues, BA and BB. Each condition lasted four 
minutes. The conditions were tested in separate sessions over 
two days in order to minimize any effects of fatigue from 
completion of previous conditions.  
Maximum Voluntary Force (MVF): Subject-specific 
shoulder elevation MVF was measured immediately before 
and after each of the experimental sessions, in the plane of 
scapular elevation (30° forward of the frontal plane).  
Muscle Activity: Electromyographic (EMG) signals were 
measured throughout the fatiguing conditions for the anterior, 
middle, and posterior parts of the deltoid. Subjects performed 
maximum voluntary contractions (MVC) for each part of the 
deltoid in accordance with Cram and Kasman. EMG amplitude 
(AMP) was normalized to these reference MVCs. As EMG 
AMP varies during a movement with joint angle (Potvin, 
1997), peak AMP values of each condition subtask were used 
for all comparisons. Integrated AMP (iAMP) values were 
calculated using a trapezoidal method on the peak AMP data. 
Data Analysis: Dependent t-tests (df = 4, α=0.05) were used 
to compare differences in AMP and iAMP between the four 
conditions for each of the three muscle parts. Dependent t-tests 
were used to assess the differences in the MVF data. 
 

RESULTS 
MVF changes: Each fatiguing condition caused a significant 
(mean = 22%) decrease in MVF following exercise (p<0.05), 
but no difference existed between the magnitude of the 
decrease across the four fatigue conditions. 
EMG Indicators of fatigue: Analysis of the EMG amplitudes 
revealed no difference between conditions for the anterior 
deltoid. Conversely, movement B resulted in greater levels of 
EMG AMP than movement A in the middle and posterior 
deltoids (p<0.05). EMG iAMP (Table 1) values for AA were 
significantly lower than BA and BB for both the middle (Fig. 

1A) and posterior (Fig. 1B) deltoids (p<0.01). AB IAMP was 
also lower than BB in the middle deltoid (p<0.05). The 
difference in iAMP between AB and BA in the middle deltoid 
was also nearly significant (p = 0.16), given the small sample. 
 

Table 1:  EMG iAMP normalized values for each condition, 
mean across all subjects (normalized EMG*subtask). 
 Condition 
Muscle AA AB BA BB 

ANT 47.91251 51.85654 47.9413 52.92422 
MID 28.88666 32.84157 43.13493 53.29691 

POST 5.868854 17.99127 15.53291 24.63465 
 

 

A B

Figure 1. 5-point, moving average EMG AMP during fatigue 
conditions for A) middle and B) posterior deltoid. Large AMP 
changes occurred on subtask change. AA iAMP is lower than 
other conditions, implying less muscle-specific total use. 
 

DISCUSSION 
MVF results indicated that while all combinations caused 
fatigue, job rotation between the two tasks had no significant 
effect on post-fatigue MVF. EMG AMP results demonstrated 
that movement B produced more muscular demand for the 
middle and posterior deltoids than movement A. Significant 
differences in between-condition EMG iAMP also indicated 
that changing movements altered specific muscle activity. It 
follows that combining a less stressful job with a more 
stressful produced an intermediate level of muscular demand. 
 

Varying the order of task rotation (AB vs. BA) yielded no 
significant differences. However, condition BA required 
greater muscle activity than AA, but AB did not. Combined 
with the nearly significant difference in iAMP between tasks 
AB and BA for the middle deltoid, it appears as though it may 
be beneficial to perform less strenuous tasks first in order to 
maximize the impact of job rotation. The planned collection of 
more subjects (n = 15 total) will resolve this question. Also, 
EMG mean power frequency values and perceived effort 
scores for the four conditions will be analyzed for trends. 
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INTRODUCTION BA
Musculoskeletal disorders (MSD) of the neck-shoulder region 
are a major problem, with substantial costs to society and 
impact to quality of life of those affected (Chauhan, 2003). 
Prolonged overuse, static position, and a high frequency of 
repetitive movements have all been recognized as risk factors 
(Pascarelli and Hsu, 2001), and the trapezius is often 
implicated as the source of complaints (Oberg, 1994). 
Uncertainty exists regarding the consequences of trapezius 
MSDs on muscle response and fatigue during cyclical work.  
This is in part due to the lack of a standardized exercise 
protocol designed to assess the fatiguability of the trapezius 
muscle across populations for cyclical tasks. The purpose of 
this study was to determine if subjects afflicted by trapezius 
muscle myalgia display abnormal electromyographic fatigue 
responses, during a highly constrained repetitive activity.  
 

METHODS 
Subjects: Thirteen female subjects (7 control [age: 43±4.4yr, 
body weight: 57.7±5.1kg, stature: 1.7± 0.04m]; 6 myalgic-
[47±8.0yr, 71.5±5.6 kg, 1.6±0.05m]) participated in the study.  
Muscle Activity: Surface electromyography (sEMG) was 
used to measure upper trapezius activity. Electrodes were 
placed unilaterally over the muscle belly (on the affected side 
for the myalgic subjects), midway between the spinous process 
of C7 and the acromion (Basmajian and DeLuca, 1985). A 
reference electrode was placed over the C7 spinous process.  
The EMG signal (bandwidth of 20-500 Hz) was passed 
through an amplifier and collected at 2048 Hz. 
Force Measurement: Bilateral shoulder cuffs equipped with 
linear variable differential transducers (LVDT) were used to 
measure shoulder elevation force. Force was sampled at 1 
kHz. A resting force of approximately 40 N was maintained.  
Experimental Tasks: Subjects were positioned in an 
apparatus designed to maintain an upright torso posture. Each 
subject was encouraged to sit up straight and was secured with 
a seat belt. Three maximum voluntary contractions (MVC) 
were used to establish baseline values. Subjects produced a 
maximal effort and sustained it for 4-5s. Following this, 
subjects performed a 5 minute fatigue task (work/rest cycle of 
15s/5s) which consisted of intermittent shoulder elevations of 
60% baseline MVC. Two MVCs were performed immediately 
after the fatigue task and one 5 minutes after the fatigue task. 
Data Analysis: Comparisons were made both between and 
within the subject groups.  Initial raw MVC, %MVC decline 
and recovery MVC were compared across groups.  Mean 
power frequency (MPF) shifts, recognized as indicators of 
fatigue, were analyzed for repetition (bout of exercise [1-15]) 
and group (control or myalgic) effects. MPF values were 
calculated in ½ second rectangular windows for the active 
states in the work/rest cycles for a period of 10 seconds.  The 
resulting 20 values were then averaged for each of the 15 
bouts of the fatiguing protocol.  Statistically significant 
differences were defined at a level of p < 0.05, and were 
identified using ANOVA and t-tests where appropriate. 

Figure 1.  A. Group-averaged normalized MPF by exercise 
bout.  Terminal MPF (bout 15) was lower than original MPF 
(p < 0.01) in both groups.  B. Group-averaged MVC by time 
point.  MVC values decreased for both groups after exercise, 
but the decrease was only significant for  control subjects. 
 

RESULTS AND DISCUSSION 
The protocol generated muscular fatigue in both groups as 
measured by decreases in MVC after exercise  and decreases 
in MPF over the course of the exercise (Figure 1:A&B). 
However, no differences in the magnitude of muscular fatigue 
as quantified by MPF existed between the two groups at 
individual points during the trials.  The normalized decline in 
MVC following the fatiguing exercises was higher in the 
control group (p = 0.04).  Baseline MVC values were also 
significantly different for the two groups (p = 0.03). 
 

The lower relative MVC decline in the myalgic group may be 
due to the failure of several myalgic subjects to produce true 
MVCs due to fear of pain or injury.  As the fatiguing protocol 
was proportionately scaled to the initial MVC, they thus may 
not have been as challenged as the controls.  This is also 
supported by visible differences in the MPF profiles. 
Secondly, while exertions may be carefully controlled in a 
laboratory, in the field, workers must produce task-dependent 
forces, regardless of personal capability, and will respond to 
these levels.  Testing these groups using a common, loading 
regimen may help understand any differences in more realistic 
work performance.  Additional subjects (beyond thirteen) may 
provide further insight into trends that were not significant. 
 

In this work, we developed a method that produces identifiable 
upper trapezius fatigue.  The potential tendency of myalgic 
subjects to produce submaximal MVC complicates analysis. 
Our next step is to identify any discrepancies between the 
force produced by an MVC and an interpolated twitch that 
may identify the fatigue as either central or peripheral. A 
lower force producing capability existed in the myalgic group, 
and this should be incorporated into work task design. 
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