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INTRODUCTION

Mammalian skeletal muscle contains many motor units.
The base recruitment plan of these motor units is known as
orderly recruitment or “size-principle”, which states that
motor units are recruited in an orderly fashion where the
motor units consisting of the smallest motorneurons are
recruited first and the largest are recruited last [1]. In
addition, the contractile properties of the muscle fibres that
belong to each motor unit can vary, being broadly
categorised as slow and fast-twitch fibres. Hence, the
population of motor units that are recruited and the
contractile properties of the muscle fibre types influence the
dynamics of a muscle contraction. Musculoskeletal
simulations are commonly used to predict muscle function
and coordination strategies during movement. However,
many muscle models consider neither the heterogeneity of
fibre type properties nor motor recruitment strategies.

In this study, we introduce a predictive simulation
framework that accounts for the contractile properties and
motor recruitment patterns of different fibre types. We test
the effectiveness of the framework to predict physiological
motor recruitment patterns by simulating a ramped
isometric contraction using a lower limb model and two
physiological cost functions.

METHODS

We used a similar approach to Lai et al. [2] where an
existing musculoskeletal model was adapted to include the
right thigh, shank and foot segments and three Hill-type
actuators: two plantarflexors and a dorsiflexor. Each
actuator contained a contractile element with normalised
active and passive force-length-velocity properties [3]. The
series elastic element of the plantarflexors were assumed to
be rigid and hence, the two plantarflexors were analogous
to two parallel muscle fibres within a muscle that could have
different fibre types. To simulate the contractile properties
of different muscle fibre types, we varied the maximum
contraction velocity, the curvature of the force-velocity
relationship and the activation and deactivation time
constants of the excitation-to-activation dynamics. The
muscle fibres were assigned properties that represented fast
and slow-twitch fibres.

To generate predictive, dynamic optimisation simulations,
we developed a simulation framework where we solved an
optimal control problem using direct collocation methods.
We interfaced OpenSim (v 3.3 [4]), an interior point
optimiser [5] and MATLAB to solve for a set of neural
excitations and state variables (e.g. joint angles) that
minimised a cost function while satisfying a set of
constraints that represented the system dynamics. The
mixed cost function contained a data-tracking and a
physiological term. The data tracking term drove the
simulations towards the desired kinematics. To test the
effectiveness of the framework to predict motor recruitment

patterns during a ramped isometric contraction, two
physiological terms were implemented and compared: (1)
minimise the sum of activations squared; (2) minimise
metabolic cost [6]. A typical ramped isometric contraction
was simulated where all the joints were held constant and a
hypothetical ramped up and down external force was
applied to the foot segment of the model over 1.5 seconds.
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Figure 1: Muscle activations of the slow and fast fibres using the two cost
functions during the simulated ramped contraction.

RESULTS AND DISCUSSION

The framework predicted physiological muscle activations
that were consistent with orderly recruitment during the
simulated contraction when the cost function containing
metabolic cost was implemented. Specifically, the slow
muscle fibres were recruited first and fast fibres were
recruited only when the slow fibres were unable to generate
sufficient force against the external ramped force (Fig. 1).
Moreover, the fast fibres were derecruited before the slow
fibres, consistent with the orderly decruitment principle.
In contrast, when the commonly-used cost function of
minimising muscle activations was implemented, the slow
and fast muscle fibres were activated and deactivated
synchronously, which was inconsistent with orderly
recruitment.

We were able to show that our simulation framework, with
a metabolic-based cost function, was capable of predicting
physiological motor recruitment patterns if the
heterogeneity of muscle fibre type properties were
considered. Future work will use the framework to predict
motor recruitment strategies during dynamic movement
tasks especially in tasks where fibre strain rates are varied
such as during pedalling across a range of cadences.
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INTRODUCTION

Abundant wearable sensor data and advances in machine
learning algorithms have made activity classification a viable
technique for biomechanical studies. Research groups have
used different classification algorithms to predict gait
activities using lower-limb electromyography (EMG), but
few studies have compared the effectiveness of common
classification algorithms [1,2]. The purpose of this
experiment was to evaluate the predictive performance of four
commonly used pattern recognition algorithms on a labeled
EMG dataset of six mobility tasks of daily living.

METHODS

With approval from the VA Puget Sound Health Care
System’s IRB, EMG data was recorded for two subjects
(male, age 24-27, height 5°107-6°2”) at the VA Center for
Limb Loss and Mobility. For each subject, 16 EMG sensors
(Delsys Inc., Natick MA) were placed on the right leg and
lower abdomen. Ten of the sensors were placed on leg
muscles commonly measured in EMG studies. The six
remaining sensors were placed pseudo-randomly, without
isolating specific muscles. All sensors streamed data to a
desktop PC at 1200 Hz for the duration of the study. For both
subjects, 150 trials lasting three seconds were recorded while
the subject performed each of the following activities:
standing, sitting, walking at a self-selected pace, walking at
175% of the self-selected pace, stair ascent, and stair descent.

Using MATLAB (MathWorks, Natick MA), each three-
second recording was separated into 0.15-second windows.
Each window contained signals from all 16 sensors and was
labeled as one of the six activities. The following five features
were then extracted for each sensor over each of the 0.15-
second snapshots: mean average value, number of zero
crossings, variance, number of slope sign changes, and
waveform length. These five features across 16 sensors
resulted in an 80-dimensional feature vector for each window.

The data was then randomly split into a training set (80% of
data) and a testing set (20% of data). The training data was
reduced via SVD to a collection of 40-dimensional feature
vectors. These labeled vectors were then used to train the
following classification algorithms: a random forest (RF)
with 40 decision trees, a linear support vector machine
(SVM), linear discriminant analysis (LDA), and an artificial
neural network (ANN) with 100 neurons in a single hidden
layer. Each classifier was then tested on its ability to
accurately predict the activities in the testing dataset.

This train-test process was repeated ten times with a different
random 80-20 cut of the initial dataset each time. The
classifiers were trained on an individual basis, i.e. trained with
participant 1’s data and tested with participant 1’s data, as
well as on a group basis where the classifiers were both
trained and tested with both participants’ data.

To determine how classification accuracy was impacted by
removing sensors from the initial dataset, a standard
backward-removal algorithm was implemented for each
classifier.

RESULTS AND DISCUSSION

All the classifiers predicted the activities with high accuracy
(>80%) (Figure 1). The classifier with the highest accuracy
when trained and tested with data from both participants was
the ANN at 94.95 + 0.01%.
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Figure 1: Mean classifier testing accuracies when trained on
individual and combined subject data with all sensors. Each
bar shows the mean of ten cross-validations.

While the accuracy of the ANN was slightly greater than the
RF, the backward-selection algorithm showed the RF to be
superior, as it could achieve over 90% accuracy with only the
Tibialis Anterior and posterior mid-shank sensors. The ANN
required seven sensors to reach a comparable classification
accuracy. The backward-selection algorithm also revealed
that the classifiers did not rely exclusively on the sensors
placed on muscle bellies but used information from the
nonconventional sensor placements as well.

These techniques could also be applied with sensors other
than EMG, including IMUs, heart-rate monitors, or a
combination of sensor types to improve classifier accuracy.
These results can inform future studies on supervisory
prosthetic limb control or monitoring patient activity outside
of the laboratory environment.
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INTRODUCTION

Prosthetic feet are an important component of restoring
mobility in people with lower limb amputations (LLA).
Currently, the process for selecting and prescribing prosthetic
feet is primarily guided by clinician experience and based on
the patient history and physical examination. There is limited
objective prosthetic foot performance data available to inform
the selection process. An improved understanding of the
mechanical properties of prosthetic feet would help
prescribing clinicians in choosing a foot that best matches
each individual patient’s goals, abilities, and the
environmental terrains they regularly traverse.

The mechanical properties (e.g., compressive stiffness) of
prosthetic feet can be measured using various techniques. For
example, investigators have used motion capture data while
an amputee is walking in a laboratory to measure prosthetic
foot stiffness [1]. While this technique of data collected is
ecologically valid (i.e., measuring foot properties during
intended use), the results are confounded by individual gait
variation, and do not allow for standardization of testing
across different foot types. Other studies have collected foot
stiffness data using linear compression ex vivo (i.e.,
mechanical testing) at discrete angles of loading, but have not
collected data on heel stiffness [2]; an additional prior study
measured linear stiffness across different categories within a
single type of foot [3]. However, there is limited data on
performance of the heel component of prosthetic feet across
a range of prosthetic foot types.

Therefore, the purpose of this study was to compare the heel
linear stiffness across a range of commercially-available
prosthetic feet, in an amputee-independent manner.

METHODS

Data were collected on the following five, size 28cm,
prosthetic feet with matched patient weight stiffness
categories: Walk-tek (Freedom Innovations, Irvine, CA),
Seattle Lightfoot 2 (Trulife USA, Jackson, MI), Vari-flex
(Ossur, Reykjavik, Iceland), RUSH87 (Ability Dynamics,
Tempe, AZ), and All-pro (Fillauer, Inc, Chattanooga, TN).

Apparatus: A Mikrolar R2000 robot and an 8-camera Vicon
motion capture system were used to collect linear
displacement of prosthetic feet. A 6-axis AMTI load cell was
used to collect force data in parallel with the prosthetic pylon.

Procedures: Each foot was attached in line with the load cell,
shod with a standardized walking shoe, and fixed to the
R2000 robot in neutral alignment in all planes. Procedures
included quasi-static testing at a single, discrete pylon
progression angle (i.e., -10°) to isolate loading of the heel
components. Each foot was compressed for five cycles of
loading and unloading to a load threshold representative of

average body weight for the tested weight category (i.e.,
800N) and the final three cycles were averaged.

RESULTS AND DISCUSSION
Vertical force vs. displacement profiles depicting loading and

unloading of the prosthetic feet were compared (Figure 1).
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Figure 1: Vertical load vs. displacement across five types of
feet. 1a) loading portion; 1b) unloading portion.

The Vari-flex foot demonstrated the lowest stiffness (i.e.,
greatest displacement) during loading and unloading relative
to the other feet tested. In contrast, the Seattle Lightfoot 2 and
Walk-tek demonstrated the highest stiffnesses. The RUSH
foot exhibited low heel stiffness during early loading,
followed by an evident increase in stiffness at approximately
200N, which corresponds to contact between the heel
platform and an elastomeric wedge within the heel element.
The Walk-tek and Seattle Lightfoot2 demonstrated similar
stiffness inflection points, while the Vari-flex and All-pro had
relatively uniform curvilinear stiffness profiles throughout
the complete loading cycle.

CONCLUSIONS

Vertical loading vs. displacement curves produced using this
method provides prosthetic heel stiffness data in a user-
independent manner. Heel stiffness is an important feature
affecting loading response during the early stance phase of
gait; optimizing this variable can potentially modify residual
limb shock absorption, reduce distal anterior residual limb
pain and improve overall gait quality. These findings are an
important step in developing a library of objective data on
prosthetic foot mechanical properties that have great potential
to help inform prosthetic foot prescription, thus helping to
improve functional mobility in people with LLA.
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INTRODUCTION

Biplane fluoroscopy is an alternative to motion capture that is
becoming increasingly popular in the biomechanics
community. This technique allows one to directly visualize
and track the motion of bones. In our laboratory, we have
developed a biplane system in which two X-ray fluoroscopes
image the foot during walking. The 2D fluoroscope images
are then converted to 3D motion using a custom model-based
tracking method. Similar methods have been found to track
motion less than 0.5 mm of translation and 0.5 deg of rotation
for leg bones [1]; however, the small and irregularly-shaped
bones of the foot are particularly challenging. The goal of this
study is to validate these model-based tracking algorithms
through the use of bone phantoms, similar to our previous
work [2]. The purpose of this study was to develop robust
bone phantoms and exercise them under uniaxial rotation,
where an external reference provides a gold standard.

METHODS

Our bone phantom design involved embedding isolated
cadaver foot bones in a surrounding foam material. For each
phantom, we extracted a bone from a cadaver specimen and
the soft tissue removed with an osteotome and scalpel. A
custom potting rig was constructed from two halves of 7.5 cm
inner diameter PVC, cut 30 cm long. The bone was anchored
in the mold with decking screws such that its anterior-
posterior axis was collinear with the long axis of the
cylindrical mold. The mold was then filled with a two-part
polyurethane foam [Mixes 624/625, Fibre Glast, Brookville,
OH, USA]. This foam was chosen for its low radiodensity
(approximately 1/8 of bone), high compressive strength when
fully cured, and resistance to moisture.

Next, custom radiopaque fiducial markers were constructed.
A stainless-steel ball bearing was drilled into an acrylic plug
(13 mm diameter x 10 mm long) and glued in place. Each
phantom had eight such plugs inserted ~10cm from either end
of the phantom: the anterior end had a plug with a 4mm-
diameter bearing and three with 2mm-bearings, while the
posterior end had 2 each of the two bearing sizes-- and
backfilled with glue and foam. The phantoms were coated
with clear latex paint to increase strength and resist flaking.

As an initial validation, we constructed a custom
experimental rig to apply prescribed rotations to the bone
phantom while being imaged under biplane fluoroscopy
(Figure 1). The phantom was attached to a wooden U-shaped
arm, which was in turn attached to a precision stage. A
rotational potentiometer [6015 Rotary Series Precision
Position Potentiometer, TE Connectivity, Schaffhausen,

Potentiometer

Rotational Stage

a. b.
Figure 1: (a) Bone phantom attached to rotational mount,
(b) Images of bone phantom under fluoroscopy

Switzerland] mounted in-line with the stage provided the
gold-standard reference.

For each phantom, we first collected a battery of static poses
at0,0.2,04,06,08,1,2,3,4,5,7, 10, 15, 20, 25, 30, 35,
and 40 degrees from the initial position. The phantom was
aligned such that the rotation axis was normal to the bone’s
sagittal plane. Three dynamic rotation trials were then
collected at approximately 5 degrees/sec. This procedure was
then repeated with the rotational axis oriented normally to the
transverse plane. Phantoms were positioned such that at least
3 markers were in view during the entire acquisition.

The biplane images were passed through a custom software
pipeline to track bead coordinates; a screw axis
decomposition was then used to calculate the rotation. This
was compared to the potentiometer rotation to establish error.

RESULTS AND DISCUSSION

Eight total bone phantoms (two calcanei, three tali, two first
metatarsals, and one second metatarsal) have been
constructed. Beads for one phantom have been tracked in both
the sagittal and transverse view. The root-mean-squared
(RMS) error for sagittal view was 0.23 degrees and the
dynamic RMS errors were 0.08, 0.23, and 0.19 degrees. The
RMS error for transverse view was 0.22 degrees and the
dynamic RMS errors were 0.25, 0.13, and 0.49 degrees. These
errors are consistent with results from our previous work.
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Table 1: Rotation error derived from comparison of potentiometer position to tracked bead position

Error (deg)

Position (deg)

0.0 0.2 0.4 0.6 0.8 1.0 2.0 3.0 4.0

5.0 7.0 100 150 200 250 300 35.0 40.0

Sag. -0.02  -0.13 -0.02 -0.07 -0.06 0.01 0.0 -0.03  -0.11

-0.07 -008 0.06 -010 -033 -043 -049 -0.56 -0.36

Tran. 0.01 -0.12 -0.04 -004 -010 -0.03 -0.10 0.10 -0.05

0.05 0.15 024 -008 -011 -0.38 -057 -034 -0.35
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INTRODUCTION

Recent improvements in Virtual Reality (VR) technology
have exciting implications for the research and rehabilitative
sciences. Various modes of VR have been used successfully
as intervention modalities in these settings with great success
[1,2]. However, VR systems have not yet been used as a mode
of kinematic data collection. The use of these systems for both
intervention and collection has the potential to greatly lower
cost and increase portability of motion capture. While
previous studies have looked at using the HTC VIVE headset
as a tracking method with little success, use of the handheld
controllers has not yet been explored [3].

The aim of this study is to gather preliminary data to
investigate the feasibility of using the HTC VIVE VR
handheld controllers to collect position and orientation data.
To do so, we will compare the VIVE VR sensors and
Polhemus Liberty sensors. The Liberty system has been
robustly validated for scientific data collection, we therefore
feel comfortable using it as a gold standard for comparison.

METHODS

The VR system was set up as dictated by the VIVE owner’s
manual. The lighthouses were mounted 6 m apart at a height
of 2.1 m and connected by the sync cable. The headset was
placed on a stable shelf within the calibrated space. The
magnetic tracking system (Polhemus Liberty, Colchester,
VT) transmitter was placed 0.5 m from the sensor. Both
systems sampled at a rate of 120 Hz.

The VIVE controller and Liberty sensor were mounted on
opposite ends of a rigid segment with a common central point
of rotation. This segment was mounted to a stable surface
with a pegboard setup dictating five angular positions at 0°,
20°, 50°, 70°, and 90°. The sensors were moved through fifty
permutations of these angular targets. Both sensors were
sampling at a rate of 120 Hz. Data were collected from both
sensors simultaneously using a customized Unity program.

Helical axis calculations were used to quantify the angular
change in position from trail to trial. Angular measurement
error between the sensors was quantified as absolute value of
the difference in helical angle measured by the Liberty sensor
and the VIVE sensor in each trial. Additionally, an RMS
calculation was used to quantify drift in the signal.

RESULTS AND DISCUSSION

Helical angles between sensors were similar over the fifty
rotations tested. Average helical angle measurement error
between the two sensors was 0.2° £ 0.1° and the largest error
was 0.5°. Errors were then broken down by degree of angular
movement (Figure 1).
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Figure 1: Difference in helical angle measurement
between Liberty and VIVE sensors throughout a series of
rotations to angular targets of 0°, 20°, 50°, 70°, and 90°
(mean = sd).

Average RMS over the ten trials did show some differences
between sensors (Table 1). The VIVE demonstrated
consistently higher measures of drift than the Liberty.
However, both systems exhibited translational drift in the
sub-millimeter range and rotational drift in the sub-degree
range.

CONCLUSIONS

While previous studies have used the VIVE headset as a
tracking mechanism with little success, the handheld
controllers are yet to be validated as a mode of data collection.
Although the data presented here are preliminary in nature,
they show promise for future measures of accuracy. It is our
hope that with further validation, these controllers will be
usable for kinematic data collection.
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Table 1: Average RMS drift of the position and orientation signals of the Liberty and VIVE systems.

Average RMS (mm) Average RMS (degrees)
X y z a B Y
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INTRODUCTION

Kangaroo rats (family Heteromyidae) are bipedal hopping
rodents that use erratic vertical jumps to escape their
predators, mainly owls and snakes [1]. Previous research from
our lab on the mechanics of these jumps indicates the ankle is
the main contributor to net joint work when comparing across
jump heights. In addition, we found that up to 30% of the net
joint work, measured at the ankle joint with the use of an
inverse dynamics analysis, is transferred from proximal
muscles via biarticular ankle extensors. Given these results,
the vastus lateralis (VL) muscle, a large knee extensor, and
the lateral gastrocnemius (LG) muscle, a large ankle extensor,
likely both play important roles in propelling the animal up
during their vertical jumps. Therefore, we examined the in
vivo performance of the LG and VL muscle during vertical
jumping over a range of jump heights. We hypothesized that
muscle shortening strain would be independent of jump
height, but that relative electromyography (EMG) intensity
would increase with increasing jump height.

METHODS

Five adult, wild-caught desert kangaroo rats, Dipodomys
deserti, were used for this study [body mass: 105 +/- 15 g].
The experimental set-up included a self-built plexiglass
runway with a built-in force plate. Kangaroo rats were
stimulated to jump off, of the force plate over an obstacle,
which was changed in height every trial (0.1 — 0.5 meters).
Sonomicrometry and EMG data were collected at 2000Hz.
Jumping trials were recorded at 200 frames s using a high-
speed camera (Xcitex Inc, Woburn, MA, USA), positioned
perpendicular to the experimental set up. Video data were
digitized using ProAnalyst (Xcitex Inc, Woburn, MA, USA),
after which the complete dataset was analyzed using a
customized analysis script for Matlab (2015a, MathWorks,
Natick, MA, USA). Jump height was calculated using
ballistic equations and force data.

RESULTS and DISCUSSION

Out data suggests that our hypotheses are supported. There
appears to be a linear relationship between jump height and
relative EMG intensity for both the LG as well as the VL
muscle, whereas net muscle shortening in both muscles does
not change over increasing jump height.

CONCLUSIONS

These results suggest that the increase in mechanical work
required to achieve higher jumps is likely due to great muscle
force and not due to greater length changes by the muscles.
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Figure 1. Muscle shortening (upper two graphs) and
relative EMG activity (lower two graphs) of the lateral
gastrocnemius (LG) and vastus lateralis (VL) muscle over
jump height. Muscle shortening shows no change with
increasing jump height in both muscles. Relative EMG
activity (normalized against a common task of a 0.2 meter
jump) does show a linear relationship with jump height.
Every marker shape indicates a different individual.
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INTRODUCTION

The overall objective of our research study is to elucidate
the mechanisms of extreme jumping performance in kangaroo
rats (k-rats) by using forward dynamic simulations. The
purpose of this study is to measure the in situ contractile
properties of the plantarflexor group of three muscles (Medial
Gastrocnemius (MG), Lateral Gastrocnemius (LG) and
Plantaris (PL)) important for k-rat jumping. Measurement of
the contractile properties includes the force-length (F-L) and
force-velocity (F-V) relationships, which are integral to the
muscle models used in forward dynamic simulations.

METHODS

Six wild-caught k-rats (Dipodomys Deserti) (W=97.5+7.5
(gm)) were used in the experiments. Briefly, under deep
anesthesia, the group of LG, MG, and PL were isolated, the
sciatic nerve exposed for stimulation, and the femur fixed to
mechanical ground. A bone chip connected to the distal part
of Achilles tendon was removed from the calcaneus and
attached to a servomotor (309C; Aurora Scientific, Aurora
ON, Canada) used to control either force or position.
Institutional approval was obtained prior to the experiments.

Force-length (F-L) relationship: To measure the F-L
relationship, isometric forces were measured at seven
different lengths of the muscle-tendon unit (MTU).
Supramaximal activation was achieved with tetanic
stimulation (3mA with 300 msec train of 0.2 msec biphasic
pulses at 150 Hz) applied to the sciatic nerve. For each
experiment, maximum isometric force (Fmax) and optimum
MTU length (MTUo) of muscle group were estimated from a
3 order polynomial curve fitted to force vs MTU length.
Maximum isometric stress, also was calculated as:

Omax = (Fnax)/(PCSA) 1)

where PCSA is the physiological cross section of area of all
three muscles added together. PCSA of each muscle was
calculated as:

PCSA™e = (m cos(8))/(p Lriver)  (2)
where, m, B, p and Lg;y,, are mass, pennation angle,
density and fiber length of each muscle, respectively.

Force-velocity (F-V): Nine different isotonic forces
within the range of 0.1Fmax to Fmax Were tested for each
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animal. For each isotonic force, the relaxed muscles were
stretched to MTUo and isometric contraction obtained with a
supramaximal stimulation. The servomotor then switched
from length control to force control to induce isotonic
shortening. Shortening velocity was the slope of the line
which was fitted to MTU length data from 10 to 30 msec
following initial force drop. To calculate maximum
shortening velocity, force velocity data of each experiment
was fitted with a hyperbolic curve (Hill’s equation).

RESULTS AND DISCUSSION

The scatter plot and fitted curve of pooled normalized
active F-L data showed a clear maximum and ascending limb
(Fig. 1A). Average maximum isometric force and maximum
isometric stress were 24+1.7 (N) and 268+16 (kPa),
respectively. Maximum isometric stress of the kangaroo rat
ankle extensors was estimated by Biewener et al. to be 220-
230 kPa [1], which appears to be consistent with our results.

The scatter plot and fitted curve of pooled normalized F-
V data indicated that F-V curve of the muscle group was
almost linear (Fig 1B). This linear relationship was different
than the hyperbolic shape expected for the F-V relationship
of a single muscle. Maximum shortening velocity of the
muscle group was 1.23+0.05 (MTUo/sec).

CONCLUSIONS

F-L and F-V relationships for the plantarflexor group of
three muscles reflect the combined relationships of each
single muscle. We are currently estimating the F-L and F-V
relationships of each muscle from these data and additional
measurements so that we are able to incorporate the
experimental results in the forward dynamic simulation.
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INTRODUCTION

Ultrasound is a useful tool in the biomechanical study of soft
tissues due to its unique ability to produce well-resolved
images of internal soft tissues in real time. Further, the
ultrasound technique shear wave elastography uses acoustic
forces to calculate quasi-real-time tissue stiffness.® However,
ultrasound imaging artifact is difficult to identify, and both
ultrasound and shear wave elastography at large material
strains like those experienced during gait is not well studied.

Study of large strain effects requires a stable phantom of
known mechanical properties within the range of those found
in the soft tissue of interest. Prior work on has focused on
breast-mimicking gelatin and agar phantoms.? Adapting these
phantoms for stiffer tissues with more realistic biomechanical
properties is crucial for developing ultrasound protocols
relevant to musculoskeletal soft tissues.

METHODS

Constant gelatin concentration is necessary for stability in a
multilayered phantom.? Therefore, a 10%wt gelatin phantom
was used as a base to investigate the effects of additives on
stiffness (Table 1). Gelatin (225 bloom, Sigma Aldrich) and
agar (Sigma Aldrich) were saturated with distilled water and
heated to clarification. For agar-gelatin phantoms, separate
heated agar and gelatin solutions were added together and
mixed for homogeneity. After a short cooling period, the
crosslinker glyoxal (Sigma Aldrich) and/or preservative
germall plus (99% diazolidinyl urea, 1% idopropynl butane),
if used, were added and the solution was again mixed to
homogeneity. Solutions were poured into molds and
circulated on a shaker plate overnight to prevent separation
during gelation and crosslinking. One-inch diameter discs
were punched from the molded phantoms to match previous
plantar soft tissue mechanical tests.® Phantoms were stored in
safflower oil to prevent desiccation.

Discs were mechanically tested on an Electroforce 3200
mechanical testing machine (TA Instruments; New Castle,
DE). Discs were preloaded to -0.2 N, then subjected to 3
cycles of 11 triangle waves at 2 and 0.5 Hz to 40% strain
followed by a 0.75mm/s single triangle load-unload cycle to
50% strain, with a 4 minute rest period between cycles of
triangle waves. Any damage sustained was recorded. Force
and displacement data were post-processed in MATLAB
(The MathWorks, Inc.; Natick, MA). Engineering stress and

Table 1: Gelatin and agar concentration ratios.

engineering strain were calculated. The elastic modulus was
calculated as the slope from the middle of the stress-strain
ramp curve to maximum stress and maximum strain.
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Figure 1: Preliminary results of mechanical testing.

RESULTS AND DISCUSSION

The 10%wt gelatin-only phantom achieved stiffness of 75
kPa. Addition of the crosslinker gyloxal and preservative
germall plus increased these stiffnesses by 20-100%.
Addition of agar increased the stiffness of the phantoms by
172-445%. Phantoms were also tested for sonocompatibility
with an Aixplorer® (Supersonic Imagine, Aixon-en-
Provence, France), and were found to be visible at edges and
largely transparent through homogenous regions at 14MHz.

Prior work indicates that plantar soft tissue has a modulus of
500 kPa-700 kPa in a healthy population and up to 1200 kPa
in a diabetic population.® The stiffnesses presented here are
below those of plantar soft tissue. However, the increased
stiffness range of glyoxal and agar phantoms relative to the
base gelatin phantom is promising. Higher gelatin base
concentration, and increased agar or glyoxal concentration
will likely increase the phantom stiffness into the range
needed for biomechanically realistic plantar soft tissue.
Scatterers such as glass beads or graphite could also increase
material modulus in addition to improving sonocompatibility.
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Agar (wt%) 0 0 0 0 2 4 6
Glyoxal (uL) 0 2 25 3 0 0 0
Germall plus (mg) 0 121.6 121.6 121.6 6 6 6
Elastic Modulus (kPa) 75.3 91.5 130.9 151.7 205.2 270.0 410.9
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INTRODUCTION

Though there have been many designs for haptic feedback
devices, there are still opportunities for improvement. In
this paper, we present a vibrotactile actuator design that
addresses four of these opportunities at once: 1) the
capability to vary the frequency of stimulation while
keeping amplitude constant 2) small contact area on the
skin, for providing pinpoint locality of stimulation, but also
for packing many stimulators into a small area 3) a novel
means of providing constant loading (normal force pressing
the tactor against the skin) 4) capability to customize the
waveform of stimulation.

We demonstrate that stimulation with increasing amplitude,
and independently with increasing frequency, results in
increased subjective intensity on the thigh. The thigh is an
interesting target because it is one of the least sensitive
areas of the skin but is a natural target for stimulation by a
lower-limb sensory feedback prosthesis. The effects as we
vary amplitude and frequency appear consistent with those
previously observed for hand.

Handle
Constant force
mechanism
Laser
vibrometer
guides 1
DC Motor
Laser
vibrometer | Cam-and-follower
target mechanism

Figure 1: Cam-follower vibrotactile actuator with
constant skin loading mechanism

DESIGN AND EXPERIMENT

The device is based on a cam-and-follower mechanism
attached to a DC motor and a constant force spring that
keeps the loading on the skin constant.

Ten subjects (ages 22-28) were asked to sit in a chair while
wearing noise-canceling headphones and a blindfold to
prevent audio and visual cues. A site on their thigh, 5cm
proximal from the knee, was stimulated randomly by one of
four tactors (Figure 1.) Each tactor stimulated the skin at an
amplitude of 100 pm, 200 pm, 330 um or 580 um. Each
tactor stimulation frequency was also randomly driven at
one of 128 Hz, 200 Hz and 278 Hz, all in the perceivable
range of hairy and glabrous skin [2]. Tactor amplitude and
frequency were randomized by block and the same number
of presentations were used for each condition.

RESULTS AND DISCUSSION
The stimuli were perceivable for all the experimental
conditions. Figure 2, above, depicts the average perceived

intensity for each amplitude of stimulation, averaged across
all participants and frequencies. Perceived stimulation
intensity increased with increased amplitude. Figure 2,
below, depicts the effect of frequency. The differences in
the means, ranging from around 1 up to around 7 for
different displacement but only from around 4 up to 5 for
frequency, suggests that changes in amplitude made a more
profound difference than changes in frequency.
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Figure 2: Perceived intensity for different amplitudes
(above) and frequencies (below.)

We are now developing dense arrays of these vibrotactors
for use in rich sensory feedback applications, e.g. facial
tactile stimulation integrated with virtual reality (Fig. 3)

Figure 3: Facial tactile stimulation concept
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INTRODUCTION

In previous work, we have shown that it is biomechanically
beneficial to use implantable passive mechanisms to re-
engineer the mechanics of force and movement transmission
within the body [1].  Overall, the new implant-based surgery
provides increased finger flexion over the conventional
surgery during physical-interaction tasks such as the grasping
of objects.

The current embodiment of this implant requires the tendons
to be sutured to the implant. It has been seen in an avian
animal model that the suture creates too much trauma to the
tendon, which then instigates a fibrotic healing response and
long-term scarring [2]. This paper seeks to re-design the
implant so that sutures are not necessary for long term
adhesion. This paper presents preliminary designs of the
implant, attachment method using micro spikes, and its
durability via cycle testing.

METHODS

The key requirement of the new implant design is to secure
the implant to the tendon using a method that will promote
secure attachment while mitigating foreign body response.
To achieve this, two implant designs were made (Figure 1).
Both designs use multiple micro spikes and sits between the
tendons. After a survey of prior work that designed spikes
for attaching implants to tendons, we chose the following
spike dimensions: 275um base radius (R), 930um spike length
(Lg), and 20° inclination from x-y plane. The spikes are
angled toward the center of the implant to secure the tendon
to the implant. Two samples of each 3D-printed implant were
attached to the extensor digitorum longus in chicken cadavers
approximately 8.5 mm distal of the natural bifurcation (one
implant per leg). (Figure 2). Surgeries were performed by Dr.
Jennifer J. Warnock, DVM (Oregon State University, College
of Veterinary Medicine).

The implant’s endurance in mechanically attaching to the
tendon is validated by cycling the implanted legs as in Figure
4. Each leg was cycled for a total of 5000 cycles. The
cycles were split up as follows: The first 2000 cycles were
pulled with a force of 8N. This is the force required to fully
extend a chicken foot under no load [3]. Next, the tendon is
pulled with 11~12N for 2000 cycle to see how the implant
and micro spikes endure a force higher than natural full
extension. Finally, a 20N force is applied to the tendon for
1000 cycle to see whether it can withstand the extreme force.
After conducting the cycle test, tendons and implants were
dissected from the chicken legs and checked visually for any
signs of wear or damage.

RESULTS AND DISCUSSION

Figure 5 shows small marks on the tendon which signifies the
micro spikes engaged mechanically with the tendon. Tissue
residuals were also found on the spikes. Although some
spikes showed wear, all the spikes survived the 5000 cycles.

Micro spikes
(a) Strut implant (b) V-shape implant
Figure 1: New implant design use either (a) micro spikes,
or (b) both micro spikes and structural locking method to
secure the tendon to the implant.

Micro spikes

Figure 3: Tendon and implants after cycling test.

CONCLUSIONS

In this paper, we presented designs of the implant, attachment
method using micro spikes, and its durability via cycle testing.
With the result of the cycling test, we conclude the micro
spikes enable a secure mechanical attachment between
biological tendon and implant. Future work includes
validating the spike-based implants in vivo.
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INTRODUCTION

Accurately predicting how individuals will respond to
variations in ankle foot orthosis (AFO) mechanical
properties, such as dorsiflexion stiffness or torque profile
may be useful to inform clinical AFO prescription for
individuals with motor impairments. Even with valid
musculoskeletal models, predicting human locomotor
response to AFO properties is challenging due to a lack of
subject-specific models of neuromuscular control.
Heterogeneity in physiology and motor control -
particularly in clinical populations — may hinder the utility
of population average-based models of motor control [1,2],
motivating the use of a modeling framework that in not
constrained by population-based assumptions. A data-
driven modeling approach may be able to combine subject-
specific neuromuscular and musculoskeletal information
into a non-physiological model of how individuals’ gait
kinematics respond to AFO mechanical properties.

We developed a data-driven modeling paradigm to map
between two points in the gait cycle using experimental data
from walking with different AFO dorsiflexion stiffness
levels (Figure 1). We expected that the model would predict
of gait response to new AFO stiffness levels with
comparable accuracy to in similar non-AFO studies of gait.

METHODS

We collected kinematic data (Qualisys, Goteborg, SE) from
one unimpaired adult (female, age=27, height=173cm,
weight=63.5kg) walking at a self-selected speed (v=1.3
m/s) on a treadmill with bilateral AFOs. The participant
walked for four minutes per trial under four stiffness
conditions (ko=0, ki=4203, k;=7530, k3=9807 N/m).
Marker trajectories were low-pass filtered at 6 Hz using a
4™ order Butterworth filter. We estimated AFO torque using
a linear spring force-strain relation and AFO geometry.
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Figure 1: The modeling paradigm takes kinematic data from
walking at multiple AFO stiffness levels, fits a map 4(p)
between to gait phases, and attempts to predict kinematics for
walking at a new AFO stiffness level.
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We generated the phase-varying model by estimating a
kinematic phase of each gait cycle [3], then fitting a phase-
varying linear map, A(p), between kinematic data at an
initial phase, ¢1, and data at future phases, @2, where @,=
g1t Ag, and Ag is a lookahead window (Figure 1). This

yielded a model of the form y(p1+4¢)=A(p)x(p1) [4]. The
input states, X(p1), consisted of AFO torque profiles, all
lower-limb and torso kinematic markers trajectories and
their derivatives. Output states, y(p2), consisted of sagittal-
plane pelvis (ASIS, PSIS markers), lateral knee and ankle
markers, and foot positions (5" metatarsal marker). The
model was trained using data from ko, ki & ks trials, and
tested using data from the k; trial. We evaluated model
quality using relative remaining variance (RRV), which
quantifies a model’s ability to reconstruct measured signals.

RESULTS AND DISCUSSION

ASIS and PSIS trajectories were well predicted in the
fore/aft and vertical directions (Figure 2, RRV<13%).
These results used a fixed lookahead window of /2, or
roughly 25% of the gait cycle, and generate maps by
propagating the initial state over the gait cycle. Lower limb
motion was not as well predicted in the fore-aft direction
(RRV<22%), though these RRV values were lower than
those in a similar study of human running [4]. Furthermore,
as we tested on the middle stiffness level, these results
suggest that the proposed modeling framework may enable
useful predictions of gait from untested AFO torque profiles
by experimentally capturing only the extrema of a range of
AFO mechanical properties.
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Figure 2: Average relative remaining variances (RRVSs)
suggest that the model accurately predicted most states. RRV
values close to zero indicate a more accurate prediction.
Subscripts R & L denote right and left legs, respectively.
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CONCLUSIONS

This study found that an abstract, phase-varying model had
the potential to predict changes gait with AFOs. Refinement
of this framework may inform clinical AFO prescription
and enhance outcomes of AFO interventions for individuals
with motor impairments.
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MOTIVATION

There are an estimated 12.5 million people worldwide
living with a spinal cord injury (SCI) [1,2]. The most common
injury is to the cervical spine [3]. The population suffering
from a traumatic brain injury (TBI) is an equally staggering
number, with approximately 10 million people affected each
year [4]. SCIs and TBIs are most often due to vehicle
collisions, falls and sports related impacts, respectively [1,3].

INTRODUCTION

Safety devices meant to protect the head and neck in
transportation, occupational and sports settings can be tested
and evaluated with the use of an anthropometric test device
(ATD). The Hybrid III neck is the most commonly used
surrogate as it is specified in automotive and helmet
standards, however, the Hybrid IIT neck is only biofidelic in
high speed rear or frontal vehicle collisions [5,6,7,8]. There is
currently no single surrogate appropriate for complex,
multiple plane loading that often occurs in real world head
impacts or inertial loading [9]. For this reason, various
designs are used to simulate the response of the healthy
human neck, dependant on the location and direction of
impact, acceleration and/or velocity.

The long-term project objective is to create a singular
surrogate biofidelic omnidirectional neck for head first
impacts, head impacts in the transverse plane and inertial
loading, as in motor vehicle collisions, during three levels of
preparedness; asleep, awake and not braced, and awake and
braced. The goal of this research, a first step towards the
overall objective, is to reproduce kinetic and kinematic
responses of sub-axial functional spinal units (two or more
vertebrae and the intervertebral discs between them) of a
“sleeping,” individual (by this we mean a passive spine with
no need to simulate more than passive muscle properties).

PROPOSED METHODS

The first phase will be to model sub-axial cervical
vertebrae after healthy 50™ percentile adult male and female
at40, 14 and 8 years of age. Modelling the sub-axial vertebrae
after human anatomy was a calculated choice. Understanding
the characteristics of a functional spinal unit (FSU) is
believed to be the key to understanding the kinetics and
kinematics of the sub-axial cervical spine in its entirety [10].
Additionally, the mobility of the neck is defined by its
geometry. The overall natural curvature of the cervical spine
provides stability and the individual vertebral geometry
defines the range of motion [11]. By incorporating the
geometry of healthy vertebrae into the design, it is hoped that
a biofidelic omnidirectional range of motion will be achieved.

We will obtain CT scans of healthy cervical vertebrae.
The axial scans will be used to 3D print metal vertebrae. The
choice of metal was based on Dr. Nelson’s repeatable and

durable biofidelic surrogate neck design that was constructed
previously in our laboratory using aluminum vertebrae.

The next step will be to construct the functional spinal
unit. Accurate disc material is crucial to this step. Disc
compression and viscoelasticity leads to a biofidelic range of
motion as well as a lag in force development in the upper and
lower neck in axial loading to the spine, resulting from head
first impacts [9,11]. The material for the discs will be
selected/created after studying the mechanical properties of
the disc’s nucleus pulposus (inner core) and the annulus
fibrosus (outer ring). Although muscles do not need to be
incorporated in the “sleeping,” model of an FSU, surrogate
ligaments are still required and will be attached to the
vertebrae.

Tension-compression, flexion-extension, lateral bending
and axial rotation tests will be carried out in our laboratory
and the motion will be analyzed by a motional analysis system.
The kinetic and kinematic results will be compared to data
from published studies and testing previously performed in
our laboratory, specifically the stiffness matrices we have
created, to assess biofidelity.

CONCLUSIONS

Reproducing the kinetic and kinematic responses of
sub-axial functional spinal units will aid in the construction
of a surrogate biofidelic omnidirectional neck. The ultimate
goal is to use the surrogate neck to improve safety equipment
meant to protect the head and neck in transportation,
occupational and sports settings.
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INTRODUCTION

Degenerative disc disease is a prevalent problem, espeically for
the aging population. Degenerative discs are found in 10% of
people aged 20-29, and increases with age to 96% in those over
60 years old [1].

When looking at intervertebral disc (IVD) degeneration, there
has been a major challenge in differentiating changes that occur
solely due to ageing from those that might be considered
pathological; uncertainty still exists regarding the exact
anatomic and physiologic basis for several clinical symptoms
[2]. There is a need to understand the effect of degeneration on
the mechanical behaviour of the disc, which may be a better
indicator of clinical symptoms than simply anatomic changes.

T2-weighted imaging in MRI is used extensively for grading
degeneration of the IVD. The Pfirrmann grade can effectively
describe anatomic variations and morphologic changes [3].
However, Pfirrmann grade is unable to distinguish painful discs
from asymptomatic ones.

Diffusion imaging, an MR technique, has strong potential for
assessing the mechanics of the IVD and disruption of these
mechanics due to pathology. It has recently been shown that
MR diffusion measurements are sensitive to different loading
conditions [4], a property not evident on a conventional T2-
weighted MRI scan. However, the loading conditions in this
previous study only considered two neutral postures of the
spine: supine and standing. It is still unknown how bending
moments caused by flexion and extension affect MR diffusion
measurements in both healthy and degenerated discs.

OBJECTIVES

» 1: Develop a protocol for measuring the Apparent
Diffusion Coefficient (ADC) in the intervertebral disc
using diffusion imaging on the 7 T MR scanner

»  2: Determine the relationship between ADC values and
simulated physiological load (flexion, extension, and
upright standing) applied to both healthy and degenerated
disc

*  Future aim: Extend the developed methods to the upright
open 0.5 T MRI in order to assess the feasibility of using
the established protocol to evaluate disc mechanics in vivo

METHODS

Pilot testing has been performed to establish a diffusion-
weighted imaging sequence on a Bruker Biospec 70/30 7.0
Tesla MRI scanner. The parameters for this sequence were
chosen to establish a good balance of diffusion weighting,
contrast between different anatomic regions of the disc, and a
reasonable scan time of 1 hour or less. Figure 1 shows a
resultant ADC map obtained using this sequence.

Figure 1 — Resultant ADC map showing axial slice of a bovine FSU

Two groups of specimens will be tested. For both groups,
human functional spinal units (FSUs) will be used at the L4/L5
and L5/S1 levels, as these two levels are the largest discs in the
human body, with the largest degree of flexion and extension in
the lumbar region, and finally is the most common site of LBP
clinical presentation [5].

FSUs will be placed within an MR compatible rig that is able to
apply both compressive and bending loads to the FSU. FSUs
will be imaged under 6 different loading conditions which
simulate flexion, extension and neutral standing postures.

4° Flexion

Figure 2 — Bovine FSU in MR-compatible rig under simulated flexion posture

A group of healthy discs (Pfirrmann grade 1-11) will be imaged
to establish the expected changes to ADC values under
simulated physiological loading. Next, a group of more severely
degenerated discs (Pfirmann grade 1V-V) will be imaged
following the same protocol.

Potential Impact

The study will shed light on the effects of bending moments to
MR diffusion measurements under simulated physiological
loading conditions. Further, this will allow direct assessment of
how degeneration affects ADC measurements in the disc, which
may provide insight into subtle changes in mechanical
behaviour of the disc as degeneration progresses.
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INTRODUCTION

The Hybrid 11 Anthropomorphic Test Device (ATD) family
is currently used for automotive accident research and
testing to determine the potential for injury in human
occupants. The 50" percentile male Hybrid 111 ATD, in part,
was based upon the anthropometric characteristics from a
49-year-old male volunteer [1]. Subsequent to its
development, the 507 percentile male ATD was scaled using
the Mertz method to create the Hybrid I11 family which
includes the 5™, 501, and 95™ percentile male and female
devices [2]. The scaling procedure for the Hybrid 11l ATD
family assumes the soft tissue properties such as range of
motion and force producing/resisting capabilities are
constant regardless of age and gender. However, the current
literature suggests that muscle and ligament mechanical
properties begin to degrade as one ages, decreasing their
force producing/resisting capabilities [3,4]. Furthermore, it
has also been demonstrated that soft tissue characteristics
differ between males and females, which also
biomechanically differ between genders as they age [5].
Over the course of a lifetime, a reduction in muscle and
ligament strength leads to changes that impact injury
tolerances. In order to increase the biofidelity of ATDs,
factors such as age and gender need to be taken into account.
This study proposes to scale the 50" percentile male ATD to
various sizes while accounting for changes due to age and
gender. The proposed model would be used to more
accurately represent the shear failure loads of the lumbar
spine defined in the literature.

METHODS

The anthropometric data for the standard 50" percentile male
Hybrid 111 ATD was retrieved from the National Highway
Traffic Safety Administration (NHTSA) database. The Mertz
scaling method was implemented to account for individuals
of differing sizes [2]. Lumbar shear force characteristics were
found for the 50" percentile male Hybrid 111 ATD and several
male cadavers in Begeman, et al. [6]. Additionally, data
associated with lumbar spine muscle and ligament strengths,
specific to age and gender traits, were compiled through a
comprehensive literature search. The data was compiled and
analyzed using a regression analysis to determine trends in the
individual soft tissue properties. The resulting regression
coefficients from the analyses, in conjunction with the Mertz
scaling method [2], allowed us to redefine the lumbar shear
responses specific to gender, age, height, and weight.

RESULTS AND DISCUSSION

After the regressions were determined for the effects of age
and gender on muscle and ligament strength in the lumbar
spine, the failure loads from the Hybrid 1Il ATD from
Begeman, et al. [6] were scaled to more accurately describe
the changes in soft tissue properties each gender experiences
over the course of a lifetime. Both the posterior and anterior
shear failure loads were determined for use in rear and frontal
impact scenarios, respectively. The application of the
regression coefficients to the anterior and posterior shear

characteristics of the 50" percentile male Hybrid revealed that
the lumbar shear tolerances decreased for both male and
females as they age. In Figure 1, the Begeman, et al [6] 50"
percentile male Hybrid Il posterior shear failure load is
compared to the male and female 50" percentile posterior
failure shear load when scaled to age and gender.
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Figure 1: Comparison of Posterior Lumbar Shear Failure Loads for
Pre-Scaled and Scaled Hybrid 111 ATD

The figure demonstrates that male failure loads are
consistently higher throughout their lifespan when compared
to females; however, a female’s rate of decrease in failure
load is less over time when compared to males. This trend
remains the same for the lumbar anterior shear failure loads.

CONCLUSIONS

The differing rates of change in the shear failure loads
indicate that while males may have stronger muscles and
ligaments, females are better able to maintain their muscle
mass and ligament strength as they age. By accounting for age
and gender soft tissue characteristics in the lumbar spine of
the Hybrid 111 ATD family, we believe the implementation of
the proposed model will improve the accuracy of accident
injury analysis.
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INTRODUCTION

Throughout an individual’s lifetime, it is not uncommon to
suffer an injury, or fall victim to an illness, that results in
immobilization of whole or part of one’s body. While there
are many ways to regain strength post-immobilization, there
are fewer strategies used during the immobilization period.

Both mental imagery and unilateral training increase
muscular strength through neurological adaptations and
excitability. Indeed, researchers found that mental imagery
and unilateral training can combat strength losses caused by
injury and immobilization (Newsom et al., 2003; Pearce et al.,
2012). A major aim of the rehabilitation process should be to
prevent atrophy as this will ensure a faster return to the pre-
injured condition. Therefore, the purpose of this study was to
compare the effect of mental imagery and unilateral training
on muscular strength in the biceps brachii.

METHODS

Eighteen healthy, right handed, college students volunteered
for the present study (age 21£1.2; height 70+3.1 in.; weight
158+ 24.5 Ibs). Participants warmed up via arm circles,
swings, and weightless bicep curls. Upon completion, elbow
flexor strength was assessed at 45%s™! using an isokinetic
dynamometer (Biodex System 4 Pro) . Both left and right
arms were assessed. Peak torque recorded over three
repetitions was used for data analysis. . The Biodex lever arm
attachment was set to move the participant’s arm through
105° (just short of full extension to full flexion) to mimic the
movement of a bicep curl.

The participants were randomly assigned to a mental imagery
(n=9) or unilateral training group (n=9) for a four-week
intervention. The mental imagery group imagined themselves
performing a weighted bicep curl in first-person for five
minutes a day, five days a week. The unilateral training group

completed three sets of ten bicep curl repetitions on their right
arm using an exercise band.

Statistics were analyzed using magnitude-based inference
(MBI). MBI gives information regarding the size and
direction of the effect in the format of a three-level scale of
magnitude, (% +tive / %trivial / % -tive). Hopkins Chances
spreadsheet and R script were used to calculate MBI
(Batterham & Hopkins, 2006).

RESULTS AND DISCUSSION

Results were categorized into within-group (Table 1) and
between-group (Table 2) analysis. Mechanistic inferences
were made from the percent probabilities using a chart that
interprets ranges of probabilities into verbiage. All within-
group comparisons were very likely trivial except for mental
imagery with the right arm. Right-handed individuals could
have a possible increase in strength in their right arm using
mental imagery. Both between-group comparisons had
possible beneficial effects using mental imagery compared to
unilateral training in both the right and left arms.

While there are no guarantees for improvement, an individual
undergoing rehabilitation might consider adding five minutes
a day of mental imagery for possible neurological adaptations
to maintain strength in their dominant side, which should also
speed-up their return to pre-injury strength.
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Table 1. Within group comparisons for the change in strength (N-m).

Probability of the Effect

Group Comparison Diff +£ 99% CI (% +ive / % Trivial / % -tive)
Unilateral Right Post - Pre -0.355 (0.4/98.3/1.3)
Unilateral Left Post - Pre -1.02 (0.2/96.2/3.6)
Imagery  Right Post - Pre 2.26 349/64/1.1)
Imagery  Left Post - Pre 0.87 (3.8/95.9/0.3)

Table 2. Difference in changes in strength (N-m) between the unilateral training and imagery groups.

Diff +£ 99% CI Diff +£ 99% CI

Probability of the Difference

(% Unilateral > Imagery / % Trivial / % Imagery > Unilateral)

Uni R — Imagery R -2.66
Uni L — Imagery L -3.28

(1.1/55.2/43.7)
(0.6/44.5/52.9)







THE EFFECTS OF TIGHT HIP FLEXORS ON GAIT

Reid, K., Yngsdal, M., Atwell-Scrivner, J., & Cannavan, D.
Seattle Pacific University, Seattle, WA, USA
Email: reidk2@spu.edu

INTRODUCTION

The hip is the center of movement in the body and high
demands are imposed upon it during daily tasks. Hip joint
injuries are common throughout life and a decrease or lack of
mobility in the hip can increase fall risk in the elderly* and
limit exercise performance. A lack of hip mobility may be
caused by tight hip flexors. Tight hip flexors could alter gait
patterns through a decrease in hip extension, this could also
impair running performance.

Hip flexor range of motion is commonly tested using the
Thomas test. Normal hip flexor extension would be observed
with the thigh (hamstring muscle group) resting flat on a
massage bed during the examination. Proprioceptive
neuromuscular facilitation (PNF) stretching is commonly
used by clinicians to increase both passive and active
flexibility at the hip joint. Active flexibility is important for
gait due to the active movements that a gait cycle requires?.

There is limited research examining the effects of tight hip
flexors on gait patterns in a young healthy adult population.
Therefore, the purpose of this study was to examine the
effects of PNF stretching, on adults with tight hip flexors, on
gait parameters.

METHODS

Nine healthy females (Mean + SD; age: 21.6 + 0.5y), free
from musculoskeletal disorders, volunteered for this study.
Research was conducted in the Exercise Science Laboratory
at Seattle Pacific University.

A requirement to participant in the study was the presence of
tight hip flexors. If a subject did not have tight hip flexors she
was excused from the study. Data for each subject were
collected in a single 30-minute session. Data were collected
in the following manner: 1) Thomas test, 2) treadmill gait
analysis at a self-selected speed that mimicked walking speed,
and 3) a step and stride length test (using talcum powder on
black butcher paper). After the initial evaluation, Hold-Relax
PNF stretching occurred until a visual change in hip extension
was observed. The stretching was conducted while the subject
was in the Thomas Test position. Two repetitions of
stretching on each leg occurred. Following the PNF
stretching, the pre-stretch measurements were repeated to
assess changes.

RESULTS AND DISCUSSION
Data are still being collected and analyzed and the results are
unavailable at present. Figure 1 and Figure 2 represent the

Thomas test before and after PNF stretching occurred; note
the increased range of motion of the hip flexors.

Figure 1. Hip flexor tightness pre PNF stretching

i

Figure 2. Hip flexor tightness post PNF stretching
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FLIP FLOPS AND BAREFOOT WALKING COMPARISON IN WOMEN AGES 18-25
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INTRODUCTION

Heel pain, shin splints and generalized shank and foot pain
have been attributed to prolonged use of flip flops?. Despite
negative health consequences, flip flops continue to be a
popular choice for female adults. Carl & Barrett found that in
a United States shopping mall twice as many women wore
flip flops compared to athletic shoes?. In addition, previous
research has found that flip flops increase ankle dorsiflexion
compared to other shod and unshod condition®#°. It has been
hypothesized that the increased dorsiflexion helps keep the
flip flop on®. At present, there is limited research investigating
how flip flops modify walking in adult populations. Thus, the
aim of the present study was to analyze the walking gait
patterns of unshod (barefoot) walking gait and walking gait
while wearing flip flops in healthy, female, college students,
ages 18-25.

METHODS

Seven university females with no health or injuries that
affected gait participated in this study (Mean + SD; age
21.14+0.64y; mass 61.9+4.9kg). Data were collected in the
Exercise Science Laboratory at Seattle Pacific University.
Upon completion of health screening and consent form
signature, anthropomorphic measurements were recorded.
The investigator measured height, weight, shoe size, and leg
length. Anatomical markers were placed on the left leg.
Specifically, markers were placed on the following: head of
the fifth metatarsal, lateral malleolus, center of knee joint, and
greater trochanter. An additional marker was placed on the
right greater trochanter to measure leg length. Participants
completed a 10-minute warm up walking barefoot (for 5-min)
and then with flip flops (for 5-min) on a treadmill at a self-
selected speed that mirrored typical walking speed. After a 5-
min rest interval, participants were filmed walking for 5-min
in both conditions (barefoot and flip flop conditions were
randomized). There was a 5-min rest period between each
condition. Recordings were made in the sagittal plane at 120
frames per second. Data were processed offline using
Kinovea software (Figures 1-3). The following parameters
were measured: 1) step and stride length, 2) swing and stance
times and 3) cadence. In addition, degrees of dorsiflexion,
knee flexion and hip flexion were recorded upon heel contact.
Finally, joint angle at toe-off was recorded for plantarflexion,
knee extension, and hip extension.

RESULTS AND DISCUSSION

There were significant (p<0.05) increases in the following for
the flip flops condition: step, stride, and stance time, and knee
flexion at heel strike. Hip extension at toe-off and cadence
significantly decreased in the flip flops condition compared
with barefoot. Interestingly, unlike, previous research there
was no significant (p>.05) difference in ankle dorsiflexion at
heel strike between conditions. One individual transitioned
from forefoot strike in barefoot, to heel strike when wearing
flip flops.

The significant differences between walking in flips flops and
barefoot could be due to altered proprioception feedback. For
instance, the increased step and stride time in flip flops could
be due to decreased proprioception at heel strike. At toe off,
the flip flops may have provided increased sensory feedback
as it dragged on the treadmill. Subsequently, increased knee
flexion could be required to keep the flip flops in the correct
position allowing foot clearance at toe-off. These changes in
proprioceptive feedback may alter muscle recruitment
strategies which may be the root cause of musculoskeletal
issues associated with flip flops.

Figure 1: The angle of ankle while the participant is
standing is considered 90° .

Figure 2: Using the reference angle from the subject
standing, the angle of dorsiflexion at heel strike is 6° while
unshod.

Figure 3: Using the reference angle from the subject
standing, the angle of dorsiflexion at heel strike is 12 ° while
wearing flip flops.
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THE EFFECTS

OF MYOFASCIAL RELEASE AND ANKLE MOBILITY EXERCISES ON PLANTAR FASCIA THICKNESS IN

DIVISION Il BASKETBALL PLAYERS

Yngsdal, M., Burgess, E., Cannavan, D., Atwell-Scrivner, J., Seattle Pacific University, Seattle, WA, USA
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INTRODUCTION

The plantar fascia (PF) is sheath of connective tissue,
spanning from the calcaneal tuberosity to the head of the
metatarsals. It provides support along the longitudinal arch of
the foot acting as a shock absorber. Excess or unnatural
loading strategies can lead to plantar fasciitis.® Plantar
fasciitis is diagnosed when the fascia thickness exceeds 4
mm?. Like all biological tissues, the PF will respond to
loading strategies. Indeed, our laboratory has previously
found increases in PF thickness throughout a basketball
season in Division Il college players (under review). This is
likely due to high intensity training programs such as
plyometric training.

At present, there is a lack of research examining preventative
care modalities, especially for athletes. Thus, the purpose of
this study was to compare changes in plantar fascia thickness
throughout a basketball season and determine the efficacy of
implementing myofascial release and ankle mobility drills.

METHODS

Fifteen participants took part in this study, (12 females, 3
males: mean + SD; age: 21.2 + 1.21y.). Data were collected
on three separate occasions over the course of a Division Il
basketball season; season start, season end, and three weeks
post-season. All testing sessions occurred on a day with no
practice or games. The measurements occurred in this order:
1) Plantar fascia thickness measurement using B-mode
ultrasonography, 2) foot arch height measurement using the
Arch Height Index measurement system, 3) hamstring
flexibility, and 4) ankle joint passive range of motion
measurement using a Biodex isokinetic dynamometer
(Biodex, System 4 Pro). All subsequent testing sessions
occurred at the same time of day (i.e. am or pm). The
experimental group were randomly selected and engaged in
plantar fascia myofascial release techniques and calf
stretching every day before practice. The control group
conducted their normal training.

Figure 1. Three weeks post season: plantar fascia thickness
0.37cm (3.7mm).

RESULTS AND DISCUSSION

A repeated measures single-factor ANOVA revealed no
significant changes in plantar fascia thickness within
experimental group (p>0.05) and control group (p> 0.05)
throughout the season. Previous research in our laboratory
found significant changes in PF thickness (p<0.01) between
session 1 and session 2, with the greatest changes found
predominantly within male participants. Because of this, there
may be reason to assume the plantar fascia is more likely to
increase within a male population. Men are typically heavier
and put more stress on their tissues during plyometric
movements. The present study had a predominantly female
population, which may account for the varying results.
Interestingly, there was a borderline significant difference in
hamstring flexibility (p=0.06) throughout the season. Overall,
passive torque of the hamstring increased from the start of the
season (37 N.m) to the end of the season (39.31N.m). If the
season continued, hamstring flexibility may play a role in
influencing plantar  fascia thickness through the
connectedness of the fascial superficial backline.
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Mean Plantar Fascia Thickness, Hamstring and Ankle Mobility Experimental Group

Session 1

PF Thickness (mm) (SD)

Ankle Torque (N.m) (SD)

Hamstring Torque (N.m)
(SD) 37.01 (£7.89)

4.6 (£0.082)
69.48 (+13.00)

Session 2

4.5 (+0.096)
72.35 (+16.16)

39.31 (6.69)

Session 3

4.5 (+0.087)
78.7 (+17.08)

37.75 (£6.79)

Table 1. Mean plantar fascia thickness (mm) and passive ankle and hamstring torque (N.m) for the experimental group (n=8).
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