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Abstract

The purpose of this study was to analyze kinetic and kinematic data of individuals with
unilateral transtibial limb loss and the effect different alignments have on the individual’s gait
while they walk over uneven terrain. Individuals with lower limb loss are currently having their
prostheses dynamically aligned to ensure a satisfactory walking gait on level ground with
smooth surfaces, usually in the clinician's office or hallway. This study was looking to determine
whether or not current prosthesis alignment procedures are adequate for determining a
satisfactory walking gait on non-level and non-smooth terrains as well level smooth surfaces.
An effective and efficient walking pattern is necessary to prevent degenerative conditions within
the bones, muscles or other tissues of the body, due to compensations of the gait pattern.
Sometimes, individuals are able to mask any compensations if their safety is unaffected by their
surroundings and they are able to maintain a gait that appears normal or optimal. However, if
terrains used on a daily basis present a sense of insecurity, gait compensations could be more
problematic to the individual and they need to be addressed and corrected as best they can.
This study determined that while there were some changes in gait on the uneven surface, due
to the number of subjects it is unclear whether the changes are significant. The individuals
showed a decrease in walking speed and step length and an increase in step width. There were

also changes in the peak axial force.

l. Introduction



Individuals with unilateral transtibial limb loss sacrifice comfort, stability, and mobile
efficiency due to the mechanical nature of their prosthesis and its interaction with their residual
limb. Sometimes individuals with unilateral transtibial limb loss are able to mask any
compensations and/or adaptations they may have when walking on level surfaces with their
prosthesis not aligned optimally. With the additional element of uneven terrains, individuals may
be unable to continue masking the compensations, making them observable to the clinician.
The purpose of this study was to determine if the individual’s optimized alignment while walking
on even ground was also sufficient for walking on uneven terrains. If it was insufficient,
additional methods of aligning prostheses are necessary in order to ensure comfort, stability,

and efficiency on a daily basis, and on multiple kinds of surfaces.

This study determined there was a decrease in step length and walking speed, and an
increase in step width when an individual with unilateral transtibial limb loss walked over uneven
terrain. At the same time, we also looked to see if there were changes in the peak axial force
for each step. We recruited apparently healthy adults who were at least one year post
amputation and who could walk comfortably and unassisted for at least 50 meters. The
individuals were asked to walk on both even and uneven surfaces; the uneven surface
consisted of loosely packed pebbles of varying size. There were four alignment changes done
to each individual’s prosthesis. These changes were 41 and 8[1 of external rotation and 4[]
and 817 of internal rotation. The two levels of degrees were used to determine if there was a
threshold angle where the compensations were no longer able to be masked. Each subject had
their self-selected optimized alignment identified as 07, or neutral, and each of the changes in
rotation were done in relation to it. Overall, there were five conditions observed and compared.
The two changes in each direction help to ensure the results were more clinically relevant by

potentially identifying a threshold angle in which compensations were no longer able to be



successfully masked. The uneven surfaces may have unmasked any gait compensations the
individual might have used successfully on even surfaces in order to get through the uneven

terrain as safely and comfortably as possible.

Statement of Question

Does a change in prosthesis alignment from an optimized state to that of a non-
optimized state in individuals with unilateral transtibial limb loss cause a change in any gait
compensations they may adopt while walking through loosely packed pebbles of varying size,

as compared to the same misaligned prostheses while walking on even terrain?
Rationale

In order to better understand the transtibial prosthesis alignment process on outdoor
surfaces, it is necessary to measure and observe gait on such surfaces. Since we are unable to
take our equipment outside, we brought one of many outdoor surfaces into the laboratory. We
used a quarter ton of various sized pebbles arranged into a path. Using gait analysis
technology to study prosthetics allows for better insight and knowledge about different
compensation strategies individuals develop in order to walk as safely as possible in their
prosthesis. Therefore, these insights can help give us information for more effective gait
training programs and also provide new knowledge for the development of new prosthetic
components (J. Rietman, K. Postema and J. Geertzen, 2002). Currently, the dynamic alignment
process consists of a prosthetist relying on clinical training in observational gait analysis and
experience performing alignment changes producing a satisfactory gait. However, this is
subjective and variable process (M. Geil and A. Lay, 2004). In addition to the process being

subjective and variable, there are also the manufacturers’ alignment recommendations to take



into consideration in order to achieve an optimized alignment. This results in a multitude of
information to consider for a safe and comfortable walking pattern.

Realistically, most, if not all, of the surfaces being used to walk on are neither level nor
smooth; there are inclines, declines, steps, loose rocks, gravel, sand, and other navigational
distractors that need to be taken into consideration. With the conclusion of this study we stand
to benefit from additional knowledge of the alignment procedure that can improve current clinical
alignment processes by learning that it is not necessarily enough to achieve a satisfactory gait
on even walking surfaces, but that walking satisfactorily on uneven surfaces needs to be
achieved as well. Sometimes, individuals with unilateral transtibial limb loss are able to mask
their gait compensations while walking over level terrain because they do not have insecurities
about the surfaces they are walking on, and if the individual is required to concentrate on what
they are walking on to ensure security, then any gait adaptations that could have otherwise
been masked, may be brought to the forefront and observed (Geil, 2002).

Hypothesis

When individuals with unilateral transtibial limb loss walk through loosely packed
pebbles of varying size after the alignment of their prosthesis has been re-aligned by 4 and 8
degrees of internal rotation and 4 and 8 degrees of external rotation, the individual will
compensate by decreasing walking speed and step length, and increasing step width.

There will also be changes in peak axial force caused by the changes in alignment when
an individual with unilateral transtibial limb loss walks through loosely packed pebbles of varying
size.

Delimitations and limitations
The results of this study may be generalized to apparently healthy adult unilateral

transtibial amputees between the ages of 18 and 65, whose prosthesis pylon is of an adequate



length to contain the iPecs prosthetic force transducer unit, and who are also able to
comfortably walk a distance greater than 50 meters and have had their prosthesis for longer
than one year. The results do not necessarily apply to individuals with unilateral transtibial limb
loss who currently experience pain associated with wearing their prosthesis or have any other
orthopedic impediments, nor do they necessarily apply to individuals with other levels of
amputation, such as trans-femoral.

We recognize there are different reasons for amputation and time frames associated
with limb loss, limited funds and sample size, as well as equipment issues. Also, the
conclusions of this study are observations of the subjects used and must not be generalized to
the rest of the population. Therefore, this study has inherent limitations associated with it.
Definitions
Unilateral Trans-Tibial Limb Loss: an amputation occurring only on one leg and below

the knee.
Contralateral Limb: limb without the amputation, intact limb.
Step Length: the distance one foot moves ahead of the other foot during the gait cycle.

Step Width: also walking base or base of support; the side-to-side distance between the

line of two feet, usually measured at the midpoint of the back of the heel.

Walking Speed: the distance covered by the whole body in a given time, measured in

meters per second.
Medial: towards the midline of the body.
Lateral: away from the midline of the body.

Peak Axial Force: the upward force applied by the ground to the foot, in response to the

downward force applied by the foot to the ground.



Il. Background

There have been a number of studies performed pertaining to prostheses giving us the
current knowledge we have about the ideal transtibial prosthesis alignment and how it varies
among individuals and that optimal alignment allows the individual to go about life in a more
secure, comfortable, and efficient manner. However, many of them consider the individual and
their prosthesis in either a stationary manner or walking on level ground. The amount of
knowledge currently available involving the individual’s prosthetic alignment, and in particular,
while the individual is walking over uneven terrain, is not quite as vast. Being so, it is necessary
to study individuals with limb loss and how uneven terrains influence the alignment of their
prosthesis. Achieving this will help us understand how clinicians can ensure comfort, stability,
and efficiency; not only on the ipsilateral side, but also on the contralateral side and throughout
the rest of the body.

If we first look at normal human locomotion with lower limbs intact, a better
understanding of what this study is attempting to accomplish can be achieved. Walking
coordinates multiple systems simultaneously, specifically the neurological, sensorimotor,
musculoskeletal, and visual-vestibular systems. Therefore, normal gait profiles can be used as

a reference point for disability assessment, intervention, and treatment (M. Chiu and M. Wang,

2007). Previous studies found that when individuals without limb loss walk on inclines they tend
to have a slower cadence and longer strides, and while they walk on downhill sloped surfaces,
they tend to use shorter stride lengths and a faster cadence (K. Kawamura, A. Tokuhiro, and H.
Takechi 1991; J. Sun, M. Walters, N. Svensson, and D. Lloyd, 1996). Leroux et al. (2002)
investigated postural adaptations when walking on smooth but non level surfaces, such as

inclines, declines, and stairs. They found that while standing, individuals shift the pelvis and



trunk within their base of support in order to maintain a balanced center of gravity; however,
during walking, the trunk is shifted slightly ahead of the center of gravity in order to assist in
forward motion propulsion. They also explain that lower limb deficits have the potential to cause
more pronounced adaptations at the trunk and pelvis in order to maintain balance while walking
uphill and downhill. At the conclusion of their study, they clarify how “postural adaptations are
task-specific and the control requirements are different between standing and walking
conditions on an inclined surface.” With this being said, it is reasonable to also suggest that
walking on uneven terrains would require another task-specific postural adaptation since it also
has different control requirements. Normal walking requires the individual to use his or her
systems together in order to maintain a sense of security. Individuals with limb loss have some
of their systems deficient in both efferent and afferent messaging and therefore have to adapt
and compensate for those deficiencies first and then for the rest of the information being sent
throughout the rest of the body.

Before any dynamic alignments can be done, it is necessary for individuals with trans-
tibial limb loss to first have the prosthesis fitted adequately to the residual limb, including both
the alignment and tissue contact, in order to maintain both stability and walking flexibility (H.
Seelen, S. Anemaat, H. Janssen, and J. Deckers, 2003). Blumentritt et al. (1999) mentions
that prosthetic alignment has very little effect on muscle activity of the contralateral lower limb
during static standing. However, prosthetic alignment has a significant influence on the
amputee’s ipsilateral knee joint. In addition to methods of measuring static alignment, methods
for clinically measuring angular alignment are also necessary. These methods have been
explained as “shifts and tilts without a defined reference system” by Zahedi et al. (1986) after
the original method was developed at University of Strathclyde in 1978 that included an

identified socket system (N. Berme, C. Purdey, and S. Solomonidis, 1978). Since then, an



angular alignment measurement system has been developed by way of a protractor that is “light,
simple to attach, easy to use and capable of accurately measuring angular alignment changes”
(G. Kerr, M. Saleh, and M. Jarrett, 1984). However, these methods are conducted while the
individual with limb loss is standing still, sitting or when the individual is not wearing the
prosthesis at all. After the prosthesis is properly fitted, the next step would be to align it
dynamically. This process involves the prosthetist watching the individual walk and using
feedback from the individual and his or her own subjective findings and determining the best
alignment. There are many methods for aligning prostheses in this manner, and for the most
part it depends on the preference of the prosthetist. As such, it is the job of the prosthetist to be
able to perceive what optimal alignment is during observation of the individual’s gait. They then
interpret the individual’'s feedback and adjust the prosthesis as necessary (M. Zahedi, W.
Spence, S. Solomonidis, and J. Paul, 1986).

During dynamic aligning sessions, it has been found that when individuals with intact
limbs and individuals with prostheses were compared to each other after they walked over level
and uneven ground, ascended and descended stairs, and ascended and descended ramps, the
individuals with unilateral trans-tibial limb loss produced stability parameter values that were
higher, or less stable, on the contralateral side and lower values, or more stable, on the
ipsilateral side (C. Kendell, E. Lemaire, N. Dudek, J. Kofman, 2010). In other words, the limb
with the prosthesis was more stable than the limb that was still intact. Kendell et al. concluded
by stating “the prosthetic limb had consistently lower outcomes, indicating a gait strategy that
optimizes dynamic stability on the prosthetic limb and adaptation by the intact limb.” There is
agreement that the body compensates for the lack of the lower limb throughout the rest of the
body, both muscularly and skeletally. And that this possibly has degenerative effects on the

lumbar spine and knees, as well as fatigue and injury to the muscles due to long term muscle
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imbalances, and disturbances in the musculoskeletal, neuromuscular, and sensorimotor
systems (D. Sanderson and P. Martin, 1996; L. Fang, X. Jia, and R. Wang, 2007; R. Andres and
S. Stimmel, 1990). For these reasons, it is important to learn what is happening throughout the
rest of the body during movement over uneven terrain since it is probable that uneven surfaces
could be used more frequently than even terrains, depending on the individual’s lifestyle.

What could complicate these ideas further is that while the individuals with limb loss walk
on slopes, upstairs, and non-flat surface roads, pressures at the socket interface are neither
uniformly distributed nor proportionately applied (P. Dou, X. Jia, S. Suo, R. Wang, and M.
Zhang, 2006). This may be dependent on the type of non-level surfaces used; for example, a
non-level but stable surface, like asphalt or grass, versus a surface that is not only uneven but
also gives way, like sand or gravel. We are still learning about how uneven surfaces affect
individuals with limb loss and with this study, we are attempting to build on what is already
known by adding the element of an uneven surface so that we can potentially provide helpful
alignment information to the prosthetist on achieving a satisfactory gait on both level and
uneven surfaces.

lll. Method
Subjects

3 volunteer adults with unilateral transtibial limb loss between the ages of 18 and 65,
with adequate pylon length, who can walk comfortably and unassisted for at least 50 meters and
have no apparent health issues were recruited for this study. The amputation must have
occurred at least twelve months prior to study. Volunteers who have other orthopedic
impediments or current pain associated with wearing their prosthesis were excluded. All

volunteer subjects signed an informed consent (Appendix A), filled out a PAR-Q health
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questionnaire (Appendix B), an activity questionnaire (Appendix C), and were compensated for
their time with $40.

Instrumentation

Kinematic data of the lower body was collected via the lower body marker system with
Plug-in-Gait by the Vicon Workstation and Nexus system (Oxford Metrics, Oxford, England).
Passive reflective markers were used on the lower body and were located on the left and right
posterior superior iliac spine, left and right anterior superior iliac spine, both thighs on the lateral
side, both knees on the lateral side at the axis of rotation, both tibias on the lateral side, each
lateral malleolus, heel of each foot, and the second metatarsal head of each foot. Kinetic data
were collected with an iPecs prosthetic force transducer unit (College Park Industries, Fraser,
Michigan) which was inserted into the pylon of each subject’s prosthesis. The equipment in the
Human Movement Lab at Georgia Tech included six Vicon M2 cameras with 1.3 Megapixel
resolution at a capture rate of 120 Hz. The data were processed and analyzed using Vicon
Nexus Plug in Gait version 1.7.1 and Polygon version 4.0.

Procedures

The subjects and their prosthesis were examined by Robert Kistenberg, Licensed and
Certified Prosthetist, and their personally defined optimized alignment was marked as 0, or
neutral. All alignment changes were based on an alignment consistency plan of using two
rotation increments and four rotation increments of the pylon adapter away from the neutral
mark both internally and externally for 471 and 817, respectively. The subjects also stood with
their heels lined up against a level board and had the inside line of their shoe traced onto a
large piece of paper. After the subject moved from the paper, a straight line was drawn using a

ruler connecting the two inside curves. There was a neutral line and then four more lines for
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each of the alignment changes, five lines total. We then measured the angle of the neutral line
and the first or second lines to ensure the angles were 4 and 8 degrees.

We began with the subjects walking normally with their prosthesis at their optimized
alignment along the even pathway (Figure 1) and then the uneven pathway (Figures 2 and 3)
second; both pathways were 3.66 meters long. The rest of the eight alignment changes were
tested in random order. There were five trials per condition, after the first and fifth trials the
subject was asked to give a level of comfort associated with the condition; the rating was based
on a scale from 0 to 10, with zero being “worst possible” and 10 being “best ever” (Appendix D).

After all the trials were completed, the individuals’ original prosthesis alignments were restored

and the iPecs unit was removed from their prosthesis pylons.

Figure 1: Even surface pathway Figure 2: Various sized Figure 3: Uneven surface pathway.
taped off and bordering the built in pebbles used for the uneven

tan colored walkway. surface pathway.

Analysis
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A descriptive analysis was done rather than a statistical analysis due to the size
constraints necessary for the statistical analysis. The variables analyzed were step length, step
width, walking speed, and the peak axial force of each step. There were three subjects with five
condition changes (4 and 8 degrees of external rotation, 4 and 8 degrees of internal rotation,
and self-selected neutral) per subject, five trials per condition, and five steps per trial. We used
the average of all five steps per trial and all five trials per subject. Each graph consisted of only
one subject and comparisons were made among the five conditions first and between the

subjects second.

The following outcome measures were analyzed using bar graphs:
e Step width, measured as the distance between the heel markers on each

foot.

e Step Length, the right step length was measured from the toe off of the
left foot to the initial contact of the right foot and left step length was
measured from the toe off of the right foot to the initial contact of the left
foot.

e Walking speed, calculated from the time it took the individuals to walk the
distance of 3.66 meters.

e Peak axial force, representing the maximum value from the iPecs
transducer for each step.

Each variable was averaged across all 25 steps for each condition.

IV. Results

14



This was a descriptive study of three subjects (n=3, 1 female, 2 male) with unilateral
transtibial limb loss between the ages of 18 and 65 participated in this study (Table 1). All
subjects had different prosthesis suspensions and feet and have had their prostheses for more
than one year (Table 2). The variability of the conditions was representative of the differences
among all the trial conditions, not each individual condition; and the changes in each of the four
variables, step length, walking speed, step width, and peak axial force, were described as the

uneven terrain with relation to the even terrain.

Table 1: Qubject Information
Subjed | Gender Age Height, am|Weight, kgl BMI Side of Prosthesis
1 Male 61 180.34 100.45 30.9 Left
2 Female 47 170.18 90.91 314 Left
3 Male 42 177.8 94.09 29.8 Rght

Table 2: ProsthesisInformation
Subject Suspension Type Type of Foot Cause of Amputation Year of Amputation
1 Pin with 9mm iceross dermoliner Freedom Innovations Renegade Trauma 1989
2 Seeve with 1-way valve, total surface bearing Otto Bock 1D35 Trauma 2003
3 Bevated vacuum Endolite Bite 2 Trauma 2001
Subject 1:
Kinematics

On the prosthesis side, there was a decrease in step length on the uneven surface
among all five alignment condition changes with the average step length being 0.70m + 0.01,
compared to the average step length on the even surface which was 0.77m + 0.04 (Figure 4).
The contralateral side also had a decreased average step length, 0.64m + 0.03, on the uneven

surface, compared to the average even surface step length of 0.70m + 0.02 (Figure 5).
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Subject 1: Prosthesis Step Length
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Figure 4: Subject 1, Average Prosthesis Step Length. Figure 5: Subject 1, Average Contralateral Step

Length.
Average walking speed was maintained at the same pace on both the uneven surface

and the even surface, however, the speed was more consistent on the uneven surface, 1.06m/s

+.11 and 1.06m/s £ 0.19, respectively (Figure 6).
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Subject 1: Walking Speed
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Figure 6: Subject 1, Average Walking Speed.

Both the prosthesis and the contralateral average step widths did not distinctly increase
on either the even or the uneven surfaces. Instead, there tended to be an overall increase from
the medial alignment changes to the lateral alignment changes on both the even and the
uneven surfaces. The average prosthesis step width on the even surface was 0.19m + 0.02 and
on the uneven surface was 0.18m £ 0.04 (Figure 7). The average contralateral step width on

the even surface was 0.18m + 0.03 and was 0.19m + 0.02 on the uneven surface (Figure 8).

17



Subject 1: Prosthesis Step Width
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Figure 7: Subject 1, Average Prosthesis Step Width. Figure 8: Subject 1, Average Contralateral Limb Step
Width.
Kinetics

Peak Axial Force decreased and stayed more consistent on the uneven surface than on
the even surface, where the average neutral alignment and lateral 877 alignments both brought
higher values, 1271.93 N and 1195.88 N, respectively. The average neutral alignment on the
even surface was the highest value at 1272.93 N, and the average neutral alignment on the
uneven surface was the lowest at 968.84 N. Overall, the average force for the even surface is

1136.48 N £ 93.72, and for the uneven surface is 1043.88 N + 44.67 (Figure 9).
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Subject 1: Peak Axial Force
1400

Z 1300

1200

1100 -

1000

Peak Axial Force,

=
Q
Q

=
Q
Q

Lateral 4
Lateral &
Medial 8
Medial 4
Neutral
Lateral 4

Uneven

Lateral 8

Aiignment Condition

Figure 9: Subject 1, Average of the Peak Axial Force of
all the steps for each condition.

Subject 2:
Kinematics

Both the prosthesis and the contralateral average step length decreased while walking
on the uneven surface. The prosthesis average was 0.94m + 0.09 on the uneven surface and

1.11m £ 0.05 on the even surface (Figure 10). The contralateral average was 0.91m £ 0.07 on

the uneven surface and 1.14m * 0.06 on the even surface (Figure 11).
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Subject 2: Prosthesis Step Length
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Figure 10: Subject 2, Prosthesis Step Length. Figure 11: Subject 2, Contralateral Limb Step
Length.

Average walking speed decreased to 0.72m/s = 0.07 on the uneven surface from .99m/s

* .05 on the even surface (Figure 12).

Subject 2: Walking Speed
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Figure 12: Subject 2, Walking Speed.
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On the even surface, average step width gradually increased with each alignment
change; neutral alignment was the narrowest and the 8(1 medial and lateral changes brought
the largest widths. Prosthesis step width on the even surface started with neutral at 0.26m,
increased to 0.27m + 0.01 with the 417 alignment changes, and increased again to 0.30m % 0.02
with the 81 alignment change. On the uneven surface, there was a gradual increase in width
from the medial 8(7 alignment to the lateral 8(1 alignment; the average was 0.26m * 0.04 (Figure
13). The contralateral side follows the same trends on both the even and uneven surfaces. On
the even surface, average step width started with neutral at 0.23m, increased to 0.26m + 0.01 at
the 41 alignment change, and increased again to 0.29m + 0.03 at the 8[1 alignment change.
The uneven surface brought a gradual increase in width beginning with the medial 871 alignment
and moving towards the lateral 8[7 alignment; the average was 0.26m + 0.03 (Figure 14). Both
the prosthesis and the contralateral average step widths follow the same trends, the
contralateral side has the same width for both the even and the uneven surface, 0.26m * 0.03.
The prosthesis side was slightly higher on the even surface than on the uneven surface, 0.28m

1+ 0.02 and 0.26m + 0.04, respectively.

21



Subject 2: Prosthesis Step Width
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Figure 13: Subject 2, Prosthesis Step Width. Figure 14: Subject 2, Contralateral Limb Step
Width.
Kinetics

The average peak axial force for all the steps for each trial condition gradually increased
on the even surface from the medial 871 alignment at 893.47 N £ 36.81 to the lateral 817
alignment at 972.13 N + 27.73. The alignment conditions on the uneven surface followed a
similar trend, though there was a smaller range in values and with the exception of the medial
4[] alignment value, which was 859.28 N * 68.28; medial 8 alignment was 920.9 N + 75.49

and the lateral 8(7 alignment was 968.39 N + 33.99 (Figure 15).
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Subject 2: Peak Axial Force
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Figure 15: Subject 2, Average Peak Axial Force
of all steps per condition.

Subject 3:

Kinematics

Average prosthesis step length on the even surface was higher than the average step
length on the uneven surface, 1.32m = 0.05 and 1.19m % 0.07, respectively. On the uneven
surface, step length decreased gradually from the neutral alignment to the medial and lateral 8(
alignments; starting with neutral at 1.28m, decreased to 1.20m * 0.05 at the 471 alignment
change, and decreased again to 1.14m + 0.04 at the 81 alignment change (Figure 16). The
contralateral side stays relatively consistent on the even surface with an average of 1.33m *
0.04, and then follows the same trend as the prosthesis side on the uneven surface. The
average neutral alignment step length was 1.28m; it decreased to 1.16m + 0.06 at the 47

alignment change, and decreased again to 1.0m + 0.0 at the 811 alignment change (Figure 17).
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Subject 3: Prosthesis Step Length
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Figure 16: Subject 3, Prosthesis Step Length. Figure 17: Subject 3, Contralateral Limb Step

Length.

Average walking speed decreased from the even surface to the uneven surface, 1.21m/s

+0.08 and 0.94m/s + 0.11, respectively. The speed was more consistent on the even surface

and the trend on the uneven surface decreased gradually from neutral, 1.08m/s, to 0.98m/s +

0.04 on the 417 alignments, and to 0.84m/s + 0.05 on the 87 alignments (Figure 18).
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Subject 3: Walking Speed
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Figure 18: Subject 3, Walking Speed.

Average step width was maintained more consistently on the even surface for both the
prosthesis and contralateral sides, with both averaging 0.21m + 0.01. The prosthesis side on
the uneven surface gradually increased from neutral at 0.19m, to 0.22m * 0.02 at the 41
alignment, and to 0.26m + 0.01 at the 81 alignment (Figure 19). The trend continued on the
contralateral side where neutral started at 0.19m, increased to 0.23m + 0.02 for the 417
alignments, and increased again to 0.25m + 0.0 for the 81 alignments (Figure 20). Overall step
width average was the same on the even surface for both the prosthesis and the contralateral
sides, 0.21m £ 0.01; and it was also the same on the uneven surface for both the prosthesis

and the contralateral sides, 0.23m * 0.03.
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Subject 3: Prosthesis Step Width
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Kinetics

The average peak axial force for all the steps in each condition gradually decreased in
force on the even surface from the medial 87 alignment, 1408.44 N + 59.62, to the lateral 8[]
alignment, 1047.61 N + 42.85. The uneven surface condition forces produced ranged from
1051.91 N £ 68.68 to 1307 N + 43.9, with the exception of the lateral 4[1 alignment which

produced a force of 230.43 N £ 84.87 (Figure 21).

26



Subject 3: Peak Axial Force
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Figure 21: Subject 3, Average Peak Axial Force
of all Steps per Condition

Comparison amongst All Subjects

Kinematics

When all three subjects were compared, the average walking speed was higher on the

even surface and decreased on the uneven surface (Figure 22).

All Subjects: Average Walking Speed
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Figure 22: All Subjects, Average walking speed
for separated even and uneven surfaces.

Average prosthesis step width ranged from 0.21m to 0.24m on the even surface and
from 0.19m to 0.27m on the uneven surface (Figure 23). The contralateral limb step width

stayed more consistent on both the even and uneven surfaces with the even surface range
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being from 0.2m to 0.25m and the uneven surface range being from 0.21m to 0.26m (Figure
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Figure 23: All Subjects, Prosthesis Step Width
separated for even and uneven surfaces.

Figure 24: All Subjects, Contralateral Limb Step Width
separated for even and uneven surfaces.

Average prosthesis step length decreased on the uneven surface with a range of 0.88m

to 0.98m compared to 1.04m to 1.13m on the even surface (Figure 25). The average

contralateral limb step length also decreased on the uneven surface with a range of 0.82m to

0.98m compared to the even surface values of 1.03m to 1.1m (Figure 26).
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All Subjects: Prosthesis Limb Step Length
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Figure 25: All Subjects, Prosthesis Step Length
separated for even and uneven surfaces.

Kinetics

Figure 26: All Subjects: All Subjects, Contralateral
Limb step length separated for even and uneven
surfaces.

The average peak axial force followed opposite trends during the medial 81 and medial

417 alignments, and then followed similar trends during the neutral, lateral 41 and lateral 87

alignments for both surfaces. The range for the even surface was 1020.82 N to 1149.26 N, and

for the uneven surface was 761.75 N to 1068.91 N (Figure 27).
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Figure 27: All Subjects, Average Peak Axial Force.
Dorsiflexion moment of the foot.

Rate of Comfort

Subject 1 had a rate of comfort range of five to ten, Subject 2’s range was four to ten,

and Subject 3’s was one to ten (Table 3).

Table 3: Rate of Comfort
Qubject 1 Subjedt 2 Subject 3
Alignhment After After After
Condition Trial 1 Trial 5 Trial 1 Trial 5 Trial 1 Trial 5
BEWI8 9 9 4 4 6 6
B4 9 9 10 10 8 8
BV0O 10 10 10 10 10 10
B4 9 9 6 6 6 7
Evi8 9 9 5 5 4 6
UNM8 7 6 7 7 3 3
UNM4 7 7 10 9 6 6
UNOO 5 6 10 10 7 7
UNL4 8 8 7 7 5 4
UNL8 7 7 4 4 2 1

Daily Activity
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None of the subjects led sedentary lifestyles; they were all active throughout the week to

some degree (Table 4).

Table 4: Physical Activity Questionnaire
Subject Types of Activity Frequency | Duration, min/occurrence
1 bike riding, minimal walking, gardening | 5-6x/week 60
2 walking, agility trials with dog 2x/day 30
3 running, cycling 1-3x/week 60

X. Discussion

All subjects were given little time to adjust to their new alignments to ensure any
compensation was collected in the data. The only chances they had to become adjusted were
walking from the chair where their alignment was changed to one of the paths, and then when
there was a change in the surface. The surfaces and alignments were intentionally randomly
selected so as to ensure acute responses, similar to a dynamic alignment session at a
prosthetist’s office. They were all very relaxed throughout the data collection and followed the

directions very well.

Subject 1

A male who weighed 100.45kg, had a height of 180.43cm, and had a left limb prosthesis.

Subject 1 decreased his step length on the uneven surface with both the prosthesis and
the contralateral limb. In this instance, both medial and lateral alignment changes resulted in the
expected pattern. The 81 alignments were expected to and did result in shorter step lengths
and the 477 alignments were expected to have longer step lengths, which they also did.

However, the neutral alignment had a step length closer to those of the 871 alignments, rather
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than the 417 alignments, which was unexpected and interesting since the uneven surface neutral
alignment trial occurred immediately after the even surface neutral alignment trial and they were
the first two trials completed. Walking speed did not decrease when the subject walked on the
uneven surface; it actually stayed the same as the walking speed on the even surface. In fact,
the speed on the uneven surface was maintained more consistently than the speed on the even
surface, which was also unexpected. The increased consistency on the uneven surface might
have been expected as a sign of a safer, more cautious gait, however, without an overall slower
walking speed as well, it does not make sense. Step width stayed about the same among all
the alignment changes and both surfaces. There was not the expected increase on the uneven
surface. Instead, on the prosthesis side, the average step width was 0.19m on the even surface
and 0.18m on the uneven surface. The contralateral limb was the opposite with .18m on the
even surface and 0.19m on the uneven surface. The two levels degree changes for the medial
and lateral alignments did not seem to have an effect on the step width for this subject. Peak
axial force was more consistent on the uneven surface than on the even surface where both the

lateral alignments brought the higher forces.

He reported the highest overall scores on the rate of comfort scale and interestingly, his
lowest scores on the scale were associated with the neutral alignment on the uneven surface. It
could be possible his alignment was not optimal and we only learned of it by his walking on the
uneven surface. Subject 1 was the only one who did not have the highest values at neutral on
the uneven surface. He was also fairly active in his daily life, taking care of the house and yard,

and looking after his grandson.

Subject 2

A female who weighed 90.91kg, had a height of 170.18cm, and had a left limb prosthesis.
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The graphs show the same basic shape for the uneven versus even surfaces on all
three kinematic variables. Step length did decrease for both the prosthesis and the contralateral
limb on the uneven surface. Step width decreased on the uneven surface as well. On the
contralateral limb the width ultimately stays the same for both surfaces. This was interesting
since the widths on the even surface followed the expected pattern and the widths on the
uneven surface gradually increased from medial 8( to lateral 8(1. The prosthesis side step
width was larger on the even surface, but more variable on the uneven surface, which might
show how adjustments are necessary to work with the alignment and then to also navigate
uneven surfaces more safely. The uneven surface peak axial force was more variable than the

forces produced on the even surface, which potentially showed the adjustments to the pebbles

She reported the lowest scores on the rate of comfort scale for the even medial 871 and
the uneven lateral 871 alignments. Her highest scores were recorded for both the even surface
neutral alignment and the even surface medial 477 alignment. She stays moderately active by

practicing agility trials with her dog.

Subject 3

A male who weighed 94.09kg, had a height of 177.8cm, and had a right limb prosthesis.

Step length did decrease on the uneven surfaces for both the prosthesis side and the
contralateral limb. The contralateral limb produced results that were more expected than the
prosthesis did, which changed very little. Step width increased on the uneven surfaces in the
expected manner and was also more variable than the even surface. Walking speed decreased
on the uneven surface and showed the expected results between the neutral, 47 and 807
alignments. Peak axial force was more variable on the uneven surface, especially with the

lateral 477 alignment. The data was checked to ensure the correct numbers were used and there
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is no video recorded of the trials, so | was unable to go back and look to see if something

happened.

This was the only subject whose results produced what was expected. On even terrain
he was able to maintain step length, walking speed, and step width consistently, but when the
uneven terrain was factor, the different alignments caused him to compensate by reducing step

length and walking speed and increasing step width.

Subject 3 reported the lowest scores on the rate of comfort scale at the uneven lateral
81 alignment. His highest scores were recorded on the even surface neutral alignment. While

his activities were less frequent than the other two subjects, they were more intense.

All Subjects

The variability within each condition produced no patterns. We are unable to determine
if there was a particular condition was more consistent or less consistent both in the overall
results and individually.

The lack of symmetry, between the even and the uneven surfaces could have been
caused by the compensations the individuals used to navigate the uneven surface. In the
instance of Subject 2, where the even and the uneven surfaces where symmetrical in shape, but
the uneven surface results were overall lower than the even surface results, the symmetry could
have been caused by an overall compensation to the uneven surface; not the graduated
compensations expected, as in Subject 3’s results.

With only three subjects it’s difficult to determine whether pattern was evident and if
threshold between the 4(1 and 8 alignments were there. Also, the one female may have
skewed the data since females tend to have slightly different parameters than males. | think

interesting future studies would be to have a larger number of participants to determine if a
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pattern and threshold are achieved, to do the same study with individuals with intact lower
limbs, and the same study again with individuals with transfemoral prostheses. There could
have been different factors that affected the results of this study; for instance, the age, physical
fitness, body mass index, and outdoor activities the individuals were familiar with. Compared to
subjects 1 and 2, subject 3 was the youngest and had the lowest body mass index. This may

have accounted for the results he produced.

Conclusion

The use of the two levels of alignment changes, 47 and 8, was expected to help
distinguish a threshold angle in which the compensations were no longer able to be masked.
The pattern being the neutral alignment would be the highest value for step length and walking
speed. Then the 477 changes would bring similar, but slightly lower values to the neutral
alignment, and the 81 changes would bring the lowest values of all the alignments. The
opposite would be the pattern for step width. Individually, this pattern occurred with subject 3 on
step length, step width, and walking speed and subject 2 on the contralateral step length.
Overall, the data supported this pattern for the average of all the subjects for the step length,
both on the prosthesis side and the contralateral limb. Step width and walking speed did not

follow the same pattern.

Qualitatively, the hypotheses was supported for the step length, step width, and walking

speed for all the subjects with the exception of subject 1’s walking speed, where the speed
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remained the same for both the even and the uneven surfaces. The hypothesis was also
supported for peak axial force. However, a larger number of subjects would be needed to
determine if the changes were in fact significant. | would not recommend anything changing in

the current alignment process until a more thorough similar study has been conducted.

Acknowledgments

| would like to thank Robert Kistenberg for being the prosthetist for this study and helping
to recruit subjects, Ricky Mehta for his help with scheduling the lab and Vicon technology
support, Boris Prilutsky for the use of his lab, and Scott French for iPecs technology support.

Their help and generosity are greatly appreciated.

36



References

Andres, R. O., & Stimmel, S. K. (1990). Prosthetic alignment effects on gait symmetry: a case
study. Clinical biomechanics, 5(2), 88-96. doi: 10.1016/0268-0033(90)90043-6.

Berme, N., Purdey, C. R., & Solomonidis, S. E. (1978). Measurement of prosthetic alignment.
Prosthetics and orthotics international, 2(2), 73-75.

Blumentritt, S., Schmalz, T., Jarasch, R., & Schneider, M. (1999). Effects of sagittal plane
prosthetic alignment on standing trans-tibial amputee knee loads. Prosthetics and
orthotics international, 23(3), 231-238.

Chiu, Min-Chi, & Wang, Mao-Jiun. (2007). The effect of gait speed and gender on perceived
exertion, muscle activity, joint motion of lower extremity, ground reaction force and heart
rate during normal walking. Gait & posture, 25(3), 385-392. doi:
10.1016/j.gaitpost.2006.05.008

Dou, Peng, Jia, Xiaochong, Suo, Shuangfu, Wang, Rencheng, & Zhang, Ming. (2006). Pressure
distribution at the stump/socket interface in transtibial amputees during walking on stairs,
slope and non-flat road. Clinical biomechanics, 21(10), 1067-1073.

Fang, Lidan, Jia, Xiaohong, & Wang, Rencheng. (2007). Modeling and simulation of muscle
forces of trans-tibial amputee to study effect of prosthetic alignment. Clinical
biomechanics, 22(10), 1125- 1131. doi: 10.1016/j.clinbiomech.2007.07.017.

Geil, Mark D. (2002). Variability among Practitioners in Dynamic Observational Alignment of a
Transfemoral Prosthesis. JPO: Journal of Prosthetics and Orthotics, 14(4), 159-164.

Geil, M. D., & Lay, A. (2004). Plantar foot pressure responses to changes during dynamic trans-
tibial prosthetic alignment in a clinical setting. Prosthetics and orthotics international,
28(2), 105-114.

Kawamura, K., Tokuhiro, A., & Takechi, H. (1991). Gait analysis of slope walking: A study on
step length, stride width, time factors and deviation in the center of pressure. Acta Med
Okayama, 45,179-184.

Kendell, C., Lemaire, E. D., Dudek, N. L., & Kofman, J. (2010). Indicators of dynamic stability in
transtibial prosthesis users. Gait & posture, 31(3), 375-379.

Kerr, G., Saleh, M., & Jarrett, M. O. (1984). An angular alignment protractor for use in the
alignment of below-knee protheses. Prosthetics and orthotics international, 8(1), 56-57.

37



Leroux, Alain, Fung, Joyce, & Barbeau, Hugues. (2002). Postural adaptation to walking on
inclined surfaces: I. Normal strategies. Gait & posture, 15(1), 64-74. doi: 10.1016/s0966-
6362(01)00181-3

Rietman, J. S., Postema, K., & Geertzen, J. H. B. (2002). Gait analysis in prosthetics: Opinions,
ideas and conclusions. Prosthetics and orthotics international, 26(1), 50-57. doi:
10.1080/03093640208726621

Sanderson, David J., & Martin, Philip E. (1997). Lower extremity kinematic and kinetic
adaptations in unilateral below-knee amputees during walking. Gait & posture, 6(2), 126-
136. doi: 0.1016/s0966-6362(97)01112-0.

Seelen, H. A. M., Anemaat, S., Janssen, H. M. H., & Deckers, J. H. M. (2003). Effects of
prosthesis alignment on pressure distribution at the stump/socket interface in transtibial
amputees during unsupported stance and gait. Clinical rehabilitation, 17(7), 787-796.

Sun, J., Walters, M., Svensson, N., & Lloyd, D. (1996). The influence of surface slope on human
gait characteristics: A study of urban pedestrians walking on an inclined surface.
Ergonomics, 39, 677-692.

Whittle, Michael W. (2007). Gait Analysis, An Introduction (4th ed.). China: Butterworth
Heinemann Elsevier.

Zahedi, M. S., Spence, W. D., Solomonidis, S. E., & Paul, J. P. (1986). Alignment of lower-limb
prostheses. Journal of rehabilitation research and development, 23(2), 2-19.

38



Appendix A

Creogeia Stude Lniversity Crecagia Tnstivue of Technolery School

Erepestsrnen; of Binesiobouy o Apytied Fhysiolowy
Tndormed Consen:

Title: Mrosrhedic afigurment mwer umeVes: farfzin

Prineipal Trssliatons: Sofaark, Cieil 70 GEL Roben Kisterbaory, 3 GT
137 Stz Arpig §55 14% Spoct
Room G16 Atlanta, G
Atdunly, (i 20363 (4043 894 5269

(202 4138370

Smdont Investiganne Lisda Moeurer

Yom are iwied (o parlicipales in a regcarch collabneation hetween the Ceopda nslilule of Tachnobogy and Centgia Slale
University. The pugase of U sludy i 1o mvestigate how you walk with vaue prosilesis alipament changed a Timle i,
Ve will wratch yon walk walkivg on o flat surfoce end then over ditforeat sized pelibles, Vou e invited to participsts
because you are vn adude mirsing wone Jower limmb, A il ef 5 pariicipasis will b reeruitad for this stedy, ParScipation
Wil reguire 2 hours ol vour time o ona day,

];d_uasm]-m:msmn Coritoiiag

We witl b Tecruiting apmarcntiy healihyr aduls poes 18 - 63wt H:LumJatr.rdJ trarstibial {helow the knge aoputations
itk e o basasl oo venr post anparaton s wl i walk comboriesly and urassistod tor at least 50 ceedard, hone
i appatedil beallle isses, ave no other orfinpedic impadinents, sl e oo cureenl pein associated with wearing,
their prosthesis

Progedures:

it you deeide o parficipate, the prostbelsts vt Georgin Toch will attack.a =mall Tox o Your prosthesis to meesure
lorce, W wild attach small shiny markers 1o some spots on vour loes with tape and reake 2nre clessiremenks, b
b 1¥pes of comerss will record yor. Cie apecial camens s going Lo revord Lhe shiry markers attached m vy while -
o watk, With this comers, ondy the markers w@ be sem, oot vour Tace or budy, The ather camera will be &
reglar video caznees. 10 will record yoor face and body while yon walk, We will use shis video of you in cass we
need to double cheek the way vou walk, 1T we wse the video of you =it wone face Far pessarch or educafionnl
purposss. your ideatity will be prutauled ur dispuised Gy being blacked out or Diured. Vo w3l be asked o walk
aloap & path of Level ground five Simes. Each tme § o0 walk the palk your prualh..alu weill b & diffarent &ligoent,
Then Fou will walk along another path that has difforent sized pebliles un i Teu will walk elong this park fve
Eirncs 4= well.

Phring the study, vour prosthesis will be changed Fam itz most comforlable olignment in oo was. We will fum fas
tex: i A Jiele bat aned then bm the toe out a Ttle bit. Bagh fime s change The wiy pour boe 35 pofoting, wen will b
askod to walk along the path neen. At e end e will it the prasthosis hack the woy i was, lorgued and sct to
Pl Hcteres shscifosfomns.

Belbme we start the sy vot will be asked o Gl vl o ectivity questionnaire. Ploase ansecr i gueslions Lo (e best
of wour ubilily. ¥ou will aizo be azled about youe comboe while welking slone the path, Please identify your condoel
Jewel G & stale from one to tze One wiuld be very mncomfortable, can't ot up, Ten would he very crnsfmal:, cae
walk all day. .

Yau will be componsatod F40 for Tebizg in this sludy, 11 you withdres yourselt and yonr dara ey fone this siudy, for

151 2 Version 5.0 ESU IHBd
iy 2 Tersinm . rove
ﬁ"pp 15;}Tuq|#d'aﬂi

i Al I HDVEB 5 Consent Form Aoprawed by Saonpis Teah IR Febmany 61 2098 -, ﬂr'uar,' 37, 2093

o e L

39



A iasin, Follr eompeaeafion will ke pro-rated a5 10 por balf hour b met mere than 540 wial.

LLE e Law requires & manditacy wilbhofdioe of 30% for nonresidznt alicn paymeats of s pepe. ¥Four address
and vidizenshivisa status may be collested lur sompensation purpoees any. This informatiog will be shaved orly
walh the Ceorms Tech dapantment ths i e comaslwstion, 10y, fir your participation,

Liisks:

Thiz studzr irvghves minimal ok, ¥ ocludes welking across s level, eves Moo, sod Boough dilkrent sized pebiles.
Fhere i a rinfral Tisk of sambling o falling, thaueh mo preeles S tha lueed in normal daily sctivife e walkig on
& repular Roor ur om e gravel roed.

Tagre comil wdse be visks imealved with taking part i iz amdy St pee nor fnown o ressarchers at this time.
Banedits:

Datlelpestive tn s stody mey not heip yo persoaafly, Owemil, we hope lo gain infemation zbour presthetic zlipnenent
vl unesven terran e coels posdbly lead o more officient and =flect nsled: ol poment processes.

There 2 ha ¢ost 0 you Lo pucbicipars in this smdy apert from s tioe,
Molemdary Pasticipation and Withdsswal:

Fanivipalion in research i3 wolamtary. ¥odo non Beve o be be thes study. I vou decidz to be in the snady am) G yuur
imind, 5 bivve (le Bobl to drop ot ot any dmee Yon may e pacticipating of my lme. ¥ our decisions will act Chitige
2Ry PTeserdt o furks relatonsilp with Georgria State University, Geargia Tnatinme of Techualosy or thedr aftiliates.

Coofidntiafity:

£l information colkzeted abom you during e course ol this study will be bopt eonfidential ro the exlent permitted by lew.
Tuforation way wiso be shared with those whe male suve e sludy is done vorreety (G517 Instietiona] Heview Luanl,
Crurpiy lustibute of Technolomy Insrtcticnal Beview Doond.] the OfFce For Fuman Roserreh Profaction (0TRP axiler Le
Fon? avene’ Dirwe Adidedstragion (F DA ). You will be identified I te sesearch reconds by @ code nare ar seember. Floweer,
e testaeher ansd iisher cooditee may teview your eagc. Your same anl oler Gicls hes might poimt 1 von w07 not
appent wehen wa iesent. thiz stdy or pubiish s resalls. The sesults of the andy wil! be peporled ina coue study tomm;
however, you will not he permenally idestifiubie, I phoios or video are wiilized in the case smody or s subzequent
preseniation, all identifindle nspeot of the sulbjaees will be wasked or blured so s o procect your ideniy,

When the results of this resgarch are published or disovssed in eonferenees, no nfarstion will be jncleded dhat would
tevowl your idemtity. The siudy involves wse of video= or andio-mping of participads, Qe polipel nvestigaor, eo-
inzstigitor aod siudenl ovestigators will Tave aceess b e fapes, mnd ey will be stored in the GELT Biomechosics Lab
undei lock and kv, Tie video wili oaly be waed for intemal referenge I Mg case g Wi bas dece that dpes =t ceem 1o i
and whon fhe study bias fokshed the gate will be delated, Woideos ol you will be used Lor messasch or cdoeational prrposzs,
yomr idengiey will be peofecied oo disguized Yoo have the right foocvicw e fapes inoonder o allow dheit v i 2
canforcnes

Ty fave any queslion shoul iz stody, ne belicve yon have 2uffersd any ingurs becuuse ol participstinn in the stady, von
wey contact bl Gefl ol (404) 3L3-8370 or Rob Kistenherg o (404} 894 6269, The Principal [mvesticator, Co-

15 Jamuary 20H 2 Wersion 3.1 ﬁplﬂmvad

. e From 4-1s -a i 9 - rap- 3 i
AFFR“"FED ; Cansenr Form Appeawed By Seorgie Teeh IRET Febrrary &1, 2002 - faneary 37, 2000 Tu 2

o A L

40



Tnveslipior, Gesruia Stare Lindwzeaity, aid Geompia Tesilule of Technolomy heve mada wo provislon for pavioent of coss
assbibed with by injory resuling from Bging in g sy,

Errtigipant Righis:

Your perticipatinn i this sudy s volusdazy, touw du nos have to be 0 this stedy 3 son doe’t wand o be. You havethe right
Lo changrs your mind and Ieaee the sady gl any e without giving any reasn and withon penuliy. [F you decide not 1o
Fursh i slidy, oo ave the righ™ to witlyleaw way diln cullected abowt vou. Any bard eapy gl wellevied prior Lo your
withdiiwal will by shredded and any data filgs stored on e psswond protected folder an the projest flasls drive will be
destrayed.  any e infornaton thal may reakoe you crmgs o mind staoul beiog o iy shody will e given to o Yo
will bz iven & copy ot this conses) foon o keep Yon de not waive aeg of your [egal rights by sigming this cansent faen.

LTS =1
Comiel Belurk el ol (4041 413-837%, or mpeiltin by, Litala Meurer of Ineurer i ausdomt gsadn or Rob Kisenben (304

PM-G265 ar ohepTosteduedy 1 von have questions abont this sucy, None of the rassercher: hive B conflict of intores] wily
reapscls i this shudy.

TE you Rave giiestions or concems Abeas ¥ou #ghts o5 3 vl in this research swdy, yon may consact Susa: Vowner in
five GRIN CHfiee nf Reseanch ety ar 34-113-3513 {menetrer ifeaed ) or Kelly Winn el the &7 Offien nf Faseavch
Complisnes gt diid-385-21 T3 (Kally, Winnifrre gateoh, sduw).

it yen are wilking b vilwsiesr for this rescarch and he v den moenirled, please sign below,

Parlicipar. - . Dtz

ﬂn&j*‘ptﬂ!w‘ﬂga.m ar Rezsarcher CFaraining Consenl ' Barc

GSU IRB

Approved _
15 Tampay 2012 Yoesion 3.0 meﬂ_ VA oy TEI Goid - Ama

B g e e B
,._E APPROVED ; ... Fevie Approvar by Georgls Tech HE: Fabruans 07, 2072 - Jarwsry 37, 2045

b e B

41



Appendix B

Physical Activity Readiness Queslionnaire (PAR-Q1) and You

Aepuiar pinercnl Ay =t ad beathy, ond rooremsmgtly mces peophe aTe SRR o epars e
Autive ovisy Jav. Doing s active i vory o Gor mwad people, Dloveeoes, somme pooupbe shotid clok wa
their doctar betore they sz heenming much mara physicnly accve,

11 vosus vwes plumming Lo become mech more physicelly sitive than vou mre iow, slurl by sneswering €1
seven Juesions in the box below, 1 vou are berpgen D ages of 15 and 68, e PAR-O will lell you il vou
shoakd eheek with your dector befone you start. I yow wre over &Y vears o age, and o ae nor used ne being
viery active, cheuk with yuur ductor,

Lommon sonse i3 vonr bast goide whon vou answer 2iese questions. Meaze read e guestions coelvdly
and anvwer cach one honestly:

[ vES
i - 1. 1A e ST Bpar 520 AT YR NEVE 3 BREA nonttng pnd That g o i od
phyzics! aclvity icoommaended by a docter
C o 2 Do yous faer pain o yous chast whan you do physcal actvity™
i & 3 In {re paed mont=. have you had chest pein when you woro net deing physical activiy?
i L P gt Bl 1 e o Wt EE el L i S RS SotemoUInGET
=] C 5 i sy v & bonnd oF joing problan that oould be mede worsa by & shings i your
physical actwy?
[N} 1 [-% 1% wrmar declor currenly preacribing $7ogsilon exsgshe, waler pills) lor yoor blopd
predsune o hesd sondition
| - L 7. D . R i ety i S Wy prysdrss prcliudy?
YES to one or more questions
Talk to your dector ¥y phooe or in person BEFORE vou stamt boooming mach moee pliysically sclive
1f of IEFORE o bave a Pieess apprisal - Vall your doctor shaa ihe 1 AR-0) @ whick questions
waru ansmered YER
v * Vonmnay be abhie o di aty activity von st = xx koeg as o atasl showly e hustd up
wadualle. On. voo mury need to costrict vour sctivines to thoe shich are sals for o 130k
answered: | with yoner dacion ahout the kinds 0f activities you wish i paticipnbe o Gl B
) | BT

i * Ling ou WhsE COUERLLTY PUOGIIDS AU0 SALT J0v0 NERD: Ton Fou.
NO to all questians Delay becomine much more active:

& 1 som arered Ferlim well becoss of o tomporany

I worn mswered N0 bonestly wo abl PAR-Q) illr.zss sack a5 @ cald or 8 fever — wail wiHit you bl
gzt vin can be icassnabibe syee el o can: sty aar
= Skt becuisg nuck woo plysivally & |{yow are or ey be progrom —talk ta your dacoe
aative —begin slaely andbuild ep Trtiome st st Secoming more aatva,

grachonliy. This iz the safcs: and

casical way W g

& luke park i0oa Ginesy cppodeal - Boy IFense noae 1 vour buslis chinges a0 1hal viu Liee snswe= YIS ba
8 a0 excclicm way to detomaing yoar atty ol b sl astiven, bell your Fiss o Fealls profescord
b it g thal you o plon ke Axrwhetser o0 shoubd cheage vouz phyaica. aslv iy plan.

bt way (i yina e e sy

S ——

Moo et alths PAKA) Raarelal et 00855 =l v 2l e Stwe ale i U ako eon EROT Da S vk nn U lcpy ol Saarm Mellvee

42



Appendix C

American Medical Association

Tlpeiuzam dedialed bo B eekh of Amurica

Agire 71

Physical Activity Questionnaire

Tame . Thate

Please complhete this questionnaire, which will help you and H Liow moumy howrs of television de fou wabch every dag?
ver physician mndevstand vour physical acivity pattorns.

Lo wWhat types of plecsicad aclivities da vou syt

=

Howr moany owes are woug at 3 comprtecidesk everpdae?

T T T : A What types of exercise equiipaal 0r exarcise lapes de
v Tave il hoaene? -

200 Howw ollen deoyow poribcipate o these aolivilies?

G what exercises do ovow de oeguelashd — % Docyou belong 6o heabhe Jolr or stiend dlasses?

[ O e

10, Horr often do pon atdend?

1, Wiomld wou Sike 1o change youre pliysicad activity!
& Howe ol ey, sl i Baorey |qlr|5 esachh L, o Fod o these exeriise hubits?
activities? _ : P i¥es PN

12, Whicda luabits would voo Like to bemn to change?

B What gers in the way of yon consistently engaging in
Sibyrint e ih smimiman fom S @ s e, Sorh sesher - Bemens Eoepiel
This gavjon | e imchal oy fma B sy Wil ol Snenssiizon il Tom Bodnrt Weeal bedreen Pamvcbs am, = Howerdrar 26010 T AL T

43



A

American Medical Association (
Phyeeians dealivze] i Use bisslle, 1 Aimeriis | g

e b3
Physical Activity Time Study

Rroonrd your activitics for cactt of the tine siots indicated Sebmer on at feast one weckdser and one weckand day T vour step
counter th keep track of the number of steps vou take dering cach time period. Ty to keop this sheet with you and wiite down
Four actvity as wou g, Bor each tinwe slot. determine the amaant of time von wese physicalbe active and the amonnt of gime
O weTe mot activi, At the end of che day total the nemnber of minees pou voere active snd inactive and vonr namber nf stepa.
“ow may make copics of this worksheot e record informuation daibe

Dhatc ! ! Dray of the wook
!"qu;c.a]-ly acd nfLE
Time alot Tanks/factivities Tes Nn- -éqﬂ, o
diidnight o -1 am
At b an
{ :
feb] amn tn moon i i i
i i
H E i
! i :
EL0H toe 4 prmn i E ‘
i‘ |: I.
! H '
!’ t
A0 te & | i
|
M pncto mideight {I
5
!
} Tatal muumber of minmes and steps T

Foreach d-hew Blogs of fime descrihe how voawspend woee e and record year nember of steps wsing paar sbep consber. Ty raee s foor sciivitis.
af st avery 1o s s von can be 25 acomiahe 5 possible. Add ap dhe vanohes o were phasicallr soehe and recard e the e ocdinpn,

Sudt rach e noientes of activivies foone Hes temal oenker of naieares o fhe d-ben Srond Flene, which s S0 enistea, Baapld fle: ] ez ol
vaiemires o aneps ar Gt hetram of e shest

Date 10§ 5 S éila}'ufth.cwmk wednesdsy

{ Physically activel
L
Tyme slot Tasksactivities . bio Steps

Bitdl am e T desk weare, 1 miru‘r_-s TRENNES. 120 minutas; w kt-* an: i |
frzevecar o howehr, 7 ool 1k o v sohinas, T oroivn. les; : 4 rin FIE min 145
walk T2 mesting, 1 itk e talk vash coswarkers stndm._c'l }

A7 ruirnclon i H

g T vapgeign, 10 Woarsn Klewivg 2507,

nu-a.-.l“iu.,w..u.. vy Furny R il b o

~= Biniv K, [z &1 Kbevars I'IH,\.;1|||-.-I|-| R, snt Lagee 8

Thes o 1'|l"\.| ilﬁnll_.l.lr.".ra,—u an faica 'N-cl,mu rerh- A !I|'|’|'I|?’ ||'"r n emalalec

 barmze 0T Sbz2anue 11815

44



American Medical Association
Phipdelsre deslea ok by Us bralih of Aoperas

Fganm 5.4

Physical Activity Barriers

What keeps your fram Bedng, move plivdeally active? sdiple vou are oo busy ol work, O perhaps your Kds or afher reed ones
e yoad amd Chey oo Disl, Brigesiorm all g ceisoms vy are ool mere plivsically actde and weite dowon whar ommes o,
Mathing i# oo by or oo sl Sume coampedes Dchede: "Nol eooandy tooe™ Do’ fike to seeat.” and “Too oné of ghagpe”

A, Physicad acivivy barriees I, Privcitie vour barmers foem the biggest o the soalles,
e e - - il - -
e ———— e E' et —
———— - LS 3' .
4.

——— e - PSS —

i

1t

11

[ s

Fuwr pick ome of your dews wnd trF it for 2 weeks I attor a wock Bt didon work, try snatfee strafepy, Feepr tovieg now idess unt]
vt (aed sorcne thiat hely v overceme vour barriers.

sudapied with pemizson om the Ceopr notttne, L leg 15 Cosry o 1920

ihis propect was forded by the Arverlzan Mesiey Acscolmio® one The BatortWids (phirsoh Srandatn, + Bosroker 7003 LRSI T

45



Riubs 5

Amerlean Medical Association

!mins dedinsded ro bhe heafth of Arecrirg

Benefits of Physical Activity

Poest this list o a place whove vorn will sce it ndfen, saich as s Dathroowm miceore hadletin hoard, of wlrigecator door,

There are prany possible beneties to hecoming mnre
plyreically acove. Read throngh chis st and check the
Tenetiis that are imsoFlant fopo.

Porlessiind bemelils
I 1 Tncrease araning
[ 1 Semulate weight Inss
L Toemazer bowond chodesgeral
U o Blowad [rressure
I I Tmpree: el image
P Tmprose mgond
{ I Fohangs: qualie okl
i ISleep Betier
IV Rrrengiven heasi and Tings
i3 Decroase stvess
i TRCIse ENErgy
EoaAdaimagin apgreoprine weigh
L Lonwee iriglvearides
FConlent hlnesd shgar lewsels! dizheles
i Feel Iretfer
¢ SHeduce (eelings o depiesaion am] anviely
U e preodiscivly
IV Buihd ancd maingain beall by booes, dosces, and jeings
I Himcieass s Lode

I'T lgeduee righ gl lying: premsipmely

#edapied with pernisiee fm The Joope- irbne, Uakag LK Lopimighe 192,

What other il s e plth 1hink ki et Baeane i droan 11I_"jI_I§!_|;
plsically acchee?

e 1

Ik s peopest v Tamdedd by the Sumercen Masical femsdiabicn anc the Booom @ecd - Roomdzbon = Faossmber 2006

46

AT 2ANTTEIa3



ST 1A

B

SHL;

M
sgms
SR

el
wchyy
sy

EE LA

FEHITT
(R0 A,

_|

[

_|”

o .}ﬁ,._j_.x.w

—

.».mw__..mu

B ABPRITLL

T

s

o SR

AFpranpasy

sjech Apyiuoiag

Arpyony

Appogy

hi:hl o

Aeprmg

e 1
almg

snimy

=W
wdaan

iy

iR
alg

R TTIILTE

1]
sdme
ey

e 15

ETe

S

e AT

RO

ATE[ATEOLT LOTIETLICPLT [ ol
s s S o gapdon arpiei Sy, Sep oo aop sepun pue ey senomn aned peosar w1, papacd spoeds 2 UL £ STpTodsanion A TR I Ay TS

Jepuajed HIANdY |edisiyd

HIBAT 0 TR 441 0 Pt i fumapdy 4
UOTIETOEEY [EIpRIY _Hﬂ&_.m.mﬁﬁﬂ

v oanfy

47



Appendix D

1dn3

| aimssog
1529 _

15400,
) £ g

AER ||E SIY1 Op ueY | = 0T

aaawfdn 183 JUed =

[BLIL SIUL JOJ JA0LLUO0Z Buly|em JO |9A2] InoA 218l 2seajd ‘0T 01 0 4O 91835 B U

48



	Georgia State University
	ScholarWorks @ Georgia State University
	8-7-2012

	The Effects of Prosthetic Alignment over Uneven Terrain
	Linda Meurer
	Recommended Citation


	Microsoft Word - 312803-text.native.1348928742.doc

