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Abstract

With the popularity of outdoor activities like hiking, the demands of certain
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prolonged periods could be improved. Most biomechanical studies have examined the
changes in ablebodied gait when carrying a load. However, research is lacking on the

effect ofbackpack loads on amputee gait patterns.

This project examined the effects of a backpack load on the gait patterns of
unilateral transtibial amputees. Ten participants performed walking trials on four
surfaces (level ground, uneven ground, walking up amcline, and walking down an
incline), without a pack and with a pack. A total of 40 trialsvere collected per subject,
with 10 trials collected on each surface. Thregimensional motion datawere collected
with an eight-camera Vicon Motion Analysis system to describe limb motion as well as
compare kinematic outcomes between tasks and conditions. Force platform dateere
collected during the level ground trials and used to calculate kinetic measures fboth
limbs. With the addition of the pack changes were seen on each surface, with different
changes occurring to each limb. The ramp up surface created the most changes when
comparing the two conditions. The only cangeseen across all four surfaces as a
decrease in ankledorsiflexion before push-off on the prosthetic limb. The two next
most common changes were increasan knee and hip flexion during weight-

acceptance
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A method used to determine the functionblevel of a transtibial
amputee.

Functional level O: The patient does not have the ability or
potential to ambulate or transfer safely with or without
assistance and a prosthesis does not enhance his/her quality of
life or mobility.

Functional level 1: The patient has the ability or potential to use
a prosthesis for transfers or ambulation on level surfaces at
fixed cadence. Typical of the limited and unlimited household
ambulator.

Functional level 2: The patient has the ability or potential for
ambulation with the ability to traverse low level environmental
barriers such as curbs, stairs, or uneven surfaces. Typical of the
limited community ambulator.

Functional level 3: The patient has the ability or potential for
ambulation with variable cadence. Typicabf the community
ambulator who has the ability to traverse most environmental
barriers and may have vocational, therapeutic, or exercise
activity that demands prosthetic utilization beyond simple
locomotion.

Functional level 4: The patient has the abilitypr potential for
prosthetic ambulation that exceeds basic ambulation skills,
exhibiting high impact, stress, or energy levels. Typical of the
prosthetic demands of the child, active adult, or athlete.

Moderate: correlation coefficient is between 0.40 and 0.69.

High: correlation coefficient is between 0.70 and 0.89.

Very High: correlation coefficient is between 0.90 and 1.00.
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Chapter 1. Introduction
Certain professions require the carrying of cumbersome loads. These
professions, combined with the increasing popularity of hiking and other outdoor
AAOEOEOEAOR EAOA 1 AAA ATl arBrmparaddimdbiAl 6 O 11T AA
AT T OEAAOAOCEI T8 ''T O1 AAROOOAT AET ¢ T &£ ET x Al EI
a backpack load is important for improving the ability to effectively carry heavy loads
for prolonged periods and minimizing the risk of injuries sich as foot blisters,

metatarsalgia, stress fractures, knee pain, lower back injuries, and shoulder traction

injury [ 1].

As outlined in the subsequent section, manstudies have been completed on
gait adaptations due to backpack loads on ableodied individuals. However, to our
knowledge there has been no research on the changes in amputee gait while carrying a
load. Certain activities, such as hikingand professims, such as the military and postal
delivery, require heavy loadbearing [2]. An understanding of prosthetic gait strategies
while bearing such loads can be usedtoptimize rehabilitation strategies designed to
improve mobility and enable individuals with amputations to accomplishing these
tasksmore easily. The question being investigated in this study is: how do people with
unilateral transtibial amputations adapt their gait to changes in loads while walking on

level ground, uneven ground, and inclines?

1.1 Rationale
The outcomes from this study have practical and clinical significance.

Quantitative biomechanical outcomes from the backpack load tasks can be uged



guide therapy, prosthesis configuration, and new prosthetic technology developments.

4EAOA AAOAT T i AT OO AAT DI OEOEOAT U AEEAAO A ¢
thereby enhance their quality of life.The dataset from this study can be used as a

comparison baseline to help guide future studies, research, and gait analysis. Other
professionsand hobbiesthat require load-bearing, such agpostal workers, hikers, and

students with amputations, may all beefit from clinical and industrial use of the study

outcomes

1.2 Objective
To understand the biomechanical differences between unloaded and loaded
gait, in the form of a weighted backpack, on unilateral transtibial amputees across level

ground, uneven graind, and sloped surfaces.

1.3 Null Hypotheses

1.3.1 Amputee and Able Bodied Groups

1. A backpack load will not produce significant changes iremporal-spatial
DAOATI AGAOO 1T £ AT Ai pOOAAGO CAEO PAOOAOI 8
2. A backpack load will not produce significant changes iankle, knee, and hip angles

when compaiing amputee andable bodied gait.

3. A backpack load willnot produce a significantly greater maximum ankle

dorsiflexion moment during level ground walking.

4. A backpack load willnot produce greater net joint powers duing level ground
walking. SpecificallyHP3and KP2power bursts will not be greater than the

unloaded position.



5. There will be no changes to gait and stability when comparing between surface

changes.

1.3.2 Amputated and Intact Leg
The amputated leg withnot produce significantly different joint angles when

compared to the intact leg.

The hip extensor and knee flexor moments wilhot be significantly greater on

the amputated leg when compared to the intact leg.

Hip power will not be significantly greater an the amputated leg to compensate

for the lack of an ankle joint.

1.4 Assumptions

Assumptions are necessary in all experiments and it is important to recognize

and acknowledge them beforehandThese assumptions are:

All participants are familiar with the use of a backpack ando not need

instruction on its operation, or be required to produce novel gait patterns.

All amputations will create biomechanically similar movements regardless of

the residual limb length, type of prosthesis and socket orientation.
All bodies are rigid bodies, and the backpack and torso create one rigid body.

All participants are familiar with their prosthesis and have had it properly fitted.

1.5 Limitations

It is important to recognize thelimitations within th e O O O AxpériMental

design. Since d participants were volunteers, the sample groupmay not represent the



entire transtibial amputee population, leading to a potential sampling biaBy only
recruiting volunteers, our sample may na be representative of the entire population
The study outcomes are only applicable to males with transtibial amputation, at the K4
functional level (i.e.,the ability or potential for prosthetic ambulation that exceeds

basic ambulation skills, exhibitinghigh impact, stress, or energy leve)s and not to

other populations. Considering that a K4 functional level was required to participatgt
could be inferred that all potential participants were active individuals, and

considering the high response ratesampling bias was minimized

Lastly, gym mats were used to simulate gait over uneven grounthile this
approach has been used extensively for uneven ground gait trainirtpe mats did not
havethe variable consistencythat is typically found on exterior uneven surfacesThis

simulation may be more reflective of soft ground.



Chapter 2. Literature Review

2.1 Able-Bodied Gait

Qualitative and quantitative descriptions of ablebodied gait are well
established in the literature. The gait of abléodied individuals can then be compared
to gait altered by experimental desigrto determine differences. Gait is analyzed in
terms of a cyclewhich can be defined as the time from one foedtrike to the successive
foot-strike of the same leg 3]. Onewalking cycle consists of two phasesstance phase
and swing phaseand lasts approximately one second4]]. The stance phase usually
lasts for 62% of the cycle and consists of the period between hestrike and foot-off.

Swing phase begins with footoff, ends with heelstrike, andlasts for 38% of the gait

cycle(Figure 1).
Phases i Stance i Swing 4|
iti = 0
. Initial Single-limb Second Initial | Mid- Terminal
eriods I—Duuole—hm:-'* Stance —|_D°u"'9"'m"_|_5wing Swing —|— Swing —|
Support = Support )

Foot Strike Opposite (Reversal of Opposite Toe-Off Foot Tikia
Toe-Off Fore-Aft Foat Clearance Vertical
Shear) Strike
% of | | |
cycle | ] |
0% 62% 100%

Figure 1: A complete @it cycle [3].



2.1.1 Tempor al-spatial Parameters

Temporal-spatial parameters are common gait measuremestbecause they
provide easily obtainableinformation about movement patterns. Common
measurements include cadence, walking velocity, step length, percentagedofible-
support time, percentage okingle-support time, and length of swing phase4].
Temporal-spatial parameters carnchange dueto differing subject characteristics such

asheight, sex, weight, andage[5].

Chambers and Sutherlandd] found that adults had an average cadence of 114
steps/min and an average step velocity of 1.23 m/svhich is in agreement with the

range presented by Oberg, Karsznia, and Obef] pnd Nadeau et al. ] (Table1).

Table 1: Able bodied Emporal-spatial parameters reported by Nadeawet al. [6].

Variables Level Walking
Speed (m/s) 1.16 (0.10)
Cadence (step/min) 105.4 (8.2)
Cycle duration (s) 1.145 (0.094)
Stride length (m) 1.32 (0.05)
Stancephase (%) 63.0 (1.0)
Swing phase (%) 37.0 (1.0)
Total double-support phase (%) 26.1 (2.0)

2.1.2 Kinematics

Kinematics is the study of motion without regards to its cause©ne of the more
commonly analyzedkinematic variablesis joint angle. Sutherland, Olshen, Cooper, and

Woo [7] outlined hip, knee, and anklgoint angle changesduring gait. As shown in
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plantarflexion was followed by dorsiflexion until approximately forty percent of the

gait cycle.A secondplantarflexion Figure 2: Ensembleaveragedjoint angles for one

subject while walking [9].
occursfor another ten percent of the

cycle,until foot-off, after which dorsiflexion occurs to allow for foot clearance into the

swing phase.
2.1.3 Kinetics
ITA T £ OEA 1100 I bOI AO x A Wikticdi$ to uséd OAOE A A

the ground reaction forces(GRF)and the power burstsidentified by Winter [9]. The

vertical GRF during gait exhibits a doublpeak shape. The first peak coincides with



weight acceptance, and the second pealccurs with foot-off. The horizantal GRFstarts

with a negative phase because the bodslows down during weight acceptanceand, in

the second half of thecurve, exhibits a positive phase indicating that the body is

accelerating forward.

Table 2: Common descriptions for power bursts created byinter et al. [8, 57].

Joint Code Peak Moment Work Phase Description
Ankle AP1  Dorsiflexor negative early stance Absorption by dorsiflexors after heel
contact. Some people do not exhibit
AP1
AP2  Dorsiflexor  negative early stance Generation by dorsiflexors to pull the
leg forward over the foot. Some peoplé
do not exhibit AP2
AP3 Plantarflexor negative mid stance Absorption by plantar flexors as leg
rotates forward over foot
AP4  Plantarflexor positive late stance Energygeneration by plantar flexors at
pushoff
Knee KP1 Extensor negative early stance Energy absorbetly knee extensors
during weight acceptance
KP2 Extensor positive mid stance Energy generatetly knee extensorgas
knee extends duringrid-stance
KP3 Flexor negative late stance, early swin¢ Energy absorbed bynee extensorss
knee flexes during late stance and ear
swing
K4 Extensor negative late swing Energy absorbed by knee flexors as
knee extends late in swing
Hip HP1 Extensor positive early stance Energy generated by hip extensors as
hip extends (hip flexion reduces) durin
weight acceptance
HP2 Extensor  negative mid stance Energy absorbed by hip flexors in mid
stance as backwarrbtating thigh is
decelerated
HP3 Flexor positive late stance, early swin¢ Energy generated by hip during late

stance and early swing to accelerate t
lower limb upward and forward

Winter et al. [8] outlined power bursts for the ankle, knee, and hip joints during

able-bodied gait. Each burst was characterized by a net joint moment and net joint

power (Table 2). Not all subjects will experience AP1 and AP2 power bursts. Also hip



joint kinetics were extremely variable between subjects, and each individual power

burst maybe more difficult to identify.

2.2 Load Bearing

The US Army recommends that soldiers carry a maximum of 22 kg during
combat and 33 kg while marching 10]. This recommendation was supported by
Underhill [ 11], who reported maximum load-bearing for the military , during all
marching conditions, of 3035 kg (Canadian) 32kg (UK), and 33 kg(USA) The
maximum weights recommended during fighting conditions were 1015, 21 and 22 kg,

respectively.

Pierrynowski, Winter, and Norman [L2] suggested that the optinal load-bearing
xAECEOh AAOGAA 11 1 AOAATTEA 1 AAOOOAI AT 6O6h EO
Therefore, the 33 kg load would exceed this optimal level for most people weighing less
OEAT pon ECh b1 OAT OEAI T U 1 EicadnmttigiesA] ET AEOE/
Biomechanical, assistive device, and loachrriage device factors become essential for
optimizing these aboveoptimal loads that are required for military applications.

'T ET AEOEAOAI 60 AAEI EOU O1 dedddrOhed 11T AA EC
American Academy of Pediatrics recommended that backpack weight should not
exceed 1015% of overall body weight in young adolescents and childreriB].

Korvessis et al. 14] found that young girls were six times more likely to experience
thoracic back pain when carrying packs of the same weight as similarly agbdys. The
researchers suggested that adolescent girls carry lighter backpacks to compensate for

lower muscle strength, thereby reducing back pain.
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The safe maximum weight for backpack loads is of concern because carrying too
high a load can cause harm tde bearer. In schoolchildren, backpacks cause an
increase in trunk inclination and a decrease in repositioning consistencyl§]. During
basic training, new military recruits and members of the infantry are very susceptible
to overuse injury. An overuse injury can range from tendonitis to more serious
diagnoses; such as, stress fractures, anterior compartment syndrome, and low back
strain [16]. One of the most common factors for an overuse injury is carrying excessive

loads [1,17].

A wealth of research has been completed on load carriage physiologieéfiects,
but research is less extensive on the biomechanical effects of backpack load bearihg [
18, 19]. The biomechanics research on the effects of load bearing has focused on

kinematics and temporatspatial parameters.

2.2.1 Temporal -spatial Parameters

Some of the most common gaitutcomesfor increased loadbearing were a
shortened step length [L, 20, 21, 22], an increased stride rate or cadence?[l, 22], an
increased double stance timel], 20, 21, 23], a decreased the swing phasd[21, 24],
and no change in single stance timel[19, 21]. Vacheron et al. 22] and Birrell et al.
[25] both noted an increasem the stance phase but made no distinction between
double-support and single stance time. Lafiandra, Wagenaar, Holt, and Obus2&][also
noted a decrease in stefength and an increase in stride rate between unloaded and
loaded conditions, but did notuseincreasing loads in the experimental procedure.

Although there does seem to be a consensursthe literature for some gait

changes in response to increasing loag some discrepancies remain. The article by
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Charteris [19] did not agree with any of thegait changes outlined in the previous
paragraph, except the change in single stance time. Like Charteris, Atwells, Birrell,
Hooper, and Mansfield 18] alsoreported initial differences during a lighter load

condition but, as load increasedsimilar changes to the ones mentioned in the previous
paragraph were seen. One of the main reasons for inconsistencies in the literature is
that subjects typically used aself-selectedwalking speed. Aself-selectedspeed allovs

for a natural gait pattern, subject comfort, and less chance that force plate targeting will
occur. The article by Atwells 18] stated, in reference to an artites by Charteris [L9]

and Harmenetal[27vy h O! O 1 1 AA |dadgthinardallydldcteasésOittiedsihg

the period of double-support, so providing greater stability. This, however, is only seen

at afixed pace. Withself-selectedD AAET ¢ OOAE | AOAOOAOGEI 1 O EAOA
Several reviews of load carriage also repted effects from determinants that can alter
ITAGO AAEI EOU OI1 AARd Ohede@dteininandsiincidediageA A O +
anthropometry, strength, training, body composition, gender, placement and

dimensions of the load, biomechanical factors, climate, terrain, and gradieritd].

Although a general understanding exists of how ablbodied gait is changed when

carrying a load; individuals with lower extremity amputations may have an altered

ability to carry those same loads due to the above listed determinants (strength, body
composition, biomechanical factors, etc.), which supports the need to gain a better

understanding of prosthetic gait under these conditions.

2.2.2 Kinematics

An increa in knee and ankle joint angles has been noted backpackload

increases [L8, 20]. Atwells et al. [L8] noted an increase in maximum ankle joint angle at
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approximately 85% of stance phase, corresponding to foaiff, and an overall incease
in ankle range of motion as load increased. However, both of these findings were not
statistically significant when compared toan unweighted condition.

A significant increase in knee ROM was also fouf#l8]. This increase was due to
increased knee flexion during heebtrike and loading response (625% of stance time),
and greater knee extension during focbff. Lastly, maximum thigh angle and overall
thigh range of motion were significant greater than the unweighted condition as load
increased. The increase in thigh angle was due to increased hip flexion during heel
strike and an increase in hip extension during foebff. Kinoshita [20] also found an
increase in knee flexion during weight acceptance as load increased. Ghori and Luckwill
[24] found an increase in maximum knee flexion as load increased and thatgh
increase in knee flexion occurred earlier than unweighted trials due to the decrease in

swing phase

2.2.3 Kinetics

Studies that analyzed walking with a backpack load found simildinetic
outcomes. Both vertical and horizontalGRH 1, 2, 25, 29], and work and power in the
vertical direction [29], increasel as load increasd. However, differences of opinion
exist about how gait kinetics change as load increases. Tilyabavis [29] reported that
these increased values were not significant when normalized for total mass. Knapik et
al. [1] found the opposite, that the increase iftcRFwas not proportional to the increase
in pack weight. This lack of complete understanding begins with ableodied gait

kinetic changes and extends to prosthetic gait. It is essential that we not only
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2.3 Surfaces
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alter gait patterns. The three surfaces in thishesis are level ground, incline(Figure 3),
and uneven ground (i.e., compliant foantigure 4). The research involing gait on
uneven ground is not as prevalent as inclined walking and gaps in the literature are

notable.

2.3.1.1 Inclined Walking Temporal -spatial Characteristics

Research ortemporal-spatial characteristics across surfaces is somewhat
limited and conflicting. Han et al. 0] reported that both step time anddouble-support
duration increased, and velocity and cadence decreased, at inclines abovghei
percent. Stance duration increased at inclines above 16 percent and step length
decreased at inclines over 24 percent. However, Leroux et &1] found that stride
length and duration increased as incline increased and decreased when walking
downhill. The proportion of stance and swing phase was not affected by incline.
Redfern and DiPasquale32] reported no changes in step length while walking
downhill, until the incline was greater than 10 degrees, after which step length
declined. The authors also found that step duration decreased when walking downbhill.
Mclintosh et al. B3] found that cadence decreased and walking speed increased as
incline increased while walking uphill. Lastly, Lay et al.34] found no significant

changes to stride length or stride duration when walking uphill or downhill.
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Figure 3: The inclined surface used in the thesis for ramp up and rangown.

2.3.1.2 Inclined Walking Kinematics

Both Leroux [31] and Prentice et al. 85] noticed an increase in flexion from all
three joints (hip, knee, ankle dorsiflexion) when walking uphill. Leroux31] recorded
an increase in flexionat all three joints from mid-stance to early swing and also noted a
decrease in flexion while walking downhill from mid-swing to early stance. Prentice
[35] noted an increase in flexdn in all three joints from toe-off to foot contact. Han et al.
[30] also found similar reaults where flexion increased at the hip, knee, and ankle at
heel contact, midstance, and midswing as incline increased.

Lay et al. B4] found that the ankle wasdorsiflexed for most of stance while
walking uphill. The onlyangular changes at the ankle while walking downhill, when
compared to level ground walking, were differences in peak magnitudes. Knee flexion
increased at heelstrike during upslope walking, fdlowed by increased knee extension
at mid-stance to lift the body up the slope. Walking downhilbroduced greater knee
flexion during stance in order to lower the body down the incline. The hip angles only

varied from level ground walking during the maximun peaks of upslope gait. During
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down slope walking, hip flexion angle decreased during early stance and late swing, but
increased during mid-stance.

Vrieling et al. [36] examinedtranstibial amputee gait while walking uphill and
downhill. During uphill walking, knee flexion during early stance was increased in the
non-affected limb to compensate fothe shorter prosthetic limb length. Hip flexion at
initial contact and swing, and knee flexion at initial contact, were greater on the
prosthetic limb. Downhill walking createdincreased knee flexion during late stance and
swing on the prosthetic limb. Decreased hip extension in late stance of the affected limb

was al® found during uphill and downhill walking.

2.3.2.1 Uneven Ground Temporal -spatial Parameters

When comparinggait onunevenground to level ground, cadence37, 38],
walking velocity [37, 38], and step length B8, 39] decreased and step width 38, 39],
step time [40], step length variability [39], and step width variability [40] increased. An
increase indouble-support time was also noted byMenant et al. B8]. Paysant et al.41]
also found that, when compared to controlgyanstibial amputees exhibited a larger

decrease in stride length when moving from asphalt to grass.

Figure 4: Foam mats used to simulate uneven ground in the thesi
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2.3.2.2 Uneven Ground Kinematics

Gait researchis lackingon kinematic changes as surfasbhecome more
irre gular. No studies were found that outlined the kinematic changes that occur as the
surface changes from level to uneven. One finding by Patel et 4R] stated that
participants exhibited more movements at the kneavhen moving from solid ground to
foam, to increase postural stability Marigold and Patla 43] also found that,as
compliance increased i(e.,the surface became more irregular), knee flexion angle

increased to preserve toe clearance.

2.4 Amputee Gait

Although there have been no studies performed on the effect of loadrriage by
amputees, many studies have exam@ud how prosthetic gait differs from ablebodied
walking. Sincethe scope of this project is limited to unilateral transtibial amputees, this

literature review will only cover unilateral transtibial amputee locomotion.

2.4.1 Temporal -spatial Parameters

The majority of amputee gait studiesfocus on either the differences from able
bodied controls or the differences between the unaffected and affected limbs. When
comparedto the unaffected limb, the amputated limb has a longer step length{, 48],

a shorter stance time §7, 48,49, 50], a longer swing phase47, 48], and a shorter step
duration [48]. Cthers researchersfound that amputees had a shorter single stance time
than controls[44,51]. The previous articles by Goujon49], Grumillier [50], Kovac 7],
and Isakov {8] did not make a distinction between single andiouble-support times;

one stance time was used as the outcome variable.
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When comparing amputee Relative Angles

gait with able-bodied individuals,
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2.4.2 Kinematics
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found that the intact ankle range of Gait Cycle (%)

motion was greater than controls with Figure 5: Joint angles for a single subject.

The Grey dashed line= prosthetic limb, grey
solid line =intact limb, black line=able
bodied subject[30].

Batenireporting increased dorsiflexion.
Bateni [51] also found greater knee
flexion in both amputated and noramputated limbs. This is contradictory to the
findings of Powers, Rao, and PernbB] who reported that, during the initial 40 percent
of the gait cyclethere was a significant decrease in knee flexion and no changes after
40 percent of gait. The noramputated limb had greater hip extension andhe
amputated limb had greater maximum hip flexion angles during gaitvhen compared

to controls [51].



18

In their study of transtibial amputee gait, Bateni and Oley [51] recorded an
increase in knee flexion during early stance on both limbs and a maximum hip flexion
increase on the affected side, most likelyuk to an amputdd 8 O E 1 Aepldngt@ AA OO
The most obviousdifference for amputees is the decreased ankle joint range of motion
on the affected limb p1, 55]. Nolan [54] found that the ankle on the intact limb moved
through a greater range of motion when compared to ableodied subjects. The author
also faund a decrease in affected ankl@int range of motion, but that this range was
dependant on prosthesis type. To enable stability during movement or standing, a
prosthetic ankle is stiffer than an intact ankle (i.e., intact limb stiffens depending on the
need, which cannot be accomplished witbonventional prosthetic technology). Gait
parameters have also beeneported to be
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[57], transtibial amputee subjects experienced power curves for eight amputee trials §7].



19

longer ankle dorsiflexion moments for 18% of the strideas compared to 6% in able
bodied participants, and a decreased plantarflexion mmment becausethe centre of
pressure moved towards the ball of the foot. This longer dorsiflexion moment was
attributable to ankle joint rigidity , which also contributed to a longer time to fooflat
during weight acceptance. An ablkbodied individual will have a greater plantarflexion

moment, causing rapid plantarflexion and theAP2power burst.

Knee moments were near zero during the first half of stance. All amputee
subjects experienced an absence of th&”1and KP2power bursts during gait and
therefore an absence of significant extensor moments. Lastly, the hip values for both
moments and powers were highly variable, more so thamalues forthe already
variable able-bodied population. A general trend did show a stnger HP1power burst,
resulting from the hip extensors compensating for the lack of energy generation by the
ankle plantar flexors. Conversely, Nolan and LeeS4] found that the intact limb had a
significantly greater knee extensor moment than controls, possibly toontrol the rate
of knee flexion at footoff. Ground reaction forces on the affected limb were also
reduced in the horizontal direction[44, 52], due to the lower propulsive brces from

the prosthetic limb.

2.5 Instrumentation

2.5.1 Camera Based Systems

Camera basedmotion analysissystems are used in the field of biomechanics to
capture three dimensional coordinate datgFigure 7). Thesesystems canusemarkers
or work as a marker free system with passive marker based systemsbeing the most

common. For passive marker systems,ameras equipped with light emitting strobes
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are placed around themovementvolume. Thenumber of cameras and their placement
is dependentupon the motion being analyzed Reflective markers are placed at
designated anatomical locations on the participantwith the number of markers and
their placement depending upon the experimental desigmequirements. Thestrobe
lights are reflected off themarker surfaceto produce high contrast imagedor the
camera.Frames from multiple cameras are processetb obtain three dimensional
marker coordinates.An example of acommoncamera basedapproachis the Vicon

Motion System B8].

2.5.2 Force Plates

Force plates, or force platforms, are force transducers commonly usedgait
analysis to record GRF forces applied to the plate, also known as the ground reaction
force [59]. There are several different models of force plates, either ntaining strain
gauges or piezoelectric transducers, with the most common coming from Bertec
(Bertec Corp., Columbus, OH, USA), Kistler (Kistler Instrumente AG, Winterthur,

Switzerland), and AMTI (Advanced Mechanical Technology, Inc., Watertown, MA, USA).

Figure 7: Camera data collection with reflective markerg58].
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When using a force platethe investigator must ensure that only one foot comes
into contact with a platebecauseforce plates output the sum of the forces in each
plane,removing the ability to discernforces created by eacHioot. When the force plate
is visible, a participant may alter their gait to ensurethat they contact the plate thereby

creating experimental error known as targeting.

2.5.3 Prosthesis Evaluation Questionnaire (PEQ)

The prosthesis evaluation questionnaire is gelf-administered questionnaire
developed by Legroetal.goy OT A OAI OAOA A Onidhd kdwls O D OT OO0
the prosthesis. The questionnaire employs a visual analogue scalbere aresponse is
marked ona 100 mm line and responses closer to the right are considerdgktter. A
score is calculated for each scale by suning the responses (0100 for eachresponse)
and dividing the sum by the number of questions asked. The qu&snnaire consists of
nine subscalesambulation, appearance, frustration, perceived response, residual limb
health, social burden, soundgytility , and weltbeing. Each subscale isdependent so
scales pertinent to the research question can be selected. The PR3 proven tobe

both reliable and valid [60, 61].

2.6 Gaps in the Literature

As displayed in literature review, gapsexist in the knowledge baseon amputee
gait with backpack loadsThere is alsdimited knowledge on howbackpackloads alter
gait on different surfaces. This thesis addregsthese gaps by increasing the knowledge

base for loaded gait of transtibial amputees across four different surfaces.
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Chapter 3. Methods

3.1 Subjects

A convenience sample of 10 male unilateral transtibialmaputees was recruited
through The Ottawa Hospital Rehabilitation Centre and the Canadian Forces. Only men
were included in this study to control for gender differences that have been reported

for load-carrying biomechanics [, 21, 62].

Subjects must have used a prosthesis for at least one year, used their device on a
daily basis, had a Kevel of four (the ability or potential for prosthetic ambulation that
exceeds basic ambulation skills, exhibiting high impact, stress, or energyds), and
had successfully completed a gait training program. Participants were excluded if they
had a vascular amputation, medical conditions, or used medication that affected

balance, locomotion, or limited backpack loadbearing capability.

Potential subjects were identified from health records at The Ottawa Hospital
AT A #AT AAEAT &1 OAAO8 ! DEUOEAOOEOO OAOEAxAA
medical history, and Klevel before a recruitment letter was sent to the person. A

research assistant folloved-up by telephone if a response was not received two weeks

after the initial mailing.

"AEl OA OAOOET ¢ch OEA DPOT EAAO AOOEOOAT O Ao+
procedures with the participant and then the participant was asked to read and sign an
informed consent form. A prosthetist assessed the person and their prosthesis to

ensure that the prosthetic device functioned appropriately and that the residual limb

was healthy. No prosthetic or limb issues were found for the population sample.
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3.2 Protocol

All data collection occurred at the Rehabilitation Technology Lab (RTL) located
at The Ottawa Hospital Rehabilitation Centre. Upon testing session arrival, participants
were asked to complete a Prosthetic Evaluation Questionnaire (PEQ) to assess their
current prosthetic status. Gender, age, weight-Kevel, affected side, cause of
amputation, time since amputation, prosthetic components, and socket/suspension

type were also recorded.

Subjects were fitted with a 24.5 kg weighted paclk6B] and were given sufficient
time to accommodate to the load before testing. Following the accommodation period,
reflective markers were attached to the body for threedimensional (3D) motion

analysis, as described in section 3.3.

Participants completed each walking task without the pack (WOP) and with the
pack (WP). Walking task order were randomized for each subject and participants
completed the tasks at a sel§elected pace. Participarg wore tight fitting shorts and

shirts to limit marker movement during data collection.

The four walking tasks were level ground, uneven ground, ramp ascent, and
ramp descent. For each task, five trials were recorded for WP and five for WOP
conditions (total of 40 trials: 20 WOP, 20 WP). For the variables that were tested in this
experiment, five trials exceeded the number of trials required to obtain a reliability of
at least 0.90 p4]. Adequate rest was provided between trials and participants were

free to stop at any time. The task protocols were:
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A Level Ground Walking : Participants walked at a selselected pace along a level
8 m walkway with two force plates embealded in the floor at the halfway point.
The starting point was selected such that each foot was able to contact the force

platform without targeting.

A Uneven Ground: Participants walked at a selselected pace along an 8 m
walkway that was covered with medum density foam mats (maximum
compressionof approximately &m)to simulate an uneven surfacg¢Figure 10).
Participants were asked to walk the entire length of the & walkway. It should

be noted that mats are a simulation of uneven ground.

A Ramp Ascent: Participants walked at a selielected pae up a ramp with a 7

degree incline. Handrails were located at the top of the platform.

A Ramp Descent: Participants walked at a selselected pace down a ramp with a

7 degree incline.

The ramp and mats were moved in and out of the testing area when requde

3.3 Biomechanical Measurement

Three-dimensional kinematics and kinetics were collected at 120 Hz for the
lower limbs and torso using an eighicamera Vicon Motion Analysis system. Reflective
markers were attached to the legs, and pelvis as shown fiigure 8 and Figure 9.

Markers were also added to the torso, located on the clale, sternum, and right and
left shoulders. The rear pelvis markers were removed due to occlusion from the
backpack and two gluteal markers were added to replace the posterior pelvis markers.

Also, foot marker plates were not usedincethe camera system hd trouble
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distinguishing between individual markerson the plates. Ground reaction force data

were collected during level ground walking trials from AMTI and Bertec force plates

connected to the Vicon system.
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Figure 8: Marker placement [modified from
65].

Figure 10: Personwalking on uneven
ground (ramp surface in backgroundl.

Marker and GRF data werprocessed with the Vicon Nexus software. The Nexus

software was used to fill marker gaps and employ a Woltring filte(MSE=10)on the



26

marker data. The data were then exported to Visual3D for calculation of 3D joint and
torso angles, velocities, accelerations, moments, and powers. Stride parameters were

extracted using Nexus.

3.4 Data Analysis

Test variables were extracted from each trial. Kinetic data were only obtained
from stance phase fothe level ground walking trials and thetest variable locations
were based on the events defined by Winter et al8[9, 57]. The kinematic events were

recorded for all trials. Values were averaged ovehe five trials for each task/condition.

The averagedest variables were compared between WOP and WP conditions
£ O AAAE xAl EET ¢ OAOE8 / 001 EAOO xAOA OAIT OA/
[66], with a value of 3 times the interquartile difference used to ensure that only
ABOOAT A 1T 001 EAOO xAOA OAI T OGAA8 "U OAITOET C i
AAAOOAOA OADPOAOGAT OAGET T T wepoded OfEhe TMAEAAOS O C/
measuresin this research(all strides for each test variable) 334 outliers were
removed. After the assumption of normality was proved correct using descriptive
statistics, paired dependent ttests with aBonferroni correction (p=0.05) were
performed on the subject averagdor eachtest variable. Each limb was deemed to be a
separate family, as well as the pelvis and trunk data. These family groups hadalues
of 20 (for each limb) and 18 (for the pelvis and trunk combined). Theest variables
were also compared to ablebodied data from the literature [9, 67,68, 69, 70]. Outliers
xAOA &£ O1T A &£ O OEA 0%1 OAODPIT OAO O AAOAOI EI

abnormal. Pearson correlations were performedo test for relationships between
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significant and notabletest variables and theambulation and @esidual limb health6
PEQ subscaled hesetwo subscales were chosen because they were directly relevant
to gait changesln the thesis only moderate or higher strengthresults were reported
for the Pearson correlations A moderate strengthPearsoncorrelation coefficient is
between 0.40and 0.69. Ahigh strength correlation coefficientis between0.70and 0.89,

and a very high strength correlation ihetween0.90 and 1.00.
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Chapter 4. Results

This chapterpresentsthe results comparing the WP and WOPconditions. Each
surface has temporalspatial and kinematic resultsbut only level ground has kinetic
results, due to the need for a force plateThe PEQscores are alsoeported. Significant
differences were defined as @-value below theBonferroni correction value. Notable
differences were defined agaired t-test p-valuesbelow 0.01.Since this is an
exploratory study, notable outcomes are of interest for planning futureesearch.Effect

sizeswere reported for significant findings.

4.1 Subjects
The participants were all male traumatic, unilateral transtibial amputees with a
K-level of 4 and an age range of 21 to 47 years. There were five left and five right side

amputations.

Table 3: Description of the ten participants.

Participant | Height Mass Age Years Since Prosthetic Amputation Side
Number (m) (kg) (years) Amputation Foot
1 1.80 86.17 31 2 flex foot Right
2 1.80 96.98 34 45 c-walk Right
3 1.75 48.74 43 14 flex foot Right
5 191 11941 34 1.5 flexfoot Left
6 1.70 85.66 28 17 ceterus Left
4 1.73 95.04 21 4 flex foot Left
7 1.68 81.07 43 55 flex foot Left
9 1.65 74.84 43 4 flex foot Right
8 1.75 92.53 35 2 flex foot Left
10 1.78 99.79 47 2.5 flex foot Right

Participant three had a prostheticfoot that had degraded andvas worn to the

point that duct tape was required to hold it together. The socket was no longer
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properly fitted due to recent weight loss attributed to current lifestyle choices. The

participant did not want to change his prosthesis.

4.2 Temporal -spatial

Statistically, the limbs were treated as separate families due to the known
differences of behaviour in prosthetic and intact limbs. With the overall parameters
added to each familythe Bonferroni correction value was 0.00357106 tature per
secondis the stride rate normalizedby AT ET A E O E AThrad péraneterdfav@ E O 8
similar names: stride length, intact limb stride length, and prosthetic limb stride length.
Intact limb stride length is the stride lengthbetween intact limb foot contacts
Prosthetic limb stride length is the stride lengthbetween prosthetic limb foot contacts

Stride length (overall) is the average of the two limbs stride lengths.

4.2.1 Level Ground
For the level ground surfaceno significant changesvere found between WP

and WOP conditions forthe temporal-spatial variables. In factall but two of the
variables (step width and double limb support time)differed by less than bur percent,
between WP and WOP. Meansand standard deviationsfor the ten participants are
shown in Table 4: Temporal-spatial parameters for ten participants on level ground.

Standard deviations are in brackets. Significantridings are in kold.

4.2.1.1 Overall

There were no overall significant findings on the level ground surface.

4.2.1.2 Intact

There were no intact limb significant results on level ground.



4.2.1.3 Prosthetic

No significant findings occurred at the prosthetic limb on level ground.

Table 4: Temporal-spatial parameters for ten participants on level ground. Standard
deviations are in brackets. Significantihdings are in old.

Temporal-spatial Parameter WP WOP
Cycle time (s) 1.15 (0.08) 1.14 (0.07)
Speed (m/s) 1.24 (0.08) 1.29 (0.10)
Satures per second 0.69 (0.04) 0.71 (0.05)
Stride length (m) 1.42 (0.09) 1.46 (0.10)
Stride width (m) 0.16 (0.03) 0.17 (0.03)
Double limb support time (s) 0.25 (0.04) 0.22 (0.03)
Intact limb cycle time (s) 1.16 (0.09) 1.14(0.07)
Intact limb stance time (Ss) 0.72 (0.06) 0.70 (0.05)
Intact limb step length (m) 0.69 (0.05) 0.72 (0.06)
Intact limb step time (s) 0.56 (0.04) 0.55 (0.04)

Intact limb steps per minute

108.55 (8.22)

108.75 (7.27)

Intact limb stride length (m) 1.39 (0.10) 1.44 (0.11)
Intact limb strides per minute 52.25 (4.00) 52.68 (3.12)
Intact limb swing time (s) 0.43 (0.03) 0.44 (0.02)
Prosthetic limb cycle time (s) 1.15 (0.08) 1.14 (0.06)
Prosthetic limb stance time (s) 0.68 (0.05) 0.66 (0.05)
Prosthetic limb step length (m) 0.72 (0.05) 0.74 (0.05)
Prosthetic limb step time (s) 0.59 (0.05) 0.58 (0.03)

Prosthetic limb steps per minute

101.76 (7.93)

103.37 (5.73)

Prosthetic limb stride length (m) 1.45 (0.10) 1.48 (0.10)
Prosthetic limb strides per minute 52.30 (3.63) 53.00 (2.86)
Prosthetic limb swing time (s) 0.47 (0.04) 0.47 (0.03)

4.2.2 Uneven Ground

30

Four significant changeswere found for uneven ground,when comparing the
WP and WORrials (Table5). No significant changesvere found for the prosthetic
limb. The variables that did not significany change were all within a4.0% difference,
betweenthe WP andWOPconditions (except for double limb support time that had a

9.4% difference).
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Table 5: Temporal-spatial parameters for ten participants on uneven groundStandard
deviations are in brackets. Significant findings are in bold.

Temporal-spatial Parameters WP WOP
Cycle time (s) 1.19 (0.11) 1.21 (0.08)
Speed (m/s) 1.25 (0.10) 1.28 (0.10)
Statures per second 0.69 (0.07) 0.71 (0.05)
Stride length (m) 1.47 (0.17) 1.55 (0.13)
Stride width (m) 0.13 (0.03) 0.14 (0.03)
Double limb support time (s) 0.20 (0.05) 0.18 (0.04)
Intact limb cycle time (s) 1.19 (0.10) 1.21 (0.08)
Intact limb stance time (s) 0.71 (0.07) 0.71 (0.06)
Intact limb step length (m) 0.71 (0.08) 0.76 (0.07)
Intact limb step time (s) 0.58 (0.05) 0.59 (0.04)
Intact limb steps per minute 104.35 (9.22) 102.40 (7.45)
Intact limb stride length (m) 1.42 (0.17) 1.52 (0.14)
Intact limb strides per minute 50.69 (4.53) 49.90 (3.50)
Intact limb swing time (s) 0.48 (0.04) 0.51 (0.04)
Prosthetic limb cycle time (s) 1.19 (0.11) 1.21 (0.08)
Prosthetic limb stance time (s) 0.68 (0.06) 0.68 (0.06)
Prosthetic limb step length (m) 0.76 (0.09) 0.79 (0.07)
Prosthetic limb step time (s) 0.61 (0.06) 0.62 (0.04)
Prosthetic limb steps per minute 98.69 (9.46) 97.07 (6.82)
Prosthetic limb stride length (m) 1.52 (0.18) 1.58 (0.14)
Prosthetic limb strides per minute 50.81 (4.61) 49.78 (3.55)
Prosthetic limb swing time (s) 0.51 (0.05) 0.53 (0.04)

4.2.2.10verall

Overall stride lengthsignificantly decreasel with the addition of a weighted
pack (M=1.47m, SD=0.17 m), when compared to the unweighted condition =1.55 m,
SD=0.13m), t(9)=-4.63, p<0.003571,d=1.46.

4.2.2.2 Intact

Intact limb step lengthfor the WP condition (M=0.71 m, SB=0.08 m) was
significantly less than the WOP conditiofM=0.76 m, SD=0.07 m), t(9)=-4.88,

p<0.003571,d=1.55. Intact limb stride lengthfor WP (M=0.48 m, SD=0.04m) was
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significantly lessthan WOP(M=0.51 m, SB=0.04 m), t(9)=-4.88, p<0.0035710d=1.55.
Intact limb swing time for WP (M=1.42 s, SD=0.17 s) was significantly less than WOP
(M=1.52's,SD=0.14 s), t(9)=-5.52, p<0.003571d=1.75.

4.2.2.3 Prosthetic

No significant differences werefound for the prosthetic limb on uneven ground.

4.2.3 Ramp Up
The most temporalspatial gait changes out of the four surfacewere found for

the ramp up condition. For the twenty-two values analyzed for temporaispatial
characteristics, nine had either significant or notable changes. More changes occurred
on the intact limb compared to the prosthetic limb. On the intact limfindings that
were not significant or notablehad less ttan four percent difference between theWP
and WOPconditions. The prosthetic limbdifferenceswere less thanfive percent. The
significant findings are in bold text inTable 6.

4.2.3.10verall

Walking speed forWP (M=1.17 m/s, SD=0.12m/s) was significantly less than
WOP(M=1.28m/s, SD=0.12m/s), t(9)=-8.69, p<0.003571,d=2.75. Statures per second
for WP (M=0.65,SD=0.07) was significantly less than WORM=0.71,SD=0.07),t(9)=-
8.63, p<0.003571,d=2.73. Stride length was significantlyess whencomparing WP
(M=1.41 m, SD=0.11m) and WOP(M=1.52m, SD=0.10m), t(9)=-7.04, p<0.003571,
d=2.23. Double limb support timewas significantly greater for WP (M=0.27s, SB=0.05

s) than WOP(M=0.22 s, SB=0.04s), t(9)=5.06, p<0.003571,d=1.60.
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Table 6: Temporal-spatial parameters for ten participants on ramp up Sandard deviations are
in brackets. Significant findings are in bold.

Temporal-spatial Parameters WP WOP
Cycle time (s) 1.22 (0.14) 1.19 (0.11)
Speed (m/s) 1.17 (0.12) 1.28 (0.12)
Statures per second 0.65 (0.07) 0.71 (0.07)
Stride length (m) 1.41 (0.11) 1.52 (0.10)
Stride width (m) 0.16 (0.03) 0.14 (0.02)
Double limb support time (s) 0.27 (0.05) 0.22 (0.04)
Intact limb cycle time (s) 1.22 (0.14) 1.19 (0.11)
Intact limb stance time (s) 0.76 (0.10) 0.72 (0.07)
Intact limb step length (m) 0.67 (0.07) 0.73 (0.05)
Intact limb step time (s) 0.59 (0.07) 0.58 (0.05)
Intact limb steps per minute 103.01 (12.76) 104.13 (9.35)
Intact limb stride length (m) 1.34 (0.15) 1.46 (0.11)
Intact limb strides per minute 49.91 (5.71) 50.68 (4.68)
Intact limb swing time (s) 0.46 (0.05) 0.48 (0.04)
Prosthetic limb cycle time (s) 1.21 (0.15) 1.19 (0.11)
Prosthetic limb stance time (s) 0.73 (0.10) 0.70 (0.08)
Prosthetic limb step length (m) 0.73 (0.05) 0.79 (0.06)
Prosthetic limb step time (s) 0.62 (0.07) 0.61 (0.06)
Prosthetic limb steps perminute 97.39 (10.77) 98.60 (9.61)
Prosthetic limb stride length (m) 1.47 (0.10) 1.58 (0.13)
Prosthetic limb strides per minute 50.23 (6.07) 50.65 (4.53)
Prosthetic limb swing time (s) 0.49 (0.05) 0.50 (0.04)

4.2.3.2 Intact

Intact limb step lengthwas significantly lesswhen comparing theWP condition
(M=0.67 m, SD=0.07 m) to the WOPcondition (M=0.73m, SB=0.05m), t(9)=-4.64,
p<0.003571,d=1.47. Intact limb stride lengthfor WP (M=1.34 m, SD=0.15 m) was

significantly less than WORM=1.46 m, SD=0.11 m), t(9)=-4.64, p<0.003571d=1.47.

Intact limb stance timewas notably more for the WP condition. WPhad a mean

of 0.76 (SD= 0.1pseconds whileWOPaveraged 0.72 §D=0.073) seconds.
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4.2.3.3 Prosthetic

Prosthetic limb step length was significantlyess when comparing WPNI=0.73m,
SD=0.05m) and WOP (M=0.79m, SD=0.06m), t(9)= -7.21, p<0.0035710=2.28.
Prosthetic limb stride length during the WPtrials (M=1.47m, SB=0.10m) was
significantly less than the WORrials (M=1.58m, SD=0.13m), t(9)=-7.21, p<0.003571,

d=2.28.

4.2.4 Ramp Down

Ramp down was the surfacevith the most significant or notable differences at
the prosthetic limb, and the only surface to have mordifferences forthe prosthetic
limb than the intact limb. However, only one of the three changes seen on the
prosthetic limb wassignificant (Table 7). Less than3.0% difference between the two
experimental conditions was found forthe intact limb and all prosthetic limb temporal-
spatial measuresexcept swing time.

4.2.4.10verall

Double limb support timefor the WP condition (M=0.23 s, SB=0.04 s) was
significantly greater thanthe WOPcondition (M=0.18 s, SD=0.04 ), t1(9)=6.00,
p<0.003571,d=1.90.

4.2.4.2 Intact

Intact limb stance time during the WP condition 1=0.70s, SD=0.07 s) was
significantly more than the WOP condition {1=0.66s, SD=0.06 ), t1(9)= 4.41,

p<0.003571,d=1.39.



35

4.2.4.3 Prosthetic

Prosthetic limb stance time wassignificantly more when comparing WP
(M=0.67s, SD=0.08s) and WOP (M=0.62s, SB=0.06), t(9)= 4.25, p<0.003571d=1.34.
Prosthetic step and stride length were both notably less with the addition of a weighted
pack. Step length had a mean of 0.68 (SD=0.08 m) for the WP condition and a mean
of 0.70m (SD= 0.09m) for the WOP condition. Stride length had a mean of 1.3%(SD=

0.15m) with a packand 1.41m (SD=0.18m) without a pack.

Table 7: Temporal-spatial parameters for tenparticipants on ramp down. Standard deviations
are in brackets. Significant findings are in bold.

Temporal-spatial Parameters WP WOP
Cycle time (s) 1.14 (0.11) 1.11 (0.09)
Speed (m/s) 1.19 (0.14) 1.25 (0.16)
Statures per second 0.68 (0.09) 0.72 (0.10)
Stride length (m) 1.34 (0.12) 1.34 (0.20)
Stride width (m) 0.15 (0.03) 0.15 (0.03)
Double limb support time (s) 0.23 (0.04) 0.18 (0.04)
Intact limb cycle time (s) 1.14 (0.11) 1.11 (0.09)
Intact limb stance time (s) 0.70 (0.07) 0.66 (0.06)
Intact limb step length (m) 0.67 (0.06) 0.68 (0.06)
Intact limb step time (s) 0.56 (0.06) 0.55 (0.05)
Intact limb steps per minute 108.49 (11.40) 110.45 (9.73)
Intact limb stride length (m) 1.33(0.11) 1.35 (0.13)
Intact limb strides per minute 53.34 (5.22) 54.49 (4.47)
Intact limb swing time (s) 0.44 (0.04) 0.45 (0.04)
Prosthetic limb cycle time (s) 1.14 (0.11) 1.11 (0.09)
Prosthetic limb stance time (s) 0.67 (0.08) 0.62 (0.06)
Prosthetic limb step length (m) 0.68 (0.08) 0.70 (0.09)
Prosthetic limb steptime (s) 0.58 (0.05) 0.56 (0.04)
Prosthetic limb steps per minute 105.07 (9.33) 107.70 (7.97)
Prosthetic limb stride length (m) 1.35(0.15) 1.41 (0.18)
Prosthetic limb strides per minute 53.32 (5.27) 53.47 (4.53)
Prosthetic limb swing time (s) 0.42(0.14) 0.49 (0.04)
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4.3 Kinematics

Tables with the means for each limb, pelvis, and the trunk are included for each
surface, with the significant findings after Bonferoni correction in bold. The
Bonferroni correction for the pelvis and trunk values was 0.004167. Each limb was
determined to be a statistically separate family because of the known different
behaviours between prostheticand intact limbs. The Bofferroni correction for the
limbs was 0.0025. pdpendix E provides a key to the abbreviations in Table$-15.
Figure 11 shows the approximate locations for the test variable labels for the median

participant.

4.3.1 Level Ground

Level ground incurred the fewest significant changes to the kinemattest
variables. The same number of changes occurred on each limb, with more significant
changes on the prosthetic side. However the two significant changes that occurred on
the prosthetic side occurred at the ankle and were most likely the consequence of
prosthetic foot-ankle deformation. Level ground also incurred the most changes to the

pelvis.
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4.3.1.1 Pelvis and Trunk

The range of pelvis axial rotation was significantly less folWP (M=7.65°,
SD=4.24°) than WOP(M=11.84°, SD=5.50°), t(9)=-4.68, p<0.004167d=1.48. The
absolute maximum trunk axial rotation angular velocity wasalsosignificantly less for
the WP condition (M=39.23 deg/s, SD=16.35deg/s) when compared to theWOP

condition (M=63.58 deg/s, SD=16.49deg/s), t1(9)=-5.67, p<0.004167,d=1.79.

Maximum pelvic obliquity and pelvicaxial rotation angular velocitywere
notably lessunder the WP condition. The WP absolute maximum pelvic obliquity
angular velocityhad a mean of 21.78leg/s (SD= 6.54deg/s) while WOPhad a mean of
27.23 deg/s (SD= 10.30deg/s). Absolute maximum pelvis agular velocity displayed a
mean of 29.16deg/s (SD= 12.58deg/s) for WP and a mean of 43.1deg/s (SD= 13.80
deg/s) for WOP a 39.0% difference (Table8).

4.3.1.2 Intact Limb

As shown inTable 9, knee angular velocity during midstance wasignificantly
greater for the WP condition M=99.06 deg/s, SD=26.43deg/s) than the WOP condition

(M=73.18deg/s, SD=23.46 deg/s), t(9)=4.41, p<0.0025,0=1.40.

WP ankle plantarflexion atweight acceptancehad a mean 0#6.85° (SD=4.75)

that was notablyless than the WOP condition, which had a mean &.17° (SD= 4.52).
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Table 8: Test variablemeans for the pelvis and trunk on level ground. Standard deviations are
in brackets. Significant findings are in bld. Abbreviation definitions are in Appendix E.

WP WOP
PR1 7.54 (3.41) 5.42 (1.47)
PR2 5.97 (1.92) 6.27 (2.65)
PR3 7.65(4.24)  11.84 (5.50)
TR1 7.16 (3.75) 5.22 (4.38)
TR2 8.14 (3.48) 4.35 (8.55)
TR3 10.86 (3.55)  15.75 (15.75)
PAV1 28.90 (11.73)  24.98 (8.74)
PAV2 21.78 (6.54)  27.23 (10.30)
PAV3 29.16 (12.58)  43.17 (13.80)
TAV1 33.19 (13.64)  36.57 (9.07)
TAV2 38.57 (11.88)  46.38 (19.71)
TAV3 39.23 (16.35)  63.58 (16.49)

Knee angle at weight acceptanoeas notably greater with the addition of a
backpack, mean 0f18.71° (SD= 9.17), when compared to theWWwOPcondition with a
mean of-14.07° (SD= 7.12). The WP keeangleduring swing (KA3) which had a mean
of -56.46° (SD= 11.89), was notably lessthan the WOPmean of-58.63° (SD= 11.26).
Oddly, knee angle beforgush-off (KA2) did not show either a notable or significant
change, even though the percent difference was 16%6 when comparing the two

conditions.

Weight acceptancehip flexion increased to a mean of 32.44SD= 11.53) while
wearing a weighted backpack when compared to a mean of 24.8@6D= 10.74) when

WOP.

4.3.1.3 Prosthetic Limb
Ankle dorsiflexion before push-off was significantly greater for the WP

condition (M=13.77°, SB=4.43") than the WOP condition 1=10.92°, SB=4.62°),

t(9)=5.05, p<0.0025,d=1.60. Angular velocity for ankle dorsiflexion beforgoush-off
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was also significantly greater for WP 1=69.50deg/s, SD=22.45deg/s) over WOP

(M=61.68deg/s, SD=22.99deg/s), t(9)=7.50, p<0.0025,d=2.37 (Table9).

Plantarflexion angular velocity at pushoff was notably greater for WP, mean of
-139.70deg/s (SD= 36.19deg/s), than the WP condition, mean o0f125.24 deg/s (SD=

36.42 deg/s).

Table 9: Test variablemeans for the limbs on level ground. Standard deviations are provided
in brackets. Significant findings are in boldAbbreviation definitions are in Appendix E.

Intact Prosthetic
WP WOP WP WOP

AAl -6.85 (4.75) -9.17 (4.52) -7.24 (5.18) -7.91 (5.25)
AA2 10.27 (5.56) 10.69 (5.77) 13.77 (4.43) 10.92 (4.62)

AA3 -19.41 (8.48) -17.24 (8.84) -0.68 (4.84) -1.57 (4.71)
AAV1 81.71 (25.23) 78.54 (21.83) 58.27 (22.09) 52.81 (16.61)
AAV2 47.05 (13.21) 51.63 (14.90) 69.50 (22.45) 61.68 (22.99)

AAV3 -311.83 (55.45) -299.11 (56.52) -139.70 (36.19) -125.24 (36.42)
KA1 -18.71 (9.17) -14.07 (7.12) -6.25 (7.71) -3.78 (6.56)
KA2 2.45 (6.58) 0.24 (6.05) 4.96 (6.35) 5.06 (6.35)
KA3 -56.46 (11.89) -58.63 (11.26) -61.59 (8.23) -60.39 (7.51)
KAV1 99.06 (26.43) 73.18 (23.46) 66.95 (37.14) 53.81 (26.36)
KAV2 -336.43 (51.72) -330.44 (42.60) -367.41 (41.32) -354.94 (52.20)
KAV3 363.11 (70.67) 396.79 (69.66) 363.90 (49.53) 370.92 (53.14)
HA1 -13.35 (11.28) -17.07 (10.16) -14.76 (9.66) -18.38 (8.62)
HA2 32.44 (11.53) 24.89 (10.74) 35.23 (11.27) 25.72 (10.45)
HA3 8.45 (4.84) 6.54 (3.94) 4.18 (4.91) 2.93 (4.50)
HA4 -0.99 (4.76) -2.10 (4.35) -5.95 (3.35) -7.01 (4.69)
HAV1 -101.55 (23.00) -102.05 (17.16) -128.65 (26.52) -113.25(18.79)
HAV2 172.16 (31.51) 161.94 (31.48) 197.81 (21.11) 176.74 (27.34)
HAV3 45.33 (15.92) 48.53 (13.07) 45.93 (9.62) 50.65 (12.28)
HAV4 -47.77 (10.42) -53.68 (9.30) -45.59 (15.57) -54.22 (19.56)

Maximum hip flexion angleat weight acceptancewas alsonotably greater while

the participant wore the weighted backpack. Th&VPtrials resulted in a mean of 35.23

(SD=11.27) compared to a mean of 25.72(SD= 10.45) for the WOPtrials. The

greater hip flexion angle led to agreater hip flexion angular velocity atweight

acceptancewhen comparing WP(M=197.81 deg/s, SD= 21.11deg/s) and WOP(M=-

176.74deg/s, SD= 27.34leg/s).
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4.3.2 Uneven Ground

Uneven groundhad the most kinematicchanges and the second most significant
changeswith the addition of the weighted backpack. Tts surface alsohad the most
changesfor the intact limb, with the majority of changes occurring at the knee and hip.

4.3.2.1 Pelvis and Trunk

The pelvis axial rotation range was significantly less for thevVP condition
(M=8.27°, SD=2.76°) than the WOPcondition (M=14.21°, SD=5.25°), t(9)=-4.08,
p<0.004167,d=1.29. The absolute maximum trunk axial rotation angular velocity was
significantly less forWP (M=45.53deg/s, SB=17.02deg/s) than WOP(M=71.08deg/s,
SB=10.25deg/s), t1(9)=-4.29, p<0.004167,d=1.36(Table 10).

4.3.2.2 Intact Limb

Ankle plantarflexion at weight acceptancewas significantly less forWP (M=-
0.52°, SD=4.55°) than WOP(M=-2.94°, SD=4.32°), 1(9)=5.11, p<0.0025d=1.69. Ankle
plantarflexion displayedthe biggest percent differencg140.0%) between WP and
WOP out of all otest variables for uneven groundKnee angle during weight
acceptance vas significantly more flexed folWP (M=-19.82°, SD=7.91°) than WOP(M=-
13.97°,SD=6.53°) on uneven groundt(9)=-6.03, p<0.0025,d=1.91. Knee angular
velocity during midstance was significantly greater fo\WP (M=118.21 deg/s, SD=27.30
deg/s) than WOP(M=84.36deg/s, SB=24.13 deg/s), t1(9)=5.40, p<0.0025,0=1.71.
Maximum hip flexion was significantly greater folWP (M=42.89°, SD=10.77°) than
WOP(M=32.11°,SD=10.71°), t(9)=8.05, p<0.0025,d=2.55. Table 11 showsthe means

for the intact limb, with the significant findings in bold.
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Dorsiflexion angular velocity beforepush-off was notably more for WP, with a
mean of 63.98deg/s (SD= 21.47deg/s), when compared to WOP, with a mean of 57.60

deg/s (SD= 23.60deg/s).

Table 10: Test variablemeans for the pelvis and trunk on uneven ground. Standard deviations
are provided in brackets. Significant findings are in bold. Abbrevismn definitions are in

Appendix E.

WP WOP
PR1 7.94 (4.40) 5.15 (1.30)
PR2 8.52 (2.19) 8.24 (1.88)
PR3 8.27 (2.76)  14.21 (5.25)
TR1 7.24 (6.94) 6.30 (5.79)
TR2 8.59 (6.66) 9.04 (7.06)
TR3 8.62 (9.09)  15.16 (15.39)
PAV1 32.11 (21.78)  21.31 (6.19)
PAV2 30.43(7.93)  31.67 (8.87)
PAV3 33.33(13.96)  47.27 (12.18)
TAV1 45.66 (20.07)  43.08 (9.38)
TAV2 49.33 (15.78)  50.77 (16.88)
TAV3 4553 (17.02)  71.08 (10.25)

Knee angular velocity during swing was notably more flexed and notably less
extended forthe WP condition, as compared to the WOP condition. WP knee swing
flexion angular velocity had a mean 0f420.24 deg/s (SD=67.58deg/s) and WOP swing
flexion had a mean 0f389.74 deg/s (SD= 51.29deg/s). WP swing extension angular
velocity had a mean 0892.19 deg/s (SD= 69.31deg/s) and WOP swing extension

angular velocity had a mean 442.3tleg/s (SD= 78.11deg/s).

Max extension hip angle apush-off was notably less for WP, with a mean of
-13.60° (SD= 8.38), than WOP, with a mean 0f19.21° (SD= 9.76). Maximum hip
flexion angular velocity atweight acceptancewas notably greater for WP, mean of

235.54 deg/s (SD= 28.96deg/s), than WOP, mean of 211.68eg/s (SD= 25.00deg/s).
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4.3.2.3 Prosthetic Limb

Ankle dorsiflexion before push-off, on unevenground, was significantly greater
for WP (M=13.49°, SD=4.59°) than WOP 1=11.88°, SD=4.34°), 1(9)=11.04, p<0.0025,
d=3.49. During weight acceptance, the knee was significantly more flexed for the WP
condition (M=-5.94°, SD=7.17°) when compared to the WORondition (M=-2.13°,
SD=5.08°), t(9)=-4.29, p<0.00254d=1.36. Knee flexion angular velocity during swing
was significantly greater for WP M=-435.65 deg/s, SB=54.34 deg/s) than WOP \=-
413.22 deg/s, SD=49.52deqg/s), t(9)=-4.95, p<0.0025d=1.57. The maxhip flexion angle
was significantly greater for WP M=44.40°, SD=8.90°) than WOP M=33.77°,

SD=7.85%), 1(9)=6.12, p<0.0025,d=1.93.

4.3.3 Ramp Up

The ramp up surface resulted in the most significant changes in kinematest
variables. This surface also wduced one of the largest percent differences at 200
percent for knee extension duringpush-off on the intact limb. Ramp up was the only
surface to show no significant or notable changes at the pelvis. In total, only two
comparisons were not significantthe highest percentage of significant changes on a
surface.

4.3.3.1 Pelvis and Trunk

As shown inTable 12, trunk axial rotation range was significantly less for
the WP condition M=11.73°, SD=4.07°) when compared to the WOP condition
(M=23.09°, SD=5.58°), t(9)= -6.85, p<0.004167,d=2.17. Maximumabsolute trunk

axial rotation angular velocity was significantly less for WPNI=41.68 deg/s,



SD=10.76 deg/s) than WOP M=70.41deg/s, SD=14.57 deg/s), t(9)=-6.77,

p<0.004167,d=2.14.

Table 11: Test variablemeans for the limbs on ueven ground. Standard deviations are in

brackets. Significant findings are in bold. Abbreviation definitions are in Appendix E.

Intact Prosthetic
WP WOP WP WOP

AAl -0.52 (4.55) -2.94 (4.32) -5.25 (4.98) -5.44 (4.97)
AA2 9.58 (5.65) 10.61 (5.59) 13.49 (4.59) 11.88 (4.34)

AA3 -21.01 (9.76) -18.72 (10.11) -0.61 (4.46) -0.66 (4.49)
AAV1 62.08 (14.65) 63.10 (15.30) 47.02 (18.15) 40.93 (12.24)
AAV2 29.60 (14.07) 38.23 (11.13) 63.98 (21.47) 57.60 (23.60)
AAV3 -289.36 (57.41) -293.50 (52.24) -146.99(41.68) -133.85 (42.06)
KA1 -19.82 (7.91) -13.97 (6.53) -5.94 (7.17) -2.13 (5.08)
KA2 3.03 (7.15) 2.06 (6.47) 5.87 (7.20) 6.00 (6.09)
KA3 -70.66 (9.54) -71.61 (10.36) -76.63 (7.38) -75.91 (7.21)
KAV1 118.21 (27.30) 84.36 (24.13) 78.49 (37.23) 56.07(27.19)
KAV2 -420.24 (67.58) -389.74 (51.29) -435.65 (54.34) -413.22 (49.52)

KAV3 392.19 (69.31) 442.31 (78.11) 414.31 (56.81) 420.28 (48.58)
HA1 -13.60 (8.35) -19.21 (9.76) -12.81 (10.22) -18.61 (8.84)
HA2 42.89 (10.77) 32.11 (10.71) 44.40 (8.90) 33.77 (7.85)

HA3 7.64 (4.91) 5.79 (4.12) 4.40 (4.50) 2.55 (3.42)
HA4 -2.59 (4.33) -3.30 (4.42) -5.63 (4.02) -6.63 (2.45)
HAV1 -127.24 (19.05) -118.21 (17.87) -135.41 (26.21) -121.72 (13.69)
HAV2 235.54 (28.96) 211.60 (25.00) 233.31 (31.25) 209.18(28.21)
HAV3 55.82 (11.97) 57.85 (13.39) 43.03 (13.57) 44.43 (13.05)
HAV4 -58.51 (19.65) -57.45 (19.33) -45.83 (9.92) -49.27 (17.87)

4.3.3.2 Intact Limb

Ankle plantarflexion atweight acceptancewas significantly greater for WP

(M=7.64°, SD=4.72°) than WOP (M=2.70°, SD=4.97°), t(9)=7.03, p<0.0025d=2.22.

Ankle dorsiflexion before push-off was significantly greater for WP =16.91°,
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SD=4.55°) than WOP [1=13.24°, SD=5.47°), t(9)=5.82, p<0.0025,d=1.84. Beforepush-

off, the knee was significantly more flged for the WP condition M=-1.56°, SD=8.33°)

than the WOP condition 1=2.82°, SD=6.99°), t(9)=-4.37, p<0.0025d=1.38. Maximum

hip flexion angle was significantly greater for WPNI=48.21°, SD=9.46°) than WOP

(M=39.45°, SD=10.22°), 1(9)=6.30, p<0.0025,d=1.99.
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Table 12: Test variablemeans for the pelvis and trunk on ramp up. Standard deviations are in
brackets. Significant findings are in boldAbbreviation definitions are in Appendix E.

WP WOP
PR1 6.11 (1.75) 4.82 (0.85)
PR2 12.13 (2.84)  10.77 (2.91)
PR3 7.84 (2.03) 9.03 (3.10)
TR1 6.98 (1.69) 5.61 (1.10)
TR2 15.38 (5.30)  16.34 (5.62)
TR3 11.73 (4.07)  23.09 (5.58)
PAV1 24.79 (7.71)  22.50 (7.43)
PAV2 42.33(9.74)  42.59 (9.79)
PAV3 33.78 (9.97)  44.00 (10.57)
TAV1 33.19(12.98)  30.90 (12.96)
TAV2 56.57 (20.16)  63.24 (19.72)
TAV3 41.68 (10.76)  70.41 (14.57)

Knee angle at weight acceptance was notabiyeater under the WP condition, a
mean of-34.74° (SD= 10.49), than the WOP condition, a mean 625.62° (SD=7.64%).
The WP mean for wing extension knee angular velocitfM=215.55deg/s, SD= 73.56
deg/s) was notably less than the WORean 0f269.91 deg/s (SD= 69.40deg/s). The
two left columns of Table 13 display the intact limb means with the significant findings

in bold.

4.3.3.3 Prosthetic Limb

Ankle plantarflexion at weight acceptance was significantly less for the WP
condition (M=-4.22°, SD=4.61) than the WOP condition (M=5.78°, SD=4.62),
t(9)=4.68, p<0.0025, d=1.48. Ankle dorsiflexion beforpush-off was significantly
greater for WP (M=14.23, SD=5.03) than WOP (M=12.3%, SD=4.74), t(9)=7.53,
p<0.0025, d=2.38. The knee was significantly more flexed during weight acceptarfoe
the WP trials (M=12.32°, SD=11.38) when compared to the WOP trials (M=6.22°,

SD=10.22%), t(9)=-6.26, p<0.0025, d=1.97. Knee extension angular velocity during
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swing was significantly less for WP (M=283.58eg/s, SD=42.1Qleg/s) than WOP
(M=323.66 deg/s, SD=46.61deg/s), t(9)=-5.57, p<0.0025, d=1.76. WP and WOP
maximum hip flexion and extension angles were also significantly different. WP
maximum hip flexion (M=11.21°, SD=7.37) was significantly less than WOP (M=
17.47°, SD=8.53), 1(9)=4.91, p<0.0@5, d=1.55. Weighted maximum hip extension was
significantly greater during the WP condition (M=46.08, SD=9.20) than the WOP

condition (M=37.89°, SD=9.87) on ramp up, t(9)=4.42, p<0.0025, d=1.4@Table 13).

4.3.4 Ramp Down

Ramp down had the fewest kinematic changes between WP and WOP
conditions. While the fewest changes were found for the intact limb for any surface, the
most changes to the trunk, including the mst significant changes, were found for the
ramp down surface.

4.3.4.1 Pelvis and Trunk

The means and standard deviations for the pelvis and truniest variables are
presented inTable 14. The trunk axial rotation range was significantly less for the WP
condition (M=7.32°, SB=2.54°) than the WOP condition M=15.33°, SB=5.90°), t(9)=-
5.72, p<0.004167d=1.81. The absolutenaximum pelvic rotation angular velocity was
significantly less while wearing a weighted backpackM=22.53deg/s, SD=6.59 deg/s)
than the WOP condition M=48.44deg/s, SB=23.43deg/s), 1(9)=-4.32, p<0.004167,
d=1.37. The absolute maximum trunk flexion andar velocity was significantly less
during the WP trials (M=39.62deg/s, SB=10.19deg/s) when compared to the WOP
trials (M=58.07 deg/s, SD=22.09deg/s), t(9)=-4.05, p<0.004167d=1.28. The absolute

maximum trunk axial rotation angular velocity was signifcantly less for WP 1=33.13



deg/s, SD=11.60deg/s) than WOP M=62.95deg/s, SD=28.72deg/s), 1(9)=-4.13,

p<0.004167,d=1.31.

a7

Table 13: Test variablemeans for the limbs on ramp up. Standard deviations are provided in
brackets. Significant findings are in bold. Abbreviation definitions are in Appendix E.

Intact Prosthetic
WP WOP WP WOP
AA1 7.64 (4.72) 2.70 (4.97) -4.22 (4.61) -5.78 (4.62)
AA2 16.91 (4.55) 13.24 (5.47) 14.23 (5.03) 12.31 (4.74)
AA3 -25.49 (8.17) -23.77 (8.29) -1.36 (4.68) -1.25 (4.24)
AAV1 69.24 (24.76) 63.03 (17.51) 59.42 (29.95) 48.44 (18.73)
AAV2 9.93 (22.24) 16.73 (22.05) 60.46 (20.93) 64.47 (22.68)
AAV3 -327.77 (53.75) -323.36 (53.42) -139.75 (44.92) -132.84 (46.96)
KA1l -34.74 (10.49) -25.62 (7.64) -12.32 (11.35) -6.22 (10.21)
KA2 -1.56 (8.33) 2.82 (6.99) 7.21 (11.71) 10.31 (6.66)
KA3 -53.88 (12.16) -52.83 (11.39) -61.42 (8.79) -60.77 (7.96)
KAV1 131.25 (19.06) 118.64 (29.89) 113.42 (42.33) 94.81 (57.67)
KAV2 -310.65 (61.06) -306.47 (65.32) -355.20 (51.96) -354.52 (51.88)
KAV3 215.55 (73.56) 269.91 (69.40) 283.53 (42.10) 323.66 (46.61)
HA1 -0.81 (11.41) -16.57 (10.84) -11.21 (7.37) -17.47 (8.53)
HA2 48.21 (9.46) 39.45 (10.22) 46.05 (9.20) 37.89 (9.87)
HA3 9.84 (4.58) 7.37 (4.57) 6.10 (4.97) 3.95 (4.82)
HA4 -4.06 (5.72) -3.71 (4.87) -7.39 (4.59) -6.81 (3.76)
HAV1 -133.80 (15.62) -135.37 (17.55) -133.23 (47.35) -141.26 (31.40)
HAV2 200.08 (22.14) 191.59(29.76) 200.88 (64.08) 202.65 (32.11)
HAV3 60.07 (13.45) 58.41 (14.87) 45.30 (23.32) 45.70 (16.03)
HAV4 -50.16 (10.63) -49.79 (19.12) -42.61 (19.09) -50.13 (17.82)

Both trunk abduction/adduction range and maximum angular velocityincurred

notable changes with the addition of the weighted backpackVP trunk

abduction/adduction range, with a mean of 6.73(SD= 2.33), was notably less than the

WOP mean of 10.88(SD= 4.66). WP trunk abduction/adduction maximum angular

velocity, with a meanof 34.52deg/s (SD= 12.67deg/s), was notably less than the WOP

condition, with a mean of 55.08leg/s (SD= 17.04deg/s).
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4.3.4.2 Intact Limb

Knee angle during swing was significantly less flexed for WIRIE-63.53°,
SD=10.86°) than WOP M=-66.53°, SD=11.72°), 1(9)=5.31, p<0.0025,d=1.68. The one

significant finding for the intact limb is in bold in the two left columns ofTable 15.

Table 14: Test variablemeans for thepelvis andtrunk on ramp down. Standarddeviations are
in brackets. Significanffindings are inbold. Abbreviation definitions are in Appendix E.

WP WOP
PR1 6.94 (1.12) 7.77 (2.16)
PR2 6.73 (2.17) 7.68(1.83)
PR3 6.02 (2.40)  12.91 (7.15)
TR1 6.74 (1.24) 9.33 (2.86)
TR2 6.73(2.33)  10.88 (4.66)
TR3 7.32(254)  15.33 (5.90)
PAV1 44.30 (12.71)  50.07 (12.71)
PAV2 35.54 (10.33)  43.72 (10.33)
PAV3 2253 (6.59)  48.44 (6.59)
TAV1 39.62 (10.19)  58.07 (10.19)
TAV2 34.52 (12.67)  55.08 (12.67)
TAV3 33.13 (11.60)  62.95 (11.60)

4.3.4.3 Prosthetic Limb

Ankle plantarflexion atweight acceptancewas significantly greater for the WP
condition (M=-9.92°, SD=4.73°) than the WOP condition 1=-9.35°, SB=4.59°), t(9)=-
4.42, p<0.0025d=1.40. Ankle dorsiflexion beforepush-off was significantly greater for
WP (M=11.61°, SD=4.73°) than WOP 1=9.71°, SD=4.52°), 1(9)=7.05, p<0.0025d=2.23.
Before push-off, the knee was significantly less flexed for the WEbndition (M=-5.03°,
SB=6.94°) than the WOP condition 1=-9.73°, SD=6.30°), t(9)=-4.59, p<0.00250=1.45.
The knee flexion angular velocity during swing was significantly greater for WRV=-
368.73 deg/s, SD=77.85deg/s) than WOP M=-321.53deg/s, SD=71.42deqg/s), t(9)=-

4.96, p<0.0025d=1.57. Maximum hip flexion angular velocity was significantly greater



for WP (M=166.47 deg/s, SD=30.54 deg/s) than WOP M=137.78deg/s, SD=32.04

degls), t(9)=5.80, p<0.0025d=1.84.

The knee was more extended at weight accegotce during the WP trials, with a

mean 0f-9.38° (SD= 9.18), when compared to the WOP mean e13.74° (SD= 7.02)

(Table15).

Table 15: Test variablemeans for the limbs on ramp down. Standard deviations are provided

in brackets. Significant findings are in boldAbbreviation definitions are in Appendix E.

Intact Prosthetic
WP WOP WP WOP
AA1 -12.61 (4.38) -11.50 (5.15) -9.92 (4.73) -9.35 (4.59)
AA2 16.84 (5.78) 16.59 (6.19) 11.61 (4.73) 9.71 (4.52)
AA3 -10.44 (8.23) -9.85 (9.46) -2.05 (5.56) -2.04 (4.84)
AAV1 101.27 (26.00) 99.66 (20.34) 72.71 (31.75) 77.37 (25.17)
AAV?2 78.16 (8.17) 84.25 (15.73) 65.83 (25.60) 60.25 (18.21)
AAV3 -313.30 (76.37) -298.03 (56.39) -132.79 (55.42) -117.27 (42.76)
KA1l -19.12 (8.10) -21.06 (9.01) -9.38 (9.18) -13.74 (7.01)
KA2 -14.90 (6.56) -16.49(6.93) -5.03 (6.94) -9.73 (6.30)
KA3 -63.53 (10.86) -66.53 (11.72) -66.29 (9.41) -68.65 (7.95)
KAV1 38.16 (24.84) 40.64 (17.67) 31.08 (39.29) 22.13 (39.14)
KAV2 -296.55 (77.83) -287.07 (46.89) -368.73 (77.85) -321.53 (71.42)
KAV3 415.42 (84.01) 422.73(73.77) 373.58 (61.48) 374.39 (54.64)
HA1 -9.08 (10.06) -13.09 (11.33) -10.57 (10.12) -9.81 (12.19)
HA2 24.98 (10.63) 18.47 (11.50) 25.21 (9.21) 19.31 (10.48)
HA3 8.35 (5.34) 7.54 (4.50) 3.93(5.11) 3.15(3.88)
HA4 -2.00 (4.76) -3.12 (4.81) -5.67(4.70) -7.24 (4.37)
HAV1 -93.15 (16.11) -96.11 (22.25) -99.09 (29.30) -93.41 (27.59)
HAV2 163.53 (24.12) 155.30 (23.47) 166.47 (30.54) 137.78 (32.04)
HAV3 58.09 (21.70) 60.46 (27.74) 47.71 (12.22) 54.12 (19.36)
HAVA4 -52.04 (12.51) -58.69 (18.62) -54.15(28.66) -58.18 (36.01)
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4.4 Kinetics

The means for thel6 kinetic test variables are included inTable 16, with the
results that are significant after theBonferroni correction in bold. TheBonferroni
correction was determined to be 0.003125. Again each limb was deemtalbe a
significantly separate family because of the known different behaviours between
prosthetic and intact limbs. A key for the kinetic value labels is provided ifable 2:

Common descriptions for power bursts created byVinter et al. [8,57]. and Appendix E.

4.4.1 Level Ground

Thelevel ground surfacehad changesin kinetic test variables at the prosthetic
limb but no significant changedor the intact limb test variables,and only one notable
change(Table 16). However, except for a0.11% differencebetween the two conditions
for maximum hip extension moment all changesad at least a9% difference between
WP and WOP conditions.

4.4.1.1Intact Limb

There were nosignificant results for the intact limb when comparing the two

conditions.

The KP2 power burst, that extends the knee during midtance, notably

increased withthe addition of the weighted backpack.



Table 16: Momentand power test variable means for the limbs on level ground. Standard
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deviations are provided in brackets. Significant results are in boldbbreviation definitions are

in Appendix E.
Intact Prosthetic
WP WOP WP WOP
AM1 15.50 (8.35) 18.57 (6.98) 21.09 (10.22) 19.80 (11.50)
AM2 -149.47 (62.43)  -135.80 (35.01) -154.79 (41.18) -128.70 (38.08)
AP1 -26.29 (24.46) -29.64 (19.63) -20.50 (13.38) -20.62 (12.97)
AP2 5.61 (8.39) 7.39 (8.67) 8.78 (9.52) 8.73 (10.51)
AP3 -1.98 (5.87) -8.38 (9.34) -6.64 (7.87) -4.79 (9.34)
AP4 384.85 (242.84) 295.99 (112.64) 222.92 (106.73) 193.70 (112.90)

KM1 93.47 (58.71) 55.08 (20.04) 46.73 (46.92) 32.01 (32.58)
KM2 -26.22 (16.14)  -17.46(15.84) -21.03 (20.49) -25.99 (14.91)
KP1 | -115.33(83.54)  -62.42(39.76) -49.48 (60.40) -40.16 (40.20)
KP2 114.90 (79.10) 36.16 (30.03) 46.63 (60.49) 27.48 (23.25)
KP3 | -133.14(81.26)  -94.47 (39.34)  -112.76 (85.94) -73.12 (63.85)

HM1 -47.33(37.16)  -47.28 (19.85) -33.51 (25.88) -32.40 (21.69)
HM2 106.49 (55.17) 96.91(39.63)  127.05 (40.27) 94.98 (35.24)

HP1 19.06 (14.10) 25.93 (14.97) 39.10 (45.57) 39.09 (39.08)
HP2 -93.64 (60.30)  -76.24 (37.31)  -127.33 (48.37) -67.21 (27.96)

HP3 96.28 (54.99) 82.74 (42.03) 108.34 (53.13) 75.04 (35.92)

4.4.2.1 Prosthetic Limb

The maximum ankle plantarflexion moment was significantly greater for the WP

condition (M=-154.79 Nm, SB=41.18 Nm) when compared to the WOP conditionNI=-

128.70Nm, SD=38.08 Nm), t(9)=-10.72, p<0.003125d=3.39 (Figure 12).
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Figure 12: Median subjectprosthetic ankle
moment curve during stance phase

Figure 13: Median subjectprosthetic knee
power curve during stance phase.

Knee extensor net joint power duringpush-off, as the knee flexes (KP3), was

significantly greater for the WP condition M=-112.76 W, SB=85.94 W) than the WOP
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condition (M=-73.12W, SD=63.85W), t(9)=-4.00, p<0.003125d=1.27 (Figure 13). The
maximum hip flexion moment was significantly greater for WPNI=127.05Nm,
SD=40.27 Nm) than WOP M=94.98 Nm, SD=35.24Nm), t(9)=5.52, p<0.003125d=1.27
(Figure 14). Hip flexor power, that decelerated the backwardotating thigh when
transitioning from stance to toeoff (HP2), was significantly greater for WPNI=-127.33
W, SD=48.37 W) than WOP 1=-67.21 W, SD=27.96 W), t(9)=-4.57, p<0.003125d=1.45

(Figure 15).

Energy generated by the hip during late stance and early swing, corresponding
to the HP3 power burst ndably increased when comparing the WP condition to the

WOP condition.
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Figure 14: Mediansubject prosthetichip Figure 15: Median subjectprosthetic hip
moment curve during stance phase. power curve during stance phase.

4.5 Prosthesis Evaluation Questionnaire (PEQ)

The scores for each subscale for each participant on the PEQ are showmable
17. There were only four outliers in the entire set of results. Participanthree was the
most different in his responses when compared to the other participanigas displayed
by the three outliers for his results. WeHlbeing was the subscale thatesulted in the

most variability because it contained two outliers.
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Table 17: Subscalescores for prosthesis evaluation questionnaire (PEQ)results forten
subjects. Significantoutliers are in bold. Sandard deviations arein brackets.

Subject Number

PEQSubscale
1 2 3 4 5 6 7 8 9 10 Mean (D)
Ambulation 68.4 585 264 826 854 888 911 59.0 8384 683 71.69(20.18)
Appearance 554 748 203 864 934 858 775 414 713 926 69.89(23.94)
Frustration 200 61.0 135 965 92.0 785 970 91.0 88.0 51.0 68.85(31.40)

Perceived Response | 72.6 73.0 23.0 958 943 810 87.0 946 96.8 97.0 81.51(22.65)
Residual Limb Health| 40.2 422 21.3 91.0 927 737 895 513 858 86.5 67.42(26.22)

Social Burden 657 710 210 773 940 79.0 940 927 943 97.0 78.60(23.10)
Sounds 285 240 625 805 89.0 960 88.0 485 965 42.0 65.55(28.12)
Utility 814 736 324 849 884 958 816 683 86.3 736 76.63(17.51)
Well Being 565 775 455 885 935 855 920 815 91.0 86.5 79.80(16.13)

Pearson correlations were performed for each of the significant and notabtest
variables with two gait-related PEQsubscalesambulation and perceived residual limb
healtha These subscales were chosen because they were directly relevant to gait
changes There were no moderate or higher strength correlations reported for the
temporal-spatial parameters on any of the four surface$earson correlation results

are located in Appendix J.

4.5.1 Ambulation Subscale
45.1.1 Level Ground

Pelvis axial rotation rangefor WOPwas moderately correlated with the
ambulation subscale(r= -0.51, p=0.13). For the WP condition, this variable was higHy
correlated (r= -0.83, p=0.00). A moderate correlation for absolute maximum pelvic
axial rotation angular velocity was found with the WOP conditiorfr= -0.44, p=0.20).
For WP, a high correlation occurred (r=-0.71, p=0.02). Trunk axial rotation angular
velocity during the WOPtrials was negatively correlated with theambulation subscale

at a moderate level (r=-0.63, p=0.05). The WP condition was higly correlated (r= -
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0.79, p=0.01). Plantarflexion angular velocity on the prosthetic limb during weight
acceptance was moderatly correlated between theambulation subscale and WOP

condition (r=-0.42,p=0.22).

For significant or notable kinetic results,there were no correlations of at least a
moderate strength level for the ambulation subscale.

4.5.1.2 Uneven Ground

Uneven ground only ha one correlation of at least a moderate strength level.
The correlation was negative for the WOP condition and thembulation subscale for
pelvic axial rotation range(r= -0.44, p=0.20).

45.1.3 Ramp Up

A moderate strengthcorrelation was found for trunk axial rotation range for the

WOP condition and the ambulation subscal@=-0.53, p=0.12).

Both the WP condition (r=-0.49, p=0.89) and the WOP condition (r=0.53,
p=0.12) were moderately correlated with the ambulation subscale on the prosthetic
limb. Prosthetic limb maximum hip extension duringpush-off was moderately
correlated in a positive direction for the WP condition and the PEQ subscdle 0.43,

p=0.21).

On the intact limb ankle dorsiflexion beforepush-off was moderately correlated
for the WP candition and the ambulation subscale (r=0.40, p=0.25). A positive
moderate strength correlation for the WP condition and the PEQ subsealvas found

for knee extension duringpush-off on the intact limb (r= 0.45, p=0.19).
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4.5.1.4 Ramp Down

No correlations of at least a moderate strength level were found on the ramp
down surface for either of the limbs. However there were correlations to the pelvis and

trunk.

WP trunk axial rotation range was moderately correlated with the ambulation
subscale (r=-0.48, p=0.16). WOP condition moderate correlations were found for
absolute maximum pelvis axial rotation velocity (r=0.48, p=0.16), trunk flexion

velocity (r=-0.42, p=0.23), and trunk axial rotation velocity (r=-0.52, p=0.13).

4.5.2 Residual Limb Health Subscale
45.2.1Level Ground

The pelvic axial rotation range(WP condition) was moderately correlated with
theOOAOEAOAIT subSdald (r=0.844p=0E) 6The angular velocity also was
negatively correlated at a moderate strength level for the WBondition (r= -0.62,
p=0.05). Absolute maximum trunk axial rotation velocity was moderately correlated
with this PEQ subscale in a negative direction for both the WP condition (¥6.61,

p=0.06) and the WOP condition (r=0.44, p=0.21)

A moderate correlation was found between the€d OA OE AOAI1 sub&dald EAAIT O
and the WP condition on the intact limb for both knee angle during weight acceptance
(r=0.44,p=0.21) and knee angle during swing (r= 0.41p=0.24). Intact limb hip flexion
angle during weight accepance was negatively correlated between th® OAOE A OAT 1 EI

E A A Isubgcale and WP at a moderate strength levgk -0.46, p=0.18).
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For the kinetictest variables that were either significant or notable there was
only one correlation of a moderate strengt level. The WRHP2power burst was a
negative correlation with the OOA OE AOA 1 sub&dald (r=0 ASApECILE) 6

4.5.2.2Uneven Ground

There were no correlations of at least a moderate strength level on either
condition for the uneven groundsurface.

45.2.3Ramp Up

A moderate correlation was found for the knee angle during weight acceptance
was found for the WP condition (r=0.43p=0.22) and the WOP condition (r=0.42
p=0.23) when compared to theQesidual limb healthdPEQ subscale on the prosthetic
limb, and for the WP condition on the intact liml(r= 0.43, p=0.22). Intact limb knee
angle beforepush-off was moderately correlated with a positive relationship for both
the WP condition (r= 0.5 p=0.09) and the WOP condion (r= 0.45, p=0.19) with the
OOAOEAOAIT subEcald EAAI OEG

4.5.2.4Ramp Down

No correlations of at least a moderate strength level were found on the ramp
down surface for either of the limbs. However there were correlations to the pelvis and
trunk. Moderate strength correlations were found for the WOP condition and the
OOAOGEAOAIT slLbEdaléforBbsdiute MBEximum trunk flexion velocity (r=0.44,

p=0.20) and absolute maximum trunk axial rotation velocity (r=0.44, p=0.21).
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Chapter 5. Discussion

Carrying aweighted backpacksignificantly changed amputee gait. Somef these
changes were consistent with the literature for ablebodied individuals during loaded
gait and some resilts were novel and surprising. As mentioned previouslyall

comparisons with able-bodied individuals are from literature.

5.1 Level Ground
Changes to both kinematic and kinetidest variables were found between WP
and WOP conditiors. Howeverno significant changes inemporal-spatial parameters

occurred.

In the literature, increasing pack weight shortened step length, increased stride
rate, increased double limb support time, and decreased swing phake able-bodied
individuals. In this thesis, rone of theseoutcomeswere significant on level groundand
the differences between means for WP and WOP were minimbilowever, some of the
literature [18, 19, 27] reported no significant differences intemporal-spatial
parameterson level groundbetween pack and nepack conditions, which was
attributed to participants self-selecting their pace(i.e., setting a fixed pace led to
temporal-spatial deviations asthe participant accommodatel to an unnatural walking

speed).

Although there were nosignificant differences intemporal-spatial parameters
there were differencesin kinematic and kinetictest variables with the addition of the
weighted pack.Pelvis axial rotation range significanly decreasal when a backpack

weight was added. This is most likely due ta reduction inrotational movement in the
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pelvis in order to increase stability and that the weight of the pack limits rotational

mobility. The decreased rotation range could also be a consequence of i AEDAAE S O
hip belt, which provides a flexible link between the pelvis and thérunk that could

restrict motion between the pelvis and trunk Both maximum pelvic obliquity and

maximum pelvis axial rotation angular velocity notaby decreasal, with the greater

decreasein axial rotation. Both decreases can be attributetb a need to make slower

and more methodical pelvis movements while the pack is worn. Thgreater decrease

in axial rotation angular velocity was related to the significant decrease inpelvis axial

rotation range.

On the intact limb, a notable decrease in anklplantarflexion at weight
acceptancewas found when walking across level ground with a packi/hile not
statistically significant, step lengthdecreased by an average of-2 cm, possibly
contributing to the decrease irplantarflexion. Sincethe steps were shortenedthe foot

N s a2 oA N

landed closertotheAT AU O AAT OAO |1 MessplamaifiiExdhat fAdt-flai. x ET C

Knee angle during weight acceptance increasdxy approximately four degrees
under the weighted pack condition on the intact limb. As the limb exits swing phase
the extratotal body momentum caused by theéd A A lefigkl needs to be absorbed.
Knee flexion upon weightbearing isa common strategy for accommodating such loads
[18, 20, 24]. Although not significant or notable the increasedeccentricknee extension
moment and KP1 power burst would support this argument. In fagthe KP1 power
burst almost doubled with the addition of the weighted packThe knee angular velocity
at weight acceptancealsosignificant increasal because a greater range of motion

occurred without a subsequent increase in overalitancetime. To overcome the
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greater kneeflexion following weight acceptanceand return to the normalknee
extensionangleat midstance, a notable increasein the WP KP2power burst occurred.
During swing,intact limb knee flexion decreasedi.e., the knee was more extended)
with the addition of the weighted pack however, the difference was minimal and only
occurred for 6 of 10 subjectgfour subjects had more knee flexion during swing)intact
limb hip flexion (WP) during weight acceptancenotably increased by ten degreesver
the WOP condition. This increase in flexion is a weight acceptance mechanism used in

conjunction with the previously mentioned increase in knee flexion.

On the prosthetic limh ankle dorsiflexion was significantly greaterbefore push-
off when wearing the weighted packSincethe prosthetic foot-ankle unit is a rigid body,
differences between the two conditions ismost likely due toincreasedfoot-ankle
deformation from the extra packweight. The corresponding angular velocity alstbad a
significant increase due to an increased range of motion occurring over the same time.
There was no significant difference in prothetic limb step time, so an increased range
of motion over the approximate same amount of time leato increased angular

velocity.

Plantarflexion angular velocity at pushoff alsodisplayeda notable increase.
Kinetically, the prosthetic anklehad a significant increase in the maximum
plantarflexion moment. This increased moment led to plantarflexion angular
accelerationincreaseat push-off, which cause the noted increase iplantarflexion

angular velocity.
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While no significant or notable kinematic changeswere found at the kneeon the
prosthetic side, the KP3power burst for WP wassignificantly greater than WOP Ths
power burst is the energy absorbed by thé&nee extensorsto control knee flexon in
late stance and early swingSince a notablencrease in hip flexor power HP3) was
found for WP, a largelKP3peak power is required to control knee flexion. Tis

increased power burst camalsobe directly attributed to the weighted backpack.

On the prosthetic side, Ip flexion at weight acceptanceaveraged ten degrees
more under the weighted pack condition the same approximate increase seen on the
intact side. This increase in flexion can be attributed to thpackweight and theload
bearing during weight acceptanceHip flexion angular velocity during weight
acceptancesubsequently increased because of tharger range of motion with minimal

change in overall stridetime.

Maximum hip flexion moment was significantlygreater for the backpack
condition. This increased hip flexor momentvas necessay to complete toeoff and
enter swing phasewhile carrying more weight. The hip flexors perform concentric
work to flex the hip and lift the knee helping tolift the foot off the ground and initiate
swing. BothHP2and HP3power bursts were significant greater when the backpack
was worn. The HP2 power burst is eccentric work being done by the hip flexors to
decelerate the backwards rotating thighHP3is concentric work being done by the hip
flexors to lift the limb upwards and forwards. Therefore with th e addition of a
weighted pack there is an increase in both energgpbsorbedand generatedby the hip

flexors to transition mid-stance to early swing.
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More significant differencesin angles occurredfor the intact limb and a greater
number of differencesin angular velocity occurredfor the prosthetic limb. These two
findings can be explainedy a need to move the prosthetic limb faster (slightly higher
strides/minute) to a more stable position while the intact limb is relied on to

accommodatethe packweight.

Consistent with the literature on ablebodied weighted pack gaitknee flexion at
weight acceptanceand hip flexion atweight acceptancancreased with backpack loads
An increase in ankle angle, knee extension, and hip extensiorfabt-off, as noted in the

literature , were not observed on level ground in this experiment18, 20, 24].

5.2 Uneven Ground

On unevenground, both temporal-spatial parameters and kinematidest
variables differed between WP and WORor the intact limb. No significant or notable
changes occured on the prosthetic side fortemporal-spatial variables andonly a few

differences were found forkinematic test variables.

Sride length was significantly shorter with the addition of the weighted pack.
The participants would have shortened their stride length to increase stability and

decrease risk of falling.

Pelvic axial rotation range significant decreasgwhen wearing the backpack
The added weight would cause the participant to limit movement and rotationtahe
pelvis in order to maintain stability. As with level ground,the AAAEDAAE &@IdE E D
alsolimit rotational movement at the pelvis. Absolute maximum trunk axial rotation

velocity decreased significantly by approximately 25 degreés with the addition of the
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backpack.Sower trunk movementsand slower movements in generalganlead to

increased stability.

Intact limb step length significantly decreasedor the WP condition. With no
significant change in prosthetic step lengthparticipants could rely on their intact limb
more to accommodate for the loadIntact stride lengthwas also significanty lower,
which is understandable due to the decrease in step length. Intact limb swing time also
decreased with the addition of the weighted pack. This @eease in swing time is also
used to increase stabilityby reducing the time in prosthetic single limb support and
Al 01 AAIT 11 OOOAOAO AT Ai bOOAAGO OAI EAT AA

Intact limb ankle plantarflexion angleduring weight acceptancewvas
significantly smaller with the addition of the weighted pack. This is a direct cause of the

shorter step length described in the above paragraph. If the foot does not reach as far in

front of the body, upon completion of the step, the ankle will be lessaitar flexed.

Theintact imbé O wasAndre flexed duringweight acceptanceas previously
seen on level ground and on therosthetic limb. The associated knee angular velocity
was alsogreater for the WP conditionthan the WOP condition. It should be ated that
WP knee flexion angular velocitywas greaterduring initial swing while knee extension
angular velocity during terminal swing was notably lower. With the backpack, theknee
flexed faster to provide foot clearancemore quickly. Sbwer extensionangular velocity
could provide better foot position control before heelstrike and eventually weight
acceptance. The increasekihee flexion angular velocity during swing could also

contribute to the previously mentioned decrease in swing time.
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The hip was more flexedduring swing initiation under the WP condition for the
intact limb. This increasein hip flexion can increase foot clearanceAs seen orevel
ground and the prosthetic limb, hip flexion during weight acceptancewas
approximately ten degrees geater,to accept thepackand bodyweight and possibly to
have thetrunk closer to the base of support at weight acceptanc&he associatedhip
angular velocity alsoresulted in a notable increase because the range of motion

increased but time did not.

Asmentioned earlier, there were nosignificant or notable differences in
temporal-spatial parameters forthe prosthetic limb; however,there were changesn
kinematic test variables. As observed in level groundan increase in both ankle
dorsiflexion before push-off and the subsequent angular velocity were observedn
uneven ground Theseincreases were similar to level ground and thus similar reasons
for the changes can be inferred; deformation of the prosthetic foot due to the weight of

the backpack.

On the prosthetic side the knee exhibited significanty greater flexion at weight
acceptancefor WP. This increase in knee flexiomelps toabsorb the increased force
caused by the packveight. Knee flexion angular velocity during swing was shown to
significantly increase when comparing the WP condition to the WOP pack condition.
Sincethe temporal-spatial parametershad no significant or notable changeghe main
function of the increasedknee flexion angular velocityduring swing would be toallow

the foot to clear the ground faster.
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Like level ground and the intact limb on uneven ground, the prosthetic limb also
had a significant increase in maximurmhip flexion angleduring weight acceptance A
similar increase of 11 degrees was seen on the uneven ground surface, as compared to
the approximate 10 degree increase on level grounés with level ground, this increase

can be attributed toload bearing during weight acceptance

On both limbs the knee and hipwere more flexed during weight acceptance
when wearing the pack. Thesalifferenceswere also seen on level groundKnee angular
velocity was also affected by the uneven grounsurfacesince moretest variables were
either significantly or notably different than the level groundtest variables. The greater
number of test variables differences than level ground is an indicator that uneven
ground required more adaptations to successfully complete the task when wearing a
backpack load Since theseknee and hip anglaifferences were found for both limbs,
the adaptation threshold for the intact limb may have been surpassed, thereby
requiring changes to the prosthetic limb gait patterns. As reported in Kendell et 4l71],
intact limb gait patterns typically change to adapt to different surfaces while prosthetic

limb patterns are optimized to minimize such changes.

5.3 Ramp Up

The temporal-spatial literature is inconclusive in regards to walking up an
incline. Han et al. 0] reported that, for inclines above eight percent the ramp in this
thesis had areight degree incline 14.05 percent), step time anddouble-support time
increased while velocity and cadence decreaselh addition, stride length and duration

increased as incline increasel [31]. In agreement with Han et al.30], Mcintosh et al.
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[33] alsoreported that cadence decreased; howevevelocity increased. Lay et al.34]
found no significant changes to stride length or stride duratiopalso in contradiction

with Han et al. 30].

Walking speed sgnificantly decreasel with a pack, likely to increase stability
due to slower overall movementsSinceramp up was the only surface to show a
decrease in overalwalking speed, andoroduced the most significant differences in
temporal-spatial parameters it can be surmised that ramp upvas the more difficult
surface out of the four tested, requiring more changes tior safe mobility. Statures per
second, walking velocity normalized for heighsignificantly increasedand gride length
decreasal. Shorter stepsare consistent with these outcomes and are a strategy for
improving stability . Lastly, double limb support time significantly increasel. People are
more stable with both feet on the groundtherefore increasingdouble-support is
another stability enharncing strategy. These temporalspatial findings are in line with

Han et al. BO] and are contradictory to MciIntosh et al. 33] and Lay et al. 34].

Both trunk axial rotation range and maxinum angular velocitywere lower for
the WPcondition. By limiting movement and reducing the speed of movement at the
trunk , stability is increased.Trunk motion may also have been minimally restrained by
OEA AAAEDPAAEGO xAEOO Ashil@hconplréd withghe oeight/£/£A A O
effect.
Intact limb WP stance timewas notably longer than WOP. As previously shown
on other surfacesparticipants displayed increasel reliance on their intact limb to

accommodate to theduress of the pack weight. There was also a significant decrease in

>
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intact limb step length when comparing the WP condition to the WOP condition. A
shorter step keeps the center of gravity inside the area of support ensuring increased
stability. Stride length alsodisplayeda significant decrease with the addition of the
pack weight for the same reasons that step length decreased. This decreased stride
length, also noted on the prosthetic side, is also in line with Han et a30] but

contradictory to Lay et al. B4].

Both WP ankle dorsiflexion during weight acceptanceand WP dorsiflexion
before pushoff increased significantlyfor the intact limb. In contrast to the level
surfaces, the ankle was not plantarflexed during weight acceptance due to the incline.
The increased dorsiflexion during weght acceptance could be a consequence of the
shorter step length.Between load conditions, he increased dorsiflexion before push
off could be a consequence of the participants needing to use the ankle to help maintain
stability, therebyincreasing doublesupport time and hence greater dorsiflexion at
terminal stance.On all surfacesincreased hip flexion and knee flexiomelps to
accommodate the combined weight of the body and backpadkowever ramp up was
the most difficult surface,sinceit elicited the most test variable changesLeaning
forward at the hip and flexing the knee was not enough taccommodate the increased
weight during stanceand the ankle strategy needed to be employed as well. Walking up
a ramp was the most difficult surface andboth the ankle and hip balancetrategies

were needed toaccommodate the weight of the pack on the intact limb

The intact limb knee duringweight acceptancewas notably more flexedfor WP,
as seen on other surfaces, in order to absorb thecreasedweight upon impact with the

ground. Knee extension angle before pusbff significantly decreasedwith the addition
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of the weighted pack.The decrease in extension before pusbff could be because the
increased pack and body weighis more difficult to lift up the ramp. Extension angular
velocity during swing alsohad a notable decrease. This decrease in movement speed

would allow for a more controlled entrance into stance.

As seen previouslymaximum hip flexion atweight acceptancewvas approximate
ten degreegreater for WP, helping to accommodatefor pack weightduring weight

acceptance.

Both prosthetic step and stride lengthwere significantly lower for WP during
ramp ascent. The decrease in step and striderigth couldincrease stability, as
mentioned earlier in this discussion.The decrease may also help reduce the work
required for each step by limiting vertical mavement; however, without kinetic data for
this surface thishypothesiscannot beproved. In accordance with the study by Vicérs
et al. on elderly unilateral transtibial amputees 72], the prosthetic limb displayed

shorter single stance time than the intact limb.

Maximum prosthetic ankle plantarflexion during weight acceptancewas
significantly less while maximum ankle dorsiflexionbefore push-off was significantly
greater, forthe weighted pack condition. The decrease in anklgantarflexion could be
attributed to the decrease in step lengttwhen wearing the backpackThe prosthetic
limb differed from the intact limb, which was dorsiflexed during weight acceptance,
due to the longer step length on the prosthetic side. Between condition$e increased
ankle dorsiflexion on the prosthetic side can be directly attributedo deformation of

the foot-ankle prosthesis as seen on the other surfaces



68

WP knee flexionon the prosthetic side wassignificantly greater during weight
acceptance This increasem flexion can be attributed toincreased loadaccommodaton.
Knee extension angular velocity during swing decreased significantlgnost likely to
enable more controlledand deliberate movementas the limb exits swing phase and

enters weight acceptance.

Hip extensionwas significantly lower at push-off and hip flexionwas
significantly greater at weight acceptanceon the prosthetic side The decrease in hip
extensioncould bedue to the foot or limb leaving the ground while it is still underneath
the upper body. The increase in hip flexion, whickvas also reportedon the other
surfaces and each limb, hekpto absorb the weight of the pack as the limb comes into

contact with the ground.

As seen in the literatureon ramp ascentall three lower limb joints had greater
flexion when compared to level groundwvalking. Contrary to the article written by
Vrieling et al. [36], when comparing prosthetic andntact limbs, greater hip and knee
flexion during weight acceptanceand decreased hip extension gbtush-off on the
prosthetic limb were not found. The population from Vrieling et al. B6] varied widely
in terms of Amputee Activity Score 1=33.8, SD=26.1), indicating that the population
was different than the K4level population in this thesis.Also, the Vrieling population
sample includedsix traumatic andsix oncology and vascular amputees, compared to
the study sample otten traumatic amputees that likely had fewer comorbiditiesThe
lower activity level people may have required increased flexion to accomplish the ramp

ascent task.
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5.4 Ramp Down

Incline walking research issparse and lacksinanimous conclusions From
Leroux et al.[31], stride length and stride timefor able-bodied participants decreased
when walking downhill. However, Redfern and DiPasquale32] noted that the ramp
decline must be greater than ten degree® achieve the same resultsLay et al. 34]
found that stride length and stride time showed no changes when walking downhill.
The literature reported that eachlower limb joint was more extendedwhen walking
downhill, from mid-swing to early stancefollowed by greater knee flexion during
stance in order to lower the body.For amputee gait\Vrieling et al. [36] noted an
increase in knee flexion during late stance and swing, and a decreaséip extension in
late stance on the prosthetic limb. Vickers et al7R] reported that transtibial amputees
displayedlessdorsiflexion at heel-strike and more dorsiflexion at toe-off when
compared toable-bodied controls; however, the lack of ankle plantarflexion during
ramp descent brings these outcomes into questiofiRkeduced knee flexiorduring swing,

when compared to controlswas also nded.

Qualitatively, participants were the least comfortable with the ramp descent
task. This is in contrast to the ramp up task being the most biomechanically difficult.
Double limb support time significanty increased when walking down a ramp after the
addition of a weighted pack. The increase in double limb support time ensures the
b A O O E AskaBilifyTis @airained.

Both WPtrunk abduction/adduction and WP axial rotation ranges were notably

lower on the ramp down surfacelt is possible that the minmal pelvic strap on the

backpack limited trunk movement.Also four angular velocitieswere also significantly
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or notably lesswhen comparing theWP and WOPconditions. Absolute maximum

pelvic axial rotation, trunk flexion, trunk abduction/adduction, and trunk axial rotation
angular velocities all decreased with the addition of the backpack. By slowiagd

limiting movement, those movements become more controlled and allow for increased

stability and possibly more confident gait

WP intact limb stance timesignificantly increased when compaed tothe WOP

condition. Stability is maintained by keeping the limb on the ground longer.

The intact limb kneewas more extendedduring swing, when comparingWP and
WOR The decreasingsurface slope combined with flexion wouldnove the footfurther
from the surface beforeheel-strike. By reducing knee flexion during swingthe foot
stays closer to thenclined surfacefor the duration of the step, possibly enhancing gait
confidence The more extended knee may also relate to centre afiassposition with the
weighted pack,requiring additional extension to maintain the body-pack centre of

mass position for forward momentum [72].

Prosthetic limb stance time increasd significantly with the addition of the
backpack weight which was related to the increase inlouble-support time. Again, by
keeping the limbs on the ground for longer, stability is maintained. Howeverprosthetic
limb stance time was still shorterthanOEA ET OAAO 1 Ei Ah AOOOEAO
reliance on their intact limb for control. Both prosthetic step length and stride length
notably decreasel when comparing theWP and WOPconditions. The notable decrease

in prosthetic step length without a subsequent decrease on the intact limb further

AE
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stability.
On the prostheticside,both ankle plantarflexion at weight acceptanceand
dorsiflexion had significant changesor WP. Ankleplantarflexion significantly
increased, but by less than one degree. Ankle dorsiflexion befongush-off also
significantly increased under the backpack condition. Both of these increases can be
attributed to deformations in the prosthetic foot-ankle due to the pack weight. The
ramp angle and the direction of movement allowed the foot to be deformed into a more
plantar flexed position at weight acceptance The reason that thelantarflexion would

have been significant is due to the uniformity of thelifference in meansfor the various

prosthetic feet.

The prosthetic knee flexion angle during weight acceptance decreas&hen
comparing the WP condition to the WOPcondition. This is a different change compared
to the previous three surfaces. The decrease in flexion could b#ributed to a fear of
falling. The kneeis alreadymore flexed while going down a ramp and more flexion
would brin g the center of gravity closer to the heels of the foot and may lead to an
increase chance of filing. When the backpack was worn kee angle beforepush-off,
which due to the ramp was in flexiondisplayed a significant decrease, obecame more
extended An increase in extension could be a consequence of the pack weight and

needing more energy to lift the body, however this is unconfirmed without kinetic data

On the prosthetic limb, maximum hip flexion angular velocity duringwveight

acceptancesignificantly increased.This increased speedvas related to the increase in
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hip flexion, producing alarger range ofmotion, which happens inapproximately the
same time(i.e.,no significant overall change in step time or swing time Therefore the
hip has to move a greatedistancein the same time leading to an increased angular

velocity.

Similar to ramp up, trunk axial rotation range decreased in order to maintain
stability. Unlike the other surfacesan increase in knee flexiorand hip flexion atweight
acceptancewere not noted on both limbs. The prosthetic limkexhibited more test
variable changes than the intact limb. Although the intact limd O  twasAndre
extended duringswing, implying that the intact foot is kept nearer b the ground,

enhancing gait confidence

Aswith the transtibial amputee gaitliterature on inclined walking, the study
participants had decreased hip extension befor@ush-off and increased knee flexion
during stanceon the prosthetic sidefor the ramp down surface when compared to
level groundwalking. Also in agreement with Vrieling et al.36], knee flexionincreased

during swing.

5.5 Prosthesis Evaluation Questionnaire

The participants had similar responses on their prosthesis evaluation
questionnaire (PEQ) However participantl 1 sis6ore on the welbeing subscale was
an outlier (i.e., lower than eight of the other participantg and participant three had
outliers on the perceived response, social burden, and weleing subscals (i.e.less
than nine of the other participants). It should be noted that participant threehad the

prosthetic foot in the greatest state of disarray due tmeglect and improper carelt is
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possible that had the participant replaced the prosthesis with a newer onghe scores

on the PEQ subscales may have been higher.

The only high strengthPearsoncorrelations were for level ground; WP pelvis
axial rotation range,WP absolute maximum pelvis axial rotation angular velocity, and
WP absolute maximum trunk axial rotation angular velocity. Thereforeparticipants
that had lower ambulation scores exhibited higher axial range of motion at the pelvis
and higherabsolute maximum pelvis and trunk axial rotation angular velocitiesThis
may indicate that people with lower ambulatory capabilities have more difficulty

controlling the pelvis and trunk when wearing a backpack load.

There were no correlationsgreater than or equal t00.7 for the residual limb
health PEQ subscale. Uneven ground had only one correlation of moderate strength or
higher, and that was pelvis axial rotation range for the WOP conditioithe majority of
relevant correlations were for the knee, pdvis, and trunk joints. Of the 18 correlations
of at least moderate strength for the ambulation subscale, only 5 did not involve the
knee, pelvis, or trunk.The residual limb health subscale had a total of 14 correlations of
at least a moderate strength leel, with only onethat did not involve the knee, pelvis, or

trunk joints.

All of the pelvis and trunk correlations had a negative relationshigParticipants
that scored higher on either of the PEQ subscales exhibited smaller ranges of motion
and slower novements.The kneehad all positive correlations, on both subscales.
Therefore, the more confident and pain free participants hadarger kneeangles for

both limbs and conditions. As stategbreviously, participants controlled movement at
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the pelvis and trunk and increased flexion at the knee during weight acceptance in

order to accommodate the load

5.6 Comparison to Able -Bodied Individuals

5.6.1 Temporal -spatial Parameters

The most common temporalspatial changesas load increases are a decrease in
step length and swing phaseand an increase in stride rate and double stance timel[

19,20, 21, 22, 23, 24]. Single stance tine does not change.

In this thesis,none of thesignificant or notable temporal-spatial differences
between WP and WORvere common to all four surfaceslIn fact no significant changes
to temporal-spatial parameters were seen on level ground. This lack ofiangeon level
ground in is agreement with Atwells [L8], in reference to articles by Charteris 19] and
Harmen et al. R7]. Possibly, no changes in sel§elected pacewere required for familiar
surface like level groundand, as a graitational load;the backpack load did not limit
level ground progression Ramp upelicited the most temporatspatial parameters
changesand consequently the most changes overalAlso, none of the surfaces had
significant or notable outcomes for all othese parameters from the literature (step

length and swing phase, and an increase in stride rate and double stance time).

Stride rate, or more specifically statures per secondvas lower while walking up
the ramp with the addition of the pack contrary tothe literature on able-bodied-level-
ground gait. Ramp up is the most difficult surface because it elicited the mogait

changes,Therefore, a slower stride rate would leadto more controlled movements
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A shorter WP swing phase wasonly found on the intact limb on uneven ground.
By shortening the intact limbé O O x E 1, ti@ fobtks th @d air for a shorter amount

of time, allowing the more @onfident limbdto be in contact with the groundsooner.

In the literature, there was no change in sigle stance timewith the addition of a
pack, on level ground[1, 19, 21]. However, intact limb stance time increasedor
walking up and down a ramp Stability is enharced by increasing the time the intact

limb is in contact with the ground.

5.6.2 Kinematics

The most common changes to able bodied kinematiggth the addition of a
weighted pack as outlined by the literature, are: an increase in knee and ankle angles,
specifically an increase inplantarflexion at foot-off; an increase in knee flexion during
weight acceptanceand an increase in knee extension durinfpot-off. At the hip
greater flexion during weight acceptanceand extension duringfoot-off were noted [18,

20, 24].

A significant increase inplantarflexion at foot-off was not seen on anyf the
surfaces. Increased knee extension durinigot-off was not seen consistently on any
surfaceor limb. The increase only occurred on the prosthtec limb when walking down
a ramp. Knee extension changeé on ramp ascent as wejlhowever, contrary to the
literature, the change was a decrease in extensiodost likely, the knee was more
flexed due to the increased pack weight and a need to keep the center of graater

the base of support
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A significant increase in hip extension atoot-off with increased loadwas seen
although not consistently.This increasewas seennotably on uneven ground on the

intact limb and significantly on ramp ascent on the prosthetic limb.

Although the differences noted in the literature were not consistent on each
limb across all surfacessomedifferenceswere not noted in the literature. WP ankle
plantarflexion decreaseal consistently across three surfaces fothe intact limb, during
weight acceptancepotentially a consequence of a decrease stride length in order to
improve stability on the more confident limb.WP ankle dorsiflexion during weight
acceptanceon the prosthetic limb displayeda significant increase on every surface,

most likely due to deformation of the prosthetic anklefoot.

At the knee, flexion duringweight acceptancencreased across three surfaces on
the intact limb (level ground, uneven ground, and ramp upand two surfaces for the
prosthetic limb (uneven ground and ramp up. The changes were all of a similar

amount and helged to accept the increasegack weight and to maintain stability.

Hip flexion during weight acceptancealso consistenty increased on all surfaces,
except ramp down. Similar changes were seen on both limbs for each surfaceisTh
increase in hip flexionwas directly caused by the increasg packweight during weight
acceptance. More momentunmust be absorbed due to the increased force created by

the weighted backpack.

Lastly, maximum trunk axial rotation angular velocity, which was not mentioned

in the literature, had a significant decrease across all four surfaces. The decrease in



trunk rotation speed occurs in order to increase stability of the upper body during

movement.

e
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Chapter 6. Conclusion

The outcomesfrom this thesis showedthat, with the addition of a weighted
pack,amputees had some differences in common with ableodied individuals and
some novel alterations to gait. Howeverthe biomechanicaldifferencesbetween the
amputee results andable-bodied information in the literature were mainly related to
asymmetries between limbs From the results of this studyK4-level unilateral
transti bial amputees can beaa backpackweight as well as ablebodied individuals for

the tested walking tasks

Two of the most common changes seen in the thesis were an increase i
prosthetic ankle dorsiflexionand an increase in hip and knee flexion during weght
acceptance. The difference in prosthetic ankle dorsiflexion was seen on all four surfaces
and was directly caused by the weight of the pacldnkle-foot prosthetic deformation
could lead todecreased performance at largebackpack weights depending ornthe foot
design. Increased hip and knee flexion during weight acceptance was seen on three of
the surfaces and is a common method alissipating forces on initial contact with the

ground, asseen with ablebodied individuals.

Out of the four surfacesfrom a biomechanical perspectiveramp up was the
most difficult surface because it elicited to the most changes to transtibial amputee gait.

However, most participants perceivedthat ramp down wasthe most difficult task.

6.1 Hypotheses
This sectionoutlin esthe original hypotheses and whether thenypotheses were

proven or refuted.



79

6.1.1 Compared to Able Bodied Gait and Unloaded Gait

1. A backpack load will not produce any significant changes temporal-spatial
DAOAI AGAOO 1T £ AT Ai pOOAAGO CAEO DPAOOAOI 8
The hypothesis is mostly refuted Many significant and notable changes to
temporal-spatial parameterswere found across three of the surfacesuneven

ground, ramp up, and ramp down There were no significanor notable changes to

temporal-spatial parameters of anputee gait on level ground.

2. A backpack load will not produce any significant changes in ankle, knee, and hip

angles when compared to able bodied gait.

Significant differences in ankle, knee, and hip angles were found for thenputee
test population that are not common to the literature on ablebodied loaded gait.
Therefore the second hypothesis was refuted. NoveV/P amputee gaitchangeswere
alsoseen greater prosthetic ankle dorsiflexion beforefoot-off and lower intact limb
plantarflexion during weight acceptance Also, maximum trunk axial rotation
angular velocity was significantly lower across all four surfacesa result that was

not reported in the literature.

3. A backpack load will not produce a significantly greater maximum ankle

dorsiflexion moment during level ground walking.

No significant changs were found for ankle dorsiflexion moment on either limb

during level ground walking, therefore the third hypothesis was proven.
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4. A backpack load will not produce greater net joint powers during level grund
walking. Specifically HP3and KP2power bursts will not be greater than the

unloaded position.

The HP3and KP2power bursts were not significantly greater with the addition of
the weighted pack on either limb across level ground walkingdthough there were
significant changes to theKP3and HP2power bursts on the prosthetic limb. These
changes could have occurred to compensate for the lack of ankle joint on the

prosthetic side.This hypothesis was rejected.

5. There will be no changes to gait and stality found when comparing between

surface changes.

Each surface did not evoke the same changes to gait and stabiligtween WP and
WOP. Whencounting the parameters that had significant or notable differences in
kinematics andtemporal-Spatialparameters, ramp ascent had 23arameters (9
temporal-Spatialand 14 kinematic changes to gait)uneven ground had 19
parameters (4 temporal-Spatialand 15 kinematic), ramp down had 1&arameters
(5 temporal-Spatialand 13 kinematic), and level ground had 1¢arameters (14
kinematic). Also walking up a ramp had the mogbarameters with only significant
changes tatemporal-Spatialparameters and kinematics (20), while ramp down had
the least number ofonly significant changes (12). Ayreater number of significant-
notable parametersimplies a more difficult surface that requires more gait
deviations to accomplish the task Therefore the hypothesis was refuted and ramp

ascent was more difficult than the other three surfaces. Level ground was the
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easiest, which isunderstandable because it is the most familiar surfacand the
backpack is moved along a level surface (i.e., no larger change in potential energy

due to vertical displacement)

6.1.2 Compared to the Intact Leg

. The amputated leg Wil not produce significantly different joint angles when

compared to the intact leg.

Two test variables that consistently resulted in differences on different surfaces
and both limbs were maximum knee flexion and maximum hip flexion anglat
weight acceptance Neither was signifcantly different when compared between
limbs. Therefore the first hypothesis was provenHowever, the prosthetic values
for knee angle during weight acceptancevere lower than the values for the intact
limb (not significant). Sincefew test variables on each surfacehad significant or

notable changedor both limbs, comparison between limbs was difficult

. The hip extensor and knee flexor moments will not be significantly greater on the

amputated leg when compared to the intact leg.

The hip extensor and knee flexor moments were natignificantly different when
comparing the amputated leg to the intact leg, therefore the second hypothesis was
proven. It should be noted thatalthough the differences werenot significant or
notable, theintact limb had higher values than the prosthetic limb for maximum hip

extensor moment.

. Hip power will not be significantly greater on the amputated leg to compensate for

the lack of an ankle joint.
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There was no significant difference between the two lifns for all three hip power

bursts on level ground walking. Therefre the hypothesis was proven.

6.2 Suggestions

Sudies have been completedn how an able bodied individual caroptimally
carry a heavy loadas referenced in thdoad-bearing gait literature review section.
Although future studiesare required for
confirmation, a double pack systenfFigure 16) could
create a gait pattern closer to unloaded galty
distributing the weight equally in the front and back
of the body[1, 20, 73]. However a double backack
can create problems outside of the realm ajait
biomechanics, such as heat exchang®&ackpack

frames anda hip belt can also be used toeduce loads

Figure 16: Double backpack on the shoulders, reduce muscle fatigue, and reduce

tem. . . . : ,
sYs perceived strain. It is also important toproperly fit a

backpack, using gackwith sufficient adjustment possibilities, to optimize the wearerd O

comfort and function [1].

An article by Fradet et al. T4] noted that a prosthetic ankle that enabled
transtibial amputees to walk in a more physiologic manner leds to knee kinematic
improvements during ramp ascent and an increased feeling of safety while walking
downhill. Asingle axs footcan alsoallow for more gait symmetry between limbs and is

beneficial for higher activity levels on inclines and uneven terrain at various velocities



83

[75]. Proper alignment and fitting is also an important consideration ¥6], therefore
evaluating prostheticfit with the person wearing their typical gearmay be beneficid

before extended use of backpack loads in the workplace or before deployment

6.3 Future Research

Being an exploratorystudy and novel experiment there are many possibilities
for future studies. Future studies can use the reporteg-values from this thesis to
specify what variables toinvestigate. By narrowing thenumber of test variables, the
Bonferroni correction would be lowered and morevariables could producesignificant

findings.

Studies performed with different amputation levels, female amputees, antbwer

K-levels wouldhelp to widen the current knowledge base obackpackload gait.

A study with a higher pack weightcloser to that carriedby active duty
personnel and not just for marching duties, andesearchon fatigue effects would help
gaina more complete understanding of how pack weight can affect the gait of

individuals with lower extremity amputations.

Lastly, being able to analyzegait kinetics on different surfaces would be
beneficial. Possibilities include addhg force platesmeasurements forunevenground
and ramp surfaces or creating new virtual reality environmentsusing systems such as

CAREN (Motek Medical)
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Appendix A: Test Variable Abbreviations

Table 18: Test variableabbreviation descriptions for kinematics.

Abbreviation Test Variable
AAl Ankle plantarflexion (weight acceptance
AA2 Ankle dorsiflexion (before push-off)
AA3 Ankle plantarflexion (at push-off)
AAV1 Ankle angular velocity(dorsiflexion flexion after footflat)
AAV2 Ankle angular velocity(dorsiflexion before push-off)
AAV3 Ankle angular velocity(plantarflexion at push-off)
KA1 Knee angle(weight acceptance)
KA2 Knee angle (beforgush-off)
KA3 Knee angle (swing)
KAV1 Knee angularvelocity (midstance)
KAV2 Knee angularvelocity (swing flexion)
KAV3 Knee angularvelocity (swing extension)
HAL Hip angle (max extension apush-off)
HA2 Hip angle (max flexionat weight acceptancé
HA3 Hip adduction (push-off)
HA4 Hip abduction (swing)
HAV1 Hip angularvelocity (max extension atpush-off)
HAV2 Hip angularvelocity (max flexion atweight acceptance

HAV3 Hip adduction angular velocity (push-off)
HAV4 Hip abduction angular velocity (swing)

PR1 Pelvic tilt (range)

PR2 Pelvis obliquity (range)

PR3 Pelvic axial rotation (range)

TR1 Trunk flexion (range)

TR2 Trunk abduction/add uction (range)

TR3 Trunk axial rotation (range)

PAV1 Pelvic tilt angular velocity (absolute maximum)

PAV2 Pelvic obliquity angular velocity (absolute maximum)
PAV3 Pelvic axial rotation angular velocity (absolute maximum)
TAV1 Trunk flexion angular velocity (absolute maximum)

TAV2 Trunk abduction/adduction angular velocity (absolute maximum)

TAV3 Trunk axial rotation angular velocity (absolute maximum)
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Table 19: Test variableabbreviation descriptions for kinetics.

Test Variable

AM1
AM2

AP1

AP2

AP3
AP4
KM1
KM2
KP1
KP2

KP3

HM1
HM2

HP1

HP2

HP3

Maximum ankle moment(dorsiflexion foot slap)

Maximum ankle moment (plantarflexion transition)

Absorption by dorsiflexors after heel contact. Some people do not exhibit
AP1

Generation by dorsiflexors to pull the leg forward over the foot. Some peopl
do not exhibit AP2

Absorption by plantar flexors as leg rotates forward over foot

Generation of energy by plantar flexors at pusioff

Maximum knee extension momen{weight acceptance

Maximum knee flexion moment (nidstance)

Energy absorbedby knee extensorsduring weight acceptance

Energy generatedby knee extensorsas knee extends during miestance
Energy absorbed byknee extensorsas kneeflexes during late stance and
early swing

Maximum hip extension moment (foot slap)

Maximum hip flexion moment (toeoff to early swing)

Energy generated ly hip extensors as hip extendghip flexion reduces)
during weight acceptance

Energy absorbed by hip flexors in miestance as backwarerotating thigh is
decelerated

Energy generated by hip dumg late stance and early swin¢p accelerate the
lower limb upward and forward




Appendix B: Temporal -Spatial Subject Data

Table 20: Level ground temporalspatial means for ten subjectsvith a pack
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Temporal-spatial

Parameter 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.24 112 1.25 1.27 1.17 1.08 1.01 111 1.13 1.17
speed (m/s) 1.14 140 1.23 1.17 1.18 121 1.30 1.30 121 1.25
statures per second 0.63 0.78 0.68 0.65 0.66 0.67 0.72 0.72 0.67 0.69
stride length (m) 1.40 1.57 1.53 1.49 1.38 1.30 131 1.44 1.36 1.46
stride width (m) 0.18 0.14 0.17 0.22 0.17 0.12 0.16 0.17 0.12 0.21
double limb support (s) 0.29 0.25 0.32 0.28 0.24 0.25 0.23 0.15 0.24 0.27
intact limb cycle time (s) 1.25 1.11 1.25 1.27 1.16 1.07 1.01 1.11 1.14 1.19
intact limb stance time (s) 0.77 0.70 0.82 0.82 0.73 0.68 0.64 0.65 0.70 0.74
intact limb step length (m) 0.66 0.76 0.76 0.72 0.70 0.63 0.62 0.72 0.65 0.73
intact limb step time (s) 0.59 0.55 0.61 0.59 0.57 0.52 0.48 0.52 0.56 0.57
intact limb steps per min 101.51  109.12 98.27 102.38 105.64 114.78 125,81 11598 107.07 105.01
intact limb stride length
(m) 1.32 151 1.52 143 1.40 1.27 1.23 1.43 1.30 1.46
intact limb strides per min. 48.01 54.07 47.91 47.28 51.94 56.11 59.88 53.96 52.83 50.51
intact limb swing time (s) 0.48 0.41 0.44 0.46 0.43 040 0.37 0.46 0.45 0.43
prosthetic cycle time (s) 1.22 1.13 1.24 1.28 1.18 1.08 1.02 1.10 1.12 1.16
prosthetic stance time (s) 0.75 0.67 0.77 0.73 0.69 0.64 0.60 0.62 0.68 0.70
prosthetic step length (m) 0.74 0.81 0.78 0.75 0.65 0.66 0.69 0.73 0.71 0.73
prosthetic step time (s) 0.63 0.57 0.64 0.69 0.59 0.55 0.53 0.59 0.57 0.59
prosthetic steps per min 94.83 104.91 93.26 87.67 102.62 109.82 114.13 10230 106.03 101.99
prosthetic stride length (m) 1.47 1.61 1.55 1.50 1.30 1.31 1.38 1.45 1.41 1.45
prosthetic strides per min. 49.18 53.10 48.31 47.02 50.89 55.36 59.14 54.36 53.70 51.96
prosthetic swing time (s) 0.48 0.45 0.50 0.54 0.47 0.43 0.41 0.50 0.45 0.46




Table 21: Level ground temporatspatial means for ten subjects without a pack
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Temporal-spatial

Parameter 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.21 1.13 1.25 1.14 1.18 1.07 1.04 1.09 1.13 1.15
speed (m/s) 1.16 141 1.23 1.35 1.15 1.23 1.35 1.40 1.24 1.35
statures per second 0.65 0.78 0.68 0.75 0.64 0.68 0.75 0.78 0.69 0.75
stride length (m) 141 1.59 154 154 1.36 131 1.40 1.52 1.40 1.55
stride width (m) 0.21 0.15 0.16 0.22 0.15 0.13 0.17 0.20 0.14 0.22
double limb support time (s) 0.26 0.22 0.28 0.18 0.22 0.23 0.18 0.22 0.20 0.23
intact limb cycle time (s) 1.22 1.13 1.26 1.17 1.17 1.07 1.04 1.08 1.14 1.15
intact limb stance time (s) 0.74 0.69 0.81 0.69 0.71 0.66 0.63 0.68 0.68 0.70
intact limb step length (m) 0.68 0.78 0.76 0.75 0.71 0.62 0.67 0.77 0.66 0.78
intact limb step time (s) 0.59 0.55 0.61 0.54 0.59 0.53 0.49 0.52 0.56 0.56
intact limb steps per min 101.26 108.73 98.43 111.77 102.12 11423 122.16 115.27 106.48 107.04
intact limb stride length (m) 1.36 1.56 1.53 151 1.42 1.25 1.34 1.53 1.32 1.56
intact limb strides per min. 49.28 53.20 47.56 51.27 51.36 56.16 57.50 55.82 52.64 52.05
intact limb swing time (s) 0.47 0.43 0.46 0.45 0.47 0.41 0.41 0.42 0.47 0.45
prosthetic cycle time (s) 1.21 1.12 1.24 1.12 1.19 1.08 1.04 1.10 1.13 1.14
prosthetic stance time (s) 0.74 0.65 0.74 0.62 0.69 0.64 0.59 0.64 0.67 0.68
prosthetic step length (m) 0.73 0.80 0.79 0.77 0.64 0.67 0.72 0.75 0.74 0.77
prosthetic step time (s) 0.62 0.57 0.65 0.60 0.59 0.54 0.54 0.56 0.57 0.58
prosthetic steps per min 97.46 105.67 92.11 99.94 102.43 11040 110.60 106.55 105.28 103.24
prosthetic stride length (m) 1.45 161 1.57 1.54 1.28 1.35 1.44 1.50 1.49 1.53
prosthetic strides per min. 49.76 53.46 48.48 53.61 50.52 55.83 58.03 54.55 53.21 5254
prosthetic swing time (s) 0.47 0.47 0.52 0.52 0.49 0.44 0.45 0.45 0.48 0.44




Table 22: Uneven ground temporalspatial means for ten subjects with a pack.
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Temporal-spatial

Parameters 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.34 1.12 1.29 1.32 1.16 1.08 1.03 1.22 1.14 1.22
speed (m/s) 1.18 1.42 1.35 1.20 1.17 1.32 1.39 1.16 1.13 1.23
statures per second 0.65 0.79 0.75 0.67 0.55 0.73 0.77 0.64 0.63 0.68
stride length (m) 1.58 1.58 1.74 1.59 1.16 1.42 1.42 1.42 1.29 1.50
stride width (m) 0.13 0.10 0.10 0.18 0.13 0.11 0.11 0.20 0.13 0.13
double limb support time (s) 0.24 0.18 0.25 0.22 0.21 0.18 0.12 0.12 0.21 0.23
intact limb cycle time (s) 1.34 1.12 1.29 1.33 1.16 1.08 1.03 1.22 1.14 1.23
intact limb stance time (s) 0.79 0.66 0.80 0.80 0.71 0.65 0.62 0.68 0.69 0.75
intact limb step length (m) 0.74 0.74 0.85 0.75 0.56 0.70 0.65 0.71 0.61 0.77
intact limb step time (s) 0.66 0.56 0.63 0.63 0.56 0.52 0.50 0.58 0.57 0.59
intact limb steps per minute 90.60 108.01 95.71 9537 106.99 115.04 120.94 103.19 105.95 101.76
intact limb stride length (m) 1.49 1.49 1.70 1.50 1.12 1.39 1.30 1.42 1.23 1.53
intact limb strides per minute | 44.79 53.50 46.56 45.28 51.73 55.60 58.60 49.35 52.46  48.99
intact limb swing time (s) 0.55 0.46 0.49 0.52 0.46 0.44 0.42 0.54 0.46 0.49
prosthetic cycle time (s) 1.34 111 1.29 1.32 1.16 1.07 1.03 1.23 1.14 1.22
prosthetic stance time (s) 0.79 0.64 0.74 0.75 0.67 0.61 0.58 0.66 0.67 0.70
prosthetic step length (m) 0.84 0.84 0.90 0.83 0.59 0.73 0.78 0.71 0.67 0.74
prosthetic step time (s) 0.68 0.56 0.67 0.70 0.61 0.56 0.53 0.64 0.58 0.63
prosthetic steps per minute 87.83 107.83 90.31 86.12 99.49 108.26 113.43 93.78 104.38 95.48
prosthetic stride length (m) 1.67 1.67 1.80 1.66 1.19 1.45 1.55 1.42 1.35 1.48
prosthetic strides per minute 44.65 54.07 46.68 45.61 51.66 55.94 58.64 48.87 52.83 49.14
prosthetic swing time (s) 0.56 0.47 0.55 0.59 0.51 0.46 0.45 0.56 0.48 0.52




Table 23: Uneven ground temporalspatial means for ten subjects without a pack.
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Temporal-spatial

Parameters 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.31 1.16 1.31 1.29 1.20 1.10 1.07 1.22 1.20 1.25
speed (m/s) 1.24 1.44 1.32 1.29 111 1.29 141 1.26 1.15 1.27
statures per second 0.69 0.80 0.73 0.72 0.62 0.72 0.78 0.70 0.64 0.71
stride length (m) 1.62 1.66 1.74 1.67 1.33 1.42 151 1.53 1.39 1.59
stride width (m) 0.16 0.11 0.13 0.19 0.10 0.11 0.13 0.16 0.14 0.13
double limb support time (s) 0.22 0.16 0.24 0.17 0.18 0.16 0.16 0.10 0.19 0.22
intact limb cycle time (s) 1.31 1.14 1.30 1.30 1.20 1.10 1.07 1.21 1.20 1.24
intact limb stance time (s) 0.77 0.67 0.80 0.75 0.71 0.65 0.63 0.68 0.70 0.75
intact limb step length (m) 0.77 0.79 0.88 0.80 0.66 0.69 0.75 0.78 0.66 0.80
intact limb step time (s) 0.65 0.57 0.64 0.62 0.59 0.54 0.52 0.58 0.59 0.60
intact limb steps per minute 92.88 10595 9425 96.21 102.21 112.23 116.04 103.00 101.50 99.72
intact limb stride length (m) 1.54 1.58 1.76 1.60 1.32 1.38 1.50 1.55 1.33 1.61
intact limb strides per minute 45.99 5255 46.10 46.24 49.87 54.42 56.01 49.51 49.93 4841
intact limb swing time (s) 0.56 0.49 0.52 0.54 0.50 0.46 0.45 0.54 0.50 0.51
prosthetic cycle time (s) 1.30 1.17 1.33 1.29 1.19 1.10 1.07 1.22 1.20 1.25
prosthetic stance time (s) 0.78 0.65 0.75 0.71 0.67 0.62 0.60 0.64 0.69 0.72
prosthetic step length (m) 0.86 0.87 0.86 0.87 0.68 0.74 0.76 0.76 0.72 0.78
prosthetic step time(s) 0.66 0.59 0.68 0.67 0.62 0.57 0.55 0.63 0.61 0.65
prosthetic steps per minute 91.88 101.43 88.94 8946  97.69 106.08 109.05 9494 9840 92.88
prosthetic stride length (m) 1.71 1.73 1.72 1.74 1.35 1.48 151 1.52 1.45 1.56
prosthetic strides per minute 46.10 51.28 45.28 46.66 50.37 54.76 56.04 49.26 50.01 48.02
prosthetic swing time (s) 0.53 0.51 0.56 0.59 0.54 0.49 0.47 0.58 0.52 0.53




Table 24: Ramp up temporatspatial means for ten subjects with a pack.
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Temporal-spatial

Parameters 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.34 1.06 1.39 1.44 1.17 1.10 1.01 1.17 1.17 1.30
speed (m/s) 1.12 1.39 1.16 0.99 1.05 1.29 131 1.13 1.12 111
statures per second 0.62 0.77 0.65 0.55 0.58 0.72 0.73 0.63 0.62 0.61
stride length (m) 1.50 1.47 161 1.43 1.23 141 1.33 1.33 1.31 1.44
stride width (m) 0.16 0.13 0.14 0.22 0.17 0.12 0.16 0.19 0.13 0.15
double limb support time (s) 0.31 0.21 0.35 0.34 0.25 0.23 0.22 0.23 0.28 0.28
intact limb cycle time (s) 1.34 1.07 1.39 1.44 1.18 1.09 1.02 1.18 1.18 1.29
intact limb stance time (s) 0.81 0.65 0.89 0.92 0.74 0.68 0.64 0.70 0.74 0.79
intact limb step length (m) 0.70 0.71 0.82 0.62 0.57 0.70 0.59 0.64 0.62 0.70
intact limb step time (s) 0.67 0.52 0.69 0.67 0.57 0.53 0.49 0.56 0.57 0.65
intact limb steps per minute 89.43 116.03 86.56 90.45 105.65 112.50 124.02 107.95 105.27 92.27
intact limb stride length (m) 1.39 1.42 1.65 1.24 1.15 1.40 1.19 1.28 1.25 1.40
intact limb strides per minute | 44.91 56.04 4327 41.93 50.76 55.00 59.00 50.92 50.83 46.48
intact limb swing time (s) 0.52 0.41 0.50 0.52 0.44 0.42 0.38 0.48 0.44 0.51
prosthetic cycle time (s) 1.33 1.05 1.39 1.45 1.17 1.10 1.01 1.16 1.16 1.30
prosthetic stance time (s) 0.85 0.62 0.84 0.87 0.70 0.65 0.61 0.70 0.71 0.79
prosthetic step length (m) 0.80 0.76 0.79 0.80 0.65 0.71 0.73 0.69 0.69 0.72
prosthetic step time (s) 0.66 0.55 0.69 0.77 0.60 0.56 0.53 0.62 0.61 0.65
prosthetic steps per minute 91.28 109.57 86.60 78.34 99.80 106.58 113.54 96.49 99.22 92,50
prosthetic stride length (m) 1.60 1.52 1.58 1.60 1.29 1.42 1.46 1.38 1.37 1.45
prosthetic strides per minute 45.04 57.07 4325 41.42 51.54 54.75 59.64 51.64 51.79 46.18
prosthetic swing time (s) 0.50 0.44 0.54 0.58 0.48 0.45 0.41 0.47 0.46 0.52




Table 25: Ramp up temporalspatial means for ten subjects without a pack.
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Temporal-spatial

Parameters 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.31 1.09 1.31 1.36 1.12 1.08 1.06 1.14 1.19 1.27
speed (m/s) 1.18 1.49 1.29 1.17 1.17 1.38 1.45 1.32 1.20 1.19
statures per second 0.65 0.83 0.72 0.65 0.65 0.77 0.81 0.73 0.66 0.66
stride length (m) 1.55 1.62 1.69 1.59 1.31 1.50 1.54 151 1.43 151
stride width (m) 0.17 0.13 0.13 0.18 0.13 0.11 0.14 0.18 0.13 0.15
double limb support time (s) 0.27 0.21 0.28 0.24 0.21 0.20 0.19 0.13 0.22 0.25
intact limb cycle time (s) 1.32 1.08 1.33 1.35 1.14 1.08 1.06 1.14 1.18 1.27
intact limb stance time (s) 0.78 0.66 0.82 0.83 0.70 0.65 0.63 0.65 0.73 0.75
intact limb step length (m) 0.72 0.78 0.83 0.74 0.64 0.73 0.72 0.75 0.68 0.73
intact limb step time (s) 0.64 0.55 0.64 0.64 0.54 0.54 0.52 0.54 0.58 0.64
intact limb steps per minute 9455 109.71 9347 9326 11185 111.38 116.37 112.29 104.40 94.00
intact limb stride length (m) 143 1.56 1.67 1.48 1.28 1.45 1.43 1.50 1.36 1.46
intact limb strides per minute | 45.58 55.36 45.32 44.47 52.75 55.47 56.85 52.80 50.94 47.24
intact limb swing time (s) 0.52 0.43 0.50 0.54 0.44 0.43 0.43 0.48 0.47 0.52
prosthetic cycle time (s) 1.31 1.09 1.30 1.36 1.11 1.09 1.07 1.14 1.20 1.27
prosthetic stance time (s) 0.80 0.64 0.79 0.77 0.64 0.63 0.61 0.62 0.69 0.77
prosthetic step length (m) 0.83 0.84 0.86 0.84 0.65 0.77 0.83 0.76 0.75 0.78
prosthetic step time (s) 0.68 0.54 0.67 0.72 0.58 0.55 0.55 0.61 0.62 0.63
prosthetic steps per minute 88.14 110.31 89.80 84.01 103.48 109.99 109.73 98.74 96.78  94.99
prosthetic stride length (m) 1.67 1.69 1.72 1.69 1.30 1.54 1.65 1.53 1.50 1.56
prosthetic strides per minute | 45.86 54.94 46.19 44.18 53.93 55.32 56.34 52.58 49.95 47.18
prosthetic swing time (s) 0.50 0.45 0.53 0.59 0.48 0.45 0.45 0.52 0.50 0.50




Table 26: Ramp down temporatspatial means for ten participants with a pack.
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Temporal-spatial

Parameters 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.25 1.05 1.30 1.29 1.08 1.01 0.98 1.10 1.14 1.16
speed (m/s) 1.13 1.44 1.07 1.10 1.02 1.27 1.42 111 1.13 1.22
statures per second 0.63 0.80 0.56 0.63 0.59 0.72 0.86 0.65 0.68 0.69
stride length (m) 1.40 1.50 1.40 1.43 1.10 1.28 1.40 1.22 1.30 1.42
stride width (m) 0.15 0.10 0.15 0.22 0.16 0.13 0.12 0.16 0.12 0.17
double limb support time (s) 0.25 0.20 0.32 0.25 0.26 0.16 0.21 0.20 0.22 0.23
intact limb cycle time (s) 1.24 1.05 1.30 1.29 1.08 1.01 0.98 1.10 1.14 1.16
intact limb stance time (s) 0.75 0.65 0.83 0.79 0.69 0.61 0.61 0.66 0.70 0.71
intact limb step length (m) 0.68 0.73 0.70 0.69 0.60 0.62 0.69 0.58 0.64 0.75
intact limb step time (s) 0.62 0.51 0.64 0.64 0.54 0.49 0.48 0.54 0.56 0.58
intact limb steps per minute 97.21 117.71 93.31 9457 11243 12250 12537 111.32 107.20 103.27
intact limb stride length (m) 1.35 145 1.40 1.39 1.20 1.23 1.37 1.15 1.28 151
intact limb strides per minute | 48.33 57.09 46.21 46.45 55.41 59.69 61.04 54.59 52.73 51.88
intact limb swing time (s) 0.50 0.40 0.47 0.49 0.38 0.40 0.37 0.43 0.45 0.45
prosthetic cycle time (s) 1.25 1.04 1.30 1.29 1.08 1.01 0.99 1.10 1.15 1.16
prosthetic stance time (s) 0.75 0.60 0.79 0.75 0.65 0.56 0.59 0.63 0.67 0.67
prosthetic step length (m) 0.72 0.78 0.69 0.74 0.50 0.65 0.71 0.64 0.66 0.67
prosthetic step time (s) 0.63 0.54 0.65 0.65 0.55 0.52 0.50 0.56 0.58 0.57
prosthetic steps per minute 9594 11058 9197 92.73 110.15 115.71 119.10 107.10 102.79 104.66
prosthetic stride length (m) 1.44 1.56 1.38 1.47 1.00 1.31 1.42 1.27 1.31 1.33
prosthetic strides per minute | 48.10 57.61 46.11 46.57 55.79 59.50 60.89 54.61 52.18 51.89
prosthetic swing time (s) 0.50 0.45 0.05 0.54 0.43 0.45 0.40 0.46 0.47 0.48




Table 27: Ramp down temporalspatial means for ten participants without a pack.
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Temporal-spatial

Parameters 1 2 3 4 5 6 7 8 9 10
cycle time (s) 1.23 1.03 1.26 1.19 1.03 1.02 1.00 1.07 1.13 1.15
speed (m/s) 1.14 1.54 1.12 1.29 1.07 1.24 1.52 1.22 1.19 1.22
statures per second 0.63 0.86 0.59 0.74 0.62 0.71 0.92 0.71 0.71 0.69
stride length (m) 1.39 1.59 141 1.53 1.10 1.02 1.52 1.07 1.34 141
stride width (m) 0.15 0.12 0.15 0.20 0.11 0.12 0.14 0.17 0.15 0.19
double limb support time (s) 0.20 0.17 0.26 0.15 0.20 0.15 0.16 0.10 0.19 0.19
intact limb cycle time (s) 1.22 1.03 1.26 1.18 1.03 1.03 1.00 1.07 1.13 1.15
intact limb stance time (s) 0.72 0.62 0.78 0.70 0.63 0.61 0.59 0.60 0.67 0.70
intact limb step length (m) 0.67 0.76 0.71 0.71 0.59 0.59 0.77 0.63 0.63 0.70
intact limb step time (s) 0.61 0.50 0.62 0.60 0.51 0.49 0.49 0.53 0.56 0.57
intact limb steps per minute 98.59 119.29 97.10 100.78 118.22 121.48 121.99 113.86 108.21 104.99
intact limb stride length (m) 1.33 151 1.42 1.42 1.18 1.18 1.54 1.25 1.27 1.40
intact limb strides per minute | 49.04  58.35 47.54  50.97 58.57 58.53  60.17 56.17 53.36  52.18
intact limb swing time (s) 0.51 0.41 0.47 0.50 0.39 0.41 0.41 0.47 0.45 0.45
prosthetic cycle time (s) 1.23 1.03 1.25 1.19 1.02 1.02 1.01 1.07 1.13 1.15
prosthetic stancetime (s) 0.71 0.58 0.74 0.64 0.59 0.56 0.57 0.57 0.64 0.64
prosthetic step length (m) 0.72 0.83 0.69 0.80 0.50 0.68 0.74 0.67 0.70 0.70
prosthetic step time (s) 0.61 0.53 0.63 0.60 0.51 0.53 0.51 0.54 0.57 0.58
prosthetic steps per minute 97.88 113.68 95.81 101.14 117.29 113.06 118.06 110.60 105.44 104.04
prosthetic stride length (m) 1.44 1.66 1.39 1.61 0.99 1.36 1.48 1.34 1.39 141
prosthetic strides per minute | 48.80 48.43 48.20 50.64 58.71 58.66 59.71 56.06 53.27 52.24
prosthetic swing time (s) 0.51 0.46 0.52 0.55 0.43 0.46 0.43 0.50 0.50 0.51




Appendix C. Kinematic Subject Data

Table 28: Levelground test variable means forprosthetic limb with a pack.Abbreviation
definitions are in appendix E.
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Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -2.37 -8.76 -3.24 -0.68 -6.22  -1583  -10.47 -1.56 -11.35  -11.94
AA2 13.61 14.73 16.98 18.41 14.97 6.89 10.62 17.80 17.40 6.32
AA3 1.77 -0.32 4.64 4.00 2.41 -9.87 -2.69 3.32 -3.87 -6.16

AAV1 31.03  102.59 51.14 56.29 71.00 39.93 53.78 40.96 85.64 50.30
AAV2 45.29 74.08 59.86 50.68 57.74  106.10 61.68 78.60  108.94 52.06
AAV3 -111.79 -150.49 -100.29 -139.52 -115.96 -148.39 -126.09 -162.12 -226.08 -116.23
KA1 281  -21.98 0.26 -9.05 3.03 -3.06 -8.59 -4.86  -13.27 -7.83
KA2 14.35 5.39 9.86 -4.48 12.68 -1.37 8.48 2.97 -1.59 3.36
KA3 -51.97 -67.08 -63.73 -57.12 -5091 -78.85 -56.48  -66.51 -62.0  -61.27
KAV1 59.55  149.65 62.32 27.08 49.89 25.41 91.70 43.15 93.72 66.98
KAV2 -332.35 -428.66 -386.74 -305.46 -300.35 -388.38 -382.12 -396.03 -380.05 -374.01
KAV3 365.82 415.67 381.12 259.96 311.82 420.55 338.80 39561 390.57 359.04
HAL -13.79  -1593  -17.00 -1254  -30.59 6.16 -25.92  -13.38  -12.76  -11.88
HA2 27.52 35.68 37.82 32.63 14.52 57.57 34.20 28.29 41.39 42.66
HA3 5.25 5.52 0.87 8.56 -4.03 11.64 1.50 -0.49 3.23 9.71
HA4 -5.60 -2.40  -10.92 -4.07 -11.14 -1.23 -6.03 -6.38 -8.14 -3.61
HAV1 -88.14 -164.73 -134.68 -126.93  -96.03 -117.08 -164.98 -110.41 -150.56 -132.92
HAV2 169.42 201.30 209.55 163.78 173,51 207.06 217.64 201.11 22230 212.47
HAV3 32.86 48.28 54.70 47.05 46.23 47.24 52.34 39.83 29.62 61.15
HAV4 -67.32 5227 4465 -49.83 -27.29  -41.68 -33.0 -21.43  -68.77  -49.64
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Table 29: Levelground test variable means forprosthetic limb without a pack.Abbreviation

definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -6.83 -9.65 -3.05 -0.39 5.84  -1544  -12.78 -1.17  -12.43  -11.48
AA2 6.80 12.77 12.50 16.31 13.41 5.66 6.22 15.95 15.09 4.50
AA3 -0.72 -0.25 3.13 3.53 1.80 -9.79 -4.99 3.17 -5.37 -6.20
AAV1 32.14 76.83 47.82 53.46 61.77 33.78 48.72 37.58 80.24 55.79
AAV2 36.27 62.20 50.71 48.02 52.87 97.31 55.33 71.49  103.96 38.64
AAV3 9452 -158.88  -73.70 -114.12 -112.86 -137.38 -110.76 -140.05 -202.88 -107.23
KAl 1.80 -12.92 5.30 -8.56 3.85 -1.57 -4.23 040  -11.41 -9.68
KA2 13.69 5.01 11.09 -5.60 12.41 -0.87 6.69 5.14 -1.79 4.88
KA3 -51.07 -66.36 -62.98 -5568 -51.38 -75.92 -57.55 -56.92 -63.54  -62.48
KAV1 65.11 98.72 40.62 21.41 42.96 23.41 60.42 33.25 62.27 89.91
KAV2 -327.53 -437.63 -395.45 -259.24 -289.93 -388.70 -349.95 -356.56 -380.80 -363.67
KAV3 363.99 421.87 388.99 267.11 301.64 446.33 360.23 378.44  401.82 378.77
HAL -30.28  -16.15  -13.63  -16.34  -20.71 1.75  -18.17  -21.87 -22.61  -25.79
HA2 10.82 32.44 29.87 23.57 20.60 49.32 27.61 18.53 18.26 26.18
HA3 4.18 4.15 -0.22 8.06 -3.33 12.02 0.30 0.16 0.46 3.58
HA4 -3.19 -4.43 -10.76 -2.19 -12.55 0.87 -9.45 -6.43  -13.01 -9.00
HAV1 -88.12 -149.64 -100.50 -98.25 -102.87 -122.96 -120.72 -101.86 -113.25 -134.38
HAV2 157.82 210.85 173.91 127.27 149.04 18291 181.28 177.84 187.14 219.33
HAV3 23.86 50.83 61.97 47.77 49.36 45.46 55.82 57.32 44.37 69.70
HAV4 -62.83  -62.01 -60.44 -4482  -31.79 -49.45 -4950 -26.82 -97.52  -56.97

Table 30: Levelground test variable means forintact limb with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -5.41 -11.21 -1.26 -3.80 519  -15.32 -6.15 -1.90 512 -13.07
AA2 7.51 5.08 16.27 14.46 19.18 -0.05 11.54 9.82 10.06 8.85
AA3 -1495  -2468  -16.14  -13.64 671  -39.10  -19.97 -18.00 -19.43  -21.51
AAV1 64.48  116.00 50.23 92.22 58.28 75.05 93.11 63.84 76.52  127.40
AAV2 34.76 39.99 56.64 59.82 69.91 47.93 34.20 26.89 49.83 50.55
AAV3 -205.25 -304.70 -297.93 -298.69 -291.64 -404.71 -331.36 -286.58 -388.24 -309.23
KA1 -15.79  -30.12  -30.14  -21.67 -1.38  -19.69  -23.37  -11.21  -23.71  -10.02
KA2 3.63 143  -12.93 3.03 11.48 2.05 -1.80 6.69 2.82 8.15
KA3 -62.26  -60.52  -71.96 -6155 -42.97 -59.23  -68.86 -46.29 -57.03  -33.89
KAV1 86.33  141.43 82.35 111.05 50.37 116.82 89.42 85.53  129.76 97.58
KAV2 -346.82 -386.32 -300.77 -381.47 -269.47 -316.70 -393.28 -332.31 -387.17 -249.94
KAV3 430.50 333.00 350.48 32590 271.86 41355 468.96 393.18 397.93  245.77
HAL -9.01 -16.59 0.67  -14.17  -37.50 172  -13.35 -22.11 -8.06 -15.12
HA2 37.44 41.33 44.41 34.65 12.86 48.80 30.20 18.65 33.44 22.58
HA3 2.17 0.24 8.17 11.66 11.87 8.46 13.02 4.12 10.12 14.71
HA4 -7.92 -8.56 0.57 4.37 3.74 2.74 -2.54 -2.47 -3.38 3.58
HAV1 -65.47 -114.04  -7358 -129.23 -108.19 -138.72 -100.07 -100.44 -102.26  -83.52
HAV2 136.95 177.22 121.16 196.47 186.33 20550 188.08 189.51  194.31  126.09
HAV3 41.14 48.93 34.91 46.12 35.52 32.78 39.10 29.56 65.26 80.02
HAV4 -33.20 -38.71 3445 6867 -51.86  -48.13  -50.01  -54.31  -49.44  -48.97




Table 31: Levelground test variable means forintact limb without a pack.Abbreviation

definitions are in appendix E.
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Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -8.01  -14.50 -5.05 -4.99 -7.47  -18.00 -7.00 -419  -10.80  -11.70
AA2 9.33 5.04 15.23 16.53 19.64 0.56 12.60 8.87 12.66 6.47
AA3 -13.07  -24.50 -8.84  -11.15 653  -36.88 -1574  -17.45  -16.39  -21.87
AAV1 81.48  109.35 43.43 71.51 59.79 77.08 97.40 58.63 7750  109.24
AAV2 42.14 40.46 65.51 65.99 66.37 53.50 44.88 30.41 71.71 35.36
AAV3 21411 -321.34 -261.51 -282.65 -287.11 -41159 -287.96 -265.94 -371.17 -287.74
KAl -13.62  -22.39  -17.10  -17.40 0.99 -16.04 -20.98 -6.34  -17.65 -10.14
KA2 3.14 -0.07  -10.28 -1.67 8.08 -1.22 -5.56 6.62 -3.98 7.34
KA3 -61.50 -62.45 -71.90 6421 -4550 -61.86 -72.79  -4586  -60.62  -39.64
KAV1 83.57 123.11 49.00 75.93 35.32 76.64 78.30 64.02 62.88 83.03
KAV2 -333.75 -377.48 -334.94 -354.83 -249.86 -342.14 -375.64 -307.46 -357.50 -270.78
KAV3 44853 415.09 43551 33582 286.39 437.63 473.54 38223 46224  290.94
HA1 2486  -15.73 -113  -1531  -2355 099  -1092  -27.08 -21.94  -29.22
HA2 18.60 35.22 40.99 23.28 17.20 38.51 30.09 10.89 21.53 12.60
HA3 0.72 -0.61 9.31 10.58 10.78 7.44 9.60 5.35 5.40 6.78
HA4 -6.46 -8.19 1.54 4.61 2.27 -0.06 -6.45 -1.00 -5.62 -1.61
HAV1 -71.38 -13581  -91.13 -112.81  -94.13 -112.29 -101.20  -99.79 -109.85  -92.07
HAV2 112.93  209.98 119.56 159.59  152.13 196.65 163.47 172.79 187.94  144.39
HAV3 29.88 51.98 50.46 45.35 44.81 41.01 58.95 30.93 60.24 71.71
HAV4 -34.36 5243  -65.53 5125  -43.07 -61.01  -56.64 5455  -62.47  -5554

Table 32: Levelground test variable means forpelvis andtrunk with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 4.46 4.03 10.32 5.92 453 6.25 12.85 4.81 11.58 10.65
PR2 2.69 6.83 7.48 6.30 5.39 5.65 9.61 3.58 6.07 6.12
PR3 4.70 9.09 18.94 6.39 5.44 6.35 3.87 6.66 7.97 7.06
TR1 3.11 3.63 10.05 7.82 4.20 7.29 14.46 4.83 11.23 4.96
TR2 4.11 9.85 8.77 5.54 7.64 3.96 13.41 4.99 12.94 10.19
TR3 6.30 13.98 16.56 15.43 10.27 11.14 8.10 11.25 6.70 8.90
PAV1 -5.80 -409  -1504 -1865 -28.94 -1563 -31.82 -14.83 -30.80 -21.61
PAV2 10.90 9.78 37.90 31.16 15.82 24.77 47.03 29.40 36.35 29.23
PAV3 -1051  -2355  -2356  -1650 -1441  -19.18  -28.17  -17.25  -22.13  -22.18
PAV4 2.56 17.13 8.07 17.25 11.86 21.54 33.62 20.44 18.25 26.72
PAV5 -13.95  -4558 5585 -27.54 -1051  -20.51  -11.39  -28.85 -25.71  -12.55
PAV6 13.88 27.38 8.17 25.60 30.73 19.89 24.11 19.49 5.09 14.98
TAV1 -1439  -1851  -51.77 -43.09 -1858  -38.28 -50.62 -2801 -37.70 -18.28
TAV2 12.14 24.79 35.37 37.61 12.93 31.18 44.13 26.82 29.34 17.20
TAV3 -17.01  -47.77 3752 -37.75 -25.88  -32.38  -41.16 -31.51 -41.63  -39.17
TAV4 14.53 51.22 32.82 26.85 20.15 32.39 44.36 25.69 54.43 49.19
TAV5 -16.43  -47.20 4559  -35.47  -2222  -25.86  -17.20  -34.83  -22.94  -23.40
TAV6 23.77 60.46 71.26 46.91 36.59 24.26 27.73 43.64 23.69 31.24
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Table 33: Levelground test variable means forpelvis andtrunk without a pack Abbreviation

definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 3.48 5.55 4.17 6.36 4.49 7.15 4.65 4.79 5.26 8.29
PR2 4.08 5.97 7.42 4.89 3.75 6.14 12.57 3.62 6.71 7.58
PR3 4.14 10.52 25.26 10.86 8.24 13.25 12.60 8.48 13.60 11.49
TR1 3.71 6.35 7.19 6.20 7.74 7.20 -6.66 511 8.35 6.97
TR2 3.71 8.61 9.47 4.40 6.83 6.19  -18.96 3.81 10.84 8.55
TR3 13.64 19.32 35.62 20.42 14.89 21.82  -25.63 16.42 19.28 21.74
PAV1 -3.73  -14.06 -0.65 -848  -11.75  -16.45 -11.97 -10.67 -17.17 -19.94
PAV2 11.39 22.46 12.94 27.50 36.07 24.33 21.84 26.84 30.58 40.94
PAV3 -13.54  -32.85 -3298 -16.06 -1527 -31.98 -35.69 -19.64 -2490 -26.05
PAV4 6.42 21.29 23.88 14.74 5.05 28.95 47.27 23.32 30.10 19.09
PAV5 -1820  -35.41 7436  -23.15 -1588  -40.45 -2440 -25.86 -33.05 -34.71
PAV6 21.98 31.11 59.55 40.44 44.80 48.50 47.05 29.48 32.32 47.38
TAV1 -16.37  -43.18 -38.68 -35.09 -43.19 -31.15 -25.28 -27.46  -4252  -43.71
TAV2 12.78 29.92 36.07 24.43 29.20 29.23 29.25 34.23 46.00 32.03
TAV3 -16.67  -54.20 6173  -2452 -31.60 -57.08 -71.07 -2891  -63.83  -43.37
TAV4 13.86 50.75 58.56 20.13 26.79 60.95 70.84 20.43 35.67 39.87
TAV5 -37.61  -60.65 -71.86  -56.62 -44.82  -63.77 -65.92 -41.83 -56.68  -67.46
TAV6 42.42 69.55  101.85 50.10 34.16 61.25 66.75 56.36 57.55 55.98

Table 34: Uneven gound test variable means forprosthetic limb with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -0.80 -4.40 -4.08 1.74 441 -14.32 -7.29 0.10 -9.18 -9.82
AA2 16.08 15.04 13.26 17.11 15.92 6.13 9.04 18.47 17.31 6.53
AA3 4.31 -0.56 1.42 4.05 2.67 -8.39 -3.42 3.15 -3.37 -5.92
AAV1 31.22 63.98 38.20 41.67 71.83 37.52 33.97 29.08 80.24 42.45
AAV2 41.98 67.11 63.31 47.56 58.18 73.39 53.53 84.73  110.23 39.80
AAV3 -129.82 -162.87 -105.80 -120.77 -151.64 -138.99 -120.52 -182.82 -244.17 -112.50
KAl 6.08  -19.55 -1.34 -11.21 -0.01 -3.33 -5.66 716 -12.20 -4.99
KA2 14.30 4.29 16.17 -7.15 12.40 0.83 9.18 5.12 0.31 3.21
KA3 -71.05  -81.59  -74.42  -71.21  -71.81  -91.07 -65.11  -79.79  -80.84  -79.37
KAV1 50.63 14854 113.51 42.79 63.50 38.64 89.45 69.31  117.51 51.03
KAV2 -400.99 -496.20 -444.16 -334.49 -388.60 -433.76 -414.83 -491.46 -510.49 -441.56
KAV3 44630 455.38  444.83 291.90 392.37 467.03 35541 43199 467.38  390.56
HA1 -20.63  -17.04  -16.88 -7.32 -13.99 11.40 -26.86 -15.08 795  -13.77
HA2 36.85 44.0 4455 36.35 39.86 63.95 39.19 37.44 54.70 47.12
HA3 5.46 4.95 3.63 4.00 -1.53 10.19 1.36 -1.61 5.06 12.52
HA4 -4.53 -1.95  -10.52 -5.52 -14.24 -2.82 -3.81 -7.57 -2.70 -2.62
HAV1 -100.79 -172.83 -154.27 -122.43 -108.46 -111.41 -164.66 -143.06 -158.46 -117.73
HAV2 197.98 26852 21537 207.24 219.72 19448 24469 257.39 286.55 241.16
HAV3 22.18 49.67 54.22 38.85 56.88 46.45 25.74 35.84 36.46 63.99
HAV4 -64.47  -4518  -53.35  -40.08  -53.05  -40.77 -34.16  -31.65 -44.26 -51.31
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Table 35: Unevenground test variable means forprosthetic limb without a pack.Abbreviation

definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAL -0.41 -6.50 -2.94 0.28 -3.34  -14.53 -7.93 0.04 -9.68 -9.37
AA2 14.69 13.24 11.26 14.99 14.75 5.24 7.48 16.08 15.87 5.18
AA3 411 -0.36 1.65 3.90 241 -8.73 -3.24 3.20 -3.55 -5.98
AAV1 27.73 61.13 31.89 41.50 54.52 38.28 36.45 25.98 55.91 35.88
AAV2 38.25 58.0 44.76 44.00 48.96 75.56 44.43 76.10  111.06 34.84
AAV3 -132.85 -161.42  -92.17 -115.03 -127.78 -137.76 -107.32 -119.82 -239.93 -104.45
KAl 509  -12.07 3.31 -4.71 1.63 -0.22 -0.10 -5.45 -5.43 -3.40
KA2 13.49 2.90 15.34 -3.26 12.30 1.147 6.50 6.59 0.62 4.37
KA3 7111  -8330 -72.80 -67.27 -7560 -8892 -6508 -77.37 -7850  -79.15
KAV1 50.17  110.95 91.68 18.33 55.47 30.01 46.93 60.97 48.23 48.00
KAV2 -410.78 -47852 -407.59 -325.40 -361.26 -411.75 -385.14 -451.49 -48459 -415.70
KAV3 45449 44227 43596 320.54 409.96  467.84 377.37 417.21  486.00 391.14
HAL -31.33  -16.35  -17.15  -1454  -21.10 247  -2015  -20.08 -22.32  -2556
HA2 26.47 37.15 36.70 26.34 32.24 53.40 28.70 33.25 30.39 33.06
HA3 6.23 2.78 -0.46 3.30 -2.37 7.82 1.67 -2.01 3.06 5.47
HA4 -4.96 -3.87 -8.94 437 -11.72 -5.96 -4.86 -5.95 -8.26 -7.45
HAV1 -107.80 -146.28 -128.36 -106.22 -112.04 -123.87 -114.53 -137.63 -110.27 -130.20
HAV2 217.02 23356 196.01 166.08 191.08 186.40 184.71 223.42 24546  248.06
HAV3 29.18 49.08 55.47 47.04 51.18 40.23 28.50 31.26 42.36 70.04
HAV4 -69.22  -43.03 5111  -36.88 -33.32 -64.72  -37.62 -28.67 -83.92 -44.17

Table 36: Unevenground test variable means forintact limb with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAL 0.99 -5.01 3.53 4.99 0.83 -9.84 2.66 0.36 0.78 -4.49
AA2 7.83 3.65 15.76 13.32 18.39 -0.73 11.98 6.91 9.45 9.28
AA3 2076 -2752  -22.72 -4.39 759  -39.26  -19.29  -23.83  -24.24  -20.47
AAV1 48.21 81.05 32.64 52.88 64.14 56.73 67.57 67.48 74.90 75.18
AAV2 24.65 35.15 38.83 40.26 58.16 28.91 22.81 15.30 9.32 22.58
AAV3 25352 -313.15 -333.43 -154.38 -288.30 -315.63 -296.32 -306.75 -366.97 -265.13
KA1 -16.59  -28.33  -29.83  -22.39 579  -2155  -27.09 -12.37 -22.13  -12.10
KA2 6.09 1.39  -10.49 4.69 14.03 -3.19 -2.81 10.32 3.34 6.93
KA3 -74.03  -75.15  -79.06  -79.78 -59.63  -77.20 -78.39  -61.39  -69.21  -52.73
KAV1 99.79 178.14 112.64 122.52 85.62 104.19 122.44 11517  147.49 94.07
KAV2 -397.19 -501.20 -360.40 -494.68 -313.19 -402.62 -449.88 -428.30 -505.18 -349.78
KAV3 44547 39857 359.65 360.17 301.43 466.73 406.18 466.92 44897  267.81
HA1 -16.74  -16.79 058  -16.22  -20.84 0.86  -12.87 -24.92 -9.44  -18.48
HA2 43.87 44.06 55.57 40.11 39.89 59.88 45.88 23.64 46.61 29.39
HA3 2.19 -0.04 3.92 12.26 13.68 7.96 10.74 3.13 11.34 11.23
HA4 -8.40 9.71 2.71 3.91 2.35 -0.06 -3.73 -3.97 -3.67 0.06
HAV1 -107.57 -163.95 -122.30 -137.97 -129.21 -144.72 -119.19 -116.45 -133.24  -97.85
HAV2 24551 264.34 207.96 25020 25195 235.35 221.23 25259 257.18 169.11
HAV3 45.82 65.07 39.58 55.40 65.93 47.78 48.67 45.97 71.42 72.59
HAV4 -29.83 7329  -46.82  -61.41 -104.99 -52.85 5266  -55.33 -56.15  -51.79
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Table 37: Uneven gound test variable means forintact limb without a pack.Abbreviation

definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -2.52 -7.07 0.36 1.22 0.28  -11.66 0.06 0.47 -3.76 -6.76
AA2 10.47 5.18 17.11 14.96 18.97 2.15 13.72 6.65 11.16 5.77
AA3 -19.75  -30.39  -11.47 -5.97 -343  -3659  -17.62  -21.06 -19.60 -21.33
AAV1 60.08 83.47 44.82 73.87 58.35 64.12 62.75 34.50 82.64 66.34
AAV2 40.24 32.30 49.58 48.59 50.72 28.86 46.17 23.96 41.45 20.39
AAV3 -277.08 -345.85 -276.55 -230.31 -237.55 -338.90 -299.41 -283.05 -394.49 -251.86
KAl -14.49  -21.30  -18.08  -19.36 222  -13.68  -18.25 -7.88  -18.74 -5.72
KA2 5.45 051  -10.93 1.01 9.14 -0.49 -1.64 7.93 -0.30 10.89
KA3 7476  -7466  -79.87 -83.26  -59.98  -76.23  -82.22 -60.24 -71.84  -53.04
KAV1 9291  124.40 51.44 111.11 52.66 60.67 96.74 85.34 88.82 79.51
KAV2 -391.52 -427.42 -354.53 -443.81 -291.33 -379.79 -440.75 -386.93 -444.05 -337.30
KAV3 506.16  448.71  469.52 37412 305.05 475.40 486.94 447.69 562.29  347.19
HAL 2717  -18.12 -3.99  -20.37  -24.19 291  -13.79  -27.89  -21.96  -31.72
HA2 30.37 38.71 45.06 34.81 29.16 47.14 36.24 16.80 28.29 14.49
HA3 0.90 -1.69 8.16 10.69 11.81 5.08 7.17 3.98 6.81 4.97
HA4 -7.36 -9.82 -2.58 4.60 2.54 -2.04 -6.95 -2.30 -5.10 -4.03
HAV1 -116.97 -153.60 -112.49 -147.16 -107.89 -117.40 -107.03 -106.59 -113.88  -99.12
HAV2 22848 24971 163.10 220.18 187.21 214.23 207.08 221.87 231.25 192.92
HAV3 37.31 63.92 76.41 58.37 51.22 49.21 56.29 41.43 69.75 74.55
HAV4 -25.92 -101.35  -66.53  -61.81  -64.34  -51.52  -56.78  -48.92 4470  -52.63

Table 38: Unevenground test variable means forpelvis andtrunk with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 3.51 6.25 7.99 6.99 4.10 7.93 19.11 6.49 10.58 6.43
PR2 4.29 9.79 7.95 10.94 9.71 10.76 9.76 5.94 9.11 6.96
PR3 3.74 13.20 10.06 6.85 10.47 8.63 4.69 8.53 7.64 8.87
TR1 3.93 7.02 7.74 8.64 6.32 11.50 19.75 -7.93 10.35 5.05
TR2 5.14 10.43 12.92 10.62 13.05 457 12.35 -7.50 15.77 8.53
TR3 7.94 16.35 14.51 0.36 17.26 17.61 8.07 -11.63 5.26 10.42
PAV1 -11.73 -9.67 -10.91  -27.04 -21.33 950 5545 -27.24 -56.78  -11.99
PAV2 10.34 15.82 20.01 14.39 13.74 25.50 63.54 33.69 47.77 18.68
PAV3 -14.16  -27.81  -31.33  -2842 -2515 -17.08 -29.65 -27.12  -39.26  -20.24
PAV4 9.52 32.53 24.10 28.25 30.34 23.31 40.37 30.07 23.42 26.11
PAV5 -10.79  -59.29  -37.48  -38.11  -45.95 -4570 -12.92 -32.34  -25.92 -9.22
PAV6 15.00 27.23 21.27 28.68 41.18 24.67 10.24 20.16 8.96 19.44
TAV1 -17.16  -33.35 -3556  -60.68 -32.73  -44.03 -7552 -48.31 -39.34  -26.36
TAV2 19.19 39.29 38.86 59.45 37.23 36.97 61.40 36.01 17.78 23.54
TAV3 -22.03  -63.44  -4717 -3061 -51.50 -4554  -42.74  -4650 -50.39  -30.71
TAV4 20.53 53.97 44.44 30.75 51.15 43.15 41.45 32.87 81.61 49.60
TAVS 2241  -56.64 -44.46  -46.46  -62.80 -44.86 -23.39  -4368 -27.53  -23.92
TAV6 27.11 61.30 58.41 61.87 57.70 49.80 21.59 44.50 21.89 25.74




Table 39: Uneven gound test variable means forpelvis andtrunk without a pack.
Abbreviation definitions are in appendix E.
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Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 3.60 6.58 3.04 5.99 4.42 6.36 5.38 6.26 3.91 5.98
PR2 571 8.62 8.29 10.19 8.44 10.60 9.93 6.17 5.39 9.04
PR3 5.68 14.07 25.46 13.16 12.43 15.92 11.34 10.71 18.76 14.62
TR1 4.68 9.02 10.64 8.55 8.74 -9.54 7.44 8.96 7.93 6.54
TR2 4.48 10.38 12.46 15.01 12.81 -6.72 18.13 4.24 12.01 7.63
TR3 15.00 22.11 27.91 0.33 19.37  -22.76 24.03 17.55 22.62 25.42
PAV1 -5.06  -22.69 852  -1825 -14.34 -3.85 -8.60 -24.00 -12.75 -13.94
PAV2 7.32 23.60 16.32 12.38 20.23 23.49 14.38 21.88 27.81 29.14
PAV3 -11.35  -32.06 -39.09 -28.15 -21.93 -2804 -3561 -26.45 -31.84 -24.78
PAV4 12.84 22.53 36.89 32.08 21.56 35.06 46.13 23.33 37.74 28.14
PAV5 -31.61  -4428  -50.19  -4423 -37.73 -4516 -40.98 -39.98 -59.96  -36.04
PAV6 28.26 30.17 74.91 39.70 43.42 40.63 36.64 38.91 47.24 39.91
TAV1 -22.88  -4434  -40.78  -59.17  -40.18 -4400 -26.89 -54.11  -37.93 -32.68
TAV2 21.88 50.44 44.46 46.16 25.64 43.01 40.58 36.23 36.97 27.72
TAV3 2255 5351 -59.31 -40.61 -48.62 -58.30 -69.43 -26.61 -63.54 -33.04
TAV4 18.76 61.85 63.06 29.02 44.70 57.08 70.93 24.00 60.08 43.32
TAVS -53.74 -89.96 -41.13 -69.01 -66.36 -61.40 -63.43 -60.39 -82.80 -66.22
TAV6 51.94 71.14 62.22 63.81 55.48 65.90 66.71 68.26 67.91 76.95

Table 40: Ramp cdown test variable means forprosthetic limb with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -9.20  -11.80 -8.18 -2.11 771 -16.75  -12.35 331  -14.35  -13.47
AA2 8.48 12.45 13.59 14.83 13.41 4.71 8.73 16.74 18.33 4.85
AA3 -0.98 -0.45 2.45 2.98 2.84  -13.06 -2.99 3.11 -8.48 -5.90
AAV1 55.34  117.02 54.11 58.07 72.58 27.30 77.45 69.33  135.86 60.03
AAV2 50.91 57.01 63.94 48.42 41.42  102.48 46.57 75.92  118.05 53.58
AAV3 -96.54 -101.49 -112.39 -119.20 -100.08 -175.37 -100.67 -142.99 -274.08 -105.12
KAl -3.61  -21.67 6.41  -17.99 -1.14 -6.19 -4.36 -14.29  -2040  -10.52
KA2 -3.42 -8.78 566  -15.69 2.94 -6.19 1.02 -14.29 -5.24 -6.27
KA3 -59.02  -7464 -6594 -61.82 -56.28 -81.71  -50.90 -74.10 -70.10 -68.34
KAV1 -12.88 94.95 54.62 22.73 23.36 -8.33 36.22  -20.58 85.19 35.50
KAV2 -249.87 -407.02 -427.03 -316.68 -299.39 -450.68 -282.86 -363.42 -47859 -411.80
KAV3 381.73 479.80 361.15 308.49 29528 429.20 319.09 398.46  433.01  329.60
HAL -10.58  -10.37  -14.30 721  -24.65 1335 -15.64 570  -19.33  -11.31
HA2 21.28 28.03 26.69 19.87 8.91 45.84 21.99 25.77 27.94 25.75
HA3 7.71 10.42 2.16 5.57 -5.60 6.78 1.35 -2.84 5.45 8.31
HA4 -2.46 -1.62 -9.46 -1.03 -15.47 -4.08 -9.22 -7.51 -4.68 -1.15
HAV1 -56.97 -134.89  -96.88 -7450 -75.01  -96.68 -112.00 -86.44 -155.10 -102.39
HAV2 139.44 208.60 161.91 136.32 15049 163.87 162.14 155.01 232.74 154.16
HAV3 31.82 54.17 57.56 54.92 66.26 54.91 47.43 28.36 36.63 45.06
HAV4 -53.35 -107.72  -83.76  -30.22  -26.30 -61.77 -3243  -27.18  -81.59  -37.22
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Table 41: Rampdown test variable means forprosthetic limb without a pack.Abbreviation

definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl 881  -11.52 -7.21 -2.24 732 -16.44  -11.73 -2.63  -13.36  -12.20
AA2 7.89 10.98 10.03 13.38 11.69 3.36 6.90 15.01 15.40 2.46
AA3 -0.90 -2.04 2.17 1.74 2.69  -10.52 -3.01 3.50 -7.99 -6.03

AAV1 63.12 122.88 61.83 68.12 79.13 45.14 77.12 7473  119.88 61.71
AAV2 47.69 60.51 67.74 45.23 37.53 92.96 43.37 70.77 83.05 53.68
AAV3 -97.96 -132.69  -81.77 -120.85  -94.16 -146.47  -88.26 -114.86 -220.19  -75.47
KA1 836  -23.73 579  -17.06 -3.47 -13.7  -10.38  -2095 -21.96  -12.02
KA2 -8.25 9.11 -0.02  -15.09 -0.29 -13.71 928  -2095 -10.43  -10.14
KA3 -61.17  -76.27 -71.81  -61.23  -59.80 -82.44 5991  -73.76  -72.78  -67.37
KAV1 -12.09 98.02 40.40 16.05 2425  -12.34 1522  -34.49 67.18 19.14
KAV2 -197.27 -385.69 -393.06 -319.32 -263.15 -364.94 -259.80 -278.38 -422.33 -331.41
KAV3 364.60 462.66 383.64 33426 293.38 407.08 337.42 40051 44155 318.77
HAL -20.85 -8.56 714  -1152  -10.83 19.65  -12.59 431  -25.85  -16.12
HA2 7.83 27.24 21.40 12.88 17.52 44.76 15.11 19.92 11.88 14.52
HA3 6.79 7.53 2.64 4.72 -3.80 6.52 3.93 -3.07 3.92 2.34
HA4 -0.98 -3.11 -10.78 -3.53 -14.70 -5.74 -7.39 -6.91  -12.78 -6.49
HAV1 -59.23 -159.20 -100.34  -72.36  -83.47  -96.15  -88.12 -78.66 -113.48  -83.09
HAV2 130.25 199.84 12440 122.18 12575 106.04 121.06 130.65 194.47  123.15
HAV3 32.81 58.73 73.25 75.34 79.58 48.76 49.00 18.15 59.16 46.37
HAV4 -38.86 -93.14 -86.94 -35.67 -36.23 -54.02  -42.68 -17.82 -136.03  -40.43

Table 42: Rampdown test variable means forintact limb with a pack.Abbreviation definitions
are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -1051  -17.95  -11.34  -10.02  -12.23  -19.26 -9.04 518  -13.87  -16.75
AA2 14.00 15.00 24.48 18.88 26.18 7.01 17.72 19.49 14.04 11.62
AA3 894  -17.71 -6.23 -1.62 3.82  -24.14 720 -10.68 -1585 -15.81

AAV1 7459 15855  124.60 80.21 91.93 75.02 91.15  103.23 97.76  115.71
AAV2 62.83 74.00 83.41 84.79 83.59 82.93 74.25 66.83 83.90 85.10
AAV3 -233.66 -396.66 -362.51 -209.64 -245.65 -384.52 -269.63 -328.66 -426.52 -275.58
KAl -18.56  -27.62  -31.10  -18.18 -0.89  -19.04  -21.67 -17.79 2216 -14.24
KA2 -15.36  -20.51  -25.88  -14.08 -1.25  -18.26  -14.80  -16.98 -11.50 -10.37
KA3 -67.09  -71.03  -73.65 -66.16  -48.43  -67.46 -76.69  -53.77  -66.50  -44.48
KAV1 29.50 62.07 53.73 33.40 2.21 10.17 51.82 17.39 82.26 39.06
KAV2 -290.20 -401.71 -257.24 -323.52 -203.01 -252.20 -392.04 -266.11 -390.49 -189.02
KAV3 44813 517.43 373.94 40461 269.76  423.67 460.15 424.68 531.73  300.10
HA1 -7.07  -10.50 -0.74 740 2772 10.02 -487  -17.66  -10.49  -14.31
HA2 27.89 29.78 35.22 23.51 6.70 38.38 33.37 10.91 28.30 15.73
HA3 1.99 -1.20 5.65 13.57 13.58 12.99 10.21 4.64 8.88 13.22
HA4 -4.09  -11.02 -5.54 5.60 4.26 -3.38 0.08 -0.77 -3.18 -1.94
HAV1 -85.53 -122.40 -103.05 -103.00 -76.65 -83.71  -90.96 -72.05 -110.94  -83.23
HAV2 151.90 201.18 14358 17451 15320 14851 18360 162.97 19229 123.50
HAV3 45.14 94.54 85.57 46.14 30.40 68.13 53.38 30.95 72.32 54.31
HAV4 -36.76  -57.02  -66.63 -65.53  -39.54 -71.75  -50.57  -4530  -47.05  -40.27




Table 43: Rampdown test variable means forintact limb without a pack.Abbreviation
definitions are in appendix E.
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Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -12.08  -16.23 -5.18 943  -10.89  -20.68 -8.24 -3.73  -1494  -1355
AA2 15.31 14.15 26.86 18.09 24.98 5.14 17.10 16.95 15.84 11.43
AA3 822  -17.78 -1.10 -2.83 555  -27.71 -6.88  -11.87  -11.11  -16.51
AAV1 93.25 146.75 97.19 78.50 99.73 88.24  106.48 73.31  101.89  111.24
AAV2 76.80 60.54 10522  110.59 85.49 91.31 74.72 67.65 90.49 79.73
AAV3 -244.61 -348.90 -320.30 -237.84 -225.84 -387.73 -260.09 -303.92 -363.04 -288.00
KA1 -18.92  -30.69  -36.35  -17.46 -3.68  -20.39 -28.18  -16.47  -20.85  -17.60
KA2 -16.71  -21.48  -2856  -11.45 279 -17.71  -21.79  -1507 -16.99  -12.38
KA3 -69.91  -71.81  -80.27 -70.77 -51.96 -71.11  -80.15 -55.85 -68.29  -4523
KAV1 28.69 60.33 66.89 47.05 14.18 30.20 42.07 23.10 33.68 60.17
KAV2 -276.93 -329.20 -308.94 -332.14 -23557 -261.47 -309.38 -297.09 -330.82 -189.18
KAV3 458.85 519.87 436.68 441.91 309.48 420.02 430.13 419.62 503.27  287.50
HAL -18.74  -10.01 -394  -1012  -16.14 1131  -10.08  -21.79  -23.14  -28.28
HA2 13.47 28.41 30.49 17.02 14.34 35.74 25.36 478 15.62 -0.52
HA3 2.95 -0.14 10.76 13.53 13.21 10.51 6.27 4.22 8.05 6.09
HA4 -3.87  -10.98 -2.82 5.63 3.51 -7.66 -4.36 -2.32 -4.59 -3.74
HAV1 -92.09 -107.38 -146.08 -96.87 -66.48  -94.34 -102.64 -70.67 -102.63  -81.97
HAV2 146.54 18522  173.69 147.96 136.92 146.73 15425 152.36 194.47 114.85
HAV3 56.08 63.19  130.56 43.17 54.49 62.10 42,53 30.81 75.82 45.87
HAV4 -26.39  -46.91  -79.08  -70.49  -50.93  -83.40  -71.57 -56.03 -58.91  -34.23

Table 44: Ramp cown test variable means forpelvis andtrunk with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 5.55 8.21 8.35 8.39 5.93 7.21 5.37 7.10 6.69 6.64
PR2 5.38 7.07 8.20 5.66 6.36 10.50 3.63 5.24 5.49 9.78
PR3 4.49 7.54 5.70 4.47 5.08 6.02 3.90 3.18 9.09 10.70
TR1 6.66 7.68 7.46 8.39 6.87 5.75 4.22 5.57 7.48 7.32
TR2 3.75 6.60 7.29 7.47 4.08 11.45 9.12 5.64 6.86 5.04
TR3 4.56 9.67 10.99 5.89 4.58 5.81 6.68 5.11 9.71 10.24
PAV1 -23.16  -41.56 -24.88 -31.54 -1437 -3096 -31.57 -28.77 -21.41  -22.77
PAV2 32.84 63.30 49.02 62.44 26.91 55.45 29.12 37.23 39.65 40.15
PAV3 -19.73  -4410  -4051  -19.39  -23.38  -33.28 -2261 -1864 -21.38  -43.35
PAV4 17.30 48.92 32.16 31.67 24.88 50.35 23.35 31.87 36.25 26.16
PAV5 -8.96 -32.86 -27.45  -23.89 -5.10  -18.97  -10.32  -12.34  -26.04 -12.74
PAV6 14.12 15.15 25.21 19.90 15.33 20.72 19.32 12.84 19.10 24.98
TAV1 2405  -60.28  -30.55 -48.11 -3547 -4164 -2620 -3591 -41.12 -34.14
TAV2 27.59 35.09 32.22 40.41 23.73 32.90 26.40 39.22 22.00 26.64
TAV3 -16.37  -5459  -30.98 -24.48 -17.20 -42.16  -39.41  -28.02  -39.47 -17.25
TAV4 20.43 44.32 39.69 18.86 18.67 42.28 39.54 31.36 34.33 18.01
TAV5 -12.91  -32.68  -35.09 -38.73 -1649 -3201 -21.00 -2408 -3571  -37.86
TAVE 13.22 40.65 45.46 42.14 17.81 38.75 21.08 21.37 32.54 35.92
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Table 45: Rampdown test variable means forpelvis andtrunk without a pack.Abbreviation

definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 4.95 10.58 11.44 8.19 4.47 7.66 7.88 7.34 8.34 6.85
PR2 6.05 7.11 8.57 6.96 7.87 9.92 5.62 5.00 9.57 10.11
PR3 6.64 12.77 29.04 10.04 9.01 14.76 8.79 7.04 21.38 9.64
TR1 6.77 12.69 14.76 8.80 6.54 9.51 9.49 7.05 11.33 6.34
TR2 5.60 10.52 16.46 6.42 7.61 20.30 9.74 7.57 11.89 12.71
TR3 11.36 16.90 25.78 13.96 9.19 14.55 16.97 8.67 24.46 11.47
PAV1 -19.95  -56.13 -45.15  -41.62  -18.28  -47.89  -33.69 -27.62 -39.17  -21.80
PAV2 26.52 73.67 66.13 58.14 29.25 52.83 49.41 34.66 63.79 42.03
PAV3 2217 4311 69.11  -31.92  -31.99 4227 -39.11  -1594 -29.42  -4527
PAV4 16.93 46.89 44.60 40.17 32.33 57.10 36.08 25.66 55.31 27.91
PAV5 -9.40  -58.23 -96.17 -39.93  -1467 -4611 -18.71 -21.95 -76.73  -38.94
PAV6 20.11 33.38 89.58 41.52 37.47 33.93 28.15 28.73 60.75 32.72
TAV1 -31.65  -79.59 -68.95 -48.90 -44.68 -58.02 -49.70 -4532 -67.95 -40.14
TAV2 31.36 64.23 83.07 46.81 29.17 67.13 36.43 51.81 58.39 32.72
TAV3 -18.68  -58.17 -66.22  -39.47 -31.29 -63.58 -61.05 -30.32 -85.75  -44.77
TAV4 27.90 49.71 93.94 40.03 35.91 55.09 51.86 29.58 54.81 37.91
TAVS -35.31  -61.15 -71.80 -50.61 -34.73  -70.29 -54.68 -33.37 -78.08  -38.82
TAV6 29.51 66.09  130.08 44.48 27.63 69.97 52.39 39.99 79.25 47.44

Table 46: Ramp W test variable means forprosthetic limb with a pack.Abbreviation
definitions are in appendix E.

TestVariable 1 2 3 4 5 6 7 8 9 10
AAl -4.62 0.62 -2.08 -0.26 -139  -12.53 -6.66 1.26 -9.18 -7.31
AA2 9.92 17.22 15.33 17.43 16.61 6.69 10.92 20.23 20.25 7.67
AA3 -0.52 0.30 2.65 2.93 2.64 -9.47 -2.98 3.52 -7.07 -5.62
AAV1 40.08 121.02 32.63 53.39 47.62 28.81 40.55 68.53 99.78 61.78
AAV2 38.38 59.45 53.12 50.45 40.97 85.06 57.28 57.62  107.98 54.24
AAV3 -107.91  -162.75  -94.77 -120.39 -124.92 -142.33 -120.09 -168.16 -248.30 -107.83
KA1 943  -38.23 -6.92 7.22 222 -10.48 -3.74 -22.93 -9.96 -16.53
KA2 1742  -17.14 19.73 -0.51 18.81 5.26 15.70 -2.62 5.09 10.40
KA3 -61.23  -70.16  -58.26  -5252  -50.93 -76.86 -50.33  -67.68 -65.71  -60.49
KAV1 134.19 93.58 132.94 39.39 66.71  119.79  123.74 92.73  140.67  190.49
KAV2 -345.61 -373.32 -359.53 -258.11 -290.21 -410.74 -341.94 -387.74 -431.90 -352.94
KAV3 309.34 25426 276.87 251.17 260.92 346.86 239.44 287.95 358.99  249.55
HA1 -15.32 -6.52 -18.86 -9.10  -16.93 6.14  -1479  -13.42 -7.46  -15.83
HA2 46.17 50.54 48.77 33.67 31.16 64.03 42.70 4551 50.93 46.99
HA3 5.74 10.29 7.29 6.47 -2.68 9.54 3.62 -0.49 7.12 14.07
HA4 -6.22 -2.69 -7.57 -6.18 -18.44 -6.22 -9.30 -10.09 -4.53 -2.65
HAV1 -143.40 -135.37 -153.21 -9.10 -106.54 -141.30 -160.13 -144.17 -169.86 -169.24
HAV2 202.44  259.48  198.68 3367 177.31 206.83 220.34 240.88 25354  215.59
HAV3 23.23 60.88 37.00 6.47 53.16 94.51 42.72 42.64 39.55 52.86
HAV4 -59.83  -52.82  -57.40 -6.18  -36.00 -41.02  -22.00 -32.90 -48.18  -69.73




Table 47: Rampup test variable means forprosthetic limb without a pack.Abbreviation
definitions are in appendix E.
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Test Variable 1 2 3 4 5 6 7 8 9 10
AAl -5.15 -3.30 -2.58 -0.91 -341  -13.60 -8.99 0.26  -10.87 -9.25
AA2 8.42 15.38 12.15 15.42 15.22 6.56 8.51 18.12 17.92 5.45
AA3 -0.80 0.14 2.37 2.61 2.36 -9.34 -3.79 3.29 -3.53 -5.83

AAV1 31.39 88.16 24.60 57.41 46.72 33.67 49.14 37.09 65.27 50.99
AAV2 37.67 75.33 47.22 49.17 45.84 90.78 58.68 75.66  108.98 55.35
AAV3 -97.99 -162.74  -82.92 -120.05 -121.22 -144.62  -99.18 -160.33 -241.12  -98.26
KA1 -5.84  -27.79 0.10 -0.90 6.70 -1.19 1.70  -17.88 9.81 -7.28
KA2 16.88 7.89 19.77 1.24 18.53 4.09 14.26 7.78 3.25 9.44
KA3 -57.19  -71.04  -57.68 -4992  -5355  -7414 -53.49 -66.67 -63.14 -60.84
KAV1 9554  237.22 112.59 21.72 50.35 61.29 7425  107.50 81.47 106.14
KAV2 -329.72 -452.84 -369.29 -268.55 -308.26 -372.19 -322.71 -388.85 -392.88 -339.88
KAV3 317.24 317.77 317.02 246.64 29566 387.65 304.77 34588 407.52 296.48
HAL -25.82  -1518  -18.04  -14.77  -20.45 466  -21.58  -19.39  -19.75  -24.44
HA2 31.73 49.42 37.60 25.16 33.49 59.68 33.63 39.22 36.34 32.59
HA3 7.99 9.15 2.74 4.00 -5.22 7.59 3.04 -2.02 2.88 9.35
HA4 -2.25 -2.20 -6.28 -5.65  -15.69 -6.77 -7.61 -8.69 -6.98 -6.03
HAV1 -131.94 -219.38 -141.61 -111.69 -118.80 -131.05 -132.30 -157.64 -153.48 -114.75
HAV2 192,78  253.60 171.97 14516 194.69 19400 192.07 238.03 228.53  215.69
HAV3 29.79 70.35 39.83 31.24 35.22 73.87 37.85 38.62 41.32 58.90
HAV4 -55.01  -81.31  -42.30  -41.25  -29.69  -55.91  -40.03  -29.62  -77.42  -48.80

Table 48: Rampup test variable means forintact limb

with a pack.Abbreviation definitions are

in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl 10.48 3.95 12.59 9.70 10.68 -3.62 10.10 6.98 5.84 9.69
AA2 15.58 16.67 22.78 18.79 21.96 6.17 18.37 15.76 15.58 17.38
AA3 -25.33 2857 2153  -22.32  -10.48  -43.25  -22.87 -2417  -29.29  -27.07

AAV1 33.42 117.81 43.60 79.79 49.37 66.44 66.76 75.65 94.51 65.02
AAV2 12.16 -6.55 43.07 -11.01 43.42 15.87 11.79  -13.79  -17.79 22.08
AAV3 -308.28 -366.77 -296.58 -246.25 -266.05 -374.78 -319.81 -315.70 -423.92 -359.62
KAl -32.86 -4558  -48.34  -3571  -13.30 -39.89  -41.60 -23.33  -36.32  -30.50
KA2 -2.76 918  -15.22 3.48 13.13 -6.31 -4.58 8.33 -3.26 0.74
KA3 -54.77 -63.85 -63.43 -57.38 -36.36 -64.20 -67.36 -42.25 5516  -34.00
KAV1 111.45 14519  138.78  140.36 86.14 126.47 147.18 13428 14450 138.16
KAV2 -257.50  -403.00 -296.30 -347.67 -217.12 -333.97 -370.81 -318.30 -335.22 -226.66
KAV3 229.87 269.76  146.30 219.34 136.39 298.06 251.94 307.39 214.75 81.74
HAL -5.42 -10.40 -0.16  -16.03  -29.80 6.03 279 -21.30 059  -18.77
HA2 54.70 55.13 56.25 40.42 40.86 60.20 53.03 30.63 50.11 40.73
HA3 3.63 3.60 9.35 13.25 15.50 9.71 12.83 3.99 12.76 13.80
HA4 -11.94 -10.81 -7.60 4.36 -0.39 -1.60 -6.46 -4.71 -5.94 453
HAV1 -120.32 -167.32  -132.61 -141.74 -147.46 -131.07 -131.78 -132.75 -112.90 -120.06
HAV2 197.55 24219 183.40 191.21 212.89 190.54 210.79 20423 210.19  157.80
HAV3 48.72 78.70 55.75 47.46 75.40 74.21 45.60 44.43 69.33 61.06
HAV4 -28.43 -59.04  -49.44  -47.25 -4927 -6295 -60.30 -47.86 -58.03  -39.06
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Table 49: Rampup test variable means forintact limb without a pack.Abbreviation definitions
are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
AAl 6.61 0.10 2.91 5.62 8.45 -9.28 5.20 4.48 0.33 2.55
AA2 12.84 9.65 22.11 12.71 20.93 2.86 15.42 11.60 11.43 12.82
AA3 2360  -25.86 -15.74  -22.19 946  -41.87 -2227  -24.90 2477  -27.02
AAV1 45.56 96.18 35.91 68.28 46.33 70.71 60.57 59.24 72.44 75.06
AAV2 -9.06 18.56 60.66 -0.86 46.60 20.44 11.61 -5.26 14.74 9.88
AAV3 -275.16 -362.09 -311.72 -251.52 -289.29 -415.40 -305.58 -295.45 -399.64 -327.74
KA1 -31.47  -37.43  -2445  -29.07 991  -2352 -27.07 -18.26 -30.98  -24.06
KA2 4.50 0.17  -10.25 2.12 15.08 -0.73 -1.81 9.90 1.58 7.60
KA3 -60.83  -60.09 -58.51  -58.37 -36.78  -57.96  -65.27  -43.38 5554  -31.55
KAV1 124.47  185.13 80.10 125.52 84.38 9550 11051 124.37  133.88  122.55
KAV2 -316.08 -409.48 -234.54 -333.73 -217.40 -320.89 -344.66 -320.67 -357.58 -209.68
KAV3 333.96 238.08 24850 251.90 180.22 34470 31231 322.67 32439  142.37
HAL -20.83  -15.75 -2.40  -19.95 -22.69 464  -11.70  -27.37 -19.17  -30.44
HA2 40.53 52.80 50.07 33.58 37.48 52.17 39.46 23.05 39.28 26.09
HA3 2.43 2.12 7.00 12.89 16.27 6.09 10.24 3.86 5.372 7.38
HA4 9.74 -9.05 -6.59 3.94 3.60 -1.93 -7.40 -2.79 -5.93 -1.21
HAV1 -134.10 -174.50 -129.34 -14591 -129.39 -130.50 -115.33 -130.42 -149.18 -114.99
HAV2 21158 24171 163.39 163.04 168.062 197.96 197.00 208.36  216.83  147.95
HAV3 54.49 59.15 54.23 60.73 77.25 26.26 58.33 47.36 71.67 74.67
HAV4 2484  -65.86  -62.41  -50.96 -79.46 2619  -59.78  -39.62 -60.95  -27.77

Table 50: Ramp W test variable means forpelvis andtrunk with a pack.Abbreviation
definitions are in appendix E.

Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 5.33 4.88 8.46 4.79 7.65 4.82 4.91 4.92 9.47 5.87
PR2 7.27 13.40 9.59 11.50 15.12 12.83 13.69 9.68 16.84 11.33
PR3 6.33 9.51 10.59 5.80 7.62 10.18 5.74 9.28 8.37 5.00
TR1 5.21 8.70 6.48 5.08 9.54 6.06 6.81 4.97 8.55 8.35
TR2 8.18 18.35 13.96 10.50 19.44 10.30 19.02 13.40 25.69 14.96
TR3 8.46 16.66 10.70 16.19 10.14 18.01 10.15 11.16 4.82 11.04
PAV1 9.26 -3259 -2218 -17.75 -19.53  -11.24  -17.46  -18.31 -33.08  -13.09
PAV2 14.45 23.47 29.70 23.06 22.43 19.55 22.65 22.50 36.55 17.95
PAV3 -16.50  -47.79  -38.78  -36.24 5323 -26.12 -40.56 -38.04  -53.35  -30.27
PAV4 23.23 35.61 34.24 31.99 29.08 31.16 44.85 29.97 45.12 47.51
PAV5 -25.42  -45.64  -38.67 -1897 -2420 -5255 -2415 -30.79 3460  -14.66
PAV6 9.61 32.75 16.93 29.74 28.32 23.33 14.04 28.72 23.66 17.40
TAV1 -13.78  -39.20  -27.94 -27.09 -36.01 -25.16 -26.79  -20.29 -25.11  -24.76
TAV2 13.44 63.20 41.26 22.56 10.00 27.46 24.94 22.35 22.96 37.61
TAV3 -28.53  -4953  -41.15 -32.68 -50.61 -57.02 -63.73  -40.87 -72.92  -53.58
TAV4 24.21 72.43 51.86 21.59 48.19 49.84 56.07 40.89  100.33 53.34
TAVS -17.11  -51.36  -3356 -4291 -30.75 -39.62 -25.18 -53.74 2490  -27.83
TAVE 29.81 56.45 33.48 45.64 43.26 52.87 30.02 41.98 28.41 28.86




Table 51: Ramp W test variable means forpelvis andtrunk without a pack.Abbreviation
definitions are in appendix E.
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Test Variable 1 2 3 4 5 6 7 8 9 10
PR1 4.05 6.14 3.20 4.84 457 5.42 4.30 5.61 5.28 4.82
PR2 5.72 11.45 11.66 11.31 11.19 13.43 15.65 7.10 8.73 11.53
PR3 6.78 14.68 14.57 9.73 6.95 7.54 6.84 6.65 8.35 8.18
TR1 5.33 8.01 6.74 5.90 4.66 5.73 5.17 4.68 4.31 5.60
TR2 7.91 17.13 21.95 13.07 18.40 14.94 26.38 10.29 20.30 13.08
TR3 16.14 28.92 31.12 21.79 15.17 25.39 24.53 20.33 18.59 28.92
PAV1 -11.05  -42.93  -1577 -1419  -24.09 -859  -18.25 -20.37  -16.00 -15.84
PAV2 19.35 34.12 9.87 26.93 17.60 16.39 15.28 22.13 18.26 17.33
PAV3 -18.88  -51.95 -4452 -3553  -37.14 -47.46  -53.81 -30.15  -35.64  -28.87
PAV4 18.48 42.79 35.03 45.84 33.12 46.19 53.29 33.77 42.45 43.39
PAV5 -30.99 -66.72 5591 -33.94 -31.26 -30.79 -32.78 -29.96  -41.45  -32.40
PAV6 36.59 41.15 48.24 41.77 45.76 27.17 37.17 37.81 34.84 33.19

TAV1 -14.97 -3353  -36.67 -29.10 -18.09 -20.71 -17.16 -19.59  -16.37  -17.74
TAV2 17.95 61.51 29.47 27.93 17.12 39.01 24.94 18.19 21.96 23.84
TAV3 -25.99 5822 6255 5531 -46.76  -71.27  -73.32 -39.56  -92.03  -38.52
TAV4 22.57 65.64 71.75 30.58 52.08 83.59 79.63 31.949 58.58 60.98
TAV5 -49.18 -95.88 -65.15 -73.86 -42.93 -65.88 -61.71 -69.55 -57.73  -71.55
TAV6 49.19 98.74 68.21 70.15 49.37 50.45 56.94 65.53 63.49 78.75




Appendix D: Kinetic Subject Data

Table 52: Level ground prosthetic limb kinetictest variable means for tenparticipants with a
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pack.

1 2 3 4 5 6 7 8 9 10
AM1 30.60  28.03 8.06 753 2091 845 28,63 1851 3572  24.44
AM2 | -167.07 -177.13 -109.28 -182.66 -234.87 -143.87 -143.87 -143.94 -84.36 -160.82
AP1 -21.15  -44.00 -8.96 -4.95  -34.10 -8.53  -24.64 -9.81 -3421 -14.63
AP2 6.91  20.38 0.20 0.19 5.41 024  12.32 349  28.88 9.81
AP3 5.02 0.49 -3.13  -16.18 -16.87 -5.68 -7.05 1.11 -7.41  -16.68
AP4 13271 253.83 127.12 241.78 502.79 199.69 18325 225.19 180.22 182.58
KM1 40.24  126.57 -1.97  39.96 110.76 967 7113 786  68.88  13.54
KM2 -63.42  -27.68 -27.28 4.06 3.74 -2477 -1090 -16.80 -7.64  -39.57
KP1 -22.07 -181.24 -9.20 -9.43  -84.26 -7.78  -50.64 -2.98 -118.33 -8.91
KP2 20.65 197.84 599 1017  58.80 338  73.62 849  76.83  10.57
KP3 8.15 -279.08 -3558 -122.22 -89.55 -146.87 -177.68 -152.52 -10.00 -122.27
HM1 -452  -4887 -20.05 -16.72 -65.06 -58.02 -26.05 -39.38 8.84  -65.24
HM2 14583 170.52 100.71 113.87 204.05 78.06 144.30 11841  74.80 119.93
HP1 341 2246  36.96  10.29 6.49 113.02 16.87  66.25 -5.08  120.32
HP2 | -110.84 -133.94 -91.27 -89.59 -200.90 -63.44 -203.56 -88.44 -129.46 -161.87
HP3 36.92 171.00 97.62 7253 21423  94.82 11957 97.91 5311 125.67

Table 53: Level ground prosthetic limb kinetictest variable means for ten participants without

a pack.

1 2 3 4 5 6 7 8 9 10
AM1 26.75 2775  7.33 8.27  22.86 6.52 12,76 1652 4190 2731
AM2 | -136.82 -140.99 -81.90 -169.65 -197.34 -121.92 -120.87 -122.68 -64.62 -130.18
AP1 -20.60 -3250 -6.50 -21.29 -25.11 -5.73  -21.69 -7.58  -47.97  -17.27
AP2 7.82 1726  0.98 2.26 5.37 1.12 4.05 264 3491 1086
AP3 5.20 -9.87 -1.24 -1029 -13.58 -356  -13.49 1231 229 -15.73
AP4 88.55 179.56 88.53 464.54 22499 178.66 288.17 162.70 131.26 130.07
KM1 2886  69.33 -769 7516  39.70 -1437  57.72 595  56.82 8.63
KM2 -58.45  -2411 -27.62 -11.60 -21.59 -2550 -22.13  -21.07 -5.66  -42.16
KP1 -18.57  -64.46  -5.34 -9403 -24.16 -7.77  -66.91 -1.33  -109.98 -9.03
KP2 1440 7583  6.06 4383 1699 2415 4631 124 3757 8.37
KP3 23.78 -187.85 -14.68 -111.71 -28.86 -118.74 -9439 -98.72 -11.17 -88.91
HM1 -13.47  -27.14 -18.97 -4534 -3597 -5495 -4578 -35.18 1273 -59.91
HM2 112.01 138.81 73.04 91.92 160.31 6098 6542 102.63 48.94  95.70
HP1 423 2891 2546 2582 2463 11658  27.90  47.49 -7.92  97.77
HP2 -81.29 -81.32 -38.96 -59.35 -110.16 -32.63 -40.60 -60.39 -56.85 -110.50
HP3 27.73 113.90 50.12 9115 15047 66.97 57.75  69.47 4515  77.73
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Table 54: Level ground intact limb kinetictest variable means for ten participants with a pack.

1 2 3 4 5 6 7 8 9 10
AM1 2355  24.20 6.69 5.16 1.84 2055 12.07 18.04 2244  20.48
AM2 | -186.75 -180.72 -114.91 -218.89 539 -165.98 -156.36 -178.57 -121.14 -176.81
AP1 -23.93 -32.23 -9.54  -40.47 8.68 -43.27 -1452 -11.38 -16.19 -80.02
AP2 10.69 12.62 0.11 0.79 -1.73 5.38 3.65 5.46  23.99 -4.82
AP3 -4.96 8.36 -5.17 4.62 -9.50 -1.39 -6.16 -5.60 4.76 -4.75
AP4 277.60 471.01 299.43 637.68 -231.09 561.42 429.77 506.53 396.94 499.22
KM1 99.39 163.70 66.12 15125 -50.34  79.25 9469 106.96 12246 101.25
KM2 -43.39 -31.50 0.45 -37.26 -2350 -51.87 -19.72 -32.30 -8.81 -14.30
KP1 -68.09 -273.54 -53.68 -180.56  42.41 -105.83 -94.79 -12542 -14572 -148.11
KP2 8420 264.60 6991 19193 -2352 8556 103.59 94.93 179.54  98.26
KP3 -73.35 -237.02 -118.03 -224.28 51.20 -123.54 -146.75 -138.82 -141.12 -179.72
HM1 -49.76 -111.63 -51.28 -53.00 40.18 -58.64 -52.63 -52.35 -28.94 -5522
HM2 120.35 14238 5891 127.97 -1427 7958 103.69 153.99 111.04 181.31
HP1 711 2178 4294 8.57 316 25.99  29.89 7.63 7.73 3582
HP2 -96.95 -141.82 -33.80 -101.94 27.33 -53.06 -97.70 -147.35 -112.56 -178.53
HP3 68.45 170.60 51.45 12918 -21.56 90.76  93.13 127.86 103.19 149.71

Table 55: Level ground intact limb kinetictest variable means for ten participants without a

pack.

1 2 3 4 5 6 7 8 9 10
AM1 16.31 21.50 9.49 7.63 19.27 19.20 30.89 1415 23.84 23.37
AM2 | -155.63 -151.02 -79.60 -148.89 -197.43 -133.58 -110.82 -149.48 -86.97 -144.61
AP1 -19.14  -28.19 -13.65 445 3293 -4991 -2554 -1390 -37.59 -71.07
AP2 4.68 12.07 1.13 0.11 3.79 8.76 18.35 439 2435 -3.72
AP3 -10.96 -5.94  -538 993 -2495 -12.53 6.27 -14.53 594  -11.79
AP4 22541 372.17 183.53 166.07 398.26 418.06 124.75 404.68 285.59 381.34
KM1 50.26 96.44  21.90 37.53 61.30 49.37 42.44 62.30 62.65 66.62
KM2 -42.08 2254  -2.70 -7.66 3.05 -39.70 -15.66 -24.40 0.26  -23.13
KP1 -42.63 -128.19 -1857 -12.00 -4541 -7222 -2827 -73.06 -90.53 -113.30
KP2 32.61 11258 10.63 6.60 21.40 25.88 21.37 4354  47.60 39.39
KP3 -57.89 -153.60 -57.58 -77.77 -69.74 -54.19 -126.12 -100.00 -88.89 -158.97
HM1 -56.19 -77.81 -50.42 -18.26 -72.14 -53.42 -22.85 -4458 -26.92 -50.15
HM2 92.43 109.85 3241 73.94 151.23 55.95 101.64 131.38 70.92 149.31
HP1 21.72 56.48  43.23 15.36 14.81 24.60 22.33 558  20.57 34.59
HP2 -59.98  -89.53 -25.35 -49.90 -101.11 -41.04 -70.17 -106.97 -65.67 -152.73
HP3 5495 11341 39.71 50.64 170.63 40.71 73.83 83.70 76.05 123.81
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Appendix E: P-Values

Table 56: P-values for level ground temporaispatial parameters forthe prosthetic, intact limb
and overall values. Significant findings are bold.

Temporalspatial Parameter | Overall Intact Prosthetic
cycle time (s) 0.32

speed (m/s) 0.034

statures per second 0.036

stride length (m) 0.011

stride width (m) 0.052

double limb support time (s) 0.037

cycle time (s) 0.36 0.30
stance time (s) 0.077 0.071
step length (m) 0.0084 0.028
step time (s) 0.77 0.24
steps per minute 0.87 0.27
stride length (m) 0.0084 0.028
strides per minute 0.46 0.33
limb swing time (s) 0.22 0.66

Table 57: P-values for uneven ground temporaispatial parameters for the prosthetic, intact
limb and overall values. Significant findings are bold.

Temporaispatial Parameter Overall Intact Prosthetic
cycle time (s) 0.12

speed (m/s) 0.17

statures per second 0.025

stride length (m) 0.0012

stride width (m) 0.58

double limb support time (s) 0.042

cycle time (s) 0.16 0.10
stance time (s) 0.56 0.93
step length (m) 0.00087 0.043
step time (s) 0.037 0.31
steps per minute 0.031 0.19
stride length (m) 0.00087 0.043
strides per minute 0.093 0.064
limb swing time (s) 0.00037 0.018
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Table 58: P-values for ramp up temporatspatial parameters for the prosthetic, intact limb and
overall values. Significant findings are bold.

Temporalspatial Parameter Overall Intact Prosthetic
cycle time (s) 0.16

speed (m/s) 1.1E05

statures per second 1.2E05

stride length (m) 6.1E05

stride width (m) 0.027

double limb support time (s)  0.00068

cycle time (s) 0.067 0.32
stance time (s) 0.0044 0.016
step length (m) 0.0012 5.1E05
step time (s) 0.26 0.21
steps per minute 0.50 0.27
stride length (m) 0.0012 5.1E05
strides per minute 0.13 0.56
limb swing time (s) 0.013 0.11

Table 59: P-values for ramp down temporalspatial parameters for the prosthetic, intact limb
and overall values. Significant findings are bold.

Temporalspatial Parameter Overall Intact Prosthetic
cycle time (s) 0.048

speed (m/s) 0.011

statures per second 0.011

stride length (m) 0.86

stride width (m) 0.76

double limb support time (s) 0.00020

cycle time (s) 0.056 0.042
stancetime (s) 0.0017 0.0022
step length (m) 0.49 0.0045
step time (s) 0.038 0.035
steps per minute 0.061 0.040
stride length (m) 0.49 0.0045
strides per minute 0.063 0.90
limb swing time (s) 0.019 0.20
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Table 60: P-values forlevel ground kinematic test variables for the prosthetic, intact limb, and
pelvis andtrunk. Significantfindings are bold.

Test Variable Prosthetic Limb  Intact Limb Pelvis and Trunk

AA1l 0.23 0.0035

AA2 0.00069 0.42

AA3 0.018 0.016
AAV1 0.065 0.39
AAV2 3.7E-05 0.17
AAV3 0.0026 0.070

KA1 0.041 0.0032

KA2 0.80 0.029

KA3 0.27 0.0090

KAV1 0.082 0.0017

KAV2 0.079 0.44

KAV3 0.14 0.011

HA1l 0.23 0.23

HA2 0.0046 0.0055

HA3 0.084 0.057

HA4 0.27 0.17

HAV1 0.033 0.92

HAV2 0.0040 0.18

HAV3 0.086 0.34

HAV4 0.024 0.20

PR1 0.087
PR2 0.52
PR3 0.0012
TR1 0.41
TR2 0.27
TR3 0.31
PAV1 0.037
PAV2 0.72
PAV3 0.0045
PAV4 0.13
PAV5 0.066
PAV6 0.0011
TAV1 0.40
TAV2 0.63
TAV3 0.41
TAV4 0.052
TAVS5 0.00010
TAV6 0.0016
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Table 61: P-values forunevenground kinematic test variables for the prosthetic, intact limb,

and pelvis andtrunk. Significantfindings arebold.

Test Variable Prosthetic Limb Intact Limb Pelvis and Trunk

AA1l 0.57 0.00047

AA2 1.6E-06 0.11

AA3 0.43 0.10
AAV1 0.048 0.84
AAV2 0.0079 0.057
AAV3 0.058 0.76

KA1 0.0020 0.00020

KA2 0.82 0.31

KA3 0.34 0.12

KAV1 0.010 0.00043

KAV?2 0.00079 0.0036

KAV3 0.25 0.0078

HA1l 0.020 0.0040

HA2 0.00018 2.1E-05

HA3 0.032 0.074

HA4 0.29 0.27

HAV1 0.10 0.047

HAV2 0.011 0.0091

HAV3 0.44 0.65

HAV4 0.53 0.86

PR1 0.083
PR2 0.59
PR3 0.0027
TR1 0.77
TR2 0.82
TR3 0.29
PAV1 0.10
PAV2 0.26
PAV3 0.32
PAV4 0.34
PAV5 0.057
PAV6 0.0029
TAV1 0.86
TAV2 0.93
TAV3 0.31
TAV4 0.64
TAVS 0.0015
TAV6 0.0063




Table 62: P-values forramp up kinematic test variables for the prosthetic, intact limb, and
pelvis andtrunk. Significantfindings are bold.

Test Variable

Prosthetic Limb| Intact Limb | Pelvis and Trunk

AAl
AA2
AA3
AAV1
AAV2
AAV3
KA1l
KA2
KA3
KAV1
KAV2
KAV3
HAl
HA2
HA3
HA4
HAV1
HAV2
HAV3
HAV4
PR1
PR2
PR3
TR1
TR2
TR3
PAV1
PAV2
PAV3
PAV4
PAVS
PAV6
TAV1
TAV2
TAV3
TAV4
TAV5
TAV6

0.0012
3.6E-05
0.78
0.064
0.13
0.011
0.00015
0.28
0.41
0.38
0.95
0.00035
0.00084
0.0017
0.011
0.44
0.62
0.89
0.93
0.27

6.1E-05
0.00025
0.028
0.14
0.21
0.59
0.0025
0.0018
0.38
0.17
0.68
0.0036
0.021
0.00014
0.017
0.69
0.76
0.18
0.79
0.95

0.098
0.20
0.21
0.056
0.51
7.5E-05
0.76
0.28
0.94
0.094
0.081
0.00029
0.11
0.88
0.10
0.58
6.8E-06
0.00056
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Table 63: P-values forramp down kinematic test variables for the prosthetic, intact limb, and
pelvis andtrunk. Significantfindings are bold.

Test Variable Prosthetic Limb | Intact Limb | Pelvis and Trunk
AAl 0.0017 0.16
AA2 6.0E-05 0.63
AA3 0.98 0.51
AAV1 0.13 0.77
AAV2 0.15 0.14
AAV3 0.069 0.14
KAl 0.0058 0.052
KA2 0.0013 0.13
KA3 0.041 0.00049
KAV1 0.011 0.71
KAV2 0.00078 0.54
KAV3 0.89 0.47
HA1 0.75 0.13
HA2 0.027 0.017
HA3 0.33 0.45
HA4 0.15 0.13
HAV1 0.36 0.59
HAV2 0.00026 0.16
HAV3 0.10 0.73
HAV4 0.54 0.11
PR1 0.11
PR2 0.056
PR3 0.011
TR1 0.017
TR2 0.0046
TR3 0.00029
PAV1 0.019
PAV2 0.12
PAV3 0.019
PAV4 0.036
PAV5 0.0055
PAV6 0.0040
TAV1 0.0018
TAV2 0.0050
TAV3 0.0027
TAV4 0.0062
TAV5 0.00038
TAV6 0.0049




Table 64: P-values for level ground kinetictest variables for the prosthetic and intact limb.

Significant findings are bold.

Test

Variable Intact Prosthetic
AM1 0.29 0.50
AM2 0.59 2.0E-06
AP1 0.61 0.97
AP2 0.33 0.96
AP3 0.046 0.40
AP4 0.35 0.49
KM1 0.065 0.15
KM2 0.046 0.14
KP1 0.040 0.58
KP2 0.0039 0.20
KP3 0.11 0.0031
HM1 1.00 0.84
HM2 0.64 0.00037
HP1 0.11 1.00
HP2 0.33 0.0013
HP3 0.58 0.0038
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Appendix F: PEQ Correlation Coefficients for
Significant and Notable Test Variable s

Table 65: PEQ ambulation subscale Pearson correlation coefficients for significant and notable
kinematic test variables on levelground. Correlations of moderate strength of higher are in
bold.

Prosthetic Limb Intact Limb Pelvis and Trunk
WOP WP WOP WP WOP WP
AAl -0.33 -0.30
AA2 -0.29 -0.17
AA3
AAV1
AAV?2 0.29 0.35
AAV3 -0.38 -0.42
KA1 0.33 0.06
KA2
KA3 0.19 0.09
KAV1 0.11 0.00
KAV2
KAV3
HA1
HA2 0.06 0.04 | -0.22 -0.24
HA3
HA4
HAV1
HAV?2 -0.09 -0.20
HAV3
HAV4
PR1
PR2
PR3 -0.83 | -0.51
TR1
TR2
TR3
PAV1
PAV2 0.03 0.02
PAV3 -0.71 | -0.44
TAV1
TAV2
TAV3 -0.79 | -0.63

Test Variable
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Table 66: PEQ residual limb health subscale Pearson correlation coefficients for significant and
notable kinematictest variables on level ground. Correlations of moderate strength dfigher
are in bold.

Prosthetic Limb Intact Limb Pelvis and Trunk
WOP WP WOP WP WOP WP
AA1l -0.25 -0.10
AA2 -0.27 -0.07
AA3
AAV1
AAV?2 0.10 0.17
AAV3 -0.26 -0.28
KA1l 0.44 0.21
KA2
KA3 0.41 0.29
KAV1 -0.04 -0.19
KAV2
KAV3
HA1
HA2 -0.01 0.02 | -0.46 -0.37
HA3
HA4
HAV1
HAV?2 -0.02 -0.15
HAV3
HAV4
PR1
PR2
PR3 -0.64 -0.30
TR1
TR2
TR3
PAV1
PAV2 0.19 0.01
PAV3 -0.62 -0.17
TAV1
TAV2
TAV3 -0.61 -0.44

Test Variable
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Table 67: PEQ ambulation subscale Pearson correlation coefficients for significant and notable
kinematic test variables on uneven ground. Correlations of moderate strength of higher are in
bold.

Prosthetic Limb Intact Limb Pelvis and Trunk
WOP WP WOP WP WOP WP
AA1l -0.15 -0.18
AA2 -0.16 -0.11
AA3
AAV1
AAV?2 0.09 0.27
AAV3
KA1l -0.07 -0.06 0.27 0.10
KA2
KA3
KAV1 -0.09 0.16
KAV2 0.28 0.24 | -0.24 -0.24
KAV3 0.13 -0.03
HA1 -0.11 -0.15
HA2 0.22 -0.05 0.02 -0.08
HA3
HA4
HAV1
HAV2 0.25 0.36
HAV3
HAV4
PR1
PR2
PR3 -0.39 -0.44
TR1
TR2
TR3
PAV1
PAV2
PAV3
TAV1
TAV2
TAV3 -0.28 0.09

Test Variable
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Table 68: PEQ residual limb health subscale Pearson correlation coefficients for significant and
notable kinematictest variables on uneven ground. Correlations of moderate strength of higher
are in bold.

Prosthetic Limb Intact Limb Pelvis and Trunk
WOP WP WOP WP WOP WP
AA1l 0.00 -0.01
AA2 -0.22 -0.19
AA3
AAV1
AAV?2 -0.02 0.12
AAV3
KA1l -0.13 -0.11 0.37 0.28
KA2
KA3
KAV1 -0.21 0.04
KAV2 0.35 0.39 | -0.06 -0.04
KAV3 -0.30 -0.37
HA1 -0.21 -0.26
HA2 0.13 -0.16 | -0.19 -0.28
HA3
HA4
HAV1
HAV?2 -0.06 0.03
HAV3
HAV4
PR1
PR2
PR3 -0.22 -0.21
TR1
TR2
TR3
PAV1
PAV2
PAV3
TAV1
TAV2
TAV3 -0.18 0.19

Test Variable
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Table 69: PEQ ambulation subscale Pearson correlation coefficients for significant and notable
kinematic test variables on ramp up. Correlations of moderate strength of higher are in bold.

Prosthetic Limb Intact Limb Pelvis and Trunk
WOP WP WOP WP WOP WP
AA1l -0.49 -0.52 | -0.34 -0.11
AA2 -0.17 -0.09 | -0.40 -0.39
AA3
AAV1
AAV2
AAV3
KAl 0.35 0.30 0.33 0.09
KA2 0.45 0.39
KA3
KAV1
KAV2
KAV3 0.19 0.13 0.20 0.20
HAl 0.43 0.21
HA2 -0.12 -0.03 | -0.05 -0.15
HA3
HA4
HAV1
HAV2
HAV3
HAV4
PR1
PR2
PR3
TR1
TR2
TR3 -0.01 -0.53
PAV1
PAV2
PAV3
TAV1
TAV2
TAV3 -0.21 -0.38

Test Variable
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Table 70: PEQ residual limb health subscale Pearson correlation coefficients for significant and
notable kinematictest variables on ramp up. Correlations of moderate strength of higher are in
bold.

Prosthetic Limb Intact Limb Pelvis and Trunk
WOP WP WOP WP WOP WP
AA1l -0.36 -0.39 | -0.08 0.06
AA2 -0.09 -0.05 | -0.08 -0.12
AA3
AAV1
AAV2
AAV3
KA1l 0.43 0.42 0.43 0.28
KA2 0.56 0.45
KA3
KAV1
KAV2
KAV3 -0.09 -0.11 | -0.18 -0.22
HAl 0.17 0.04
HA2 -0.35 -0.27 | -0.33 -0.39
HA3
HA4
HAV1
HAV2
HAV3
HAV4
PR1
PR2
PR3
TR1
TR2
TR3 -0.05 -0.33
PAV1
PAV2
PAV3
TAV1
TAV2
TAV3 -0.26 -0.26

Test Variable
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Table 71: PEQ ambulation subscale Pearson correlation coefficients for significant and notable
kinematic test variables on ramp down. Correlations of moderate strength of higher are in bold.

Prosthetic
Test Variable Limb Intact Limb Pelvis and Trunk
WOP | WP | WOP | WP | WOP WP
AAl -0.29 | -0.33
AA2 -0.16 | -0.08
AA3
AAV1
AAV2
AAV3
KA1l -0.31 | -0.10
KA2 -0.18 | -0.27
KA3 0.09 | 0.13
KAV1
KAV2 0.20 0.21
KAV3
HA1
HA2
HA3
HA4
HAV1
HAV2 0.06 | -0.05
HAV3
HAV4
PR1
PR2
PR3
TR1
TR2 0.25 | -0.16
TR3 -0.48 | -0.29
PAV1
PAV2
PAV3 -0.30 | -0.48
TAV1 -0.04 | -0.42
TAV2 -0.09 | -0.24
TAV3 -0.34 | -0.52
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Table 72: PEQ residual limb health subscale Pearson correlation coefficients for significant and
notable kinematictest variables on ramp down. Correlations of moderate strength of higher are
in bold.

Prosthetic
Test Variable Limb Intact Limb Pelvis and Trunk
WOP| WP | WOP| WP | WOP WP
AAl -0.15| -0.16
AA2 -0.09 | -0.08
AA3
AAV1
AAV?2
AAV3
KA1 -0.27 | 0.00
KA2 -0.15 | -0.17
KA3 0.35| 0.36
KAV1
KAV2 0.10| 0.08
KAV3
HA1
HA?2
HA3
HA4
HAV1
HAV2 -0.02 | -0.15
HAV3
HAV4
PR1
PR2
PR3
TR1
TR2 0.14 | -0.14
TR3 -0.24 | -0.26
PAV1
PAV2
PAV3 -0.16 | -0.32
TAV1 -0.05 | -0.44
TAV2 -0.29 | -0.18
TAV3 -0.09 | -0.44
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Table 73: PEQambulation subscale Pearson correlation coefficients for significant and notable
kinetic test variables onlevel ground. Correlations of moderate strength of higher are in bold.

Prosthetic Limb Intact Limb
WOP WP WOP WP

Test Variable

AM1
AM2 -0.22 -0.30
AP1
AP2
AP3
AP4
KM1
KM2
KP1
KP2 -0.02 -0.14
KP3 -0.07 -0.09
HM1
HM2 0.03 -0.13
HP1
HP2 -0.34 -0.04
HP3 0.01 0.16

Table 74: PEQ residual limb health subscale Pearson correlation coefficients for significant and
notable kinetic test variables on level ground. Correlations of moderate strength of higher are
in bold.

Prosthetic Limb Intact Limb
WOP WP WOP WP

Test Variable

AM1
AM2 -0.26 -0.34
AP1
AP2
AP3
AP4
KM1
KM2
KP1
KP2 -0.10 -0.28
KP3 -0.08 -0.12
HM1
HM2 0.04 -0.10
HP1
HP2 -0.48 -0.21
HP3 0.19 0.34
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Appendix G: Median Participant Representative
Curves for Kinematics and Kinetics

To select a representative subject, all subjects were ranked for eatdst variable (i.e.,
lowest score to highest score). These ranks were summed for each participant. The
median of these summed ranks was used to select the representative participant.
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Figure 17: Mean and standard deviatiorcurves from themedian participant for the pelvis joint
angles on level ground. WP condition is solid lines and WOP condition is broken lines.
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Figure 18: Mean and standard deviatiorcurves from the median participant for the pelvis joint
angular velocities on level ground. WP condition is solid lines and WOP condition is broken
lines.
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Figure 19: Mean and standard deviatiorcurves from the median participant for the trunk joint
angleson level ground. WP conditio is solid lines and WOP condition is broken lines.
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Figure 20: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint

angular velocitieson level ground. WP condition is solid lines and WOP conditiambroken
lines.
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Figure 21: Mean and standard deviatiorcurvesfrom the median participant for the intact limb
hip joint angles and angular velocities on level ground. WP condition is solid lines and WOP

condition is brokenlines.
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Figure 22: Mean and standard deviatiorcurvesfrom the median participant for the prosthetic
limb hip joint angles and angular velocities on level ground. WP condition is solid lines and
WOP condition is broken lines.
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Figure 23: Mean and standard deviatiorcurvesfrom the median participant for the knee joint
angles and angular velocities on level ground. WP condition is solid lines and WOP condition is
broken lines.
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Figure 24: Mean and standard deviatiorcurvesfrom the median participant for the ankle joint
angles and angular velocities on level ground. WP condition is solid lines and WOP condition is

broken lines.
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Figure 25: Mean and standard deviatiorcurvesfrom the median participant for the pelvis joint
angleson uneven ground. WP condition is solid lines and WOP condition is broken lines.
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Figure 26: Mean and standard deviatiorcurvesfrom the median participant for the pelvis joint
angular velocitieson uneven ground. WP condition is solid lines and WOP condition is broken
lines.

100

Extenslon/Flexlon (deg/s)

% of Stride

Adduction/Abduction (deg/s)

% of Stride

Axlal Rotatlon (deg/s)
£888

% of Stride



145

Figure 27: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint
angleson uneven ground. WP condition is solid lines and WOP condition is broken lines.
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Figure 28: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint
angular velocitieson unevenground. WP condition is solid lines and WOP condition is broken

lines.
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Figure 29: Mean and standard deviatiorcurves from the median participant for the intact limb
hip joint angles and angular velocities on uneven ground. WBmdition is solid lines and WOP
condition is broken lines.
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Figure 30: Mean and standard deviatiorcurvesfrom the median participant for the prosthetic
limb hip joint angles and angular velocities on uneven ground. WP conditias solid lines and
WOP condition is broken lines.
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Figure 31: Mean and standard deviatiorcurvesfrom the median participant for the knee joint
angles and angular velocities on uneven ground. WP condition is solid lines and WRdition

is broken lines.

Flexlon/Extenslon (deg)

Flexlon/Extenslon (deg/s)

Intact Limb

% of Stride

Flexlon/Extenslon (deg)

Flexlon/Extenslon (deg/s)

523,

g 8

Prosthetic Limb

% of Stride

% of Stride



150

Figure 32: Mean and standard deviatiorcurvesfrom the median participant for the ankle joint
angles and angular velocities on uneven ground. WP condition is solid lines and WOP condition
is brokenlines.
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Figure 33: Mean and standard deviatiorcurvesfrom the median participant for the pelvis joint
angleson ramp up. WP condition is solid lines and WOP condition is broken lines.
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Figure 34: Meanand standard deviationcurvesfrom the median participant for the pelvis joint
angular velocitieson ramp up. WP condition is solid lines and WOP condition is broken lines.
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Figure 35: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint
angleson ramp up. WP condition is solid lines and WOP condition is broken lines.
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Figure 36: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint
angular velccitieson ramp up. WP condition is solid lines and WOP condition is broken lines.
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Figure 37: Mean and standard deviatiorcurvesfrom the median participant for the intact limb
hip joint angles and angular velocities on ramp up/VP condition is solid lines and WOP
condition is broken lines.
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Figure 38: Mean and standard deviatiorcurvesfrom the median participant for the prosthetic
limb hip joint angles and angular velocities on ramp up. WP conditias solid lines and WOP
condition is broken lines.
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Figure 39: Mean and standard deviatiorcurvesfrom the median participant for the knee joint
angles and angular velocities on ramp up. WP condition is solid lines and W@dndition is

broken lines.
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Figure 40: Mean and standard deviatiorcurvesfrom the median participant for the ankle joint
angles and angular velocities on ramp up. WP condition is solid lines and WOP condition is
broken lines.
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Figure 41: Mean and standard deviatiorcurvesfrom the median participant for the pelvis joint
angleson ramp downWP condition is solid lines and WOP condition is broken lines.
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Figure 42: Mean andstandard deviationcurvesfrom the median participant for the pelvis joint
angular velocitieson ramp down. WP condition is solid lines and WOP condition is broken lines.

g

8 8

bt
=}

Extenslon/Flexlon (deg/s)

88 8 o

% of Stride

g

8 8
‘\D\
2

20//

0

Adduction/Abduction (deg/s)

% of Stride

100

)

T e

—— -
- = =

20 40

Axlal Rotatlon (deg/s)
g o

2

% of Stride



161

Figure 43: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint
angleson ramp down. WP condition is solid lines and WOP condition is broken lines.
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Figure 44: Mean and standard deviatiorcurvesfrom the median participant for the trunk joint
angular velocitieson ramp down. WP condition is solid lines and WOP condition is broken lines.
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Figure 45: Mean and standard deviatiorcurvesfrom the median participant for the intact limb
hip joint angles and angular velocities on ramplown. WP condition is solid lines and WOP
condition is broken lines.
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Figure 46: Mean and standard deviatiorcurvesfrom the median participant for the prosthetic
limb hip joint angles and angular velocities on ramp down. WP cdition is solid lines and WOP
condition is broken lines.

- \“‘

7\

Adduction/Abduction
(deg)
tr

Extenslon/Flexlon (deg)

% of Stride

Adduction/Abduction

Extenslon/Flexlon (deg/s)




165

Figure 47: Mean and standard deviatiorcurvesfrom the median participant for the knee joint
angles and angular velocities on ramp down. WP condition is solid lines aidOP condition is

broken lines.
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Figure 48: Mean and standard deviatiorcurvesfrom the median participant for the ankle joint
angles and angular velocities on ramp down. WP condition is solid lines and WOP condition is
broken lines.
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Figure 49: Mean and standard deviatiorcurvesfrom the median participant for the hip
moment and poweron level ground. WP condition is solid lines and WOP condition is broken
lines.

Intact Limb Prosthetic Limb
__ 150 100
E —
z £
kS 5
s 3
= w
H 3
2 -
g 5
= =

Eccentric/Concentrlec (W)
Eccentrie/Concentrle (W)




168

Figure 50: Mean and standard deviatiorcurves from the median participant for the knee
moment and poweron level ground. WP condition is solid lines and WOP condition is broken
lines.
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Figure 51: Mean and standard deviatiorcurvesfrom the median participant for the ankle
moment and poweron level ground. WP condition is solid lines and WOP condition is broken

lines.
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