


Figure AXI-5: Grade of similarity on right and left EMG in CP-3.

Summary:
Table AXI-1: Summary of EMG activity in CP-3
Right Left

Spasticity appears in the initial contact, and | Same as right Soleus,

Soleus continuing until end of the stance phase. significant small similarity
Significant small similarity appears in the initia] appears in the mid-swing
swing phase. phase.

Tibialis Muscle weakness appears in the entire stance

Anterior phase, spasticity occurs in the early swing phasgame as right TA.

TA) Significant small similarity appears in the loading

response and initial swing phase.

| Spasticity appears in the initial contact, and
continuing in the rest of the stance phase. Same as right LG.
Significant small similarity in initial and mid-
swing phases.

Gastrocnemius
Lateralis
(LG)

4

Vastus Weakness appears in the initial contact and
Lateralis terminal swing, spasticity appears after single
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(VL) support in the stance phase and early swing | Same as right VL.
phase. Significant small similarity appears in
phase 3~6.
Weakness appears in the initial contact, spastjcBgme as right RF.
Rectus appears after single support and continue unti| Significant small similarity
Femoris the terminal swing. Significant small similarity | appears pre-and initial
(RF) appears mid-swing phases. swing phases.
Muscle weakness appears in the initial contact,Muscle weakness appears
Biceps following with the spasticity until 40% of the gaiin the initial contact,
Femoris cycle. Spasticity appears again in the initial andfollowing with the
(BF) mid-swing phases. Significant small similarity | spasticity until 65% of the
appears in the phase 2~6. gait cycle.
Muscle weakness appears in the early stance
Gluteus phase. Spasticity appears in the late swing phaSame as right Gmed.
Medius This entire opposite pattern of healthy subjects
(Gmed) causes the significant small similarity appearing
in all phases in the gait cycle.
Elector Spasticity appears in loading response. Muscle weakness appears
Spinae Significant small similarity appears in pre- and| in the initial contact.
(ES) mid-swing phases.
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Figure AXI-6: Comparison of acceleration pattern

and CP-3.
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and left acceleratiorCP-3.

Table AXI-2: Characterization of acceleration in CP-3

Right

Left

Foot x

Sharp rise in the initial contact, following
with lower acceleration in the rest of the
cycle. Small similarity appears in the
terminal swing phase.

Sharp and delayed rise in the initial
contact, following with the higher
acceleration in the stance phase, and
lower acceleration in the swing
phase.

Footy

Sharp rise in initial contact, delayed
acceleration after toe-off. Small similarity
appears in the terminal swing phase.

Same as right foot y.

Foot z

Sharp rise in the initial contact, following
with the higher acceleration in the stance
phase. Significant small similarity appea
in the loading response.

Much delayed rise in the initial
» contact following with high
'sacceleration in the stance phase.
Sharp rise in the terminal swing

phase.
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Sharp rise in initial contact, unstable

Delayed and sharp rise in initial

acceleration in the rest of the cycle, mightcontact, following with unstable

Shank x | due to the bilateral knee flexion acceleration in the rest of the cycle.
contracture. Small similarity appears in th&mall similarity appears in the mid-
mid-stance phase. stance phase.

Shank y Sharp rise in initial contact, unstable Same as right shank y.
acceleration in the rest of the cycle.

Sharp rise in acceleration in initial contact,
following with lower acceleration in the

Shank z | rest of the cycle. Significant small Same as right shank z.
similarity appears in the mid- and terminal
swing phases.

Sharp rise in initial contact, very unstable Sharp rise in the initial contact,
acceleration pattern in the gait cycle. following with lower acceleration in

Thigh x | Significant small similarity appears in the the rest of the cycle. Significant small
pre- and initial swing phases. similarity appears in the pre- and

initial swing phases.
Sharp and unstable acceleration in the | Unstable acceleration appears in a
loading response, following with lower | full gait cycle. Small similarity

Thigh y | magnitude in the rest of the stance phaseappears in the pre-swing phase.
Small similarity appears in pre-swing
phase.

Sharp rise in initial contact, followed with
Thigh 2 lower acceleration in the rest of the cycle.Same as right thigh z.
Small similarity appears in the initial swing
phase.
Sharp deceleration in the initial contact, | Sharp increased acceleration in the
followed with high acceleration in early | initial contact, followed with high

Hip x stance phase, and lower acceleration in flaceleration in the stance phase, and
swing phase. Significant small similarity | high acceleration in the terminal
appears in the initial swing phase. swing phase. Small similarity appears

in the mid-stance phase.
Lower acceleration in the initial contact,
Hip y following with unstable magnitudes in the Same as right hip y.

rest of the cycle, which indicate some
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levels of hip contractures.

Hip z

Sharp rise in initial contact, following witk
unstable magnitude in the rest of the cyg
Small similarity appears in initial swing

phase.

I
l&Same as right hip z.
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Appendix XII: Results of Cerebral Palsy Patient 4 (CP4)

e Description
Subject is 55 year old male with right spastic h@egia due to cerebral palsy. He was
also diagnosed with epilepsy in 1966. Medicatiaiudes muscle relaxabtantrolene sodium
5mg per day. Subject was tested with bare-foot mglkn the instrumented treadmill for
continuing three minutes, at speed of 0.45 m/s.

e Temporal Stride Variability
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Figure AXII-1: Stride variability of a healthy male subject anckaebral palsy case 4 (CP-4).
Summary: Stride variability of CP-4 was increased compaxgti a healthy male subject. The
stance phase and double-stance phase were loagenehlthy subject with much greater
fluctuations. The stride time was much longer thaalthy subject, but gradually reduced which

showing some levels of fatigue.
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Figure AXII-2: Right and left GRF in 3-D in CP-4.
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Figure AXII-3: Grade of similarity on right and left GRF in CP-4.
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Summary: In vertical direction, CP-4 had slightly lower GRwith first peak higher than the
second peak pattern. The longer duration of theigtocontact of CP-4 indicates the mild
symptoms of this subject compared with other ti@®esubjects. In anterior-posterior direction,
CP-4 had much lower GRF than healthy, but rightdegwed more sever symptom than the left
leg which indicates the right leg was mostly aféeictin mediolateral direction, there was a sharp
rise in GRF on the first peak on the right, whend@slower GRF appeared in the full gait cycle
on the left.

e EMG Muscle Activity Patterns
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Figure AXII-4: Comparison of EMG pattern in a gait cycle betweealthy subjects and CP-4.
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Figure AXII-5: Grade of similarity of right and left EMG in CP-4.

Summary:
Table AXII-1: Summary of EMG activity in CP-4
Right Left
Spasticity appears in the stance phase and Same as right Sol.

Soleus terminal swing phase. Significant small Significant small similarity
similarity appears in loading response and| appears in initial and
terminal swing phase. terminal swing phases.

Tibialis Muscle weakness appears in the initial

Anterior contact, following with spasticity for the rest Same as right TA.
(TA) of the cycle. Significant small similarity
appears in pre-swing phase.
Gastrocnemius Spasticity appears in the late stance phase.
Lateralis Significant small similarity in initial swing | Same as right LG.

(LG) phase.

Slight spasticity appears in the terminal Similar to right VL, but with

Vastus stance and pre-swing phases. Significant | much higher and elongated
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Lateralis small similarity appears in pre-swing and | muscle activities in stance
(VL) initial swing phases. phase. Significant small
similarity appears in phase 3,
4, and 5.
Rectus Spasticity appears in the initial contact and Spasticity appears all the
Femoris swing phase. Significant small similarity way of the gait cycle.
(RF) appears mid-swing phase. Significant small similarity
appears in pre-swing phase.
Spasticity appears in the stance phase, Muscle weakness appears in
Biceps following with muscle weakness in swing. | the initial contact, and
Femoris Significant small similarity appears in pre- | spasticity appears in about
(BF) and initial swing phases. 55% of the gait cycle, muscle
weakness appears in the late
swing phase.
Gluteus Muscle weakness appears in the early stance
Medius phase following with spasticity for the most Same as right Gmed.
(Gmed) of the rest gait cycle. Significant small
similarity appears almost entire gait cycle.
Elector Muscle weakness appears in initial contact, Spasticity appears from the
Spinae spasticity appears in the terminal stance anpderminal stance to the end of
ES) pre-swing phase. Significant small similaritythe gait cycle. Significant

appears in the loading response and mid-
stance.

small similarity appears in
mid-swing phase.
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CP-4.
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Figure AXII-7: Grade of similarity of right and left accelerationCP-4.

Table AXII-2: Characterization of acceleration in CP-4

Right

Left

Foot x

Sharp rise in the initial contact, following

Sharp rise in the initial contact,

with high acceleration in stance phase, anfdllowing with slightly higher

then much sharp deceleration on toe-off,

acceleration in stance phase, and

following with lower acceleration in swing sharp deceleration on toe-off,

phase. Small similarity appears in the mi

swing phase.

dfollowing with slightly lower
acceleration in swing.

Footy

Lower acceleration in stance and toe-off

sharp rise in early swing and sharp
deceleration in the late swing.

Sharp rise in the initial contact,
following with gradually reduced

in swing.

Foot z

Lower magnitude in stance and sharp ri

se haksrise in initial contact,
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in early swing and lower magnitude in latgollowing with slight higher

swing. magnitude in the stance, a sharp rise
in early swing and lower magnitude
in late swing.

Sharp rise in initial contact, following with Same as right shank x, in addition
higher magnitude in stance, a sharp rise|iwith higher acceleration in swing
pre-swing. Significant small similarity phase.

appears in initial and mid-swing.

Shank x

Sharp and delayed rise in initial contact,
Shank y | following with unstable high acceleration| Same as right shank y.
during the stance phase.

Sharp rise in initial contact, lower Same as right shank z.

Shank z . . .

acceleration on toe-off and terminal swing.

Sharp rise in initial contact, slightly lower Sharp rise in initial contact, unstable
Thigh x and unstable acceleration throughout the acceleration in stance phase and

stance phase, unstable acceleration in | swing phase.
swing phase.

Sharp rise in initial contact, following with Unstable with increased acceleration
Thigh y | lower acceleration for the rest of the cyclein stance phase, higher acceleration in

swing phase.
Sharp rise in initial contact, lower Sharp rise in initial contact, lower
Thigh z | acceleration in stance and swing phase.| acceleration in stance, a sharp rise in
swing.

Sharp rise in initial contact, dramatically | Sharp rise in initial contact, an
decreased in early stance, an increased| increased acceleration in terminal
Hip x acceleration in swing. stance and pre-swing phase, lower
magnitude in swing phase.

Much unstable pattern appears in the gajtSame as right hip y. Significant small

Hipy cycle. similarity appears in terminal stance.
Sharp rise in initial contact, following with Sharp and delayed rise in initial
higher acceleration in stance, and a sharpcontact, sharp reduction in early

Hip z rise in pre-swing phase, and an increasedsingle support, higher acceleration

acceleration in late swing phase. during rest of the stance phase, and a
Significant small similarity appears in sharp rise in mid-swing. Significant
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initial swing phase. small similarity appears imiaal
swing.

Note the CP-4 was diagnosed with diplegic cergimidy, the patterns of the acceleration shows

some levels of unsymmetrical with right leg seviéeaed.
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Appendix XIlII: Results of Stroke Subject 1 with her 1st Visit (Strokel_1)

e Description

Subject is 37 year old female, was diagnosedgid hemiperatic stroke after her second
child was born. From the observation of her fiisitwo our lab, she was walking with right side
paralysis, including walking with left leg as basdesupport, wearing right ankle brace to protect
the foot-drop, dragging right foot gait, havingfdifilty with right hand activities such as lifting,
grasping, extending outward and lifting up the righm. She also had speed problem. She was
tested with bare-foot walking on the instrumenteghdmill with harness support at very slow
speed (0.1 m/s), continuing with three minuted.tria

e Temporal Stride Variability
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Figure AXIII-1 : Stride variability of a healthy female subjectianfemale hemiparetic stroke

patient case 1 with her first visit.
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Summary: There were only 50 strides extracted from thek&trl subject at her first visit due to
very slow speed of walking. She has slightly inseshfluctuation, this might be the results of
partial body weight support by harness assistarioe stride time increased during the walking
which may indicate some fatigue. The double-stahase was almost three-time greater than
healthy subject. The stance phase and swing phasgealmost twice greater than the healthy
subject.

e Ground Reaction Forces

Right Force Left Foree
Fx healthy

------- Stroke-1{1st visit)

Forcein % Body Weight

100 a 20 40 &0 i} 100
Gait Cycle (%) Gait Cycle (%)

Figure AXIII-2 : Right and left GRF in 3-D in stroke patient 1 iter ' visit.

313



1~ - right similarity

-Ieft similarity
& oosfk
D Ix Il in
1 2 3 4 i B 7
1 —
1 II
. mll =l Hm PR T |
1 2 3 4 i B 7
1 —
o II II II II
0 1| ! —
1 2 3 4 i B 7
Gait Phases
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e EMG Muscle Activity Patterns
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Figure AXIII-4 : Comparison of EMG activity in a gait cycle betwdesalthy subjects and

stroke-1 with her % visit.
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Figure AXIII-5 : Grade of similarity of right and left EMG in ske-1 with her I visit.
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Figure AXIII-6 : Comparison of acceleration pattern in a gaiteydtween healthy subjects and

stroke-1 subject with hef'Visit.
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Visit.
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Appendix XIV: Results of Stroke Subject 1 with her 2nd Visit (Strokd._2)

e Description
This is the same subject in appendix Xl, but vadr second visit after two months. By
talking to the subject, she had been through tliedaghysical therapy, three times a week, one
hour each time. She also did walking exercise aweirgd without brace at home, 30 minutes per
day. From the observation of her overground walkheg gait has been improved dramatically.
Subject was walking bare-foot on the treadmill ¢ontinuing three-minute at speed of 0.5 m/s,
which was much faster than the first visit.

e Temporal Stride Variability
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Figure AXIV-1: Stride variability of a healthy female subjectiwa female stroke subject at her

second visit.
Summary: Stroke-1 subject at her second visit after twanthaf hydrotherapy treatment, has

showed much better gait dynamic. The walking speasl greatly increase, therefore, there were

100 strides found in her three-minute walking trigthe stride variability was slightly increased
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compared with the healthy subject. There was apsirreased stance phase and a sharp
decreased swing phase at time around 42 strideshwie fall risk might occur at that time. The
double-stance phase was still greater than hesithject almost twice of the length.

e Ground Reaction Forces
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Figure AXIV-2 : Right and left GRF in 3-D in stroke-1 subjectiwfter 2° visit.
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Figure AXIV-3: Grade of similarity between right and left GRFstnoke-1 subject at hef2

visit.
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320



e Acceleration Patterns
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Appendix XV: Results of Stroke Patient 2 (Stroke2)

e Description
Subject is a 53 year old female, was diagnoseti Veft-side hemiplegic stroke on
November 18, 2009. She was on physical therapyk{mglover-ground and on the treadmill) at
the time point of the experiment, three times peekvand one hour per time. By observation,
she had fairly mild symptom with left side hemipkegShe did walk bare-footed on the treadmill
without any assistant devices at speed of 0.6 Tims.ground reaction forces, EMG activities and
segment accelerations were recorded continuallthfee-minutes.

e Temporal Stride Variability
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Figure AXV-1: Stride variability of a healthy female and a féenstroke subject case 2 (Stroke-
2).
Summary: The Stroke-2 subject showed quite consistentmiymgait through the entire gait

cycle, with slightly increased fluctuation of sigtariables. This indicates the stroke-2 had mild
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symptoms of the stroke compared with the stroKehere were slightly increased stance phase
and double-stance phase, and slightly decreased) phiase in stroke-2.

e Ground Reaction Forces
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Figure AXV-2: Right and left GRF in 3-D in Stroke-2.
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Figure AXV-3: Grade of similarity between right and left GRFStioke-2.
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Summary:.

In vertical direction, there was a sharp delayedt fpeak GRF in stroke-2, right foot was
apparent than the left. Her stance phase was lgligiiger than the healthy subject, around 70 %

of the gait cycle. In anterior-posterior directiotmhere was lower GRF on both sides. In

mediolateral direction, there was much greater GRFght side than the left side.
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e EMG Muscle Activity Patterns
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Figure AXV-4: Comparison of EMG activity in a gait cycle betwdeealthy subjects and

Stroke-2.
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Figure AXV-5: Grade of similarity of right and left EMG in Ske-2.

Summary:

Table AXV-1: Summary of EMG activity in Stroke-2

Right

Left

Slightly delayed activity results in the

Higher and unstable muscle
activity in the stance phase,

Soleus smaller grade of similarity in initial smaller similarity appears in the
swing. initial swing.
Higher activity appears in the initial Muscle weakness appears in the
Tibialis contact and swing phase, smaller initial contact, but higher activity

Anterior (TA)

similarity appears in the pre-swing
phase.

occurs in the early swing phase.

Gastrocnemius
Lateralis (LG)

Spasticity appears in the early stance
phase, but with muscle weakness in tk
late stance phase. Significant small
similarity occurs in the initial contact,
terminal stance, pre- and initial swing,
and terminal swing phases.

éatten muscle activity in the
stance phase. Smaller similarity
appears in the initial and
terminal swing phases.

Vastus
Lateralis (VL)

Delayed but longer muscle activity in
the initial contact following with the
lower muscle activity along the rest of
the cycle. Significant small similarity

Similar to right VL, smaller
similarity appears in the mid-
swing phase.

appears in the pre-swing phase.
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Rectus
Femoris (RF)

Muscle weakness occurs in the early
stance phase, spasticity appears in th
swing phase. Significant small similari
appears in the mid-stance, terminal
stance, and mid-swing phases.

Muscle spasticity appears in the
einitial contact and early swing
fyohase.

Significant small similarity
appears in the pre- and mid-
swing phases.

Biceps
Femoris (BF)

Spasticity appears in the early stance
phase. Significant small similarity
appears in the initial swing phase.

Similar to right BF, significant
small similarity appears in the
pre- and initial swing phases.

Gluteus
Medius (Gmed)

Muscle weakness occurs in the initial
contact, following with spasticity in the
mid-stance phase and late swing phas
Smaller similarity appears in the pre-
swing phase.

Muscle spasticity appears in the
s@nid-stance phase and early
swing phase.

Elector
Spinae (ES)

Spasticity appears in the initial contac
and initial swing phase. Smaller
similarity appears in the initial swing
phase.

[
Similar to right ES.

Note: Different muscle activities between right daft show typical hemiplegic symptoms of

the stroke.

Right Foot

Acceleration Patterns
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Figure AXV-6: Comparison of acceleration pattern in the gait €ymtween healthy subjects

and Stroke-2.
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Figure AXV-7: Grade of similarity of right and left acceleratim Stroke-2.
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Summary:

Table AXV-2: Characterization of acceleration in Stroke-2

Right Left
Peak rise in the initial contact following | Lower acceleration in the early stance
Foot x with higher magnitude in the entire gait | phase, and there is a sharp rise in the
cycle. There are modulate and high pre-swing phase.
similarity within the gait cycle.
There is a delayed foot clearance in the | Sharp acceleration appears in the
Footy | pre-swing phase. High similarity appears initial contact, delayed acceleration in
the entire gait cycle. the initial swing phase.
Sharp acceleration appears in the initial
contact following with the high magnitude Similar to foot z.
Foot z | in the stance phase, delayed acceleration in
the swing phase. Modulate similarities
appear in the entire gait cycle.
Sharp acceleration appears in the initial | Lower acceleration appears in initial
contact following with the unstable contact and continues to the pre-
magnitude in the rest of the stance phaseswing phase. There is a sharp
Shank x | delayed and lower acceleration appears|iincreased acceleration in the late
the mid-swing phase. Significant small | swing phase. Significant small
similarity appears in the mid-swing phasesimilarity appears in the pre-swing
phase.
Higher unstable acceleration appears in the
Shank y stance phase, lower acceleration occurs|isimilar to right shank y, but with
the swing phase. Significant small lower magnitude in late stance phase.
similarity appears in the mid-swing phase.
Sharp rise in acceleration appears in the
initial contact, delayed and lower Similar to right shank z.
Shank z | acceleration in the swing phase. Modulate
and high similarities occur in the entire gait
cycle.
Higher magnitude appears in the early
stance phase, following with lower Similar patterns to right thigh x.
Thigh x | magnitude in the late stance phase. Thefe
are sharp rise in acceleration in the swing
phase.
Thigh y There is \_/ery uns.tabl.e pqttern of . - . .
acceleration in this direction results in | Similar to right thigh y.
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significant small similarity appears in the
terminal stance and pre-swing phases.

Thigh z

A sharp rise in acceleration appears in t
initial contact, following with lower
acceleration in the rest of the gait cycle.

A sharp rise in acceleration appears

1én the initial contact, following with
unstable accelerations in the rest of
the stance phase, there is a sharp
deceleration in the pre-swing phase
and a sharp acceleration in the mid-
swing phase. Significant small
similarity appears in the initial swing
phase.

Hip x

Higher magnitude in the early stance phg
following with the lower magnitude in the
late stance, there is a sharp rise in the
acceleration in the early swing phase.
Significant small similarity appears in the
pre-swing phase.

Ase
Similar to right hip x.

Hip y

A sharp deceleration appears in the loading

response, following with the lower
magnitude in the stance phase. There is
delayed acceleration in the swing phase
Smaller similarity appears in the termina
stance phase.

There is a very unstable pattern of
aacceleration in the stance phase, and
a sharp rise in acceleration in the
swing phase.

Hip z

A sharp rise in acceleration appears in t
initial contact, following with higher
magnitude in the rest of the stance phas
there is a sharp rise in acceleration in the
swing phase.

e
Similar to the right hip z. Significant
esmall similarity appears in the swing

2 phase.
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Appendix XVI: Results of Spinal Cord Injury (SCI)

e Description
Subject is 48 year old male with a long historyirdfactable partial epilepsy. Several
years ago he fell as a result of a sudden seindefractured his cervical spine. With this he
sustained a so called Brown-Sequard syndrome gagmisection of the spinal cord). From the
observation of his gait, he was walking with riggxy dragging and using the left leg as base of
the support and pushing away to the right.
e Temporal Stride Variability
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Figure AXVI-1: Stride variability of a healthy male subject anchale patient with spinal cord

injury (SCI).

Summary: There is increased stride variability in alidgrvariables, compared with the healthy

subject. There is a significant large fluctuatiorsiance phase and double-stance phase in SCI.
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e Ground Reaction Forces
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Figure AXVI-2: Right and left GRF in 3-D in Spinal Cord Injunytgect.
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Figure AXVI-3: Grade of similarity of right and left GRF in SpirCord Injury subject.
Summary: In the vertical direction, the behavior of thewgd reaction force of SCI subject is
perfectly matched to averaged healthy subjectsngahnose smooth ‘M-shape’ pattern, which

indicates the mild symptoms of this subject. Thi¢ feot GRF has slightly longer ground
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contacting time than the right foot, which tellsthe more server symptoms on the right side. In
the anterior-posterior direction, there is lower FsRBn the right side. In the mediolateral
direction, there is higher GRF on the left side ahhindicates some levels of composition

mechanisms. The similarity analysis shows this §®ject has very mild gait problems.

e EMG Muscle Activity Patterns
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Figure AXVI-4 : Comparison of EMG activity in a full gait cycletween healthy subjects and

Spinal Cord Injury subject.
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Figure AXVI-5: Grade of similarity of right and left EMG actiyitn Spinal Cord Injury subject.

Summary:

Table AXVI-1: Summary of EMG Activity in Spinal Cord Injury Case Study

Right Left
Spasticity appears in the entire stance phas8imilar to right soleus,
Significant small similarity appears in the | significant small similarity

Soleus initial contact and terminal swing phase. | appears in the initial swing
phase.
L Spasticity appears in the initial contact and
Tibialis ; o _ . N
Anterior e_arl_y swing phase: Slgnlflcan_t small Slmllar_to_ng_ht TA. Slgnl_flcant
(TA) similarity appears in the terminal stance andsmall similarity appears in the
pre-swing phases. terminal stance phase.

. Muscle weakness appears in the stance phase,
L : " spasticity occurs in the early swing phase. | Muscle weakness appears in
ateralis - o ; .

(LG) Sl_gnlflc_ant small similarity appears in the | the mid-stance phase.

mid-swing phase.

Vastus Spasticity appears in the early swing phase.Spasticity appears in the mid-
Lateralis Significant small similarity appears in the | stance phase.

(VL) initial and mid-swing phases.
Rectus Delayed muscle activity occurs in the loadin§pasticity appears in the entire
Femoris response, and muscle spasticity occurs in tretance phase and early swing

Gastrocnemiug
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(RF) mid-swing phase. Significant small similarifyphase. Significant small
appears in the mid-swing phase. similarity appears in the mid-
swing phase.
Spasticity appears in the loading response| Spasticity appears in the entire
Biceps pre-swing, and terminal swing phases. stance phase. Significant small
Femoris Significant small similarity appears in the | similarity appears in the
(BF) terminal stance, pre-swing and initial swing terminal stance and pre-swing
phases. phases.
Gluteus
Medius Spasticity appears in the loading response| Similar to right Gmed.
(Gmed)
Elector Muscle weakness appears in the loading | Spasticity appears in the initial
Spinae response, spasticity appears in the pre-swingontact, spasticity appears in
(ES) and entire swing phases. the swing phase.

e Acceleration Patterns
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Figure AXVI-6: Comparison of acceleration pattern in a full ggitle between healthy subjects

and Spinal Cord Injury subject.
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Summary:

Table AXVI-2: Characterization of acceleration in Spinal Cord Injury Case Study

Right Left
A sharp rise in acceleration in the initial | Similar to foot x.
Foot X contact, following with high magnitude in
the rest of the gait cycle. Smaller similarity
appears in the mid-swing phase.
Lower acceleration occurs in the loading| Lower acceleration occurs in the
response and the rest of the stance phasdoading response and lower magnitude
Foot y There is no deceleration at foot clearancgin the stance phase, slightly delayed
which indicates the gait problems on the| acceleration appears in the initial swing
right foot. Smaller similarity appears in thephase.
terminal swing phase.
Early deceleration appears in the early | Delayed acceleration appears in the
stance phase, following with lower loading response, following with the
magnitude in the rest of the stance, a shalpgher magnitude in the rest of the
Foot 2 rise in acceleration in the initial swing stance phase, a sharp rise in
phase, and a lower acceleration appearg mcceleration in early swing phase, and
the terminal swing phase. Smaller lower acceleration in the terminal
similarity appears in the terminal swing | swing phase.
phase.
A sharp rise in acceleration appears in theA sharp rise in acceleration in the
initial contact, following with the lower initial contact, following with a sharp
Shank x magnitude in mid-stance phase, higher | deceleration, an increased acceleration
acceleration appears in the swing phase} appears in the stance phase, and a sharp
Smaller similarity appears in the terminal rise in acceleration appears in the
stance phase. swing phase.
A sharp deceleration appears in the loading
response, following with a sharp rise in th&ame as right shank y.
acceleration, and continues with higher
Shanky . : .
magnitude in the rest of the gait cycle.
Significant small similarity appears in the
mid-swing phase.
A sharp rise in acceleration in the initial
contact, following with a sharp Similar to right shank z.
Shank z | deceleration, lower acceleration appears in
the swing phase. Smaller similarity appegars
in the mid-swing phase.
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Thigh x

Thighy

Thigh z

Lower acceleration appears in the stancg
phase, a sharp rise in acceleration in init
swing phase. Smaller similarity appears
the pre-swing phase.

A delayed deceleration in the loading
response, following with unstable behavi
of acceleration pattern.

A sharp rise in acceleration in the loadin
response and pre-swing phase.

2 A sharp rise in acceleration in the
ahitial contact, following with a sharp
rdeceleration, and continues with lower
magnitude in the stance phase, a sharp
rise in the initial swing phase.
Significant small similarity appears in
the mid-stance phase.

oBimilar to right thigh y.

jSimilar pattern to right thigh z.

Hip x

Hip y

Hip z

A sharp deceleration appears in the initia
contact, following with very unstable
pattern of signal, and an increased
acceleration in the swing phase. Smaller
similarity appears in the terminal stance
phase.

A sharp deceleration in the initial contact
and lower acceleration in the initial swing
phase. Smaller similarity appears in the
initial swing phase.

A sharp rise in acceleration appears in t
initial contact, following with a large
deceleration, and a sharp acceleration
appears in the pre-swing phase. Smaller
similarity appears in the terminal stance

l
Same as right hip x.

) Same as right hip y.

16\ sharp rise in acceleration appears in
the initial contact, following with a
large deceleration in the stance phase.
Significant small similarity appears in
the terminal swing phase.

phase.
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Appendix XVII: Results of Traumatic Brain Injury (TBI)

e Description
Subject is 35 year old male who had a car accigeitecember 23, 2009. He was in
coma for three weeks in the hospital. He was orsighl rehabilitation eight hours everyday.
Medication includesbilify (aripiprazole for depression and anxious. He was tested drdlee
walking speed (0.75 m/s) on the instrumented trélhdnthout any assistant devices.

e Temporal Stride Variability
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Figure AXVII-1 : Comparison of stride variability between a healtimle subject and a male

with Traumatic Brain Injury (TBI).

Summary: TBI subject has much increased stride variabilitgll stride variables. There is and

increase in the stride time, stance phase, andelstdénce phase, and decrease in swing phase.
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e Ground Reaction Forces
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Figure AXVII-2 : Right and left GRF in 3-D in Traumatic Brain Inypsubject.
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Figure AXVII-3 : Grade of similarity between right and left GRFTIBI subject.
Summary: In the vertical direction, the TBI has slightbniger stance phase with delayed for the

first peak and lower GRF in the second peak. Inaherioposterior direction, there is lower
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GRF with TBI. In the mediolateral direction, theise unstable GRF signal in TBI. Smaller

similarity appears mostly in the pre- and mid-swpigases in the vertical and anterioposterior

directions.
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Figure AXVII-4 : Comparison of EMG activity in a gait cycle betwdealthy subjects and TBI.
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Figure AXVII-5 : Grade of similarity of right and left EMG in TBI.
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Summary:

Table AXVII-1: Summary of EMG Activity in Traumatic Brain Injury Case Stud y

Right

Left

Soleus

Tibialis
Anterior
(TA)

Gastrocnemius

Lateralis
(LG)

Vastus
Lateralis
(VL)

Rectus
Femoris
(RF)

Biceps
Femoris
(BF)

Gluteus
Medius
(Gmed)

Elector
Spinae
(ES)

Muscle activities almost follow the pattern ¢
the healthy. Modulate and high grade of
similarity appear in the entire gait cycle.
Spasticity occurs in the most of the stance
phase and early swing phase. Significant
small similarity appears in the mid- and
terminal stance phases.

There are some higher muscle activities in
” early stance phase.

Spasticity occurs the entire stance phase,
terminal swing phase. Significant small

pre-swing phases.
Spasticity occurs in the early stance phase
to 40% of the gait cycle, and slightly higher
activity in the terminal swing phase. Smallg
similarity appears in the terminal stance
phase.

Spasticity occurs in the mid-stance and
terminal swing phases. Significant small
similarity appears in the terminal stance, pf
and initial swing phases.

swing phases. Smaller similarity appears ir
the initial swing phase.

Higher muscle activities occur after mid-
stance phase to the end of the gait cycle.
Significant small similarity appears in the

similarity appears in the terminal stance and

mid-swing phase.

f

Same as right Soleus.

Early activity appears in the pre-
swing phase. Significant small
similarity appears in the pre-swing
phase.

tAdere are some higher muscle

activities in the stance phase and
mid-swing phase. Significant small
similarity appears in the mid-swing.

and

Similar to right VL.

Hpasticity occurs in the early stance
phase up to 30% of the gait cycle,
rand spasticity occurs again in the
pre-swing phase. Smaller similarity
appears in the pre-swing phase.
Spasticity occurs in the late swing
phase. Smaller similarity appears in

ethe mid-swing phase.

Spasticity occurs in the early stance and lat&pasticity occurs in the initial

contact and most of the swing phase.
Significant small similarity appears
in the pre- and initial swing phases.

Spasticity occurs in the pre-swing
phase.
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Acceleration Patterns
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Figure AXVII-6 : Comparison of acceleration pattern in a gait €ymtween healthy subjects

and TBI subject.
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Figure AXVII-7 : Grade of similarity of right and left acceleratim TBI.

Summary:

Table AXVII-2: Characterization of acceleration in Traumatic Brain Inj ury Case Study

Right Left
A sharp rise in acceleration in the
A sharp rise in acceleration in the initial | initial contact, following with a large
contact, following with higher magnitude | deceleration, and continues with lower
in the rest of the stance phase and early| magnitude in the rest of the stance, a
Foot x | swing phase. large deceleration occurs in the initial
swing phase, following with a sharp
rise in acceleration in the mid-swing
phase. Smaller similarity appears in the
mid-swing phase.
A sharp rise in acceleration in the initial
Footy | contact, foot clearance problem inthe | Same as right foot y.
initial swing phase.
Foot 2 Unstable behavior occurs in the early Same as right foot z.
stance phase.
A sharp rise in acceleration in the initial
Shank x | contact, following with lower magnitude in
the stance phase. There is a sharp turningsame as right shank x.
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pattern in the initial swing, following with
a lower acceleration in the swing phase.
Smaller similarity appears in the mid-
swing phase.

A sharp rise in acceleration in the initial
contact, following with unstable lower
magnitude in the stance phase, a lower

Same as right shank y.

Shank y acceleration occurs in the swing phase.
Significant small similarity appears in the
terminal swing phase.
There is a very much matched pattern to
Shank z | healthy subjects, results in the high gradeSame as right shank z.
of similarity among the full gait cycle.
A sharp rise in acceleration occurs in the Very unstable pattern in the stance
initial contact, lower magnitude in the restphase, a sharp rise in acceleration in
Thigh x | of the stance phase, unstable magnitude initial swing phase, following with
the swing phase. Smaller similarity appeatsistable magnitude in the rest of the
in the terminal stance and pre-swing. swing phase.
Some levels of unstable pattern appear inA sharp rise in acceleration occurs in
Thigh y | the entire gait cycle. the loading response, following with
unstable signals in the rest of the cycle.
A sharp rise in acceleration in the initial
contact, lower magnitude in the stance | Similar to right thigh z.
Thigh z | phase, an increased acceleration occurs|in
the swing initial swing phase. Smaller
similarity appears in the terminal swing.
Higher acceleration appears in the early| Unstable pattern appears in the early
Hip X stance phase, lower acceleration occurs|igtance phase, a sharp rise in
the initial swing phase. Significant small | acceleration occurs in the pre-swing
similarity appears in the initial swing. phase.
Higher deceleration appears in the stangeSimilar to right hip y. Smaller
Hip y phase and initial swing phase. similarity appears in the pre-swing
phase.
A sharp rise in acceleration appears in theA sharp rise in acceleration appears in
initial contact, following with unstable the initial contact, following with low
Hip Z magnitude in the stance phase, a sharp riaad unstable magnitude in the rest of

in the initial swing phase. Significant smg
similarity appears in the terminal swing

althe gait cycle. Smaller similarity
appears in the initial swing phase.

phase.
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Appendix XVIII: Results of Elderly Faller

e Description

Subject is 76 year old elderly male, had a slowdenately disorganized gait related to

probable fat embolism after a fall from a roof sevgears ago with hip/femur fractures. He also

had very strong diabetes. Subject was tested \aite-foot walking on the treadmill with harness

support at speed of 0.3 m/s.

e Temporal Stride Variability
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Figure AXVIII-1 : Stride variability of a healthy male subject amrdelderly faller subject.

Summary: Due to the slower treadmill walking speed, theeze only 80 strides extracted from

this elderly faller subject. The subject has inseghboth in magnitude and variability, in stride

time, stance phase, and double-stance phase; arehded magnitude in swing phase.
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e Ground Reaction Forces

Right Force Left Force
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Figure AXVIII-2 : Right and left GRF in 3-D in an elderly fallertjeent.
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Figure AXVIII-3 : Grade of similarity between right and left GRFelderly faller patient.
Summary: In the vertical direction, there is a longer s&mphase on both side (right foot is

longer than left foot, suggest that the affectetk svas left); there is also shortened peak time
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duration in the elderly faller subject. In the aigposterior direction, there is much lower GRF
compared with healthy subject. In the mediolatdnadction, there is delayed and lower gradient
in the early stance phase, especially showing fbridet. The grade similarity analysis showing

the most gait problems in GRF appear in the antsitgpior direction.

e EMG Muscle Activity Patterns
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Figure AXVIII-4 : Comparison of EMG activity in a gait cycle betwdeealthy subjects and an

elderly faller.
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Figure AXVIII-5 : Grade of similarity of right and left EMG in afderly faller subject.

Summary:

Table AXVIII-1: Summary of EMG Activity in Elderly Faller Case Study

Right Left

Spasticity occurs in the mid-stance phase amtigher and latency muscle activity in
Soleus terminal swing phase. Smaller similarity | the stance phase, and spasticity

occurs in the terminal swing phase. occurs in the terminal swing phase.
Tibialis Muscle weakness appears in thg initi_al S_im_ilar_ to right TA. Smaller _
Anterior contact, gnd_ spasticity appears in swing similarity appears in the pre-swing
(TA) phase. Significant small similarity appears jrphase.

the initial swing phase.
Spasticity appears in the stance
Spasticity occurs in the early stance, phase up to 30% of the gait cycle.
Gastrocnemius following with muscle weakness in the late| Muscle weakness occurs in the rest
Lateralis stance, spasticity occurs in the pre-swing | of the stance phase. Spasticity occurs
(LG) phase. Significant small similarity occurs in in the terminal swing phase.
the initial swing phase. Significant small similarity appears
in the terminal swing phase.
There is very unstable muscle activity patter8pasticity occurs from mid-stance
Vastus throughout the gait cycle. Significant small| phase to the end of the stance which
Lateralis similarity appears in the pre- and initial swingesults in the significant small
(VL) phases. similarity in the pre- and initial
swing phases.
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Rectus
Femoris
(RF)

Biceps
Femoris
(BF)

Gluteus
Medius
(Gmed)

Elector
Spinae
(ES)

Unstable muscle activity pattern throughouLSpasticity occurs from mid-stance to
the entire gait cycle. Spasticity occurs in thethe end of the stance phase.

late stance and swing phases. Significant
small similarity appears in the initial and
mid-swing phases.

Spasticity occurs in the entire stance phast
Significant small similarity appears in the

U

Spasticity occurs in the mid-swing
phase. Significant small similarity
appears in the mid-stance and mid-
swing phases.

Same as right BF.

terminal stance, pre- and initial swing phases.

Spasticity occurs in the stance phase.
Significant small similarity appears in the
pre-swing phase.

Spasticity appears in the entire gait cycle.
Significant small similarity appears in the
mid- and terminal stance phases, and mid-
swing phase.

Delayed muscle activity in the initial
contact, following with spasticity in
the stance phase. Significant small
similarity appears in the pre-swing
phase.

Same as right ES.

e Acceleration Patterns
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Figure AXVIII-6 : Comparison of acceleration pattern in a gait €ymtween healthy subjects
and an elderly faller subject.
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Figure AXVIII-7 : Grade of similarity of right and left acceleratim elderly faller subject.
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Summary:

Table AXVIII-2: Characterization of acceleration in Elderly Faller Case Study

Right Left

A sharp rise in acceleration in the initial | Same as right foot x. Significant small
Foot X contact, lower magnitude in the stance | similarity appears in the mid-swing

phase, lower acceleration in the swing | phase.

phase.

Lower acceleration occurs in the initial | A sharp rise in acceleration occurs in
Foot y contact following with lower magnitude in .the initial-contact, delayed acceleration

the rest of the stance phase, a delayed rjsa the swing phase.

in acceleration in the swing phase.

A sharp rise in acceleration in the loading A sharp deceleration in the initial

response following with higher magnitudeswing phase following with a sharp rise
Foot z | in the rest of the stance phase, delayed | in acceleration in the mid-swing phase.

acceleration occurs in the initial swing

phase.

A sharp rise in acceleration in initial

contact, following with lower magnitude inSame as right shank x.

the rest of the stance phase, lower
Shank x . . :

acceleration occurs in the swing phase.

Significant small similarity appears almost

the entire gait cycle.

A sharp rise in acceleration in initial

contact, following with unstable magnitudé&ame as right shank y.
Shank y | in the rest of the stance phase, a delayed

and sharp deceleration occurs in the swing

phase

A sharp rise in acceleration in the initial

contact following with higher magnitude inSimilar to right shank z.
Shank z the stance phase, delayed deceleration and

acceleration in the swing phase. Significant

small similarity appears in the mid-swing

phase.

A sharp rise in acceleration in initial

contact, following with unstable magnitudé&ame as right thigh x.
Thigh x | in the rest of stance phase. Unstable sighals

appear in swing phase. Significant small

similarity appears in terminal stance phage.
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A sharp deceleration occurs in the loading

response, following with very unstable

Similar to right thigh y.

Thigh y | magnitude in the rest of the gait cycle.

Smaller similarity appears in the initial

swing phase.

A sharp rise in acceleration occurs in initja sharp rise in acceleration occurs in
Thigh 2 cohtact, lower magnitude in the rest of thanitial _contapt, following with unstable

gait cycle. magnitude in the stance phase, lower

acceleration in initial swing phase.

A delayed deceleration occurs in the

loading response, following with lower | Similar to right hip x.
Hip x magnitude i.n th.e stance_phase, a sharp rise

in acceleration in the swing phase.

Significant small similarity appears in

terminal stance phase.

A sharp deceleration occurs in the initial

contact, following with lower magnitude inSimilar to right hip y, with unstable
Hip y the rest o_f thg stangg |_ohase_. A delayed | magnitude in the stance phase.

acceleration in the initial swing phase.

Significant small similarity appears in the

pre-swing phase.

A sharp rise in acceleration occurs in the Similar to right hip z, with more

initial contact, following with higher unstable magnitude in the stance phase.
Hip z magnitude in the rest of the stance phaseSmaller similarity appears in the

lower acceleration occurs in the swing
phase.

terminal swing phase.
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Appendix XIX: Results of Idiopathic Neurological Disorder (IND)

e Description
Subject is 58 year old female with idiopathic rdogic disorder for almost twenty years.
Since then she sits in a wheelchair. She was téstedalking bare-footed on the instrumented
treadmill with harness support at speed of 0.1 oostinuing three minutes.
e Temporal Stride Variability

Stride Time Stance Phase
Er 100 healthy

— IND
4 N
80

f0r

2y BDWM\WWWM

e e e T Y TR e e o

1 1 1 1 1 1 50 1 1 1 1 ]
0 20 40 g0 g0 100 0 20 40 g0 g0 100

Time (s)
(1]
Phase (%)

Swing Phase Double-Stance Phase
a0r 80

40 \MWWMMWM/"W B0

30r
405

20r
10l 0r
0 0

] 20 40 0] a0 100 ] 20 40 =] a0 100
Number of Strides Number of Strides

Phase (%)
Phase (%)

Figure AXIX-1: Stride variability of a healthy fergasubject and a female patient with
idiopathic neurologic disorder (IND).

Summary: Due to very slow walking speed of this IND sulbjekcere were only 40 strides
extracted from three-minute walking trial. The sdbjhas greater variability at the time of 20
strides, which indicates there might be some fsll at that time. The stride time, stance phase,
and double-stance phase are much longer than haailtiject, whereas the swing phase is much

shorter.
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e Ground Reaction Forces
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Figure AXIX-2: Right and left GRF in 3-D in female patient watlhopathic neurologic disorder
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Figure AXIX-3: Grade of similarity between right and left GRHdiopathic neurologic

disorder case study.

360



Summary: In the vertical direction, the subject has muchglEmstance phase (more than 90% of
the full gait cycle) on both sides, compared witl healthy subject. The magnitudes of the GRF
in this direction are also quite low with shortezag contact. In the anterioposteior and
mediolateral directions, the GRF was very low. Bebavior of her GRF in three dimensions

shows the sever gait problems which results irldiveto very low grade of similarity.

e EMG Muscle Activity Patterns
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Figure AXIX-4 : Comparison of EMG activity in a gait cycle betwdealthy subjects and IND.
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Figure AXIX-5: Grade of similarity of right and left EMG in INBubject.

Summary:

Table AXIX-1: Summary of EMG Activity in Idiopathic Neurologic Disorder C ase Study

Right Left
Spasticity occurs in the loading response,
following with very unstable muscle Same as right Soleus.

activities in the rest of the gait cycle.

Soleus Significant small similarity appears in the
initial contact, mid- and terminal swing
phases.
Muscle weakness occurs in the early stange
Tibialis phase and early swing phase, there is Same as right TA.
Anterior spasticity in the terminal swing phase.
(TA) Significant small similarity appears in the

initial and mid-swing phases.
Spasticity occurs in the loading response,

.| following with very unstable muscle Spasticity occurs in the loading
Gastrocnemiug .- ... 2. . . i )
i activities in the rest of the gait cycle. There| iresponse, following with muscle
Lateralis oo : o :
(LG) spasticity in the late swing phase. Significamiveakness in the rest of the stance

small similarity appears in the terminal stanqehase.

and terminal swing phases.

Spasticity occurs in the late stance phase,

Vastus muscle weakness occurs in the terminal | Same as right VL.

Lateralis swing phase. Significant small similarity
(VL) appears from mid-stance to the end of the gait

cycle.
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Rectus
Femoris
(RF)

Biceps
Femoris
(BF)

Gluteus
Medius
(Gmed)

Elector
Spinae
(ES)

Spasticity occurs in the stance phase, muscle
weakness occurs in the terminal swing phgsgame as right RF.

Significant small similarity appears in the
terminal stance and pre-swing phases.
Spasticity occurs from loading response to

mid-swing phases. Muscle weakness appears

in the terminal swing phase, which in fact
was the entire swing phase in this subject.
Significant small similarity appears in the
initial swing phase.

Muscle weakness occurs in the early stange

Same as right BF.

phase, spasticity occurs in the terminal stan8ame as right Gmed.

phase with very unstable muscle activities.
Significant small similarity appears in the
pre-swing phase.

Spasticity occurs in the early stance phase
and late swing phase. The very unstable
muscle activities occur in the entire gait
cycle.

Same as right ES.

e Acceleration Patterns
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Figure AXIX-6 : Comparison of acceleration pattern in a gaiteystween healthy subjects and

idiopathic neurologic disorder patient (IND).
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Summary:

Table AXIX-2: Characterization of acceleration in Idiopathic Neurologic Disorder Patient

Right

Left

Foot x

Foot y

Foot z

A sharp rise in acceleration occurs in the
initial contact, following with a very low
magnitude in the rest of the gait cycle.
Lower acceleration occurs in the initial
contact following with the lower
magnitude in the rest of the stance phas
there is a sharp rise in acceleration in the
swing phase.

There are low to very low acceleration in
the entire gait cycle. Significant small
similarity appear sin the initial swing
phase.

Same as right foot x.

Same as right foot y.

a)
M~
nY
C

A sharp rise in acceleration in the
initial contact, a much delayed and
sharp rise in acceleration in the swing
phase.

Shank x

Shank 'y

Shank z

A sharp rise in acceleration in the initial
contact following with lower magnitude in
the rest of stance and swing phases.
Significant small similarity appears in the
mid-swing phase.

A sharp rise in acceleration in the initial
contact, following with very high
magnitude in the stance phase, there is
much delayed deceleration in the swing
phase. Significant small similarity appea
in the mid-swing phase.

A sharp rise in acceleration occurs in the
initial contact, a much delayed decelerat
occurs in the swing phase. Significant
small similarity appears in the mid-swing
phase.

Same as right shank x.

aSame as right shank y.

'S

didame as right shank z.

Thigh x

Thighy

A sharp rise in acceleration occurs in the
initial contact, following with very
unstable magnitude in the rest of the gai
cycle.

A sharp rise in acceleration occurs in the
initial contact, following with low and

Same as right thigh x, significant small
similarity appears in the initial and
[ mid-swing phases.

Same as right thigh y.

unstable magnitude in the stance phase,
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Thigh z

sharp rise in acceleration in swing phase.

Significant small similarity appears in the
pre-, initial, and mid-swing phases.
A sharp rise in acceleration occurs in the
initial contact, following with lower and
unstable magnitude in the rest of the gai
cycle. A much delayed and lower
acceleration occurs in the swing phase.

Same as right thigh z.
[

Hip x

Hip y

Hip z

A sharp deceleration occurs in the initial

contact following with unstable magnitude

in the stance phase, a much delayed anc
higher acceleration occurs in the swing
phase. Significant small similarity appea
in the mid-swing phase.

A sharp deceleration occurs in the initial

i Similar to right hip x, with more
unstable magnitude in the entire gait
'cycle.

contact, following with unstable magnitudé&ame as right hip y.

in the rest of the stance phase. A much
delayed acceleration occurs in the swing
phase. Significant small similarity appea
in the initial swing phase.

A sharp rise in acceleration occurs in the
initial contact, following with unstable

'S

Similar to right hip z.

magnitude in the rest of the gait cycle.
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