


 295 
 

 
 

 

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 

Soleus 

Spasticity appears in the initial contact, and 

continuing until end of the stance phase. 

Significant small similarity appears in the initial 

swing phase. 

Same as right Soleus, 

significant small similarity 

appears in the mid-swing 

phase. 

Tibialis 

Anterior 

(TA) 

Muscle weakness appears in the entire stance 

phase, spasticity occurs in the early swing phase. 

Significant small similarity appears in the loading 

response and initial swing phase. 

 

Same as right TA. 

Gastrocnemius 

Lateralis 

(LG) 

Spasticity appears in the initial contact, and 

continuing in the rest of the stance phase. 

Significant small similarity in initial and mid-

swing phases. 

 

Same as right LG. 

Vastus 

Lateralis 

Weakness appears in the initial contact and 

terminal swing, spasticity appears after single 
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(VL) support in the stance phase and early swing 

phase. Significant small similarity appears in 

phase 3~6. 

Same as right VL. 

 

Rectus 

Femoris 

(RF) 

Weakness appears in the initial contact, spasticity 

appears after single support and continue until 

the terminal swing. Significant small similarity 

appears mid-swing phases. 

Same as right RF. 

Significant small similarity 

appears pre-and initial 

swing phases. 

Biceps 

Femoris 

(BF) 

Muscle weakness appears in the initial contact, 

following with the spasticity until 40% of the gait 

cycle. Spasticity appears again in the initial and 

mid-swing phases. Significant small similarity 

appears in the phase 2~6. 

Muscle weakness appears 

in the initial contact, 

following with the 

spasticity until 65% of the 

gait cycle. 

Gluteus 

Medius 

(Gmed) 

Muscle weakness appears in the early stance 

phase. Spasticity appears in the late swing phase. 

This entire opposite pattern of healthy subjects 

causes the significant small similarity appearing 

in all phases in the gait cycle. 

 

Same as right Gmed. 

Elector 

Spinae 

(ES) 

Spasticity appears in loading response. 

Significant small similarity appears in pre- and 

mid-swing phases. 

Muscle weakness appears 

in the initial contact. 
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• Acceleration Patterns 

(A) 

 

(B) 
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(C) 

 

(D) 

 

Figure AXI-6: Comparison of acceleration pattern in a gait cycle between able-bodied subjects 

and CP-3. 
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Figure AXI-7: Grade of similarity on right and left acceleration in CP-3. 

 

Summary: 

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. 

Foot y 

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 appears 

in the loading response. 

Much delayed rise in the initial 

contact following with high 

acceleration in the stance phase. 

Sharp rise in the terminal swing 

phase.  
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Shank x 

Sharp rise in initial contact, unstable 

acceleration in the rest of the cycle, might 

due to the bilateral knee flexion 

contracture. Small similarity appears in the 

mid-stance phase. 

Delayed and sharp rise in initial 

contact, following with unstable 

acceleration in the rest of the cycle. 

Small similarity appears in the mid-

stance phase. 

Shank y 
Sharp rise in initial contact, unstable 

acceleration in the rest of the cycle.  

Same as right shank y. 

Shank z 

Sharp rise in acceleration in initial contact, 

following with lower acceleration in the 

rest of the cycle. Significant small 

similarity appears in the mid- and terminal 

swing phases. 

 

 

Same as right shank z. 

Thigh x 

Sharp rise in initial contact, very unstable 

acceleration pattern in the gait cycle. 

Significant small similarity appears in the 

pre- and initial swing phases. 

Sharp rise in the initial contact, 

following with lower acceleration in 

the rest of the cycle. Significant small 

similarity appears in the pre- and 

initial swing phases. 

Thigh y 

Sharp and unstable acceleration in the 

loading response, following with lower 

magnitude in the rest of the stance phase. 

Small similarity appears in pre-swing 

phase. 

Unstable acceleration appears in a 

full gait cycle. Small similarity 

appears in the pre-swing phase. 

Thigh z 

Sharp rise in initial contact, followed with 

lower acceleration in the rest of the cycle. 

Small similarity appears in the initial swing 

phase. 

 

Same as right thigh z. 

Hip x 

Sharp deceleration in the initial contact, 

followed with high acceleration in early 

stance phase, and lower acceleration in the 

swing phase. Significant small similarity 

appears in the initial swing phase. 

Sharp increased acceleration in the 

initial contact, followed with high 

acceleration in the stance phase, and 

high acceleration in the terminal 

swing phase. Small similarity appears 

in the mid-stance phase. 

Hip y 

Lower acceleration in the initial contact, 

following with unstable magnitudes in the 

rest of the cycle, which indicate some 

 

Same as right hip y. 



 301 
 

 
 

levels of hip contractures. 

Hip z 

Sharp rise in initial contact, following with 

unstable magnitude in the rest of the cycle. 

Small similarity appears in initial swing 

phase. 

 

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

• Description 

 Subject is 55 year old male with right spastic hemiplegia due to cerebral palsy. He was 

also diagnosed with epilepsy in 1966. Medication includes muscle relaxant Dantrolene sodium, 

5mg per day. Subject was tested with bare-foot walking on the instrumented treadmill for 

continuing three minutes, at speed of 0.45 m/s. 

• Temporal Stride Variability 

 

Figure AXII-1:  Stride variability of a healthy male subject and a cerebral palsy case 4 (CP-4). 

Summary: Stride variability of CP-4 was increased compared with a healthy male subject. The 

stance phase and double-stance phase were longer than healthy subject with much greater 

fluctuations. The stride time was much longer than healthy subject, but gradually reduced which 

showing some levels of fatigue. 
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• Ground Reaction Forces 

 

Figure AXII-2: Right and left GRF in 3-D in CP-4. 

 

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 GRF with first peak higher than the 

second peak pattern. The longer duration of the ground contact of CP-4 indicates the mild 

symptoms of this subject compared with other three CP subjects. In anterior-posterior direction, 

CP-4 had much lower GRF than healthy, but right leg showed more sever symptom than the left 

leg which indicates the right leg was mostly affected. In mediolateral direction, there was a sharp 

rise in GRF on the first peak on the right, whereas the lower GRF appeared in the full gait cycle 

on the left. 

• EMG Muscle Activity Patterns 

 

Figure AXII-4: Comparison of EMG pattern in a gait cycle between healthy 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 

Soleus 

Spasticity appears in the stance phase and 

terminal swing phase. Significant small 

similarity appears in loading response and 

terminal swing phase. 

Same as right Sol. 

Significant small similarity 

appears in initial and 

terminal swing phases. 

Tibialis 

Anterior 

(TA) 

Muscle weakness appears in the initial 

contact, following with spasticity for the rest 

of the cycle. Significant small similarity 

appears in pre-swing phase. 

 

Same as right TA. 

Gastrocnemius 

Lateralis 

(LG) 

Spasticity appears in the late stance phase. 

Significant small similarity in initial swing 

phase. 

 

Same as right LG. 

 

Vastus 

Slight spasticity appears in the terminal 

stance and pre-swing phases. Significant 

Similar to right VL, but with 

much higher and elongated 
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Lateralis 

(VL) 

small similarity appears in pre-swing and 

initial swing phases. 

muscle activities in stance 

phase. Significant small 

similarity appears in phase 3, 

4, and 5. 

Rectus 

Femoris 

(RF) 

Spasticity appears in the initial contact and 

swing phase. Significant small similarity 

appears mid-swing phase. 

Spasticity appears all the 

way of the gait cycle. 

Significant small similarity 

appears in pre-swing phase. 

Biceps 

Femoris 

(BF) 

Spasticity appears in the stance phase, 

following with muscle weakness in swing. 

Significant small similarity appears in pre- 

and initial swing phases. 

Muscle weakness appears in 

the initial contact, and 

spasticity appears in about 

55% of the gait cycle, muscle 

weakness appears in the late 

swing phase. 

Gluteus 

Medius 

(Gmed) 

Muscle weakness appears in the early stance 

phase following with spasticity for the most 

of the rest gait cycle. Significant small 

similarity appears almost entire gait cycle. 

 

Same as right Gmed. 

Elector 

Spinae 

(ES) 

 

Muscle weakness appears in initial contact, 

spasticity appears in the terminal stance and 

pre-swing phase. Significant small similarity 

appears in the loading response and mid-

stance. 

 

Spasticity appears from the 

terminal stance to the end of 

the gait cycle. Significant 

small similarity appears in 

mid-swing phase. 
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• Acceleration Patterns 

(A) 

 

(B)
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(C) 

 

(D) 

 

Figure AXII-6: Comparison of acceleration pattern in a gait cycle between healthy subjects and 

CP-4. 
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Figure AXII-7: Grade of similarity of right and left acceleration in CP-4. 

 

Summary: 

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

 Right Left 

Foot x 

Sharp rise in the initial contact, following 

with high acceleration in stance phase, and 

then much sharp deceleration on toe-off, 

following with lower acceleration in swing 

phase. Small similarity appears in the mid-

swing phase. 

Sharp rise in the initial contact, 

following with slightly higher 

acceleration in stance phase, and 

sharp deceleration on toe-off, 

following with slightly lower 

acceleration in swing. 

Foot y 

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 

magnitude in stance, and a sharp rise 

in swing. 

Foot z Lower magnitude in stance and sharp rise A sharp rise in initial contact, 
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in early swing and lower magnitude in late 

swing. 

following with slight higher 

magnitude in the stance, a sharp rise 

in early swing and lower magnitude 

in late swing. 

Shank x 

Sharp rise in initial contact, following with 

higher magnitude in stance, a sharp rise in 

pre-swing. Significant small similarity 

appears in initial and mid-swing. 

Same as right shank x, in addition 

with higher acceleration in swing 

phase. 

Shank y 

Sharp and delayed rise in initial contact, 

following with unstable high acceleration 

during the stance phase. 

 

Same as right shank y. 

Shank z 
Sharp rise in initial contact, lower 

acceleration on toe-off and terminal swing. 

Same as right shank z. 

Thigh x 

Sharp rise in initial contact, slightly lower 

and unstable acceleration throughout the 

stance phase, unstable acceleration in 

swing phase. 

Sharp rise in initial contact, unstable 

acceleration in stance phase and 

swing phase. 

Thigh y 

Sharp rise in initial contact, following with 

lower acceleration for the rest of the cycle. 

Unstable with increased acceleration 

in stance phase, higher acceleration in 

swing phase. 

Thigh z 

Sharp rise in initial contact, lower 

acceleration in stance and swing phase. 

Sharp rise in initial contact, lower 

acceleration in stance, a sharp rise in 

swing. 

Hip x 

Sharp rise in initial contact, dramatically 

decreased in early stance, an increased 

acceleration in swing. 

Sharp rise in initial contact, an 

increased acceleration in terminal 

stance and pre-swing phase, lower 

magnitude in swing phase. 

 

Hip y 
Much unstable pattern appears in the gait 

cycle. 

Same as right hip y. Significant small 

similarity appears in terminal stance. 

Hip z 

Sharp rise in initial contact, following with 

higher acceleration in stance, and a sharp 

rise in pre-swing phase, and an increased 

acceleration in late swing phase. 

Significant small similarity appears in 

Sharp and delayed rise in initial 

contact, sharp reduction in early 

single support, higher acceleration 

during rest of the stance phase, and a 

sharp rise in mid-swing. Significant 
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initial swing phase. small similarity appears in terminal 

swing. 

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

some levels of unsymmetrical with right leg sever affected. 
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Appendix XIII: Results of Stroke Subject 1 with her 1st Visit (Stroke1_1) 

• Description 

 Subject is 37 year old female, was diagnosed as right hemiperatic stroke after her second 

child was born. From the observation of her first visit to our lab, she was walking with right side 

paralysis, including walking with left leg as base of support, wearing right ankle brace to protect 

the foot-drop, dragging right foot gait, having difficulty with right hand activities such as lifting, 

grasping, extending outward and lifting up the right arm. She also had speed problem. She was 

tested with bare-foot walking on the instrumented treadmill with harness support at very slow 

speed (0.1 m/s), continuing with three minutes trial.  

• Temporal Stride Variability 

 

Figure AXIII-1 : Stride variability of a healthy female subject and a female hemiparetic stroke 

patient case 1 with her first visit. 
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Summary: There were only 50 strides extracted from the Stroke-1 subject at her first visit due to 

very slow speed of walking. She has slightly increased fluctuation, this might be the results of 

partial body weight support by harness assistance. The stride time increased during the walking 

which may indicate some fatigue. The double-stance phase was almost three-time greater than 

healthy subject. The stance phase and swing phase were almost twice greater than the healthy 

subject. 

• Ground Reaction Forces 

 

Figure AXIII-2 : Right and left GRF in 3-D in stroke patient 1 with her 1st visit. 
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Figure AXIII-3 : Grade of similarity between right and left GRF in stroke-1 with her 1st visit. 

 

• EMG Muscle Activity Patterns 

 

Figure AXIII-4 : Comparison of EMG activity in a gait cycle between healthy subjects and 

stroke-1 with her 1st visit. 
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Figure AXIII-5 : Grade of similarity of right and left EMG in stroke-1 with her 1st visit. 

 

• Acceleration Patterns 

(A) 
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(B) 

 

 

(C) 
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(D) 

 

Figure AXIII-6 : Comparison of acceleration pattern in a gait cycle between healthy subjects and 

stroke-1 subject with her 1st visit. 

 

 

Figure AXIII-7 : Grade of similarity of right and left acceleration in stroke-1 subject with her 1st 

visit. 
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Appendix XIV: Results of Stroke Subject 1 with her 2nd Visit (Stroke1_2) 

• Description 

 This is the same subject in appendix XI, but with her second visit after two months. By 

talking to the subject, she had been through the hydro-physical therapy, three times a week, one 

hour each time. She also did walking exercise overground without brace at home, 30 minutes per 

day. From the observation of her overground walking, her gait has been improved dramatically. 

Subject was walking bare-foot on the treadmill for continuing three-minute at speed of 0.5 m/s, 

which was much faster than the first visit. 

• Temporal Stride Variability 

 

Figure AXIV-1 : Stride variability of a healthy female subject with a female stroke subject at her 

second visit. 

Summary: Stroke-1 subject at her second visit after two month of hydrotherapy treatment, has 

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

100 strides found in her three-minute walking trial. The stride variability was slightly increased 
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compared with the healthy subject. There was a sharp increased stance phase and a sharp 

decreased swing phase at time around 42 strides, which the fall risk might occur at that time. The 

double-stance phase was still greater than healthy subject almost twice of the length.  

• Ground Reaction Forces 

 

Figure AXIV-2 : Right and left GRF in 3-D in stroke-1 subject with her 2nd visit. 

 

Figure AXIV-3 : Grade of similarity between right and left GRF in stroke-1 subject at her 2nd 

visit. 
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• EMG Muscle Activity Patterns 

 

Figure AXIV-4 : Comparison of EMG activity in a gait cycle between healthy subjects and 

stroke-1 subject at her 2nd visit. 

 

Figure AXIV-5 : Grade of similarity of right and left EMG in stroke-1 with her 2nd visit. 
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• Acceleration Patterns 

(A) 

 

 

(B) 
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(C) 

 

(D) 

 

Figure AXIV-6 : Comparison of acceleration pattern in a gait cycle between healthy subjects and 

stroke-1 at her 2nd visit. 
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Figure AXIV-7 : Grade of similarity of right and left acceleration in stroke-1 at her 2nd visit. 
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Appendix XV: Results of Stroke Patient 2 (Stroke2) 

• Description 

 Subject is a 53 year old female, was diagnosed with left-side hemiplegic stroke on 

November 18, 2009. She was on physical therapy (walking over-ground and on the treadmill) at 

the time point of the experiment, three times per week and one hour per time. By observation, 

she had fairly mild symptom with left side hemiplegia. She did walk bare-footed on the treadmill 

without any assistant devices at speed of 0.6 m/s. The ground reaction forces, EMG activities and 

segment accelerations were recorded continually for three-minutes. 

• Temporal Stride Variability 

 

Figure AXV-1: Stride variability of a healthy female and a female stroke subject case 2 (Stroke-

2). 

Summary: The Stroke-2 subject showed quite consistent dynamic gait through the entire gait 

cycle, with slightly increased fluctuation of stride variables. This indicates the stroke-2 had mild 
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symptoms of the stroke compared with the stroke-1. There were slightly increased stance phase 

and double-stance phase, and slightly decreased swing phase in stroke-2. 

• Ground Reaction Forces 

 

Figure AXV-2: Right and left GRF in 3-D in Stroke-2. 

 

Figure AXV-3: Grade of similarity between right and left GRF in Stroke-2. 
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Summary:  

In vertical direction, there was a sharp delayed first peak GRF in stroke-2, right foot was 

apparent than the left. Her stance phase was slightly longer than the healthy subject, around 70 % 

of the gait cycle. In anterior-posterior direction, there was lower GRF on both sides. In 

mediolateral direction, there was much greater GRF on right side than the left side. 

 

• EMG Muscle Activity Patterns 

 

Figure AXV-4: Comparison of EMG activity in a gait cycle between healthy subjects and 

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

Summary: 

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

 Right Left 

Soleus 

 
Slightly delayed activity results in the 
smaller grade of similarity in initial 
swing. 

Higher and unstable muscle 
activity in the stance phase, 
smaller similarity appears in the 
initial swing. 

Tibialis 
Anterior (TA) 

Higher activity appears in the initial 
contact and swing phase, smaller 
similarity appears in the pre-swing 
phase. 

Muscle weakness appears in the 
initial contact, but higher activity 
occurs in the early swing phase. 

Gastrocnemius 
Lateralis (LG) 

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

 
Latten 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 
appears in the pre-swing phase. 

 
Similar to right VL, smaller 
similarity appears in the mid-
swing phase. 
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Rectus 
Femoris (RF) 

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

Muscle spasticity appears in the 
initial contact and early swing 
phase. 
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 phase. 
Smaller similarity appears in the pre-
swing phase. 

 
Muscle spasticity appears in the 
mid-stance phase and early 
swing phase. 

Elector 
Spinae (ES) 

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

 
Similar to right ES. 

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

the stroke. 

• Acceleration Patterns 

(A) 
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(B) 

 

 
 
 

(C) 
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(D) 

 
 

Figure AXV-6: Comparison of acceleration pattern in the gait cycle between healthy subjects 

and Stroke-2.  

 
 

 

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

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

 Right Left 

Foot x 

Peak rise in the initial contact following 
with higher magnitude in the entire gait 
cycle. There are modulate and high 
similarity within the gait cycle. 

Lower acceleration in the early stance 
phase, and there is a sharp rise in the 
pre-swing phase. 

Foot y 
There is a delayed foot clearance in the 
pre-swing phase. High similarity appears in 
the entire gait cycle. 

Sharp acceleration appears in the 
initial contact, delayed acceleration in 
the initial swing phase. 

Foot z 

Sharp acceleration appears in the initial 
contact following with the high magnitude 
in the stance phase, delayed acceleration in 
the swing phase. Modulate similarities 
appear in the entire gait cycle. 

 
Similar to foot z. 

Shank x 

Sharp acceleration appears in the initial 
contact following with the unstable 
magnitude in the rest of the stance phase, 
delayed and lower acceleration appears in 
the mid-swing phase. Significant small 
similarity appears in the mid-swing phase. 

Lower acceleration appears in initial 
contact and continues to the pre-
swing phase. There is a sharp 
increased acceleration in the late 
swing phase. Significant small 
similarity appears in the pre-swing 
phase. 

Shank y 

Higher unstable acceleration appears in the 
stance phase, lower acceleration occurs in 
the swing phase. Significant small 
similarity appears in the mid-swing phase. 

 
Similar to right shank y, but with 
lower magnitude in late stance phase. 

Shank z 

Sharp rise in acceleration appears in the 
initial contact, delayed and lower 
acceleration in the swing phase. Modulate 
and high similarities occur in the entire gait 
cycle. 

 
Similar to right shank z. 

Thigh x 

Higher magnitude appears in the early 
stance phase, following with lower 
magnitude in the late stance phase. There 
are sharp rise in acceleration in the swing 
phase. 

 
Similar patterns to right thigh x. 

Thigh y 
There is very unstable pattern 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 the 
initial contact, following with lower 
acceleration in the rest of the gait cycle. 

A sharp rise in acceleration appears 
in 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 phase 
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. 

 
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 a 
delayed acceleration in the swing phase. 
Smaller similarity appears in the terminal 
stance phase. 

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

Hip z 

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

 
Similar to the right hip z. Significant 
small similarity appears in the swing 
phase. 

 

 

 

 

 
 
 



 333 
 

 
 

Appendix XVI: Results of Spinal Cord Injury (SCI) 

• Description 

 Subject is 48 year old male with a long history of intractable partial epilepsy. Several 

years ago he fell as a result of a sudden seizure and fractured his cervical spine. With this he 

sustained a so called Brown-Sequard syndrome (partial hemisection of the spinal cord). From the 

observation of his gait, he was walking with right leg dragging and using the left leg as base of 

the support and pushing away to the right.  

• Temporal Stride Variability 

 

Figure AXVI-1 : Stride variability of a healthy male subject and a male patient with spinal cord 

injury (SCI). 

 

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

subject. There is a significant large fluctuation in stance phase and double-stance phase in SCI. 
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• Ground Reaction Forces 

 

Figure AXVI-2 : Right and left GRF in 3-D in Spinal Cord Injury subject. 

 

Figure AXVI-3 : Grade of similarity of right and left GRF in Spinal Cord Injury subject. 

Summary:  In the vertical direction, the behavior of the grand reaction force of SCI subject is 

perfectly matched to averaged healthy subjects, having those smooth ‘M-shape’ pattern, which 

indicates the mild symptoms of this subject. The left foot GRF has slightly longer ground 
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contacting time than the right foot, which tells us the more server symptoms on the right side. In 

the anterior-posterior direction, there is lower GRF on the right side. In the mediolateral 

direction, there is higher GRF on the left side which indicates some levels of composition 

mechanisms. The similarity analysis shows this SCI subject has very mild gait problems.  

 

• EMG Muscle Activity Patterns 

 

Figure AXVI-4 : Comparison of EMG activity in a full gait cycle between healthy subjects and 

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

 

 

Summary: 

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

 Right Left 

Soleus 

Spasticity appears in the entire stance phase. 
Significant small similarity appears in the 
initial contact and terminal swing phase. 

Similar to right soleus, 
significant small similarity 
appears in the initial swing 
phase. 

Tibialis 
Anterior 

(TA) 

Spasticity appears in the initial contact and 
early swing phase. Significant small 
similarity appears in the terminal stance and 
pre-swing phases. 

 
Similar to right TA. Significant 
small similarity appears in the 
terminal stance phase. 

Gastrocnemius 
Lateralis 

(LG) 

Muscle weakness appears in the stance phase, 
spasticity occurs in the early swing phase. 
Significant small similarity appears in the 
mid-swing phase. 

 
Muscle weakness appears in 
the mid-stance phase. 

Vastus 
Lateralis 

(VL) 

Spasticity appears in the early swing phase. 
Significant small similarity appears in the 
initial and mid-swing phases.  

Spasticity appears in the mid-
stance phase. 

Rectus 
Femoris 

Delayed muscle activity occurs in the loading 
response, and muscle spasticity occurs in the 

Spasticity appears in the entire 
stance phase and early swing 
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(RF) mid-swing phase. Significant small similarity 
appears in the mid-swing phase. 

phase. Significant small 
similarity appears in the mid-
swing phase. 

Biceps 
Femoris 

(BF) 

Spasticity appears in the loading response, 
pre-swing, and terminal swing phases. 
Significant small similarity appears in the 
terminal stance, pre-swing and initial swing 
phases. 

Spasticity appears in the entire 
stance phase. Significant small 
similarity appears in the 
terminal stance and pre-swing 
phases. 

Gluteus 
Medius 
(Gmed) 

 
Spasticity appears in the loading response. 

 
Similar to right Gmed. 

Elector 
Spinae 
(ES) 

Muscle weakness appears in the loading 
response, spasticity appears in the pre-swing 
and entire swing phases. 

Spasticity appears in the initial 
contact, spasticity appears in 
the swing phase. 

 

• Acceleration Patterns 

(A) 
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(B) 

 

 

 

(C) 
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(D) 

 

Figure AXVI-6:  Comparison of acceleration pattern in a full gait cycle between healthy subjects 

and Spinal Cord Injury subject. 

 
 
Figure AXVI-7:  Grade of similarity of right and left acceleration in Spinal Cord Injury subject. 
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Summary: 

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

 Right Left 

Foot x 

A sharp rise in acceleration in the initial 
contact, following with high magnitude in 
the rest of the gait cycle. Smaller similarity 
appears in the mid-swing phase. 

Similar to foot x. 

Foot y 

Lower acceleration occurs in the loading 
response and the rest of the stance phase. 
There is no deceleration at foot clearance 
which indicates the gait problems on the 
right foot. Smaller similarity appears in the 
terminal swing phase. 

Lower acceleration occurs in the 
loading response and lower magnitude 
in the stance phase, slightly delayed 
acceleration appears in the initial swing 
phase. 

Foot z 

Early deceleration appears in the early 
stance phase, following with lower 
magnitude in the rest of the stance, a sharp 
rise in acceleration in the initial swing 
phase, and a lower acceleration appears in 
the terminal swing phase. Smaller 
similarity appears in the terminal swing 
phase. 

Delayed acceleration appears in the 
loading response, following with the 
higher magnitude in the rest of the 
stance phase, a sharp rise in 
acceleration in early swing phase, and 
lower acceleration in the terminal 
swing phase. 

Shank x 

A sharp rise in acceleration appears in the 
initial contact, following with the lower 
magnitude in mid-stance phase, higher 
acceleration appears in the swing phase. 
Smaller similarity appears in the terminal 
stance phase. 

A sharp rise in acceleration in the 
initial contact, following with a sharp 
deceleration, an increased acceleration 
appears in the stance phase, and a sharp 
rise in acceleration appears in the 
swing phase. 

Shank y 

A sharp deceleration appears in the loading 
response, following with a sharp rise in the 
acceleration, and continues with higher 
magnitude in the rest of the gait cycle. 
Significant small similarity appears in the 
mid-swing phase. 

 
Same as right shank y. 

Shank z 

A sharp rise in acceleration in the initial 
contact, following with a sharp 
deceleration, lower acceleration appears in 
the swing phase. Smaller similarity appears 
in the mid-swing phase. 

 
Similar to right shank z. 
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Thigh x 

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

A sharp rise in acceleration in the 
initial contact, following with a sharp 
deceleration, 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. 

Thigh y 
A delayed deceleration in the loading 
response, following with unstable behavior 
of acceleration pattern.  

 
Similar to right thigh y. 

Thigh z 
A sharp rise in acceleration in the loading 
response and pre-swing phase.  

Similar pattern to right thigh z. 

Hip x 

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

 
Same as right hip x. 

Hip y 

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

 
Same as right hip y. 

Hip z 

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

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

• Description 

 Subject is 35 year old male who had a car accident in December 23, 2009. He was in 

coma for three weeks in the hospital. He was on physical rehabilitation eight hours everyday. 

Medication includes abilify (aripiprazole) for depression and anxious. He was tested at the free-

walking speed (0.75 m/s) on the instrumented treadmill without any assistant devices.  

• Temporal Stride Variability 

 

Figure AXVII-1 : Comparison of stride variability between a healthy male subject and a male 

with Traumatic Brain Injury (TBI). 

 

Summary: TBI subject has much increased stride variability in all stride variables. There is and 

increase in the stride time, stance phase, and double-stance phase, and decrease in swing phase. 
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• Ground Reaction Forces 

 

Figure AXVII-2 : Right and left GRF in 3-D in Traumatic Brain Injury subject. 

 

Figure AXVII-3 : Grade of similarity between right and left GRF in TBI subject. 

Summary: In the vertical direction, the TBI has slightly longer stance phase with delayed for the 

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

similarity appears mostly in the pre- and mid-swing phases in the vertical and anterioposterior 

directions. 

• EMG Muscle Activity Patterns 

 

Figure AXVII-4 : Comparison of EMG activity in a gait cycle between healthy subjects and TBI. 

 

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 
Muscle activities almost follow the pattern of 
the healthy. Modulate and high grade of 
similarity appear in the entire gait cycle. 

 
Same as right Soleus. 

Tibialis 
Anterior 

(TA) 

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

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

Gastrocnemius 
Lateralis 

(LG) 

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

There are some higher muscle 
activities in the stance phase and 
mid-swing phase. Significant small 
similarity appears in the mid-swing. 

Vastus 
Lateralis 

(VL) 

Spasticity occurs the entire stance phase, and 
terminal swing phase. Significant small 
similarity appears in the terminal stance and 
pre-swing phases. 

 
Similar to right VL. 

 
 

Rectus 
Femoris 

(RF) 

Spasticity occurs in the early stance phase up 
to 40% of the gait cycle, and slightly higher 
activity in the terminal swing phase. Smaller 
similarity appears in the terminal stance 
phase. 

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

Biceps 
Femoris 

(BF) 

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

Spasticity occurs in the late swing 
phase. Smaller similarity appears in 
the mid-swing phase. 

Gluteus 
Medius 
(Gmed) 

Spasticity occurs in the early stance and late 
swing phases. Smaller similarity appears in 
the initial swing phase. 

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

Elector 
Spinae 
(ES) 

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

 
Spasticity occurs in the pre-swing 
phase. 
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• Acceleration Patterns 

(A) 

 

 

(B) 
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(C) 

 

 

(D) 

 

Figure AXVII-6 : Comparison of acceleration pattern in a gait cycle between healthy subjects 

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

Summary: 

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

 Right Left 

Foot x 

 
A sharp rise in acceleration in the initial 
contact, following with higher magnitude 
in the rest of the stance phase and early 
swing phase. 

A sharp rise in acceleration in the 
initial contact, following with a large 
deceleration, and continues with lower 
magnitude in the rest of the stance, a 
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. 

Foot y 
A sharp rise in acceleration in the initial 
contact, foot clearance problem in the 
initial swing phase.  

 
Same as right foot y. 

Foot z 
Unstable behavior occurs in the early 
stance phase. 

Same as right foot z. 

Shank x 
A sharp rise in acceleration in the initial 
contact, following with lower magnitude in 
the stance phase. There is a sharp turning 

 
 
Same 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. 

Shank y 

A sharp rise in acceleration in the initial 
contact, following with unstable lower 
magnitude in the stance phase, a lower 
acceleration occurs in the swing phase. 
Significant small similarity appears in the 
terminal swing phase. 

 
 
Same as right shank y. 

Shank z 
There is a very much matched pattern to 
healthy subjects, results in the high grade 
of similarity among the full gait cycle. 

 
Same as right shank z. 

Thigh x 

A sharp rise in acceleration occurs in the 
initial contact, lower magnitude in the rest 
of the stance phase, unstable magnitude in 
the swing phase. Smaller similarity appears 
in the terminal stance and pre-swing. 

Very unstable pattern in the stance 
phase, a sharp rise in acceleration in 
initial swing phase, following with 
unstable magnitude in the rest of the 
swing phase.  

Thigh y 
Some levels of unstable pattern appear in 
the entire gait cycle. 

A sharp rise in acceleration occurs in 
the loading response, following with 
unstable signals in the rest of the cycle. 

Thigh z 

A sharp rise in acceleration in the initial 
contact, lower magnitude in the stance 
phase, an increased acceleration occurs in 
the swing initial swing phase. Smaller 
similarity appears in the terminal swing. 

 
Similar to right thigh z. 

Hip x 

Higher acceleration appears in the early 
stance phase, lower acceleration occurs in 
the initial swing phase. Significant small 
similarity appears in the initial swing. 

Unstable pattern appears in the early 
stance phase, a sharp rise in 
acceleration occurs in the pre-swing 
phase. 

Hip y 
Higher deceleration appears in the stance 
phase and initial swing phase. 

Similar to right hip y. Smaller 
similarity appears in the pre-swing 
phase. 

Hip z 

A sharp rise in acceleration appears in the 
initial contact, following with unstable 
magnitude in the stance phase, a sharp rise 
in the initial swing phase. Significant small 
similarity appears in the terminal swing 
phase. 

A sharp rise in acceleration appears in 
the initial contact, following with low 
and unstable magnitude in the rest of 
the gait cycle. Smaller similarity 
appears in the initial swing phase. 
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Appendix XVIII: Results of Elderly Faller 

• Description 

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

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

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

support at speed of 0.3 m/s.  

• Temporal Stride Variability 

 

Figure AXVIII-1 : Stride variability of a healthy male subject and an elderly faller subject. 

 

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

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

time, stance phase, and double-stance phase; and decreased magnitude in swing phase.  
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• Ground Reaction Forces 

 

Figure AXVIII-2 : Right and left GRF in 3-D in an elderly faller patient. 

 

Figure AXVIII-3 : Grade of similarity between right and left GRF in elderly faller patient. 

Summary: In the vertical direction, there is a longer stance phase on both side (right foot is 

longer than left foot, suggest that the affected side was left); there is also shortened peak time 
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duration in the elderly faller subject. In the anterioposterior direction, there is much lower GRF 

compared with healthy subject. In the mediolateral direction, there is delayed and lower gradient 

in the early stance phase, especially showing on left foot. The grade similarity analysis showing 

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

 

• EMG Muscle Activity Patterns 

 

Figure AXVIII-4 : Comparison of EMG activity in a gait cycle between healthy subjects and an 

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

 

Summary: 

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

 Right Left 

Soleus 
Spasticity occurs in the mid-stance phase and 
terminal swing phase. Smaller similarity 
occurs in the terminal swing phase. 

Higher and latency muscle activity in 
the stance phase, and spasticity 
occurs in the terminal swing phase. 

Tibialis 
Anterior 

(TA) 

Muscle weakness appears in the initial 
contact, and spasticity appears in swing 
phase. Significant small similarity appears in 
the initial swing phase. 

Similar to right TA. Smaller 
similarity appears in the pre-swing 
phase. 

Gastrocnemius 
Lateralis 

(LG) 

 
Spasticity occurs in the early stance, 
following with muscle weakness in the late 
stance, spasticity occurs in the pre-swing 
phase. Significant small similarity occurs in 
the initial swing phase. 

Spasticity appears in the stance 
phase up to 30% of the gait cycle. 
Muscle weakness occurs in the rest 
of the stance phase. Spasticity occurs 
in the terminal swing phase. 
Significant small similarity appears 
in the terminal swing phase. 

Vastus 
Lateralis 

(VL) 

There is very unstable muscle activity pattern 
throughout the gait cycle. Significant small 
similarity appears in the pre- and initial swing 
phases. 

Spasticity occurs from mid-stance 
phase to the end of the stance which 
results in the significant small 
similarity in the pre- and initial 
swing phases. 
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Rectus 
Femoris 

(RF) 

Unstable muscle activity pattern throughout 
the entire gait cycle. Spasticity occurs in the 
late stance and swing phases. Significant 
small similarity appears in the initial and 
mid-swing phases. 

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

Biceps 
Femoris 

(BF) 

Spasticity occurs in the entire stance phase. 
Significant small similarity appears in the 
terminal stance, pre- and initial swing phases. 

 
Same as right BF. 

Gluteus 
Medius 
(Gmed) 

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

Elector 
Spinae 
(ES) 

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

 
Same as right ES. 

 

 

• Acceleration Patterns 

(A) 
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(B) 

 

 

 

(C) 
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(D) 

 

Figure AXVIII-6 : Comparison of acceleration pattern in a gait cycle between healthy subjects 

and an elderly faller subject. 

 

Figure AXVIII-7 : Grade of similarity of right and left acceleration in elderly faller subject. 
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Summary: 

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

 Right Left 

Foot x 

A sharp rise in acceleration in the initial 
contact, lower magnitude in the stance 
phase, lower acceleration in the swing 
phase.  

Same as right foot x. Significant small 
similarity appears in the mid-swing 
phase. 

Foot y 

Lower acceleration occurs in the initial 
contact following with lower magnitude in 
the rest of the stance phase, a delayed rise 
in acceleration in the swing phase. 

A sharp rise in acceleration occurs in 
the initial contact, delayed acceleration 
in the swing phase. 

Foot z 

A sharp rise in acceleration in the loading 
response following with higher magnitude 
in the rest of the stance phase, delayed 
acceleration occurs in the initial swing 
phase. 

A sharp deceleration in the initial 
swing phase following with a sharp rise 
in acceleration in the mid-swing phase. 

Shank x 

A sharp rise in acceleration in initial 
contact, following with lower magnitude in 
the rest of the stance phase, lower 
acceleration occurs in the swing phase. 
Significant small similarity appears almost 
the entire gait cycle. 

 
Same as right shank x. 

Shank y 

A sharp rise in acceleration in initial 
contact, following with unstable magnitude 
in the rest of the stance phase, a delayed 
and sharp deceleration occurs in the swing 
phase 

 
Same as right shank y. 

Shank z 

A sharp rise in acceleration in the initial 
contact following with higher magnitude in 
the stance phase, delayed deceleration and 
acceleration in the swing phase. Significant 
small similarity appears in the mid-swing 
phase. 

 
Similar to right shank z. 

Thigh x 

A sharp rise in acceleration in initial 
contact, following with unstable magnitude 
in the rest of stance phase. Unstable signals 
appear in swing phase. Significant small 
similarity appears in terminal stance phase. 

 
Same as right thigh x. 
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Thigh y 

A sharp deceleration occurs in the loading 
response, following with very unstable 
magnitude in the rest of the gait cycle. 
Smaller similarity appears in the initial 
swing phase. 

 
Similar to right thigh y. 

Thigh z 

A sharp rise in acceleration occurs in initial 
contact, lower magnitude in the rest of the 
gait cycle. 

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

Hip x 

A delayed deceleration occurs in the 
loading response, following with lower 
magnitude in the stance phase, a sharp rise 
in acceleration in the swing phase. 
Significant small similarity appears in 
terminal stance phase. 

 
Similar to right hip x. 

Hip y 

A sharp deceleration occurs in the initial 
contact, following with lower magnitude in 
the rest of the stance phase. A delayed 
acceleration in the initial swing phase. 
Significant small similarity appears in the 
pre-swing phase. 

 
Similar to right hip y, with unstable 
magnitude in the stance phase. 

Hip z 

A sharp rise in acceleration occurs in the 
initial contact, following with higher 
magnitude in the rest of the stance phase, 
lower acceleration occurs in the swing 
phase. 

Similar to right hip z, with more 
unstable magnitude in the stance phase. 
Smaller similarity appears in the 
terminal swing phase. 
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Appendix XIX: Results of Idiopathic Neurological Disorder (IND) 

 
• Description 

 Subject is 58 year old female with idiopathic neurologic disorder for almost twenty years. 

Since then she sits in a wheelchair. She was tested by walking bare-footed on the instrumented 

treadmill with harness support at speed of 0.1 m/s, continuing three minutes. 

• Temporal Stride Variability 

 

Figure AXIX-1: Stride variability of a healthy female subject and a female patient with 

idiopathic neurologic disorder (IND). 

Summary: Due to very slow walking speed of this IND subject, there were only 40 strides 

extracted from three-minute walking trial. The subject has greater variability at the time of 20 

strides, which indicates there might be some fall risk at that time. The stride time, stance phase, 

and double-stance phase are much longer than healthy subject, whereas the swing phase is much 

shorter. 



 360 
 

 
 

• Ground Reaction Forces 

 

Figure AXIX-2 : Right and left GRF in 3-D in female patient with idiopathic neurologic disorder 

(IND). 

 

Figure AXIX-3 : Grade of similarity between right and left GRF in idiopathic neurologic 

disorder case study.  
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Summary: In the vertical direction, the subject has much longer stance phase (more than 90% of 

the full gait cycle) on both sides, compared with the healthy subject. The magnitudes of the GRF 

in this direction are also quite low with shorten peak contact. In the anterioposteior and 

mediolateral directions, the GRF was very low. The behavior of her GRF in three dimensions 

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

 

• EMG Muscle Activity Patterns 

 

Figure AXIX-4 : Comparison of EMG activity in a gait cycle between healthy subjects and IND. 
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Figure AXIX-5 : Grade of similarity of right and left EMG in IND subject. 

Summary: 

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

 Right Left 

Soleus 

Spasticity occurs in the loading response, 
following with very unstable muscle 
activities in the rest of the gait cycle. 
Significant small similarity appears in the 
initial contact, mid- and terminal swing 
phases. 

 
Same as right Soleus. 

Tibialis 
Anterior 

(TA) 

Muscle weakness occurs in the early stance 
phase and early swing phase, there is 
spasticity in the terminal swing phase. 
Significant small similarity appears in the 
initial and mid-swing phases. 

 
Same as right TA. 

Gastrocnemius 
Lateralis 

(LG) 

Spasticity occurs in the loading response, 
following with very unstable muscle 
activities in the rest of the gait cycle. There is 
spasticity in the late swing phase. Significant 
small similarity appears in the terminal stance 
and terminal swing phases. 

 
Spasticity occurs in the loading 
response, following with muscle 
weakness in the rest of the stance 
phase. 

Vastus 
Lateralis 

(VL) 

Spasticity occurs in the late stance phase, 
muscle weakness occurs in the terminal 
swing phase. Significant small similarity 
appears from mid-stance to the end of the gait 
cycle. 

 
Same as right VL. 
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Rectus 
Femoris 

(RF) 

Spasticity occurs in the stance phase, muscle 
weakness occurs in the terminal swing phase. 
Significant small similarity appears in the 
terminal stance and pre-swing phases. 

 
Same as right RF. 

Biceps 
Femoris 

(BF) 

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. 

 
 
Same as right BF. 

Gluteus 
Medius 
(Gmed) 

Muscle weakness occurs in the early stance 
phase, spasticity occurs in the terminal stance 
phase with very unstable muscle activities. 
Significant small similarity appears in the 
pre-swing phase. 

 
Same as right Gmed. 

Elector 
Spinae 
(ES) 

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. 

 

• Acceleration Patterns 

(A) 
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(B) 

 

 

(C) 
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(D) 

 

Figure AXIX-6 : Comparison of acceleration pattern in a gait cycle between healthy subjects and 

idiopathic neurologic disorder patient (IND). 

 

 

Figure AXIX-7 : Grade of similarity of right and left acceleration in idiopathic neurologic 

disorder (IND). 
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Summary: 

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

 Right Left 

Foot x 
A sharp rise in acceleration occurs in the 
initial contact, following with a very low 
magnitude in the rest of the gait cycle. 

 
Same as right foot x. 

Foot y 

Lower acceleration occurs in the initial 
contact following with the lower 
magnitude in the rest of the stance phase, 
there is a sharp rise in acceleration in the 
swing phase. 

 
Same as right foot y. 

Foot z 

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

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

Shank x 

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. 

 
Same as right shank x. 

Shank y 

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

 
 
Same as right shank y. 

Shank z 

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

 
Same as right shank z. 

Thigh x 

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

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

Thigh y 
A sharp rise in acceleration occurs in the 
initial contact, following with low and 
unstable magnitude in the stance phase. A 

 
Same as right thigh y. 
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sharp rise in acceleration in swing phase. 
Significant small similarity appears in the 
pre-, initial, and mid-swing phases. 

Thigh z 

A sharp rise in acceleration occurs in the 
initial contact, following with lower and 
unstable magnitude in the rest of the gait 
cycle. A much delayed and lower 
acceleration occurs in the swing phase. 

 
Same as right thigh z. 

Hip x 

A sharp deceleration occurs in the initial 
contact following with unstable magnitude 
in the stance phase, a much delayed and 
higher acceleration occurs in the swing 
phase. Significant small similarity appears 
in the mid-swing phase. 

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

Hip y 

A sharp deceleration occurs in the initial 
contact, following with unstable magnitude 
in the rest of the stance phase. A much 
delayed acceleration occurs in the swing 
phase. Significant small similarity appears 
in the initial swing phase. 

 
Same as right hip y. 

Hip z 
A sharp rise in acceleration occurs in the 
initial contact, following with unstable 
magnitude in the rest of the gait cycle. 

 
Similar to right hip z. 
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