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4
Inhibitory Effects on Soleus H-reflex Induced by Different Electrical Stimulation

Parameters

Motohiko Sato, Kazunori Seki , Masayoshi Ichie

1.INTRODUCTION

Therapeutic Electrical Stimulation (TES) is a popular modality commonly used to decrease the
excitability of motoneurons in spastic patients. Several studies have been reported that the
repetitive electrical stimulation modulated the soleus H-reflex amplitude in healthy subjects.
However, a number of clinical studies have been reported that TES could reduce spasticity in
hemiplegic subjects, while others have found either no change or even increase spasticity after
TES. The diversity of these findings may be due to variation in patients and in stimulation
parameters. Furthermore, the optimal stimulation parameter to reduce spasticity has not been
determined. The purpose of this study was to investigate the differences in effects of the preceding
conditioning electrical stimulation at different pulse duration, frequencies and intensities for
changes of the soleus H-reflex amplitude.

2.METHODS

Experiments were performed on six healthy volunteers (aged from 24 to 57) after obtaining
informed consent. The subjects were comfortably seated and the left leg was fixed with the hip at
90, knee at 120, and ankle at 90 degrees. The control soleus H-reflex was recorded during rest
period before applying the conditioning stimulation. The H-reflex was evoked by stimulating the
left tibial nerve at the popliteal fossa with a single rectangular pulse of 1 millisecond duration. The
intensity of test stimulus was adjusted to obtain a small M-wave with H-reflex. The recording
bipolar surface electrodes were placed on the lower part of the soleus. The conditioning electrical
stimulation was applied for 5 seconds via surface electrodes to the left common peroneal nerve at
the level of the caput fibulae. The frequency of the conditioning stimulus was varied at 20, 50, 100,
200, 333 and 500 Hz. In the conditioning stimulation of 20Hz, the pulse width was set at 0.2 or 1
milliseconds and the intensity was decided at 0.8 or 1.2 times of the threshold for the evoked
M-waves (motor threshold: MT) from the left tibialis anterior muscle. In the conditioning
stimulation except for 20Hz, 1ms of pulse width and 0.8MT of intensity were used. The time
intervals between the test and the conditioning stimulation were varied in steps ranging from 1to 5
seconds. In each session, the test H-reflex was evoked 1, 2, 3, 4 and 5 seconds after the end of the
conditioning stimulation.

3.RESULTS

Figure 7A shows the changes of the soleus H-reflex amplitude at the stimulation frequency of
20Hz. A significant inhibition of the H-reflex amplitude was observed in 1.2MT-0.2ms and
1.2MT-1ms at the conditioning to test interval of 1 second. On the other hand, soleus H-reflex was
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hardly inhibited at 0.8MT-1ms. Figure 7B shows the changes of the soleus H-reflex amplitude at the
different frequency. At the conditioning to test interval of 1 second, a significant inhibition of the
H-reflex amplitude was observed at 200Hz-0.8MT-1ms. As a result, soleus H-reflex was inhibited at
the parameter of 20Hz-1.2MT-0.2ms, 20Hz-1.2MT-1ms and 200Hz-0.8MT-1ms at the conditioning
to test interval of 1 second. However, the statistical significant differences were not admitted

among the three parameters.

4.DISCUSSION

In the present study, we examined the differences in effects of the electrical stimulation at different
parameters for changes of the soleus H-reflex. A disynaptic reciprocal la inhibition has been thought
to be a mechanism to inhibit antagonist muscle motoneuron in spina cord. Furthermore, it has been
reported that the group la fibers are more easily excited by low intensities of stimulus than alpha fibers.
When comparing pulse widths and intensities in the conditioning stimulation of 20Hz, the soleus
H-reflex was hardly inhibited at 0.8MT-1ms. However, lower intensity without pain is desirable for
the conditioning stimulation because the stimulation of 1.2MT intensities could occasionally give
subjects some pain. It has been reported that the pulse of 1ms duration stimulate group la fibers
selectively at threshold. Therefore, we examined the changes of soleus H-reflex at the different
frequency of 0.8MT-1ms. The soleus H-reflex was inhibited the most strongly at 200Hz, and was
hardly inhibited at 500Hz. Since pulse interval between the first and second stimuli was short (2 ms) at
the frequency of 500Hz, the second impulse might be input during the refractory period after the first
action potential. As a result, the excitement of the group la fibers might not be induced by 500Hz. On
the other hand, it is thought that there was no influence of the refractory period in 200Hz. Furthermore,
since reciprocal la inhibition lasts for only severa milliseconds, the inhibition of soleus H-reflex in
200Hz at least 1 second after the end of conditioning stimulation can be based not only on a reciproca
inhibition mechanism but also on other mechanisms. One mechanism we suppose is the posttetanic
potentiation induced by the temporal summation of high frequency stimuli (200Hz)

5.CONCLUSION
We found that, in the conditioning electrical stimulation with 0.8MT-1ms to the common peroneal
nerve, the frequency of 200Hz was the most effective to inhibit the soleus H-reflex.
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5
EEG change during and after walking in hemiparetic stroke patients

K. Seki M. Sato T. Fujii and M. Ichie

1LINTRODUCTION

Physical exercise including gait training has a possibility to modulate the brain activity in post
stroke patients. EEG recording after movement is one of ways to study acute effect of physical
exercise to the brain activity. However, there are few confirmed evidences supporting such a
provoking effect of exercise to EEG. Furthermore, EEG change during systemic movement is
unknown because of difficulties of measuring techniques. Walking is a popular method of training
for hemiparetic stroke patients and we have previously found that less artifact EEG recording was
possible in normal subjects walking with slow speed. In the present study, we investigated the
EEG change during and after walking in hemiparetic stroke patients to reveal the influence of
walking on the brain activity after a stroke onset.

2.METHOD

The subjects were 9 hemiparetic stroke patients in the recovery stage. They were all admitted to
Tohoku University Hospital to receive medical rehabilitation within 3 months after a stroke onset.
The lesion of stroke confirmed by CT or MRI was localized in the cerebral hemisphere
contralateral to the paretic limbs. The side of hemiparesis was right in 4 patients and left in 5. The
mean age was 59.6 (40~78) years. The mean walking speed with maximum effort at the
examination was 31 m/sec. EEG was recorded from 6 points on the scalp according to the
international 10-20 system (F3, F4, C3, C4, Oland O2) with a sampling frequency of 1000Hz and
digitally filtered with 4-35Hz. The EEG was monitored with telemetry system (MT11) and stored
in a hard disk to analyze with PowerLab system. All subjects walked on a wooden floor with bare
feet to prevent static electricity from interfering in the proper wave of EEG. EEG recording was
performed on the 4 phases as follows: at rest before walking with eyes closed, during walking with
preferred speed and maximum effort in 20m distance and at rest after walking with eyes closed.
The recording time at rest before and after walking was at least more than 60 seconds. We
analyzed the EEG from 4.0Hz to 30.3Hz with power spectral analysis and calculated the values of
relative power (power of target band pass/ total power* 100) on each recording point and unilateral
hemisphere in three band passes: theta (3.9~7.7Hz), alpha (7.8~12.7Hz) and beta (12.8~16.6Hz).
The values of relative power in the hemisphere with and without lesion during walking and after
walking were compared to those before walking with Wilcoxon's signed rank test.

3.RESULTS

The values of relative power in theta band showed no significant changes both during and after
walking. On the other hand, significant changes were found in apha and beta band. Since the
change of EEG during walking with maximum effort was as same as that with preferred speed, we
regarded them as same data. 1) During walking: there was significant decrease of the values of
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relative power in alpha band on each hemisphere. Particularly on the front-central area of the
non-affected hemisphere, the decrease of the values was remarkable. In beta band, significant
increase of the values on the affected hemisphere particularly on the occipital area was observed.
2) After walking: there was significant increase of the values of relative power in beta band on the
intact hemisphere and on the frontal area of the affected hemisphere. Distributions of these
changes are shown in the table (Figl10).

4.DISCUSSION

There are few studies reported on an EEG change associated with systemic movement like
physical exercise. Kamp and Troost reported that a consistent and prolonged decrease of alpha
frequency was observed in some stroke patients through EEG recording immediately after
physical exercise on a bicycle ergometer. Thisis only evidence showing that physical exercise has
a possibility to play arole as a provocative method to EEG in stroke patients. In the present study
we showed some EEG changes relating to physical task not only after but also during walking (Fig
8 and Fig9). The decrease of alpha activity in the both hemispheres, however, was observed only
during walking. Such attenuation of alpha activity may be based on an alpha blocking mechanism,
since our subjects closed their eyes while the EEG was being recorded at rest. However, the beta
activity increased only in the affected hemisphere during walking. It is difficult to explain this
result by alpha blocking hypothesis. According to Mauro et.al., the hemiparetic stroke patients
showed the increase of flow velocity during motor task in the middle cerebral artery both
contralateral and ipsilateral to the paretic hand performing the task. It is natural that the
functioning of the brain in walking is different from that in single hand performance but the
healthy hemisphere in stroke patients can be supposed to have an important role even in walking.
Therefore, the decrease of alpha power during walking suggests general augmentation of the
cortical activity associated with voluntary movement like the inhibition of mu rhythm. The
increase of beta activity after walking also has a possibility to show the cortical activation
provoked by walking although the reason why it occurred remarkably in the non-affected
hemisphere is unclear.

5.CONCLUSION
The EEG changes during and after walking shown in this study suggest physical exercise can
activate the brain function in hemiparetic stroke patients.
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6
Changes of the evoked mechanomyogram during electrical stimulation

Kazunori Seki Takahide Ogura Motohiko Sato and Masayoshi Ichie

1LINTRODUCTION

The biological signal detected by microphones or accelerometers when muscle surface
displacement has occurred is named surface Mechanomyogram (MMG). It is a relatively new
method to analyze the mechanical muscle activity and expected to provide useful information
about the function of muscle and nerve in clinical. Particularly, compared to EMG, MMG is
suspected to have a good advantage in detecting the muscle contraction during functional or
therapeutic electrical stimulation (FES, TES), because it has possibility not to be affected by
electrical artifact. Changes of the MMG reflecting some characteristics of motor units when
voluntary muscle contraction was performed has been described in several papers. However, short
time muscle contraction evoked by electrical stimulation is not yet examined precisely in the field
of MMG. In this study we investigated if the recording of evoked MMG with the latency as same
as H-reflex was possible, and if the changes of excitability of the spinal motor neuron during
electrical stimulation as TES could be identified by such an evoked MMG (H-MMG).

2.METHOD

Nine healthy subjects (22~45 years old) participated in this study. Evoked EMG (M-wave,
H-wave) and evoked MMG (H-MMG) were recorded from the soleus muscle in the left leg by
means of evoking electrical stimulation (EES) to the tibial nerve at the popliteal fossa. All of the
subjects kept prone position with the left knee fixed at 30 degrees flexion and the left ankle fixed
at 5 degrees plantar-flexion on the bed during recording. The left ankle was fixed to the isokinetic
torquemachine (KINCOM) to monitor the isometric torque of plantar-flexion generated by evoked
muscle activity. The MM G was detected by an accelerometer (MPS101, MEDISENS Inc.) fixed to
the skin over the muscle belly between the pair of surface electrodes for EMG. The bandwidth and
the sampling rate of the MMG were 0.1~1000Hz and 2000Hz in each. EMG was recorded at the
same time with the MMG recording by an evoked potential measuring machine (Neuropack 4,
Nihon Kohden Inc.) with the bandwidth 30~3000Hz.

The first experiment was detecting the series of M-wave, H-wave and H-MMG in some levels of
EES intensity gradually increased from the level at which the H-wave began to appear. The
H-MMG was defined as a wave appearing at the latency corresponding to a rise of the H-wave.
Since all of the waveforms of the evoked MMG were recognized to continue more than 200msec
with gradual attenuation, we adopted only the wave within 100msec from a rising point and
calculated peak-to-peak amplitude in this range. The second experiment was measuring the change
of both the H-wave and the H-MMG during TES in the two subjects. At first, successive fifteen
records of the H-wave and the H-MMG were measured at rest with the EES intensity that could
induce the most reliable waveforms of the H-MMG constantly. After the recording at rest,
electrical stimulation as TES for 10 minutes was applied to the anterior tibial muscle with the
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surface electrodes. Both the H-wave and the H-MMG were recorded again during the latter half of
the stimulating period. The electrical stimulation as TES consisted of repetition of alternating
pattern with 5 seconds stimulation and 5 seconds rest. The parameters of TES included the
stimulation frequency of 200Hz, the pulse width of 1msec and the intensity at the motor threshold.
The H-wave and the H-MMG during TES were recorded in the stimulating phase and resting phase
with same rate, and each fifteen records was used for analysis.

3.RESULTS

1) The wave of MMG with the latency almost as same as it of the H-wave could be clearly
detected at the EES intensity with the level low enough to induce no M-wave, and it was possible
to isolate such a wave as H-MMG. However, the H-MMG could not be identified at the EES
intensities more than the level at which the M-wave began to appear. In these intensities, the
evoked MMG first appeared at the latency corresponding to a rise of the M-wave and it
overlapped with the waveforms appeared later. The evoked MMG consisted of multiple waveforms
even in the range of 100msec and the amplitude of it was calculated using the difference between
positive and negative peak in these waveforms. The amplitude of the H-MMG clearly recorded
with no M-wave was normalized by the maximum amplitude of the evoked MMG recorded at the
latency of M-wave. The mean percentage of maximum amplitude of the H-MMG normalized was
18.2 (12.6~22.2) % (Fig11).

2) In the two subjects who the recording of H-MMG during TES was performed, the EES
intensity for recording was settled to the maximum level at which the H-MMG could be clearly
isolated. It was confirmed that the successive recording of both the H-MMG and the H-wave at
rest succeeded without any waveforms of MMG before the appearance of the H-MMG. The
identification of H-MMG during TES was also possible as same as at rest, but no waveforms of
the H-wave in the stimulating phase during TES could be counted successfully by the
contamination of the electrical artifact. The mean amplitudes of H-MMG at rest and during TES
(stimulating phase; s-phase and resting phase; r-phase) and the results of statistical analysis are as
follows for each subject (A and B). A: 7.79mV (at rest) - 3.88mV (s-phase) - 8.89mV (r-phase),
p<0.0001 in ANOVA, p<0.0001 (at rest > s-phase, r-phase > s-phase) in Scheffe. B: 2.58mV (at
rest) - 1.46mV (s-phase) - 1.96mV (r-phase), p<0.0001 in ANOVA, p<0.0001 (at rest > s-phase) -
p<0.01 (at rest > r-phase) - p<0.05 (r-phase > s-phase) in Scheffe (Fig12).

4.DISCUSSION

It was confirmed through this study that the MMG was not affected by the electrical interference
and the successful recording of the H-MMG was possible without the electrical artifact even
during the electrical stimulation as TES. The MMG, however, had some problems of the
mechanical interference including the vibration of the sensor on the muscle belly and the extra
contraction of the target muscle induced by the electrical stimulation. It was necessary for
detecting an evoked MMG as H-MMG to settle the EES intensity at the level as low as possible
not to induce an M-wave. There happened a base line fluctuation of MMG in the target muscle
when the electrical stimulation as TES was applied to the other muscle with the intensity
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extremely over the motor threshold. These results show a limitation of the evoked MMG that the
intensity of both EES and TES needs to be settled in the low level to some extent when examining
a change of MMG in the short range elicited by the electrical stimulation. While involving those
problems, it is supposed that the evoked MMG like H-MMG is useful as well as H-wave in
clinical use if the intensity of the optimal level can be chosen. In the previous study subjecting the
healthy adults, we had investigated the influence of the electrical stimulation as TES with the
intensity under motor threshold on the excitability of alpha motoneuron. According to this study,
the electrical stimulation under motor threshold with the frequency of 50~200Hz and the pulse
width of 1msec inhibited the H-wave amplitude significantly at least 1sec after the stimulation
lasting 5sec. However, the change of the H-wave during stimulation could not be observed
because of the electrical artifact. In this study, the H-wave during the electrical stimulation with
the same parameters as above could not be identified too, but the amplitude of the H-MMG in the
stimulating phase during TES clearly decreased. This result suggests the evoked MMG is
applicable to evaluation of the excitability change in the spinal motor neuron during TES with low
intensity.
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7
Change of medio-lateral COP shift induced by electrical stimulation in hemiparetic
stroke patients

K. Seki T. Fujii M. Ichie

1.ABSTRACT

We studied the change of standing balance induced by electrical stimulation to the paretic lower
limb in hemiparetic stroke patients. The value of medio-lateral COP shifted to paretic side during
standing with electrical stimulation as same as with AFO only in the examination before start of
medical rehabilitation. It was suggested that use of electrical stimulation to the paretic lower limb
was useful to improve standing balance in the early phase after a stroke onset.

2.INTRODUCTION

Weight shift toward the paretic lower limb during standing and walking performance is difficult
for hemiparetic stroke patients and center of pressure (COP) in standing position usually shifts to
the healthy side. The hemiparetic fallers show more remarkable shift of COP to the healthy side
than non-fallers. Sustaining weight with the paretic lower limb is necessary to prevent fall and to
walk safely for the patients with hemiparesis.

Particular in the hemiparetic stroke patients in recovery stage, walking ability in the early phase
of exercise is dependent on the improvement of standing balance. Therefore it is important to bear
weight on the paretic lower limb at the beginning of gait exercise. In early phase after a stroke
onset many patients are not able to bear weight on the paretic side because of hypotonic
hemiparesis. In such cases ankle-foot orthosis (AFO) is frequently used to assist bearing on the
paretic lower limb. The improvement of medio-lateral COP shift in standing performance by using
AFO is related to fixation of the ankle joint and enlargement of supporting area caused by total
contact of sole on the ground. However AFO has no effect to keep knee extension in standing. If a
patient cannot control the knee function to keep standing, another brace is required. Electrical
stimulation applied to the paretic lower limb brings continuous muscle contraction. It has a
possibility to improve the standing balance in hemiparetic stroke patients through fixation of
multiple joints instead of AFO. There were some reports on the use of electrical stimulation with
surface electrodes to help the patients walk but no reports on the use of it to improve standing
balance. The purpose of this study is to investigate the effect of electrical stimulation to standing
balance in the recovery stage stroke patients with hemiparesis and to compare the results to use of
AFO.

3.SUBJECT AND METHOD

The subjects were 9 stroke patients with hemiparesis. They admitted to Tohoku University
Hospital to receive medical rehabilitation within 3 months after a stroke onset. The lesion of stroke
confirmed by CT or MRI was localized in the cerebral hemisphere and all subjects had no multiple
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lesions. The sides of hemiparesis were right in 6 patients and left in 3. The mean age was 54
(35~71) years. Six were men and 3 were women. The levels of hemiparesis evaluated by
Brunnstrom's recovery stage were | inone, |l in three, |11 in four and IV in one. The mean walking
speed with maximum effort at admission was 31 m/sec. They had no neurological and orthopedic
deficiencies on the non-paretic side, and no severe cognitive problems to prevent understanding
the vocal instructions. They all could keep standing independently at least during 30 seconds with
bare feet. All of the subjects agreed to participate in this examination after enough explanation.

Standing balance was examined by the forceplate system (Kistler) with measurement of two
parameters; sway path and medio-lateral COP shift in standing. The first examination was
performed within two weeks after admission and the second was done 4 weeks after start of
medical rehabilitation. Each examination included four measuring conditions; standing with bare
feet, standing with AFO worn on the paretic lower limb, standing with applying electrical
stimulation on the leg of the paretic side and with simultaneous electrical stimulation on both the
leg and thigh. All of the subjects did not wear any shoes and socks except AFO throughout the
examination. The order of measurement in four conditions was randomized in each subject. AFO
was made for each subject before the first examination. The each measurement was performed
during 20 seconds with eyes open and the stance width of 10 cm.

Electrical stimulation was done by Pulsecure-pro™ (OG Giken). The frequency of stimulus was
20 Hz. The pulse was rectangular single wave with 300 microseconds duration. The intensity of
stimulus was varied 0~80V and was settled to the level of inducing joint movement without pain.
The intensity in each subject ranged 30~40V. Stimulation was performed on the tibialis anterior
muscle (TA) to bring ankle dorsiflexion and the rectus femoris muscle (RF) to induce knee
extension. In TA stimulation the surface electrodes were put on the head of fibula as anode and on
the muscle belly of TA as cathode. In RF stimulation anode was on the position on RF slight distal
from inguinal region and cathode was on the muscle belly of RF. Application of electrical
stimulation to TA or to both TA and RF continued during 30 seconds and standing balance was
measured in latter 20 seconds.

Friedman's test was used for statistical analysis and level of significance was 5 %.

4 RESULTS
1) Sway path

The mean values of sway path were not different among the four measuring conditions either in
the first examination and 4 weeks after. There were no significant differences between the values
of the first and the second examination in each measuring condition.
2) Medio-lateral COP shift

The value of medio-lateral COP was calculated as a length (cm) from the center position between
both feet in coronal section to the position of mean weight bearing. Positive value showed the shift
of medio-lateral COP to the healthy side. Figure 13 showed the results of two typical cases (subject
A and B). Either the measuring condition with AFO and with electrical stimulation showed lower
values of medio-lateral COP than standing with bare feet in both cases. However electrical
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stimulation only to TA produced lower value of medio-lateral COP than to both TA and RF in
subject A and vice versa in subject B. In all subjects, four showed lower value in the measuring
condition with TA stimulation and five showed lower value in the stimulation to TA and RF. Since
the factors relating to such difference were unclear, both stimulating conditions were unified as an
electrical stimulation to analyze statistically. According to Friedman's test, there was significant
difference among the mean values of COP in the three measuring conditions in the examination at
admission (p<0.05, one-tail test). The measuring conditions with AFO and electrical stimulation
showed lower values than that of bare feet. However, in the examination at 4 weeks after
rehabilitation, there was no significant difference among the three conditions (Fig14).

5.DISCUSSION

Sway path means the degree of postural stability when keeping standing position. Electrical
stimulation may disturb keeping a stable posture. In this study the mean values of sway path
measured at the conditions with electrical stimulation were not different from those with bare feet
and AFO. This result suggests that the electrical stimulation to the paretic lower limb does not act
as an external perturbation in the hmiparetic stroke patients.

Medio-lateral COP shift to the healthy side is commonly observed in the hemiparetic patients
especially in the early phase after a stroke onset. In this study the decrease of the value of
medio-lateral COP means the change of weight shift to the paretic side. The electrical simulation
to the paretic lower limb showed the same effect of weight bearing to the paretic side as AFO in
the examination at admission. All of the subjects in this study did not experience enough exercise
through physical therapy before the first examination was performed. Four weeks after
rehabilitation their walking ability improved and the mean maximum walking speed changed from
31m/sec as an initial value to 54 m/sec. The decrease of the value of medio-lateral COP in the
condition with bare feet at the second examination reflects such improvement of gross motor
function and standing balance. There was no significant difference among the values of
medio-lateral COP in the three conditions measured at this timing. This result suggests that AFO
and electrical stimulation have no more effect to improve the weight bearing after sufficient
recovery of motor function.

This study showed that the electrical stimulation to the paretic lower limb had the effect to
improve standing balance measured by medio-lateral COP shift only at the early phase after a
stroke onset. AFO was also effective but the usefulness was as same as the electrical stimulation.
In the point of early training to improve standing balance for the hemiparetic stroke patients,
applying electrical stimulation to physical therapy may be more cost-effective and useful than
making of AFO. The best point of the electrical stimulation to improve the medio-lateral COP shift
was not clear in this study. The difference between TA stimulation and both TA and RF stimulation
should be studied more precisely in the patients with various types of hemiparesis.
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ROM Exercise with TES parameter for the Acute Stage Hemiparetic Patients

ROM
1 1
TES
ROM TES-ROM Ex
13 67.2 49 79
6 7 5 8 TES-ROM Ex
Brunnstrom Stage BS I 6 n 7 BS | 7 I 6
flaccid normotonic
modified Ashworth Scale
9 4 2
6 44
TES-ROM Ex TES-ROM Ex
225 8 35 49.1 27 95
ROM
5 2 15
TES-ROM Ex TES-ROM Ex TES
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80V

4

4
1
1
1
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1 1
15
TES-ROM Ex
Hz % 1 4
1
1
2 3
4 1 1 2
13
20Hz 1
75.5 70 80 % 82 6 14 2.5
4.0 1.7 20Hz 1
63.3 45 79 % 50 3 9 1.9 2.1
1.1 2 20Hz 30Hz
1 70.5 55 80 %
7.0 3 13 1.7 3.2 2.1 6
2 45.7 40 48 % 28 25 35
0.5 2.2 0.2 20Hz
1 62.2 50 70 %
44 3 6.5 1.3 2.2 0.9 4
2 67.5 60 75 % 5.6 4
6.5 1.6 2.4 1.6
TES-ROM Ex 49.1 27 95
BS 3
8 2 3 1
4 1 8 3 1
modified Ashworth Scale 6 0 7
1 2
ROM
TES-ROM Ex
TES
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ROM

TES-ROM EXx
1 3 BS2-5 BS2-5
TES-ROM Ex 18
36 TES-ROM Ex

TES-ROM EXx

15
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1 Inf Hx
A 79 Inf Rt 16 111
B 69 Hx Lt 35 69
C 57 Hx Lt 29 69
D 77 Inf Lt 18 54
E 71 Inf Rt 32 59
F 64 Inf Lt 8 56
G 69 Hx Lt 20 45
H 49 Hx Rt 21 81
I 72 Hx Rt 20 80
J 62 Hx Lt 24 72
K 55 Inf Lt 22 65
L 73 Inf Lt 17 94
M 77 Inf Rt 31 76

67.2 (9.3) Inf:7 Hx:6Rt:5 Lt:8 22.5 (7.5) 71.6 (17.6)
2 TES-ROM Ex
BS BS BS BS MFS% MFS% M.Ash M_Ash

A ] 11

B i 1l

C ] 11

D \ v

E 1 1

F 1 1l

G ] 1

H ] 11

I ] 11

J 11 1l

K 11 11

L 11 1l

M ] 11

BS: Brunnstrom Stage
M.Ash: Modified Ashworth Scale
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MFS: Manual Function Score
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