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Background: Although various conventional approaches have been employed to reduce 
spasticity in neurological rehabilitation, only a few studies have shown scientific evidence for 
its effectiveness. Thus, we introduced a different concept (Ueda method) of rehabilitation 
therapy that can complement the limitations of conventional therapy.

Objects: This study aimed to investigate the immediate effects of the application of the Ueda 
method on patients with spasticity after stroke via an electrophysiological study.

Methods: We conducted a randomized double-blind pilot study in two rehabilitation hos-
pitals involving 30 stroke patients who were randomly allocated to the Ueda (n = 15) and 
convention (n = 15) groups. Electromyographic data of six examined muscles in both upper 
extremities of all patients were recorded. The A-ApA index and activation ratios of upper 
extremity muscles were evaluated and compared between the groups to confirm post-inter-
vention changes in upper-extremity flexor spasticity and flexion synergies. Repeated-measures 
analysis of variance was conducted to confirm the therapeutic effect (2 × 2) as a function of 
group (Ueda vs. convention) and time (pre-/post-intervention) on all outcome measures (p < 
0.05).

Results: In the Ueda group, the mean A-ApA index values differed significantly before and af-
ter the intervention (p = 0.041), indicating a weak evidence level; however, the effect size was 
medium (d = –0.503). The interaction effects of the A-ApA index between the Ueda and con-
vention groups and between pre-intervention and post-intervention stages were significant 
(p = 0.012). The effect size was large (np

2 = 0.220). In the Ueda group, the activation ratios 
of the anterior deltoid fiber significantly decreased after the intervention in all reaching tasks.

Conclusion: The Ueda method reduces upper-extremity flexor spasticity and changes its 
synergy in stroke patients and should be considered a rehabilitation therapy for spastic stroke 
patients.

INTRODUCTION

After stroke, spasticity appears during passive stretching, 

and flexion synergies occur during active motion [1]. Although 

flexion synergies may occur first, prior to the appearance of 

spasticity, these two factors act as a complex form of spastic 

motor disorder owing to their close interaction. Once spasticity 

occurs, distinguishing it from flexion synergies becomes dif-

ficult. The pathophysiological phenomenon of motor disorders 

resulting from spasticity depends on various factors, including 

abnormal regulation at the upper spinal cord level, abnormal 

reflex control, and changes in the biomechanical properties of 

muscles [2]. Consequently, the accompanying joint contracture 

will interfere with rehabilitation outcomes, including range of 

motion limitation, pain, and gait disability [3]. 

Spastic motor disorders have been identified using scien-

tific method in various aspects of patients with upper-motor 

neuron syndrome, including changes in synergy structures and 
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recruitment patterns of the upper-extremity [4-6], changes 

in the muscle activation patterns of the lower extremity [7,8], 

muscle co-activation during voluntary behaviors [9,10], the 

perception of force by spasticity, and involuntary synergy ac-

tivation [11]. Furthermore, the spasticity of the elbow flexor 

during a stretch reflex has been quantified [12,13].

Various methods have been recommended for reducing 

spasticity and flexion synergies, including electrical stimula-

tion therapy [14-17], surgical methods [18], neurophysiological 

approaches such as the Bobath technique [19], and medical 

treatments [20,21]. The efficacy and safety of other methods, 

such as drug administration, chemical nerve block, or neuro-

surgical treatments are controversial, because they may reduce 

spasticity but could also induce muscle weakness or paralysis 

[16]. In neurophysiological approaches, various conventional 

approaches have been employed to reduce spasticity and flex-

ion synergies. However, only a few studies have shown scien-

tific evidence that these techniques are effective in reducing 

spasticity flexion synergies [22-24].

Another technique to reduce spasticity and flexion synergies 

is the Ueda method, which was introduced by Ueda Tadashi in 

1988 in Japan. This method was developed with a concept dif-

ferent from that of conventional brain-oriented approach, in-

dicating that the resolution of spasticity caused by impairment 

to the upper-motor neurons are essential for motor function 

improvement. Moreover, its application is the opposite of con-

ventional rehabilitation principles. Instead of stretching the 

spastic muscles, the Ueda method reduces spasticity by further 

enhances the abnormal synergic postures and positions that 

are accompanied by muscle hypertension. Therefore, the Ueda 

method has a therapeutic principle that reduction in spasticity 

can be achieved by regulating excitement of the spinal cord 

circuit and driving the reciprocal inhibition circuit. Despite the 

unique characteristics and originality of this technique, rela-

tively few empirical studies on the scientific mechanism and 

therapeutic effects of the Ueda method have been conducted 

[25,26].

Therefore, in this study, we aimed to investigate the immedi-

ate effects of the application of the Ueda method on patients 

with spastic motor dysfunctions after stroke via an electro-

physiological study.

MATERIALS AND METHODS

1. Study Design

This study was a randomized double-blind pilot study. Pa-

tients were randomly allocated to the convention (n = 15) and 

Ueda (n = 15) groups using a computer-generated block ran-

dom number table (Microsoft Excel 2016; Microsoft, Redmond, 

WA, USA). Conventional therapy or the Ueda method was ap-

plied for 15 minutes after pre-test. After five minutes of rest, 

a re-test was performed. The two physical therapists who su-

pervised the interventions were not involved in the evaluation 

of participants; three evaluators performed all experimental 

procedures.

2. Participants

A total of 30 stroke patients were recruited in this study. The 

inclusion criteria were as follows: (1) stroke diagnosis (cerebral 

infarction, cerebral hemorrhage) provided by a neurosurgeon, 

(2) Korean Mini-Mental State Examination score of ≥ 24 

points, (3) elbow joint passive range of ≥ 120°, (4) spasticity 

score of 1–2 according to the modified Ashworth scale (MAS), 

and (5) above-normal level of independence in performing ac-

tivities of daily living (modified Barthel index of ≥ 50 points). 

The exclusion criteria were as follows: (1) sensory deficit, (2) 

intake of medications for reducing muscle tonicity, (3) visual 

impairment such as unilateral neglect, and (4) musculoskel-

etal disorders of the upper extremities. All patients and their 

guardians provided informed consent in accordance with the 

Declaration of Helsinki. And, the study was approved by Insti-

tutional Review Board of the Busan Veterans Hospital, Busan 

(IRB no. 2018-1).

3. Intervention

The Ueda method basically includes neck, shoulder girdle, 

upper-extremity, lower extremity, and shoulder pelvis tech-

niques. The shoulder girdle and upper-extremity techniques 

were applied to the Ueda group. The shoulder girdle technique 

is performed to reduce the muscle tone of the upper arm and 

shoulder girdle. The patients held the following positions for 

three minutes: slight shoulder abduction with maximum in-

ternal rotation, slight elbow flexion with maximum forearm 

pronation, wrist flexion, finger flexion, and thumb abduc-

tion (Figure 1). The upper-extremity technique was applied 

to reduce the hypertonus of the upper-extremity muscles and 
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consists of the following three steps: (1) maintaining flexion for 

three minutes, (2) performing reciprocal movements of flexion 

and extension 30 times, and (3) maintaining flexion for three 

minutes again (Figure 2). For the upper-extremity technique, 

the following flexion positions of the upper extremities were 

employed: mid-position of the shoulder joint, elbow flexion, 

forearm pronation, wrist flexion, finger flexion, and thumb 

adduction. The extension positions performed as reciprocal 

movements of the upper extremities were as follows: shoulder 

abduction and external rotation, elbow extension, and wrist 

extension. All techniques were performed for 15 minutes in 

total.

The rehabilitation therapy applied to the convention group 

for 15 minutes included upper-extremity training (e.g., inhibi-

tion techniques and active/passive exercises) that involved the 

techniques of the Ueda method: flexion, extension, abduction, 

and adduction motion of the shoulder, flexion and extension 

motion of the elbow, pronation and supination motion of the 

forearm, flexion and extension motion of the wrist, and flexion 

and extension motion of the fingers.

4. Materials

We used wireless surface electromyography (EMG) (Noraxon 

TeleMyo Clinical DTS; Noraxon Inc., Scottsdale, AZ, USA) to 

compare the changes in stretch reflexes and activation ratios 

of the upper-extremity muscles. The EMG activities were col-

lected at 1,000 Hz from six upper-extremity muscles. The Ag/

AgCl surface electrodes were placed along the direction of the 

muscle fibers with a distance of 2 cm between electrodes. To 

reduce the skin resistance, the skin was wiped with a cotton 

pad soaked in alcohol to remove the foreign substances. The 

recorded muscles included the deltoid (anterior, lateral, poste-

rior), biceps brachii, triceps brachii, and trapezius.

5. Measurements

To investigate the changes in stretch reflexes, all partici-

pants were seated on a comfortable chair. They were asked to 

refrain from moving their extremities and trunk; subsequently 

two surface electrodes were placed on the biceps brachii and 

triceps brachii, respectively. The experimenter supported the 

elbow joint (90° of shoulder flexion) and then performed pas-

sive extension and flexion movements of the elbow joint by 

holding the patient’s wrist. The passive range of elbow motion 

was 0°–120°, and the flexion and extension movements were 

repeated three times at an angular velocity of approximately 

60° per second. The resting time was approximately eight sec-

onds. The experimenter evaluated the spasticity grade during 

the passive range of elbow motion.

To evaluate changes in the activation ratios of the upper-

extremity muscles, all participants were seated on a chair in 

front of a table. They were asked to place one hand on the 

table for measurement (90° elbow flexion, 0° shoulder flexion, 

and 40 abductions) and to place the other hand on their knee. 

Another experimenter fixed their trunk to minimize compen-

satory movements, which appear during voluntary arm reach-

ing. The arm reaching protocol included the following four 

directions based on previous studies [27,28]: reaching forward 

from the anticardium height (Reach 1), 45-degree medial reach 

Figure 1.Figure 1. Shoulder girdle technique.

A B

Figure 2.Figure 2. Upper-extremity technique. [A] Flexion position. [B] Extension 
position.
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(Reach 2), 45-degree lateral reach (Reach 3), and reaching 

shoulder height (Reach 4). All targets were positioned at 90% 

of the maximum arm length of the participants. The cones for 

the occupational therapy were fixed at the position of each 

target. During the start of the reaching task, all participants 

were instructed to place their hands at the positions marked 

with a colored tape. After the start signal, they were seated in 

a comfortable starting position for five seconds; thereafter, 

they reached their arms out in the four directions as directed 

verbally by the experimenter. All participants performed the 

reaching tasks three times repeatedly toward the four targets 

and were given an inter-target interval of three seconds.

6. Data Processing

The EMG signals were bandpass-filtered (80–250 Hz) and 

notch-filtered (60 Hz) to remove noise using the Noraxon 

MR3.10 software (Noraxon Inc., Scottsdale, AZ, USA). More-

over, the root mean square (RMS) of the collected signals was 

computed, and the smoothed values were subsequently used 

for data analysis. Based on the study by Wang et al. [14], the 

A-ApA index, which is calculated using the RMS of agonist 

muscle activity by the mean between the RMS of agonistic 

and antagonistic muscle activations, was used to compare the 

stretch reflexes. This method can be employed to quantita-

tively evaluate the tension of elbow flexors and extensors based 

on the collected surface EMG signals, compare changes within 

participants, and identify differences between participants 

through normalization. The equation used was as follows:

A – ApA =
aRMS 

aRMS + antRMS

where aRMS is the RMS of the agonist and antRMS is the 

RMS of the antagonist.

Changes in the activation ratios of the upper-extremity 

Assessed for eligibility
(N = 30)

Randomized
(n = 30)

Excluded (n = 0)Enrollment

Allocation

Follow-up

Analysis

Allocated to Ueda group
(n = 15)

Received allocated intervention (n = 15)
Did not receive allocated intervention

Allocated to convention group
(n = 15)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Lost to follow-up (n = 0)

Analyzed (n = 14)
Excluded from analysis (n = 1)
(did not complete the reaching task)

Analyzed (n = 14)
Excluded from analysis (n = 1)
(did not complete collection of
EMG signal) Figure 3.Figure 3. Consolidated Standards of Re-

porting Trials flow diagram. EMG, electro-
myography.
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muscles were compared by conversion to the percentage of 

each muscle’s activity out of the sum of the total activity of the 

six upper-extremity muscles based on the percentage of refer-

ence voluntary contraction.

7. Statistical Analysis

The Consolidated Standards of Reporting Trials (CONSORT) 

flow diagram of the participants is shown in Figure 3. Among 

the 30 stroke patients analyzed in this study, two patients were 

excluded from the analysis: (1) one patient who did not com-

plete the reaching task and (2) one patient with missing EMG 

data. Statistical analysis was performed using SPSS ver. 18.0 

for Windows (IBM Co., Armonk, NY, USA). A paired t-test was 

used to confirm the changes in the A-ApA index and activation 

ratios of the upper-extremity muscles after the intervention. 

Repeated-measures analysis of variance (ANOVA) was used to 

confirm the therapeutic effect (2 × 2) as a function of group 

(Ueda vs. convention) and time (before/after the intervention) 

on all outcome measures. Statistical significance was set at p < 

0.05 for all analyses. Cohen’s d effect size was obtained as an 

indicator of the effect size for the paired t-test, and partial eta 

squared was obtained for the repeated-measures ANOVA.

RESULTS

The demographic and clinical characteristics of both groups 

as well as their spasticity clinical measurements are summa-

rized in Table 1.

In the Ueda group, the means of the A-ApA index before 

and after the intervention showed a significant decrease (p = 

0.041), showing a weak evidence level; however, its effect size 

was medium (d = 0.503). Conversely, in the convention group, 

the means of the A-ApA index before (95% confidence interval, 

0.62–0.74) and after (95% confidence interval, 0.63–0.81) the 

intervention did not show a sgnificant difference (p = 0.175); 

nonetheless, its effect size was small (d = 0.272; Table 2).

The main effects of the A-ApA index before and after the 

intervention was not significant (p = 0.448). However, the in-

teraction effects of the A-ApA index between the two methods 

(Ueda vs. convention) and between pre-intervention and post-

intervention were significant (p = 0.012; Table 3), indicating 

that the improvement between the two methods after the 

intervention was significantly different. The evidence level for 

the interaction effects of the A-ApA index between the two 

methods and between pre-intervention and post-intervention 

Table 1.Table 1. Characteristics of the study sample (N = 28)

Ueda group 
(n = 14)

Convention group 
(n = 14)

Demographic characteristic
   Age (y) 49 ± 8.31 54 ± 9.95
   Sex
      Female 2 (14%) 5 (36%)
      Male 12 (86%) 9 (64%)
Medical characteristic
   Time after onset (mo) 21 ± 10.30 22 ± 18.13 
   Side of injury
      Right 8 (57%) 9 (64%)
      Left 6 (43%) 5 (36%)
   MBI 68 ± 8.04 65 ± 7.81
   Pre_MAS 1.93 ± 0.73 1.92 ± 0.86
   Post_MAS 1.57 ± 0.94 2.08 ± 1.04

Values are presented as mean ± standard deviation or number (%).  A 
score of 0 indicates MAS grade 0; score of 1, MAS grade 1; score of 2, 
MAS grade 1+; score of 3, MAS grade 2; score of 4, MAS grade 3; and 
score of 5, MAS grade 4. MBI, modified Barthel index; MAS, modified 
Ashworth scale.

Table 2.Table 2. Mean changes in the A-ApA index after the intervention in both groups

Group 
Before (n = 14) After (n = 14)

t p-value
Mean ± SD 95% CI Mean ± SD 95% CI

Convention 0.68 ± 0.12 0.62–0.74 0.72 ± 0.17 0.63–0.81 –1.433 0.175
Ueda 0.77 ± 0.12 0.71–0.83 0.69 ± 0.19 0.59–0.79 2.286 0.041

Mean ± SD, mean ± standard deviation; CI, confidence interval.

Table 3.Table 3. The A-ApA index before and after the intervention between the Ueda method and conventional method

Parameter SS df Mean square F p-value

Before-after 0.003 1 0.003 0.593 0.448
Methods before-after 0.041 1 0.041 7.314 0.012
Error 0.145 26 0.006

SS, sum of square; df, degree of freedom.
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was weak, but its effect size was large (np
2 = 0.220).

In the Ueda group, the activation ratio of the anterior del-

toid fiber significantly decreased after the intervention in all 

reaching tasks. Effect sizes were medium for the Reach 1 task 

(d = 0.509), Reach 2 task (d = 0.686), and Reach 4 task (d = 

0.651). The largest effect size was found for the Reach 3 task (d 

= 0.927). Nevertheless, no significant differences in the activa-

tion ratios of all other muscles during all reaching tasks were 

found (Table 4).

In the convention group, the activation ratios of all upper-

extremity muscles after applying the intervention were not 

significantly different in all reaching tasks, and the effect sizes 

were weak or had no effect (Table 5).

DISCUSSION

The typical characteristic of spasticity is the hyperexcitabil-

ity of the tonic stretch reflex [29]. Therefore, we attempted to 

investigate the effects of the Ueda method on upper-extremity 

flexor spasticity by measuring the changes in stretch reflexes. 

Our results indicated that the stretch reflex was significantly 

more reduced in the Ueda group than in the convention group.

Various methods using specific equipment have been at-

tempted to reduce spasticity. Málly and Dinya [30] applied 

transcranial magnetic stimulation to stroke patients and re-

ported that this improved patients’ functional behaviors, 

movements, and upper-extremity spasticity. In the study by 

Chang et al. [31], passive therapy with robotic-assist thera-

peutic devices were applied to 14 patients with a completely 

injured spinal cord for four weeks. The study showed that the 

MAS scores were improved and recovered from post-activation 

depression after the intervention. In our study applying the 

Ueda method, MAS scores were slightly different but not sta-

tistically significant (Table 1). This results suggest that clinical 

measurement such as MAS, when compared to electrophysical 

measurement may not be sufficient to detect the changes in 

subtle muscle tone from spastic stroke patients.

In clinical practice, it is important to note that these meth-

ods may not be applicable to the number of stroke patients, 

since it requires costly equipment and creates a great amount 

of noise in an enclosed space. In contrast, the Ueda method 

has the advantage of convenience without any special equip-

ment, and neither requires excessive force nor causes pain to 

patients. According to the above studies, the common thera-

Table 4.Table 4. Changes in the activation ratios of the upper-extremity muscles in the Ueda group

Before (n = 14) After (n = 14)
t p-value d

Mean ± SD 95% CI Mean ± SD 95% CI

Reach 1
   Ant.Del 0.36 ± 0.12 0.30–0.42 0.31 ± 0.07 0.27–0.35 2.301 0.040 –0.509
Reach 2
   Ant.Del 0.38 ± 0.12 0.32–0.44 0.31 ± 0.08 0.27–0.35 2.818 0.016 –0.686
Reach 3
   Ant.Del 0.31 ± 0.10 0.26–0.36 0.23 ± 0.07 0.19–0.27 3.098 0.009 –0.927
Reach 4
   Ant.Del 0.35 ± 0.11 0.29–0.41 0.29 ± 0.07 0.25–0.33 2.267 0.043 –0.651

Mean ± SD, mean ± standard deviation; CI, confidence interval; Ant.Del, anterior deltoid.

Table 5.Table 5. Changes in the activation ratios of the upper-extremity muscles in the convention group

Before (n = 14) After (n = 14)
t p-value d

Mean ± SD 95% CI Mean ± SD 95% CI

Reach 1
   Ant.Del 0.27 ± 0.08 0.23–0.31 0.25 ± 0.06 0.22–0.28 1.264 0.230 –0.283
Reach 2
   Ant.Del 0.27 ± 0.09 0.22–0.32 0.26 ± 0.08 0.22–0.30 0.683 0.508 –0.117
Reach 3
   Ant.Del 0.24 ± 0.07 0.20–0.28 0.22 ± 0.06 0.19–0.25 0.964 0.354 –0.307
Reach 4
   Ant.Del 0.23 ± 0.08 0.19–0.27 0.25 ± 0.06 0.22–0.28 0.676 0.512 0.283

Mean ± SD, mean ± standard deviation; CI, confidence interval; Ant.Del, anterior deltoid.
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peutic principle that author suggest is that control of excitabil-

ity of the spinal cord circuitry should reduce spasticity. Given 

these interpretations, the Ueda method should have attributed 

to reducing spasticity by regulating the excitement of the spi-

nal cord circuit and driving the reciprocal inhibition circuit.

The abnormal synergies of a limb after stroke reflect co-con-

traction due to the interferences on the reciprocal inhibition 

circuit of the agonist and antagonist [8,10]. In particular, the 

activity of the middle deltoid fiber increases along with that of 

the anterior deltoid fiber during arm reaching [32]. Therefore, 

we compared the changes in the activity ratio of the upper-

extremity muscles to verify the effectiveness of the Ueda 

method on the upper-extremity flexion synergies. We found 

that the activation ratio of the anterior deltoid fiber after the 

intervention significantly decreased during all reaching tasks. 

This result implies that the techniques used in this study can 

change the upper-extremity flexion synergies. Interestingly, 

the most significant effective changes occurred in the anterior 

deltoid fiber among the measured upper-extremity muscles. 

We assume that this is because the target muscles of the shoul-

der girdle and the upper-extremity technique are the flexors of 

the upper extremities. 

In the case study performed by Tojo [25], the Ueda method 

was applied for six weeks to children with severe motor inju-

ries and intellectual disabilities due to drowning accident. In 

a subsequent study performed by Tojo [26], which involved 

two children with cerebral palsy, reported that spasticity was 

significantly reduced, and the children were able to relax their 

posture easily. However, these studies have only been descrip-

tive reports of a few cases without scientific analysis. Thus far, 

because the Ueda method has not been systemically validated 

in stroke patients, the benefits of this method are not well un-

derstood. This study was the first to use an electrophysiological 

technique in the upper-extremity muscles to identify the pos-

sibility of applying the Ueda method in adult stroke patients. 

In this study, we demonstrated the effects of the Ueda method 

in reducing the exaggerated stretch reflex of the biceps brachii 

and found the effective changes in the flexor synergies of the 

upper extremities during arm reaching. Our results showed 

the possibility of restoring the altered circuit at the brainstem 

and spinal levels by the Ueda method. Moreover, given that the 

Ueda method was applied only once in this study, the change 

in the upper-extremity synergies during the active behavior 

that is immediately present, as well as the change in the reflex 

during a passive stretch, is a positive result.

There are, however, some problems that remain to be solved 

in this study. Firstly, it remains unclear whether all results lead 

to the improvement in motor function. Secondly, the long-

term effects after the application of the Ueda method were not 

investigated. Thirdly, the sample size was small. Finally, the 

effects of the two techniques used in this study (i.e., shoulder 

girdle and upper-extremity techniques) were not distinguished.

CONCLUSIONS

We confirmed that the application of the Ueda method ef-

fectively should change upper-extremity flexor spasticity and 

upper-extremity flexion synergies in stroke patients. Hence, 

we suggest that the Ueda method should be considered as a 

rehabilitation therapy for stroke patients with spasticity. This 

study is clinically significant, as it introduced a new concept 

of rehabilitation therapy that should address the limitations 

of conventional therapy, which should be difficult to perform 

in patients with spasticity. Further studies with larger samples 

are required to confirm the correlation between electrophysi-

ological changes and improved motor function after applying 

the Ueda method. Moreover, we will need to design a study 

with longer follow-up periods to verify the effectiveness of the 

method according to its specific techniques and steps.
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