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Background: This study investigated the clinical efficacy of electroacupuncture (EA) in 

inhibiting upper-extremity spasticity in chronic stroke patients, and also in mapping a unique 

preliminary acupoint-selection protocol.

Methods: Fifteen patients were divided into two groups: patients in the control group (n=6) 

received minimal acupuncture (MA), and those in the experimental group (n=9) received 

EA. Four acupoints, which include Neiguan (PC6), Shaohai (HT3), Zeqian (Ex-UE, A32), 

and Shounizhu (EX-UE), were treated near the motor points of the muscles for elbow 

 flexion, forearm pronation, and finger flexion. Both groups were treated for twelve sessions, 

20 minutes per session, for 6 weeks (two sessions per week). The outcome measures in this 

study included angle of muscle reaction (R1), passive range of motion (R2), and dynamic 

component (R2–R1).

Results: In the experimental group, the R2–R1 of the elbow joint was significantly decreased 

at 1 (P=0.0079), 3 (P=0.0013), and 6 weeks (P=0.0149) after treatment compared with pretreat-

ment levels (P,0.05). The between-group difference in the R2–R1 of the elbow joint after the 

6-week treatment was statistically significant.

Conclusion: Combining the 6-week EA and standard rehabilitation treatment reduced the 

spasticity of the elbow for chronic stroke survivors. However, no significant effect was observed 

in the spasticity of the wrist joints. The choice of acupoints and the frequency of EA have to 

be taken into account to achieve a positive treatment effect. The correlation between acupoints 

and motor points provides a model of acupoint selection to improve spasticity.
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Introduction
Stroke was the second-leading cause of death in the Taiwanese population between 

1985 and 2006 and the third-leading cause of death in the Taiwanese population in 

2010, based on statistical data from the Chinese Department of Health.1 Approximately 

18.9% of stroke survivors in Taiwan have moderate levels of disability, and 26.4% 

have the most severe motor disability.2 Stroke survivors are seriously affected by such 

complications as handicaps, unclear consciousness, aphasia, dementia, psychologi-

cal abnormalities,2 and incomplete bladder emptying.3 Most of these patients have 

permanent disabilities, and tend to show dependence in performing daily activities to 

various degrees. Stroke sequelae are a serious burden for the family of stroke survivors 

and for the whole society.

Spasticity is a component of upper-motor neuron syndromes such as stroke, and 

has been defined as a motor disorder characterized by a velocity-dependent increase 
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in tonic stretch reflexes with exaggerated tendon jerks, which 

result from the  hyperexcitability of the stretch reflex.4 Severe 

 spasticity can cause reduced flexibility, posture, and functional 

mobility, as well as joint pain, contracture, and difficulty in 

positioning for comfort and hygiene.5 Pinedo and de la Villa6 

also declared that 23% of stroke patients  experienced joint 

tightness and soreness because of contracture. It is also 

considered as a potential obstacle in improving motor con-

trol and functional ability of the upper limb when patients 

undergo different rehabilitative techniques.

Various methods for managing spasticity can be used, 

depending on clinical need and probability of success, to 

achieve specific functional goals. Treatment may include 

antispastic medications, such as baclofen, diazepam, tizani-

dine, or dantrolene. Physical therapy regimens may include 

muscle stretching and range-of-motion exercises to help 

prevent muscle shortening and atrophy and to reduce the 

severity of symptoms. Physical modalities and electrical 

stimulation can also help in managing spasticity. Targeted 

injection of phenol and botulinum toxin may be used to 

relax specific muscles. Surgical techniques, including 

orthopedic procedures, intrathecal baclofen, and selective 

dorsal rhizotomy, may be recommended for tendon release 

or to sever the nerve–muscle pathway.5 However, these 

treatments have their own disadvantages or limitations. For 

instance, oral medications have systemic side effects, such 

as sedation and metabolic load.7 Botulinum toxin injection 

is relatively expensive and requires repetition.8 Intrathecal 

baclofen has been associated with pruritus, dramatic increase 

in spasticity, agitation, seizures, and mortality resulting from 

withdrawal.5

Acupuncture is one of the main modes of treatment in tra-

ditional Chinese medicine (TCM), and has been performed for 

more than 2,000 years. It was widely used to treat hemiplegia 

long before the Tang dynasty.9 TCM is based on the yin–yang 

theory, where energy called chi flows through the organs. Chi 

is essential in maintaining good health.10,11 Acupuncture can 

correct the imbalance of energy  circulation.11 Studies have 

shown that acupuncture could improve poststroke motor 

ability.9,12,13 Systematic reviews14–16 that include a consensus 

statement from the National Institutes of Health in 199717 sug-

gest that acupuncture might be a useful supplement to stroke 

rehabilitation. Electroacupuncture (EA) is performed in the 

therapy, where a trace electric current similar to the human 

bioelectric current is applied to the needle until a needling 

sensation is felt by the patient. The needle is placed on the 

meridian points of the human body.18 This method is often 

used to treat Wei flaccid syndrome and various injuries of the 

muscles, joints, ligaments, and tendons.18 A study has shown 

that EA can temporarily reduce spasticity caused by stroke, 

and if applied repeatedly, it can maintain a reduced level of 

spasticity.19 Another study has shown that acupuncture might 

improve the function of the affected upper limb in patients 

with chronic hemiparetic stroke by increasing the activity 

in the ipsilesional motor cortex.20 However, this study did 

not mention the selection of acupoints, and the sample size 

was small.

We conducted a pilot study to investigate the clinical 

efficacy of EA in inhibiting the upper-extremity spasticity 

of chronic stroke patients, and to map a unique preliminary 

acupoint-selection protocol based on TCM. We also tried 

to determine the correlation between acupoints and motor 

points.

Materials and methods
Patients
A prospective study was conducted between August 2008 

and July 2009 at clinical sites in mid-Taiwan Chinese medi-

cal university medical centers. Patients diagnosed with first 

instance of stroke were recruited for this study. During the 

study enrollment period, the patients continued conventional 

therapy (medication including hypoglycemic agents, insulin, 

and hypertensive agents, as well as regular rehabilitation 

programs). No major changes in drug administration and 

rehabilitation were done during the study.

Inclusion and exclusion criteria
The inclusion criteria included the following: 1) first instance 

of stroke (confirmed by computerized tomography scan 

or magnetic resonance imaging based on the definition of 

the World Health Organization); 2) aged between 35 and 

65 years; 3) stroke duration of over 6 months before enroll-

ment; 4) had the ability of oral communication; 5) modified 

Ashworth scale of spasticity greater than or equal to 2; and 

6) Brunnstrom stage II or III in the affected upper limb.

The exclusion criteria included the following: 1) recur-

rent stroke; 2) any condition of unstable neurologic or psy-

chological symptom; 3) poorly controlled diabetic mellitus 

and hypertension; 4) infection or dermatologic condition at 

acupuncture sites; 5) inflammation, old fracture, or prosthe-

sis in the study limb; 6) arrhythmia or implanted pacemaker; 

7) past or planned treatment for spasticity in the study limb 

with phenol or alcohol block, intrathecal baclofen pump-

ing, or surgery. In addition, patients were excluded if they 

had been treated with botulinum toxin injection within the 

last 6 months. All patients gave informed consent, and the 
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institutional review board of the university approved the 

study.

Identification of the acupuncture points
Four acupuncture points – Neiguan (PC6), Shaohai (HT3), 

Shounizhu (EX-UE), and Zeqian (EX-UE, A32) (Table 1) – 

were selected for treatment and were identified by an experi-

enced traditional Chinese physician in this study.21–23

Treatment procedures
After giving informed consent, the patients were given ran-

dom numbers that were produced by a computer. The patients 

were grouped into two groups: experimental group, where the 

patients received EA with standard rehabilitation (SR); and 

control group, where the patients received minimal acupunc-

ture (MA) with SR. SR included passive range-of-motion 

exercises, stretching exercises, strengthening exercises, 

balance training, mobility training, and functional training. 

The experimental group was treated with acupuncture for 

twelve sessions, 20 minutes per session, for over 6 weeks 

(two sessions per week). The needles were inserted in the 

following acupoints on the subject’s hemiparetic arm: Zeqian 

(EX-UE, A32), Shounizhu (EX-UE), Shaohai (HT3), and 

Neiguan (PC6). The frequency of electrical stimulation was 

50 Hz. The intensity of the current was increased to the point 

where the patient reported a needling reaction. At this point, 

the current was slightly reduced to an unpleasant but tolerable 

intensity. The needling reaction is the characteristic response 

of a subject to acupuncture-needle insertion and manipula-

tion. Electrical stimulation lasted for 20 minutes.

The control group received SR and MA. Stimulation was 

applied using the same electrodes, locations, and device with 

the electrical stimulator disconnected. Minimal acupuncture 

was used. Needle insertion was limited to depths of 0.05– 

0.2 cun, and no needle manipulation was performed after 

needle insertion. Eliciting “de-chi” was prohibited. Electric 

stimulation lasted for 20 minutes.

Measurement of outcomes
The efficacy of treatment was measured before, immediately, 

3 weeks, and 6 weeks after the start of the treatment. We 

measured the patient’s angle of muscle reaction (R1), pas-

sive range of motion (R2), dynamic component (R2–R1) in 

the wrist and elbow joints by using a goniometer. The R1 

angle is the “angle of catch” after a quick stretch, whereas the 

R2 angle is the passive joint range of movement following a 

slow stretch. The R2–R1 value indicates the level of dynamic 

component of spasticity in the muscle, and is proportional 

to the severity of spasticity.24 Furthermore, to ensure consis-

tency, the evaluating therapist who scored the outcome was 

the same person on each occasion for each patient, and was 

blinded to the type of treatment.

statistical analysis
All statistical analyses were performed using SPSS 

version 10.0 for Windows (IBM, Armonk, NY, USA). 

The means and standard deviations were calculated for all 

subjects in each group for each parameter. Changes from 

these two groups were evaluated using a paired-sample 

t-test. A P-value of ,0.05 was considered statistically 

significant.

Results
Demographics
A total of 20 patients were enrolled and randomly distributed 

to the experimental group or control group; 15 (75%) com-

pleted the whole study course (Figure 1). No complication 

was observed during the EA treatment. The experimental 

group consisted of three male participants and six female 

 participants. The mean age was 61.67±6.91 years, and the 

average duration after stroke onset was 4.67±2 years. The ratio 

of ischemic stroke to hemorrhagic stroke was 5:4. The control 

group consisted of one male participant and five female 

participants. The mean age was 55.17±12.92 years, and the 

Table 1 Acupoints used in this study

Acupuncture point Location Depth

neiguan 
(PC6)

On the palmar side of the forearm, 2 cuna above the transverse crease of the wrist,  
between the tendons of the palmaris longus muscle and flexor carpi radialis muscle.

Perpendicular insertion 
0.5–0.8 cuna

shaohai 
(hT3)

With the elbow flexed, at a midpoint of the line connecting the medial end of cubital  
crease and the medial epicondyle of the humerus.

Perpendicular insertion 
0.5–0.8 cuna

shounizhub 
(ex-Ue)

Locate at the flexion side of the forearm, 6 cuna above the transverse crease of the wrist,  
between the tendons of palmaris longus and flexor carpi radialis muscle.

Perpendicular insertion 
0.5–1.0 cuna

Zeqianb 
(ex-Ue, A32)

1 cuna below Chize (lU5), which is at radial edge of biceps tendon in elbow crease Perpendicular insertion 
0.5–1 cuna

Notes: aCun is a measurement used for acupuncture point location. One cun is equal to the space between the distal interphalangeal joint and the proximal interphalangeal 
joint on the middle finger; bex-Ue is an extra acupuncture point instead of meridian acupuncture point.
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Patients with first instance
of stroke
(n=20)

Control group
(MA+SR)

(n=10)

Experimental group
(EA+SR)
(n=10)

Dropped out (n=1):
• Intolerable pain (n=1)

Dropped out (n=4):
•  Intolerable pain (n=1)
•  Recurrent stroke (n=1)
•  Visit other clinics more
    accessible to them (n=2)

Completed study
(n=9)

Completed study
(n=6)

Enrollment

Randomized

Figure 1 Flow diagram showing the paths for recruited patients. 
Abbreviations: eA, electroacupuncture; sr, standard rehabilitation; MA, minimal acupuncture.

Table 2 Demographic characteristics of the subjects in both 
groups

Basic data Experimental  
group 
(n=9)

Control  
group 
(n=6)

P-value

Age (years) 61.67±6.91 55.17±12.92 0.2247
sex 0.6044
 Male 3 1
 Female 6 5
stroke duration (year) 4.67±2.00 5.33±1.03 0.4687

Type of stroke 0.6084
 Ischemic 5 2
 hemorrhagic 4 4
side affected (body) 0.6084
 left 5 2
 right 4 4
lesion site 
 supratentorial 
 Infratentoral

 
7 
2

 
5 
1

Note: Level of significance set at P,0.05.

average duration after stroke onset was 5.33±1.03 years. 

The ratio of ischemic stroke to hemorrhagic stroke was 2:4. 

The demographic characteristics are shown in Table 2. No 

significant difference was observed in any demographic 

variable in either group (P.0.05).

Difference in r2–r1 obtained  
before and after treatment
In the experimental group, the R2–R1 value of the elbow 

joint was significantly decreased 1, 3, and 6 weeks after 

treatment compared with pretreatment levels (P,0.05) 

(Table 3 and Figure 2). In the experimental group, no 

significant changes were observed for any R2–R1 value of 

the wrist joint measured during the treatment period. In the 

control group, no significant changes were observed for any 

R2–R1 value of the elbow and wrist joints measured during 

the treatment period.
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Table 3 Changes in r2–r1 of elbow and wrist joints in the two 
groups

Treatment  
period

Experimental group  
(n=9)

Control group  
(n=6)

R2–R1 
(after–before 
treatment)

P-value R2–R1 
(after–before 
treatment)

P-value

elbow joint
 1 week -26°±32.48° 0.0079* -0.33°±13.99° 0.9557
 3 weeks -30.89°±19.16° 0.0013* -5.33°±22.03° 0.7157
 6 weeks -40.75°±35.92° 0.0149* 6.33°±17.32° 0.4114
Wrist joint
 1 week 3°±11° 0.4977 5.67°±13.05° 0.3361
 3 weeks -1.22°±13.30° 0.7898 2.67°±10.26° 0.6968
 6 weeks -3.63°±20.20° 0.6273 0.67°±19.29° 0.9358

Note: Level of significance set at P,0.05, *P,0.05.

Intra-group  change of R2–R1 
of elbow joint

−120.00

1 3 (weeks)

(degree)

A B

C D

Experimental group
Control group

−80.00

−40.00

40.00

80.00

120.00

0.00

* *
*

Intra-group  change of R2–R1 of
wrist joint

−120.00

1 3 6 (weeks)

(degree)

Experimental group
Control group−80.00

−40.00

40.00

80.00

120.00

0.00

R2–R1 of elbow joint R2–R1 of wrist joint

−120.00
3 6 (weeks)Pre-treatment Pre-treatment

(degree)

Experimental group

Control group−80.00

−40.00

40.00

80.00

120.00

0.00
*

*

−120.00
3 6 (weeks)

(degree)

Experimental group

Control group−80.00

−40.00

40.00

80.00

120.00

0.00

6

Figure 2 Intragroup and between-group change of r2–r1 of elbow joint and wrist joint. *P,0.05.

Between-group differences in r2–r1
No significant difference was observed in the R2–R1 values 

of the elbow joint between the experimental and control 

groups at 3 weeks after treatment. After 6 weeks, the aver-

age R2–R1 value of the elbow joint was 31.75°±17.38° 

in the experimental group, which was significantly less 

than that of the control group, at 66°±11.87° (P=0.0014) 

(Table 4 and Figure 2). No significant difference was 

observed in the R2–R1 values of the wrist joint between 

the experimental and control groups at 3 and 6 weeks after 

treatment.

Discussion
summary of the important  
findings in this study
Patients diagnosed with first instance of stroke received either 

twelve sessions, two sessions per week, 20 minutes per ses-

sion, EA of 50 Hz with SR in the experimental group or MA 

with SR in the control group. This study demonstrates that a 

significant reduction was observed in the R2–R1 values of the 

elbow joint 1, 3, and 6 weeks after treatment compared with 

pretreatment levels in the experimental group. However, no 

significant treatment effect was observed in the wrist joint. 

In the control group, no significant changes were observed 

for any R2–R1 value of the elbow and wrist joints measured 

during the treatment period.

effectiveness of the eA treatment  
for spasticity in stroke patients
The spasticity and R2–R1 value of the elbow joints were 

significantly reduced after 6 weeks of SR and additional EA 

twice per week in nine patients in the experimental group. 

A randomized controlled study has also shown that EA has 
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Table 4 Comparison of r2–r1 between experimental and 
control groups

Treatment period Experimental  
group (n=9)

Control  
group (n=6)

P-value

r2–r1 of elbow joint
 Pretreatment 72.67°±29.24° 59.67°±12.80° 0.2632
 3 weeks 41.78°±19.38° 53.33°±11.55° 0.3604
 6 weeks 31.75°±17.38° 66°±11.87° 0.0014*
r2–r1 of wrist joint
 Pretreatment 28.33°±13.10° 10.33°±15.77° 0.0316*
 3 weeks 27.11°±16.44° 10.00°±28.21° 0.7698
 6 weeks 26.00°±18.70° 11.00°±27.91° 0.2503

Note: *Level of significance set at P,0.05.

additional beneficial effects on the long-term recovery of 

motor function in patients after the first instance of ischemic 

stroke, especially in upper-limb motor function, compared 

with conventional rehabilitation.25 Furthermore, the reduction 

of the R2–R1 value of the elbow in the experimental group 

6 weeks after treatment (-40.75°±35.92°) was greater than 

that 3 weeks after treatment (-30.89°±19.16°). The treat-

ment effect in poststroke spasticity could be maintained by 

repeated EA. This observation supports those of other studies, 

where EA was reported to reduce temporarily the spasticity 

caused by stroke and that a reduced level of spasticity could 

be maintained when EA was repeatedly applied.19

On the contrary, the R2–R1 value of the wrist joint in the 

experimental group 3 weeks after treatment (27.11°±16.44°) 

was less than that before treatment (28.33°±13.10°). The 

R2–R1 value of the wrist joint 6 weeks after treatment 

(26.00°±18.70°) was less than that 3 weeks after treatment. 

No significant treatment effect was observed in the wrist 

joint. Furthermore, we assumed that this phenomenon was 

related to the principle of selection of acupoints.

Correlation between acupoints, 
myofascial trigger points, and end plate
The motor point is the point over a muscle where a contrac-

tion of a muscle may be elicited by a minimal-intensity, 

short-duration electric stimulus. The motor point corresponds 

anatomically to the location of the terminal portion of the 

motor nerve fibers (end-plate zone). The end-plate zone is 

the region in a muscle where the neuromuscular junctions of 

the skeletal muscle fibers are concentrated.26

The myofascial trigger point (MTrP) is defined by Travell 

and Simons27,28 as the most tender (hyperirritable) spot in 

a palpable taut band of skeletal muscle fibers. It has been 

suggested that “spot tenderness,” “taut band,” and “pain 

recognition” are the three important criteria for the diagnosis 

of MTrP, and “referred pain” and “local twitch responses” 

(brisk contraction of muscle fibers in its taut band) can be 

“confirmatory signs” for MTrP diagnosis.29 It has been 

suggested that MTrPs appear to be related to excessive 

acetylcholine release in the neuromuscular junction (motor 

end plate), and MTrPs appear to be located in the end-plate 

zone of the affected muscle fibers, where there was increased 

spontaneous electrical activity.30–32

Melzack et al33 found the trigger points are firmly 

anchored in the anatomy of the neural and muscular systems. 

He suggested a hypothesis that trigger points and acupoints 

for pain, though discovered independently and labeled dif-

ferently, present the same phenomenon, and found a remark-

ably high degree (71%) of correspondence with MTrPs and 

acupoints. Dorsher found strong anatomic (92%), clinical 

(79.5%), and meridian-referred pain (76%) correspondences 

of trigger and acupoints in his study, and suggested acupunc-

ture meridians were shown not only to exist conceptually but 

also to be physiologic (and possibly anatomic) entities.34,35

selection of acupoints
We chose acupoints based on the traditional Chinese medi-

cine theory of yin and yang, as well as that of meridians and 

collaterals. Significant improvement in the spasticity of the 

elbow joint was observed.

Botulinum toxin is the most promising blocking agent 

used for focal treatment of spasticity. When injected intra-

muscularly, botulinum toxin works at the end-plate level 

by blocking the release of acetylcholine into the synaptic 

cleft.36 A study has shown that intramuscular injections of 

botulinum toxin A in upper-limb muscle groups reduced 

the spasticity and associated disabilities in patients who 

had had a stroke.8 Since Botulinum toxin injection for 

upper-extremity spasticity treatment targeted at end-plate 

within injected muscle. Given the high correspondence 

of acupoints MTrPs, and end-plate zone, the acupoints 

we used to treat upper-limb spasticity should be near the 

site of botulinum toxin injection for upper-limb spasticity 

 treatment. Neiguan (PC6) and Shaohai (HT3) should be near 

the site of botulinum toxin injection to reduce the spasticity 

at the elbow pronation (motor point of pronater teres and 

pronator quadricium). Shouzizhu (Ex-UE) should be near 

the site of botulinum toxin injection to reduce the spasticity 

when the hands are clenched and when the thumb is placed 

in the palm (flexor digitorum superficialis and flexor pollicis 

longus). Zeqian (Ex-UE) should be near the site of botulinum 

toxin injection to reduce the spasticity of the elbow flexion 

(Brachioradialis) (Figure 3).37
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Pronator teres

Flexor digitorum
superficialisBrachioradialis

Pronator quadratus

Shaohai (HT3)

Zeqian (Ex-UE)

Neiguan (PC6)

Shounizhu (Ex-UE)

Flexor digitorum superficialis

Brachioradialis

Pronator teres

Pronator quadratus

Figure 3 Comparison of acupoints used in this study and motor point of forearm muscle (drawn by Wang).
Abbreviations: ex-Ue, extra acupuncture point instead of meridian acupuncture point.

Possible mechanism of acupoint selection 
in spasticity treatment in stroke patients
Several hypotheses about the mechanism of EA in reducing 

spasticity have been suggested. These hypotheses include 

the change in neurotransmitter production38–40 and the excit-

ability of the spinal motor neuron.39,41 We may assume 

that the effect of EA on spasticity may also be related to 

the stimulation at the motor point of the affected muscle. 

The correlation between acupoints and motor points was 

mentioned earlier. Most acupoints in this study were near 

the motor points of muscles related to elbow movement. 

No acupoint in this study was near the site of botulinum 

toxin injection for wrist movement; therefore, there was 

no significant reduction of spasticity of the wrist joint in 

this study.

Bedside botulinum toxin injection was mediated via 

chemical pathway-blocking acetylcholine action on the 

neuromuscular junction by the botulinum toxin. If EA can 

achieve a similar effect, it seems to be a better solution for 

spasticity treatment based on the following reasons: no con-

cern was raised about the side effect caused by medicines, 

such as muscle weakness caused by inappropriate dose, risk 

of overdose, nor the possible resistance to botulinum toxin 

injection treatment because of antibody production.

Liu et al42 have shown that muscle spasticity was signifi-

cantly decreased and the active range of motion of the wrist 

joint was increased after a 6-week combined EA treatment 

and strengthening exercise intervention. The acupoints used 

in that study were Hegu (LI 4), Houxi (SI 3), Waiguan (TE 5), 

Quchi (LI 11), Shousanli (LI 10), and Jianyu (LI 15). Most of 

these acupoints are near the muscle-injection sites for wrist 

movement; therefore, wrist spasticity could be determined. 

Therefore, EA can significantly reduce the spasticity in the 

upper limbs in chronic stroke patients. Moreover, a correla-

tion was observed between acupoints and motor points in 

treating spasticity.

Possible mechanism of eA treatment  
for spasticity in stroke patients
The frequency of electrical stimulation can be divided into 

three categories based on frequency range: low (,10 Hz), 

middle (10–100 Hz), and high (.100 Hz).38 Studies on 

acupuncture analgesia have shown that endogenous opioid 

peptides were released in response to low-frequency elec-

trical stimulation, whereas serotonin and dynorphin were 

released in high-frequency electrical stimulation.38 Thus, 

neural mechanisms are dependent on the different frequen-

cies of electrical stimulation. Yu39 and Han et al40 used EA 

on the surface of two couples of acupoints. They reported 

that a short-term application (30 minutes) of high-frequency 

EA (100 Hz) produced an immediate antispastic effect com-

pared with low-frequency EA (2 Hz).39,40 This result might 
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be related to the differences in the released neurotransmitters  

based on the different frequencies of electrical  stimulation.39,40 

The mechanism of the effect of EA on spasticity is not fully 

understood. EA has been proposed to reduce spinal motor-

neuron excitability.41 Yu39 inferred that high-frequency EA 

enhanced the production of dynorphin in the cerebrospinal 

fluid, and then decreased the excitability of the motor neurons 

in the anterior horns through kappa-opiate receptors, thereby 

reduce the muscle spasticity.

Another study on the antispastic effect of EA in stroke 

patients with elbow spasticity used mid-frequency stimu-

lation (50 Hz). This found that EA temporarily reduced 

spasticity caused by stroke, and when it was repeatedly 

applied, the reduction of spasticity was maintained until 

5 days after treatment.19 Thus, we used the same frequency 

stimulation (50 Hz) in the present study, and the results of 

the present study are in agreement with the previous study, 

where EA with mid-frequency stimulation had a positive 

treatment effect on spasticity in stroke patients. Thus, we 

used different acupoints to prove that the effect of EA was 

affected not only by frequency but also by acupoint selection. 

With the same frequency stimulation, our results showed 

the treatment effect of EA was different at different joints. 

These differences were related to acupoint selection, where 

locations near the motor points of the target muscle had a 

positive treatment effect.

limitations of this study
A number of spasticity-measuring tools are used, and these 

range from simple questionnaires and goniometry evaluations 

to more technologically complicated electromyographic and 

biomechanical analysis of limb resistance to mechanical dis-

placement and even video-monitoring assessments of joint 

mobility.5,43,44 The present study was limited because no tool 

or equipment was used in objectively quantifying spasticity, 

but the outcome measurements used in this study, such as 

R1, R2, and R2–R1 over the wrist and elbow joints, have 

been widely used in previous studies.24

The control group received minimal acupuncture as 

sham control. Lin et al45 reviewed control-group design 

in randomized controlled trials of acupuncture. He found 

that minimal acupuncture had advantages, including the 

elimination of placebo effect, ensured blinding, and easy 

manipulation. Its limitation was potential therapeutic effects 

in the control group. He also mentioned other control design 

such as transcutaneous electrical nerve stimulation, laser 

acupuncture, sham-point acupuncture, and placebo needling, 

with limitations of potential therapeutic effect, inadequate 

blinding, site limitation, and so forth. A study also showed 

placebo needling had a greater placebo effect on subjects than 

placebo pills.46 Therefore, there is need for further research 

on new techniques or comparisons of sham control design 

of randomized controlled trials of acupuncture.

Another limitation of the current study is the restrictive 

sample size. Thus, a larger patient population and incorpo-

rating a multicenter trial should be conducted before the 

treatment is widely promoted. Moreover, the study focused 

on longer follow-up periods.

Finally, the effect of acupuncture on stroke rehabilita-

tion may be better demonstrated when a subgroup of people 

with a specific type of stroke is enrolled. Therefore, further 

research should be performed to confirm our preliminary 

results.

Conclusion
Our study shows that the combined 6-week EA and SR 

treatment reduced upper-extremity spasticity and R2–R1 

of the elbow joint for chronic stroke survivors. However, 

no significant effect was observed in the spasticity of wrist 

joints. The choice of acupoints and the frequency of EA 

should be varied depending on the target joint to achieve a 

positive treatment effect, based on the very limited number 

of patients completed in the study. Furthermore, we provide 

a preliminary model of acupoint selection where performing 

EA on motor points would have a treatment effect similar 

to botulinum toxin injection in reducing spasticity. Further 

research with longer intervention and larger patient popula-

tion is needed.
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