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Si-Woon Park, MD, MSCR,1,2 Sook-Hee Yi, MD,1,3 Jung Ah Lee, PhD,4 Pil Woo Hwang, BOM,4

Hyun Cheol Yoo, MD,1 and Kyoung Sook Kang, OMD, PhD4,5

Abstract

Objectives: Acupuncture has been suggested as a treatment for spasticity in patients with stroke. The available
literature was reviewed in an effort to assess its efficacy in this situation.
Methods: Randomized trials assessing the effects of acupuncture for the treatment of spasticity after stroke
were identified by searching the Cochrane Library, PubMed, ProQuest, EBSCOhost, SCOPUS, CINAHL,
EMBASE, Alternative Medicine Database, and Chinese and Korean medical literature databases. Two re-
viewers independently extracted data on study characteristics, patient characteristics, and spasticity outcomes.
Results: Eight trials with 399 patients met all the inclusion criteria. Compared with controls without acupuncture,
acupuncture had no effect on improving clinical outcomes (as measured by validated instruments such as the
Modified Ashworth Scale) or physiologic outcomes (assessed by measures such as the H-reflex/M-response [H/M]
ratio at the end of the treatment period). H/M ratios did decrease significantly immediately after the first acu-
puncture treatment. Methodologic quality of all evaluated trials was considered inadequate.
Conclusions: The effect of acupuncture for spasticity in patients with stroke remains uncertain, primarily
because of the poor quality of the available studies. Larger and more methodologically sound trials are needed
to definitively confirm or refute any effect of acupuncture as a treatment for spasticity after stroke.

Introduction

Spasticity has been defined as a motor disorder char-
acterized by a velocity-dependent increase in tonic stretch

reflexes (muscle tone) with exaggerated tendon jerks, result-
ing from the hyperexcitability of the stretch reflex.1,2 It is a
characteristic feature of upper motor neuron syndromes, such
as stroke, and is a potential obstacle to improvements in motor
control and functional ability.3 Spasticity can cause difficul-
ties in walking and activities of daily living, such as dressing
and bathing.4 It may interfere with voluntary motor functions
in patients with residual muscle power.5 It may also cause
limbs to become fixed or frozen in an uncomfortable position.
In some patients, severe spasticity causes pain, discomfort,
and sleep disturbances.6 Accordingly, controlling spasticity is
a major goal in rehabilitation after stroke syndromes.

Different treatments, such as physical therapy, orthotics,
oral and intramuscular drugs, and surgical interventions,
have been used to reduce spasticity. However, every con-
ventional approach has its limitations,7 and no satisfactory
long-lasting treatment for spastic muscles has yet been dis-

covered. Thus, it is important to evaluate the effectiveness of
‘‘nonconventional’’ interventions, such as acupuncture.

Acupuncture is a relatively simple, inexpensive, and safe
treatment modality.8 It has been used to improve motor,
sensation, speech, and other neurologic functions in Chinese
and Korean patients after stroke and may reduce spasticity
in patients with stroke.9–12 These reported findings led us to
investigate the effects of acupuncture in stroke patients with
spasticity.

Most previous studies in this area have provided limited
objective evidence in describing acupuncture’s beneficial
effects in terms of a reduction in spasticity after stroke.
Although some meta-analyses have assessed the efficacy of
acupuncture in stroke rehabilitation,13–17 no published sys-
tematic review of acupuncture has specifically focused on
spasticity in stroke rehabilitation.

Materials and Methods

This study was exempt from institutional review board
review because no human participants were involved.
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Data sources

A literature search of English-language journals was
performed using the Cochrane Library, PubMed, ProQuest,
EBSCOhost, SCOPUS, CINAHL, EMBASE, and Alternative
Medicine Database by two reviewers. Two authors reviewed
Chinese-language journals by using the China Academic
Journal Full-text Database by two reviewers. Two reviewers
also searched Korean-language journals using the KoreaMed,
RISS, KISTI, and DBpia databases. The literature review cov-
ered the period between January 1990 and August 2009. The
key words used for the search were ‘‘acupuncture/electro-
acupuncture,’’ ‘‘stroke/CVA/cerebrovascular accident/cerebral
infarction/intracerebral hemorrhage/ICH/cerebral embolism,’’
and ‘‘spasticity/muscle hypertonia.’’ Additionally, the refer-
ences from all the identified studies and reviews were hand-
searched for any other studies that might not have been
identified by the electronic searches.

Selection

Two reviewers for the English, Chinese, and Korean lit-
erature each independently reviewed the trials for inclusion.
In cases of disagreement between the two review authors, a
third author reviewed the information to decide whether to
include the study. The inclusion criteria were (1) randomized
controlled clinical trials (RCTs) or quasi-randomized con-
trolled trials; (2) trials comparing acupuncture of any kind
with no acupuncture (or sham acupuncture); (3) patients with
stroke (cerebral infarction, intracerebral hemorrhage, cere-
bral embolism, or unclassified stroke); (4) condition diag-
nosed clinically and/or by computed tomography or magnetic
resonance imaging; and (5) spasticity measures.

Trials in which the acupuncture treatment did not involve
needling, such as acupressure or laser acupuncture, and trials
in which the control group underwent any kind of acupunc-
ture were excluded. Furthermore, trials limited to patients

with subarachnoid hemorrhage or subdural hematoma were
excluded. The full text of the article was retrieved if there was
any doubt about whether an article should be excluded.

Methodologic quality assessment

The Jadad scale was used to measure the quality of the
included studies.18 This validated scale includes the following
criteria: method of randomization, double-blinding, and re-
porting of withdrawals and dropouts. Because quality scales
have their limitations, the individual components of study
quality were evaluated for each included randomized con-
trolled trial, including the concealment of treatment allocation,
assessor blinding, intention-to-treat analysis, dropouts, and
sample size. This quality assessment was performed by two
reviewers independently, with disagreements reported to and
resolved by a third author.

Data abstraction

Data were extracted independently from the included
studies by the same two reviewers who were responsible for
the literature searches. Once extraction was completed, any
disagreement on data extraction and evaluation was resolved
through discussion with or by a third party if necessary.
Recorded data included study characteristics, patient char-
acteristics, and outcomes. For the primary outcome of
spasticity, evaluation measures included the Modified Ash-
worth Scale (MAS)19 and the H-reflex/M-response ratio
(H/M ratio).20 Additionally, motor impairment measures,
such as the Fugl-Meyer Assessment-Motor score (FMAM),21

and disability measures, such as the Barthel Index (BI)22 and
Functional Independence Measure (FIM),23 were included as
secondary outcome measures. All the extracted data were
crosschecked, and differences were corrected by conferring
with a third party, if necessary.

FIG. 1. Details of the lit-
erature review and study
identification for the sys-
tematic review.
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Data analysis

MIX software, version 2.0 (BIOSTATXL, Mountain View,
CA) was used to calculate treatment effects across trials.
Heterogeneity among trial results was tested using a standard
chi-square test, with a threshold value of p < 0.05. Overall
comparisons were made between acupuncture and controls.

The standard deviation of the changes in outcome mea-
sures for each group could not be calculated because they
were not always reported. Consequently, as an alternative
method, the comparison of final measurements was used. In
theory, this estimates the same quantity as the comparison of
changes from the baseline in a randomized trial.24

In subgroup analysis, the plan was to compare effects in
patients with different stroke causes, time to start of treat-
ment, and spasticity severity at baseline, if appropriate data
were available. Similarly, if appropriate data were available,
a sensitivity analysis to assess the effects of including only
those trials with double-blinding, with adequate conceal-
ment of randomization, and published in a language other
than Chinese was planned. Finally, examination of any po-
tential publication bias using a funnel plot was planned if
sufficient RCTs were identified.25,26

Results

Qualitative findings

Details of the literature search are shown in Figure 1.
Through the search, 232 English-language papers, 194 Chinese-
language papers, and 25 Korean-language papers were
identified. The 451 abstracts were scanned first and 187 full
articles that were potentially relevant were reviewed further.
Of the 187 studies remaining, 179 did not meet the inclusion
criteria. Thirty-eight studies were excluded because they
were not RCTs (24 were case reports, 11 were nonclinical
trials, and 3 were nonrandomized studies). Twenty were
excluded because they did not compare acupuncture of any
kind with either no acupuncture or sham acupuncture.
Moreover, 121 were excluded because they did not measure
spasticity. This left eight RCTs with 399 patients meeting all
the inclusion criteria. These eight studies were evaluated in
this review and meta-analysis.

The characteristics of the included studies are presented
in Table 1. Of the eight included trials, one was conducted
in Germany,27 six in China (including Hong Kong and
Taiwan), and one in Korea.28–34 Seven trials did not de-
scribe their methods of randomization. One trial (60 pa-
tients) used a random-number table to allocate treatment.29

Adequate concealment of the randomization sequence from
doctors treating the patients was reported in only one trial,29

which used sealed, opaque, and sequentially numbered en-
velops. One study (with 25 patients) comparing acupuncture
with sham treatment was participant- and assessor-blinded,27

and one study was assessor-blinded.29 With the exception of
one study,30 intention-to-treat analysis was not done and
dropouts were not reported. On the whole, the methodologic
quality of the eight RCTs was poor.

Five trials described the nature of the strokes.27,30,32–34 In
total, 148 patients (three studies) received acupuncture
starting less than 6 months after stroke onset.31,33,34 Another
85 patients (two studies) began acupuncture more than 6
months after stroke onset (Table 2).27,29
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Seven trials compared acupuncture plus conventional
stroke rehabilitation (CSR) with CSR alone,28–34 and one
trial compared acupuncture with sham treatment.27 CSR
refers to conventional modalities used in stroke rehabilita-
tion, such as physiotherapy, occupational therapy, speech
therapy, and skilled medical and nursing care.15 Among the
trials included, one compared three arms, which were CSR
plus low-frequency electrical acupuncture, high-frequency
electrical acupuncture, and CSR alone.29 The actual acu-
puncture intervention varied across considerably the trials.
Electric acupuncture was performed in five trials (284 pa-
tients),28–32 and manual acupuncture was performed in three
trials (115 patients).27,33,34 All of the eight studies described
the acupuncture points used in detail, but the selected points
varied in both number of points stimulated and location of
these sites. The most commonly used points were large in-
testine 4 (LI4), large intestine 10 (LI10), large intestine 11
(LI11), large intestine 15 (LI15), and stomach 36 (ST36). The
total period of acupuncture treatment ranged from 2 weeks30 to
2 months.31 The number of treatment sessions varied from 827

to 60,31 and the frequency of treatment ranged between twice
per week27 to once per day.28–34 The needle retention time
ranged from 2030,32 to 45 minutes (Table 3).34 The most

commonly reported primary outcome was MAS, and the most
commonly used secondary outcomes was FMAM (Table 4).

None of the included trials reported the acupuncturists’
background, such as the duration of relevant training and the
length of clinical experience and expertise, and none of the
trials provided information on adverse events.

Quantitative findings

The two primary outcomes for spasticity included in this
review were (1) MAS as a clinical measure, and (2) the H/M
ratio as a neurophysiologic measure. Data for MAS outcome
in the upper extremities were available for five trials, in-
cluding a total of 249 patients.30–34 There was heterogeneity
between these trials because of differences in stroke types and
interventions. Looking at these five trials as a group, no
significant difference was detected between acupuncture and
control groups ( - 0.34 [95% confidence interval (CI), - 0.84
to 0.17]; Fig. 2).

Data for MAS outcome of the lower extremities were
available for five trials, with a total of 256 patients.27,31–34 There
was heterogeneity among these trials due to differences in times
of evaluation from stroke onset, stroke type, intervention,

Table 3. Summary of Studies According to Acupuncture Technique,

Details of Acupuncture, Control, and Cointervention

Author, location
(year)

Acupuncture
technique

Details of acupuncture
(acupoint, frequency,

duration) Control Cointervention

Fink et al., Germany
( 2004)27

Manual
acupuncture

> 10 acupoints (mainly LU9,
LR3, LI4, LI10, LU9,
ST36, SP9, GB34, GB39,
GV20), 30 min twice per
week for 4 wk

Sham acupuncture None

Gong et al., China
(2008)28

Electrical
acupuncture

1 acupoint (ST36), 50 Hz, 5
times per week for 6 wk

No acupuncture Physical and
occupational therapy

He and Zhang,
China (2008)29

Electrical
acupuncture

7 acupoints (ST3, LR8, LR9,
ST36, ST40, GB39, LR3),
100 Hz (high-frequency
group)/2 Hz (low-frequency
group), 30 min once per day
for 30 d

No acupuncture Physical therapy

Lee et al., Korea
(2007)30

Electrical
acupuncture

4 acupoints (PC3, PC2, PC6,
LU5), 60 Hz, 20 min 5
times per week for 2 wk

No acupuncture Conventional stroke
rehabilitation

Li et al., China
(2007)31

Electrical
acupuncture

5 acupoints ( LI15, LI14,
LI11, TE5, LI4), 1–100 Hz,
25 min once per day for
2 mo

No acupuncture Physical therapy

Qu et al., China
(2001)32

Electrical
acupuncture

8 acupoints (LI15, LI11, LI4,
LI10, ST32, ST34, ST36,
ST41), 20 min, once per
day for 30 d

No acupuncture Physical therapy

Sun, China (2003)33 Manual
acupuncture

7 acupoints (BL, DU, SI, SJ,
LI, ST36, etc.), once per day
for 30 d, including 3 d of rest

No acupuncture Physical therapy

Yan et al., China
(2003)34

Manual
acupuncture

14 acupoints (jian qian, PC1,
LU5, HT3, LU7, LI4, PC7,
ST31, ST32, SP10, ST36,
GB34, SP6), 45 min once
per day for 24–48 d

No acupuncture Physical therapy
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control groups used, and methodologic quality. No effect was
detected on the improvement of MAS of the lower extremities
after the acupuncture treatment (0.24 [95% CI, - 0.58 to 1.05];
Fig. 3).

Data for H/M ratios were available for three trials with a
total of 106 patients.27,28,30 There was heterogeneity among
them, for reasons similar to those noted previously. There
was no significant trend for H/M ratio in the acupuncture
group compared with the control group ( - 0.01 [95% CI,
- 0.08 to 0.06]; Fig. 4).

Data for H/M ratios immediately after the first treatment
were available for two trials with a total of 43 patients.27,30

There was no heterogeneity among them. The immediate
effect of acupuncture on the H/M ratio was significant
compared with the control group ( - 0.17 [95% CI, - 0.28 to
- 0.07]; Fig. 5).

The secondary outcomes of spasticity included in this
review are FMAM (as a motor recovery measure) and BI (as

a disability measure). Three trials with 108 patients assessed
FMAM of the upper extremities.30,32–34 There was signifi-
cant heterogeneity among them, due mainly to differences in
times of evaluation from stroke onset, stroke type, and in-
tervention. Acupuncture had no positive effects above and
beyond those of CSR on the motor recovery of the upper
extremities on the basis of these studies ( - 6.50 [95% CI,
- 10.47 to - 2.54]).

Three trials with 150 patients described FMAM of the
lower extremities at the end of follow-up.29,32–34 There was
significant heterogeneity among the three trials due to dif-
ferences in time of evaluation from stroke onset, stroke type,
intervention, and methodologic quality. Improvement in
motor recovery in the lower extremities was higher in the
acupuncture group (4.90 [95% CI, 4.26–5.53]).

Data for BI were available for two trials with 141 pa-
tients.31,32 There was no significant heterogeneity between
them. Patients in the acupuncture group were less dependent

FIG. 3. Comparisons of
Modified Ashworth Scale of
lower extremities at the end
of treatment period between
acupuncture group and con-
trol group.

FIG. 2. Comparisons of
Modified Ashworth Scale of
upper extremities at the end
of treatment period between
acupuncture group and con-
trol group. CI, confidence
interval.
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for help in the activities of daily living than patients in the
control groups; the difference was statistically significant
(0.7 [95% CI, 0.27–0.95]).

It was not possible to conduct subgroup analysis based on
stroke type, stroke lesion, time of starting acupuncture after
onset of stroke, and spasticity severity because of limitations
in the information available. It was also not possible to
perform a meaningful sensitivity analysis review because of
the small number of trials and the general poor quality of the
trials. Additionally, a funnel plot could not be performed to
check for publication bias because of the limited number of
trials for each outcome.

Discussion

While knowledge of the neurophysiologic mechanisms
leading to spasticity is limited,35 it is known that increased
gamma-motor neuron activity, decreased inhibition by spe-

cific interneurons, and altered common interneuron activity
increase alpha-motor neuron activity.36 Acupuncture may
change the motor neuron activity and/or change synaptic
transmission from muscle afferent terminals to spinal motor
neurons, presumably mediated by presynaptic interneurons,
and change intrinsic motor neuron properties, including
membrane input resistance or membrane receptor respon-
siveness to released transmitters.37

Eight trials with a total of 399 patients were included in
this review. Analysis of the trials appeared to show signifi-
cant improvement in the motor recovery of the lower ex-
tremities and disability after acupuncture, but not in the
spasticity measures. In the primary outcome measures of
spasticity used, acupuncture had no additional benefit be-
yond CSR either in the clinical outcome, such as MAS, or in
the neurophysiologic outcome, such as H/M ratios, at the end
of the acupuncture treatment. However, the H/M ratios de-
creased significantly immediately after the first acupuncture

FIG. 5. Comparisons of
H-reflex/M-response ratios at
the end of the first treatment
between acupuncture group
and control group.

FIG. 4. Comparisons of
H-reflex/M-response ratios at
the end of treatment period
between acupuncture group
and control group.
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treatment. The H/M ratio as an objective measure of the
severity of spasticity reflects spinal alpha-motor neuron ex-
citability.20 An improvement in H/M ratios is likely to be
related to reduced excitability of alpha-motor neurons. Fur-
ther work is needed to establish whether acupuncture defi-
nitely has this effect and to examine the possible mechanism
responsible for acupuncture-induced inhibitory effects on
alpha-motor neurons. However, the apparent immediate ef-
fect of acupuncture on spasticity detected in our review must
be interpreted with caution. The result was based on data
from two trials with a limited number of patients (in total, 45
patients), and one of the trials had poor methodologic quality
in terms of the methods of randomization, allocation con-
cealment, and blinding of assessment.

In the secondary outcomes assessed, motor recovery of
the lower limbs improved significantly after acupuncture
treatment. More improvement in disability score, such as the
BI, was seen in the acupuncture group compared with the
control group. These results are consistent with previous
studies to some degree.15 However, no definite conclusion
with respect to secondary outcomes can be reached because
the quality of these studies was poor. Additionally, caution
is needed in interpreting results related to motor recovery of
the upper extremities. This result was associated mainly
with Lee and colleagues’ trial,30 which had more weight in
the meta-analysis. Final FMAM and baseline FMAM scores
in the intervention group were lower than each of them in
the control group in Lee and colleagues’ study.30 This
contributed to the negative effect of acupuncture on FMAM
of the upper extremity. As the design of Lee and colleagues’
study30 included randomization, this final outcome was in-
cluded in the meta-analysis. However, the ratio changes in
FMAM in intervention group were significantly larger in
Lee and colleagues’ study.30

A strength of the present review is that it appears to be the
first systematic review to examine the effects of acupuncture
on spasticity after stroke. Although a few systematic reviews
have evaluated the effects of acupuncture on stroke,13–17 no
reported study has evaluated the effects of acupuncture on
the treatment of spasticity after stroke. Because many trials
had poor methodologic quality and had varying treatment
protocols, the heterogeneity made it difficult to consider the
trials as a single data set. However, it is meaningful to an-
alyze and evaluate the effects of acupuncture on spasticity
of stroke for the first time and give guidance about the de-
sign of future trials. For complementation, trials that met
inclusion criteria were included and analyzed.

Another strength is that this review evaluated acupuncture’s
effects on the improvement in spasticity using both clinical
and neurophysiologic spasticity measures. Clinical spasticity
measures showed a similar trend to the neurophysiologic
measures in this review. Finally, both primary outcomes and
secondary outcomes (such as motor recovery and disability)
were used to assess acupuncture’s effects on spasticity.

The insufficient number of trials prohibited meaningful
sensitivity analysis to assess how robust the results of this
review might be. Smith and colleagues found that sensitivity
analyses, based on blinding, reporting quality, validity
score, and country of origin, showed a higher proportion of
positive results for poor-quality studies than for those of
higher quality in assessing the evidence for the effectiveness
of acupuncture.38 With the available information, it was not

possible to perform prespecified subgroup analysis com-
paring patients with different cause of stroke, stroke lesion,
time to start treatment, and spasticity severity at baseline.
This was due to the limited amount of data, the lack of
universally available outcome measurements, or both. Fur-
thermore, it was not possible to perform a funnel plot to
assess the degree of publication bias in this review because
of the limited numbers of trials available for each outcome.
Although extensive searches for published materials were
undertaken, the possibility that studies with negative find-
ings remain unpublished cannot be excluded.

Misleading results may occur with acupuncture if the
treatment schedules were inadequate or if it was done by un-
skilled practitioners. However, information on the experience
and training of the acupuncturists who applied the treatments
was not available in any of the included trials. The acupuncture
techniques, the number of acupuncture points stimulated, the
number and duration of sessions, and the intervention period
also varied across the trials. Also, within some trials, the
acupuncture points, the number of sessions, and the duration of
sessions were individualized according to the practical condi-
tions of each stroke patient. Because of the limited or in-
complete description of the acupuncture treatments used in the
included trials, it was difficult to evaluate whether the acu-
puncture treatment was valid. Additionally, only one trial
meeting the inclusion criteria for this review used sham acu-
puncture. Because of this, it is possible that a placebo effect of
acupuncture treatment existed. Although a recent systematic
review suggested that placebos had no significant effects on
outcomes in clinical trials,39 placebos should be used where
they are acceptable. Finally, the lack of consistency in outcome
measures available was an obstacle to assessing the effect of
acupuncture on spasticity after stroke in a systematic manner.

In future, acupuncture trials should be designed to over-
come the limitations noted in the trials included in this re-
view. In particular, they should (1) ensure adequate
concealment of allocation, (2) ensure proper blinding of
outcome and assessors, (3) use placebo or sham acupuncture
as the control, (4) use standard validated spasticity outcome
measurements, (5) have long-term follow-up, and (6) pub-
lish the results in a usable form to facilitate meta-analysis.
Studies should also clearly define the modality of acu-
puncture used and include information on the acupuncture
techniques/protocol, based on evidence or a consensus of
experts (STRICTA).40,41 Adverse events critically assessed
by standardized monitoring or an effective self-report sys-
tem should also be described.

Conclusions

The results of this meta-analysis do not support that
acupuncture has a beneficial effect on reducing spasticity in
poststroke patients. However, results suggest that acupunc-
ture may have an adjuvant effect on spasticity by modu-
lating alpha-motor neuron activity. The widespread use of
acupuncture, its potential for benefits in stroke spasticity
with less severe adverse effects, its lower cost, and the in-
sufficient quality of the available trials all argue for further
research. Further well-designed trials are required to make
any definitive conclusion about the effect of acupuncture in
the treatment of spasticity after stroke. Specifically, large
sham- or placebo-controlled trials are needed.
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