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Abstract  
OBJECTIVE: To evaluate the efficacy and safety of acupuncture therapy for children with cerebral palsy. 
DATA SOURCES: We conducted electronic searches of PUBMED (1950/2017), EMBASE (1974/2017), 
ScienceDirect (1986/2017), Academic Source Premier (1887/2017), the Cochrane Library (Issue 4, 
April 2017), Science Citation Index Expanded (1900/2017), China National Knowledge Infrastructure 
(1915/2017), China Biological Medicine (1990/2017-04), WanFang (1980/2017), VIP (1989/2017), and 
Chinese Science Citation Database (1989/2017). 
DATA SELECTION: We included randomized controlled trials that aimed to compare the effect of acu-
puncture plus rehabilitation training versus rehabilitation training alone. Data about functional motor 
abilities, daily activity/social participation, effective rate, intellectual development, and adverse effects were 
included. We used Revman 5.2 software for statistical analysis. 
OUTCOME MEASURES: The primary outcomes included functional motor abilities, daily activity, and 
effective rate. The secondary outcomes included intellectual development and adverse effects.
RESULTS: Twenty-one studies with a total of 1718 participants met the inclusion criteria. The effect size of 
gross motor function (SMD = 0.64, 95% CI: 0.52 to 0.76, P < 0.00001; I2 = 0%, P = 0.69; in 13 studies with 
1144 patients) and the total effective rate (RR = 1.28, 95% CI: 1.20 to 1.37, P < 0.00001; I2 = 18%, P = 0.27; 
in 12 studies with 1106 patients) suggested that acupuncture plus rehabilitation produced a significant 
improvement in gross motor function and a high total effective rate. The pooled fine motor function (SMD 
= 3.48, 95% CI: 2.62 to 4.34, P < 0.00001; I2 = 64%, P = 0.10; in 2 studies with 193 patients), modified Ash-
worth scale scores (SMD = –0.31, 95% CI: –0.52 to –0.11, P = 0.003; I2 = 74%, P = 0.004; in 5 studies with 
363 patients) and activities of daily living (SMD = 1.45, 95% CI: 1.20 to 1.71, P < 0.00001; I2 = 78%, P = 0.004; 
in 4 studies with 313 patients) also indicated improvements in children with cerebral palsy. Publication 
bias was not observed. Only mild adverse events related to acupuncture were reported. 
CONCLUSION: Acupuncture plus rehabilitation training improved gross motor function, reduced muscle 
spasms, and enhanced daily life activities in children with cerebral palsy. However, this conclusion should 
be interpreted with caution due to the small number of randomized controlled trials available and the 
small sample sizes. More high-quality and large-scale studies are needed. 

Key Words: nerve regeneration; acupuncture; rehabilitation; children; efficacy; safety; cerebral palsy; 
meta-analysis; randomized controlled trials; neural regeneration 

Introduction 
Cerebral palsy refers to a group of motor conditions that 
affect movement and coordination. Cerebral palsy is a life-
long condition attributed to a non-progressive disturbance 
that occurs in the developing fetal or infant brain. The dis-
order can occur at any time during pregnancy, delivery, or 
the first 3 to 5 years of age (Morris, 2002). Cerebral palsy 
results from brain malformation that arises early in life and 
subsequently interferes with normal motor development 
(Verma et al., 2012). Cerebral palsy may be accompanied 
by disturbances in sensation, cognition, communication, 
perception, and behavior, as well as seizure disorder (Bax et 
al., 2005). Some risk factors associated with the incidence 
of cerebral palsy include low birth weight, premature birth, 
multiple births, asphyxia (lack of oxygen), infection, and 
cerebral bleeding (Odding et al., 2006; Pountney, 2013; Lou 
et al., 2016). Other possible causes include severe neonatal 
illness, non-accidental injury, vehicle accidents, meningitis, 

encephalitis, near drowning, and cardiopulmonary arrest 
(Hull and Johnston, 1999). Cerebral palsy may be formally 
diagnosed and classified following a complete history and 
neurological examination. Severity is variable depending on 
the affected limbs and the degree of movement impairment. 
Spastic cerebral palsy is characterized by a combination of 
tight, stiff, and weak muscles, making control of movement 
difficult. It is the most common type of cerebral palsy, ac-
counting for 70% of affected children (Hull and Johnston, 
1999; Pountney, 2013). It can be further subcategorized into 
diplegia, characterized primarily by involvement of the low-
er limbs; quadriplegia, in which all four limbs are affected; 
and hemiplegia, in which the limbs on one side of the body 
are affected. Dyskinetic, ataxic, and hypotonic cerebral palsy 
are known as extrapyramidal forms of cerebral palsy and 
account for the remaining 30% of cases (Hull and Johnston, 
1999). Dyskinetic cerebral palsy is characterized by impaired 
ability to control movement. It can be subcategorized into a) 
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dystonia (athetosis), which involves sustained muscle con-
tractions associated with twisting or repetitive movements; 
b) rigidity, which refers to increased tone and co-contraction; 
c) chorea, which is characterized by jerky, irregular, and rap-
id involuntary movement; d) ataxia, which is characterized 
by abnormal balance and coordination; and e) hypotonia, 
which refers to a decrease in muscle tone (Rosenbaum et al., 
2007; Pakula et al., 2009). Many children also have mixed-
type cerebral palsy, which can be both spastic and non-spastic 
(Hull and Johnston, 1999). The incidence of cerebral palsy is 
approximately 2–2.6 per 1000 live births, making it the most 
common physical disability in childhood (Stanley and Wat-
son, 1992; Hagberg et al., 1996; Pharoah and Cooke, 1996; 
Colver et al., 2000; Graham, 2001, 2002; Duncan et al., 2004). 
This rate has remained stable for the last 60 years despite 
technological advances in medical interventions (Blair and 
Watson, 2006). A study conducted in six Chinese provinces 
revealed that the prevalence of children with cerebral palsy 
(aged from 1 to 6 years) was approximately 1.92/1000 from 
May 1997 to December 1998 (Li et al., 2001). Because there is 
no cure, children with cerebral palsy and their families seek 
multiple forms of therapy, particularly those that have the 
potential to improve the way in which the children function 
or feel (Liptak, 2005). Various therapies have been found to 
improve activities of daily living (ADL). These include phys-
ical therapy and occupational therapy, as well as speech and 
language therapy (Pennington et al., 2004; Steultjens et al., 
2004). Surgical approaches for treatment of spastic cerebral 
palsy also exist, these include orthopedic surgery (Lin and 
Li, 2000) and selective posterior rhizotomy (cutting of a spi-
nal nerve root) (Wang et al., 2000). Acupuncture-centered 
rehabilitation as part of a unified treatment plan including 
conventional therapies has been proposed as an appropriate 
strategy for overcoming disability associated with cerebral 
palsy. This remains the main method practiced in both top-
grade hospitals and national research institutes in China 
(Liao et al., 2017). Acupuncture therapy, which is a relatively 
simple, inexpensive, and safe treatment compared with oth-
er conventional interventions, has been found to improve 
motor activity, sensation, speech, and other neurological 
functions in children with cerebral palsy (Zhang et al., 2005). 
Acupuncture incorporates many specific techniques. Classical 
acupuncture involves the insertion of needles into specific 
locations in the skin. The target sites have been empirically 
defined over thousands of years. Auricular acupuncture in-
volves the insertion of tiny seeds into predetermined points 
on the outer ear. In children, the target sites are associated 
with various pediatric diseases (Graff and McDonald, 2016). 
Chinese scalp acupuncture is another microsystem technique 
in which the acupuncture needle is inserted into various areas 
of the scalp. Specific manipulations of the needle are conduct-
ed to regulate and strengthen various functional activities of 
the brain and body. Tongue acupuncture is also commonly 
used as a treatment for cerebral palsy. One study reported 
that the physiological effect of tongue acupuncture might re-
sult from the modification of neural signaling in the motor/
somatosensory cortex, resulting in improved motor function 

(Sun et al., 2004). Preliminary reports have suggested that 
acupuncture can increase the supply of blood and oxygen 
to blood vessels, and that acupuncture may repair, activate, 
and regenerate injured neurons in the brain (Wang and Wu, 
2005). Modern neuroimaging methods (magnetic resonance 
imaging) confirmed the activation of subcortical and cortical 
centers after acupuncture (Wu et al., 2008) and confirmed 
the ability of acupuncture to increase cerebral blood flow and 
cerebral oxygen supply in children with cerebral palsy. The 
above studies provide clinical support for acupuncture treat-
ment in individuals with cerebral palsy. However, further 
investigation is necessary. Benefits attributed to acupuncture 
have included warmer extremities (Svedberg et al., 2001), a 
decrease in painful spasms (Sanner and Sundequist, 1981; 
Svedberg et al., 2003), improved use of arms (Huang, 2005) 
or legs, more restful sleep, increased mood, improved bowel 
function (Duncan et al., 2004), and heightened bone density. 
Several systematic reviews have shown acupuncture to be 
clinically effective in children with cerebral palsy (Yang et 
al., 2015), while others have reported conflicting viewpoints 
(Mu et al., 2012). Therefore, an evidence-based assessment of 
the efficacy and safety of acupuncture in children with cere-
bral palsy is still needed. Here, we systematically reviewed all 
available randomized controlled trials (RCTs) of acupuncture 
in children with cerebral palsy. 

Data and Methods   
Search strategies
Electronic search
We searched six English databases (PUBMED, EMBASE, 
ScienceDirect, Academic Source Premier, the Cochrane 
Library, and Science Citation Index Expanded) and five Chi-
nese databases (China National Knowledge Infrastructure, 
China Biological Medicine, WanFang, VIP, and Chinese 
Science Citation Database) for articles with any publica-
tion status from inception to April 26, 2017. We used the 
following English terms: “cerebral palsy” OR “brain paral-
ysis” OR “cerebral paralysis” OR “spastic cerebral palsy” 
OR “athetoid cerebral palsy” OR “ataxic cerebral palsy” 
OR “mixed cerebral palsy” OR “spastic diplegia” OR “little 
disease” OR “congenital cerebral palsy” OR “dystonic-rigid 
cerebral palsy” OR “monoplegic infantile cerebral palsy” OR 
“quadriplegic infantile cerebral palsy” AND “acupuncture” 
OR “acupuncture therapy” OR “acupuncture treatment” OR 
“electroacupuncture” OR “electro-acupuncture” OR “acu-
puncture, ear” OR “ear acupuncture” OR “auriculotherapy” 
OR “scalp acupuncture” AND “randomized controlled trial” 
OR “controlled clinical trial” OR “randomized” OR “clinical 
trial” OR “randomly” OR “RCT” OR “trial”. The Chinese 
search terms (China National Knowledge Infrastructure) 
were: (TI = Naotan + Xiaoernaotan + Naoxingtanhuan + Er-
tongnaotan + Xiaoernaoxingtanhuan + Jingluanxingnaotan) 
AND (TI = Zhenjiu + Zhenjiufa + Zhenjiufangfa + Zhenjiu-
zhiliao + Zhenjiuliaofa + Zhencifa + Zhencizhiliao + Zhencil-
iaofa + Dianzhen + Dianzhenjiu + Touzhen + Toupizhen + 
Touzhenliaofa + Tizhen + Erzhen + Erzhenliaofa + Erzhen-
zhiliao + Dianerzhen) AND (AB = Suijiduizhaolinchuang-
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shiyan + Suijishuangmangduizhaoshiyan + Suijiduizhaoshi-
yansheji + Suijishuangmangshuangmoniduizhaoshiyan + 
Suijiduizhaoyanjiu + Suijiduizhao + Suijiduizhaolinchuang-
yanjiu + Suijiduizhaozhiliao + Suijishuangmangduizhao + 
Duizhaolinchuangshiyan + Duizhaoshiyan). 

Manual search
We manually searched the reference lists of the identified 
studies and reviews for additional references (from inception 
to April 2016). Authors of papers on the efficacy of acupunc-
ture in cerebral palsy patients were contacted by email or 
telephone to request any additional published or unpublished 
studies relevant to our review. We asked the authors of ab-
stracts of potentially eligible studies for full written reports.

Inclusion and exclusion criteria
Two of the authors (LXL, JH) independently checked the 
titles and abstracts of the trials identified by the search for 
inclusion in our review based on the selection criteria out-
lined above. The full text of an article was retrieved if there 
was any doubt as to whether the article should be excluded. 
In cases of disagreement between the two review authors, 
author (MMZ) reviewed the information to decide whether 
the trial should be included. If articles were written by the 
same authors or the same researchers were identified, we 
retained the latest or the most informative study.

Study types
We included both published and unpublished RCTs. Acu-
puncture was compared with a placebo (sham acupuncture), 
no treatment, modern rehabilitation, and western medicine. 
Baseline data were used to compare the two groups in terms 
of age, duration, and type of cerebral palsy as reported by the 
eligible studies. We included studies regardless of blinding, 
language, or publication status. We excluded studies that 
used quasi-randomization techniques where allocation of 
patients was conducted via alternation, case record num-
bers, date of birth, or day of the week, and excluded con-
trolled trials that used any other non-randomized allocation 
methods. RCTs that did not clearly describe the generation 
of the random allocation sequence were excluded.

Participant characteristics 
Inclusion criteria: Trials that included children 6 months to 
14 years of age of either gender with cerebral palsy of any 
type (spastic cerebral palsy, athetoid cerebral palsy, ataxic 
cerebral palsy, and mixed cerebral palsy with non-progres-
sive cerebral disease/defect). Ideally, cerebral palsy was diag-
nosed based on symptoms, physical signs, and case histories 
(Lin and Li, 2000; Lin, 2005). 

Exclusion criteria: Trials that included children with cere-
bral palsy who had severe skin infections; heart, lung, liver, 
or kidney disease; or central paralysis due to viral encephali-
tis or tuberculo-encephalitis. 

Intervention types
Studies evaluating the following forms of acupuncture ther-

apy were included regardless of the number of treatments 
or the length of the treatment period: acupressure, laser 
acupuncture, and electroacupuncture based on meridians or 
channel theory related to acupoints (acupuncture points or 
any specific sites of needle insertion related to acupuncture). 
We included studies that examined traditional acupuncture 
using classical meridian points and contemporary acupunc-
ture using non-meridian or trigger points regardless of the 
method of stimulation (hand, needle, laser, or electrical 
stimulation), although we excluded studies concerning acu-
point injection and catgut embedding. Acupuncture could 
be given alone or in addition to conventional treatment. The 
control interventions included placebo or sham acupunc-
ture, no treatment, or conventional treatment. Placebo acu-
puncture refers to the use of needles that are placed on the 
skin surface (at the correct acupoints) but do not penetrate 
the skin (Furlan et al., 2005). Sham acupuncture refers to the 
use of needles positioned close but not inside the acupoints 
(Furlan et al., 2005) or subliminal skin electrostimulation via 
electrodes attached to the skin (Johansson et al., 2001). Con-
ventional treatment included modern rehabilitation, such as 
physical therapy, occupational therapy, speech and language 
therapy, and western medicine. We assessed studies that 
made the following treatment comparisons: (1) acupuncture 
alone compared with placebo or sham acupuncture, (2) acu-
puncture plus conventional treatment compared with place-
bo or sham acupuncture plus conventional treatment, and 
(3) acupuncture plus conventional treatment compared with 
conventional treatment alone. Studies that compared only 
different forms (different manipulation methods or different 
acupoints) of acupuncture were excluded.

Quality assessment of studies
We assessed risk of bias as described in the updated Co-
chrane Reviewers’ Handbook version 5.0 (Higgins and 
Green, 2008), which included the following criteria: 

(1) Sequence generation: Was the allocation sequence ade-
quately generated?

(2) Allocation concealment: Was allocation adequately 
concealed?

(3) Blinding of participants, personal and outcome asses-
sors: Was knowledge of allocated interventions adequately 
prevented during the study?

(4) Incomplete outcome data: Were incomplete outcome 
data adequately addressed?

(5) Selective outcome reporting: Were reports of the study 
free of suggestion of selective outcome reporting?

(6) Other potential threats to validity: Was the study appar-
ently free of other problems that could put it at a risk of bias?

In all cases, an answer of “Yes” indicated a low risk of 
bias, an answer of “No” indicated a high risk of bias, and an 
answer of “Unclear” indicated an uncertain risk of bias. The 
judgment criteria were as follows: A) “good” quality corre-
sponded to four or more items indicating a low risk of bias 
(labeled “Yes”), B) “moderate” quality corresponded to two 
or three items indicating a low risk of bias, and C) “poor” 
quality corresponded to only one or no items indicating a 
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low risk of bias or one or more items indicating a high risk 
of bias (labeled “No”). Quality assessment was performed 
by two independent review authors (LXL, JH), and any 
disagreement was reported and resolved by a third author 
(MMZ).

Outcome measures
Primary outcomes
1. Functional motor abilities (1) Gross motor function 
(GMF): For assessment of the key function of ambulation 
(lower extremities) with a Gross Motor Function Measure, 
the Gross Motor Function Classification System described 
by Bax et al. (2005) or other assessment criteria, including 
the Functional Independence Measure, Berg balance scale, 
and Holden Walking Functional Classification, were report-
ed in the original studies.

(2) Fine motor function: For assessment of upper extremi-
ty function, the Bimanual Fine Motor Function and Manual 
Ability Classification System described by Bax et al. (2005)) 
or other assessment criteria were reported in the original 
studies.

(3) Overall motor function: To assess both lower and up-
per extremities together, we assessed the authors’ reported 
methods. These included comparisons using a modified 
Ashworth scale (MAS) and effective rates for overall motor 
function, which can be categorized into three grades ac-
cording to the clinical symptoms and signs of cerebral palsy: 
1) markedly effective, indicating a normal state in terms of 
functional motor ability and muscle recovery; 2) effective, 
indicating improvement in functional motor ability; and 3) 
no effect, indicating that symptoms were unchanged after 
treatment according to the assessment criteria reported in 
the original study.
2. Daily activity/social participation
This outcome could be measured by the ADL scale or anoth-
er scale reported in the original studies.
3. Effective rate

Secondary outcomes
1. Intellectual development (Gessell measurement for child 
development).

2. Adverse effects including dizziness, difficulty tolerating 
electrostimulation, infection, punctured lung, cardiac tam-
ponade, and spinal cord injury, which were presumed to be 
caused by acupuncture or electrostimulation.

Statistical analysis
Two review authors (LXL and JH) independently extracted 
information on the patients, methods, interventions, out-
comes, and results of the studies using a data extraction form 
developed for this purpose. Disagreements were resolved by 
the author (MMZ) or through discussion. For dichotomous 
outcomes, we extracted the number of participants who expe-
rienced the event and the total number of participants in each 
arm of the trial. For continuous outcomes, we extracted the 
mean change and standard deviation in each arm of the trial, 
along with the total number of participants in each group.

Measures of treatment effect
We calculated risk ratios (RRs) with 95% confidence inter-
vals (CIs) for the effective percentages and efficacy rates, and 
standardized mean differences (SMDs) with 95% CIs for the 
scores obtained using different impairment scales.

Unit of analysis issues
We only included RCTs in which the participants were indi-
vidually randomized in the clinical trials.

Dealing with missing data	
We did not include trials in which the authors reported con-
ducting an intention-to-treat analysis.

Assessment of heterogeneity
Investigation of heterogeneity: We assessed clinical het-
erogeneity by examining differences in the distribution of 
important participant and intervention factors between 
studies (age, gender, specific diagnosis/diagnostic subtypes, 
duration of disorder, associated diseases, and treatment 
type) and assessed methodological heterogeneity according 
to factors including randomization, concealment, blinding, 
losses to follow-up, and co-interventions. We assessed statis-
tical heterogeneity by examining I2 (Higgins and Thompson, 
2002), a statistic that describes the approximate proportion 
of variation in a point estimate that is due to heterogeneity 
rather than sampling error. In addition, we used the chi-
square test of homogeneity to determine the strength of the 
evidence indicating true heterogeneity.

Assessment of reporting bias
We assessed possible publication bias by visually assessing 
the symmetry of the funnel plots.

Data synthesis
The RRs with 95% CIs were used for binary outcomes as 
appropriate. SMDs with 95% CIs were used for continuous 
outcomes. If different measures (scales) for the same out-
come were used in different studies, the mean difference 
(MD) was used across trials. All analyses included all partic-
ipants in the treatment groups to which they were allocated.

Subgroup analysis and investigation of heterogeneity
We did not conduct a subgroup analysis because the infor-
mation regarding the patients and the interventions was 
difficult to divide into subgroups.

Sensitivity analysis
We conducted a sensitivity analysis to investigate whether 
the findings of the present meta-analysis were robust. Spe-
cifically, we selected different models and omitted individual 
studies.

Results
Search results
Initial electronic and manual searches identified 735 ref-
erences published up until April 26, 2017. After reviewing 
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Figure 1 Flow chart of study search protocol.
CNKI: China National Knowledge Infrastructure; CBM: China Biological Medicine; CSCD: 
Chinese Science Citation Database; SCIE: Science Citation Index Expanded; RCTs: random-
ized controlled trials. 

Figure 2 Risk of bias of the included studies. Figure 3 Risk of bias risk of the included studies. 

Figure 4 Forest plot for gross motor function.  
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the titles and abstracts, 637 studies were excluded because 
they were duplicates, were laboratory or animal studies, or 
had a study objective that was not relevant to this review. 
A total of 98 full-text references were retrieved for further, 
more careful assessment. Ultimately, 21 studies (Jia, 2003; 
Sun et al., 2004; Ji et al., 2008; Li et al., 2009; Zhou et al., 
2010; Wang et al., 2011; Deng and Xiong, 2012; Duncan et 
al., 2012; Zhang and Hu, 2012; Zhao and Yan, 2012; Liu et 
al., 2013; Zhang and Du, 2013; Zhu and Yuan, 2013; Li et al., 
2014; Liang, 2014; Zhang et al., 2014; Dabbous et al., 2016; 
Du et al., 2016; Shi et al., 2016; Yang and Hou, 2016; Zhao et 
al., 2017) with a total of 1718 participants were included in 
this review, as shown in the search flowchart (Figure 1).

Description of the included studies
Design
All of the included studies were RCTs in which the gen-
eration methods of the randomized allocation sequence 
were clearly reported. Twenty studies reported two parallel 
treatment arms, while one was designed as a three-arm 
controlled trial in which the data from the controlled group 
treated with acupuncture alone were not extracted. One 
study was conducted in Egypt, and the rest were conducted 
in China. Five studies (Sun et al., 2004; Duncan et al., 2012; 
Zhang and Hu, 2012; Liu et al., 2013; Dabbous et al., 2016) 
were published in English, and the rest were published in 
Chinese. The research period varied from 9 months to 3 
years.

Participants and setting
A total of 1718 participants were included in the 21 studies. 
All trials randomized participants with cerebral palsy into 
treatment groups. All participants were Chinese except those 
in one study (Dabbous et al., 2016), including outpatients 
and inpatients. All studies included children with various 
clinical subtypes of cerebral palsy. Three studies (Zhou et 
al., 2010; Wang et al., 2011; Zhang and Hu, 2012) reported 
the severity of the disease, and four (Jia, 2003; Zhang and 
Hu, 2012; Zhang et al., 2014; Zhao et al., 2017) reported the 
duration of the disease. The participant age ranged from 6 
(mean) months to 10.68 ± 3.13 (mean ± standard deviation) 
years.

Diagnosis
The diagnostic criteria for cerebral palsy differed between 
the studies. One study (Duncan et al., 2012) used the five 
Gross Motor Function Classification System severity levels, 
and two pediatric neurologists diagnosed cerebral palsy. 
Three studies (Jia, 2003; Sun et al., 2004; Dabbous et al., 
2016) did not mention the criteria used. The remaining 
studies were based on the Chinese national clinical diagnos-
tic criteria and classification criteria. 

Interventions
Acupuncture was used in all the included studies as an 
intervention treatment. One study (Sun et al., 2004) used 
acupuncture as an intervention versus sham acupuncture, 

and the other 20 studies used acupuncture combined with 
modern rehabilitation training as an intervention versus 
modern rehabilitation training alone. All of the included 
studies used traditional acupuncture points, and none used 
the contemporary non-meridian or trigger points. In terms 
of acupuncture treatment, we observed substantial diversity 
in the acupuncture protocol among the included studies. 
Specifically, the acupuncture points, depth and direction of 
insertion, retention time of needles, and duration of acu-
puncture sessions varied. The acupuncture rationale, practi-
tioner background, needle type, and responses elicited were 
also not described. One study (Zhang and Hu, 2012) report-
ed a 12-month follow-up.

Outcomes
The outcomes of the enrolled studies included the Gross 
Motor Function Measure (Sun et al., 2004; Ji et al., 2008; 
Zhou et al., 2010; Wang et al., 2011; Duncan et al., 2012; 
Liu et al., 2013; Zhang and Du, 2013; Zhu and Yuan, 2013; 
Li et al., 2014; Liang, 2014; Zhang et al., 2014; Dabbous et 
al., 2016; Du et al., 2016; Yang and Hou, 2016; Zhao et al., 
2017), Functional Independence Measure (Ji et al., 2008; 
Zhou et al., 2010), Peabody Developmental Motor Scale (Shi 
et al., 2016; Zhao et al., 2017), Berg balance scale (Zhang 
and Hu, 2012), MAS (Zhou et al., 2010; Wang et al., 2011; 
Zhao and Yan, 2012; Dabbous et al., 2016; Du et al., 2016; 
Yang and Hou, 2016), pediatric evaluation of disability in-
ventory (Sun et al., 2004; Duncan et al., 2012), Beijing Gesell 
Developmental Scale (Liu et al., 2013), range of motion test 
(Dabbous et al., 2016), ADL (Jia, 2003; Li et al., 2009; Deng 
and Xiong, 2012; Zhang and Hu, 2012; Du et al., 2016; Zhao 
et al., 2017), and rate of efficacy (Jia, 2003; Ji et al., 2008; Li 
et al., 2009; Wang et al., 2011; Deng and Xiong, 2012; Liu et 
al., 2013; Zhang and Du, 2013; Zhu and Yuan, 2013; Liang, 
2014; Zhang et al., 2014; Yang and Hou, 2016; Zhao et al., 
2017). Some of the data from the original literature were not 
available. A full description of the studies is given in Table 1.

Risk of bias in the included studies
Two reviewers (LXL and JH) independently assessed the 
quality of the methodology of the extracted studies. In ac-
cordance with the Cochrane risk-of-bias tool and the pre-
vious judgment criteria, the results of the methodological 
quality assessment of the included studies indicated that 
most of them were of relatively low quality. Only three stud-
ies (Sun et al., 2004; Wang et al., 2011; Duncan et al., 2012) 
were evaluated as grade A, and the rest of the included stud-
ies were evaluated as grade B, indicating that all the included 
trials were deemed to have a median or high risk of bias. No 
studies reported that the outcomes were analyzed following 
intention-to-treat principles. The quality assessment is sum-
marized in the “Risk of bias graph” (Figure 2) and the “Risk 
of bias summary” (Figure 3).

Meta-analysis results
We performed a meta-analysis of GMF, muscular tone, dai-
ly activity abilities, and total efficacy. We did not conduct a 
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Table 1 Characteristics of the included studies

Study Patients Interventions Comparison
Outcome 
Measures 

Cases (T/C) Age Gender Duration Acupoints Stimulation Retention Regimen T C

Jia (2003) 60 (30/30) 1–7 (years) T: 21 boys 9 girls
C: 20 boys 10 girls

T: < 1 year, 2; 1–3 
years, 8; > 3 years, 20 
C: < 1 year, 3; 1–3 
years, 10; > 3 years, 17

Yundongqu (the motor area), 
Ganjuequ (the sensory area), Yuyanqu 
(the language area)

Manual 60 min 6/week for 
10 weeks

Acu+Reh Reh ADL; ER

Sun et al. 
(2004)

33 (22/11) T: 8.62±3.50
C: 10.68±3.13 
(years)

T: 8 boys 14 girls
C: 8 boys 3 girls

No reported Xian Zuo; Xian You; Di Men Manual No 
reported

5/week for 8 
weeks

Acu Sham-
Acu

GMFM; 
PEDI; AE

Ji et al. (2008) 80(40/40) T: 5.15±2.78
C: 6.04±2.37 (
years)

T: 21 boys 19 girls
C: 20 boys 20 girls

No reported Yundongqu, Pinghengqu, Ganjuequ; 
Baihui (GV20), Sishencong (Ex-HN1)

Manual 45 min 5/week for 
12 weeks

Acu+Reh Reh GMFM; 
WeeFIM; 
ER

Li et al. (2009) 63 (32/31) T: 78±32.04
C: 81.6±37.8 
(months)

T: 21 boys 11 girls
C: 23 boys 8 girls

No reported Benshen (GB13), Naokong (GB19), 
Naohu (GV17), Shenting (GV24), 
Sishencong (Ex-HN1), Xuanzhong 
(GB39), Zusanli (ST36), and Hegu 
(LI4)

Manual 30 min 6/week for 
10 weeks

Acu+Reh Reh ADL ER

Zhou et al. 
(2010)

62 (32/30) T: 22.3±11.6
C: 24.6±13.5 
(months)

T: 20 boys 12 girls
C: 17 boys 13 girls

No reported Jiaji (Ex-B2) Manual 20 min 1/day for 60 
days

Acu+Reh Reh MAS; 
GMFM; 
WeeFIM

Wang et al. 
(2011)

120 (60/60) T: 3.26±2.05
C: 3.51±1.83 
(years)

T: 37 boys 23 girls
C: 39 boys 21 girls

No reported Yuzhen (BL9) to Tianzhu (BL10) Manual 30 min 1/day for 90 
days

Acu+Reh Reh MAS;  
GMFM;  
ER; AE

Duncan et al. 
(2012)

75 (46/29) T: 28.2±12.2
C: 29.6±14.9

T: 29 boys 17 girls No reported No reported Manual 
electrical

30 min Acu+Reh Reh GMFM; 
PEDI

(months) C: 16 boys 13 girls 

Zhang and Hu 
(2012)

60 (30/30) T: 4.3
C: 4.1 (years)

T: 16 boys 14 girls
C: 19 boys 11 girls 

T: 4.3 
C: 4.3  (mean, year)

Baihui (GV20) to Qianding (GV21); 
Naohu (GV17) to Fengfu (GV16); 
Yuzhen (BL9) to Tianzhu (BL10)

Manual 8 hours 1/day for 90 
days

Acu+Reh Reh BBS; 
ADL

Deng and 
Xiong (2012)

85(43/42) 6 months–6 
years

T: 22 boys 21 girls
C: 23 boys 19 girls

No reported Sishencong (Ex-HN1), Benshen 
(GB13), Naohu (GV17), 
Dingzhongxian (MS5), 
Dingnieqianxiexian (MS6), 
Dingpangxian I (MS8), and 
Dingpangxian II (MS9)

Electrical 30 min 1/day for 90 
days

Acu+Reh Reh ADL; ER

Zhao and Yan 
(2012)

70 (35/35) T: 1.5–3 years: 
213–6 years:14; 
C: 1.5–3 years: 
19 3–6 years: 16 

T: 25 boys 10 girls
C: 21 boys 14 girls

No reported Jiaji (Ex-B2) Electrical 30 min 1/day for 90 
days

Acu+Reh Reh MAS

Liu et al. (2013) 200 (100/100) 1–7 (years) T: 69 boys 31 girls
C: 83 boys 17 girls 

No reported Shenshu (BL23), Taixi (KI3), 
Yanglingquan (GB34), Zusanli (ST36), 
Sanyinjiao (SP6), Shenting (GV24), 
Qianding (GV21), Baihui (GV20), 
Naohu (GV17), and Sishencong (Ex-
HN1)

Manual 4 hours 1/2 days for 
60 sessions

Acu+Reh Reh GMFM; 
BGDS; 
ER;AE

Zhang and Du 
(2013)

120 (60/60) T: 13.6±4.2 
C: 13.9±4.9 
(months)

T: 32 boys 28 girls
C: 31 boys 29 girls

No reported Pishu (BL20), Shenshu (BL23), 
Mingmen (GV4), and Jizhong (GV6)

Electrical 30 min 5/week for 4 
weeks

Acu+Reh Reh GMFM; 
ER

Zhu and Yuan 
(2013)

72 (36/36) 6–60 months 40 boys 32 girls No reported Dingzhongxian (MS5), 
Dingnieqianxiexian (MS6), 
Dingpangxian I (MS8), Dingpangxian 
II (MS9), Benshen (GB13), Naohu 
(GV17), Baihui (GV20)

No reported No 
reported

No reported Acu+Reh Reh GMFM; 
ER

Zhang et al. 
(2014)

60 (30/30) T: 28.7±13.8
C: 5.0±15.1
(months)

T: 15 boys 15 girls
C: 24 boys 6 girls 

T: 28.6±13.7 
C: 34.8±15.1 
(months)

Jiaji (EX-B2), Jianyu (LI15), Quchi 
(LI11), Hegu (LI4), Yanglingquan 
(GB34), Yinlingquan (SP9), 
Xuanzhong (GB39), Zusanli (ST36), 
Sanyinjiao (SP6), Chengshan (BL57), 
Taichong (LR3), Taixi (KI3), Lingdao 
(HT4), Baihui (GV20), Sishencong 
(Ex-HN1), Zhisanzhen, Naosanzhen, 
and Niesanzhen

Manual 60 min 1/2 days for 
180 days

Acu+Reh Reh GMFM; 
ER

Li et al. (2014) 66 (33/33) T: 4.8±4.00 
C: 6.1±2.89 
(years)

T: 21 boys 12 girls
C: 22 boys 11 girls

No reported Yundongqu, Ganjuequ, Yuyanqu; 
Baihui (GV20), and Sishencong (Ex-
HN1)

Manual 30 min 3 GMFM

Liang (2014) 70 (35/35) T: 45.82±13.12 
C: 45.0±12.9 
(months)

T: 21 boys 13 girls
C: 16 boys 18 girls 
(2 dropouts)

No reported Sishencong (Ex-HN1), Dingzhongxian 
(MS5), Dingpangxian I (MS8), 
Zhenxiapangxian (MS14), 
Yanglingquan (GB34), Yinlingquan 
(SP9), Biguan (ST31), Futu (ST32), 
Zusanli (ST36), and Jiexi (ST41)

Manual 30 min 5/week for 
12 weeks

Acu+Reh Reh GMFM; 
ER; AE

Dabbous et al. 
(2016)

40 (20/20) 1–4 years 23 boys 17 girls No reported Yanglingquan (GB34), Hegu (LI4), 
Zhouliao (LI12), and Taichong (LR3)

Diode laser 
device

30 seconds 50 mW, 650 
nm,1.8 J/cm2, 
2/week for 3 
months

MAS; 
ROM; 
GMFM

Du et al. (2016) 130 (65/65) T: 2.4±1.4
C: 2.2±1.5 
(years)

T: 36 boys 29 girls
C: 38 boys 27 girls

No reported Acupoints selected according to the 
Zi Wu Liu Zhu Na Jia method

Manual 15 min Acu+Reh Reh GMFM; 
MAS; 
ADL

Yang and Hou 
(2016)

61 (31/30) T: 32.5±1.2
C: 33.2±1.4 
(months)

T: 19 boys 12 girls
C: 18 boys 12 girls

No reported Sishencong (Ex-HN1), Benshen 
(GB13), Naohu (GV17), Baihui 
(GV20), Dingzhongxian (MS5), and 
Zhenxiapangxian (MS14)

Manual 45 min 5/week for 
12 weeks

Acu+Reh Reh GMFM; 
MAS; ER

Shi et al. (2016) 73 (37/36) 6–24 (months) T: 18 boys 19 girls
C: 20 boys 16 girls

No reported Neiguan (PC6) Manual 5 min 2/day, 5 
days/week, 
for 12 weeks

Acu+Reh Reh PDMS

Zhao et al. 
(2017)

120 (60/60) T: 2.9±1.0
C: 2.8±1.0 
(years)

T: 38 boys 22 girls
C: 36 boys 24 girls

T: 1.1±0.3 
C: 1.1±0.3 (years)

Pishu (BL20), Shenshu (BL23), 
Yaoyangguan (GV3), Mingmen 
(GV4), Jinsuo (GV8), Zhiyang (GV9), 
Shenzhu (GV12), Fengfu (GV16), 
Baihui (GV20), Sanyinjiao (SP6), and 
Zusanli (ST36)

Manual 10 min 1/2 days, for 
30 sessions

Acu+Reh Reh GMFM; 
PDMS; 
ADL; ER

T: Treatment group; C: control group; ADL: activities of daily living; ER: effective rate; GMFM: gross motor function measure; PEDI: pediatric evaluation of disability inventory; 
AE: adverse events; WeeFIM: Functional independence measure; MAS: modified Ashworth scale; BBS: Berg balance scale; BGDS: Beijing Gesell developmental scale; ROM: range 
of motion; PDMS: Peabody Developmental Motor Scale; min: minutes; Acu: acupuncture; Reh: rehabilitation.
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pooled analysis to assess FMF, intellectual development, or 
adverse effects, because the data in the original studies were 
insufficient. Similarly, we did not conduct subgroup analysis 
because the number of included studies was small and the 
extracted data in each group was insufficient. 

GMF
The pooled analysis of GMF was based on 15 studies that 
included 1272 children with cerebral palsy. Gross Motor 

Function Measure data were available in 15 studies (Sun et 
al., 2004; Ji et al., 2008; Zhou et al., 2010; Wang et al., 2011; 
Duncan et al., 2012; Liu et al., 2013; Zhang and Du, 2013; 
Zhu and Yuan, 2013; Li et al., 2014; Liang, 2014; Zhang et 
al., 2014; Dabbous et al., 2016; Du et al., 2016; Yang and 
Hou, 2016; Zhao et al., 2017). These data were extracted to 
perform the meta-analysis. The pooled SMDs and 95% CIs of 
these 15 studies were estimated with a random effects model 
(SMD = 0.88, 95% CI: 0.58 to 1.17, n = 15; P < 0.00001), but 
we observed significant heterogeneity among these studies 
with respect to GMF (I2 = 84%, P < 0.00001; Table 2). After 
excluding two studies (Sun et al., 2004; Du et al., 2016) that 
contributed most strongly to the heterogeneity, as verified 
visually by a sensitivity analysis, the significant heterogeneity 
disappeared (I2 = 0%, P = 0.69; Table 2). We then conducted 
a pooled analysis (13 studies with 1144 patients) with a fixed 
effects model (SMD = 0.64, 95% CI: 0.52 to 0.76, n = 13, P 
< 0.00001). The results suggested that the acupuncture in-
tervention yielded improved GMF in children with cerebral 
palsy, as shown in the forest plot (Figure 4). No evidence of 
publication bias was found in the funnel plot analysis (Figure 
5A). In the meta-analysis of the two excluded studies, the 
pooled effect sizes (SMD = 2.61, 95% CI: 2.19 to 3.04, n = 2, 
P < 0.00001; I2 = 0%, P = 0.034; Table 2) also showed a posi-
tive improvement in GMF.

Figure 5 Funnel plot for 
gross motor function and 
effective rate.
(A) Funnel plot analysis; (B) 
pooled analysis.

Figure 6 Forest plot for effective rate.  

Table 2 Meta-analysis of the included studies for GMF, FMF, MAS, ADL, and ER

Outcomes
No. of 
study

Eligible 
patients Heterogeneity test SMD/RR (95%CI); P value

GMF
All included 15 1307 P < 0.00001 (I2 = 84%) 0.88 (0.58–1.17); P < 0.00001
With omission 13 1144 P = 0.69 (I2 = 0%) 0.64 (0.52–0.76); P < 0.00001
Study excluded 2 163 P = 0.34 (I2 = 0%) 2.61 (2.19–3.04); P < 0.00001
FMF
All included 2 193 P = 0.10 (I2 = 64%) 3.48 (2.62–4.34); P < 0.00001
MAS
All included 5 363 P = 0.004 (I2 = 74%) –0.31 (–0.52 to –0.11); 

P = 0.003
ADL
All included 4 313 P = 0.004 (I2 = 78%) 1.45 (1.20–1.71); P < 0.00001
ER
All included 12 1106 P = 0.27 (I2 = 18%) 1.28 (1.20–1.37); P < 0.00001

GMF: Gross motor function; FMF: fine motor function; MAS: modified Ashworth 
scale; ADL: activities of daily living; ER: effective rate; SMD: standardized mean 
difference; RR: risk ratio; CI: confidence interval.
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FMF
The FMF data were extracted from two studies (Shi et al., 
2016; Zhao et al., 2017). The pooled effects sizes (SMD = 3.48, 
95% CI: 2.62 to 4.34; I2 = 64%, n = 2, P < 0.00001; Table 2) 
showed that FMF was improved in the treatment group.

MAS ratings
We extracted MAS data, which were available for five studies 
(Zhou et al., 2010; Zhao and Yan, 2012; Dabbous et al., 2016; 
Du et al., 2016; Yang and Hou, 2016), to conduct the me-
ta-analysis. The pooled estimated sizes (SMD –0.31, 95% CI: 
–0.52 to –0.11; I2 = 74%, n = 5, P = 0.003; Table 2) showed 
that the MAS rating in the trial group was significantly lower 
than that in the control group.

Four studies (Jia, 2003; Li et al., 2009; Zhang and Hu, 
2012; Du et al., 2016) reported ADL results, and the me-
ta-analysis showed that the daily activity abilities of the chil-
dren in the trial group significantly improved (SMD = 1.45, 
95 %CI: 1.20 to 1.71; I2 = 78%, n = 4, P < 0.00001; Table 2).

Effective rate
The efficacy data were extracted from 12 studies (Jia, 2003; 
Ji et al., 2008; Li et al., 2009; Wang et al., 2011; Deng and 
Xiong, 2012; Liu et al., 2013; Zhang and Du, 2013; Zhu and 
Yuan, 2013; Liang, 2014; Zhang et al., 2014; Yang and Hou, 
2016; Zhao et al., 2017). The pooled RR and 95% CI values of 
these 12 studies were estimated with a fixed effect model (RR 
= 1.28, 95% CI: 1.20 to 1.37), and significant heterogeneity 
was not observed (I2 = 18%, n = 12, P = 0.27; Table 2). The 
results suggested that the total efficacy rate in the acupunc-
ture group was higher than that of the control group (see 
forest plot in Figure 6). We found no evidence of publica-
tion bias in the pooled analysis (Figure 5B).

Adverse events
Data concerning adverse events were collected in three stud-
ies, and were not mentioned in other studies. One study (Sun 
et al., 2004) reported that crying and minor pain occurred 
in the first few sessions due to fear, but most children adapt-
ed and became more compliant in later sessions. The other 
two studies (Duncan et al., 2012; Zhang and Hu, 2012) re-
ported no adverse events related to acupuncture. Above all, 
none of the included studies suggested that there were any 
serious adverse events. Although some side effects were re-
ported, including pain, infections, and inappropriate needle 
placement, which inadvertently caused harm to the patient 
(Dabbous et al., 2016), most of the existing studies on acu-
puncture in patients with cerebral palsy and patients with 
other clinical conditions have supported acupuncture as a 
safe treatment modality compared with the safety of western 
medicine. 

Discussion
Acupuncture has been and continues to be widely used 
in China to treat children with cerebral palsy, and several 
studies claiming to be RCTs have been published. We per-
formed the present systematic review and meta-analysis 

to assess the efficacy and safety of acupuncture in children 
with cerebral palsy as a complementary therapy to modern 
western medicine.

Main results and evidence
Twenty-one studies including 1718 children with cerebral 
palsy were included in the meta-analysis. The pooled effect 
size showed positive results for improvements in GMF (SMD 
= 0.64, 95% CI: 0.52 to 0.76, n = 13), FMF (SMD = 3.48, 95% 
CI: 2.62 to 4.34, n = 2), MAS (SMD = –0.31, 95% CI: –0.52 to 
–0.11, n = 5), ADL (SMD = 1.45, 95% CI: 1.20 to 1.71, n = 4), 
and total effective rate (RR = 1.28, 95% CI: 1.20 to 1.37, n = 
12). No serious adverse events related to acupuncture were 
confirmed. The present meta-analysis supports acupuncture 
for children with cerebral palsy as a potentially beneficial 
alternative and complementary therapy in the domain of 
modern western medicine.

Limitations
Based on the above results, the heterogeneous acupuncture 
protocol and outcome measures varied across the included 
studies. Thus, the findings of this review should be inter-
preted in consideration of several limitations. First, the 
number of well-designed RCTs was small. Only 21 trials met 
the inclusion criteria and the outcome measures related to 
meta-analysis were extracted from a small number of trials 
(FMF data in two studies, MAS data in five studies, and ADL 
data in four studies). Thus, we did not analyze heterogeneity 
and subgroups for FMF, MAS, and ADL. Second, the sample 
size of the enrolled studies was small. The number of partici-
pants ranged from 33 to 200 in the included studies (mean = 
82 participants per study). Statistical type I or type II errors 
can occur even when statistically significant differences are 
found. Therefore, the conclusions of this study should be 
interpreted with caution. Third, most of the studies were of 
poor methodological quality or the protocols were not ade-
quately reported. The standard of reporting of the included 
studies did not fully comply with the Consolidated Stan-
dards of Reporting Trials (CONSORT) statement (Cheuk 
et al., 2007) or the reporting guidelines of the Standards for 
Reporting Interventions in Controlled Trials of Acupunc-
ture (STRICTA) criteria (MacPherson et al., 2002; Moher et 
al., 2003). Only one study (Wang et al., 2011) reported the 
method of sequence generation and allocation concealment. 
Interestingly this study had a high withdrawal rate (Wang et 
al., 2011), with 24 participants (20.9%) withdrawing before 
completing the protocol and 16 participants not completing 
the evaluations. Hence, the present data might suffer from 
bias due to study design and selective reporting.

1) There was a significant heterogeneity in the acupunc-
ture treatment protocol between the included studies. For 
example, the time for needle retention during acupuncture 
was from no needle retention to 4 hours, and the frequen-
cy of acupuncture was from once per day to 2–3 times per 
week. The duration of acupuncture treatment ranged from 
1 to 3 months. This heterogeneity may limit the populariza-
tion and application of acupuncture therapy in practice.
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2) Most of the studies were conducted by Chinese re-
searchers. Only one study (Dabbous et al., 2016) was con-
ducted by non-Chinese researchers. This may be related to 
the fact that acupuncture treatment originates from China.

3) All patients enrolled in the study were either inpatients 
or outpatients. The randomization method was a random 
number table or random sequence generated by computer 
software, which ensured that all the studies included were 
rigorously designed randomized controlled trials.

Implications for practice
This meta-analysis represents updated evidence in support 
of acupuncture combined with rehabilitation training for 
the improvement of GMF and total therapeutic efficacy. The 
data are not sufficient to demonstrate whether acupuncture 
is effective in improving FMF, reducing muscle spasms, or 
improving ADL (due to the small number of studies avail-
able). Recommendations for practice should be made with 
caution due to the small number of included RCTs, small 
sample sizes, and relatively poor methodological quality.

Implications for further research
Further RCTs are required to evaluate the efficacy of acu-
puncture in the treatment of children with cerebral palsy. 
Although blinding of acupuncturists is difficult, greater at-
tention should be paid to methodological design, including 
randomization and blinding of patients, other treatment 
providers, and outcome assessors, to minimize performance 
and assessment bias. Future studies will benefit from in-
creased reporting and better study design.

Conclusions
The findings of this meta-analysis of currently available 
studies indicated that acupuncture combined with rehabil-
itation training is an effective therapy for improving GMF, 
FMF, MAS, ADL, and the total rate of treatment efficacy in 
children with cerebral palsy. Thus, acupuncture may have 
benefits in both practical and research settings as an alter-
native and complementary therapy. Although our results 
should be interpreted with caution due to the limitations of 
this study, clinicians may consider acupuncture in combi-
nation with rehabilitation training for treatment of children 
with cerebral palsy. Further large-scale, standardized clinical 
trials are required. 
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