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I. Introduction 

Numerous basic and clinical studies on acupuncture 

have been performed; however, several issues remain to 

be resolved. In 2007, the Society of Acupuncture 

Research (SAR) held an international symposium for the 

10th anniversary of the NIH Consensus Development 

Conference on Acupuncture, where the gap between 

basic and clinical studies and the influence of sham 

acupuncture were important discussion topics1). 

Regarding the basic mechanisms of acupuncture, several 

mechanisms of action have been proposed and accepted 

by the neuroscience field2,3). However, while clinical 
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Abstract 
[Objective] Recent acupuncture trials with sham control groups have failed to show significant beneficial effects of 
real acupuncture. As a result, the specific effects of acupuncture were discounted and assumed to be placebo and/or 
expectation effects. However, the sham acupuncture methods used in these studies appeared to be physiologically 
active. Thus the influence of the different types of sham interventions on the results were re-analysed by subgroup 
meta-analysis. 
[Methods] Clinical acupuncture trials using sham interventions were selected from the Cochrane Database of Sys-
tematic Reviews. The outcome measures for the real and sham acupuncture groups from each study were collected. 
For subgroup analysis, sham interventions were classified into 5 types: Type A, needling to non-acupuncture points; 
Type B, superficial needling; Type C, non-penetration; Type D, electro-acupuncture to non-acupuncture points; Type 
E, electro-acupuncture without current. Cochrane Review Manager 5.3 software was used for analysis. Standardized 
mean difference and risk ratio were used to analyse continuous and dichotomous data, respectively. A random model 
was applied to all analyses. The heterogeneity of analysed studies was indicated as I2, and the overall effect of pooled 
data was shown as Z (P value). Forest and funnel plots were made for each subgroup analysis based on the different 
types of sham acupuncture and pain or non-pain diseases.  
[Results] A total of 116 studies were selected from the Cochrane Database of Systematic Reviews (from 1974 to 
2013). The overall effects of real acupuncture were significantly more beneficial than the sham acupuncture groups 
in both meta-analyses of continuous and dichotomous data sets. The standardized mean difference and 95% confi-
dence intervals were -0.34 [-0.44, -0.23] (Z=6.03, P<0.00001) and for risk ratio were 0.80 [0.73, 0.87] (Z=5.23, 
P<0.00001). Subgroup analysis based on sham acupuncture (Types A to E) and outcomes (pain or non-pain) demon-
strated that half of the data sets were statistically significant although they were not related to the type of sham acu-
puncture and disease. The heterogeneity of the data sets was relatively high. 
[Conclusion] Results from meta-analysis of the pooled data indicated highly significant differences between real and 
sham acupuncture groups; however, we should interpret these results with caution, as heterogeneity of the trials was 
relatively high. Despite large variations, effect sizes of non-penetrating sham acupuncture did not generally exceed 
those of penetrating sham acupuncture. These results suggest that non-penetrating sham acupuncture, similar to Japa-
nese acupuncture procedures,  may produce some physiological activity. 
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acupuncture trials have been conducted worldwide and 

various control interventions have been used to compare 

the efficacy of real acupuncture, the results obtained 

were usually inconclusive due to the poor quality of 

research design, small sample size and variation in 

control interventions including sham acupuncture 1).  

Acupuncture involves the insertion of fine needles 

into specific points to provoke a specific sensation called 

de-chi4). Shallow insertion of fine needles into non-

acupuncture points without the “de-chi” sensation was 

used as sham acupuncture in a series of high quality, 

large sample size German acupuncture trials named 

ART5) and GERAC6). These investigations have been 

conducted independently in patients with migraine, 

tension-type headache, chronic low back pain, and 

osteoarthritis of the knee. The sham acupuncture used in 

these German trials, called minimal acupuncture, was 

initially assumed to be physiologically inert as the de-chi 

sensation is essential for producing the therapeutic 

effects of acupuncture. Summarizing the results of 

German trials, Cummings clearly demonstrated 

significantly larger effects with acupuncture compared to 

those of waiting list controls (ART) and routine care 

(guideline-based standard therapy) groups (GERAC); 

however, statistically significant differences between 

real and sham acupuncture groups (ART, GERAC)  

were scarcely detected7). The misleading conclusions 

suggested that acupuncture had no specific effects and 

these were assumed to be strong placebo and/or 

expectation effects8), although both real and minimal 

acupuncture were more effective than standard care6,7). 

Some researchers have argued that sham acupuncture 

is not a suitable placebo as it is physiologically active9-

11), although an ideal control has yet to be established.  

In an attempt to improve acupuncture research, several 

non-penetrating “placebo” needles have been developed 
12,13). These needles were designed with the aim to mask 

the patient as the needle looks to be inserted but cannot 

actually penetrate the skin. A more suitable sham needle 

for double-masking procedures was developed to also 

mask the acupuncture practitioner14). However, these are 

still problematic; although the fake needles do not 

penetrate the skin, it is thought that application exerts 

enough skin pressure to create a physiological response, 

and, therefore is not physiologically inert15). 

If sham acupuncture is indeed biologically active, it is 

essential that the results be correctly interpreted. We 

hypothesizsed that various types of sham acupuncture 

exert different effects compared to control interventions 

with some types of sham acupuncture being more active 

than others.  To test thise working hypothesis, we to re-

analysed the published data from comparative trials of 

real versus sham acupuncture  assessed in  a Cochrane 

Database of Systematic Reviews (CDSR). A prior 

analysis by Linde et al16). similarly examined the 

influence of various sham interventions  in acupuncture 

trials and found that sham acupuncture exerted a 

stronger impact than pharmacological and physical 

placebos. In a recent international project, MacPherson 

et al.17) systematically reviewed acupuncture trials which 

employed various sham acupuncture methods as control 

interventions in the treatment of chronic musculoskeletal 

pain. The findings demonstrated that the effect size of 

penetrating needle sham was clearly smaller than those 

of non-penetrating needle sham. Although this study was 

focused on chronic musculoskeletal pain, the results  

appear to support our working hypothesis.  

It has been well established that diffuse noxious 

inhibitory controls (DNIC) may play a role, at least in 

part, in the analgesic action of acupuncture1,18). 

Therefore, it is important to compare  the impacts of 

various sham acupuncture procedures in non-pain 

diseases since painful diseases may be more strongly 

affected by sham acupuncture requiring the insertion of 

needles than non-penetrating sham interventions due to 

noxious stimulation-induced DNIC mechanisms. 

In the present study, we re-analysed clinical trials of 

acupuncture using different types of sham acupuncture 

for various diseases and symptoms (pain or non-pain) 

and to compared the physiological potentials of these 

sham acupuncture types  via subgroup analysis.  

 

Ⅱ．Methods 

 

1. Data extraction from the Cochrane Database of Sys-

tematic Reviews 

 

All of the published studies included in the meta-

analysis from the CDSR of acupuncture were collected 

on December 13, 2013. Studies in which real acupunc-

ture groups were compared with any type of sham-

intervention groups were then extracted for the present 

meta-analysis. All studies that used TENS-like acupunc-

ture as a control were excluded. The primary outcomes 

used in the original study and CDSR were also used as 

our primary outcomes; however, when there was no 

sham acupuncture study in the primary outcome, the 

data from secondary outcomes were also included. We 

pooled all trials for comparison of the efficacy of true 

acupuncture against sham acupuncture. Data with both 

continuous and dichotomous outcomes were collected 

regardless of the acupuncture conditions. 

 

2. Classification of the types of sham acupuncture 

 

To conduct subgroup analyses, sham acupuncture 

methods were divided into 5 types. Type A included 

manual acupuncture (MA) to acupuncture points which 

were not relevant to the disease or  MA to non-

acupuncture points; Type B included shallow MA to 

acupuncture points,  acupuncture points which are not 

relevant to the disease, or non-acupuncture points 

(known as minimal acupuncture); Type C included MA 

using a non-penetrating needle to acupuncture points, 
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non-acupuncture points, pricking sensation to acupunc-

ture points, cocktail stick or guide tube alone; Type D 

included  EA (electro-acupuncture) to acupuncture 

points which are not relevant to the disease or non-

acupuncture points with current; and Type E included  

EA to non-acupuncture points without current. Subgroup 

analyses were performed to investigate whether different 

types of sham acupuncture would significantly impact 

outcomes. These groups were clustered together accord-

ing to their presumed stimulus intensity.  

 

3. Procedures of meta-analysis and subgroup analysis 

 

Free software provided by the Cochrane Collaboration, 

Review Manager (RevMan 5.3), was used for meta-

analysis19). Standardized mean difference (SMD) and 

risk ratio (RR) were used for continuous and dichoto-

mous data, respectively. Data were presented with 95% 

confidence intervals (95% C.I.). For statistical analysis 

of pooled data heterogeneity, I2 was used. Forest plots 

and funnel plots were made for each subgroup analysis. 

The former plots help to understand the RCT data and 

overall effect of combined data sets as Z values and P 

values.  

 

Ⅲ．Results 

1. Studies included in the meta-analysis and 

classification of sham interventions. 

 

Table 1 summarizes the Cochrane systematic reviews 

used in this study. A total of 32 SRs were included, and 

116 RCT studies were selected from them in which 

sham acupuncture interventions were compared with real 

acupuncture.  

Bibliographic information (first author name, 

published year and journal name), classified sham 

 
Table 1. List of CDSRs analysed in this study 
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category and sum of subject numbers (experimental and 

control groups) were listed. The references were sorted 

by sham type. Among the 116 studies, the numbers of 

classified sham types were: Type A=39, Type B=23, 

Type C=17, Type D=8, and Type E=4. Regarding 

outcome measures, 56 studies used continuous data and 

60 used dichotomous data. 

 

2. Diseases and symptoms from the acupuncture trials 

included in this study 

 

To examine the different influences of sham 

interventions on pain diseases and non-pain diseases, 

subgroup analyses were conducted. Thirty-one 

symptoms and diseases were included; 54 were pain and 

62 were non-pain. Table 3 summarizes the diseases and 

symptoms of the studies analysed. Chronic pain diseases 

such as migraine, low back pain, and tension-type 

headache were common target diseases among the 

acupuncture studies. In the pain table, cancer pain, 

shoulder pain, and pelvic pain were included in the 

“others” box. For non-pain diseases, smoking cessation, 

hot flashes and depression were the top three symptoms; 

others included dysmenorrhoea, dysphagia, enuresis, 

epilepsy, birth and vomiting. 

  

3. Results of meta-analysis and examples of forest and 

funnel plots 

Table 2. List of references of the studies analysed in this study 

 

Type A: penetrating needle sham; Type B: superficial penetrating sham; Type C: non-penetrating sham;  

Type D: penetrating needle sham with electrical current; and Type E: electro-acupuncture without current. 
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  Among the 116 studies, the data were classified as 

continuous or dichotomous, and each data type was 

analysed separately by forest plots and funnel plots 

using the Review Manager software. Fifty-six studies 

reported continuous data and included a total of 4,206 

subjects (2,142 in the acupuncture groups and 2,164 in 

the sham groups). Sixty studies reported dichotomous 

data for a total of 7,613 subjects (3,700 in the 

acupuncture groups and 3,913 in the sham groups). 

Figure 1 shows an example of a forest plot for meta-

analysis of the 56 studies using continuous data as 

outcome measures. The results of each study were 

summarized as SMD with 95% C.I. and are shown as 

short horizontal lines in the right column. The length of 

the bar indicates the upper and lower 95% CI. The 

overall effect is shown as a diamond mark at the bottom. 

When the overall effect is significantly different 

(P<0.05), the mark does not cover the vertical zero line. 

In this meta-analysis, the SMD and 95% C.I. of the 

pooled studies was -0.34 (-0.44, -0.23). The overall 

effects were shown as Z=6.09 (P<0.00001). The results 

indicate  that the acupuncture group was significantly 

more effective than the sham acupuncture group.  

Heterogeneity of the pooled studies was also calculated, 

and high heterogeneity among the analysed studies was 

shown by Tau2, chi square and P and I2 values. The 

relatively high heterogeneity among the studies was 

shown to be 60% of I2, thus results of the meta-analysis 

should be interpreted with caution.   

Figure 2 shows a funnel plot in which the distribution 

of each study is indicated as a circle based on its SMD 

and SE. This plot is used for analysing the publication 

bias of pooled studies. On visual inspection of the figure, 

in which data are distributed equally from the central 

vertical line (SMD of pooled data), this plot suggests a 

relatively small publication bias among these data sets. 

Figure 3 summarizes the results of subgroup analyses 

based on the type of sham acupuncture and outcome of 

disease or symptom (pain or non-pain). To compare the 

results of SMD (continuous) and RR (dichotomous) data, 

Z values were used. High Z values indicate larger 

differences between acupuncture and sham control 

groups. Two columns show Z values of SMD and RR. 

The detailed results of subgroup analyses are 

summarized in Table 4. 

As shown in Table 4, highly significant overall effects 

were detected in almost every sham type from A to D, 

although their heterogeneities calculated as I2 were 

relatively high. Only Type E showed no significant 

difference between real and sham acupuncture groups 

although the study number was small. In subgroup 

analysis based on disease, several sets of data showed no 

statistical difference between the real and sham groups. 

In the pain subgroup, sham A SMD, sham C SMD and 

sham D RR showed no statistical significance, although 

the P values of the former two sets were P=0.06 and 0.07. 

In the non-pain subgroup, sham A SMD, sham B SMD, 

sham D SMD and sham E SMD, RR was not 

significantly different. 

Table 5 shows the results of subgroup analysis using 

studies of chronic musculoskeletal pain syndromes. In 

the continuous data set, 6 low back pain (LBP) and 6 

osteoarthritis (OA) studies were included. In the 

dichotomous data, 2 LBP, 12 migraine and 5 tension-

type headache (TTH) studies were included. In the RR 

data, Z values gradually increased and P values 

decreased; in other words, sham A had a stronger effect 

when compared with sham C, although actual SMD did 

not. 

Table 3. List of diseases or symptoms in the studies analysed in this study 
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Figure 1. An example of a forest plot of continuous data 
For details of the parameters used in the forest plot, please refer to the text and the Cochrane Handbook of 
Systematic Review19). 
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Figure 2. An example of a funnel plot of contineous data.The same data set in Figure1 was used. （n=56） 
 

 

 

Figure 3. Summary of Z values from subgroup analysis. Numbers on each column indicate studies included 

for analysis. 

SMD: standardized mean difference; RR: risk ratio. 
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Table 4. Summary of results of subgroup meta-analysis on sham types and pain or non-pain. 

 

SMD: standardized mean difference, RR; risk ratio 



9 

Carneiro Maria, et al..  Japanese Acupuncture and Moxibustion; 2015; Vol.11(1): 1-11 

 

 

Ⅳ．Discussion  

Meta-analysis based on RCT has been ranked at the 

top of the list of evidence in evidence based medicine 

(EBM), and it is expected that accumulation of high 

quality RCTs could yield clear conclusions in the field 

of acupuncture trials. The present re-analysis of clinical 

acupuncture trials using data from the CDSR clearly 

despite considerable heterogeneity. In contrast, subgroup 

analyses based on 5 types of sham acupuncture did not 

demonstrate obvious differences among the sham types 

compared, that is, high Z values and lower P values were 

detected in subgroups from Type A (penetrating), Type 

B (superficial), and Type C (non-penetrating needling) 

although the results were not stable and much variation 

existed.  

Linde et al.16) analysed continuous data from 19 stud-

ies included in one CDSR20) and demonstrated a signifi-

cant difference between the real and sham acupuncture 

groups. However,  no differences were detected between 

penetrating versus non-penetrating needle sham acu-

puncture procedures. Conversely, MacPherson et al. 

conducted a project of re-analysis of acupuncture trials 

focusing on their control interventions17). This study 

posed a research question similar to that presented in our 

protocol. They analysed patients of chronic pain diseases 

and classified sham acupuncture into penetrating (deep, 

superficial) and non-penetrating, and their results clearly 

indicated differences among the types of sham acupunc-

ture used. The effect size of the penetrating groups (su-

perficial=8, deep=1) and non-penetrating sham group 

(n=7) were 0.17 (0.11, 0.23) and 0.76 (0.31, 1.21), re-

spectively.  

MacPherson’s data clearly demonstrated that penetrat-

ing needle sham had a small effect size compared to 

non-penetrating sham in chronic musculoskeletal pain 

diseases. On the contrary, our subgroup analysis focused 

on the chronic musculoskeletal pain diseases (table 5), a 

portion of the results demonstrated larger Z values with 

small I2 values; however, there was much variation in 

general. One of the possible reasons for the discrepancy 

in results might be related to the different data sets used 

for analysis. We only used data sets included in the 

CDSR.  Some of the reviews were not up-to-date, so 

several newly published high quality RCTs were not 

included in the present analysis. Further collection of 

high quality studies with adequate sham controls and 

further re-analysis of pooled data should be conducted in 

pain or non-pain diseases.  

Heterogeneity of pooled data represents an important 

issue in meta-analysis. The Cochrane handbook of Sys-

tematic Review19) recommends the use of a random-

effects model and standardized mean difference (SMD) 

as a means for reducing heterogeneity. Therefore, we 

employed random-effects model and the SMD in the 

present study. The guideline for interpreting the hetero-

geneity of I2 is as follows: 0-40%: might not be impor-

tant, 30-60%: may represent moderate heterogeneity, 50-

90%: may represent substantial heterogeneity, 75-100%: 

considerable heterogeneity19).   

In the present study, the I2 of the overall pooled SMD 

and RR were 60% and 50%, respectively. The I2 indices 

in the subgroup analysis of sham acupuncture for pain 

versus non-pain diseases also indicated relatively high 

heterogeneity, but the small study numbers tended to 

generate a lower I2 value (Table 4). While subgroup 

analyses may be generally conducted to explore hetero-

geneity, our primary subgroup analyses clearly did not 

show a reduction in heterogeneity. One of possible rea-

sons is that the outcome measures varied widely across 

the studies selected in the analysis. Further subgroup 

analysis employing more restrictive study inclusion 

criteria may be useful in minimizing heterogeneity. 

Table 5. Summary of results of subgroup meta-analysis on the chronic musculos keletal pain diseases. 

 

n.a.=not applicable 
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In the electrophysiological study on human skin, su-

perficial needle insertion and non-penetrating stimula-

tion with a blunt needle tip as well as needle penetration 

in the skin could activate the sensory afferents referred 

to as C mechano-heat (CMH) units15). The CMH units 

are thought to be polymodal receptor units and are con-

sidered possible candidates for the common sensory 

receptor for acupuncture and moxibustion18).  Regarding 

cutaneous CMH units, insertion of deep, superficial 

needling and blunt needle stimulation elicited similar 

rates of discharge15). Thus the lack of difference among 

sham types (penetrating, superficial and non-penetrating 

acupuncture) could be explained from the view point of 

the sensory afferents of the skin, although the afferents 

from deep structures might only be evoked by the pene-

tration type of sham acupuncture. Another important 

finding was that press tack needle (PTN), a fine short 

needle (0.6 mm in length, 200 µm in diameter) attached 

to a plastic basement, when applied to the receptive field 

of a CMH unit, could elicit phasic discharges but its 

sham device (with the needle tip removed) did not evoke 

any response. Given that sham PTN is physiologically 

inert and readily available, PTN and its sham might be 

useful devices for future clinical acupuncture trials. 

    Whereas the present study focussed on the types of 

sham acupuncture, the detailed subgroup analyses focus-

sed on the real acupuncture interventions, selection of 

acupuncture points, and their manipulating procedures 

have not been performed. From the perspective of evi-

dence- based acupuncture, establishing suitable acupunc-

ture procedure for each specific disease is important, and 

further subgroup analyses with the addition of newly 

published, well-designed clinical trials in acupuncture 

trials are required. 

 

Ⅴ．Conclusions 

 The results from meta-analyses of the pooled data 

indicate highly significant differences between real and 

sham acupuncture groups; however, we should interpret 

this data with caution as heterogeneity of the trials was 

relatively high. Effect sizes of non-penetrating sham 

acupuncture did not generally exceed those of penetrat-

ing sham acupuncture despite large variations. These 

findings indicated that our working hypothesis that 

“penetrating needling sham exerts a stronger impact than 

non-penetrating sham” may be false and suggest that 

non-penetrating sham acupuncture, similar to those 

Japanese acupuncture procedures, may produce some 

physiological activity. 
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