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Abstract
Background: Acupuncture clinical trial is important to evaluate the e�cacy of acupuncture. However, it is challenging to achieve effective blinding due to the
nature of acupuncture. A standardised placebo control method of acupuncture has yet to be established. The study focuses on the non-penetrating sham
acupuncture because it eliminates the placebo effect and generates lesser physiological responses. The study aims to evaluate and compare the participant
blinding effectiveness of non-penetrating sham acupuncture devices, and analyse the factors which may in�uence the participant blinding.

Methods: The study followed the PRISMA guidelines. An electronic search was conducted on PubMed, Ovid and CNKI up until 1st of October 2020 to include
English and Chinese randomised controlled trials which evaluated the awareness on the type of acupuncture (real or sham) in any population who received
acupuncture. Data screening, data extraction and quality assessment were done independently by two researchers and discrepancies were sorted out via
discussion with a co-researcher. Data analysis was performed using RevMan 5.4.1.

Results: 34 full-text articles had been included in the systematic review and meta-analysis. The quality of the studies ranged from moderate to good. Generally,
non-penetrating sham acupuncture devices were effective in blinding participants in clinical trials. The foam device demonstrated a better blinding effect,
followed by Streitberger, Park and Takakura devices. Sham needles with no skin contact could not blind the participants successfully. Naive, experienced,
healthy and diseased participants all could be blinded using non-penetrating sham acupuncture devices but naive and healthy participants could be blinded
comparatively easily. Acupoints from different regions could achieve blinding, however, the acupoints on the back could blind the participants more easily
compared to the other areas.

Conclusion: Non-penetrating sham acupuncture devices are valid placebo control for acupuncture clinical trials. The foam device has a better blinding effect,
followed by Streitberger, Park and Takakura devices. Recruiting naive healthy participants and choosing acupoints from the back can achieve better blinding
effects in the participants.

Background
Acupuncture has been popular in Asia, serving as one of the major treatment methods for thousands of years. In the sixteenth century, it had been introduced
to Europe and America. After that, it gradually spread all around the world and gained popularity due to its therapeutic effects, including analgesic,
anaesthetic, mind-calming and body regulating effects. To investigate its clinical e�cacy, acupuncture research was initiated in the eighteenth century and
conducted continuously since then1.

A well-blinded randomised controlled trial (RCT) is the gold standard of clinical trials because it minimises the risk of bias and maximises the validity of the
results2–4. In an ideal acupuncture clinical trial, subjects should be randomly assigned to a treatment or control group, and both the participants and
acupuncturists should be blinded. It is challenging to achieve effective blinding in acupuncture clinical trials due to acupuncture’s nature, whereby the
participants can feel the needling sensation and deduce the grouping, whereas the acupuncturists are not blinded most of the time because they need to know
where and how to needle the participants, and can also feel the penetrating sensation from their �ngers.

There are several types of control groups that are commonly used, such as no treatment, standard/conventional treatment, sham/placebo acupuncture and
minimal acupuncture (shallow needle insertion)4. Non-treatment or standard/conventional treatment as the control cannot eliminate placebo effects.
Moreover, skin penetrating sham acupuncture as the control may trigger physiological responses. For instance, it can deactivate limbic structures and, hence,
reduce pain levels in patients who suffer from pain5–6. Thus, to assess the true e�cacy of acupuncture, selecting a good non-penetrating sham/placebo
method is necessary.

Currently, a standardised sham/placebo acupuncture method has yet to be established. Various types of non-penetrating sham devices have been developed
to raise the quality of clinical trials and the validity of the results, including Streitberger device7, Park device8, Takakura device9 and foam device10. Many
studies tried to evaluate the blinding effectiveness of individual sham devices but the sample size was small for most of the studies. There was insu�cient
evidence to demonstrate the superiority of a speci�c type of sham device in achieving participants’ blinding. Therefore, there is a need to perform a systematic
review with meta-analysis to evaluate the blinding effectiveness of these sham acupuncture devices.

Zhang et al11 conducted a systematic review on the credibility of blinding healthy participants and/or acupuncturists using placebo acupuncture devices. The
author also studied the penetrating sensation and DeQi sensation of the devices. The study found that the real and sham Streitberger and Park devices were
signi�cantly different in penetrating sensation when applied at sensitive acupuncture points, which may lead to failure in participants’ blinding. However, there
was no meta-analysis performed to compare the blinding effectiveness of different sham acupuncture devices. The study only included the results in phase
one which could lead to an incomplete assessment of the outcome, especially for cross-over studies.

Gong et al12 carried out a systematic review with meta-analysis on the blinding effectiveness of non-penetrating sham needles. The study included �ve
articles and found that participants were not able to differentiate between real and sham acupuncture. The author pointed out that it may be necessary to
analyse the in�uence of age, sex, ethnic admixture and other factors. The number of included studies was too small to perform a meaningful comparison
among devices.

In short, a limited number of studies had systematically reviewed and analysed the blinding effectiveness of sham acupuncture devices. A comparison among
sham acupuncture devices was not performed to show the superiority of a speci�c sham device in blinding participants. Factors which may in�uence the
blinding results, for example, acupuncture experience and health status of participants, and needling locations, were not statistically analysed in the existing
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studies. As a result, this study aims to assess and compare the blinding effectiveness of non-penetrating sham acupuncture devices as well as analyse the
factors which may in�uence the blinding effectiveness.

Methods
This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement (PRISMA)
guidelines13.
Search Strategy
An electronic search was carried out in health-related databases such as PubMed, Ovid and CNKI for relevant studies. The literature search was conducted
using search terms such as sham acupuncture, placebo acupuncture, sham needle, placebo needle, Park needle, Park device, Streitberger needle, Streitberger
device, Takakura needle and Takakura device. Similar search terms in Chinese were used to search in CNKI, for example, , ,  and . The search was
limited to original articles published in English and Chinese language until 1st October 2020. Additional studies were identi�ed manually from reference lists
of potentially eligible articles. Title and abstract of those studies were screened to determine its relevance.
 
Inclusion Criteria
 
Selection of primary studies for this review was derived from the following pre-speci�ed criteria (in PICOS format).Type of participants (P)Any population who
received acupuncture treatment regardless of age, sex, race, region, underlying disease and acupuncture experienceIntervention (I)Non-penetrating
sham/placebo acupunctureComparison (C)Real penetrating acupunctureOutcomes (O)Awareness of participants on the type of acupunctureType of studies
(S)Randomised Controlled Trials (RCTs)
 
Exclusion Criteria
 
Studies were excluded if the studies were animal studies, review articles, case reports, editorials, letters and comments. Studies published other than English
and Chinese were excluded. Studies which did not meet any of the inclusion criteria were also excluded.
Data Extraction
Data were extracted by using a review spreadsheet, containing information such as author, publication year, study design (blinding and sample size),
participant details (age, gender, health status and acupuncture experience), acupuncture methods (the type of sham acupuncture device and needling
location) and results. Corresponding authors were contacted if the data was unclear. The data extraction was conducted separately by two researchers. Any
discrepancies were sorted out via discussion with a co-researcher.
 
Quality Assessment
 
Quality and risk of bias of the eligible studies were assessed independently by two researchers at outcome level by using Cochrane risk of bias tool14. Quality
assessments included random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and other items. Studies were graded as low, unclear or high risk of bias. Discrepancies were resolved via
discussion among the researchers. Publication bias across the studies was presented as funnel plot.
 
Data Analysis
 
Meta-analysis was performed using RevMan 5.4.115. The effectiveness of blinding in sham/placebo acupuncture compared to real acupuncture was
estimated with the odds ratios (OR) and its 95% con�dence intervals. OR > 1 means blinding is more likely to occur in the intervention arm (sham group) than
in the comparator arm (real group). Trials which the patients had no events in both intervention and comparator arms were excluded from the meta-analysis.
Heterogeneities were assessed using the chi-squared (χ2) test and the inconsistency index (I2) statistic. A two-tailed P value of less than 0.05 was considered
as statistically signi�cant. Subgroup analyses were performed on the factors which could in�uence the blinding effectiveness of participants.

Results
Study Selection

A total number of 1189 studies were identi�ed from the databases and 18 studies from the reference list of related studies (Fig. 1). After screening, 34 studies
had been included in the systematic review and meta-analysis. 28 studies16–43 had been excluded with reasons during the screening of full-text articles
(Table 1). 
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Table 1
Excluded Studies with Reasons

Excluded Studies Reasons

Chae 200616 The study published in Korean

Dilli 201317 Not a randomised controlled trial

Fink 200418 No reported data on the awareness of the device used

Fink 200519 No reported data on the awareness of the device used

Foster 200720 No reported data on the awareness of the device used

Francia 201821 Focused on the blinding of acupuncturist only

Grillo 201822 No reported data on the awareness of the device used

Hu 202023 Not a randomised controlled trial

Jiang 201424 Inaccessible full-text article and no reply from the author

Lee 200625 Inaccessible full-text article and no reply from the author

Leem 201626 No reported data on the awareness of the device used

Lim 200627 The study published in Korean

Park 200028 The study published in Japanese

Park 200229 Inaccessible full-text article and no reply from the author

Park 200830 The study published in Korean

Park 200931 Not a randomised controlled trial

Park 201032 Inaccessible full-text article and no reply from the author

Streitberger 200333 No reported data on the awareness of the device used

Streitberger 200434 No reported data on the awareness of the device used

Takakura 201035 Focused on the blinding of acupuncturist only

Takakura 201336 Inaccessible full-text article and no reply from the author

Takakura 201437 No reported data on the awareness of the device used

Tsukayama 200538 Inaccessible full-text article and no reply from the author

Vickers 200539 Insu�cient data on the awareness of the device used

White 200040 Insu�cient data on the awareness of the device used

Wong 201841 Insu�cient data on the awareness of the device used

Yan 201642 No reported data on the awareness of the device used

Zaslawski 199743 Inaccessible full-text article and no reply from the author

 
Study Characteristics

The characteristics of all 34 included studies7–10,44−73 had been summarised in Table 2. The publication year of recruited studies ranged from 1996 to 2019.
All the studies performed participant blinding, but only some of them tried to blind acupuncturist9,10,52, 59–62,66,69, outcome assessor8,47,51,53,56,60,70 or
statistician50,55,56. The number of participants recruited in these studies ranged from 10 to 321. The total number of participants involved was 2538.
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Table 2
Characteristics of the Included Studies

Study ID Study Design Participants Needling Awareness of the
of Acupuncture

Blinding Sample
Size

Mean/Median
Age (Range)
in Years

Gender
(M:F)

Health Status Acupuncture
Experience

Types of
Sham
Device

Location Real Sha

Chae
201044

Participants 14 (22–35) 8:6 Healthy Experienced Park LI4 11/14^ 12/

Chen
200545

Participants 60 (21–40) 31:29 Healthy Naive Streitberger LI4 54/60^ 13/

Deng
200746

Participants 72 M: 55 in R; 56
in S

0:72 Breast cancer
with hot
�ashes

Not reported Streitberger GV14,
GB20, BL13,
PC7, HT6,
KI7, ST36,
SP6, ear
ShenMen &
ear
sympathetic
point

18/42 18/

Dos Santos
Maciel
201647

Participants &
outcome
assessor

321 x̅: 24.3 ± 8.8
in R; 25.3 ± 
5.4 in S

5:18 vs
11:12

Healthy Naive Park ST25 16/23 3/2

x̅: 24.3 ± 7.1
in R; 25.1 ± 
7.7 in S

4:18 vs
3:20

Park BL52 19/22 3 23

x̅: 24.3 ± 8.8
in R; 26.6 ± 
7.8 in S

5:18 vs
11:12

Foam ST25 16/23 4/2

x̅: 24.3 ± 7.1
in R; 29.2 ± 
8.0 in S

4:18 vs
7:16

Foam BL52 19/22 7/2

Enblom
200848

Participants 80 x̅: 41 ± 12.5
(15–67)

33:47 Not reported Naive Streitberger PC6 13/40 13/

Enblom
201149

Participants 215 x̅: 63.7 ± 13.8
(22–91)

35:180 Cancer Naive Park PC6 50/63 8/6

Experienced 23/31 2/3

Fink
200150

Participants &
statistician

68 x̅: 48.1 ± 14.1 31:38a Episodic/
chronic
tension-type
headache

Not reported Foam GB20, LI4,
LR3 & TE5

32/32 4/3

Goddard
200551

Participants &
outcome
assessor

49 (20–60) 29:20 Healthy Naive Foam LI4 19/24 3/2

Kim 201552 Participants &
acupuncturist

63 M: 48.9 (23–
77)

27:35b Healthy Mixed Kim LI4 35/67^ 27/

Kreiner
201010

Participants &
acupuncturist

32 x̅: 34 (20–62) 15:17 Healthy Naive Foam LI4 27/32^ 24/

ST6 27/32^ 26/

Lao 199953 Participants &
outcome
assessor

39 x̅: 23.4 ± 4.7
in R; 24 ± 3.8
in S

22:17 Tooth
extraction

Mixed Not
classi�able

LI4, ST6,
ST7 & TE17

11/19 4/2

Lee 201054 Participants 79 x̅: 23.7 ± 4.3
in R; 22.8 ± 
4.6 in S

47:32 Not reported Mixed Park LI4 25/79 18/

CV12 9/79 17/

ST36 16/79 22/

Liang
201355

Participants &
statistician

60 x̅: 23.03 12:48 Healthy Experienced Park BL23 44/60^ 12/

Liu 201456 Participants,
outcome
assessor &
statistician

60 x̅: 19.18 ± 
15.55 (24–
74)

30:30 Healthy Mixed Foam LI4 59/60^ 0/6

CV12 58/60^ 6/6

BL25 57/60^ 7/6

x̅: mean; M: median; (): range; R: real group; S: sham group; a: reported gender ratio did not tally with the sample size; b: baseline characteristic for gender was
missing (no response); c: drop-out gender was not reported; ^: based on the total responses from each participant
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Study ID Study Design Participants Needling Awareness of the
of Acupuncture

Blinding Sample
Size

Mean/Median
Age (Range)
in Years

Gender
(M:F)

Health Status Acupuncture
Experience

Types of
Sham
Device

Location Real Sha

BL36 57/60^ 3/6

Park 20028 Participants
and outcome
assessor

58 (38–87) 30:28 Acute stroke Naive Park LI4 11/29 0/2

Smith
200657

Participants 228 x̅: 35.9 ± 4.7
in R; 36.1 ± 
4.8 in S

0:228 Infertility Mixed Streitberger Based on
TCM
diagnosis

40/202^ 20/

Smith
201158

Participants 92 x̅: 19.5 ± 2.9
in R; 18.9 ± 
3.2 in S

0:92 Primary
dysmenorrhoea

Mixed Streitberger SP4, ST29,
CV3, BL32,
SP8, SP6 &
others
based on
the
diagnosis

17/41 16/

Streitberger
19987

Participants 60 x̅: 27.55 31:29 Healthy Naive Streitberger LI4 54/60^ 13/

Takakura
20079

Participants &
acupuncturists

60 x̅: 29.7 ± 7.5 35:25 Healthy Experienced Takakura TE5 48/60^ 35/

Takakura
200859

Participants &
acupuncturist

114 x̅: 30.3 ± 7.9 73:41 Healthy Experienced Takakura TE5 78/114^ 50/

Takakura
201160

Participants,
acupuncturist,
outcome
assessor

80 x̅: 27.1 ± 6.9 48:32 Healthy Experienced Takakura TE meridian
on the
posterior
forearm

65/80^ 38/

No-touch
Takakura

57/

Takakura
201361

Participants &
acupuncturist

109 x̅: 28.6 ± 7.5 64:45 Healthy Experienced Takakura TE5 85/109^ 65/

Takayama
201462

Participants,
acupuncturist
& assistants

120 x̅: 29.7 ± 9.3 60:60 Functional
neck/shoulder
stiffness

Experienced Takakura SI14, SI15,
GB21 &
BL42

27/40 22/

No-touch
Takakura

26/

Tan 200963 Participants 20 M: 22 (18–
48)

6:14 Healthy Naive Park PC meridian
on the
anterior
forearm

52/80^ 44/

Tan 201164 Participants 20 M: 24 (21–
28)

7:13 Healthy Naive Park TE11, TE12,
TE13 &
TE14

24/40^ 26/

BL37, BL55,
BL56 &
BL57

25/40^ 15/

Tan 201965 Participants 40 M: 23 (21–
40)

13:27 Healthy Not reported Park ST32 to
ST39

108/160^ 121

To 201566 Participants &
acupuncturist

5 (23–54) Not
reported

Healthy Naive Park LI4, LI10,
LI11, LI14,
LI15 & TE14

7/16^ 8/1

11 Healthy Experienced 11/31^ 17/

19 (22–74) Shoulder
impingement
syndrome

Not reported Above
points + 
LV3, SI3,
GB21, SI12
& ST38

8/8 0/6

Tough
200967

Participants 41 Not reported Not
reported

Whiplash injury Mixed Not
classi�able

According
to tender
muscle
points

10/19 1/1

Tsukayama
200668

Participants 21 M: 26 (19–
68)

15:6 Healthy Experienced Park LI4 21/21^ 12/

20 M: 24 (19–
37)

15:5 BL23 14/20^ 8/2

x̅: mean; M: median; (): range; R: real group; S: sham group; a: reported gender ratio did not tally with the sample size; b: baseline characteristic for gender was
missing (no response); c: drop-out gender was not reported; ^: based on the total responses from each participant
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Study ID Study Design Participants Needling Awareness of the
of Acupuncture

Blinding Sample
Size

Mean/Median
Age (Range)
in Years

Gender
(M:F)

Health Status Acupuncture
Experience

Types of
Sham
Device

Location Real Sha

Vase
201569

Participants &
acupuncturists

67 x̅: 25.8 ± 5.0 31:36 Pain after
mandibular
third molar
removal

Naive Takakura ST44, LI4,
ST7, ST6 &
TE17

22/32 21/

White
199670

Participants &
outcome
assessor

10 x̅: 57.2 ± 13.6
in R; 57.4 ± 
19.9 in S

2:7c Episodic
tension-type
headache

Naive Cocktail
stick

LI4 with
local points
like GB14,
GB20,
GB21, EX-
HN3
YinTang &
EX-HN5
TaiYang

4/4 1/5

White
200371

Participants 37 x̅: 65.8 ± 8.3 &
64.4 ± 12.7
(37–79)

14:23 Chronic/stable
hip/knee joint
pain

Mixed Streitberger GB30,
GB31,
GB34, BL34,
BL39, BL40,
BL60, ST31,
ST35, ST36,
ST41, SP9
& EX-LE5
XiYan

25/37^ 14/

White
200772

Participants 20 x̅: 50.8 ± 14.9
(35–80)

9:11 Healthy Mixed Streitberger LI4 16/20^ 10/

14 x̅: 59.4 ± 5.7
(49–67)

3:11 Chronic
osteoarthritis

Mixed 14/14^ 3/1

Xie 201373 Participants 60 x̅: 23.07 ± 
0.753 in R;
23.13 ± 1.056
in S (22–25)

20:40 Healthy Experienced Streitberger BL23 45/60^ 11/

x̅: mean; M: median; (): range; R: real group; S: sham group; a: reported gender ratio did not tally with the sample size; b: baseline characteristic for gender was
missing (no response); c: drop-out gender was not reported; ^: based on the total responses from each participant

 

All recruited subjects were adults. The mean age ranged from 18.9 to 65.8 years old. In some of the studies, diseased subjects were recruited such as
cancer46,49, headache50,70, tooth extraction53,69, stroke8, infertility57, dysmenorrhoea58, neck/shoulder stiffness62, shoulder impingement syndrome66,
whiplash injury67 and joint pain/osteoarthritis71,72; whereas the rest of them were either healthy or not reported. Most studies reported acupuncture experience
of the subjects, for example, naive (never experienced acupuncture before), experienced (at least experienced acupuncture once before) or mixed.

A variety of non-penetrating sham acupuncture devices was used in the studies. They were classi�ed and named according to the name of the authors (Park,
Streitberger, Takakura and Kim) or materials (foam and cocktail stick). The studies had chosen acupoints or non-acupoints located on the head, abdomen,
back, upper limbs, lower limbs and ears. The coding and naming of acupoints were converted if they did not follow a Proposed Standard International
Acupuncture Nomenclature74 by the World Health Organization (WHO). Some selected acupoints based on syndrome differentiation of Chinese medicine57,58

or tender muscle point67 and, hence, did not have constant points throughout the study.

The number of participants who guessed correctly the type of acupuncture (real or sham) was listed in Table 2. Some studies were recorded in the form of the
total number of responses from the participants due to cross-over study design7,10,44,45,55,56,68,71−73, using a mixture of real and sham acupuncture
devices9,52,59–61,63−66 or multiple times of evaluation57. These responses were extracted and analysed because the blinding effectiveness of a particular sham
device ideally should be maintained even after several times of evaluation. Most studies recorded their results in Yes-No format, whereas the 15 of
them8,44,46,48,49,53,54,57,58,60,62,67,70,71,73 accepted “not sure” as one of the answers from the participants.

Quality Assessment

Quality and risk of bias of the eligible studies were assessed independently by two researchers at outcome level by using Cochrane risk of bias tool14. Quality
assessments included random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and other items. Studies were graded as low, unclear or high risk of bias. Discrepancies were resolved via
discussion among the researchers. Publication bias across the studies was presented as funnel plot.

Data Analysis 

Meta-analysis was performed using RevMan 5.4.115. The effectiveness of blinding in sham/placebo acupuncture compared to real acupuncture was
estimated with the odds ratios (OR) and its 95% con�dence intervals. OR > 1 means blinding is more likely to occur in the intervention arm (sham group) than
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in the comparator arm (real group). Trials which the patients had no events in both intervention and comparator arms were excluded from the meta-
analysis Heterogeneities were assessed using the chi-squared (χ2) test and the inconsistency index (I2) statistic. A two-tailed P value of less than 0.05 was
considered as statistically signi�cant. Subgroup analyses were performed on the factors which could in�uence the blinding effectiveness of participants.

Blinding Effectiveness of Sham Acupuncture Devices

The OR of overall blinding effectiveness of non-penetrating sham acupuncture devices (Fig. 5) was 5.11 [3.36, 7.76] with a P-value (< 0.00001), which
indicated that the blinding was more likely to occur in the sham group and the result was statistically signi�cant. However, the studies were not homogenous
and the heterogeneity was high in the meta-analysis including the subgroup analyses, hence, a random effect model was selected. After switching to the
random effect model, the heterogeneity was still high (I2 = 88%) in the overall blinding effectiveness analysis, so subgroup analyses were performed to
evaluate the factors which may in�uence the blinding effectiveness of sham acupuncture devices. For example, acupuncture experience of the participants,
the health status of the participants and the location of acupoints.

A comparison between sham acupuncture devices was performed through evaluating and comparing the individual blinding effectiveness of sham
acupuncture devices. Kim and cocktail stick devices were excluded because they only possessed one study each. As shown in Fig. 6, the foam device was the
most successful device in blinding the participants because it has the highest OR (44.78) [10.03, 199.92], followed by Streitberger (4.69) [1.87, 11.78], Park
(3.16) [1.61, 6.21], Takakura (2.66) [1.98, 3.55] and no-touch Takakura (1.47) [0.82, 2.62]. The P-value was statistically signi�cant (< 0.05) in all devices except
for the no-touch Takakura device. The heterogeneity was high in Park, Streitberger and foam but low in Takakura and no-touch Takakura. The heterogeneity
across the subgroups was high (I2 = 79.3%).

Blinding Effectiveness in Different Types of Participants

Naive participants demonstrated superiority in achieving blinding during acupuncture clinical trials with an OR 5.73 [2.76, 11.89] compared to experienced
subjects 3.22 [1.94, 5.37] (Fig. 7). Both naive and experienced participants were successful in blinding because they were both statistically signi�cant (P < 
0.00001). The heterogeneity was high in both groups individually but did not differ much between the two subgroups (I2 = 37.7%).

As for the health status of participants, both healthy and diseased participants were statistically signi�cantly successful in blinding (P < 0.00001) using sham
acupuncture devices (Fig. 8). Healthy participants were blinded slightly better than diseased participants with an OR 6.28 [3.62, 10.91] compared to 5.79 [2.71,
12.35]. The heterogeneity was high within the subgroups but low when comparing the two subgroups (I2 = 0%).

Blinding Effectiveness in Different Locations of Acupoints

The acupoints of the included studies had been classi�ed according to its regions, for example, head and neck, chest, abdomen, back, upper limbs and lower
limbs. Studies which utilised acupoints from multiple parts of the body were excluded. Besides, there was only one study which had used acupoints purely
from the head and neck region, therefore it was excluded from the meta-analysis. Among the remaining regions, the abdomen demonstrated a better blinding
effect with an OR 11.33 [0.71, 180.77], followed by the back (9.10) [3.14, 26.36], the upper limbs (4.31) [2.50, 7.43] and the lower limbs (3.69) [0.82, 16.62]
(Fig. 9). The back and the upper limbs exhibited a statistically signi�cant result (P < 0.0001), whereas the results of the abdomen and the lower limbs were not
statistically signi�cantly different (P = 0.09). However, heterogeneity was high in all of the individual subgroups but low across the subgroups (I2 = 0%).

Discussion
Blinding Effectiveness of Sham Acupuncture Devices

Overall Blinding Effectiveness of Sham Acupuncture Devices

When conducting acupuncture clinical trials, subjects from both real acupuncture group and sham acupuncture group should believe that they receive real
acupuncture to mimic the actual scenario which takes place during acupuncture treatment. As shown in Fig. 5, the existing non-penetrating sham acupuncture
devices such as Park, Streitberger, Takakura, foam and cocktail stick displayed a result which favoured the sham group and was also statistically signi�cant.
In other words, more participants in the sham acupuncture group who did not identify the sham acupuncture treatment correctly compared to the real group
and hence, they were blinded. As a result, non-penetrating sham acupuncture devices can act as an effective placebo control method to be applied in
acupuncture clinical trials, especially in replacing other less effective types of control methods such as using no treatment, standard/conventional treatment
or skin-penetrating sham acupuncture as the control.

Comparison between Sham Acupuncture Devices

Among all the non-penetrating sham acupuncture devices included in the data analysis, the foam device demonstrated the best ability in achieving the
blinding of participants. There were �ve studies10,47,50,51,56 which used the foam device in their control group. The foam device is usually self-prepared by the
researchers, so there are some variations in design. It is made out of a certain thickness of foam with double-sided adhesive tape at the bottom (Fig. 10). The
foam pad can act as a supportive material to hold the needle in place even in the placebo group, whereas the adhesive tape can stick the device on the skin.
The real foam device utilises a real acupuncture needle with a sharp tip which can penetrate the skin of participants; the placebo foam device uses a shorter
blunted acupuncture needle which cannot penetrate the skin. Ultimately, the appearance after needle insertion will remain the same and hence, achieve
blinding of participants in terms of vision. After needle insertion, the real device will penetrate the skin with a certain depth, whereas the placebo device will
only touch the skin to blind the participants by mimicking the feeling of penetration. In the studies of Fink50 and Goddard51, the placebo needles were gently
twisted to enhance the feeling of penetration. Besides having a good blinding effect, the foam device is also less pricey and easily accessible compared to the
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other devices, so it can be a good option to be used in the control group of acupuncture clinical trials. However, owing to the preparation of the foam device is
usually self-made, hygiene in preparing the device will become the main concern. All the equipment must be sterilised adequately before being applied to the
participants.

The other sham acupuncture devices such as Streitberger, Park and Takakura (Fig. 11) are also effective in blinding the participants. Their sham devices look
identical with the real devices. Similar to the foam device, their sham devices possess shorter blunted-tip needles which touch on the skin to mimic penetrating
sensation. Hence, all of them can be applied in clinical trials. The characteristics of the foam, Streitberger, Park and Takakura devices have been summarised
in Table 3. On the other hand, the sham device of no-touch Takakura was not statistically signi�cantly superior to the real device (P = 0.19), so it is not
recommended to be used in clinical trials. No-touch sham Takakura device has no contact with the skin of participants. It may be useful in achieving visual
blinding but not tactile blinding.

 

Table 3
Analysis of Sham Acupuncture Devices

Devices Characteristics Price75 Advantages Limitations

Foam Needle is supported by an opaque guide tube which is attached to the
foam base; adhesive tape at the bottom

N/A Inexpensive, easily
accessible and self-
prepared

Potential risk of hygienic issue
and inconsistency of quality of
the foam

Streitberger Sham: retractable needle supported by plastic ring covered with
plastic sheet as the base; adhesive tape at the bottom

$6.3
per
needle

Can insert in
different angles

Sham needle attachment is not
�rm

Park Needle is supported by an opaque guide tube and a Park tube which is
connected with the ring base; adhesive tape at the bottom

$2.9
per
needle

Able to perform
simple needle
manipulations

Can only insert perpendicularly

Takakura Needle is supported by an opaque guide tube which is �lled up with
stu�ngs at upper and lower ends and the tube is connected to an
adhesive pedestal

N/A Potentially blind the
acupuncturist

Can only insert perpendicularly

N/A: not available

Notes: price was cited from the other article. Current price may differ from the past time.

 

In short, each sham acupuncture design has its own advantages and limitations. Researchers should take that into consideration when designing the
experimental and control methods. Due to high heterogeneity of the studies across the subgroups (Fig. 6), the OR value may be in�uenced by other factors
and hence, the results of blinding effectiveness of sham devices can only serve as a reference.

Limitations of the Existing Sham Acupuncture Devices

The limitations of the existing sham acupuncture devices can be discussed in several aspects, including the suitability in performing electro-acupuncture,
needling location, needling angle and blinding effect in acupuncturists.

The sham devices of foam, Streitberger, Park and Takakura solely rely on the adhesive double-sided tape or pedestal to attach to the skin. The attachment is
not as �rmly as those in the real acupuncture, therefore, sham electro-acupuncture is di�cult to perform by using these devices. Moreover, the adhesive tape
may not be suitable for hairy skin or areas which are not �at. As a result, using sham acupuncture devices on the scalp, hairy regions and the skin with a great
curvature such as the ears, �ngers and toes can be challenging.

Apart from that, needling angle is usually limited to perpendicular for the foam, Park and Takakura devices due to the presence of guide tube, so only
acupoints that allow perpendicular insertion can be selected when using these devices. Acupoints such as LU7 LieQue and EX-HN3 YinTang or acupoints on
the scalp which require oblique or transverse insertion cannot be chosen in the trials. On the contrary, Streitberger device, which does not have a guide tube,
can perform perpendicular and oblique insertions. Yet, having no guide tube can also make the needle unstable especially in the sham group, increasing the
risk of exposure of grouping allocation.

Last but not least, most of the sham acupuncture devices did not demonstrate the ability to blind acupuncturists, except for the Takakura device. The
Takakura device has added a lower stu�ng within its guide tube to mimic the feeling of skin penetration when the acupuncturist pushes the sham needle into
the lower stu�ng. In other words, the performance bias will be high in the acupuncture clinical trials that use other types of sham acupuncture devices.

Considerations of Designing Sham Acupuncture Controlled Clinical Trials

Guidelines of Sham Acupuncture Controlled Clinical Trials

In 1995, the Guidelines for Clinical Research on Acupuncture4 by the WHO stated that placebo acupuncture should ful�l two criteria: it must be a less effective
form of acupuncture and also mimic acupuncture in a credible manner. Zhang’s paper76 also stated that placebo acupuncture should have no or minimal
speci�c treatment effects on the tested disease and the treatment and control groups should be identical to achieve blinding. To evaluate the true e�cacy of
acupuncture, the difference in speci�c effects shall be maximised but the difference in non-speci�c effects shall be minimised (Fig. 12).
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Determining a research question is important before selecting the type of control because each control method can be used to answer different types of
research questions. As shown in Table 4, no treatment and standard treatment as control can rule out regression to the mean and study the general
effectiveness of acupuncture; non-penetrating sham as control can rule out regression to the mean and psychological responses (placebo effect) and study
the e�cacy of acupuncture, including skin-penetrating physiological effects and acupoint speci�c effects; lastly, penetrating sham as control can rule out
three other aspects and study speci�cally on the e�cacy of acupoint speci�c effects77,78. As far as the authors know, non-penetrating sham acupuncture is
the only method that can eliminate the placebo effect and meanwhile, minimise the physiological responses being generated. So, it can be widely used in a
broad range of acupuncture clinical trials that study the speci�c effects of acupuncture. On the other hand, penetrating sham acupuncture (e.g. shallow
needling/minimal acupuncture and needling on non-acupoints) is suitable to study narrower speci�c effects of acupuncture that will not be generated by skin
penetration. Do note that the acupuncturists of penetrating sham acupuncture are not blinded most of the time owing to different needling techniques and
locations in the sham group and hence, it may lead to performance bias of personnel. In addition, it has to be ensured that skin penetration will not trigger any
desired speci�c effects of the study, if not it will result in no signi�cant difference in both arms.

Table 4
Study Focus of Different Types of Acupuncture Control

Types of Control Aspects

Regression to the Mean Psychological Responses Physiological Responses* Acupoint Speci�c Effects

No treatment X Effectiveness E�cacy E�cacy

Standard treatment X Effectiveness E�cacy E�cacy

Non-penetrating sham X X E�cacy E�cacy

Penetrating sham X X X E�cacy

*, physiological responses caused by the skin penetration

Note: the boxes with “X” in Table 4 indicate the areas that are eliminated when comparing with the real acupuncture group.

 

Factors which May In�uence the Blinding Effectiveness of Sham Acupuncture Devices

Besides the selection of sham acupuncture method and device, there are other factors which may also play a role in achieving successful blinding, for
example, acupuncture experience and health status of the participants and needling location. As shown in Fig. 7, the naive participants are more easily blinded
than the experienced participants. The experienced participants are more familiar with the acupuncture process and DeQi (needling) sensation and hence, they
are more likely to guess the grouping accurately. However, both groups showed a signi�cant difference in blinding effectiveness. Ideally, naive subjects should
be recruited in acupuncture clinical trials, but experienced participants can also be considered if naive ones are not available or su�cient.

Next, both healthy and diseased participants demonstrated a signi�cant difference in blinding effectiveness, in which the healthy ones were slightly superior
to the other group (Fig. 8). Healthy subjects should be prioritised when designing acupuncture clinical trials, nonetheless, recruiting diseased participants is
unavoidable when studying the e�cacy of acupuncture on a particular disease.

Lastly, the locations of acupoints may also in�uence the effectiveness of blinding. As shown in Fig. 9, the OR values of the abdomen (11.33) [0.71, 180.77]
and the back (9.1) [3.14, 26.36] were higher compared to the upper limbs (4.31) [2.50, 7.43] and the lower limbs (3.69) [0.82, 16.62]. This phenomenon is
associated with the higher sensitivity of the skin and stronger needling sensations in the four limbs due to rich nervous distribution. Yet, only the back and
upper limbs showed statistically signi�cant different P-values.

Limitations of the Study

Four studies had been excluded due to language barrier and seven studies had been excluded due to inaccessibility of the full-text articles. Excluding articles
other than English and Chinese may introduce language bias. Excluding inaccessible articles may also reduce the precision of combined estimates of blinding
effectiveness. However, the authors were not able to overcome it due to limited resources. The included studies utilised different ways to present data, so
some data had to be converted before performing the meta-analysis. Also, some studies presented their results in terms of the number of participants,
whereas some were based on the total responses from the participants.

A variety of study designs also led to high heterogeneity in the results of the meta-analysis. Other potential in�uencing factors which might contribute to the
heterogeneity such as the diameter of acupuncture needle, the depth of needle insertion, the duration of needle retention, needle manipulation techniques and
the number of treatments were not analysed in the study. For instance, the participants may be aware of the grouping by observing the procedure and
treatment effects after having multiple and long-time treatment.

The number of articles in some of the subgroups was small. For example, Kim device and cocktail stick device in the analysis of the types of sham
acupuncture devices possessed solely one study; besides, the head and neck, abdomen and lower limbs in the analysis of the locations of acupoints
possessed a small number of studies.

Conclusions
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Non-penetrating sham acupuncture devices are valid placebo control for acupuncture clinical trials. It should be applied in future clinical trials because it can
blind the participants and meanwhile, produces lesser physiological responses. The foam device has a better blinding effect, followed by the Streitberger, Park
and Takakura devices. Sham needles with no skin contact could not successfully blind the participants. Naive, experienced, healthy and diseased participants
all can be used in acupuncture clinical trials but naive and healthy participants can be blinded more easily. Choosing acupoints from the back can blind
participants more easily compared to the other areas.

Future clinical trials can study and compare the blinding effectiveness of sham acupuncture devices by performing multiple sham groups with a larger sample
size to evaluate all different types of sham devices under the same setting. This can eliminate heterogeneity and show real blinding e�cacy of these devices.
Besides, researchers can also try to develop a better type of non-penetrating sham acupuncture device with the considerations of the blinding e�cacy,
strengths and limitations as mentioned in the results and discussion.
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Figure 1

PRISMA Flow Diagram

Figure 2

Risk of Bias Graph
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Figure 3

Risk of Bias Summary

Figure 4

Funnel Plot
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Figure 5

Overall Blinding Effectiveness of Sham Acupuncture Devices



Page 18/20

Figure 6

Comparison between Different Types of Sham Acupuncture Devices

Figure 7

Blinding Effectiveness Based on Acupuncture Experience

Figure 8

Blinding Effectiveness Based on Health Status
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Figure 9

Blinding Effectiveness Based on the Locations of Acupoints

Figure 10

Foam Sham Acupuncture Device10

Figure 11

Three Types of Non-penetrating Sham Acupuncture Devices11
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Figure 12

Acupuncture Effect in Sham Acupuncture Controlled Clinical Trials


