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Acupuncture can be defined as the insertion of needles into 

he body at specific points (i.e., acupoints) for the purpose of 

reatment. Increasing evidence from large-scale effectiveness tri- 

ls have shown that effectiveness of real and sham acupunc- 

ure did not differ significantly. 1–3 However, considering the is- 

ues of blinding and physiological inertness of the sham nee- 

les, neither the Streitberger nor the Park sham device is an ad- 

quate control intervention. As sham needles do not constitute 

roper control in acupuncture research, we should not claim that 

cupuncture treatment is no more effective than a placebo con- 

rol. 4 To answer the controversy regarding sham acupuncture, neu- 

oimaging techniques have been applied to investigate the ef- 

ects of various components of acupuncture treatment on the cen- 

ral nervous system. In neuroimaging studies, the brain hemody- 

amic responses to acupunctural stimulation were shown to re- 

ect sensory-discriminative as well as cognitive and affective di- 

ensions of pain. 5 Both the sensory-discriminative component and 

ffective-social touch of acupuncture treatment are crucial for the 

herapeutic effect of acupuncture treatment in clinical practice. 6 

Based on the predictive coding paradigms, somatic sensations 

an be inferred by integrating afferent signals and high-level cog- 

itive processes. 7 For example, experiences and expectations prior 

o acupuncture stimulation also influence the perception of so- 

atic sensations and therapeutic effects. Notably, similar to real 

cupuncture, sham acupuncture includes tactile stimulation, en- 

anced doctor-patient relationship, bodily sensation ( de qi ), and 
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xpectation regarding the treatment. 8 Despite the reduced so- 

atosensory inputs of sham acupuncture compared with real 

cupuncture, high-level cognitive components of sham acupunc- 

ure are very comparable with real acupuncture treatment and 

ight explain why sham acupuncture can exert similar effects as 

eal acupuncture. The power of mind (i.e., the non-specific ef- 

ects of treatment) can be a crucial factor in pain modulation of 

cupuncture and other alternative medical practices. 9 The brain 

ontributes to reshaping how bottom-up information is processed 

hrough top-down regulation. 

Herein, we introduce a series of studies on how top-down 

omponents of acupuncture affect the acupuncture action, espe- 

ially bodily awareness, bodily attention, anticipation of stimula- 

ion, and medical context. First, acupuncture stimulation was de- 

ivered to the rubber hand, which participants experienced as their 

wn hand using the rubber hand illusion, an experimental model 

o modify body ownership. Acupuncture stimulation on the rub- 

er hand resulted in the de qi sensation as well as brain activation 

n the dorsolateral prefrontal cortex, insula, secondary somatosen- 

ory cortex, and visual area when the rubber hand was fully in- 

orporated into the body. 10 Second, acupuncture stimulation was 

dministered to the embodied prosthetic hand or fake hand in 

n amputee patient. Brain activation responding to acupuncture 

timulation in the prosthetic hand was observed in the contralat- 

ral insula, primary motor cortex, premotor cortex, and primary 

omatosensory cortex. Conversely, brain activation responding to 

cupuncture stimulation in the fake hand was observed only in the 

isual cortex. 11 These results indicate that psychophysical and neu- 

ophysiological responses associated with acupuncture stimulation 

o the incorporated hand were influenced by an enhanced bod- 

ly awareness of the hand. Third, enhanced bodily awareness com- 
icine. This is an open access article under the CC BY-NC-ND license 
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Fig. 1. The role of cognitive components in acupuncture treatment 

Acupuncture treatment involves touch, insertion, and healing ritual, consisting of multiple components including somatosensory stimulation, treatment context, and attention 

to needle-based procedures. Bottom-up components of acupuncture include somatosensory inputs, and top-down components include bodily awareness, bodily attention, 

anticipation of stimulation, and medical context. Because cognitive components of acupuncture contribute to acupuncture analgesia, sham acupuncture can achieve similar 

clinical improvements to real acupuncture. 
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ined with acupuncture stimulation without afferent somatosen- 

ory inputs could evoke similar brain responses as real acupunc- 

ure. In addition, enhanced bodily attention triggered by genuine 

cupuncture stimulation can activate the salience network and de- 

ctivate the default mode network regardless of the actual stimula- 

ion 

12 , which indicates that the component of enhanced attention 

o a certain part of the body is significant in the brain response 

o acupuncture stimulation. Fourth, expectation of electroacupunc- 

ure stimulation in the absence of an afferent somatosensory sig- 

al, induced significantly greater intensity of de qi sensation and 

rain activation in the right anterior insula, right inferior frontal 

yrus, pre-supplementary motor area, and secondary somatosen- 

ory cortex. 13 This result indicates that the sensory experience 

f electroacupuncture stimulation may be derived from expecta- 

ion, which involves a function of the salience network in monitor- 

ng internal and external body states. Lastly, therapeutic effects of 

cupuncture can be modulated by the treatment context. Acupunc- 

ure yielded greater brain activation in reward-related brain areas 

e.g., ventral striatum) in participants who received acupuncture 

timulation as a treatment for pain relief compared with partic- 

pants who received acupuncture as a painful stimulation. These 

ndings indicate that inserting needles into the body in the con- 

ext of treatment can activate reward circuitries in the brain and 

odulate brain response to experimental pain in the pain matrix. 14 

The cognitive component of acupuncture can influence the pain 

odulatory effect of the acupuncture treatment, as shown in pre- 

ious studies. Phantom acupuncture, which is a visually presented 

cupuncture ritual to make participants believe they are receiving 

eal acupuncture, evokes phasic autonomic responses to acupunc- 

ure and needling orienting response. 15 Phantom acupuncture also 

esults in significant pain reduction, with a significant correlation 

etween the brain activation in the prefrontal cortex and the score 

ssessing belief in acupuncture effectiveness. 16 Recently, video- 

uided acupuncture imagery treatment (VGAIT) also successfully 

educed pain in individuals when watching a video of acupunc- 

ure on the participant’s own body and imagining its application. 

oth VGAIT and real acupuncture induce brain changes in brain re- 

ions involved in pain modulation, including the insula, cingulate, 

nd prefrontal cortices. 17 Functional connectivity showed that re- 

ponses to real acupuncture were associated with brain activities 
s

2 
n the basal ganglia, and responses to VGAIT were primarily asso- 

iated with brain activities in the anterior insula. 18 These results 

how that somatosensory components as well as visual compo- 

ents associated with needling can contribute to acupuncture anal- 

esia by, ultimately, combining contextual meaning with verbal in- 

truction. 19 The clinical acupuncture setting includes a combina- 

ion of the needling experiences and other contextual factors of a 

omplex treatment situation. 20 Taken together, acupuncture treat- 

ent not only involves simple needling but also includes complex 

ealing processes. 

In summary, acupuncture is a complex treatment comprised of 

ultimodal sensory stimulation that interacts with various cog- 

itive factors. Acupuncture treatment involves touch, insertion, 

nd healing ritual, consisting of multiple components including 

omatosensory stimulation, treatment context, and attention to 

eedle-based procedures. Body ownership, enhanced bodily at- 

ention, anticipation of stimulation, and treatment context can 

e important factors that influence physiological responses dur- 

ng acupuncture stimulation. Understanding the top-down compo- 

ents of acupuncture treatment may be important for further sci- 

ntific investigation on the effects and underlying mechanisms of 

cupuncture and lead to the development of a new sham acupunc- 

ure more suitable for clinical trials Fig. 1 . 
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