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The problem…. 

 





Some 
methodological 
considerations…. 

 



The problem with the control condition…. 
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The problem: 
 
Why is minimal/sham/etc. 
acupuncture so effective in the 
treatment of pain states? 



Questions: 

 Is the acupuncture treatment of chronic pain 
(somatosensory system!) a „placebo-
intervention“?  
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Questions: 

 Is the acupuncture treatment of chronic pain 
(somatosensory system!) a „placebo-
intervention“?  

 

 Is there an acupuncture specific mechanism 
which can explain the results of the German 
acupuncture trials and which is well described 
in classical physiology? 



The 
somatosensory 
system and pain 
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Subcortical 
mechanisms…. 
 
„Wide Dynamic Range“ (WDR) 
neurones in the spinal cord, 
„Gate-Control“ und „Diffuse 
Noxious Inhibitory Controls 
(DNIC)“ 
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LeBars D: The whole body receptive field of dorsal horn multireceptive neurons. Review. 

Brain Research Reviews 2002;40:29-44. 

C    slowly conducting pain fibre 

Aδ  fast conducting pain fibre 

Aβ  mechanosensory („fastest“) 

 

Wide dynamic range 



LeBars D: The whole body receptive field of dorsal horn multireceptive neurons. Review. Brain Research Reviews 

2002;40:29-44. 

Wide dynamic range Neuron 
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Diffuse Noxious Inhibitory Controls 

• The nociceptive (Aδ & C stimulation) dependent activity of the 

spinal WDR neurons can be suppressed by an additional, short 

lasting noxious stimulation outside its receptive field.  

• This inhibition lasts much longer than the additional 

stimulation. Synaptic changes such as LTP, LTD are very likely, 

especially since glutamate and the NMDA receptor are involved. 

The mechanisms are similar to the ones hypothesized for 

allodynia and hyperalgesia. The character of the noxious 

stimulation is irrelevant (electrical, thermal, mechanical, 

chemical). 

• In contrast to mechanosensory Aβ – stimulation and gate control 

is DNIC mediated through supraspinal mechanisms (caudal 

Medulla, Ncl. Reticularis dorsalis). It is hypothesized that these 

medullary cells have a „whole body“ receptive field.  
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The Context determines, how 

bright a surface appears 

Brightness is an active 

perceptual effort of the visual 

system! 

Simultaneous contrast! 

Mach-bands-illusion 





DNIC in 
humans…. 
 



Diffuse Noxious Inhibitory Controls in 
humans (examples) 

 A DNIC like effect has been shown for humans (on RIII-
Reflex) 

LeBars D, Willer J-C (2002) Pain modulation triggered by high-intensity stimulation: implication for 
acupuncture analgesia? International Congress Series 2002;1238:11-29. 

 

 In patients with spinal cord injuries the effects can be 
predicted depending on the localisation of the lesion 

 Le Bars D and Willer JC. Diffuse Noxious Inhibitory Controls (DNIC). In: Basbaum A et al. editors. The 

 senses: a comprehensive reference, vol 5: Pain. Amsterdam: Elsevier Churchill Livingstone; 2007. p. 
 762-773.  





DNIC and the 
GERAC trials 



LeBars D, Willer J-C: Pain modulation 

triggered by high-intensity stimulation: 

implication for acupuncture analgesia? 

International Congress Series 

2002;1238:11-29. 
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DNIC:  

A candidate for 
a specific 

acupuncture 
effect 



Diffuse Noxious Inhibitory Controls 

• Even though DNIC can be induced from every 

localisation, acupuncture points are likely to be 

more effective in inducing Aδ – stimulation (fast 

conducting pain fibre). 

• Possibly: Many non-acupucture points are as 

efficient as a few acupuncture points 

• Points distant to the pain are likely to play an 

important role (heterotopic stimulation) in the 

acupuncture treatment of pain. 



(a little) Discussion on point 
specificity 

 DNIC is not entirely independent from point 
specificity. Acupuncture points induce a 
stronger and longer neuronal reaction! 

 There is good evidence for point specificity in 
the autonomic nervous system (e.g. 
cardiovascular system: heart rate: Li et al., 2004, Li et al., 
2006; blood flow: Agarwal-Kozlowski, Lange & Beck, 2009; 
nausea: e.g. Beissner et al, 2012; functional dyspepsia: Ma 
et al. 2012) 

 The exclusivenes of point specificity may be 
dependent on the physiological system 
(e.g. somatosensory vs. autonomic nervous 
system) 

 



Is acupuncture / 
needling a 

nociceptive/pain 
signal 



Is acupuncture / needling a nociceptive 
/pain signal? 

• Acupuncture (e.g. ST 36) activates pain related brain 
structures (e.g. Biella et al., 2001, Pariente et al., 2005, Beissner et al., 2012; 

for overview and discussion see Wang, Kain & White, 2008; Theyson et al., 2014). 

• The activation is depending on needling sensation (Beissner et al., 

2012) 

• A recent meta analysis across 28 fMRI studies of acupuncture 
needling showed an activation of the pain matrix 
(sensorimotor cortical network, including the insula, thalamus, anterior 
cingulate cortex, and primary and secondary somatosensory cortices). 
(Chae et al, 2013) 
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Wallraven C. Inserting needles into the body: a meta-analysis of brain activity associated with 

acupuncture needle stimulation. J Pain. 2013 Mar;14(3):215-22. 
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Acupuncture needles 2nd century B.C. 



Is a potential 
needling induced 

DNIC effect 
clinically relevant in 
chronic pain states 



Conditioned Pain Modulation (the diffuse noxious inhibitory 
control-like effect): its relevance for acute and chronic pain states 
(review) 
 

David Yarnitsky, Current Opinion in Anaesthesiology 2010, 23:611–615 

• reduced CPM efficiency  in idiopathic pain syndromes, such as irritable 
bowel syndrome, temporomandibular disorders, fibromyalgia, and tension 
type  

• Low CPM efficiency, reflecting low pain inhibitory capacity, may be a common 
pathogenetic factor  

• Low CPM efficiency was shown to be predictive of acute and chronic 
postoperative pain 

 Low CPM efficiency is associated with higher pain morbidity and vice versa. 

 The role of CPM plasticity and its relevance to selection and efficacy of pain 
therapy is to date unclear. 



Does 
Acupuncture 
induce DNIC 



o DNIC is very likely to add to the overall effect of 
acupuncture related pain control! 

o It is probably stronger in acute clinical pain and in 
experimental laboratory pain as compared to 
chronic pain. 

o It cannot be the only mechanism, since e.g. chronic 
pain patients show a reduced DNIC response (e.g. 
Yarnitsky, 2010).  

o However, acupuncture may provide „retraining“ of 
DNIC in chronic pain. 

 

 



 



More 
methodological 
considerations…. 

 



Implications for 

experimental setups (mostly 

performed in healthy controls)… 

Always test acupuncture 
on an experimental pain 
stimulus!  



„Treating pain with pain“ or „heterotopic 
conditioning stimulations“  (HCNS = the 
human experimental equivalent to DNIC) 

• Acupuncture decreases somatosensory evoked 

potential amplitude to noxious stimuli in anesthetized 

volunteers (Meissner et al., Anesth Analg 2003). Clear 

acupuncture effects in unconcious humans. 

• Modulation of cold pain (Zhang et al., Neuroreport 

2003) and electrical pain (Theyson et al. 2014) in the 

human brain by electric acupoint stimulation: evidence 

from fMRI. Less brain activity in somatosensory 

areas in response to acupuncture. 

• Etc.  



Treating pain with pain: Supraspinal mechanisms of 

endogeneous analgesia elicited by heterotopic 

noxious conditioning stimulations  (Sprenger, 

Bingel & Büchel, PAIN, 2011) 

• Tonic cold pressor task and phasic additional 

pain stimulation in an fMRI paradigm. 

• Clear HNCS effect / marked endogeneous 

analgesia 

• Reduced activity in classical pain related brain 

structures  

• In addition, recruitment of an opiate dependent, 

descending pain control system (naloxone 

blockade) 

 



Some general implications: Take good care 
of your control condition (in experimental 
AND clinical trials)!!! 

• Use a well established control, where the mechanism is known, 
such as e.g. a pharmacological gold standard  (e.g. Musial et al., 
2012, Electroacupuncture vs. Tramadol) 

• If you go for non-pharmacological interventions, use one where 
the biomechanism is understood (e.g. Meditation; Choi et al, 
2011) 

• In experimental trials, always include a non-treatment control 
group, in clinical trials, minimally have a standard medical care 
group.  

 



 



Is there a role 
for placebo in 

acupuncture 
analgesia  



Placebo effects: group of subjects 

 regression to the mean 

 natural history  

 true placebo response 

Placebo response: individual reaction  
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variability / signal 

to noise relation 

neurobiological basis 
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The effect is small to non-
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Placebo interventions for all clinical conditions. 
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[ARTN CD003974;DOI.1002/14651858. 

CD003974.pub3]. 2010;1. 
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• Han Neurosci lett 2004; 361(1-3): 258-261. 







for overview 

and discussion see Wang, Kain & White, 2008; Chai et al, 2013







Yes 



 Sensory experiences are to the 

same extend determined by 
 

Sensory input  

 as well as  

Expectations 

 





Conditioning 

 

 33 % of the trials with 48 oC and 50 oC were 

„announced“ wrongly (the intervals were 

exchanged) 

Expectation 

 



Koyama et al. (2005) The subjectice experience  of pain: where expectations 

become reality. PNAS, 102 (36), 12950-12955. 
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• Expectation 

• Stress 

• Meditation 

• etc. 



The acupuncture 
setting 
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