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1. Introduction

Parkinson's disease (PD), first reported by James 
Parkinson (1817), is a progressive neurodegenerative 
disorder which is common in the elder population with 
an unclear pathogenesis (1). The pathophysiological 
hallmark is the progressive degeneration of dopamine 
(DA) neurons in the substantia nigra pars compacta 
(SNpc), and the main symptoms are static tremor, 
rigidity, bradykinesia, gait dysfunction and postural 
instability (2,3). The detailed pathogenesis remains 
unclear. It is believed that PD is a comprehensive 
result of genetic factors and environmental toxins 

(Figure 1) (4).
 There is no perfect strategy in treating PD. Medical 
therapy is still playing the most important role for 
PD. Currently, levodopa (L-dopa) is certainly the 
best medicine for idiopathic PD. Other medicines 
such as dopamine receptor agonists, monoamine 
oxidase-B (MAO-B) inhibitors, amantadine and 
anticholinergic medications are also used as adjuvant 
drugs for L-dopa with functions of reducing the dose 
of L-dopa, or prolonging L-dopa's effective time, or 
releasing the side-effects of L-dopa (4). Traditional 
surgical processes include old surgical ablation 
(pallidotomy or thalamotomy) and newer high-
frequency deep brain stimulation (DBS) of certain 
structures such as the subthalamic nucleus (STN). 
STN-DBS has been proved as an effective therapy 
both in clinical reports (5) and animal studies (6-8). 
The mechanisms of such traditional surgical therapies 
are unclear. It is believed that the surgical ablation 
or STN-DBS breaks the motor controlling circuits 
concerning the basal ganglia, while DBS corrects 
the overactive state of STN in the PD state (9-11). 
 If we define the medical and surgical treatments 
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as "classic treatments", the next generation treatments 
for PD should include gene therapy and stem cell 
transplantation. At present, the main solutions 
of gene therapy include two directions: one is to 
improve the cerebral neurotrophic factors, including 
the brain derived neurotrophic factor (BDNF) (12-
14) and glial cell line-derived neurotrophic factor 
(GDNF) (15,16). However, some clinical trials 
regarding GDNF produced incompatible results, 
and thus the efficacy of improving cerebral GDNF 
needs more evidence (17-19). Another direction of 
gene therapy is to enhance GABA expression of 
STN by transfer of the glutamic acid decarboxylase 
(GAD) gene using adeno-associated virus (AAV) 
(20). It is hopeful that the method will be acceptable 
as a new treatment. The most challenging/dramatic 
next generation therapy is stem cell transplantation. 
The development of induced pluripotent stem cells 
(iPSCs) resolved the derivation of stem cells, and 
has allowed using stem cells to "make" DA neurons 
which is a promising strategy for DA. However, 
technical problems such as a low success rate in 
making DA neurons in vivo and a high cancer rate 
hold back the clinical application of stem cells.

 2. The limitations of the classic therapies currently

All the classic treatments, including medical and 
surgical, are symptomatic therapies, which contribute 
l i t t le  to  s top/ameliorate  neuron degenerat ion 
progression. Such symptomatic therapies have many 
weaknesses, and are far from satisfactory therapies. In 
this regard, PD is always thought of as an intractable 

disease.
 L-dopa administration is regarded as the most 
effective therapy currently. Most of the patients 
experience a dramatic improvement during the early 
stage of treatment. Unfortunately, with the progress of 
PD, the dose of L-dopa has to be enhanced to achieve 
the same efficacy (wearing off sign). At the advanced 
stage, the efficacy becomes weaker, and some motor 
side-effects appear. Such motor side-effects of L-dopa 
always emerge along with the motor symptoms, which 
make the patients always suffer from severe motor 
dysfunction (4).
 As to the surgical processes, several limitations are 
reported in the previous studies: i) The mechanisms of 
surgical treatments remain unclear, which will influence 
clinical practice using such therapies. For instance, 
parameter selection is a tough problem faced by the 
clinicians and patients undergoing DBS. Albeit the high 
frequency, experiential pulse (about 60 μs) is accepted 
by most of the researchers (11,21,22), the stimulation 
current intensity is a difficult problem. Recently, 
several animal studies revealed that the best parameters 
to ameliorate contrasting symptoms are quite different 
(7,8). The parameter selection is individualized and 
experience-based in different patients. Moreover, the 
problem of the battery life of the stimulator embedded 
under the skin can not be ignored. This problem usually 
forces the patients to make a tough decision: either 
to undergo another surgical operation to change the 
battery, or adopt a palliative pattern by reducing the 
stimulation current to save the battery (4). ii) DBS is 
an invasive therapy with a high surgical risk, and the 
long-term efficacy is also uncertain. Although several 

Figure 1. The possible mechanisms involved in  PD pathogenesis (Asakawa and Xia, 2012).
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clinical studies claimed a good efficacy for DBS after 
long-term observation (23,24), the significant adverse 
events reported and the battery life of the stimulator 
can not be ignored. iii) DBS is an expensive process, 
which can not be popularized in some developing 
countries without a good health insurance system.
 There are so many limitations of the classic medical 
and surgical therapies currently, and there is still a 
long way to go to apply the next generation treatments 
clinically. To explore a safe (less invasive), low-
cost, however effective therapy is a dream of all PD 
clinicians. In this regard, peripheral stimulation is taken 
into account.

3. Overview of peripheral stimulation

DBS is an invasion strategy with high surgical risk 
for PD. If the electrical stimulation can be performed 
out of the brain, the invasiveness, risk and cost will be 
profoundly reduced, while the operation process can be 
dramatically simplified. We defined such performing 
electrical stimulation at structures out of the brain, such 
as spinal cord, peripheral nerve, muscle, skin, etc., as 
peripheral stimulation. Currently, mainly two sorts of 
peripheral stimulations are reported, namely spinal cord 
electrical stimulation (25) and acupuncture (4). 
 Fuentes in 2009 first reported that epidural 
electrical stimulation of dorsal columns in the 
spinal cord improves motor impairments in both 
rat and mouse PD models (25). They used acute 
pharmacologically induced DA-depleted mice and 
chronic 6-hydroxydopamine (6-OHDA)-lesioned rats. 
Dorsal column stimulation (DCS) was performed 
and evaluated in these models. They found 300 Hz 
stimulation dramatically enhanced the amount of 
locomotion during the stimulation period compared 
to the control (Figure 2A). DCS also contributed to 
the alleviation of bradykinesia since fast-movement 

components are significantly ameliorated (Figure 2B). 
They also found that DCS affected the firing patterns 
of individual neurons. When performing DCS in 
combination with L-dopa administration, they found 
DCS achieved a 4/5 dose reduction of L-dopa to reach 
the same efficacy (Figure 3A). Such results were 
repeated in 6-OHDA-lesioned rat models (Figures 
3B and 3C). However, the subsequent clinical study 
produced  incompatible results (26,27). High-frequency 
epidural cervical spinal cord stimulation was performed 
for two PD patients using different frequencies and 
current intensities. Unfortunately, they did not find any 
significant difference (Table 1). DCS stimulation is a 
total new approach for PD, and the mechanisms are 
unknown (we will discuss it in the next section). More 
bench and clinical studies should be involved since the 
dorsal column may be a potential target for peripheral 
stimulation.
 Acupuncture is another method reported to claim 
"good efficacy" for treatment of PD by stimulation 
out of the brain (4). Acupuncture is an alternative 
therapy which achieves improvement of certain 
diseases by stimulation of acupoints at the body 
surface, based on the theories of traditional Chinese 
medicine (TCM). Acupuncture is popular in east 
Asia. Tons of papers published in China and Korea 
claimed good efficacy of acupuncture in treating PD. 
However, most of these studies are poorly designed, 
and therefore we can not get rigorous evidence to 
evaluate the efficacy of acupuncture. Lee in 2008 
investigated the acupuncture studies and found only 
11 of the 103 studies reached a level of randomized 
controlled trials (RCTs) with subjective outcome 
measures, while only 1 study described a double-blind 
method. This rigorously designed study by Cristian 
et al. could not find any efficacy for acupuncture 
in treating PD (28,29). Lam in 2008 evaluated 
acupuncture studies available in the database, and 

Figure 2. DCS improved the locomotion in DA-depleted mice (Fuentes et al., 2009). (A), Stimulation of dorsal columns 
enhanced the locomotion in mouse PD models, while 300 Hz stimulation achieved the best efficacy; (B), DCS significantly 
ameliorates the fraction of faster movement components in mouse PD models.
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Table 1. DCS did not conduct any significant amelioration in two PD patients (Thevathasan et al., 2010)

baseline (off  stimulation)
subthreshold stimulation
suprathreshold stimulation
friedman (p value)

                    Timed hand-arm
                    movements (n/30s)

                          30.3 (15.9)
                          32.7 (18.0)
                          31.2 (16.3)
                            0.32

              Motor UPDRS
              (score/104)

                37.8 (11.5)
                35.4 (12.5)
                37.3 (10.5)
                  0.44

                 Timed10-meter
                 walk (s)

                    5.5 (1.2)
                    5.4 (0.4)
                    5.6 (1.0)
                    0.72

                      Timed lower limb
                      tapping (n/30s)

                           54.2 (21.9)
                           54.2 (22.8)
                           52.0 (24.7)
                             0.85

found only 10 of 784 can be attributed to RCTs, 
however, there are still flaws in the experimental 
design in these 10 studies (30). Asakawa in 2012 
reviewed 2,354 original studies using acupuncture to 

treat PD, and could not find even one paper providing 
believable evidence to prove acupuncture's efficacy 
(Table 2). He summarized the main flaws involved 
in the acupuncture studies and aroused large, well-
designed and multicenter clinical trials to evaluate 
the efficacy and safety of acupuncture (4,31).
 Albeit peripheral stimulation is an attractive and 
hopeful approach for PD, unfortunately at present 
there is no powerful evidence to prove efficacy 
clinically, either in spinal cord stimulation, or in 
acupuncture. More studies should be engaged in these 
two directions since peripheral stimulation is a good 
clue for developing low-invasion PD treatment.

4. The potential mechanisms involved in peripheral 
stimulation

Until now, we still do not know whether peripheral 
stimulation can be employed as a candidate new 
treatment for PD. If the potential mechanisms can 
be clarified, it will be helpful to develop effective 
peripheral stimulation.

4.1. The somatosensory system, a bridge between 
peripheral stimulation and the dopaminergic system?

The essence of this problem is that if stimulation 
of peripheral structures can affect the cerebral 
dopaminergic system. Several reports revealed that 
peripheral electrical stimulation is able to affect cerebral 
DA release. As far back as 1977, Nieoullon found  
electrical stimulation of the cats' forepaw resulted in DA 
release which was reduced in the ipsilateral substantial 
nigra and enhanced in the caudate nucleus (32). 
Subsequently, several studies found stimulation of the 
somatosensory system affects the dopaminergic system, 
which is related to motor function (Figure 4) (33-35). 
These findings all indicated a close connection between 
the somatosensory system and DA system. However, 
the anatomical structure, distribution and circuits of the 
somatosensory system are poorly understood. Inoue's 
2004 paper deduced the possible anatomical pathways 
which exist between the mesencephalic DA-ergic 
nuclei and the sensory system causing the observed 
modulation of DA release in the basal ganglia. One 
important plausible connection is from the sensory areas 
in the contralateral neocortex which projects back into 
the ipsilateral striatum, and then activates ipsilateral 
DA release from mesencephalic DA-ergic nuclei. 

Figure 3. DCS improved locomotion in severely DA-
depleted mice and in chronically lesioned rats (Fuentes 
et al., 2009). (A), DCS established better efficacy in the 
group undergoing DCS in combination with successive 
L-dopa injections (black) than the group only receiving 
L-dopa (gray); (B), DCS (yellow shaded area) caused 
significant improvements of locomotion in 6-OHDA-lesioned 
rats (shaded area around trace is SEM); (C), (Left) DCS 
specifically improved locomotion in 6-OHDA-lesioned rats, 
(Right) Faster movement components of locomotion were 
also ameliorated by DCS in the 6-OHDA-lesioned rats.
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Another possible anatomical connection could be from 
the projecting fibers between the nuclei intralaminares 
thalami and the SNpc through the striatum on the 
contralateral side. Furthermore, there is another 
potential pathway between the ventral tegmental area 
and the mesencephalic central gray area, which is 
innervated collaterally by the spinothalamic tract (4,33). 
 The mysterious somatosensory pathways may play 
a role in the connection between peripheral stimulation 
and the DA system. We hypothesize that the dorsal 
column and the effective acupoints (if the efficacy 
can be strictly verified) should be the "stations" of the 
somatosensory pathways. The motor functions related 
to the dopaminergic system are then affected through 
the somatosensory pathways when the "stations" are 
undergoing electrical stimulation.

4.2. DCS unlocks the basal ganglia-cortical circuits?

Besides the dopaminergic system, another important 
possibility is that DCS (or effective acupuncture) 
activates the locked basal ganglia-cortical circuits in 
the PD state. In a later paper to explain the mechanisms 
of DCS, Fuentes pointed out that the improvement of 
motor function might be the result of basal ganglia-
cortical circuits being unlocked and conducted by 
synchronous stimulation of a number of tactile afferent 
fibers terminating in the dorsal column nuclei and 
ascending through the lemniscal pathway to cortical 
areas through the thalamus, and the thalamic nuclei 
most directly activated by DCS differ from those 
primarily affected by STN-/GPi-DBS. In addition, 
activating the pedunculopontine nucleus (PPN) through 
some ascending and descending anatomical tracers 
from the cervical and thoracic spinal cord dorsal horns 
projects directly to PPN and may play a role in the 
mechanisms of DCS (36). It has been well investigated 
that activation of PPN contributes to improvement 
of the initiation of movement through a descending 
drive to locomotor circuits directly; and activation/
desynchronization of the motor cortex along with 
certain structures within the basal ganglia through 
ascending thalamocortical pathways indirectly (36-38).
 No matter what the mechanisms are concerning the 
dopaminergic system, or concerning the basal ganglia 
circuits, achieving deeper understanding of the potential 
anatomical connections is crucial. It may be a key to 
uncover the secrets of peripheral stimulation.

Figure 4. DA-release marked by striatal D2-like receptor 
activity was affected by forepaw electrical stimulation 
(Inoue et al., 2004). (Left), The electrical stimulation in the left 
paw decreased the BP value in the right basal ganglia; (Center), 
A parametric image of BP without stimulation. (Inoue et al., 
2004); (Right), The electrical stimulation in the right paw 
decreased the BP value in the left basal ganglia. The BP value 
is shown in the color bar in coregistered MRI. Rt: The right 
side of the cat brain.

Table 2. The common flaws in the experimental design of the acupunctural studies. Modified from the chapter of (Asakawa 
and Xia, 2012)

Weaknesses in the experimental design

The undefined sample size

Lack of "blinding"

Insufficient randomization or pseudorandom

Inappropriate control group setting

Lack of objective evaluation standard

Weakness in statistical analysis

Neglect in recording adverse events and 
withdrawals

Comments

Sample size is the most crucial aspect of formulating 
an experimental design.

Basically, double-blinding is needed; however, single 
blinding with objective indices is acceptable.

Only a small number of these studies used a robust 
randomization procedure while many of them used 
insufficient randomization, even pseudo-random in 
some cases.

There are several flaws in using the popular 
protocol like C + A vs. C (C = classical therapy; A = 
acupuncture).

1. Lack of an objective standard for acupoint-selection.
2. No standardized method of performing manual 
    acupuncture.
3. The evaluation criteria are also subjective.

1. Fail to describe the data analysis methods.
2. List only raw data in tables , do not use any figure
    with statistical information.

Without adequate reporting of adverse events and 
withdrawals, the results from a clinical trial can not 
be accepted.

Solutions

1. Estimated according to the statistical 
    principles (Asakawa and Xia, 2012).
2. The method for establishing the sample
    size should be clearly put down.

Methods of Allocation concealment should 
be included in the paper.

1. Simple randomization.
2. Block randomization.
3. Stratified randomization.
4. Covariate adaptive randomization.

1. A protocol of A + C vs C + P, (P = placebo
    acupuncture) is recommended.
2. The methodology of setting placebo
    acupuncture.

The ideas of evidence-based medicine 
should be set up.
Change the traditional experience-based 
ideas.

Consult a statistical expert.
Using statistical figures.

Adverse events and withdrawals should be 
recorded clearly.



www.irdrjournal.com

Intractable & Rare Diseases Research. 2012; 1(4):144-150. 149

5. Conclusion

Although only one rigorously designed bench study 
(25) verified the efficacy of peripheral stimulation in 
treating PD, we can expect the possibility of treating 
PD by stimulation outside of the brain. More bench 
and clinical studies should be designed and verified 
for peripheral stimulation. Certainly the efficacy 
of acupuncture should be also strictly verified. The  
"effective" acupoints may be employed in affording 
hints of stimulating targets or finding the "stations" of 
unknown anatomical connections.
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