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Abstract
Acupuncture, one of the primary methods of treatment in traditional Oriental medi-
cine, is based on a system of meridians. Along the meridians lie acupuncture points

KEY WORDS: or acupoints, which are stimulated by needling, pressure or heat to resolve a clinical
acupoints; problem. A number of methods have been used to identify meridians and to explain
acupuncture; them anatomically. Thus, tendinomuscular structures, primo-vessels (Bonghan ducts),

regions of increased temperature and low skin resistance have been suggested to
represent meridians or as methods to identify them. However, none of these methods
have met the criteria for a meridian, an entity that, when stimulated by acupuncture
can result in clinical improvement. More recently, modern physiologists have put
forward the “neural hypothesis” stating that the clinical influence of acupuncture
is transmitted primarily through stimulation of sensory nerves that provide signals
to the brain, which processes this information and then causes clinical changes asso-
ciated with treatment. Although additional research is warranted to investigate the
role of some of the structures identified, it seems clear that the peripheral and cen-
tral nervous system can now be considered to be the most rational basis for defining
meridians. The meridian maps and associated acupoints located along them are best
viewed as road maps that can guide practitioners towards applying acupuncture to
achieve optimal clinical results.

sensory nerves;
traditional oriental
medicine

1. Introduction of meridians and acupuncture points (acupoints) as

well as technical aspects of acupuncture and moxi-

Oriental medicine is well over 3000 years old since its
earliest descriptions originated during the reign of
the Yellow Emperor in 2697 BC in his Inner Classic
(200 BC) [1]. In practice, oriental medicine includes
both herbal remedies and acupuncture. Acupunc-
ture is based on a meridional theory, which incor-
porates a system of channels through which vital
energy, or Qi, flows. One of the earliest descriptions

bustion was written by Hangfu Mi in 259-282 AD
[1-3]. This book described 349 acupuncture points,
or acupoints, which is more than the 160 contained
in the Yellow Emperor’s Inner Classic. Further de-
scription of acupuncture was provided in a text by
Yang Jizhou (1520-1660) who mentioned 361 acu-
points [1,2,4]. A French diplomatic scholar, George
Soulié de Morant brought acupuncture to Europe in
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the early 1900s after serving in China [5]. He coined
the terms meridian and energy.

Oriental medicine today is composed of a very
diverse and complex set of practices, although com-
mon aspects to the practice exist throughout many
Eastern cultures [6]. Traditional Chinese Medicine
incorporates both yin-yang and the five elements
theory, called Wu Xing. Yin-yang are mutually op-
posing forces, such as hot and cold, that are nor-
mally in balance with each other, i.e., homeostasis
is present. Disease occurs when there is an excess
or deficiency of either yin or yang. Our universe is
composed of the five elements, including wood, fire,
earth, metal and water, and these speak, in part,
of the interaction between our body and the sur-
rounding environment. Each of the 12 regular or
principal meridians is associated with a Chinese
organ, such as the heart, pericardium, lung, spleen,
liver, kidney (the yin organs) and stomach, gall-
bladder, large and small intestine, urinary bladder
and tri-heater or triple burner (the yang organs). The
Chinese organs do not represent the organs that
share the same anatomical names in Western science
and medicine. The principal meridians are bilater-
ally symmetrical. There are also midline meridians
as well as connecting channels or meridians that
intersect the regular meridians [6].

2. Anatomy of Meridians

A number of anatomical structures have been pro-
posed to describe meridians. For example, Helms
[7] mentions tendinomuscular meridians, a system
of superficial meridians located between the or-
ganism and the external environment. He also men-
tions principal meridians, lines that travel through
muscles and nourish all tissues, as well as distinct
meridians, which are located between the surface
of the body and deep organs that nourish these or-
gans. In addition, he mentions curious meridians
that create connections between principal chan-
nels and serve as energy reservoirs. He cites no re-
search verifying the existence of these meridians
as physical entities.

Only relatively recently has there been an at-
tempt to anatomically define acupoints (and merid-
ians) [8]. A review of the available literature in
1984 by Chan [9] suggests that there is no specific
substrate for acupuncture. He concluded that the
most convincing argument for the effects of acu-
puncture come from the involvement of the nervous
system. In his review Chan [9] cited studies of gross
anatomical correlations, the primo vascular sys-
tems (Bonghan corpuscles and ducts), biophysical
approaches, including the electrical properties (skin
resistance) and the temperature of acupoints, as

well as Japanese Ryodoraku, and physiological mea-
surements. Physiological assessment included The-
Ch’i or acupuncture sensations (see deQi below),
receptor and sensory or afferent systems, specific
versus non-specific acupuncture stimulation and
pathological approaches, such as changes in skin
resistance in pathological states, pain spots and
trigger points.

3. The Primo Vascular Systems
(Bonghan Corpuscles and Ducts)

The primo-nodes (Bonghan corpuscles) were origi-
nally identified in rabbits by a Korean physician,
Kim Bong-Han in 1963 [10-12], although histologi-
cal techniques were not revealed in his reports.
The existence of these ducts are controversial, since
Chinese scientists were unable to duplicate these
data [9,13]. More recently, analysis of these ducts
has been resurrected by Soh [14] and his col-
leauges, Ogay et al [15]. This system, composed of
several networks, was traced and evaluated mi-
croscopically, and fluid from the ducts also was
analyzed. These thread-like vessels are thought to
be similar to blood and lymph capillaries, but are
distinct in structure and some are located inside
blood and lymph vessels. The conjecture that primo-
vessels (Bonghan ducts) serve the role of meridians
in acupuncture has not been proven [14].

4. Anatomical Structure of Acupoints

Acupuncture points located along meridians have
been the subject of intense investigation with re-
spect to their unique anatomical composition. Ac-
cording to Dung [16], acupoints include nerves of
various types, blood vessels, ligaments rich in nerve
endings and suture lines. Nerves seem to be the most
common structure. Others have emphasized the
high correlation with trigger points [17,18]. These
are called An Shi points by Chinese practitioners and
are often quite tender [19,20]. The abolition of pain
and acupuncture analgesia by injection of local anes-
thetics into acupoints is probably the strongest evi-
dence to suggest that neural innervation is required
for the acupuncture response [21,22].

5. Imaging Studies

Labeling meridians with radioactive tracers, such as
technetium, has led some to claim that this method
provides anatomical evidence for their existence
[23]. However, while there may be take-up of the
radiotracer by acupuncture points, movement of the
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tracer is explained by transport along the venous
system [24].

Thermogram infrared images have been taken in
an attempt to show the response to acupuncture
and to provide evidence for the existence of merid-
ians [25]. According to this concept, meridians are
made up of stable clusters of polarized water [26]
that oscillate and transmit energy at the speeds of
light and sound through meridians, with the energy
of this transmission called Qi. Sometimes thermo-
grams have been thought to actually show the path-
way of a weakly luminescent meridian [27], but such
demonstrations have been inconsistent between
meridians. Furthermore, there is no physical proof
that such oscillations occur, that they change with
disease or that they actually represent meridians.
There simply is no evidence for the existence of
meridians based on this theory.

6. Skin Resistance

Electrodermal screening employing measurement
of skin resistance has been used for some time to
determine the location of meridians and as a guide
for treatment [28-30]. Human skin has a resting po-
tential across the epidermis that ranges between
20 and 90mV [31]. It has been speculated that acu-
points, by providing regions of low resistance, short
circuit the high resistance imposed by the epider-
mis [32]. A preliminary unpublished study by Shu and
Pomeranz [33], cited in a book in which Pomeranz
contributed a chapter [32], claimed that acupunc-
ture decreased local skin resistance for 1-2 days.
The physiological meaning of this finding is, how-
ever, unclear. According to a recent article [34] the
most compelling evidence for acupoints having low
resistance compared to adjacent regions comes from
Becker et al [35]. It is quite common to encounter
instruments that ostensibly locate acupoints through
measurement of skin resistance. Using these instru-
ments, it is easy to find skin areas of low resistance
that then are claimed to be acupoints [36]. In Japan,
a Ryodoraku machine has been used to map out lines
of high conductance that corresponded to Chinese
meridians [9]. In Germany, a Voll machine has been
used to identify a higher steady state capacitative
resistance, which has been suggested to be diag-
nostic of acupoints [32]. Neither the Ryodoraku nor
the Voll machines have been validated with a con-
trolled study. In fact, although measurement of ear
resistance has been claimed to correlate 72.5% of
the time with Western diagnosis [37], a carefully
controlled study by Melzack and Katz [38] found no
consistent difference in conductance between acu-
points and nearby non-acupoints in patients with
chronic pain.

Studies in animals suggest that cutaneous elec-
trical potentials (active spots) are different where
sensory nerve endings are present [9]. The litera-
ture, however, is conflicting since there are many
challenges and technical issues that have yet to be
resolved [39]. For example, a recent study [34]
was able to locate only a fraction of the acupoints
using skin resistance or impedance. It is uncertain
how active spots noted by some investigators relate
to acupoints. Furthermore, the conclusion that ac-
tive points are heavily innervated is clouded by the
fact that sensory endings are present throughout the
skin. Also, the contention that there are higher con-
centrations of acetylcholine and higher tempera-
ture at active spots has not been verified widely.
Finally, it is important to acknowledge also that
many technical factors can influence skin electrical
resistance or impedance, which primarily stems from
the stratum corneum, including the size of the elec-
trode, the amount of pressure placed on the skin,
the time of contact between the electrode and the
skin and, importantly, the extent of skin moisture
or sweat. Most references citing the validity of skin
resistance are in poorly documented textbooks and
low quality refereed journals. In fact, when acu-
points are carefully mapped in healthy volunteers,
inconsistent results suggest that measurement of
skin resistance is an unreliable technique [40]. The
inconsistency of acupoint location and the inabil-
ity to identify meridians reliably by any anatomi-
cal method has led to the conclusion that neither
acupoints nor meridians have a physical basis [41].

7. The Neural Hypothesis

Early studies in human volunteers showed that vas-
cular occlusion of the arm does not alter the anal-
gesic influence of acupuncture needling in the hand
(Hegu, LI 4) or forearm [21]. Similarly local anes-
thetic blockade of cutaneous nerves in the forearm
does not alter the influence of hand acupuncture.
Conversely, infiltration of deep nerves around the
acupuncture point impairs the acupuncture-related
analgesic response. These studies have been re-
plicated by the Research Group of Acupuncture
Anesthesia, Peking Medical College [42] who dem-
onstrated that injection of procaine into the Hegu
acupuncture point prior to needling prevents the
increase in pain threshold during iontophoresis of
potassium when manual acupuncture is applied at
this point on the hand. These investigators also found
that needling of the affected side has no effect in
patients with unilateral hemiplegia or paraplegia
who are experiencing painful stimulation on the un-
affected side. These studies have not addressed the
possibilities that short-acting anesthetics may have
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acted locally or are transported to act at a more
distant location. However, this early investigation
strongly suggests that the nervous system is critical
for the action of acupuncture on pain.

Acupuncture points commonly are located in
clinical practice either through a site of pain or
anatomically. Filshie and Cummings [43] have sug-
gested that acupoints and their interconnections by
meridians may have originated through the obser-
vation that trigger points or tender spots could be
treated with acupuncture or acupressure, a hypoth-
esis advanced by Melzack et al [18]. Filshie and
Cummings [43] further suggest that the radicular
pattern of the pain from trigger points may have
led early practitioners to connect the points thus
forming meridians. Despite claims by Melzack et al
[18], trigger points do not precisely correlate with
acupoints [44]. However, this conjecture leads to the
notion that the sensation of pain and its radiation
may have led to the early concept of meridians and
perhaps Qi. During pain elicited by touching a tender
or An Shi spot, there sometimes is radiation down
a neural pathway, the radicular location described
as a meridian, with the pain interpreted as a block-
age of the normal flow of vital energy or Qi through
the channel. Needling or pressure applied to the ten-
der spot may have relieved the pain and the oriental
medicine acupuncturist interpreted this as resto-
ration of the normal circulation of Qj. Thus when
practitioners stimulate acupoints they typically ask
the patient if there is a sensation of deQi, inter-
preted as a feeling of heaviness, fullness, burning
or even pain. Acupuncturists know that they will
achieve an optimal response if deQi is achieved.
The propagated sensation along a meridian during
acupuncture has been stated to travel in a proximal
to distal direction, which is the opposite direction of
sensory nerve conduction [32]. However, it is well
known that stimulation of nerves, including both
sensory and motor nerves can occur both orthodro-
mically and antidromically. Thus, the direction of
the propagated sensation during acupuncture can-
not be construed as a valid argument against the
involvement of sensory nerves or the presence of
a paresthesia during acupuncture stimulation. As
such, all of these neurological sensations point to-
wards a neural mechanism that underlies the clinical
effect of acupuncture, at least with regard to the
relief of pain.

8. Neural Pathways Activated by
Acupuncture

As shown in Figure 1 [45], acupoints along many
meridians are located over major neural pathways,
e.g., P3-P8 over the median nerve, S37-S37 over

the deep peroneal nerve, and LI 10-LI 11 over the
deep radial nerve [45,46]. A number of studies sup-
port activation of somatic sensory nerves by acu-
puncture, particularly Group lll afferents, which are
finely myelinated. The fact that acupuncture causes
mild discomfort but not frank pain (thought to be
transmitted to the central nervous system by un-
myelinated or Group IV fibers) led to the suggestion
that the finely myelinated Group Il sensory nerves
were the predominant fiber type activated by acu-
puncture [44,47]. Early studies identified sensory
nerve fiber types stimulated during acupuncture
by recording the compound action potential [48].
Our studies [49], utilizing single unit recordings in
cats, which can discriminate between finely myeli-
nated (Group lll) as well as unmyelinated (Group V)
somatic afferents have shown that low frequency
(2-4Hz), low intensity (2-4mA) electroacupuncture
(EA) applied at the Jianshi and Neiguan acupoints
(P5 and Pé6) stimulates both groups of sensory end-
ings in a ratio of approximately 70% myelinated to
30% unmyelinated afferents. These findings sug-
gest that Group Il afferents might be the predomi-
nant fiber type involved in this form of acupuncture.
However, later experimental studies, in which Group
IV fibers were eliminated by injection of capsaicin
into neonatal rats, indicated that the Group IV af-
ferents are essential for the ability of acupuncture
to lower elevated blood pressure [50]. Thus both
myelinated and unmyelinated somatic nerves are
important for the action of acupuncture in lowering
elevated blood pressure.

Recent studies in rats exploring the role of so-
matic sensory nerves in the EA-cardiovascular re-
sponse have shown that low frequency EA is much
more effective than high frequency EA, largely due
to greater activation of somatic afferents with lower
frequency of stimulation [51]. Furthermore, when
carefully matched for frequency, manual and EA have
a very similar influence in reducing elevated blood
pressure, largely because they cause very similar de-
grees of activation of somatic sensory nerves [51].
All of these findings provide additional evidence
suggesting that the peripheral nervous system is
intimately involved with transmission of the re-
sponses to acupuncture stimulation, at least with re-
spect to its effect on elevated blood pressure.

Studies in a number of animal species other than
humans, including rats and cats (see above) [52,53],
mice [54], horses [55] and rabbits [56,57] have shown
that stimulation of acupoints along meridians pro-
duces analgesia, while stimulation of non-acupoints
outside meridians (sham acupoints) that are not lo-
cated over major neural pathways does not produce
analgesia. Furthermore, lesioning the median and
radial nerve but not the ulnar nerve appears to pre-
vent acupuncture analgesia, further indicating that
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Figure 1

L7, cutaneous
branches of radial
nerve

P5-6, median nerve

G37-39, cutaneous
branches of
peroneal nerve

S36-37, deep

peroneal nerve

L14, deep branches
of median nerve

L1 O Control
® Active

L14

Diagram of meridians and acupuncture points (or acupoints) that have been studied with respect to the cardio-

vascular influence of electroacupuncture. The acupoints listed in this figure are shown on the right side in relation to the
principal somatic nerve they overlie. The acupoints lying over deep nerves, e.g., P5 and P6, have a strong cardiovascular
effect whereas those overlying more superficial (cutaneous) nerves have a weak or no cardiovascular influence. The
close correspondence between acupoints and nerves supports the neural hypothesis to explain meridians. P=pericardial;
L=lung; LI=large intestine; S=stomach; G=gallbladder meridian. This figure was adapted from Li and Longhurst [45].

some, but not other, nerves project to regions of
the brain that process pain [58]. These observations
are very similar to ours in rats and cats, showing
that EA stimulation at acupoints located over deep
nerves, including the radial and median nerve, but
not superficial or cutaneous nerves like the super-
ficial radial nerve, inhibit elevated blood pressure
because deep nerves project more extensively to
regions of the brainstem, such as the rostral ventro-
lateral medulla, concerned with regulation of sym-
pathetic outflow and hence vascular tone [46,59].
Additionally, the action of acupuncture, for exam-
ple in lowering elevated blood pressure also can
be reversed by blocking neuronal activity or neu-
rotransmitter action in a number of regions of the

brain, including the ventral hypothalamus, mid-brain
and medulla [60-66]. These well-controlled stud-
ies from several groups of investigators located in
different academic institutions provide additional
evidence to support the importance of the periph-
eral and central nervous systems in mediating merid-
ian and acupoint specific effects during the use of
acupuncture in the treatment of pain and elevated
blood pressure.

9. Summary and Conclusions

Acupuncture and its various and more recent iter-
ations, including EA, acupressure and moxibustion,
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are ancient forms of medical practice that have
evolved over the last two to three thousand years.
The concepts of meridians and acupoints along
meridians originated empirically as practitioners
sought to understand and explain the sensations
evoked during stimulation that appeared to radi-
ate down lines along extremities and the body
torso. The movement of these sensations was given
names, such as Qi, by the earliest Chinese practi-
tioners, and since these sensations appeared to move
along the body they were thought to represent a
flow of energy. More recently, practitioners have
tried to identify anatomical structures that represent
meridians but, as of yet, structures such as tendi-
nomuscular meridians and primo-vessels (Bonghan
ducts) have not been shown to serve physiologically
or clinically as meridians as originally proposed by
early practitioners. Furthermore, there have been
attempts to identify meridians using thermal or ra-
dioactive tracer imaging techniques. However, again
these techniques have not proven to be reliable in
their ability to identify meridians. Electrode mea-
surements of skin resistance to identify acupoints
along meridians likewise have been not proven to be
a method capable of discriminating between acu-
points and non-acupoints. The most recent and con-
sistent observation has been the location of acupoints
and meridians over larger mixed nerve bundles con-
taining motor units, as well as sensory fibers, that
project to regions in the central nervous system that
regulate pain and blood pressure, i.e., conditions
that appear to be influenced by acupuncture. Thus,
we are left with the neural hypothesis as the seem-
ingly most logical and consistent explanation for
the action of acupuncture. In this view, meridians
and their associated acupoints would be considered
as simply road maps that help guide the practitioner
where to stimulate to achieve the best clinical re-
sults. However, it is the stimulation of the under-
lying neural pathways that can account for the
physiological effects and clinical responses to acu-
puncture in patients.

Despite the body of evidence supporting the
neural hypothesis, there are a number of unan-
swered issues that still need to be addressed with
respect to the concepts of meridians and acupoints.
First, why are only some meridians and acupoints
effective for treating certain conditions? Do differ-
ences between nerves and acupoints relate to the
hard wiring of the system? That is, do some but not
other nerves project to specific regions of the brain
concerned with a physiological action, such as an-
algesia or blood pressure regulation? Second, what
is known about meridians and acupoints that are not
located over major neural pathways? How do they
exert their clinical actions? Could they be working
by stimulating a finer network of nerves or do they

operate outside of the nervous system? Third, why do
some patients, approximately 70%, respond to acu-
puncture while others do not, even when the ap-
propriate meridian, acupoint and nerve are targeted
during stimulation? Is this because there are op-
posing neurotransmitter systems in the central
nervous system or is it because nervous system stim-
ulation does not entirely explain the response to
acupuncture? Fourth, if stimulation of underlying
neural pathways is the physiological mechanism that
explains how acupuncture works clinically, is it pos-
sible that many more (supplementary) acupoints
located along the same meridian and neural path-
way could effectively treat the clinical condition? If
this is proven to be true, then particular acupoints
may not be as specific as we currently consider them
to be. Perhaps all we have to do is stimulate a neural
pathway (meridian) at any point along it to achieve a
good clinical response. Finally, acupuncture for some
conditions seems to have a slow onset of action.
Could this be because some other structure, perhaps
slow transit down a small primo-vessel (Bonghan
duct) may be participating in these delayed re-
sponses? Clearly the function of these structures has
not been fully explored. For this reason, while the
neural hypothesis explains perhaps the majority of
the clinical action of acupuncture, | think it is best
we accept that further studies are warranted to
explore other potential systems that might serve
the function of meridians and acupoints.
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