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Abstract

Context: The mechanisms by which osteopathic cranial
manipulative medicine (OCMM) promotes health and
healing have yet to be fully elucidated. One commonly
utilized OCMM technique, compression of the fourth
ventricle (CV4), has been theorized to balance autonomic
nervous system (ANS) activity. There is growing evidence
that the ANS also plays a significant mechanistic role in
acupuncture. Potential connections between OCMM and
acupuncture meridian theory largely remain unknown.
Objectives: By measuring specific electrical parameters at
acupuncture points that have been shown to correlate with
ANS activity, the objectives of this study were to: 1) deter-
mine if CV4 has any influence on the bioelectric properties
of the acupuncture meridian system; and 2) determine if
CV4 affects the ANS.

Methods: A total of 77 males and females ages 18-78 years,
all volunteers recruited by local flyers and personal or phone
contact, were randomized into CV4 (n=40) and Sham (n=37)
groups. All CV4 participants were treated by the same
physician utilizing standard CV4 protocol. The Sham treat-
ment, performed by a different physician, consisted of the
supine participant’s occiput resting passively on the physi-
cian’s finger pads for a similar duration as those in the CV4
group. Among several devices developed to assess ANS
activity at acupuncture points, evidence suggests that the
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Apparatus for Meridian Identification (AMI) is the most ac-
curate and valid. Utilizing the AMI, bioelectric skin param-
eters were measured immediately before and after CV4 or
Sham treatments. Student’s or Welch’s t tests and Wilcoxon
tests were utilized for analysis of normally and non-
normally distributed data, respectively.

Results: Statistical significance was determined with a p
value less than 0.05. Sham treatments showed insignifi-
cant (p=0.754) before vs. after differences in ANS activity
measured at acupuncture points, whereas CV4 treatment
significantly (p=0.00015) affected ANS activity.
Conclusions: This research suggests that CV4 has demon-
strable biophysical effects on the acupuncture meridian
system occurring via the ANS, and that the underlying
mechanisms of OCMM and acupuncture may be related.
Further studies are needed to clarify this.
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Osteopathic cranial manipulative medicine (OCMM) is
employed therapeutically to correct numerous dysfunc-
tions of the cranial, facial, and mandibular regions as well
as the eye, ear, nose, and throat (EENT) region, improve
cranial nerve function, restore autonomic balance, reduce
pain and stress, and improve sleep [1, 2]. Its clinical
acceptance and use, however, have been hampered by an
incomplete understanding of the underlying mechanisms
and effects. Studies to elucidate the nature of these factors
have been relatively small and heterogeneous, often
leading to inconclusive results [3-5].

OCMM studies can be particularly difficult to design and
interpret because of manipulation’s effects on multiple
structures and systems. For example, OCMM’s benefits are
theorized to act, in part, through alteration of the primary
respiratory mechanism (PRM). The PRM is defined as a
rhythmic motion that is palpable at multiple interactive
and interdependent areas including the cranium, sacrum,
meninges, other parts of the central nervous system (CNS),
and throughout all parts of the body. The cranial rhythmic
impulse (CRI), which is palpated at the head, is one mani-
festation of the PRM [1, 6]. In addition to involving multiple
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anatomical structures, multiple physiologic oscillators have
been implicated as sources for these motions, including
cerebrospinal fluid fluctuation [7], cranial arterial blood flow
[8-10], and even bioenergetic influences [11, 12].

The autonomic nervous system (ANS) is a potential
underlying mechanism for the PRM. In fact, the most well-
studied OCMM technique, compression of the fourth
ventricle (CV4), has been shown to affect several outcome
measures of ANS activity. These include changes in the
measures of heart rate variability (HRV) [13, 14] and skin
conductance in a study of 32 healthy adults (vs. placebo)
who received CV4 and rib raising [14], increased salivary
amylase concentration immediately after treatment in
a study of 90 people who were randomized to sham or
CV4 [15], reduced blood pressure and increased para-
sympathetic activity in hypertensive men 15 min after CV4
in a study of 30 men divided into normotensive or hy-
pertensive groups [16], decreased sleep latency changes
in muscle sympathetic nerve activity in a CV4 vs. sham vs.
control study of 20 healthy adult volunteers [17], and
quantitative electroencephalogram (qEEG) changes in a
study of the alpha band after CV4 in 10 healthy adults [18].
CV4 studies also indicate that ANS activity tends to move
from a predominantly sympathetic to a more para-
sympathetic neurophysiological state after CV4 treatment
[6, 16, 18].

CV4 involves applying external manual pressure on
the tissues in the posteroinferior squamous portions of the
occiput just superficial to the fourth ventricle during the
extension phase of the cranial rhythmic motion cycle.
Pressure is maintained through a “still point” during which
time cranial movement pauses briefly and then restarts [1].
CV4 has been hypothesized to reduce the fourth ventricle’s
volume, leading to cerebral spinal fluid (CSF) dispersion to
other parts of the CNS and mobilization of the tissues
surrounding the fourth ventricle. Tissue and fluid mobili-
zation at the level of the floor of the fourth ventricle can
theoretically affect the ANS directly because it contains
many autonomic nuclei and nerve tracts [1, 6].

Over the past several decades, an increasing number of
osteopathic physicians in the United States have utilized
osteopathic manipulative medicine (OMM) and acupunc-
ture successfully for the treatment of a variety of medical
conditions [19]. In our practices, we have found synergistic
effects of combining the two modalities, especially for pain
syndromes [20]. In addition to pain relief, we have noted
similar subjective relaxation responses reported by pa-
tients receiving CV4 or acupuncture treatments.
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Interestingly, there is increasing evidence that the ANS
also plays a significant mechanistic role in acupuncture.
Robinson [21] provided a comprehensive discussion of the
neuroanatomy and neurophysiology of acupuncture points
(acupoints) and the acupuncture meridian system. The
physiological and healing effects of acupuncture can
partially be explained by alterations in ANS activity stimu-
lated by needle insertion into various acupoints [21-25].
Activation of sensory-afferent A-delta and C-fibers can elicit
somatosomatic and somatovisceral reflexes, as well as
directly affect specific brain centers [21, 26-28]. Somato-
visceral reflexes at dorsal Shu and ventral Mu acupoints, a
majority of which correspond to Chapman Reflex points [29],
have direct effects on organs [26, 30].

In the acupuncture model, 14 paired primary me-
ridians or channels, corresponding to specific organs,
connect traditional acupoints [31] on the body. Located
superficially in the dermis, these meridian channels
are thought to transmit “vital energy” or “qi,” which
appears to possess bioelectromagnetic properties, to and
from the organs [31-33]. True acupoints exhibit increased
electrical conductivity and lower resistance compared to
nonacupuncture points [34, 35]. They are found at spe-
cific anatomical locations and are relatively consistent
among individuals with varying anatomies. Ting (Jing-
Well) acupoints, located at the proximal corners of fin-
gernails and toenails, represent the beginning or end of
the paired acupuncture meridians [21].

This has led to the development of multiple devices that
have been validated to measure ANS response at acupoints
after acupuncture treatments. These devices include the
Dermatron, Neurometer, Prognos, and the Apparatus for
Meridian Identification (AMI) [32, 36, 37]. Among these de-
vices, the AMI may be the most reliable and valid, corre-
lating the most with the galvanic skin response, a known
standard for ANS response in the skin [36, 38, 39]. The AMI
appears to be able to identify changes in individual merid-
ian activity by measuring bioelectric skin responses at Ting
points [32, 40-43]. Utilizing the AMI to measure bioelectric
parameters before and after CV4 treatments would provide a
way to further assess the effects of cranial manipulation
both on the ANS and the acupuncture meridian system.

The goal of this study was to assess the effect of CV4 on
the ANS bioelectric skin response at Ting acupoints as
measured by the AMI. We postulated that this response could
be significant, establishing potential correlations between the
mechanisms underlying acupuncture and CV4, and better
understanding the potential clinical applications of CV4.
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Figure 1: Participant flow diagram. Available patients were
randomized into sham and CV4 treatment groups, in which data
before and after treatment was assessed during a single session.
Formatted utilizing the CONSORT 2010 flow diagram.

Methods

Participants

From November 2017 to June 2018, a total of 80 males and females from
the Erie, Pennsylvania area, aged 18-78 years, were recruited by local
flyers placed around the College of Osteopathic Medicine campus and
health system and by word-of-mouth marketing initiated by the in-
vestigators. Potential participants were given a phone number to
contact, and upon calling, were made aware of the exclusion criteria
and randomly assigned, by block randomization utilizing Microsoft
Excel, to an appointment day and time. Upon arrival to the study site,
potential participants were screened for exclusion criteria, provided
informed consent forms, and block-randomized, utilizing Microsoft
Excel, to sham and CV4 groups. The study was approved by the
Institutional Review Board at Lake Erie College of Osteopathic Medi-
cine under the protocol #24-177 and Clinical Trial Registry Number
NCT05190731. Funding for the study was generously provided by John
M. Ferretti, DO. No compensation or reimbursements were provided
for participation.

The exclusion criteria included individuals younger than 18 years
old, individuals experiencing known or identifiable acute illness of
any kind, individuals with a medical history of stroke or transient
ischemic attack in the past 6 months, intracranial aneurysm, intra-
cranial hemorrhage, increased intracranial pressure, or seizure dis-
order. Participants of childbearing potential were asked about their
pregnancy status, and if uncertain, underwent a urine pregnancy test
at the study site, due to hypothetical CV4 contraindications in preg-
nant individuals (Figure 1).
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Apparatus for Meridian Identification (AMI)
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Figure 2: Apparatus for meridian identification (AMI) equipment
setup. AMI was invented, developed, and researched by Hiroshi
Motoyama, PhD [32, 33]. The 7 x 7 mm metal active electrode
patches with conductive gel are utilized at the Ting points on the
fingers and toes, while the ground electrodes are placed on the
forearm. (Photo courtesy of California Institute for Human Science,
Encinitas, CA).

Research design and treatment protocol

Eligible participants were randomized into CV4 and sham treatment
groups utilizing a block randomization generator. Each subject lay
supine on two similar treatment tables while receiving either sham or
CV4 treatments. AMI measurements were taken immediately before
and within 15 min after CV4 and sham treatments. The AMI is dis-
played in Figure 2. AMI measurements involved the placement of
7 x 7 mm metal active electrode patches with conductive gel at all Ting
acupoints on the fingers and toes of each participant (Figure 3), and a
ground electrode placed on the dorsal aspect of the forearm about 3
inches above the wrist.

Subject orientation to the AMI measurement process and AMI
measurements were performed by biophysicist Gaétan Chevalier, PhD,
who had extensive experience with the AMI in research settings.

The AMI applied a 3 V DC pulse for 512 psec and was held in place
at the Ting point for approximately 1 s until the 512-usec pulse was
completed (Figure 3). The AMI measured the current generated be-
tween this point and a ground electrode on the forearm. The current
response peaks to a maximum value within a few psec after the initial
3V pulse was applied and, after approximately 40 psec, decreases to a
steady state value for the rest of the 512 psec. This low steady state
current is known as the after polarization (AP) current (Figure 4),
which has been found to reliably correlate with ANS activity [32, 33].

CV4 and sham treatments were performed by osteopathic phy-
sicians board-certified in Special Proficiency in Osteopathic Manipu-
lative Medicine (C-SPOMM) and Neuromusculoskeletal Medicine
(NMM). All CV4 treatments were performed by the same physician
according to the standardized protocol [1]. The physician’s hands were
placed underneath the occiput with the thenar eminences in contact
on the occipital squama medial to the lambdoidal and occipitomastoid
sutures. Inherent PRM motion was identified and thenar eminences
followed the occipital motion into the extension phase until a still
point was attained. This position was held until the still point released
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Figure 3: The two left images show the placement of the 7 x 7 mm metal active electrode patches at the Ting points on the hand. The probe
electrode is placed on the metal patches and distributes a 3V DC pulse for 512 psec. Each Ting acupoint measured in this study is indicated in
the image on the right. (Photos courtesy of California Institute for Human Science, Encinitas, CA).
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Figure 4: Apparatus for meridian identification (AMI)
measurements. This graph, representing current vs. time, shows the
peak tissue current response to polarization by 3V DC square pulse
(called before polarization [BP] current), the area under the curve
representing the total electrical charge of ions mobilized throughout
polarization or the integral electrical charge (called 1Q), and the
steady state current at the end of polarization, termed the after
polarization (AP) current [32, 33]. The AP current has been correlated
with autonomic nervous system (ANS) activity.

(usually approximately 3 min) and normal cranial motion ensued
(Video 1). The physician left the room, and within 10-15 min, the
subject was remeasured with the AMI and the data recorded.

Similarly, all sham treatments were performed by the same
physician, who was different from the physician who performed the
CV4 treatments. The patient’s occiput rested passively on the physi-
cian’s finger pads for 3 min, after which the same AMI measurement
protocol was followed as in the CV4 group (Video 2).

Statistical analysis

Data from the AMI were organized into the meridians that corre-
sponded to the Ting points from which AMI measurements were
collected. Measurements were reported as averages of the left and
right sides (for each participant).

Means and standard deviations were calculated across each
meridian before and after the sham and CV4 treatments. Skewness,
Kurtosis, and Omnibus normality tests were utilized for all data sets.
Student’s and Welch’s t tests were applied to normally distributed data
with equal and unequal variances, respectively, and Wilcoxon t tests
were applied to the nonparametric data sets. Significance was set to
p<0.05. Tests for outliers were not performed because outliers were not
apparent.

Results

Among the 80 participants recruited for the study, three
participants did not complete the study due to time
conflicts. No participants met the exclusion criteria
(Figure 1). Among the final sample (n=77), the average
participant age was 47.6 years (range, 18-78 years) with
64% (49) of the participants female (range, 1878 years);
the rest were male (range, 22-75 years). In the CV4
treatment group (n=40), the average participant age was
46.1 years (range, 18-78 years) with 72.5% (29) of par-
ticipants female (range, 18-78 years); the rest were male
(range, 23-68 years). In the sham group (n=37), the
average participant age was 49.1 years (range, 21-77
years) with 54% (20) of the participants female (range,
21-77 years); the rest were male (range, 22-75 years).
After CV4 treatment, AMI AP measurements, reported
as an average of left and right measurements, were
decreased at 13 out of 14 Ting acupoints, and this differ-
ence was significant (p<0.05) at 12 of the 13 acupoints that
yielded lower AP measurements. At one Ting acupoint
(Spleen meridian), the AP measurement was increased
after CV4 treatment, and this change was not significantly
different. After sham treatment, AP measurements
were decreased at five Ting acupoints, increased at two
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acupoints, and unchanged at seven acupoints; none of
these differences were significant (p>0.05) (Figure 5 and
Table 1).

Discussion

Results of this study appear to show that CV4 treatment has
significant bioelectric effects on the acupuncture meridian
system of individuals as measured by the AMI. Specifically,
overall reduction of AP currents after CV4 treatment in-
dicates a change of ANS activity beyond that provided by

i

Figure 5: After AP) currents, as measured by
the apparatus for meridian identification
(AMI), for each Ting acupoint
(corresponding to a meridian) before and
after CV4 and sham treatments. The before-
CV4 AP current was compared to after-CV4
AP current, and the before-sham AP current
polarization (was compared to the after-
sham AP current, with significance denoted
by an asterisk. Statistical significance is
determined with a p value of less than 0.05.
The lack of an asterisk denotes no signifi-
cant difference.

simple relaxation, as modeled by the sham treatment in our
study, because sham treatments yielded no significant
changes. These findings also correlate with conclusions of
others studying the effects of CV4 utilizing other autonomic
markers [13-18]. Furthermore, reductions in AMI AP mea-
surements suggest a shift toward a more parasympathetic
state.

Although the ANS has been implicated as a likely
major mechanism underlying OCMM, multiple groups have
identified other potential mechanisms not measured in this
study. The therapeutic effects of CV4 have been shown to
activate astrocytes, modulate synaptic transmission, and

Table 1: The average and standard deviation (SD) after polarization (AP) values for each meridian before and after sham and CV4 treatments.
Also shown are the before-vs.-after p values before-vs.-after from comparing CV4 and sham treatment as described in the Methods section.

Ting point Before sham After sham Before CV4 After CV4 Before vs. after treatment
p-Values

Average SD Average SD Average SD Average SD Sham Control
Lung 11.0 4.0 11.1 3.8 11.6 5.0 10.4 3.9 0.757352 0.006419"
Large intestine 11.6 3.6 11.2 3.5 11.8 4.7 11.1 4.0 0.928286 0.027638"
Pericardium 11.7 5.0 12.1 6.0 11.0 5.0 10.3 3.9 0.789266 0.008426"
Diaphragm 9.7 3.4 9.3 3.3 9.7 4.6 9.4 5.3 0.057149 0.36992
Triple energizer 15.0 34.8 15.6 39.4 9.7 4.6 8.8 3.5 0.337644 0.001624"
Heart 9.7 3.3 9.4 3.1 9.9 4.0 8.9 3.4 0.49443 0.001745"
Small intestine 10.0 4.1 9.7 3.9 10.2 4.8 9.2 3.9 0.411014 0.001506"
Spleen 11.2 3.5 11.0 3.3 12.0 7.4 13.1 19.8 0.390915 0.242,082
Liver 11.4 4.0 11.1 3.7 11.0 3.7 10.3 3.4 0.30184 0.003529"
Stomach 11.1 4.4 10.8 4.2 10.8 4.2 9.5 3.4 0.471689 0.001211"
Stomach branch 10.9 4.3 10.9 4.4 10.9 5.5 9.5 4.0 0.75934 0.002419"
Gall bladder 11.6 4.1 11.5 4.7 11.1 4.7 9.9 3.7 0.348811 0.000154"
Kidney 10.6 3.0 10.2 3.2 9.4 2.9 8.8 3.1 0.202632 0.014716"
Urinary bladder 11.4 4.0 10.6 4.0 10.8 3.8 9.5 3.3 0.116928 0.000059"
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improve amyloid beta clearance in a model of aged rats
who received 7 days of CV4 treatment under isoflurane
anesthetic [44]. Work to better identify other possible
mechanisms is in its nascency, and even though there have
been multiple studies implicating the ANS, it is still unclear
how this may occur. In fact, there may be a mechanism
underlying the effect of CV4 on the ANS and other systems
such as synaptic transmission. For example, changes in
gene expression related to cholinergic neurotransmission
and multiple neurological disorders have been measured
from RNA samples in 12 elderly rats after 7 days of CV4
treatment [45]. However, our focus in measuring ANS ac-
tivity at Ting points not only supports an underlying ANS
mechanism, but also suggests a strong clinical correlate
between treatments targeting acupuncture meridians and
OCMM.

Gender distribution differed notably between the CV4
and sham treatment groups; 72.5% (29) were female in the
CV4 treatment group and 54% (20) were female in the sham
group. Gender differences in autonomic activity and reac-
tivity have been noted but not well defined. Also, gender-
relevant factors, such as weight, estrogen concentrations,
and baseline ANS activity, may have affected our findings,
but while some studies have found that women do show
more pronounced sympathetic activity, the findings have
not been consistent. For example, Cankar and Finderle [46]
found more autonomic response in 10 healthy, premeno-
pausal women when compared to 10 healthy men by
measuring cutaneous vascular response to hand cooling.
However, Convertino [47], when looking at gender differ-
ences in ANS activity associated with blood pressure
regulation in 7 females and 10 males, found that women
have less responsiveness. In future studies, we plan to
utilize block randomization to also ensure equal gender
distribution across the treatment groups.

It is unclear why a nonsignificant increase in AP
current was seen only at one acupoint after CV4 treat-
ment (SP or Spleen). In Traditional Chinese Medicine, the
Spleen meridian is associated with the immune system
and vascular and lymphatic drainage and flow. Super-
ficially, it courses superiorly from the first toe medial
Ting point along the medial lower extremity through
major venous and lymphatic drainage pathways to
terminate at the sixth intercostal space in the midaxillary
line [21]. Its deep projections are thought to travel to
the spleen itself and then terminate in the regions of the
nose, throat, and tongue [48]. Acupuncture treatment of
the spleen points often results in decreased edema and
congestion [21].

The glymphatic-lymphatic CSF filtering system in the
CNS [49-51] may be responsible in part for the Spleen Ting
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point data recorded here. Hypothetically, increased CSF
pressure secondary to CV4 may increase its drainage into
the lymphatics of the head and neck. This could result in
pressure changes that activate vessel and lymph node
autonomic nerve fiber reflex activity specifically affecting
the spleen meridian [51].

As in past studies, our study suggests that there are
ANS changes after OCMM on human subjects. Our study is
novel in correlating these changes to acupuncture me-
ridians through our use of the AMI. This link could be
further established by seeing if acupuncture treatment at
Ting or other acupuncture points affects CRI and by uti-
lizing the AMI to correlate these possible CRI changes. As
we gain a better understanding of how the underlying
mechanisms of OCMM and acupuncture are related, we
may gain further understanding of the underlying mech-
anisms of other osteopathic treatment models—specif-
ically biophysical and bioenergetic [12, 52-54]. Further
work objectively measuring the effects of osteopathic
treatments in acupuncture meridians may lead to insights
into how to alter OCMM and other osteopathic treatments
to achieve many of the therapeutic effects obtained
through acupuncture.

Limitations

Limitations include not knowing subjects’ medical his-
tories; thus, the effect of underlying medical conditions on
our results is unknown. However, all subjects were from
the community, thus there were no participants who were
having acute illnesses requiring urgent or emergent care at
the time of their participation.

Although we attempted to minimize the possible
effects of the sham treatment, our specific sham model
has not been validated. In the future, we plan to attempt to
validate it by comparison to other plausible sham models,
such as having an individual without NMM training place
their hands under the head. Importantly, statistical ana-
lyses were performed before-sham values and after-sham
values, and then separately between before-CV4 values
and after CV-4 values, rather than between the sham and
CV4 values. This limited our ability to make direct com-
parisons between the sham and CV4. However, it did
allow for the assessment of the effect of our sham treat-
ment alongside the assessment of the effect of CV4
treatment.

This may be a true effect of CV4 treatment or a func-
tion of our small sample size. However, further studies
measuring the effect of OCMM on ANS activity measure at
Ting acupoints may help clarify this finding.
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Conclusions

CV4 cranial manipulation appears to affect the ANS, indi-
cated by changes in the bioelectrical activity at corre-
sponding Ting points as measured by the AMI, whereas the
sham treatments did not yield significant differences in
bioelectrical activity at the Ting points. This information
suggests that mechanisms underlying cranial manipula-
tion techniques may be related to those underlying
acupuncture, and that OCMM may be useful in the treat-
ment of many ANS imbalances, improving patient well-
being with a holistic approach.
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