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Meditation research has begun to clarify the brain effects and mechanisms of contemplative practices while generating
a range of typologies and explanatory models to guide further study. This comparative review explores a neglected
area relevant to current research: the validity of a traditional central nervous system (CNS) model that coevolved with
the practices most studied today and that provides the first comprehensive neural-based typology and mechanistic
framework of contemplative practices. The subtle body model, popularly known as the chakra system from Indian
yoga, was and is used as a map of CNS function in traditional Indian and Tibetan medicine, neuropsychiatry, and
neuropsychology. The study presented here, based on the Nalanda tradition, shows that the subtle body model can
be cross-referenced with modern CNS maps and challenges modern brain maps with its embodied network model
of CNS function. It also challenges meditation research by: (1) presenting a more rigorous, neural-based typology of
contemplative practices; (2) offering a more refined and complete network model of the mechanisms of contemplative
practices; and (3) serving as an embodied, interoceptive neurofeedback aid that is more user friendly and complete
than current teaching aids for clinical and practical applications of contemplative practice.
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Background

Meditation research is of interest to different dis-
ciplines and communities. One of the aims of the
Advances in Meditation Research (AMR) confer-
ence is to approach this interdisciplinary field in
ways that encourage participants to look beyond
their usual silos toward mutually enriching dia-
logue. As a scholar of the Indic contemplative tradi-
tion and a clinical researcher in neuropsychiatry, I
have sought a middle way between our modern dis-
junction of mind-from-matter basic neuroscience
and practical application. For this paper (stemming
from the AMR conference), I have chosen a topic
unusual to professionals on both ends of the aca-
demic spectrum, despite its relevance to clinicians
and its interest to the public.

Given the popularization of yoga, most are now
familiar with the yogic model of the body–mind’s
central regulating system, called the subtle body

(sūks.ma-śar̄ıra) and widely known as the chakra
system. While most see this as a guide for yoga prac-
tice, traditional scholar–practitioners understand it
as a scientific map of central nervous system (CNS)
function.1–4 Even if this premise is true, as I have
proposed elsewhere,4,5 the question remains: Why
should this ancient Indian model be of current inter-
est to researchers, clinicians, and the public, rather
than being relegated to the province of Indologists?

Over the years, my work has yielded three
provisional answers to this question: (1) given the
relevance of meditation research, there is a need for
a clear and comprehensive map of contemplative
practices,6–8 and the subtle body may prove more
useful than current maps, because it categorizes con-
templative practices not on the basis of phenomeno-
logical or procedural factors but on underlying
neural mechanisms.4 (2) Given the brain’s complex-
ity, current efforts to make sense of the explosion of
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data in neuroscience must grapple with determining
the appropriate level of reduction versus integration
for any particular study or application.2,9 The subtle
body model offers a viable alternative to reductive,
brain-centric approaches to CNS function and takes
recent network models9,10 to the next level: embod-
ied neurofunctional mapping. (3) Given the range
of practical applications of mindfulness and related
techniques, there is a growing demand for clear
and user-friendly formats for explaining, teaching,
and deepening contemplative practices.7 The subtle
body model offers a time-tested paradigm for such
applications, one that has the advantages of being
systematic and integrative, while also offering a
user-friendly map for interoceptive neurofeedback
to help guide contemplative practice.

Approach

The interdisciplinary approach I chose to explore
the potential for using the subtle body map as a tool
in meditation research combines the methods of
Indic scholarship with the findings of contemporary
neuropsychology. I first propose a general model of
the map and its key elements, then compare that
detailed model with current network models of the
CNS, with special reference to models of the types,
mechanisms, and uses of meditation.

While the earliest references to the subtle body
in Indian literature are found in the Upanishads
(600–300 BCE), the first systematic descriptions
appear later (300 BCE–400 CE), in the classical
formulations of the Ayurvedic medical and Yogic
contemplative traditions.11 Gradually, these refer-
ences led to more elaborate descriptions devised for
expert traditions of neuropsychology (tantrayāna)
and neuropsychiatry (rasāyana) (developed
400–1200 CE). Both systems were integrated by
India’s institutions of academic psychology and
medicine, including the world’s first university and
medical school at Nalanda (450–1250 CE).12,13 The
main sources for this study are drawn from the
Nalanda tradition, as refined over the centuries
(650–1950 CE) in the Buddhist Monastic Colleges
of North India and Tibet.2,3,14 The model of the
subtle body that follows is not meant as a final
depiction of any one traditional map, much less
of the totality of the countless such maps used
in different times and traditions. It is offered as
a composite model, for heuristic purposes, to

support the presentation of the interdisciplinary
perspective that this paper is meant to provide.

On the neuroscience side, I have surveyed the
mounting evidence on the brain effects of meditative
practices and reviewed emerging models proposed
by Davidson and Lutz,15 Vago and Silbersweig,16,17

Travis and Shear,18 Brewer,19,20 and Siegel.21

Comparing and correlating two CNS
models

Indic subtle body model of neural structure
and function
As the name “subtle body” suggests, the tradi-
tional model is explicitly meant as a map not of
the gross anatomical structure of the nervous sys-
tem, but rather of its “subtle material” (sūks.ma-
rūpa) structure and function.11 Its structure is seen
as a natural part of the body’s intrauterine devel-
opment, described as recapitulating the evolution
of life in 10 stages, from primitive invertebrates to
higher mammals.22 The material structure of the
nervous system is seen as molecular (māhābautika)
and develops with the embryo along a central chan-
nel (avadhūti), analogous to the neural tube. It is
understood as composed of the coordinated devel-
opment of four basic elements: two structural and
two functional. The structural elements are called
channels or reeds (nadı̄) and hubs or complexes
(cakra); the functional elements are energies or
winds (prān. a, vāyu) and drops or fluids (bindu,
ojas).23 In some contexts, a third functional ele-
ment is added, metabolic heat or fire (tejas, agni).11

In this model, mental and physical elements inter-
act through bimodal causation at the interface of
mind states with energy patterns. In top-down cau-
sation, mental processes direct the dynamic flow
of energies and drops and, with repetitive flow,
these in turn alter the plastic structure of chan-
nels and hubs. For instance, worst-case thinking and
reactive emotions, such as fear, trigger the flow of
energy–drops in the polar side channels that sup-
port aggressive and avoidant somatic reactions, rein-
forcing reactive structural patterns that restrict the
flow of bliss energy–drops through the reward cir-
cuits of the central channel.24 In bottom-up causa-
tion, physiological processes effect changes in states
of consciousness and also influence the sensory–
emotional factors and symbolic contents of mind.
For instance, unhealthy dietary intake, poor lifestyle
habits, and social–emotional stress can influence

2 Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.
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wake–sleep cycles, promote reactivity and insom-
nia, and contribute to mental conditions such as
anxiety or depression.1,2,25,26

The subtle body is described as having a threefold
structure. Although familiar images focus on its
three axial channels and seven hubs, more complete
models detail three main levels of structure and
function: gross (audarika, sthūla), subtle (sūks.ma),
and extremely subtle (susūks.ma).23,27 These levels
overlap with the five layers or sheaths (kośas)
described in the Samkhya-Yoga tradition and the
neuropsychology of the Hindu Tantras.11 The
coarse level of the subtle body consists of an
extensive network of peripheral channels that
branch out in complex circuits from hubs along the
central channel. These peripheral channels support
gross sensorimotor and physiological processes,
such as the functioning of the external senses, pro-
prioception, locomotion, and the internal organs
of the cardiorespiratory, metabolic, immunologic,
and genitourinary systems. This network, aligned
with waking-state consciousness, is structured like
an arterial tree, with a number of primary channels
that issue directly from the central channel at one of
seven hubs along the neuraxis. It overlaps with the
nutritive layer (annamaya-kośa) in the yoga system.

The subtle level of the subtle body is depicted in
the Hatha Yoga map. This level is organized around
a central channel aligned with the neuraxis: starting
from a point just behind the forehead, curving up
along the midline toward the crown, then bending
back down following the arc of the skull in the shape
of an umbrella handle until it parallels the brainstem
and spinal cord, ending at the genitals. This axis is
punctuated at seven points by hubs, where the cir-
cuits that branch out to serve the peripheral network
of the coarse level emerge.23 And it is also entwined
by two polar side channels that begin at the nos-
trils and follow the central channel all the way to
the genital region, winding around it and switching
laterality at each of the hub points until they branch
out in the pelvis to end at the anus and urethra
(according to the Buddhist Kalachakra Tantra).22

This subtle structural level supports internal mental
processing—offline reflection, memory and fantasy,
daydreaming, and dreaming—and is structured as
a central processing network for the whole subtle
body. It also forms the biological basis for the inte-
grative functions of learning, self-regulation, moti-
vation, and internal reward, as well as for the lateral

and vertical integration of neural networks and pro-
cesses throughout the body–mind. This level over-
laps with the mental and energetic layers of the yoga
system (prān. a-mano-maya-kośa).

Finally, the extremely subtle level of the sub-
tle body is nested within the central channel and
constitutes the biomolecular source and regulatory
center of the 10 primary energies and eight pri-
mary drops that operate within all of its channels,
hubs, and networks. The 10 energies include five
that regulate basic bodily functions—inspiratory/
circulatory, expiratory/expressive, somatosensory/
locomotor, digestive/metabolic, and excretory/
reproductive—plus five that modulate the five
senses. The eight drops include four pairs of
arousing (masculine) and calming (feminine) vital
fluids that together modulate the four main lev-
els and states of consciousness—waking, dream-
ing, sleeping, and orgasmic. Although primarily
located within the central channel at the level of the
heart hub, where cardiorespiratory rhythms, inter-
nal reward, and primal consciousness are regulated,
the extremely subtle level is intimately linked with
the biomolecular processes regulated from the six
other hubs within the central channel.11 Its status as
a biomolecular source is clear from the fact that the
extremely subtle body is structurally identified not
with the central channel or heart hub per se, but with
the extremely subtle “indestructible” drop (aks.ara-
bindu), whose main seat is in the heart hub.23,24

This drop not only feeds the secondary drops based
in the six other axial hubs, but communicates with
the genetic “seeds” (bı̄jas) born of the fused mater-
nal and paternal genetic material from the egg and
sperm.23,26 And it supports the extremely subtle
energy and deep-sleep mind, also known as the life-
giving energy of pure bliss (sukha-śūnya) and the
death-like mind of clear light (prabhāsvara).28 This
level overlaps with the bliss and consciousness layers
of the yoga system (ānanda-vijñāna-maya-kośa).

Within this triune structure, the aspects of the
subtle body most relevant to our study lie at
the subtle level, where coarse, peripheral mind–
body processes interface with the central organiz-
ing structures, and these interface in turn with the
biomolecular sources of conscious and vegetative
self-regulation at the extremely subtle level. This
dual interface is best described by mapping the three
main channels and seven main hubs that consti-
tute the subtle level, and then mapping the basic

3Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.
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Figure 1. The three main channels of the subtle body.

functional elements of the primary energies and
drops onto them.

The two reed-like side channels begin at their
respective nostrils, join the thicker, stalk-like central
channel where it starts at the forehead hub, entwin-
ing around it there and at each of the next five hubs,
and then separating from it in the pelvic region.
The left, described as milky (idā) or easy (lalanā),
is said to be whitish in tone, to carry lunar ener-
gies and feminine drops, and to end at the anus
(Fig. 1). The right, described as fiery (piṅgala) or
zesty (rasanā), is said to be reddish in tone, to sup-
port solar energies and masculine drops, and to end
at the urethra. The central channel, described as
delivered (suśumnā) or released (avadhūti), is said
to be bluish in tone, to support blissful energies and
androgynous drops, and to end at the tip of the male
or female sex organ.23,a The polar energies and drops
that flow within the two side channels are said to

aThe qualities attributed to the side channels vary in dif-
ferent systems. The gender association is usually reversed
in the Buddhist Tantras: the red, right, solar channel is
typically identified as feminine, and the left, lunar chan-
nel as masculine, in line with the natural color of menses
and semen, as well as the feminist transvaluation of gen-
der symbols in the Mahayana tradition (sun = ultimate,

maintain balance between levels of arousal and rest,
attraction and aversion, and lateral functions such as
nostril dominance, as well as to support the oscilla-
tions involved in menstrual, diurnal, and ultradian
rhythms, from menstruation and wake–sleep cycles,
to metabolic and cardiorespiratory oscillations.

As for the main hubs (Fig. 2), each is located at a
specific point along the central channel, has a dis-
tinctive structure fleshed out by the number and
arrangement of its spokes or petals, and supports
a range of specific functions based on the dynamic
elements of specific energies and drops. Although
the main hubs are mapped somewhat differently by
different traditions and practice systems, a broad
consensus prevails. Here, I follow the optimal inte-
gral process (anuttara-yoga-tantra) system devel-
oped by Buddhist scholar–practitioners at Nalanda

wisdom, feminine; moon = relative, compassion, mascu-
line). According to some traditions, the color and gender
quality of the channels are reversed in males and females,
with the lunar, masculine channel on the right in women,
and vice versa. This relativity is to be expected given the
general consensus that the lateral dominance, and even
the laterality of the channels themselves, changes at var-
ious points within the subtle body and at various times
according to a range of natural cycles.

4 Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.
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Figure 2. The six main hubs of the subtle body with proposed brain correlates.

University, in dialogue with scholar-adepts of the
Shaivite Yoga Tantra traditions of Kashmir, and
accepted by all schools of Tibetan Tantric psychol-
ogy and practice.3,14,28–30

The first hub, called the command hub (ajñā-
cakra), is located at the rostral end of the cen-
tral channel, just behind the forehead, where it is
entwined once by each of the two polar side chan-
nels that begin at the nostrils and rise up to meet it. It
is said to have six main spokes that radiate out from
the hub and curve back caudally, like the spokes of
an umbrella. It is one of the bases for the subtle,
central forms of vital energy (prān. a-vāyu) and pure
white, masculine waking drops, thought to support
the waking state, higher intelligence, conscience, and
self-regulation.

The second hub, referred to as the thousand-
fold great bliss hub (māhāsukha-cakra; yoga sys-
tem: sahasra), is located at the crown, where it is
entwined by each of the two polar side channels.
It is said to have 32 spokes that radiate outward
and downward, like a skull-cap, some connecting
with the upper spokes of the command hub. It is the
basis for coarse, peripheral vital energy, including its
five derivative sensory forms, along with their off-
white masculine orgasmic drops. These are said to
support the daydream and orgasmic states, inten-
tional motor actions, symbolic constructs of self

and world, and the functioning of the five sense
faculties.

The third hub, referred to as the pure enjoyment
hub (vísuddhi-cakra), is located at the level of the
larynx, where the central channel curves down-
ward toward the brainstem and is entwined once
by the two polar side channels. It is said to have 16
main spokes that radiate rostrally upward, connect-
ing with the caudal spokes of the great bliss hub
and the ventral spokes of the command hub. It is
the base for the expressive energy (udāna-vāyu) and
the pink masculine dreaming drops, said to sup-
port the dream state, and the functions of speech,
imagination, emotion, and energy balance.

The fourth hub, called the primal truth hub
(dharma-cakra, yoga: anāhata), is located at the level
of the heart, where it is triply entwined by the polar
side channels. It is said to have eight spokes that
radiate downward, like the spokes of an umbrella.
It is the basis for the pervasive energy (vyāna-vāyu),
for the subtle and extremely subtle forms of vital
energy, as well as for the hot pink androgynous sleep
drops. It is said to support wake–sleep regulation,
cardiorespiratory rhythms, motivational instincts,
primal awareness, and the core bliss system.

The fifth hub, referred to as the embodiment
hub (nirmān. a-cakra, yoga: man. ipura), is located
just below the navel, where it is entwined once by

5Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.
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Figure 3. The main wind energies of the subtle body.

each of the polar side channels. It is said to have
64 spokes that radiate upward like an upended
umbrella, some connecting with the descending
spokes of the primal truth hub. It is the base for
the equalizing energy (samāna-vāyu) and vermil-
lion feminine waking drops, thought to support
the waking state, digestion and metabolism, visceral
sensation, and respiratory rhythms.

The sixth and seventh hubs, called the
sacral–genital hub (guyha-ratnagra-cakra, yoga:
svādhis.t.hāna-mūladhāra), are a complex of two
hubs (in some maps, three hubs), with one located
in the sacrum at the root of the genitals and another
at the tip of the clitoris or penis. The sacral hub is
entwined once by each of the polar side channels,
before they separate from the central channel to end
at the anus and urethra. The sacral hub is thought to
have 32 spokes that radiate out and downward like
the spokes of an umbrella, and the genital hub is
said to have 16 spokes that radiate out and upward
like an upended umbrella, connecting with some
of the spokes from the sacral hub. They are the
bases for the evacuative energy (apāna-vāyu) and
the deep red feminine dream, sleep, and orgasmic
drops, thought to support dreaming, deep sleep,

and orgasmic states, elimination, sexual function,
assimilation, and homeostasis (Figs. 3 and 4).b

Modern research on neural structure
and function
The first modern models of the CNS were
based on gross anatomy, with early attempts to
map brain wiring and localize function aided
by tissue-staining histology, electroencephalogra-
phy (EEG), and neurosurgical correlation. Converg-
ing studies of memory, learning, development, and

bIn addition to these seven main hubs, with their respec-
tive spokes, energies, and drops, the subtle body model
in some systems also distinguishes a range of secondary
structural and functional elements. These include up to
seven more secondary hubs along the central channel and
up to seven more hubs in the lower extremities; sec-
ondary, tertiary, quaternary, quinary branchings of pri-
mary spokes, yielding a much expanded network; up to
108 aspects of the five basic and five derivative energies,
or even more when these 108 are further subdivided by
micro-oscillations over the course of each day; and a mul-
tiplication of each of the main drops, as they distribute
through the many channels of that expanded network.

6 Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.
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Figure 4. The main biochemical drops of the subtle body.

recovery in the 1990s led to a shift in paradigm away
from hard wiring and localization to models based
on plasticity and connectivity. Computational EEG
and functional brain scanning have accelerated this
trend. The development of polyvagal theory, neu-
roendocrinology, neuroimmunology, and epigenet-
ics has further decentralized our understanding of
the complex embodied functions of the nervous sys-
tem. In reviewing current advances from this broad
perspective, a number of areas of relevance to this
study emerged.

The model of the brain as a triune evolutionary
heterarchy,31 in which three nested levels of neu-
ral structure support external cognition and social
action, internal social–emotional processing, and
embodied self-regulation, bears some resemblance
to the threefold model of the subtle body. Crucial
breakthroughs in self-regulation offer another ana-
logue to the regulatory structure and function of
the main channels and hubs that make up the sub-
tle level of the subtle body. The key regulatory role
of midline structures, such as the medial prefrontal
cortex, corpus callosum, cingulate cortex, midbrain,
and brainstem, is consistent with the model of self-
regulatory structures in the subtle body, organized
around midline channels and the hubs that intersect
with them (Fig. 5).

Further, the latest science on the autonomic ner-
vous system32 suggests analogies between current
thinking on autonomic self-regulation and the cen-
tral self-regulatory structure and function of the
subtle body. Beyond the obvious analogy between
the polar regulatory functions of the side channels
and the sympathetic and parasympathetic aspects
of the autonomic system, there are several key ele-
ments of polyvagal theory that suggest correlations
with the subtle body model. First, our growing
understanding of the role of the myelinated vagus
in voluntary breathing seems to correlate with the
depiction of the side channels as starting at the
nostrils.11,33 Second, current findings of the lateral
asymmetry in vagal versus sympathetic functional
dominance seem to correlate with the depiction
of the two side channels as polar structures that
show lateral functionality: the left, lunar channel
correlated with the calming, nurturing function of
the vagal system; and the right, solar channel with
the arousing, activating function of the sympathetic
system.6,34 The finding that the lateral dominance
between the two systems undergoes routine shifts
following ultradian rhythms may be correlated with
the way the side channels cross the midline at each
hub, as well as the traditional observation that the
lateral dominance of the two channels changes in

7Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.
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Figure 5. The main hubs cross-referenced with correlated brain structures.

rhythmic cycles, some as short as quarter hours and
others lasting lunar months.34,35 Finally, the finding
that the distribution of the two vagal nerves and
nuclei bisect the body at the heart, with the smart
vagus serving the upper body and the old vagus serv-
ing the lower, may correlate with the depiction of the
nodal role of the heart hub as the complex where the
two side channels wrap around the central channel
three times each, as opposed to just once.23 In some
systems, the laterality and functionality of the chan-
nels switches entirely at the level of the heart,22,24

further supporting a polyvagal correlation.11

In what follows, I suggest correlations between the
main hubs of the subtle body and the main levels
of brain structure and function. Although the ver-
tical alignment of the hubs along the central chan-
nel broadly corresponds with the vertical alignment
of neuroanatomical structures along the neuraxis,
their correspondence becomes less evident as we
move from rostral to caudal. Simply put, while the
hubs are stretched over the whole neuraxis from the
forebrain to the sacrum, the levels of neural struc-
ture and function recognized by modern science are
condensed into the rostral portion of the neuraxis
from the forebrain to the brainstem. This divergence
precludes any simple correspondence between hubs
and levels, and forces a choice between one of two
cross-mapping strategies. The common strategy is
anatomical: linking the first two hubs with the pre-

frontal cortex and neocortex, while linking the third
through seventh hubs with autonomic structures,
such as the esophageal, aortic, hypogastric, and
pelvic plexuses. The novel strategy that I propose
is functional: linking all seven hubs with distinct
central regulating networks that have implicit cor-
respondences with the brain structures that support
them, but explicit locations mapped onto brain–
body structures that provide the conscious mind
with palpable interoceptive feedback about central
neural states and processes.

Recent breakthroughs in meditation research
have focused on our growing understanding of the
prefrontal cortex, especially its key role in higher
cognitive, executive, and social self-regulatory
capacities, which have led to it being considered
the conductor of neural integration and the cen-
tral control hub of the brain’s cortical networks.21,36

The start of the central channel at the command
hub behind the forehead is suggestive of the key
role played by the prefrontal cortex in conscious
self-regulation and neural integration. The number
and orientation of its spokes—six elements inter-
facing caudally with the great bliss and enjoyment
hubs—are consistent with the moderate complexity
and interface with the neocortex and limbic sys-
tem. This suggestion gains weight when compar-
ing the functions attributed to that hub—higher
intelligence, executive function, conscience, and
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emotional regulation—with those of the various
regions of the prefrontal cortex (Fig. S1 in Sup-
porting Information).

There have also been recent gains in our under-
standing of the neocortex, including the description
of the mirror neuron empathy network for reading
facial expressions and body language;37,38 the dis-
covery of the default mode network (DMN), found
to generate default self-referential narrative and
self-imagery loops during off-task processing;39,40

and the delineation of the insula’s role in adding
interoceptive input to the monitoring and repre-
sentation of the body.41 These new findings appear
to correlate with the structure and function of the
great bliss hub. Its location at the crown is consistent
with that of the neocortex, and the orientation
and number of its spokes—32 elements interfacing
ventrally with the command and pure enjoyment
hubs—are consistent with the orientation and
number of neocortical areas and their intimate
links with the prefrontal cortex and limbic system.
There appears to be functional correspondence
given the depiction of the crown hub as supporting
constructive perception, creation of body images of
self and other, the initiation of bodily action, and
the mind state of daydreams and fantasy (Fig. 2S in
Supporting Information).

There have also been gains in our understand-
ing of the limbic system with respect to the role
of the anterior cingulate in integrating emotion
with its behavioral expression;42 the role of the
posterior cingulate in integrating memory and self-
reference;43 the interplay of the amygdala and hip-
pocampus in weighing emotional salience in light of
personal history and social context;44 the role of the
striatum in implicit learning and reinforcement;45

and the hypothalamic regulation of autonomic tone
and endocrine balance in light of primary mood
states.46 Current science on the limbic system may
be correlated with the structure and function of
the pure enjoyment hub. Although its location at
the level of the throat does not map anatomically
onto the limbic brain, the cranial nerves to that
region (V–XII) do support conscious motor con-
trol and sensory feedback for social behaviors—
sharing food, emotions, information, memories,
and fantasies—which set the stage for the limbic
processing of emotional information. In addition,
the number and orientation of the spokes of the
enjoyment hub—16 elements interfacing upward

with the bliss and command hubs—are consistent
with the moderate complexity and two-way inter-
face of the limbic system with the neocortex and
prefrontal cortex. There appears to be a correlation
between limbic functions as described in the current
literature and the functions attributed to the enjoy-
ment hub: emotional communication and expres-
sion, supporting imagination and the dream state,
and maintaining subtle mind/body energy balance
(Fig. 3S in Supporting Information).

There have also been recent refinements to
our understanding of the main functions of the
midbrain, which include regulation of arousal and
sleep cycles in concert with other brainstem nuclei,
governed by a hypothalamic switch;47 modulation
of motivation, internal reward, and the reinforce-
ment of action patterns by the basal ganglia;48 and
the integration of complex autonomic responses,
including cardiorespiratory rhythms.49 These find-
ings appear to overlap with depictions of the truth
hub. Although its location at the level of the heart
does not map anatomically onto the midbrain,
the mixed vagal and sympathetic innervation to
the region not only regulates moment-to-moment
cardiorespiratory rate and rhythm but also pro-
vides higher consciousness with what may be the
most palpable and sensitive feedback indicators
of the central level of activation/contentment,
pain/pleasure, and expectation/reward, mainly
mediated by neural processing in the midbrain.
The number and orientation of the spokes of the
truth hub—eight elements interfacing downward
with the emanation hub—are consistent with the
minimal complexity of the midbrain as well as its
close linkage with deeper brainstem structures.
There also appears to be some correlation between
the functions of the midbrain as described in
the current literature and those attributed to the
truth hub, including the reinforcement of appetite,
motivation, and conditioning; the generation of
waking awareness and wake–sleep cycles; maintain-
ing cardiorespiratory rhythms; and the affective
experience of pleasure, bliss, and happiness (Fig. 4S
in Supporting Information).

Current findings have also clarified the func-
tions of key pontine nuclei and pathways, which
include imposing a higher-order regulation on
medullary cardiorespiratory rhythms;50 support-
ing waking awareness and rapid eye movement
sleep with key pontine cholinergic and adrenergic
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Table 1. Hubs, winds, drops, and their functions compared with brain structure and chemistry

Pure enjoyment 16 elements Expressive/ Imagination Limbic Serotonin

Rostral links male dreaming Emotion cortex Dopamine

Primal truth 8 elements Pervasive/ Reward Subcortical Dopamine

Caudal links male/female sleep activation midbrain Opioids

Emanation 64 elements Digestive/ Metabolism Pontine Serotonin

Rostral links fem. waking Vital rhythms brainstem Acetylcholine

Sacral genital 32 elements Genitourinary/female Reproduction Medulla Oxytocin

Internal links Sleep–orgasm Elimination oblongata Vasopressin

nuclei;51 initiating digestion via cranial nerves orig-
inating in pontine nuclei;52 noxinergic support of
heart, gut, and sexual organ perfusion;53 and facili-
tating the fine planning and execution of mental and
physical acts by acting as a relay in corticocerebellar
association networks.54 These findings suggest that
the pons may be correlated with the emanation hub.
Although its location just below the navel does not
map anatomically onto the pons, the primitive vagal
and sympathetic innervation to the gut, linked with
extensive serotonergic and noradrenergic neurons
and cholinergic myocytes, not only regulates the
balance of digestion versus retention, somatic relax-
ation versus arousal, and quiescent versus expansive
mood, but also provides higher consciousness with
what may be its most palpable and sensitive feed-
back indicators of the central level of wake–sleep
arousal, metabolic activation, and mood regulation,
largely mediated by serotonin, norepinephrine, and
acetylcholine produced centrally in the pons. The
number and orientation of the spokes of the ema-
nation hub—64 elements interfacing upward with
the truth hub—are consistent with the complexity
of the pontine brainstem and its close linkage with
the midbrain. There may also be some correlation of
pontine functions with those attributed to the ema-
nation hub, including supporting high arousal states
in waking and dreaming, regulating cardiorespira-
tory rhythms, and initiating and supporting diges-
tion (Fig. 5S in Supporting Information).

Finally, research has refined our understanding of
the primary functions of the medulla, including sup-
port of deep slow-wave sleep and orgasm states;55,56

regulation of vital cardiorespiratory rhythms and
reflexes, including the vagal heart brake;57 mainte-
nance of gastrointestinal secretion and motility;58

and fostering the mixed autonomic activity of sex-
ual arousal and response.59 These findings sug-
gest that the medulla may be correlated with the

sacral–genital hub. Although its location on the
central channel from the sacral to the genital lev-
els does not map anatomically onto the medulla,
the complex mix of primitive vagal and sympa-
thetic innervation to the pelvis not only regulates
the organs of excretion and reproduction, but also
provides higher consciousness with what may be
its most palpable and sensitive indicators of the
central level of deep somatic relaxation, metabolic
resilience, and sexual responsiveness, largely medi-
ated by the autonomic tone maintained by the
medulla. The number and orientation of the spokes
of the sacral and genital hubs—32 elements fac-
ing downward and 16 upward, respectively, inter-
facing with one another—are consistent with the
complexity of the medullary brainstem as well
as its relative autonomy as a homeostatic center
(Table 1). There also appears to be a correlation
between the functions of the medulla as described
in the current literature and those attributed to the
sacral–genital hub: supporting the deepest states
of consciousness, deep sleep, and orgasm; regu-
lating basic cardiorespiratory rhythms; supporting
digestion; and fostering sexual response (Fig. 6S in
Supporting Information).

Modern models of the types and mechanisms
of meditation
Since the early explorations in the field,60,61 resea-
rchers have proposed a range of models of the
types and mechanisms of meditation. As attention
moved from Benson’s initial work on the relaxation
response to the work of the next generation
focused on mindfulness, proponents of mind-
fulness sought to distinguish the two methods.
Davidson and Goleman distinguished practices
such as the relaxation response and transcendental
meditation (TM) from mindfulness and related
practices by defining the former as narrow focused
and the latter as open focused.62 As Davidson and
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Lutz began working more closely with Tibetan
scholar–practitioners, this simple typology gave
way to the current consensus model on the basis of a
traditional threefold distinction: focused attention
(FA), open monitoring (OM), and nonreferen-
tial compassion (NRC), which they condensed
into two by categorizing NRC as a special case
of OM.15 Travis and Shear have modified this
consensus model to include self-transcendence
as an autonomous third category, which they
associate with expertise.18 Others have modified it
by including nondual awareness as an autonomous
third category.63 Alongside this phenomenological
model, three explanatory models have come to the
fore, which all reframe Deikman’s insight that the
common mode of action underlying contemplative
states is deautomatization.64 The observation
that contemplative practices share conscious self-
regulation as a common mode of action is a unifying
theme in explanatory schemas as diverse as Tang’s
Qigong-based model of meditation as a practice of
mind/body integration,65 Brewer’s network model
of meditation as overriding default self-referential
activity,19 and Vago’s mindfulness-based model of
meditation as an integrative mind–brain practice
that leads from self-awareness to self-regulation
and culminates in self-transcendence (SART).17

Mechanistically, a consensus model has slowly
evolved and began by expanding Benson’s auto-
nomic model of meditation as eliciting a parasym-
pathetic relaxation response. Early mindfulness
studies framed meditation as a mix of stress reduc-
tion and learning, mediated by the combined exer-
cise of relaxation and attention.66 In a previously
published review,6 I linked this hybrid model to
basic research on allostasis and neural plasticity,
proposing that the calming function of meditation
improves allostasis by reducing the stress response,
while its attentional function enriches learning by
stimulating use-dependent plasticity. Later stud-
ies on the effects of meditation further supported
the mechanistic link between attention and neuro-
plasticity, by associating it with EEG patterns and
structural changes consistent with increased activa-
tion, myelination, and neurogenesis.67–70 Initially,
the findings supporting this model focused on the
role of the prefrontal cortex and related structures,
such as the insula, where increased cortical thick-
ness and connectivity were presumed to reflect the
growth of integrative capacity caused by mind-

fulness practice.68,71 The neural network model
proposed by Vago shows how mindfulness builds
conscious self-regulation of cortical processing, by
enhancing activation of the frontoparietal control
network.16 Brewer’s network model of mindfulness
proposes that practice helps integrate cortical pro-
cessing by enhancing prefrontal regulation of the
DMN.20

More recently, this neocortical model has been
challenged by studies showing that meditative prac-
tices increase the size of integrative structures
and the function of integrative networks at lim-
bic, subcortical, and brainstem levels of the ner-
vous system. For instance, mindfulness increases
hippocampal volume68,69,72 and activation of the
thalamus and midbrain,73,74 compassion training
increases activation of the nucleus accumbens and
ventral tegmental area,75–77 recitation increases
hypothalamic volume,78 and nondual awareness
increases medullary gray matter.79 Although pre-
frontal regions seem to modulate such deep changes,
these findings stretch the consensus model toward
a more inclusive framework of vertical integration
under prefrontal influence. The consensus model
has been further stretched by findings that med-
itation may work by fostering lateral integration
of structures that show lateral specialization or
dominance.35,80–82 Finally, the effects of recitation
and breath-control practices on autonomic centers
in the hypothalamus and brainstem have under-
scored recent work on the vagus,57 reintroducing
the key role of autonomic regulation within an
expanded model of how meditation promotes ver-
tical and lateral integration of the nervous system.

Indic subtle body map of the mechanisms
and effects of meditation
The subtle body map was accepted by classical
Indian science as the definitive map of the embod-
ied mind and nervous system early in the Common
Era. It supports a neuropsychological approach to
meditation and its effects quite unlike the procedu-
ral typologies and mechanistic models adopted by
modern researchers. Not only does the traditional
model offer a more comprehensive typology of prac-
tices, but it also links them and their effects to the
structure and function of the subtle body. Specifi-
cally, it maps four to six main types of contemplative
practice onto particular subtle body structures and
processes, and provides mechanistic explanations of
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how each practice affects underlying structures and
processes.

Among the different systems of mapping con-
templative practices and effects onto the subtle
body, the variance reflects minor distinctions in
terminology or procedure rather than major differ-
ences. I will illustrate this model using the system
of optimal integral process practice in the Indo-
Tibetan Ka ̄lachakra or Wheel of Time tradition.22,c

In this system, contemplative practice is described
as a continuum of progressive methods of self-
regulation and integration, involving six main types
of practice: (1) withdrawal (pratyāhāra) involves
calming and clearing the mind using methods of
open internal focus, similar to OM practices such
as mindfulness;83,84 (2) contemplation (dhyāna)
involves focusing attention on specific objects,
such as images, affirmations, or mind itself, akin
to FA practices such as concentration or com-
passion training;85,86 (3) recitative breath control
(prān. āyāma) involves balancing and mixing the
polar energies of the nervous system, using rhyth-
mic exercises of mental recitation and mindful
breath-control, such as Mantra Yoga or Kundalini
Yoga;78,87 (4) retention (dhāran. ā) involves fusing
polar energies in states of absorption that activate
the chemistry of internal reward, using practices
such as Tummo (candal̄ı) or Ananda Marga that
mix imagery, recitation, and breath holding;88,89 (5)
sublimation (anusmr. ti) involves eliciting euphoric
flow states that activate the chemistry of sexual
arousal and consummation, using practices such as
Tibetan Tantra that mix erotic imagery and breath
holding;90 (6) integration (samādhi) involves
integrating the ecstatic states accessed through sub-
limation into all mind/body processes, using non-
dual awareness–compassion practices, such Zazen,
Advaita, advanced TM Siddhi, Dzogchen, or
Mahamudra.79,91

c This system is of interest for several reasons. First, it is
the most syncretic of the Buddhist Tantras, drawing on
the Shaivite and Vaishnavite systems within the Hindu
Yoga Tantra tradition, as well as on the two main systems
of Buddhist Yoga Tantra. Second, it is the most modern,
scientific version of India’s integral process practice of
contemplation, known for its “transparent” (Tib. shin-tu
gsel-ba) science-based approach to the esoteric traditions
of Indic neuropsychology, neuropsychiatry, and medicine.

As for mapping these practices and their mech-
anisms, this model explains that all mental activity
both depends on and directs the flow of energy and
drops within specific channels and hubs of the sub-
tle body. With repeated practice, top-down men-
tal activity shapes the subtle material structure and
function of the channels and drops that it inter-
acts with, because the dynamic flow of energy and
drops alters the patterns of molecular matter that
shape the plastic structure of the subtle body. Within
this framework, the six types of contemplative prac-
tice are mapped onto different levels and regions
of the subtle body, reinforcing integrative structures
and self-regulating functions throughout. Specifi-
cally, the more advanced the practice, the deeper it
moves toward the extremely subtle core level of the
subtle body and the further down the rostral–caudal
axis of the central channel. Of note, advancement
in practice is mapped differently from the resul-
tant progress toward integration, and both forms
of progression are mapped differently by different
systems and traditions. For instance, Hindu systems
tend to map progress toward integration as verti-
cal movement toward the crown, while Buddhist
systems tend to map progress as a complex path
that begins with top-down access, proceeds through
bottom-up regulation, and culminates in central-
ized integration at the heart.d

According to the Wheel of Time tradition, with-
drawal practices, such as mindfulness, are mapped
onto the rostral end of the central channel, at the
command hub just behind the forehead. Mech-
anistically, their effect is said to be withdrawing

dThe precise mapping of various practices and stages of
practice onto different subtle body structures and pro-
cesses varies among different traditions, systems, and lin-
eages. Hindu systems tend to map progress vertically
toward the crown, and Buddhist systems more often
map it centrally toward the heart. Confusion also arises
from the fact that different systems emphasize practices
that access different hubs; for example, Kashmiri Shaivite
Tantra and Buddhist Mother Tantra emphasize practices
at the navel and crown; Kālachakra Tantra emphasizes
practice at the forehead, navel, and crown; and Bud-
dhist Father Tantra emphasizes practice at the genital hub.
These different points of access to regulation and integra-
tion of the subtle body, however, are not to be confused
with the final destination of practice: the fully integrated
state of the nervous system.
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Table 2. Practice types, substrates, and effects compared with brain structure and findings

Practice Substrate Mechanism Effect Structure Findings

Withdrawal Command hub Calm energy Mindfulness Prefrontal Self-regulation

mindfulness Coarse NS Lateral balance Mood balance cortex Neurogenesis

Reflective focus Bliss hub Energy focus Quiescence Sensorimotor Self-aware

Subtle NS Subtle balance Compassion neocortex More empathy

Breath-work Pure joy hub Energy control Absorption Limbic cortex More proactive

recitation Core channel Core access Bliss Reinforcement

Retention Truth hub Fused energy Immersion Subcortical ANS balance

breath-locks ES NS Bliss drops Great bliss midbrain Bliss reward

Sublimation sex Emanation Stilled energy Equipoise Pontine Mixed arousal

energy ES heart drop Bliss flow Orgasmic bliss brainstem Smart vagus

Integrative Genital hub Integral energy Integration Medulla Epigenetics

awareness Entire CNS Pervasive bliss Altruistic bliss oblongata Neurogenesis

NS, nervous system; ANS, autonomic nervous system; CNS, central nervous system; ES, extremely subtle.

energy and awareness from the peripheral, coarse
body–mind into the central, subtle body–mind,
as well as balancing polar masculine and feminine
energies within the side channels. Contemplation
practices, such as compassion training, mantra
recitation, visualization, or concentrative quies-
cence, are mapped onto the great bliss hub at the
crown. They are thought to work by concentrating
energy and awareness more fully into the subtle
body–mind and by further balancing the polar
energies within the side channels. Recitation and/
or imagery conjoined with rhythmic breathing
practices, such as Tibetan Tantra or Kundalini Yoga,
are mapped onto the pure enjoyment hub at the
throat, correlated here with the limbic system. They
are thought to work by mixing and fusing the polar
energies of the side channels to the point where
they can access the central channel network of
subtle bliss energy and drops. Retention practices,
such as Tibetan Tummo, are linked with the
primal truth hub at the heart, correlated here
with the midbrain, and are thought to work by
immersing the fused polar energies of the side
channels into the central channel, where their
retention activates the male and female bliss drops
that originate there. Sublimation practices, such
as the conjoined yogas of erotic archetype imagery
(jñānamudrā) and advanced breath control (can-
dal̄ı), are mapped onto the emanation hub at the
navel, correlated here with the pons. They are said
to work by increasing the retention and immersion
of the fused polar energies into the extremely subtle
bliss energies and drops within the central channel,
to the point where the release and flow of those

energies and drops can be consciously regulated
and mastered. Finally, integration practices, such as
nondual awareness–unconditional compassion, are
mapped onto the sacral–genital hub at the pelvis,
correlated here with the medulla. They are thought
to work by gradually integrating the mastery of the
extremely subtle bliss energies and drops from the
core network of the central channel with all levels
of the subtle and coarse body–mind, to the point at
which the entire mind–body process is irreversibly
committed to positive social engagement in all
forms of cognition, emotion, and action (Table 2).

Challenging questions for future research

Obviously, comparing two maps and models of
meditation as divergent as the subtle body and
brain map is an exercise in which findings must be
carefully considered. Yet, however preliminary its
findings, this inquiry suggests some compelling cor-
relations and raises some challenging questions for
meditation research.

The first correlation of this comparison may be
the most surprising. Modern neuropsychology is
not the first scientific tradition in history to pro-
pose a model of the human mind as embodied
within and dependent on a CNS. It is not the first to
map that nervous system as a network of structural
and dynamic elements including pathways, com-
plexes, energies, and chemical drops. It is not the
first to map that system into a triune heterarchy
of levels that develop from an embryonic neural
tube and organize themselves along the neuraxis in
structural–functional networks that show both lat-
eral and vertical specialization. Nor is it the first to
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explain the workings of the mind—at all levels and
in all forms—as effects of the natural causality at
work in the CNS.

The second correlation is equally surprising:
modern neuropsychology is not the first scientific
tradition in history to recognize that mental activ-
ity, such as the exercise of attention, can have a top-
down influence on the workings of the CNS: from
altering the dynamics of neural energy and chem-
istry, to reshaping the structural elements of neural
networks and circuits. Given these facts, perhaps the
third correlation should not be as surprising as it
is. The general mechanism of meditation proposed
by this tradition—a cascade of top-down effects
leading from mindful attention to neural energy
shifts, from energy shifts to chemical modulation,
from chemical modulation to structural alterations
in neural networks and hubs—in qualitative broad
strokes clearly anticipates the outline of models pro-
posed by modern researchers.

Given these correlations, a clear case can be made
for comparing current models of meditation with
traditional models based on the subtle body. The
case grows stronger when attention is more closely
paid to how the subtle body map can be cross-
referenced with brain maps, including refinements
emerging from current research. But the strongest
argument for scrutiny of this model stems from
the fact that the practices most studied today—
mindfulness, yoga, compassion training, recitation,
visualization, breath control, objectless compassion,
and nondual awareness—were developed within the
Indic tradition on the basis of that model. This
makes it likely that some body of observational data
and mechanistic understanding regarding them has
been incorporated into the model. At a minimum,
it would seem to make sense for modern researchers
to consider the neural typology of contemplative
practices mapped onto the subtle body. The next
sensible step would be to cross-examine the data
from modern studies of Indic practices against that
model. Finally, given its practical utility over time
and across cultures, it is reasonable to assume that
the traditional model or some current version of
it may be helpful as an aid for understanding and
teaching contemplative practices, especially to the
lay public.

Assuming that researchers can recognize the sub-
tle body as an embodied network map of the
CNS and accept it as a model that may be scien-

tifically valid despite its provenance, what would
challenge those interested in studying it as prac-
tically relevant to their work? The main challenge
is to the modern research preference for objective
observation, quantitative methods, and mechani-
cal measures.2,3,92 The methodology assumed by the
subtle body map diverges significantly from each of
these. The observing stance from which the Indic
map was made is introspective and intersubjec-
tive (first and second person) rather than strictly
objective (third person and impersonal). While its
verbal formulas are precise, and there is quantifi-
cation of some variables (the complexity of neural
structures and the length of breath patterns), its
analytic method is qualitative rather than quantita-
tive. Finally, the model itself is not dependent on or
linked to mechanical instruments, but is based on
the imaginative mapping of neural structures and
processes, embedded within the inner landscape of
embodied imagery, sound and breath exercises, and
validated by the interoceptive metrics of bodily sen-
sations and neural afferent feedbacks.e

This challenge is relevant to the most promis-
ing application of the subtle body model—as an
interoceptive neurofeedback map for introducing
and deepening contemplative practice. As expected
given modern methodological bias, the trend in
meditation research has been toward the develop-
ment of technological biofeedback aids, from labo-
ratory functional magnetic resonance imaging and
portable EEG devices, to personal autonomic moni-
tors, such as Fitbit and Jawbone. This is only natural,
given the technological bent and industrial impera-
tives of today; however, from the traditional vantage
point, these aids are of questionable value. Of course,
high-tech neural measures have been indispensable

e A similar methodological hurdle comes up in modern
medicine and psychiatry. Taking a thorough history and
carefully attending to patient narratives is known to dra-
matically improve the accuracy of differential diagnosis
while building rapport for treatment. Yet modern medi-
cal practice is rapidly moving away from these qualitative
methods, toward costly diagnostic technologies and often
misleading laboratory tests. Likewise, conventional psy-
chotherapy is thought be as effective, more preventive, less
risky, and better tolerated than psychopharmacology, yet
it is often dismissed as ineffective or unscientific because
it relies on interpersonal dialogue rather than pharma-
ceutical agents or statistical measures.
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for establishing and advancing the field of medita-
tion research. But outside the laboratory, when it
comes to mastering, applying, and teaching med-
itation techniques, such aids risk being not only
redundant, but also misleading. In such con-
texts, the cost–benefit equation that makes the
traditional methodology seem limited relative to
modern empirical methods actually flips, with its
seeming limits figuring as strengths. While techni-
cal aids draw attention outward to the device and
add mechanical biofeedback as a surrogate for spe-
cific neural processes, the subtle body model draws
attention inward—supporting the reflexive turn of
meditation—and uses the body’s own sensory feed-
backs as interoceptive cues and reinforcers of those
neural processes.

In this light, the subtle body emerges as the more
appropriate technology for these applications,
where the externalized technology of high-tech bio-
feedback devices and monitors in comparison
seems extraneous and confounding. Of course,
there may always be some individuals for whom
the familiarity and technological appeal of external
biofeedback aids serves as the meditative equivalent
of training wheels in the unfamiliar challenge of
learning to direct attention internally. But when
it comes to teaching aids for introducing and
deepening contemplative practice for most people
in most contexts, a good case can be made for the
superiority of an interoceptive map, such as the
subtle body, over modern brain-based models.f

f If the subtle body model were to catalyze breakthroughs
in meditation research, this would not be unprecedented,
or even exceptional, in the history of science. Modern lin-
guistics and Medeleev’s periodic table are both attributed
to the West’s first encounters with the Sanskrit gram-
mar of Pān. ini (c.550 BCE).93,94 Pān. ini based the world’s
most complete observational grammar and most rig-
orous semiotics on a table of phonemic elements that
categorizes speech sounds—vowels and consonants—by
descriptively mapping them onto their physical substrate:
the multivariate mechanics of sound set up when breath,
produced in one of five vibrational modes and baffled
at one of five anatomical nodes, is forced through the
human vocal apparatus. The same embodied perspec-
tive is responsible for the approach to mind and contem-
plation taken by his rough contemporaries, Shakyamuni
and Pātañjali, as expressed in the subtle body. The West’s
recent adoption of Indic contemplative science and prac-

From laboratory to cushion: appropriate
models for research and application

This comparative review raises a number of inter-
disciplinary questions about how best to investigate,
model, and apply contemplative practices today.
Careful consideration of those questions led me
to four main conclusions, one that confirmed the
outcome of a prior investigation and three that
addressed the main premises that this paper was
meant to examine. These conclusions support the
assumption that the subtle body is a model of the
human nervous system and challenge the priority
and exclusivity of current CNS models. They also
suggest that this ancient model anticipated modern
views of mind and nervous system in key ways.

Second, the conclusions challenge current con-
sensus models of meditation and its neural mech-
anisms. They suggest the possibility of a typology
of contemplative practices based not on their phe-
nomenological or procedural features, but on their
underlying neural substrates and mechanisms. The
subtle body model challenges modern researchers
to explore typologies that more discretely and accu-
rately map the practices that they study onto their
neural substrates and mechanisms. I have pro-
posed two such typologies based on the subtle body,
elsewhere,4,6–8 which can be related to current con-
sensus models,15,17,18 but are more neurally based
and comprehensive.

Third, the characteristics of the subtle body—as
an embodied network model of CNS function—
challenge modern researchers to stretch their brain-
centric models to more graphically represent the
functional connectivity of the brain with the heart,
gut, genitourinary, endocrine, and immune systems.
It challenges meditation researchers in particular to
develop functional network models that can clearly
depict the specific effects and mechanisms of the
practices that they study, while also representing
the general effects and mechanisms of the vertical
and lateral integration promoted by self-regulatory
practices as a whole.

Fourth, methodologically, this study challenges
meditation researchers to entertain embodied net-
work models of mind–brain–body integration, such

tice is only one more instance of the general East–West
transmission of science and technology described by post-
modern historians of science.95,96

15Ann. N.Y. Acad. Sci. xxxx (2016) 1–18 C© 2016 New York Academy of Sciences.



An interoceptive CNS map for meditation research Loizzo

as the subtle body, as interoceptive teaching and neu-
rofeedback aids to support contemplative practice
in the ever-expanding range of its practical applica-
tions, from stress reduction, self-healing, and pre-
ventive health, to enriched learning, creativity, and
peak performance.
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Figure S1. The command hub and spokes mapped
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