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Abstract

Background/Objective: Non-invasive neuromodulation techniques have increasingly been utilized and investigated as potential
treatment approaches for neurological and psychiatric disorders. Increasing evidence supports the possibility of non-invasive
neuromodulation affecting larger scale brain networks rather than just local stimulation targets. In this article, this concept and
implications thereof are explored within the context of traditional acupuncture points located on the scalp and their cortical region
correlates.

Method: This article addresses the conceptual framework of traditional acupuncture point locations on the scalp as potential
local cortical region and/or neural network nodes of non-invasive neuromodulation modalities and may expand existing
understanding of the influence of scalp acupuncture points based on these network connections. Studies that support this
hypothesis are provided followed by an exploration of functionally and structurally connected brain parcellations elucidated by
connectomic mapping and correlations with traditional acupuncture points. In this installment cortical regions of the lateral
frontal lobe are explored.

Main Results/Conclusion: Studies stimulating brain regions by various non-invasive methods including manual and laser scalp
acupuncture, repetitive Transcranial Magnetic Stimulation (rTMS), and transcranial Direct Current Stimulation (tDCS) offer
evidence of underlying neuromodulatory mechanisms and clinical therapeutic effect in cases of various neuropathologies. These
effects have evidence to support that in addition to local cortical region responses; structural and functional brain network
modulatory influence including influence upon deeper brain structures, have been demonstrated. In light of this evidence, it is
proposed that applying a network perspective to non-invasive transcranial stimulation may lend a broader understanding of
therapeutic potential in using these techniques.
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Introduction and Theoretical Basis

Scalp Acupuncture

Acupuncture has been performed on the scalp for centuries;, with numerous traditional points lying along varying
“meridians” that are said to traverse particular portions of the scalp as well as the rest of the body with therapeutic
indications specifically attributed to each point., More recently a number of scalp systems or “microsystems” have
been developed and utilized in clinical practice; including the “Zhu’s Scalp Acupuncture” (ZSA) developed by Dr. Ming
Qing Zhu,, Yamamoto New Scalp Acupuncture (YNSA) developed by Dr. Toshikatsu Yamamoto in the 1960’ss, and
the “Jiao” scalp system developed by Dr. Jiao, Shunfa that has been in use since 1971.¢

Dr. Jiao’s scalp acupuncture system established a modern technique combining traditional needling methods with
western medical knowledge of representative areas of the cerebral cortex, including anatomy, physiology, pathology,
and neurology.; It was derived from biomedical understanding of the nervous system and acts to stimulate specific
areas such as the motor cortex, somatosensory cortex area, and praxis area. The scalp areas corresponding to the
functional locations of the cerebral cortex are taken as the stimulating areas in scalp acupuncture for the treatment of
diseases.g Scalp acupuncture techniques have been demonstrated to have a number of neuromodulatory effects
including increasing cerebral blood flow to local brain regions,q exerting neuroprotective properties through
upregulation of gene and protein expression of nerve growth factor (NGF),,, and enhancing functional connectivity
between neural networks.

Scalp acupuncture has been studied in a variety of conditions including pain,,, stroke, 5 14 post-stroke hemiplegia, s
neurocognitive deficits and dementia, s and neuropsychological disorders,; including anxiety,s and depression.
Studies have also demonstrated clinical efficacy of laser acupuncture in eliciting a cortal response.y »

Other Non-invasive neuromodulatory techniques

In neurorehabilitation, non-invasive neuromodulation techniques, such as repetitive Transcranial Magnetic Stimulation
(rTMS) and transcranial Direct Current Stimulation (tDCS) are assumed to induce neuroplastic changes through the
application of magnetic or electrical stimuli, respectively, directly to a brain area.,, These interventions are considered
to influence neurophysiological mechanisms responsible for neuroplasticity by modulating glutamatergic pyramidal
neuron excitability in the underlying cortex - potentiating glutamatergic receptors and decreasing GABA
neurotransmission.,; In rTMS, brief high-current pulses are produced in a coil of wire, called the magnetic cail,
modulating cortical excitability using either inhibitory, low-frequency (<1 Hz) or facilitatory high-frequency (=5 Hz)
stimulation.,, TDCS influences brain excitability by using a low level of continuous electrical current. For tDCS, two
(or more) electrodes are placed on the scalp with the current going from the anode to the cathode. As opposed to
rTMS, the electrical currents delivered by tDCS are not strong enough to fire an action potential.,;s During these
procedures several factors can influence excitatory/inhibitory changes of brain stimulation,sincluding the state of the
brain during stimulation (at rest or paired with a task),;, any intake of substances such as nicotine,z and even the time
of the day., This sliding of the modification threshold for increased or decreased excitation, depending on the
previous history of neural activity is referred as “metaplasticity” or “homeostatic plasticity”s; 34

A study of non-invasive electrical stimulation of the primary motor cortex concluded that while local brain region
activation was present, their findings suggested that stimulation "is not influencing the target area in isolation, but
rather a brain network”.;, It has additionally been demonstrated that non-invasive neuromodulatory techniques
applied to the surface of the scalp can influence deeper brain structures not directly below the stimulation point via
network connections in a similar manner to those along the brains external surface.,;

Taking this into account, it has been proposed that “the brain is a complex network and, therefore, studying and
treating brain disorders using non-invasive neuromodulation techniques should be approached as a network
phenomenon.”;, and that “knowledge of structural connectivity pathways can be used to target a network of brain
areas rather than a single area.”ss



Connectomics

The connectome is a map of all neural connections in the brain. Connectomics is the study and mapping of these
connections.; In 2009, the Human Connectome Project;; commenced a five-year effort to digitally map the structural
and functional neural connections in the human brain. The $38.5M project began with a Blueprint Grand Challenge
grant from the National Institute of Health and formed consortiums across top neuroscience institutions in the world
including Washington University, Oxford, the University of Minnesota, Harvard, and UCLA.;3 The result was a new
brain map, the HCP Parcellation, or Atlas, that defined discrete brain areas based on their functional roles and how
they were both functionally and structurally connected. This included 83 areas from previous studies and 97 that were
previously unknown, totaling 180 in each hemisphere.;4 This series of articles will map out all 180 parcellations
relative to traditional acupuncture points along with their structural and functional connections using “A Connectomic
Atlas of the Human Cerebrum” by Baker et al.,, as a primary source.

Both structural and functional connections are important to take into account as analyzing structural networks may
help understand the fundamental architecture of interregional connections, functional networks directly elucidate how
this architecture supports neurophysiological dynamics and while functional properties are expressed locally, they are
the result of the action of the entire network as an integrated system.,, Structural connectivity places constraints on
which functional interactions occur within the network.,; Additionally, there has been evidence presented of significant
overlap between resting state networks and certain connectome harmonic patterns suggesting connectome
harmonics provide a link dynamics of oscillatory cortical networks to human connectome anatomy.,,

Parcellations may be considered nodes within larger brain network dynamics. Some brain regions may be thought of
as “hubs” with high degrees of structural or functional connections, or high "centrality”". The centrality of a node
measures how many of the shortest paths between all other node pairs in the network pass through it. A node with
high centrality is thus crucial to efficient communication within a network.,3

As connectomics has developed over time its implications in clinical symptomatology and neuropathologies have
begun to be studied.,, Within the context of brain network dynamics, lesions in different locations that cause the same
symptom can be linked to common networks in ways not previously possible, termed “lesion network mapping”; and
connectome localizations may expose new treatment targets for patients with complex neuropathologies.,,
Neurologic symptoms can also result from physiological changes in anatomically intact brain regions that are distant
from, but connected to the lesion -a phenomenon termed diaschisis.,; This approach is an advance over traditional
lesion analysis, because the same symptom is often caused by lesions in different locations as a result of the
aforementioned connectivity, disconnection, and diaschisis.,s Lesions that cause the greatest number of symptoms
occur at the intersection of large white-matter pathways and at hubs that are functionally connected to large numbers
of other brain regions.,;

Part 1: The Lateral Frontal Lobe / Dorsolateral Prefrontal Cortex

Much of the lateral frontal lobe regions explored in this article make up a region of the brain collectively known as the
dorsolateral prefrontal cortex (DLPFC).,s The DLPFC is associated with a number of higher cortical functions often
referred to as “executive function” that play a role in the ability to select actions or thoughts in relation to internal
goals.,, More specifically, the DLPC has been demonstrated to play a primary role in what are referred to as “cold”
executive functioning more closely related to logic and reasoning.s, In cases of DLPFC dysfunction or lesions a
number of symptoms related to these cold executive functioning may appear including: (1) problems with planning,
organizing, and prioritizing; (2) a lack of attentional flexibility; (3) impaired concept formation; (4) poor working
memory; and (5) an inability to monitor and adapt behavior consistent with changing social circumstances.s;,
Conscious components of cognition may also be impacted as anterior cingulate cortex (ACC) activation detects
conflicts in processes accompanied by activation of the DLPFC that has been associated with top-down adjustments
of response control.s,

In cases of concussion or traumatic brain injury, atypical brain activation patterns within the DLPFC have been found
to occur.5; Clusters of reduced fractional anisotropy (FA), an indicator of loss of white matter that may reflect damage
myelin or axon membrane damage or reduced density or coherence, have been demonstrated within frontal white
matter including in the DLPFC.;, Indications of higher Mean Diffusivity (MD), which is inversely correlated with FA,
has also been demonstrated compared to controls.s, A study of male athletes post-concussion with atypical DLPFC
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activation showed those who had resolution of their post-concussive symptoms demonstrated a significant increase
in DLPFC functioning while those whose symptoms remained unchanged continued to demonstrate atypical DLPFC
activation.s; As such, the DLPFC and evaluation of its functioning plays an imperative role in traumatic brain injury
evaluation and focal point of functional rehabilitation.ss

It has been suggested that the DLPFC can be considered a functional “flexible hub” of the brain.ss Meaning, a brain
region that rapidly updates its pattern of global functional connectivity according to task demands. These flexible hubs
play an important role in switching from one state to another in order to attend to the necessary task demands with
indications that modulating them can influence a whole brain network.sg

The prefrontal cortex (PFC), and specifically, the DLPFC has been the most frequently targeted brain region by
non-invasive brain stimulation studies.s; Transcranial direct current stimulation (tDCS) over the left DLPFC showed
reconfiguration within intrinsic large-scale brain activity networks - the Default Mode Network (DMN) and the
anticorrelated networksg which has a strong negative activity correlation with the DMN and has an association with
cognitive processing whereby focused attention on the external environment is required.sq

Anodal tDCS over the right DLPFC has demonstrated improvement on dual tasking score with a reduction in error
rates.qg

Non-invasive neuromodulatory techniques over the DLPFC have been studied surrounding attention,s; depression,
and cognitiong, after traumatic brain injury; Parkinsonism in combination with fluoxetine,s; depression/ affective
processing,e, transitory improvements in working memoryss and attention,ss PTSD, ¢, 65 recognition memory in
Alzheimer's disease, g schizophrenia including auditory hallucinations ;474 and addiction behaviors including alcohol,,
and food.;5



Frontal Polar Region
2.01 Area 10pp

Location:
Anterior tip of the frontal pole. Located at the fusiform junction of
the anterior-most aspects of the superior and middle frontal gyri.

Functions:

Area 10pp is involved in episodic and working memory tasks.
Brodmann area 10 more generally is activated in increasing
complexity of working memory tasks.7 This area also plays a role
in abstract cognitive function.6

Functional Connectivity:

Area 10pp lacks strong evidence of functional connectivity to other
areas. There is borderline evidence of functional connectivity with:
Lateral frontal lobe: 8Av, 8C, a10p

Temporal lobe: STSvp

Lateral parietal lobe: PFm, PGi

Posterior cingulate gyrus: 31pd, 31pv

White Matter Connections:

Structurally connected to the Inferior fronto-occipital fasciculus
(IFOF) and contralateral hemisphere.

IFOF connections travel from 10pp through the extreme/external
capsule and continue posteriorly to end at occipital lobe
parcellations V1 and V2.

Contralateral connections course through the genu of the corpus
callosum with the forceps minor to terminate at 10d and 10pp.
Local short association bundles: 10d

Traditional Acupoint Correlates:
BL2

Functionally Connected Acupoints:
BL4 (8Av)

BL5 (8Av)

GB14 (a10p)

GB15 (8Av, 8C)

GB18 (PFm)

TW22 (STSvp)

Structurally Connected Acupoints:
BL9 (V1)

GV17 (V1)

GV18 (V1,V2)

GV23 (10d)

GV24 (10d)

31pd
semantic and episodic memories
Working memory of bodies and faces, listening to stories
T 31pv
“~working memory processing of body and face images,
N listening to stories,
recognizing emotional faces over neutral objects

t1\|0d

episodic and working memory
abstract cognitive function

v2
Visual integration of V1 information
Differentiating stimulus and background

Vi

Rudimentary visual input
Detection of motion

Directional and spatial integration

PFm
nonspatial attention tasks

Decision making when switching choices

Rule change during visually guided attention
Syntactical components to language

Attentional processing

Working memory, motor cue, and risk-related tasks.

8c
spacial working memory
interpretating complex visual
PG information and attention
Visuospatial attention changes
Redirecting attention towards relevant stimuli

a10p
working and episodic memory
10pp

working memory,

abstract cognitive function

STSvp
Language comprehension:
Story-math secondary contrast




2.02 Area 10d (10 dorsal)

Location:
in the anterior SFG. It wraps into the interhemispheric fissure,
lying on the medial bank.

Functions:
-Episodic and working memory tasks.

Brodmann area 10 more generally is activated in increasing
complexity of working memory tasks.7 This area also plays a
role in abstract cognitive function.6

Functional Connectivity:

Anterior frontal lobe: 8Av, 8BL, 9p

Anterior cingulate cortex: 9m, 10r, 10v, a24, d32, s32
Middle temporal gyrus: STSva, TE1a, hippocampus
Inferior parietal lobe: PGi, PGs

Posterior cingulate cortex: 7m, 31a, 31pv, 31pd, POS1,
v23ab

Many of these areas correspond to regions typically
associated with the default mode network (DMN)

White Matter Connections:

Connections to the contralateral hemisphere travel through
the genu of the corpus callosum with the forceps minor to end
at 9a and 10d.

Local short association bundles: 10pp, a10p, 9a, 10r, 9m, and
p32.

Traditional Acupoint Correlates:
Local Acupoint: GV24

Functionally Connected Acupoints:
BL3 (8BL, 9p)

BL5 (8Av)

BL6 (8Av

GB3 (STSva, TE1a)

GB15 (8Av)

TW22 (STSva)

GV22 (8BL)

GV23 (9m)

Yintang (10v)

Structurally Connected Acupoints:
BL2 (10pp)

GB14 (a10p)

GV23 (9m, 10d)

GV24 (10d)

working memory processing of
place and body images

31p
working memory processing of body and face images,
listening to stories,

recognizing emotional faces over neutral objects

31pd
semantic and episodic memories
Working memory of bodies and faces,

listening to stories

processing of place, body,
‘tool, and face images

POS1
scene comprehension

v23ab
working memory processing of
body and face images

Visuospatial attention changes
Redirecting attention towards relevant stimuli

PGi
Visuospatial attention changes
Redirecting attention towards relevant stimuli

v

hippocampus

8BL

monitoring spatial information

D32

ion of rei and
in social information

10d

episodic and working memory
abstract cognitive function
10r

attention, concentration,
working memory

10v
behavioral decision-making
32 _
on emotional affect, reward expectation

analysis of internal and external states.
emotional expression and motivation.

8AV
interpretation of complex visual
information and attention

9P
reestablishing executive control
during automatic behaviors

9A

reestablishing executive control
during automatic behaviors
a10,

working and episodic memory
10pp

working memory,

STsva  abstract cognitive function
speech processing,

primary language tasks

TEla
interpretation of complex semantic information



2.03 Area a10p (anterior 10 polar)

Location:
At the fusiform junction of the anterior most aspects of
the superior and middle frontal gyri.

Function:
-Episodic and working memory tasks.

Brodmann area 10 more generally is activated in
increasing complexity of working memory tasks.7 This
area also plays a role in abstract cognitive function.6

Functional Connectivity:

Dorsolateral frontal lobe: 8BM, 8C, a9-46v, p10p
Anterior cingulate region: d32

Lateral parietal lobe: 7PM, PFm

Medial parietal lobe: POS2

White Matter Connections:

The IFOF and contralateral hemisphere.

Contralateral connections travel through the genu of the
corpus callosum with the forceps minor

to end at 9a and p10p.

IFOF connections travel from a10p through the external
capsule, continuing posteriorly to end at V1, V2, V3, V6,
and V6a.

Local short association bundles: 10d, 10pp, p10p,
a9-46v, and 9-46d.

Traditional Acupoint Correlates:
Local Acupoint: GB14

Functionally Connected Acupoints:
GB14 (p10p)

GB15 (8C)

GB18 (PFm)

GV19 (7PM)

Structurally Connected Acupoints:
BL2 (10pp)

BL4 (9-46d)

BL9 (V1)

GB14 (p10p)

GV17 (V1)

GV18 (V1,V2)

GV19 (V6a)

GV23 (10d)

GV24 (10d)

7PM
vision motion, space, vision shape,
attention, and working memory

88M
c

POS2 g and coding
working memory processing of place,

body, tool, and face images
V6A

monitoring spatial information

D32

of spatial inf

and

g & eval of
to coordinate eye and arm movements in social information
V6

processing and analysis of visual motion

10d
V3 episodic and working memo:

perception and integration of global motion .Es.m cognitive fug.cnon 2

v2

Visual integration of V1 information

Differentiating stimulus and background

vi

Rudimentary visual input
Detection of motion

Directional and spatial integration

PFm

nonspatial attention tasks

Decision making when switching choices

Rule change during visually guided attention
Syntactical components to language
Attentional processing

Working memory, motor cue, risk-related tasks

8c

spacial working memory
interpretating complex visual
information and attention
9-46d

p10p

abstract cognitive functions

a10

working and episodic memory

10pp
working memory,
abstract cognitive function

a9-46v

goal-directed higher-order cognitive processes
conscious, active control of planned behavior

episodic and working memory tasks

goal-directed higher-order cognitive processes



2.04 Area p10p (posterior 10 polar)

Location:

on the lateral bank of the anterior aspect of the SFG, just posterior
to a10p. Straddles the anterior most point of the superior frontal
sulcus (SFS) that terminates here.

Function:
-Episodic and working memory tasks.

Brodmann area 10 more generally is activated in increasing
complexity of working memory tasks.7 This area also plays a role
in abstract cognitive function.6

Functional Connectivity:

Anterior frontal lobe: a9-46v, a10p

Anterior cingulate: d32

Posterior frontal lobe: i6-8

Posterior cingulate region: 7PM, 31a, 31pv, d23ab, POS2, RSC
Inferior parietal lobule: PFm

White Matter Connections:

Structurally connected with the IFOF and contralateral hemisphere.

Contralateral connections travel through the genu of the corpus

callosum with forceps minor to end at 9m.

IFOF connections travel from p10p through the external capsule
and continue posteriorly to end at V1 and V2.

Local short association bundles: 9-46d, 10d, a10p, a9-46v, and

p9-46v

Traditional Acupoint Correlates:
Local Acupoint: GB14

Functionally Connected Acupoints:
BL5 (i6-8)

GB14 (a10p)

GB18 (PFm)

GV19 (7PM)

Structurally Connected Acupoints:
BL4 (9-46d)

BL9 (V1)

GB13 (p9-46v)

GB14 (a10p)

GB15 (p9-46v)

GV17 (V1)

GV18 (V1, V2)

GV23 (9m, 10d)

GV24 (10d)

D23ab
working memory processing of body images
recognizing emotional faces

working memory processing of
place and body images

31pv.

working memory processing of body and face images,
listening to stories,

RSC

spatial navigation, episodic memory,
i : i

recognizing emotional faces over neutral objects

future planning, imagination

7PM
vision motion, space, vision shape,
attention, and working memory.

10d
episodic and working memory
abstract cognitive function

working memory processing of place,
ody, tool, and face images

v2
Visual integration of V1 information
Differentiating stimulus and background

\al Ui } \
nuaimentary visual input (
etection of motion ,

D
Directional and spatial integration

PFm
nonspatial attention tasks

Decision making when switching choices

Rule change during visually guided attention
Syntactical components to language
ttentional processing

Working memory, motor cue, risk-related tasks

p9-46v
goal-directed higher-order cognitive processes

9-46d
goal-directed higher-order cognitive processes
conscious, active control of planned behavior

b
episodic and working memory tasks
+ abstract cognitive functions

al0p
working and episodic memory

a9-46v
goal-directed higher-order cognitive processes

i6-8
maintenance of spatial information
motor control infuence




2.05 Area a47r (anterior 47 rostral)

Location:
Aj-shaped area located at the anterior inferior portion of the pars
orbitalis of the IFG.

Function:
-Controlled semantic retrieval.

Functional Connectivity:

Dorsolateral frontal lobe: 8Av, 8BL, 8C, 45, 47L. 16-8, IFSa, IFSp,
a9-46v, p9-46v, p47r

Medial frontal lobe: 8BM

Inferior parietal lobule: IP1, IP2, PGi, PGs, PFm

Lateral temporal lobe: STSva, STSvp, TE1m, TE1p, TE2a
Posterior cingulate region: d23ab

White Matter Connections:

Structurally connected to the IFOF.

IFOF connections travel from a47r through the extreme/ external
capsule and continue posteriorly to end at V1, V2, V3, V3a, V6,
V6a, 7AM, and 7PL.

Local short association bundles: 47m, 11L

Traditional Acupoint Correlates:
Local Acupoint: GB14

Functionally Connected Acupoints:
BL3 (8BL)

BL4 (8Av)

BL5 (i6-8, 8Av)

GB2 (TE2a)

GB3 (STSva, STSvp)
GB13 (p9-46v)

GB15 (8Av, 8C, p9-46v)
GB18 (IP2, PFm)
TW20 (STSvp, TE1p)
TW21 (TE1m)

TW22 (STSva, STSvp)
GV22 (8BL)

Structurally Connected Acupoints:
BL9 (V1)

GV17 (V1)

GV18 (V1,V2)

GV19 (V6a)

D23ab
‘working memory processing of body images
recognizing emotional faces

88M
. and coding
X 8BL
spatial information

7P
vision motion, space, vision shape,
attention, and working memory

vision motion, space, vision shape,
attention, and working memory.

V6,
integration & evaluation of spatial information
to coordinate eye and arm movements

V6
processing and analysis of visual motion

V3A

V3
perception and integration of global motion
V:

Visual integration of V1 information
Differentiating stimulus and background

V1
nuaimentary visual input
etection of motion

\
t .
Directional and spatial integration interpretation of complex visual

information and attention
8¢

c
i rop spacial working memory
auditory memory retrieval interpretating complex visual
2! information and attention
arithmetic, fine finger movements
{4

p9-46v
arithmetic, face recognition goal-directed higher-order cognitive processes.

IFSa
auditory memory retrieval

PFm

nonspatial attention tasks

Decision making when switching choices

Rule change during visually guided attention
Syntactical components to language
Attentional processing

Working memory, motor cue, risk-related tasks

a9-46v
goal-directed higher-order cognitive processes
a47r
controlled semantic retrieval
471
Visuospatial attention changes processing of linguistically complex words
Redirecting attention towards relevant stimuli
Area 47L
language production and semantic processing
part of "Brocas complex'
Area 47M
integrates emotional information, cognitive appraisals,
and physiological internal states

Visuospatial attention changes
Redirecting attention towards relevant stimuli

Elp
visual working memory 1gq
visual working memory
Area 45
TE2e" srsv 4 partof Broca's complex’
Language comprehension
ERgeicompl analyze satiety and anticipation of food rewards

i6-8
maintenance of spatial information
motor control infuence

T
visual working memory




2.06 Area p47r (posterior 47 rostral)

Location:
The anterior end of the IFS in the anterosuperior most part of the
IFG.

Functions:
Brodmann area 47: activated while processing linguistically
complex words.9

In the recognition of spoken language, Brodmann area 47
increases in activity as the cohort of spoken words increases in
size.10

Functional Connectivity:

Dorsolateral frontal lobe: 6r, 8C, a47r, a9-46v, i6-8, IFJp, IFSa,
IFSp, p9-46v

Medial frontal lobe: 8BM

Insula: anterior ventral insula: AVI

Temporal lobe: TE1p, PHT

Inferior parietal lobe: PFm

Intraparietal area: IP2, IP1, LIPd

White Matter Connections:

Structurally connected with surrounding parcellations. The white
matter tracts are highly inconsistent. Some individuals seem to
have connections with the IFOF.

Local short association bundle connections: a47r, p10p, 45, IFSa,
s6-8, 9-47d, and 9a.

Traditional Acupoint Correlates:
Local Acupoint: N/A (posterior to GB13)

Functionally Connected Acupoints:
BL5 (i6-8)

GB4 (6r)

GB10 (PHT)

GB13 (p9-46v)

GB14 (a47r)

GB15 (8C, p9-46v)
GB18 (IP2, LIPd, PFm)
ST8 (IFJp)

TW19 (PHT)

TW20 (TE1p)

Structurally Connected Acupoints:
GB14 (a47r, p10p)

88M
P— i and coding

6-8
maintenance of spatial information, motor control
8c
spacial working memory, interpretating complex
visual information & attention
IFSp
P2 auditory memory retrieval
o-
arithmetic, fine finger movements goal-directed higher-order cognitive processes
LIPd:

attention and eye movements

saccade coordination

5
a3

auditory memory retrieval

reestablishing executive control
during automatic behaviors
arithmetic, face recognition

29-46v
PFm. goal-directed higher-order cognitive processes
nonspatial attention tasks

Decision making when switching choices

Rule change during visually guided attention
Syntactical components to language
tentional processing

Working memory, motor cue, risk-related tasks

p10p
episodic and working memory tasks
abstract cognitive functions

aa7r
controlled semantic retrieval

471
processing of linguistically complex words

Area 45
part of "Broca's complex"

PHT.
retrieval of conceptual knowledge

TE1p
visual working memory
AVI

sensation and control of autonomic nervous system processes
human awareness, self-recognition,

6r time perception, perceptual decision making

language processing

i6-8
maintenance of spatial information
motor control infuence




Superior Frontal Gyrus (SFG) Regions

2.07 Area 9a (9 anterior)

Location:
Anterior portion of the superior surface of the SFG.

Functions:
Brodmann area 9: maintenance of behaviorally relevant working
memory.11

Area 9 along with Brodmann areas 46 and 8 play a role in
reestablishing executive control during automatic behaviors.12

Functional Connectivity:

Dorsolateral frontal lobe: 8Av, 8BL, 9m, 9p, 44, 45, 47L, 47s
Medial frontal lobe: d32, SFL

Temporal lobe: STSva, STSvp, TE1a, TGd

Inferior parietal lobe: PFm, PGi

Medial parietal lobe: 7m, 23d, 31pd, 31pv

White Matter Connections:

Structurally connected to the IFOF and contralateral
hemisphere. Some individuals also have medial thalamic
connections but this is inconsistent.

Contralateral connections travel through the genu of the corpus
callosum with the forceps minor to end at 9a, 9p, p10p, 10d, and
9m.

IFOF connections travel from 9a through the extreme/external
capsule and continue posteriorly through the temporal lobe to
end at V1, V2, and V3.

Local short association bundles: 9p.

Traditional Acupoint Correlates:
Local Acupoint: N/A (between BL2 and BL3

Functionally Connected Acupoints:
BL3 (8BL, 9P)

BL5 (8Av)

GB15 (8Av)

TW20 (STSvp)

GV21 (SFL)

GV23 (9m)

BL4 (8Av)

GB3 (STSva, TE1a)
GB18 (PFm)

TW 22 (STSva, STSvp)
GV22 (8BL)

Structurally Connected Acupoints:
BL3 (9P)

GB14 (p10p)

GV18 (V1, V2)

GV24 (10d)

BLO (V1)
GV17 (V1)
GV23 (9m, 10d)

23d
working memory of place,
body, tool, and face images

31py,
working memory of body and face images, SFL
listening to stories, recognizing emotional Story listening

faces over neutral objects oy
31pe spatial information
semantic and episodic memories
Working memory of bodies and faces,
listening to stories

™
processing of place, body,
tool, and face images

9m
monitoring spatial information

D32
evaluation of reinforcement and punishment
in social information

10d

episodic and working memory
V3. abstract cognitive function

perception and integration of global motion TGd

social and emotional processing, auditory and

visual aspects of facial recognition, emotional processing

v2
Visual integration of V1 information o n, em e
of auditory, olfactory and visual stimuli, theory of mind

Differentiating stimulus and background

1

Rudimentary visual input
Detection of motion 8AV

Directional and spatial integration interpretation of complex visual

information and attention

9P
reestablishing executive control
during automatic behaviors

9
reestablishing executive control
during automatic behaviors

PFm:

nonspatial attention tasks

Decision making when switching choices
Rule change during visually guided attention
Syntactical components to language
Attentional processing

p10p
dic and worki tasks
Working memory, motor cue, risk-related tasks s Carris (Ao s

abstract cognitive functions
PG

Visuospatial attention changes

Redirecting attention towards relevant stimuli

-Area 45

part of "Broca's complex”

Area 47L

language production and semantic processing
part of “Broca's complex”

Svp Area 475
Language comprehension - language production and semantic processing
. - part of ‘Broca's complex”
interpretation of complex semantic information / Wi
TSvad

production of verbal and manual actions
speech processing, part of "Broca's complex”

primary language tasks




2.08 Area 9p (9 posterior)

Location:
Anterior portion of the superior surface of the SFG.

Functions:
Brodmann area 9: maintenance of behaviorally relevant working
memory.11

Area 9 along with Brodmann areas 46 and 8 plays a role in
reestablishing executive control during automatic behaviors.12

Functional Connectivity:

Lateral frontal lobe: 8Ad, 8Av, 8BL, 9a, 9m, 45, 471, 47s
Medial frontal lobe: 9m, 10r, a24, d32, SFL

Temporal lobe: STSva, STSvp, TE1a, TGd

Inferior parietal lobe: PGi, PGs

Medial parietal lobe: 7m, 23d, 31pd, 31pv, d23ab, v23ab
Cerebellum

White Matter Connections:

Structurally connected to the IFOF, contralateral hemisphere
and the medial thalamus. Contralateral connections course
through the genu of the corpus callosum with the forceps
minor to end at 8BL, 9a, 9p, and 9m.

Connections with the thalamus travel through the anterior limb
of the internal capsule.

IFOF connections travel from 9p through the external capsule
and continue posteriorly through the temporal lobe to end at V1,
V2, V3, V3A, and V6.

Local short association bundles: 9a, 8BL, and 9-46d

Traditional Acupoint Correlates:
Local Acupoint: BL3

Functionally Connected Acupoints:
BL3 (8Ad/8BL)

BL5 (8Ad, 8Av)

GB15 (8AV)

TW22 (STSva, STSvp)

GV22 (8BL)

BL4 (8Ad, 8Av)
GB3 (STSva, TE1a)
TW20 (STSvp)
GV21 (SFL)

GV23 (9m)

Structurally Connected Acupoints:
BL3 (8BL, 9P)

BL9 (V1, cerebellum)

GB11 (cerebellum)

GB19 (cerebellum)

GV17 (V1, cerebellum)

GV22 (8BL)

BL4 (9-46d)

BL10 (cerebellum)
GB12 (cerebellum)
GB20 (cerebellum)
GV18 (V1/V2)
GV23 (9m)

working

body, tool, and face images

working memory of body and emotional

face images, listening to stories

31pd:

semantic & episodic memories, working memory
of bodies and faces, listening to stories

processing of place, body,
tool, and face image:

V6
processing and analysis of visual motion

V3
perception and integration of global motion

vz
Visual integration of V1 information

Differentiating stimulus and background N,

Rudimentary visual input
etection of motion
Directional and spatial integration

23d
memory of place,

s

V23ab

working memory processing of
body and face images

Visuospatial attention changes

Redirecting attention towards relevant stim

Visuospatial attention changes

Redirecting attention towards relevant s

Language comprehension
interpretation of complex semantic information

uli
PGi

timuli

STSvp:

speech processing,
primary language tasks

D23ab

‘working memory processing of body images
recognizing emotional faces

SFL
story listening

8BL
spatial information

9m
monitoring spatial information

D32
evaluation of reinforcement and punishment
in social information

TGd

social and emotional processing, auditory and

visual aspects of facial recognition, emotional processing
of auditory, olfactory and visual stimuli, theory of mind

AV
interpretation of complex visual
information and attention
8AD
integrating peripheral vision and audition

9p
reestablishing executive control
during automatic behaviors

9A
reestablishing executive control
during automatic behaviors

9-46d
goal-directed higher-order cognitive processes
conscious, active control of planned behavior

Area 45
part of *Broca's complex®
Area 47L
language production and semantic processing
part of *Broca's complex"
'‘Area 47S

language production and semantic processing
part of ‘Broca's complex”




2.09 Area 8BL (8B lateral)

Location:
Posterior half of the superior surface of the SFG.

Function:
In macaques: coordination of eye and ear movements in relation to
space and it's topographical representation13

Areas 8 and 6 also play a role in the maintenance of spatial
information.14

Functional Connectivity:

Dorsolateral frontal lobe: 8Av, 8BM, 8C, 9a, 9m, 44, 45, 471, 47s,
a4’r

Medial frontal lobe: 10d, 10v, d32, SFL

Temporal lobe: STSdp, STSva, STSvp, TE1a, TE1m, TE2a, TGd
Inferior parietal lobe: PGi, PGs

Medial parietal lobe: 7m, 23d, 31pd, 31pv, d23ab, v23ab

White Matter Connections:

Structurally connected to the IFOF, contralateral hemisphere, medial
thalamus and FAT.

Contralateral connections course through corpus callosum with the
forceps minor to end at 8BM and 9m.

Medial thalamic connections travel through the anterior limb of the
internal capsule. IFOF connections pass through the
extreme/external capsule and continue posteriorly to end at V2, V3,
7PL, MIP, V6, and V6A.

From 8BL, the FAT projects to the IFG to terminate at 44.

From this tract there are also connections with p9-46v.

Local short association bundles: SFL, 8BM, 9a, and 9p

Traditional Acupoint Correlates:
Local Acupoint: BL3, GV22

Functionally Connected Acupoints:
BL4 (8Av)

GB2 (TE2a)

GB14 (a47r)

TW20 (STSdp, STSvp)

TW22 (STSdp, STSva, STSvp)
GV23 (9m)

BL5 (8Av)
GB3 (STSva, TE1a)
GB15 (8Av, 8C)
TW21 (TE1m)
GV21 (SFL)

Structurally Connected Acupoints:
BL3 (9P)

GB15 (p9-46v)

GV18 (V2)

GV23 (9m)

GB13 (p9-46v)
GV21 (SFL)
GV19 (V6a)

D23ab
working memory processing of body images
recognizing emotional faces

31p,
working memory of body and - ) 23d
face images, Ixstenmg to stories working memory of place,
body, tool, and face images
semantic & episodic memories, working memory SFL
of bodies and faces, listening to stories story listening
vision motion, space, vision shape,

88L
spatial information
attention, and working memory 88M

M and coding vi
processing o place, body,

and face images monitoring spatial information
D32

evaluation of reinforcement and punishment

VBA
integration & evaluation of spatial info,
in social information

ye and arm movement coordination

V6 10d
processing and analysis of visual motion episodic and working memory
abstract cognitive function
perception and integration of global motion 10v
V2 behavioral decision-making
Visual integration of V1 information
Differentiating stimulus and background

TGd
social and emotional processing, auditory and

visual aspects of facial recognition, emotional processing
working memory processing of of auditory, olfactory and visual stimuli, theory of mind

iy and face images

4
interpretation of complex visual
miovmauon and attention

spacial working memory, interpretating complex
visual information & attentio

9P
reestablishing executive control
during automatic behaviors

9A

P reestablishing executive control
Visuospatial attention changes “""g #itomaticbshaviors
Redirecting attention towards relevant stimuli
gca\-d-rected higher-order cognitive processes

Area 45
part of "Brocas complex"

Visuospatial attention changes
Redirecting attention towards relevant stimuli

s
motion & facial processing, audiovisual integration aa7r
controlled semantic retrieval
Area 47L
language production and semantic processing
part of “Broca's complex*
‘Area 475
language production and semantic processing
part of ‘Broca's complex

STSvp:
Language comprehension

TEm
visual working memory

interpretation of complex semantic information
TE2a  sTSva Area 44

speech processing, production of verbal and manual actions
primary language tasks part of “Broca's complex




2.10 Area 8Ad (8A dorsal)

Location:
Posterior lateral part of the SFG on the banks of SFS.

Functions:
-Integrating information related to peripheral vision and audition
in the context of spatial cognition.16

The SFS is also involved in auditory spatial processing. 17 The
posterior SFS anterior to the frontal eye field is specialized for
handling spatial working memory.15

Functional Connectivity:

Lateral frontal lobe: 8Av, 8C, 9p, 10d, i6-8, p10p, s6-8

Medial frontal lobe: 10r, a24, d32, p32, s32

Orbitofrontal region: 47m

Temporal lobe: EC, PHA1, PHA2, PreS, STSva, TE1a, TE1m,
TE1p, Hippocampus

Inferior parietal lobe: PFm, PGi, PGs

Medial parietal lobe: 7m, 7pm, 23d, 31a, 31pd, 31pv, d23ab,
PCV, RSC, v23ab

White Matter Connections:

Structurally connected to local parcellations.

White matter tracts are highly inconsistent, in some individuals
connecting with the FAT and contralateral hemisphere.

Local short association bundles: 9a, 9p, s6-8, 8Av, 6a, p10p.
White matter connections in the right hemisphere have more
consistent connections with the contralateral hemisphere.

Traditional Acupoint Correlates:
Local Acupoint: BL3, BL4, BL5

Functionally Connected Acupoints:
BL3 (9p)

BL5 (8Av, i6-8)

GB14 (p10p)

GB18 (PFm)

TW21 (TE1m)

GV19 (7PM)

GV24 (10d)

BL4 (8Av)

GB3 (STSva, TE1a)
GB15 (8Av, 8C)
TW20 (TE1p)
TW22 (STSva)
GV23 (10d)

Structurally Connected Acupoints:
BL3 (9p)

BL5 (8Av)

GB14 (p10p)

BL4 (8Av)
BL6 (6a)

31a
working memory processing of
place and bady images

31py,

D23ab
working memory processing of body images
recognizing emotional faces

working memory of body and emotional
face images, listening Lo stories

31p4

semantic & episodic memories, working memory
of bodies and faces, listening 1o stories

23d

working memory of place,

bady, 00, and face images

D32

‘evaluation of reinforcement and punishment
in sacial information

pCV
self processing and consciousness
7PM

vision motion, space, vision shape,
attention, and working memory

a2a

analysis of internal and external states.
emotional expression and mativation.
10d

episodic and working memory

™
processing of place, body,
to abstract cognitive function

ol, and face images
v23ab
working memory processing of

p32
motional an itive integration during social interactior
Doty S s et emotional and cognitive integration during

10r
RSC: attention, concentration

spatial navigation, episodic memory, working memory

future planning, imagination. s32

Pre emotional affect, reward expectation

processing spatial information &5

associating informational cues with a particular bady movement

PH,

PHAI place/scene recognition

PHA2

place/scene recognition

entorhinal cortex

rapid encoding of new associations, consolidation of memory

6-8
‘maintenance of spatial information, motor control
8AV
interpretation of complex visual
information and attention
nonspatial attention tasks integrating peripheral vision and audition
Decision making when switching choices
Rule change during visually guided attention
Syntactical components to language
Attentional processing
Working memory, motor cue, risk-related tasks
PGs
Visuospatial attention changes
edirecting attention towards relevant stimuli
PG

9p
reestablishing executive control
during automatic behaviors

9A

reestablishing executive control
during automatic behaviors
p10p

episodic and working memory tasks
Visuospatial attention changes abstract cognitive functions
Redirecting attention towards relevant stimuli 8c

spacial working memaory, interpretating complex
visual information & attention

Area 47M

integrates emotional information, cognitive appraisals,
and physiological internal states

TElp
visual working memory

TEIm
visual working memory

interpretation of complex semantic information
STSvar

speech processing,
primary language tasks

68
maintenance of spatial information
motor control infuence




MFG and SFS Regions
2.11 Area 9-46d (9-46 dorsal)

Location:
Runs across the SFS at a slightly oblique, anterior-to-posterior angle
in the depths of the anterior SFS.

Functions:
Area 9-46d, like area 46, plays a role in goal-directed higher-order
cognitive processes.18

The mid-DLPFC, which includes areas 9-46 and 46, is also involved
in the conscious, active control of planned behavior.19

Functional Connectivity:

Dorsolateral frontal lobe: 46, a9-46v, p9-46v, FEF

Medial frontal lobe: SCEF, a32pr, p32pr, p24, a24pr

Premotor regions: 6a, 6r, PEF

Insula-opercular region: 43, AVI, FOP1, FOP3, FOP4, FOP5, MI,
PFop, PFcm, Pol1, PSL

Temporal lobe: PHT

Parietal lobe: 7AL, 7AM, 7PL, 7PM, LIPd, PF

Medial parietal lobe: POS2, PCV, 23c, DVT

Occipital lobe: V1, V2, V3, V4, V6

White Matter Connections:

Structurally connected to local parcellations and the contralateral
hemisphere.

Some individuals have connections with the IFOF, though this is
inconsistent.

Contralateral connections travel through the corpus callosum to end
at 9m and 9p.

Abundant local short association bundles: 8BL, 9p, 9-47d, 46,
a9-46v, 8Ad, p47r, and a10p.

Traditional Acupoint Correlates:
Local Acupoint: BL4

Functionally Connected Acupoints:
BL4 (46)

BL9 (V1)

GB13 (p9-46v)

GB18 (LIPd)

TW19 (PHT)

GV19 (7TPM)

BL6 (6a)
GB4 (61)
GB15 (p9-46v)
GB19 (V4)
GV17 (V1)
GV21 (SCEF)

Structurally Connected Acupoints:
BL3 (9p, 8Ad)
GB14 (a10p)

BL4 (8Ad, 46)
GV22 (8BL)

SCEF
directs primary oculomotor centers in goal-directed behavior
32,

p32pr
35 stimulus and response selection re: attention
c for linguistic and sensory information
visuospatial and body orientation

PCVa
self-processing and consciousness

POS2
working memory processing of place,
body, tool, and face images

88L
spatial information

a24pr

cognitive response selection, word/sentence selection

200
evaluating motivation, anticipating outcomes,
V6 recognizing reward values, encoding errors
processing and analysis of visual motion

om
monitoring spatial information
p24

Selective attention, eye movements coordination
with complicated finger movements

perception and integration of global motion
v2
Visual integration of V1 information
Differentiating stimulus and background
V1
Rudimentary visual input, motion detection
Directional and ‘spatial integration
DVT 6a
focusing on socially interacting objects /Associating informational cues with a particular body movement
B8Ad
0 2 JFER integrating peripheral vision and audition
intentional saccade triggering
PEF: i
. reestablishing executive control
reflexive saccades during automatic behaviors
9-46v
goal-directed higher-order cognitive processes
goal-directed higher-order cognitive processes

9-46d
goal-directed higher-order cognitive processes
conscious, active control of planned behavior

-46v
goal-directed higher-order cognitive processes
210
working and episodic memory

pATr
d processing of linguistically complex words
conceptual knowledge retrieval, automatic
retrieval of semantic information FOPS
- language and lexical retrieval
vocabulary, semantics, articulation
POIT

FOP4
language and lexical retrieval
processing sensory inputs AV

sensation, ANS control, awareness, self-recognition,
Wi time perception, and perceptual decision making

sensation, ANS control, awareness, self-recognition,
time perception, and perceptual decision making

language processing

language and lexical retrieval,

7AL-
self-centered mental imagery

LIPd
saccade coordination, mapping contralateral spaces

7AM
self-centered mental imagery and attention

vision motion, space, vision shape,
attention, and working memory

vision motion, space, vision shape,
attention, and working memory

N2
texture, patterns, form, and color perception

BL7 (7AL)
GB10 (PHT)
GB16 (FEF)
ST8 (6r, PEF)
GV18 (V1, V2)

BL5 (8Ad)
GV23 (9m)



2.12 Area 46

Location:

Parallels area 9-46d along its slightly oblique course,
beginning in the depths of the SFS posteriorly and its anterior
extent spills onto the MFG.

Functions:
-Goal-directed higher-order cognitive processes.18

The mid-DLPFC, which includes areas 9-46 and 46, is also
involved in the conscious, active control of planned
behavior.19

Functional Connectivity:

Dorsolateral frontal lobe: a9-46v, IFSa, p9-46v

Medial frontal lobe: a24pr, a32pr, p24pr

Premotor regions: 6a, 6ma, 6r

Orbitofrontal region: 11L, SCEF

Insula-opercular region: 43, 52, FOP1, FOP3, FOP4, FOP5,
MI, PFcm, PFop, Pol1, Pol2

Temporal lobe: PHT

Parietal lobe: 7AL, 7AM, 7PL, 7PM, AIP, LIPd, MIP, IPO, IP2,
PF, PFt, PGp

Medial parietal lobe: 23c, PCV, POS2, DVT

Occipital lobe: V1, V2, V3, V4, V3a, V6

Cerebellum

White Matter Connections:

Structurally connected to local parcellations and the
contralateral hemisphere.

Contralateral connections travel through the corpus callosum
to end at 9-46d and p9-47v.

Abundant local short association bundles: 9-46d, a9-46v,
p9-46v, IFSp, and IFSa

Traditional Acupoint Correlates:
Local Acupoint: BL4

Functionally Connected Acupoints:

BL6 (6a) BL7 (7AL)

BL8 (IP0) BL9 (V1, cerebellum)
BL10 (cerebellum) GB5 (43)

GB6 (52) GB10 (PHT)

GB11 (cerebellum) GB12 (cerebellum)
GB13 (p9-46v) GB15 (p9-46v)

GB18 (AIP, IP2, LIPd) GB19 (V4, cerebellum)
GB20 (cerebellum) ST8 (6r)

TW19 (PHT) GV16 (cerebellum)
GV17 (V1, cerebellum) GV18 (V1,V2)

GV19 (7TPM) GV21 (SCEF)

Structurally Connected Acupoints:
BL4 (9-46d)

GB13 (p9-46v)

GB15 (p9-46v)

p24pr,
stimulus and response selection
during cognitively demanding tasks

6ma
visual instruction cues, story listening

SCEF

23¢
visuospatial and body orientation directs primary oculomotor centers in goal-directed behavior

PCV
self-processing and consciousness
POS2

working memory processing of place,
body, tool, and face images

v
evaluating motivation, anticipating outcomes,
recognizing reward values, encoding errors

V6
processing and analysis of visual motion

motion-selective visual perception a24pr
parcopiibrvanilegralionof liboimot cognitive response selection, word/sentence selection
2

Visual integration of V1 information
Differentiating stimulus and background

V1
Rudimentary visual input, motion detection
Directional and spatial integration

[}

VT
focusing on socially interacting objects
language processing

p9-46v
goal-directed higher-order cognitive processes

PFt.
action observation, imitation, mirroring
Al

5
3

auditory memory retrieval

a 46
goal-directed higher-order cognitive processes

goal-directed higher-order cognitive processes

PF
observation, imitation, mirror neuron system i h
conscious, active control of planned behavior

19-46v
goal-directed higher-order cognitive processes

IFSa
auditory memory retrieval

PGp:
moral decision-making, egocentric/allocentric
perspective, memory retrieval

P
vocabulary, semantics, articulation
PHT-
conceptual knowledge retrieval, automatic
retrieval of semantic information
PFop
motor planning and action, mirroring
Area 52,POIT
processing sensory inputs
Area 43
motor activities re: swallowing

FOP5
language and lexical retrieval

0P4
language and lexical retrieval
M
sensation, ANS control, awareness, self-recognition,
time perception, and perceptual decision making

evaluate food-related reinforcers,
analyze satiety and anticipation of food rewards

POL2
processing sensory inputs

TAM.
self-centered mental imagery and attention

7AL:
self-centered mental imagery

P2

arithmetic, fine finger movements

LIPd

saccade coordination, mapping contralateral spaces

1PO
mental arithmetic
7Pl

7PM
vision motion, space, vision shape,

vision motion, space, vision shape, ;
attention, and working memory

attention, and working memory

V4.
texture, patterns, form, and color perception




2.13 Area a9-46v (anterior 46 ventral)

Location:
At the anterior portion of the MFG.

Functions:
-Goal-directed higher-order cognitive processes.18

The mid-DLPFC, which includes areas 9-46 and 46, is also
involved in the conscious, active control of planned
behavior.19

Functional Connectivity:

Dorsolateral frontal lobe: 8C, 9-46d, 46, i6-8, a10p, a47r,
IFSa, p9-46v, p10p, p47r

Premotor areas: 6ma

Medial frontal lobe: 8BM, a32pr

Orbitofrontal region: 11L, AVI

Temporal lobe: TE1p

Parietal lobe: IP1, IP2, LIPd, PF

Medial parietal lobe: 7PM, 31a, RSC

White Matter Connections:

Structurally connected to local parcellations. White matter
tracts from this parcellation are highly variable.

Short association bundles: 8C, 9-46d, 46, IFSa, p47r

Traditional Acupoint Correlates:
Local Acupoint: N/A (posterior to GB13)

Functionally Connected Acupoints:
BL4 (Area 46, 9-46d)

BL5 (i6-8)

GB13 (p9-46v)

GB14 (a10p, a47r, p10p)

GB15 (8C, p9-46d, 46)

GB18 (IP2, LIPd)

TW20 (TE1p)

GV19 (7TPM)

Structurally Connected Acupoints:
BL4 (46, 9-46d)
GB15 (8C, 46)

31a
working memory processing of

place and body images

7PM

vision motion, space, vision shape,
attention, and working memory

and coding

RSC
spatial navigation, episodic memory,
future planning, imagination.

a32pr
evaluating motivation, anticipating outcomes,
recognizing reward values, encoding errors

spacial working memory
interpretating complex visual
information and attention

-46v
goal-directed higher-order cognitive processes

Area 46

goal-directed higher-order cognitive processes
9-46d

goal-directed higher-order cognitive processes
conscious, active control of planned behavior
p10p

episodic and working memory tasks

abstract cognitive functions

-46v
goal-directed higher-order cognitive processes

working and episodic memory

PP 47
observation, imitation, mirror neuron system jeaddd .
i i controlled semantic retrieval

p47r
TElp processing of linguistically complex words

visual working memo; IFSa
s 24 auditory memory retrieval

AVI
IPRLL sensation, ANS control, awareness, self-recognition,
evaluate food-related reinforcers, time perception, and perceptual decision making
analyze satiety and anticipation of food rewards

i6-8
maintenance of spatial information
motor control infuence

arithmetic, fine finger movements

LIPd
saccade coordination, mapping contralateral spaces
1P
arithmetic, face recognition



2.14 Area p9-46v (posterior 46 ventral)

Location:
A small triangular shaped region located in the MFG.

Functions:
-Goal-directed higher-order cognitive processes.18

The mid-DLPFC, which includes areas 9-46 and 46, is also
involved in the conscious, active control of planned behavior.19

Functional Connectivity:

Dorsolateral frontal lobe: 8C, 9-46d, 46, a9-46v, a10p, a47r, i6-8,
IFJa, IFJp, IFSa, IFSp, p10p, p47r

Medial frontal lobe: 8BM, 33pr

Premotor area: 6a, 6ma, 6r

Orbitofrontal region: 11L

Temporal lobe: areas PH, PHT, TE1p, TE2p

Insula: area AVI

Parietal lobe: 7PL, 7PM, AIP, IPO, IP1, IP2, LIPd, MIP, PFm
Medial parietal lobe: 7PM

Occipital lobe: area V1

White Matter Connections:

Structurally connected to the arcuate/SLF projecting posteriorly
and wrapping around the sylvian fissure to the inferior temporal
gyrus to end at TE2a.

Local short association bundles: area 46, a9-46v, IFJa, IFSa,
IFSp, 8C, and 9-46d

Traditional Acupoint Correlates:
Local Acupoint: GB13, GB15

Functionally Connected Acupoints:
BL4 (9-46d, 46)

BL6 (6a)

BL9 (V1)

GB10 (PH, PHT)

GB14 (a10p, a47r, p10p)

GB18 (AIP, IP2, LIPd, PFm)
TW19 (PH, PHT)

GV17 (V1)

GV19 (7PM)

BL5 (i6-8)
BL8 (IP0)
GB4 (67)
GB11 (PH)
GB15 (8C, 46)
ST8 (6r, IFJp)
TW20 (TE1p)
GV18 (V1)

Structurally Connected Acupoints:
BL4 (46, 9-46d)

GB2 (TE2a)

GB15 (8C, 46)

7PM 0
vision motion, space, vision shape, D\
attention, and working memory e N\ 33pr
coordinating emotionally driven autonomic,
\  visceromotor, and endocrine activity
\

Rudimentary visual input, motion detection \ | >

Directional and ‘spatial integration ’

6a
Associating informational cues with a particular body movement
8

c
'spacial working memory
IF interpretating complex visual
auditory memories, crossroads between bottom-up and information and attention
top-down processing in the lateral prefrontal cortex

p9-46v
goal-directed higher-order cognitive processes

goal-directed higher-order cognitive processes

9-46d
goal-directed higher-order cognitive processes
conscious, active control of planned behavior

MIP.
arm-reaching, prehension

p10p
‘episodic and working memory tasks

PF
nonspatial attention tasks, decision making v
abstract cognitive functions

rule change during visually guided attention
yntax, attentional processing, -46v
Working memory, risk-related tasks goal-directed higher-order cognitive processes
PHT
conceptual knowledge retrieval, automatic working and episodic memory
retrieval of semantic information \ad7r
. . . . PH controlled semantic retrieval
integrating “place-specific” visual information bazr
TE1p processing of linguistically complex words
visual working memory I
TE2p. auditory memory retrieval
visual theory of mind and motor tasks \Fia
auditory memories, crossroads between bottom-up and
top-down processing in the lateral prefrontal cortex  |Fsp
auditory memory retrieval

AVI g
sensation, ANS control, awareness, self-recognition,
{;, time perception, and perceptual decision making
evaluate food-related reinforcers,

analyze satiety and anticipation of food rewards

i6-8
maintenance of spatial information
motor control infuence

1P2
arithmetic, fine finger movements
LIPd
saccade coordination, mapping contralateral spaces
1P
arithmetic, face recognition
PO
mental arithmetic
7Pl

vision motion, space, vision shape,
attention, and working memory

TE2a
visual working memory



2.15 Area 8Av (8A ventral)

Location:
At the posterior part of the MFG. An anterior-to-posterior band that
is medial to area 8C.

Functions:
-Interpretation of complex visual information and attention within
the context of spatial working memory.16

Areas 8 and rostral 6, as part of the posterior dorsolateral frontal
areas, are also involved in the maintenance of spatial
information.14

Functional Connectivity:

Lateral frontal lobe: 8Ad, 8BL, 8C, 9a, 9m, 9p, 10d, 44, 45, 471,
47s, a4T7r, i6-8, s6-8

Medial frontal lobe: 8BM, d32, SFL

Premotor region: 55b

Temporal lobe: STSva, STSvp, TE1a, TE1m, TE1p, TE2a, TGd
Inferior parietal lobe: IP1, PFm, PGi, PGs

Medial parietal lobe: 7m, 23d, 31a, 31pd, 31pv, d23ab, v23ab

White Matter Connections:

Structurally connected to the arcuate/SLF and the contralateral
hemisphere. Connections to the contralateral hemisphere travel
through the body of the corpus callosum to connect to SFL.
Connections with the arcuate/SLF project posteriorly and wrap
around the sylvian fissure to the parietal lobule to end at 6a, 7PC,
MIP, PFm, and 2.

Local short association bundles: 8Ad, 8C, i6-8, and area 46

Traditional Acupoint Correlates:
Local Acupoint:BL4, BL5, GB15

Functionally Connected Acupoints:
BL3 (8Ad, 8BL, 9p)

BL5 (8Ad, i6-8)

GB3 (STSva, TE1a)

GB15 (8C)

GB18 (PFm)

TW21 (TE1m)

GV21 (SFL)

GV23 (9m, 10d)

BL4 (8Ad)

GB2 (TE2a)

GB14 (a47r)

GB16 (55b)

TW20 (STSvp, TE1p)
TW22 (STSva, STSvp)
GV22 (8BL)

GV24 (10d)

Structurally Connected Acupoints:
BL3 (8Ad)

BL5 (8Ad, i6-8)

BL7 (2, 7PC)

GB18 (PFm)

BL4 (8Ad, 46)
BL6 (6a)
GB15 (8C, 46)
GV21 (SFL)

23d

working memory processing of place,
y, tool, and face images

31a,

working memory processing of
place and body images

SFL

social interaction settings, story listening

working memory processing of body and face images,
listening to stories,

8BL
" } spatial information
recognizing emotional faces over neutral objects

31pd:

semantic and episodic memories and coding

Working memory of bodies and faces,
listening to stories monitoring spatial information

10d

episodic and working memory

a

7™
processing of place, body,
t stract cognitive function

00l, and face images
3 v23ab
working memory processing of

y and face images

D23ab . D32 )
working memory processing of body images > evaluation of reinforcement and punishment
racoanizing emotional faces < S \) 6a in social information
‘MJ Associating informational cues with a particular body movement
8AV

Area 55b

interpretation of complex visual
language processing
8¢

information and attention

spacial working memory
interpretating complex visual
information and attention

56-8
spatial information maintenance
8Ad
o integrating peripheral vision and audition
vision observation, left: imagination reestablishing executive control
during automatic behaviors
arm-reaching, prehension Area 46
PFm goal-directed higher-order cognitive processes
nonspatial attention tasks, decision making,
rule change during visually guided attention
syntax, attentional processing,
Working memory, risk-related tasks

9A
reestablishing executive control
during automatic behaviors

Area 45
. . part of "Broca's complex"
Visuospatial attention changes

Redirecting attention towards relevant stimuli a47r = il
PGI controlled semantic retrieval
Area 470

language production and semantic processing
part of *Brocas complex”

Visuospatial attention changes
Redirecting attention towards relevant stimuli

TE1p
visual working memory rea 44
guides verbal and manual action from abstracts
Area 475 ¢
language production and semantic processing
part of *Broca's complex”

STSva

speech processing,

primary language tasks

STSvp

Language comprehension:
Story-math secondary contrast

TEIm

visual working memory

TE2a

visual working memory

TEla
interpretation of complex semantic information

6-8
maintenance of spatial information
motor control infuence

1P1
arithmetic, face recognition




2.16 Area 8C

Location:
The posterior portion of the MFG. It is an anterior-to-posterior
band lateral to area 8AV.

Functions:
-Interpretation of complex visual information and attention within
the context of spatial working memory.16

Areas 8 and rostral 6, as part of the posterior dorsolateral frontal
areas, are also involved in the maintenance of spatial
information.14

Functional Connectivity:

Lateral frontal lobe: 8Ad, 8Av, 8BL, 44, a9-46v, a10p, a47r, i6-8,
IFJp, IFSp, p9-46v, p47r, s6-8,

Medial frontal lobe: 8BM, d32

Insula: AVI

Temporal lobe: STSva, STSvp, TE1m, TE1p, TE2a

Inferior parietal lobe: 7PM, IP1, IP2, LIPd, PFm, PGi, PGs
Medial parietal lobe: 23d, 31pv, 31a, d23ab, POS2

White Matter Connections:

Structurally connected to the arcuate/SLF and the contralateral
hemisphere.

Contralateral connections travel through the corpus callosum to
end at 8C.

Connections with the arcuate/SLF project posteriorly and wrap
around the sylvian fissure to the posterior temporal lobe to end at
PH and PHT.

Traditional Acupoint Correlates:
Local Acupoint: GB15

Functionally Connected Acupoints:
BL3 (8Ad, 8BL)

BL5 (8Ad, 8Av, i6-8)

GB3 (STSva)

GB14 (a10p, a47r)

GB18 (IP2, LIPd, PFm)

TW20 (STSvp, TE1p)

TW22 (STSva, STSvp

GV22 (8BL)

BL4 (8Ad, 8Av)
GB2 (TE2a)

GB13 (p9-46v)
GB15 (8Av, p9-46v)
ST8 (IFJp)

TW21 (TE1m)
GV19 (7PM)

Structurally Connected Acupoints:
GB10 (PH, PHT)
GB15 (8C)

GB11 (PH)
TWA19 (PH, PHT)

23d

working memory processing of place,

body, tool, and face images

31a 8BL

working memory processing of spatial information
place and body images

8BM

7PM and coding vi
vision motion, space, vision shape,
attention, and working memory

D32
evaluation of reinforcement and punishment

PO
working memory processing of place,
bod in social information

ody, tool, and face images

)

31py

working memory processing of body and
face images, listening to stories, recognizing
emotional faces over neutral objects

working memory processing of body images
recognizing emotional faces

8AV

interpretation of complex visual

information and attention

IFJp.
auditory memories, crossroads between bottom-up and
top-down processing in the lateral prefrontal cortex
Area 44

guides verbal and manual action from abstracts

564

spatial information maintenance

8Ad

integrating peripheral vision and audition
8c

spacial working memory
interpretating complex visual

PF:
nonspatial attention tasks, decision making,
information and attention

rule change during visually guided attention
syntax, attentional processing, p9-46v

Working memory, risk-related tasks goal-directed higher-order cognitive processes
Visuospatial attention changes

Redirecting attention towards relevant stimuli
PGi

Visuospatial attention changes

Redirecting attention towards relevant stimuli
PHT'

conceptual knowledge retrieval, automatic
retrieval of semantic information

P

6v
goal-directed higher-order cognitive processes
working and episodic memory
a47r
controlled semantic retrieval

a7t
processing of linguistically complex words

“place-specific” visual i

IFSp
auditory memory retrieval

AVI
sensation, ANS control, awareness, self-recogrfition,
time perception, and perceptual decision making

STSva
speech processing,
primary language tasks

Language comprehension:
Story-math secondary contrast

visual working memory

i6-8
maintenance of spatial information
motor control infuence

IP:
arithmetic, fine finger movements
LIPd-
saccade coordination, mapping contralateral spaces

I
arithmetic, face recognition




2.17 Area s6-8 (superior 6-8)

Location:

At the posterior most SFG, on its lateral bank near where
the SFS joins with the precentral sulcus. Represents a
transitional area of cortex between Brodmann areas 6 and
8.20

Functions:

Areas 8 and rostral 6 are involved in maintenance of spatial
information.14 Brodmann area 6 has also been subdivided
into areas including the premotor and supplementary motor
areas that influence motor control. The premotor area is
further divided into ventral and dorsal premotor portions
(PMv and PMd, respectively).21

PMv contributes to object manipulation with the hands,
specifically with precision grip. Additionally, PMv contains
mirror neurons.21

PMd is involved in selecting motor responses based on
arbitrary and spatial cues. PMd also communicates with the
prefrontal cortex.

Functional Connectivity:

Dorsolateral prefrontal lobe: 8Ad, 8Av, 8C, i6-8
Medial frontal lobe: 8BM, d32

Temporal lobe: TE1m, TE1p

Inferior parietal lobe: 7PM, PFm, PGs

Medial parietal lobe: 31a, d23ab

White Matter Connections:
Structurally connected to the FAT.

31a
working memory processing of
place and body images

7PM
vision motion, space, vision shape, w
attention, and working memory /(\\\
3\

J

8BM
coordinating and coding visuospatial information

D32
evaluation of reinforcement and punishment
in social information

)
/

D23ab’

working memory processing of body images
recognizing emotional faces

8AV

interpretation of complex visual

information and attention

spatial information maintenance

integrating peripheral vision and audition
8¢
spacial working memory

interpretating complex visual
information and attention

PFm
nonspatial attention tasks, decision making,
rule change during visually guided attention

syntax, attentional processing,
Working memory, risk-related tasks
PGs
Visuospatial attention changes

Redirecting attention towards relevant stimuli 6r .

language processing
Area 44

guides verbal and manual action from abstracts

FOP4
language and lexical retrieval

TE1

visual working memos
8 MmO g

visual working memory

i6-8
maintenance of spatial information
mot~r control infuence

Connections from the FAT project to the IFG to terminate at 44, FOP4, and 6r.

Local short association bundles: 8Av.

Traditional Acupoint Correlates:
Local Acupoint: N/A (medial to BL5)

Functionally Connected Acupoints:

BL3 (8Ad) BL4 (8Ad, 8Av)
BL5 (8Av, 8Av, i6-8) GB15 (8Av, 8C)
GB18 (PFm) TW20 (TE1p)
TW21 (TE1m) GV19 (7PM)
Structurally Connected Acupoints:

BL4 (8Av) BL5 (8Av)

GB4 (6r) GB15 (8Av)

ST8 (6r)



2.18 Area i6-8 (inferior 6-8)

Location:
At the posterior medial MFG near where the SFS joins with the
precentral sulcus.

Functions:

Areas 8 and rostral 6 are involved in maintenance of spatial
information.14 Brodmann area 6 has also been subdivided into
areas including the premotor and supplementary motor areas that
influence motor control. The premotor area is further divided into
ventral and dorsal premotor portions (PMv and PMd,
respectively).21

PMv contributes to object manipulation with the hands, specifically
with precision grip. Additionally, PMv contains mirror neurons.21

PMd is involved in selecting motor responses based on arbitrary
and spatial cues. PMd also communicates with the prefrontal
cortex.

Functional Connectivity:

Dorsolateral frontal lobe: 8Ad, 8Av, 8C, 44, a9-46v, a47r, IFJp,
IFSp, p9-46v, p10p, p47r, s6-8

Premotor region: 6a

Medial frontal lobe: 8BM, d32

Temporal lobe: PHA2, PreS, TE1m, TE1p, TE2a

Inferior parietal lobe: 7PM, IPO, IP1, IP2, LIPd, PFm, PGs
Medial frontal lobe: 7m, 31a, d23ab, POS2, POS1

White Matter Connections:

Structurally connected to surrounding parcellations. White matter
tracts from this parcellation are variable.

Local short association bundles: 6a, 8Av, 8Ad, 9-46d, FEF.

Traditional Acupoint Correlates:
Local Acupoint: BL5

Functionally Connected Acupoints:
BL3 (8Ad)

BL5 (8Ad, 8AV)

BL8 (IP0)

GB13 (p9-46v)

GB15 (8Av, 8C, p9-46v)

ST8 (IFJp)

TW21 (TE1m)

BL4 (8Ad, 8AV)

BL6 (6a)

GB2 (TE2a)

GB14 (a47r, p10p)
GB18 (IP2, LIPd, PFm)
TW20 (TE1p)

GV19 (7TPM)

Structurally Connected Acupoints:
BL3 (8Ad)

BL5 (8Ad, 8Av)

GB16 (FEF)

BL4 (8Ad, 8Av, 9-46d)
BL6 (6a)

31a
working memory processing of

place and body images

D23ab.

working memory processing of body images
recognizing emotional faces

ing and coding

D32

BN ‘evaluation of reinforcement and punishment
in social information

vision motion, space, vision shape,

attention, and working memory

7M.
processing of place, body,

tool, and face images

POS2

working memory processing of place,
body, tool, and face images

POS1
scene comprehension

processing spatial information SAV
PHA2 interpretation of complex visual
place/scene recognition information and attention
a 8
Associating informational cues with spatial.information maintenance
a particular body movement 8Ad
FEF integrating peripheral vision and audition

intentional saccade triggering 8c
IFJp
auditory memories, crossroads between
bottom-up and top-down processing in lateral PFC

spacial working memory, interpretating complex
visual information and attention

p9-46v
goal-directed higher-order cognitive processes
9-46d

goal-directed higher-order cognitive processes

conscious, active control of planned behavior
Visuospatial attention changes

Redirecting attention towards relevant stimuli

PFm
nonspatial attention tasks, decision making,
rule change during visually guided attention
yntax, attentional processing,

Working memory, risk-related tasks

p10p
episodic and working memory tasks
abstract cognitive functions

a9-46v
goal-directed higher-order cognitive processes
ad7r

controlled semantic retrieval

47¢

processing of linguistically complex words

TETp

visual working memory
auditory memory retrieval

Area 44
guides verbal and manual action from abstracts

TE1m.
visual working memory

B
visual working memory

i6-8
maintenance of spatial information
motor control infuence

arithmetic, fine finger movements

LIPd:

saccade coordination, mapping contralateral spaces
1P1

arithmetic, face recognition

PO’

mental arithmetic




IFS Regions
2.19 Area IFSa

Location:
Located at the anterior portion of the IFS, superior to the
pars orbitalis portion of the IFG.

Functions:

Areas in the midventrolateral prefrontal cortex interact with
posterior areas of the brain to retrieve specific auditory
memories.22

The IFS also plays a specific role in creating procedural
representations in working memory from verbal
instructions.23

Functional Connectivity:

Dorsolateral frontal lobe: 46, a9-46v, a47r, IFJa, IFJp, IFSp,
p9-46v, p47r

Premotor areas: 6a, 6ma, 6r, FEF, PEF

Medial frontal lobe: 8BM, 33pr

Insula opercular area: FOP4, FOP5, MI, PFop, Pol2
Orbitofrontal region: area 11L

Temporal lobe: PeEc, PH, PHA3, PHT, TE1p, TE2p
Inferior parietal lobe: 7AM, 7PL, AIP, IPO, IP1, IP2, LIPd,
MIP, PF, PFt, PGp

Medial parietal lobe: 23¢c

White Matter Connections:

Structurally connected with the arcuate/SLF and
surrounding parcellations.

Connections with the arcuate/SLF project posteriorly and
wrap around the Sylvian fissure to the inferior temporal
gyrus to end at TE2a, there are also connections from the
arcuate/SLF that end at 4.

Local short association bundles: 44, 45, 46, 8C, a9-46v,
IFSa, IFSp, p9-46v, and p47r.

Traditional Acupoint Correlates:
Local Acupoint: N/A (inferior to GB13)

Functionally Connected Acupoints:

BL4 (46) BL6 (6a)
BLS (IP0)GVB4 (6r) GB10 (PH,
PHT)GB11 (PH) GB13

(p9-46v)GB14 (a47r)
GB16 (FEF)

ST8 (6r, IFJp, PEF)
TW20 (TE1p)

GB15 (46, p9-46v)
TW19 (PH, PHT)
Structurally Connected Acupoints:

BL4 (46)
GB13 (p9-46v)

GB2 (TE2a)

GB18 (AIP, IP2, LIPd)

= “~.

6ma
J\/isual instruction cues, story listening
T -

M
coordinating and coding visuospatial information
33pr

\,  visceromotor, and endocrine activity

\

PeEc

> declarative memories transmitted from

s cortical areas to hippocampus
a

Associating informational cues with a particular body movement

i between b p and
top-down processing in the lateral prefrontal cortex
8c

spacial working memory, interpretating complex
visual information and attention
IFJa
auditory memories, crossroads between bottom-up and
top-down processing in the lateral prefrontal cortex
rea 46
goal-directed higher-order cognitive processes
p9-46v
goal-d
a9-46v
. goal-directed higher-order cognitive processes
IFSa
auditory memory retrieval
a47

]
2
T
5
@
o
(xf
=
S
°
k=
©
2
3
&
S
@
2
2
s
g

d higher-order cognitive pi

moral decisions, egocentric perspective

v
motor planning and action, mirroring controlled semantic retrieval

pa7r
processing of linguistically complex words

PHT
conceptual/semantic knowledge retrieval
r IFSp

= - . auditory memory retrieval
g o pecific” visual Areads Y
) o TE part of "Broca's complex"
visual working memory FOP5
language and lexical retrieval

Area
guides verbal and manual action from abstracts
FOP4

language and lexical retrieval

Mi

language processing
P

processing sensory inputs
1L

evaluate food-related reinforcers,

analyze satiety and anticipation of food rewards

ANS control, , self ition,
time perception, and perceptual decision making

P2
arithmetic, fine finger movements

LIPd
saccade coordination, mapping contralateral spaces
1P1

arithmetic, face recognition

1PO

mental arithmetic

7

vision motion, space, vision shape,
attention, and working memory

TE2a
visual working memory

TE2p.
visual theory of mind and motor tasks

olace/scene recognition

GB15 (8C, 46, p9-46v)



2.20 Area IFSp

Location:
Located at the anterior portion of the IFS, roughly superior
to the pars triangularis portion of the IFG.

Functions:

Areas in the midventrolateral prefrontal cortex interact with
posterior areas of the brain to retrieve specific auditory
memories.22

The IFS also plays a specific role in creating procedural
representations in working memory from verbal
instructions.23

Functional Connectivity:

Dorsolateral frontal lobe: 8C, 44, 45, 47L, a47r, i6-8, IFJa,
IFJp, IFSa, p9-46v, p47r

Medial frontal lobe: 8BM

Premotor areas: 55b

Orbitofrontal region: 47m

Temporal lobe: PH, STSdp, STSvp, TE1p

Inferior parietal lobe: IPO, IP1, LIPd, TPOJ1

White Matter Connections:

Structurally connected with the arcuate/SLF and
surrounding parcellations.

Connections with the arcuate/SLF project posteriorly and
wrap around the Sylvian fissure to the middle and inferior
temporal gyrus to end at TE1a, TE1m, and TE2a.

Local short association bundles: area 46, IFJa, IFSa, IFSp,
TE2a, TE1m, TE1a, 9-46d, p9-46v, 8C, 8Av

Traditional Acupoint Correlates:
Local Acupoint: N/A (inferior and posterior to GB13)

Functionally Connected Acupoints:

BL5 (i6-8) BL8 (IP0)

GB7 (STSdp) GB8 (TPOJ1)
GB9 (TPOJ1) GB10 (PH)

GB11 (PH) GB13 (p9-46v)
GB14 (a47r) GB15 (8C, p9-46v)
GB16 (55b) GB18 (LIPd)

ST8 (IFJp) TW19 (PH)

TW20 (STSdp, STSdp, TE1p)

Structurally Connected Acupoints:
BL4 (8Av, 9-46d, 46)

GB2 (TE2a)

GB13 (p9-46v)

TW21 (TE1m)

BL5 (8Av)
GB3 (TE1a)

ing and coding vi

v
interpretation of complex visual

information and attention

8c

spacial working memory, interpretating complex
visual information and attention

Area 55b
language processing

IFJp.

auditory memories, crossroads between
bottom-up and top-down processing in lateral PFC
IFJa

auditory memories, crossroads between bottom-
up and top-down lateral PFC processing

Area 46

goal-directed higher-order cognitive processes
p9-46v

goal-directed higher-order cognitive processes

9-46d
goal-directed higher-order cognitive processes
; conscious, active control of planned behavior

expectation incongruity, reward, saliency

STSdp.
motion processing, audiovisual
integration, facial processing
STSvp
Language comprehension:
Story-math secondary contrast
PH

FSa
auditory memory retrieval

ad7r
controlled semantic retrieval

47
processing of linguistically complex words

(R ——
TElp
visual working memory

Area 47M
emotional integration, cognitive appraisals, physiological
internal states to aid in emotional regulation

Area 47L

language production and semantic processing

part of 'Broca's complex"

TEIm
visual working memory

TEla

interpretation of complex semantic information

rea 4
guides verbal and manual action from abstracts
Area 45 ”

8

maintenance of spatial information
LIPd motor control infuence

saccade coordination, mapping contralateral spaces

1P1
arithmetic, face recognition

IPO"
mental arithmetic

TE2a
visual working memory

TW22 (STSdp, STSvp)

GB15 (8C, 46, p9-46v)



2.21 Area IFJa

Location:
In the posterior portion of the IFS, roughly superior to the
pars opercularis portion of the IFG.

Functions:
-An important crossroads between bottom-up and
top-down processing in the lateral prefrontal cortex.24

Areas in the midventrolateral PFC interact with posterior
areas of the brain to retrieve specific auditory
memories.22

Functional Connectivity:

Dorsolateral prefrontal lobe: 44, IFJp, IFSa, IFSp, p9-46v
Medial frontal lobe: SCEF

Premotor areas: 6r, 55b FEF, PEF

Insular opercular: FOP5, PSL

Temporal lobe: PH, PHT, TE2p

Inferior parietal lobe: LIPd, MIP, TPOJ1

White Matter Connections:

Structurally connected with the arcuate/SLF and
surrounding parcellations.

Connections with the arcuate/SLF project posteriorly and
wrap around the Sylvian fissure to the middle and inferior
temporal gyrus to end at TE1a, TE1m, and TE2a. Fibers
also project superiorly to end at SFL. These fibers are
likely portions of the FAT that has the majority of its
inferior terminations at 44.

Local short association bundles: 8Av, 8c, 44, IFJa, IFSp

Traditional Acupoint Correlates:
Local Acupoint: N/A
(central between GB 4, GB13, and ST8)

Functionally Connected Acupoints:

GB4 (67) GBS (TPOJ1)
GB9 (TPOJ1) GB10 (PH, PHT)
GB11 (PH) GB13 (p9-46)
GB15 (8C, p9-46v) GB16 (55b, FEF)
GB18 (LIPd) ST8 (6r, IFJp, PEF)

TW19 (PH, PHT) GV21 (SCEF)
Structurally Connected Acupoints:

BL4 (8Av) BL5 (8Av)
GB2 (TE2a) GB3 (TE1a)
GB15 (8C) TW21 (TE1m)

SFL

social interaction settings, story listening
SCEF
P directs primary oculomotor centers in goal-directed behavior
{ NG A0
{
[ -~ )
r_’/"‘ /

6a
Associating informational cues with
a particular body movement

8AV

FEF,

intentional saccade triggering’

Area 55b

language processing interpretation of complex visual
PEF information and attention

reflexive saccades

IFlp

auditory memories, crossroads between

bottom-up and top-down processing in lateral PFC

8c
spacial working memory, interpretating complex

visual information and attention

IFJa

auditory memori bet p and
top-down processing in the lateral prefrontal cortex

information processing, cognitive control
TPOJT
expectation incongruity, reward, saliency

p9-46v
goal-directed higher-order cognitive processes

IFSa
auditory memory retrieval

PHT
conceptual/semantic knowledge retrieval

“place-specific” visual

TETm

visual working memory auditory memory retrieval
. TE2a FOP5
visual working memory language and lexical retrieval

ea
interpretation of complex semantic information guides verbal and manual action from abstracts

LIPd
saccade coordination, mapping contralateral spaces

MIP
arm-reaching, prehension

TE2p:
visual theory of mind and motor tasks




2.22 Area IFJp

Location:
At the posterior most part of the IFS, roughly superior to pars
opercularis of the IFG.

Functions:
-An important crossroads between bottom-up and top-down
processing in the lateral prefrontal cortex.24

Areas in the midventrolateral PFC interact with posterior areas
of the brain to retrieve specific auditory memories.22

Functional Connectivity:

Dorsolateral frontal lobe: 8C, i6-8, IFJa, IFSa, p9-46v, p47r
Premotor areas: 6r, 6a, PEF

Medial frontal lobe: 8BM, 33pr

Temporal lobe: PH, PHT, TE1p, TE2p

Inferior parietal lobe: 7PL, 7PM, AIP, IPO, IP1, IP2, LIPd, MIP,
PF, PFt

White Matter Connections:

Area IFJp is structurally connected with the arcuate/SLF and
surrounding parcellations. Connections with the
arcuate/SLFproject posteriorly and wrap around the Sylvian
fissure to the posterior temporal gyrus to end at PHT and FST.
There are also connections from the arcuate/SLF to PFm.
Local short association bundles: 6r, 8C, 44, IFJa, IFJp, IFSp,
PEF.

Traditional Acupoint Correlates:
Local Acupoint: ST8

Functionally Connected Acupoints:

BL5 (i6-8) BL6 (6a)
BLS (IP0) GB4 (6r)
GB10 (PH, PHT) GB11 (PH)

GB13 (p9-46v)
GB18 (AIP, IP2, LIPd)
TWA19 (PH, PHT)

GB15 (8C, p9-46v)
ST8 (6r, PEF)
TW20 (TE1p)
GV19 (7PM)

Structurally Connected Acupoints:

GBA4 (67) GB10 (FST, PHT)
GB15 (8C) GB18 (PFm)
ST8 (6r, PEF) TW19 (PHT)

8BM

and coding information

33pr
inating emoti driven
visceromotor, and endocrine activity

7PM
vision motion, space, vision shape,
attention, and working memory

Associating informational cues with
a particular body movement

8c
spacial working memory, interpretating complex
visual information and attention

IFla

P
reflexive saccades

IFlp

auditory memories, crossroads between
bottom-up and top-down processing in lateral PFC
up and top-down lateral PFC processing

auditory memories, crossroads between bottom-

der cognitive

AP
grasping activity, object recognition
IFSa

action observation, imitation, mirroring auditory memory retrieval

PF
observation, imitation, mirror neuron system

047r
processing of linguistically complex words
visual information integration s
auditory memory retrieval

Area 44

guides verbal and manual action from abstracts

place-specific” visual information

PHT
conceptual/semantic knowledge retrieval

E1¢/
visual working memory language processing

i6-8
P2 maintenance of spatial information
arithmetic, fine finger movements motor control infuence

LIPd
saccade coordination, mapping contralateral spaces

arithmetic, face recognition

1PO
mental arithmetic

arm-reaching, prehension
. " 8 pren 7PL
vision motion, space, vision shape,

attention, and working memory

TE2p
visual theory of mind and motor tasks



IFG Regions
2.23 Area 44

Location:
At the posterior most part of the IFG. The anterior bank of
pars opercularis of the IFG.

Functions:

-Translates abstract and intentional information in the
prefrontal cortex to more detailed representations to guide
verbal and manual actions.25

In addition to association with Broca’s area, sometimes
represented as part of “Broca’s complex,” including
Brodmann areas 45, 46, 47, and the mesial supplementary
motor area of 6, which contribute to a frontal-subcortical
circuit.26

The right pars opercularis has been implicated in cognitive
inhibition in working memory.27

Functional Connectivity:

Dorsolateral frontal lobe: 8Av, 8BL, 8C, 9a,45, 47s, 47L, IFJa,
IFSp

Medial frontal lobe: 8BM, 9m

Premotor areas: 55b, SFL

Insula-opercular region: AVI, FOP5, PSL

Temporal lobe: STSdp, STSvp, TGd

Inferior parietal lobe: areas PFm, PGi

White Matter Connections:

Structurally connected to the arcuate/SLF and the FAT.
Connections with the arcuate/SLF wrap around the Sylvian
fissure to end at TE1a and TE1m. There are also projections
from the arcuate/SLF before it terminates to A5 and STSdp.
The majority of the inferior connections of the FAT end at 44,
the tract connects superiorly SFL, 6ma and s6-8.

Local short association bundles: area 45 and 8C.

White matter tracts from 44 in the right hemisphere have less
consistent connections with the arcuate/SLF.

Traditional Acupoint Correlates:
Local Acupoint: N/A (anterior to GB4)

Functionally Connected Acupoints:

BL3 (8BL) BL4 (8Av)
BL5 (8Av) GB7 (STSdp)

GB15 (8Av, 8C) GB16 (55b)

GB18 (PFm) TW20 (STSdp, STSvp)
TW22 (STSdp, STSvp) GV21 (SFL)

GV22 (8BL) GV23 (9m)

Structurally Connected Acupoints:

GB3 (TE1a) GB7 (A5, STSdp)
GB15 (8C) TW20 (STSdp)
TW21 (TE1m) TW22 (STSdp)
GV21 (SFL)

auditory memories, crossroads between bottom-

nonspatial attention tasks, decision making,
rule change during visually guided attention

Redirecting attention towards relevant stimuli

PSL
information processing, cognitive control

6ma
visual instruction cues, story listening

social interaction settings, story listening

8BL
spatial information
8BM

ing and coding vi

9m
monitoring spatial information

56-8
spatial information maintenance

\4
interpretation of complex visual
information and attention

up and top-down lateral PFC processing pacial :
Areaad visual information and attention

IFSp

auditory memory retrieval

9A
reestablishing executive control
during automatic behaviors

A5

yntax, attentional processing,
Working memory, risk-related tasks
PGi

Visuospatial attention changes

Area 45

part of "Broca's complex”

STsdp Area 47L

motion processing, audiovisual el kel

integration, facial processing ops
; language and lexical retrieval

Language comprehension: AvI

Story-math secondary contrast

TETm
visual working memory Area 475
language production and semantic processing

TEla
interpretation of complex semantic information part of ‘Brocas complex’

8c
spacial working memory, interpretating complex

perceptual and conceptual acoustic sounds

language production and semantic processing

sensation, ANS control, awareness, self-recognition,
time perception, and perceptual decision making



2.24 Area 45

Location:
The lateral surface of pars triangularis of the IFG.

Functions:

In addition to its known association with Broca’s area, is
sometimes represented as part of “Broca’s complex,”
including Brodmann areas 45, 46, 47, and the mesial
supplementary motor area of 6, which contribute to a
frontal-subcortical circuit.26

Functional Connectivity?

Dorsolateral frontal lobe: 8Av, 8BL, 9a, 9p, 44, 47L, 47s,
a4rr, IFSp

Medial frontal lobe: 8BM, 9m

Premotor areas: 55b, SFL

Insula-opercular region: FOP5, PSL

Temporal lobe:STSdp, STSva, STSvp, TE1a, TGd, TGv
Inferior parietal lobe: PGi

Medial parietal lobe: 31pd

White Matter Connections:

Structurally connected to the arcuate/SLF and IFOF.
However, not consistently across individuals. Connections
with the arcuate/SLF wrap around the Sylvian fissure to the
middle temporal gyrus to end at TE1p. There are also
projections from the arcuate/SLF before it terminates to A4
and PBelt.

IFOF connections travel from 45 through the
extreme/external capsule and continue posteriorly through
the temporal lobe to end at V1, V2, V3, and V4.

Local short association bundles: area 44 and FOP4

Traditional Acupoint Correlates:
Local Acupoint: N/A (Y2 the distance between GB4 and
GB13)

Functionally Connected Acupoint:
BL3 (8BL, 9p)

BL5 (8Av)

GB7 (STSdp)

GB15 (8Av)

TW20 (STSdp, STSvp)

GV21 (SFL)

GV23 (9m)

BL4 (8Av)
GB3 (STSva, TE1a)
GB14 (a47r)
GB16 (55b)

GV22 (8BL)

Structurally Connected Acupoints:
BL9 (V1)

TW20 (TE1p)

GV18 (V1,V2)

GB19 (V4)
GV17 (V1)

SFL
social interaction settings, story listening

8BL
spatial information
31pd 88M
semantic and episodic memories
Working memory of bodies and faces,
listening to stories

and coding

9m
monitoring spatial information

v3
perception and integration of global motion

vz
Visual integration of V1 information
Differentiating stimulus and background
Vi

Rudimentary visual input, motion detection
Directional and spatial integration

TGd
social/emotional processing (auditory, olfactory, visual
stimuli), facial recognition, theory of mind

a 55b
language processing
8AV

. . Are interpretation of complex visual
guides verbal and manual action from abstracts nformation ard sttanton

elt o
auditory processing reestablishing executive control

pSL during automatic behaviors
information processing, cognitive control A X
reestablishing executive control

PGi during automatic behaviors

Visuospatial attention changes
Redirecting attention towards relevant stimuli
IFsp
auditory memory retrieval

a47r
controlled semantic retrieval

Area 45

part of *Broca's complex*

Area 470

language production and semantic processing
part of "Broca's complex”

A4
perceptual and conceptual acoustic sounds

motion processing, audiovisual
integration, facial processing
STSvp
Language comprehension:
Story-math secondary contrast FoPS5
TE1p language and lexical retrieval
visual working memory
§ o language and lexical retrieval
interpretation of complex semantic information
STsva. Area 475 )
SPBNE proc s, PHMEN IahgUAES thelle language production and semantic processing
Tov part of *Broca's complex
social/emotional processing (auditory, olfactory, visual
stimuli), facial rarn==:" ', theory of mind

va
texture, patterns, form, and color perception

TW22 (STSdp, STSva, STSvp)



2.25 Area 47L

Location:
Part of the pars orbitalis of the IFG, lying on the inferolateral border
near the posterior boundary.

Functions:
-Several language processes, including language production and
semantic processing.28

Area 47, in addition to its known association with Broca’s area, is
sometimes represented as part of “Broca’s complex,” including
Brodmann areas 45, 46, 47, and the mesial supplementary motor area
of 6, which contribute to a frontal-subcortical circuit.26

Functional Connectivity:

Lateral frontal lobe: 8Av, 8BL, 9a, 9p, 44, 45, 47s, a47r, IFSp
Medial frontal lobe: 8BM, 9m, 10v, SFL

Premotor areas: 55b

Temporal lobe: STSda, STSdp, STSva, TE1a, TGd

Inferior parietal lobe: PGi

Medial parietal lobe: 31pd, 31pv

White Matter Connections:
Structurally connected to the IFOF and uncinate fasciculus.

IFOF connections travel from 47L through the extreme/external capsule
and continue posteriorly through the temporal lobe to end at V1, V2, V3,

and V4. Uncinate fibers course inferiorly through the limen insulae to
the temporal pole to end at TGd and STGa.

Local short association bundles: area 45 and FOPS5.

White matter tracts in the right hemisphere do not have consistent
connections with the uncinate fasciculus.

Traditional Acupoint Correlates:
Local Acupoint: N/A (approximately extra point Tai Yang at the temple)

Functionally Connected Acupoints:

BL3 (8BL, 9p) BL4 (8Av)

BL5 (8Av) GB3 (STSda, STSva, TE1a)
GB7 (STSdp) GB14 (a47r)

GB15 (8Av) GB16 (55b)

TW20 (STSdp) TW22 (STSda, STSdp, STSva)
GV21 (SFL) GV22 (8BL)

GV23 (9m) Yintang (10v)

Structurally Connected Acupoints:
BL9 (V1)
GV17 (V1)

GB19 (V4)
GV18 (V1, V2)

SFL
31py "

working memory processing of body o social interaction settings, story listening

face images, listening to stories, recognizing

emotional faces over neutral objects —

31pd

semantic and episodic memories

Working memory of bodies and faces,

listening to stories

88L
spatial information

and coding vi

9m
monitoring spatial information

v3
perception and integration of global motion

v2
Visual integration of V1 information
Differentiating stimulus and background
V1 10y s .

Rudimentary visual input, motion detection behavioral decision-making
Directional and spatial integration TGd
social/emotional processing (auditory, olfactory, visual

stimuli), facial recognition, theory of mind

v
interpretation of complex visual
information and attention

Area 55b

language processing

Area 44 op

guides verbal and manual action from abstracts reestablishing executive control
during automatic behaviors

9A

reestablishing executive control
uring automatic behaviors.

IFSp

auditory memory retrieval

Area 45

part of "Broca's complex"

Visuospatial attention changes
Redirecting attention towards relevant stimuli

STSdp
motion processing, audiovisual
integration, facial processing

STSda 247r
motion processing, audiovisual controlled semantic retrieval
integration, facial processing
Area 47L
STSv. language production and semantic processing
speech processing, primary language tasks part of ‘Broca's complex*

FOP5.
language and lexical retrieval

Area 475
language production and semantic processing
part of “Broca's complex'

TEa:
interpretation of complex semantic information

va
texture, patterns, form, and color perception



2.26 Area 47s

Location:
Located on the posterior bank of the pars orbitalis of the IFG as it folds
over onto the orbitofrontal surface.

Functional Connectivity?:

Dorsolateral frontal lobe: 8Av, 8BL, 9a, 9p, 44, 45, 47L
Medial frontal lobe: 9m, d32, SFL

Insula: AAIC

Temporal lobe: STSdp, STSva, STSvp, TE1a, TGd
Inferior parietal lobe: PGi

Medial parietal lobe: 7m, 31pd, 31pv

Functions:
-Several language processes, including language production and
semantic processing.28

Area 47, in addition to its known association with Broca’s area, is
sometimes represented as part of “Broca’s complex,” including
Brodmann areas 45, 46, 47, and the mesial supplementary motor area
of 6, which contribute to a frontal-subcortical circuit.26

White Matter Connections:

Structurally connected to the IFOF and uncinate fasciculus.

IFOF connections travel through the extreme/external capsule and
continue posteriorly to end at V1, V2, and V3.

Uncinate fibers course inferiorly through the limen insulae to the
temporal poleto end at TGd. There are also anterior uncinate
projections that end at frontal polar parcellations 10v and 10pp.

Traditional Acupoint Correlates:
Local Acupoint: N/A (posterior to TW23)

Functionally Connected Acupoints:

BL3 (8BL, 9p) BL4 (8Av)

BL5 (8Av) GB3 (STSva, TE1a)

GB7 (STSdp) GB15 (8Av)

TW20 (STSdp, STSvp) TW22 (STSdp, STSva, STSvp)
GV21 (SFL) GV22 (8BL)

GV23 (9m)

Structurally Connected Acupoints:

BL2 (10pp) BL9 (V1)
GV17 (V1) GV18 (V1, V2)
Yintang (10v)

31py,
working memory processing of body and
face images, listening to stories, recognizing
emotional faces over neutral objects

31pd

semantic and episodic memories
Working memory of bodies and faces,
istening to stories

SFL
Social interaction settings, story listening
8BL

spatial information

9m
M monitoring spatial information
processing of place, body, D32
tool, and face images. evaluation of reinforcement and punishment
v3 in social information
perception and integration of global motion

V2

Visual integration of V1 information
Differentiating stimulus and background
V1

Rudimentary visual input, motion detection
Directional and spatial integration

10v
behavioral decision-making

TGd
sacial/emotional processing (auditory, olfactory, visual
stimuli), facial recognition, theory of mind

4
interpretation of complex visual
information and attention

9P
reestablishing executive control
during automatic behaviors

9A
reestablishing executive control
Visuospatial attention changes during automatic behaviors

Redirecting attention towards relevant stimuli Area 44

guides verbal and manual action from abstracts
motion processing, audiovisual
integration, facial processing Area 45 " o
part of "Broca’s complex
5 5 STSva 10pp
speech processing, primary language tasks working memory, abstract cognitive function
Area 47L
language production and semantic processin *
part of 'Broca's complex”
Area 475
language production and semantic processing
part of ‘Broca's complex*
AAIC
sensation, SNS control, awareness, self-recognition,
time perception, decision making

Language comprehension:
Story-math secondary contrast

TEla
interpretation of complex semantic information




Discussion

By assessing the cortical regions that may be directly and indirectly affected by non-invasive neuromodulatory
techniques of localized stimulus such as acupuncture or other methods such as Transcranial Magnetic Stimulation
(TMS) and transcranial Direct Current Stimulation electrical current (tDCS), from the perspective of brain network
dynamics based on connectomic modeling we can begin to form a functional model from which to consider treatment
approaches where cortical stimulation may be of great interest such as traumatic brain injury, stroke, or a variety of
other neuropathological disorders or imbalances. Practitioners may consider selecting a number of supportive nodes
to stimulate based on functionally or structurally connected regions to the primary focal region. As lesion network
mapping becomes better developed and understood clinical pictures and assessment may be more readily
considered based on interconnected and interacting brain networks and neural connections rather than isolated
regional lesion pathologies.

In the case of traumatic brain injury, even in cases of direct focal lesioning, rarely is a straightforward clinical picture
of regional pathology seen. Much of this may be due to the impact on the neural connections to other interconnected
cortical regions, which may affect functioning throughout that neural connection or network. As neuroscience comes
to understand the complexities of neural networking more deeply and are better able to assess their functioning in
both healthy and pathological states, taking a clinical approach that utilizes this knowledge may offer a better means
of maximizing clinical outcomes and expanding research potential in gauging brain network neuromodulation
techniques relative to other approaches.

In this series traditional acupuncture points and their corresponding cortical regions are utilized in order to build upon
an existing system both for ease and as a reference for those versed in acupuncture theory to perhaps expand their
knowledge or consideration of scalp acupoints and their clinical indications. By doing this however, while all cortical
parcellations will be described within this series, only those cortical regions that lie at a traditional acupuncture point
are listed as functionally or structurally connected points and leave functionally or structurally connected regions
without a direct traditional acupoint to reference not listed. This is a limitation of this article series at this time but
beyond the scope of this series to directly address and may be a direction of future exploration.

Scalp acupuncture utilizing existing points and scalp microsystems have been demonstrated for a wide variety of
neuropathologies and by further understanding the functional network dynamics of the brain we may be able to better
utilize that knowledge to further optimize therapeutic benefit in a range of neuropathologies.
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Table 1 Traditional Acupuncture Point Associations

Acupoint Cortical Parcellation Correlation
BL2 10pp

BL3 8Ad, 8BL, 9p

BL4 8Ad, 8Av, 9-46d, Area 46
BL5 8Ad, 8Av, i6-8

BL6 6a, 6d

BL7 Area 2, 7AL, 7PC
BL8 IPO, IPS1, V3b, V7
BL9 V1, cerebellum

BL10 cerebellum

GB2 TE2a

GB3 STSda, STSva, TE1a
GB4 6r, 6v

GB5 Area 43, OP4

GB6 Area 52, A1, Ig, Pol1
GB7 STSdp, A5

GB8 STV, TPOJ1

GB9 TPOJ1, TPOJ2

GB10 FST, PH, PHT

GB11 PH, cerebellum
GB12 cerebellum

GB13 p9-46v

GB14 a10p, a47r, p10p
GB15 8Av, 8C, p9-46v, Area 46
GB16 55b, FEF

GB17 Area 1, 3a, 3b, 4
GB18 AIP, IP2, LIPd, PFm
GB19 V4, cerebellum

GB20 cerebellum

ST8 6r, 6v, IFJp, PEF
TW19 PH, PHT

TW20 STSdp, STSvp, TE1p
TW21 TE1m

TW22 STSda, STSdp, STSva, STSvp
GV16 cerebellum

GV17 V1, cerebellum
GV18 V1, V2

GV19 7PM, V6a

GV20 3a, 3b, 4, 5m

GV21 SCEF, SFL

GV22 8BL

GVv23 9m, 10d

GVv24 10d

Yintang 10v
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