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Overview



-Association Pathway of the limbic 
system.

-Communicates cortical, subcortical 
and all the sections of the cingulate 
cortex via long and short fibers.

-Can be divided in subcomponents 
along its length with different 
anatomical features.

-Communicate areas involved in
--Autonomic function
--Skelomotor function
--Emotion processing
--Memory
--Attention
--Pain processing
--Spatial orientation



Cingulum, different representations

Jellison et al., (2004)



MNI152

MR imaging of 
the human 
cingulum



Catani, M., & Thiebaut de Schotten, M., (2008).

DTI tractography of the 
human cingulum



In relation to other association tracts

Catani, M., & Thiebaut de Schotten, M., (2012)



Catani, M., & Thiebaut de Schotten, M., (2012)

Representation of the limbic system



Proposed sub-division of the cingulum

Jones et al., (2013)



Cingulum FA and MD over the lifespan



Comparative
development



Afferent 
and 
Efferents



-Afferents
Auditory association

-Afferents
Somatosensory

Posterior Cingulate Cortex 

-Afferents
DLPFC

-Afferents
Visual association

-Afferents
Thalamic nuclei

Nieuwenhuys et al., 2008 

-Reciprocal
sACC



-Reciprocal
Primary motor
Premotor

Anterior Cingulate Cortex-Posterior part 
(Medial Cingulate Cortex)

-Efferent
Spinal cord

Nieuwenhuys et al., 2008 

Reciprocal
-dPCC



-Reciprocal
DLPFC

-Afferents
Auditory association

-Afferents
Somatosensory

Anterior Cingulate Cortex

-Afferent
amygdala
-Efferent
hypothalamus

-Afferents
Thalamus

-Reciprocal
Ventral PCC



Gasquoine, (2013)

Regions co-activated with ACC in task imaging studies 



sACC dACC

PCC (MCC ?) Amygdala

Trace studies in macaque monkeys Heilbronner and Haber, (2014).



Thalamic nuclei Dorsolateral PFC 

Ventrolateral PFC Dorsomedial PFC

Trace studies in macaque monkeys Heilbronner and Haber, (2014).



Central OFC Lateral OFC

Heilbronner and Haber, (2014).Trace studies in macaque monkeys



Neurophysiology



Neurons in Posterior Cingulate Cortex

Vogt et al., (2006)

IV



Neurons in Middle Cingulate Cortex

anterior MCCposterior MCC

III

V



Neurons in Middle Cingulate Cortex 
compared to Posterior Cingulate Cortex

Vogt et al., (2003)



Pyramidal      >    Non-pyramidal

Nissl NeuN Nissl NeuN
II 89 102 67 69 
III 49 55 25 29 
Va 72 86 41 45 
Vb 45 49 22 25 
VI 64 76 11 16 

Neurons in Anterior Cingulate Cortex



Rostro-caudal progressive laminar differentiation

Subgenual Dorsal Middle CC Posterior CC
ACC ACC

Vogt, (2005)



Neurochemical
Systems



Neuromodulator pathways 
in macaque monkeys



Receptor mapping using autoradiography in human cingulate cortex

The receptor fingerprints of 15 receptors for classical neurotransmitters distinguished 
cingulate regions, subregions, and areas.

Palomero-Gallagher et al., 2009



Palomero-Gallagher
 et al., 2009

Comparative 
receptors 
concentration in 
each sub-division 
of cingulate 
cortex



Comparative 
receptors 
concentration in 
each sub-division 
of cingulate 
cortex

Palomero-Gallagher
 et al., 2009



Palomero-Gallagher
 et al., 2009

Hierarchical 
clustering based 
on receptors 
profile.

5 sub-divisions



Physiological
Correlates



Autonomic state of cardiovascular arousal supported by dorsal ACC 
during effortful cognitive and motor behavior.
(fMRI and ECG)

Critchley et al., (2003)

Results for 6 health subjects

Damage to ACC affects HR



BOLD activity of ACC correlated with spontaneous breathing in men. 
(Evans et al., 2009)

Electrical stimulation of cingulate cortex in monkeys increase heart rate 
while monkeys  are trying to attenuate it after exercise.  
(Chefer et al., 1997)

Electric stimulation of anterior cingulate in rats, elicit a fall in blood 
pressure.
(Burns and Wyss, 1985)

Autonomic and somatic responses after electrical stimulation of cingular 
gyrus in dogs, such as changes in blood pressure and respiratory rate, 
and bladder contractions.
(Kremer, 1947)

Electrical stimulation of anterior cingulate cortex in men produced autonomic 
effects, such as increase of blood pressure, pulse rate, respiratory rate. 
(Pool and Ransohoff, 1949)

Other physiological correlates



Pool and Ransohoff, (1949)

Sites of electrical 
stimulation

Frontal gyrectomy site 



Behavioral
Correlates



Catani, M., & Thiebaut de Schotten, M. (2012)

Summary



Neurosynth.org



Mean FA of dorsal cingulum positively correlated with 
rs-functional correlation of PCC and ACC (DMN)

Van den Heuvel et al., (2008)



Gasquoine, (2013)

Behavioral 
functions
ascribed to ACC



Just for curiosity





Neurosynth.org



Vogt, (2005)

Activation sites of pain in Anterior Cingulate Cortex



Neurons in ACC respond selectively to painful stimuli

 
 
 

Schnitzler and M. Ploner (2000)�
Hutchinson et al., (1999)�
Rainville et al., (1997)�



Neurosynth.org



Cingulate Cortex and emotion peak activation sites

“Emotion is processed in different 
areas according to the memory 
valence, autonomic associations 
and sensory driving that are 
necessary for the internal content 
and behavioural output relevant for 
each class of emotion.”



Neurosynth.org



Neurosynth.org



Clinical
Pathologies



Neurosynth.org



Schizophrenia

-Consistent functional activation of ACC in auditory hallucination, 
together with medial temporal regions in neuroimaging studies (Allen et 
al., 2008).

-Decreased volume of ACC. 
(Honea et al., 2005)

-Report of micro-structural changes in the anterior and posterior 
cingulum.
(Fujiwara et al., 2007).

In a 4 section partition of the cingulum
-FA reduction and RD increase in the rostral portion of the left anterior 
cingulum (aCGC)
-RD increase in the anterior segment of the left middle cingulum (mCGC)
(Abdul-Rahman et l., 2011)



 Fig. 2 A, B. Fractional anisotropy in the anterior (A) and posterior (B) cingulum bundles in normal controls and patients with 
schizophrenia. Abbreviations; SCZ = schizophrenia, NC = normal control. 

Fujiwara et al., (2007)

Decreased FA in patients with schizophrenia in anterior and 
posterior cingulum.

Difference between groups is higher in anterior cigulum.



Abdul-Rahman MF et al., (2011)

Sub-regional white matter differences in Schizophrenia
as measured by FA, RD and AD



Abdul-Rahman MF et al., (2011)

Sub-regional white matter differences in Schizophrenia
as measured by FA, RD and AD



Significant (p < 0.05) FA difference in :
-Fibers connecting the rostral and caudal anterior cingulate gyrus (right I1)
-Fibers connecting the isthmus of the cingulate gyrus with the 
parahippocampal cortex (right I4). 

In a 5 sub-section partition of the cingulum 

Whitford et al., (2004) Blue= control
Red =schizophrenia



Anterior Cingulate Cortex and Schizophrenia

The WM differences in Anterior Cingulum suggests a damage in the 
connection between ACC and Prefrontal Cortex, an area involved in 
executive function.

FA reductions in Anterior Cingulum correlated with deficits in executive 
function in patients with schizophrenia.
(Nestor et al., 2004)

Also, patients with lesions in the ACC after cingulotomy, show deficits of 
attention and executive function.
(Benes, 1993).

Schizophrenia  -->  damage in ACC  -->  deficit in cognitive function



And the Posterior Cingulate Cortex ?

Abnormal metabolism in patients with schizophrenia.
(Andreasen et al., 1997 and Haznedar et al., 1997)

Negative correlation between cerebral blood flow and Schneirder’s first 
rank symptoms in schizophrenic patients (eg. Auditory hallucinations, 
thought insertion, thought withdrawal)
(Franck et al., 2002)

“Pathology of PCCs has been hypothesized to cause internally 
generated thoughts or actions to be imbued with abnormal perceptual 
qualities and misattributed to external agencies.”
(Suzuki et al., 2005).



Neurosynth.org



SACC metabolically overactive in depressed patients.

Reduced activation with antidepressants or direct brain stimulation of WM.

This direct brain stimulation also increase metabolism of dorsal cingulate 
cortex and other prefrontal areas. 

Striking and sustained remission of depression in four of six patients.

 
What is so special about SACC?

SACC has monosynaptic connections with specific frontal,
limbic, subcortical, and brainstem sites involved in mood regulation,
depression, and the antidepressant response. 
(Riva-Posse et al., 2014)

Depression and subgenual cingulate region (SACC)
 (Mayberg et al., 2005)



Placement of
Deep Brain 
Stimulation 
Electrode in 
subgenual
white matter

Mayberg et al., (2005)



Mayberg et al., (2005)

Changes in resting-state Cerebral Blood Flow (CBF) after DBS 

-Decrease in subgenual ACC (Cg25)
-Increase in dorsal ACC (Cg24)



Lujan et al., (2013)

Tractography based 
activation models show that 
activation of a critical mass of 
a unique combination of 
cortical, sub-cortical, and 
cingulate pathways may be 
necessary for therapeutic 
benefit.

Pathways predicted by 
activation models to be 
necessary for successful 
DBS depression treatment.



Pathways predicted by activation models to be necessary for 
successful DBS depression treatment.

Contact point of DBS electrode 
that achieve “activation” in the 
three bundles were associated 
with conversion of non-
responders to responders.



Neurosynth.org



Parahippocampal, posterior cingulate and precuneus have a 
faster rate of atrophy in pre-symptomatic Alzheimer´s disease patients 
(autosomal dominant mutation carriers).

In AD, clusters of reduced GM in
-Posterior Cingulate Cortex
-Anterior Cingulate Cortex
-Hippocampal/Parahippocampal

-Widespread reduced FA and increased MD in the cingulum of AD 
and MCI patients.

Brain deafferentation though the cingulum is likely to play a 
remarkable role in progressive development of cognitive impairment in 
AD.

Alzheimer’s disease 
(Bozzali et al., 2012)



Lower GM volume in regions connected through 
cingulum in Alzheimer’s patients.

-ACC

-PCC/
precuneus

-MTL

Bozzali et al., (2012)



The cingulum plays a relevant role in explaining  the spread of 
Alzheimer’s from the medial temporal lobe to the rest of the brain, 
and the progressive development of cognitive impairment.

Bozzali et al., (2012)

Widespread reduced FA and increased MD in the cingulum 
of AD and MCI patients.



Nakata et al., (2008)

Reduced FA and increased MD in the posterior cingulum of 
Alzheimer’s disease patients



Cingulotomy reflects the multiple roles of ACC

- Damage to the supracallosal fibres of the cingulum bundle.
 -Intractable pain

-Anxiety disorders
-Depressive disorders
-Obsessive-compulsive disorders



Importance of the location of the cingulotomy for successful 
clinical benefit in OCD



Thanks for your attention


