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The medial frontal cortex (MFC) is
thought to be involved in numerous sen-
sorimotor, cognitive, and affective pro-
cesses. This region is commonly divided
into separate subregions, including the
anterior cingulate cortex, supplementary
motor area (SMA), and the pre-SMA, or-
bitofrontal cortex, and anterior frontal
poles (Amodio and Frith, 2006). The ac-
tivity of the MFC is highly heterogeneous.
Activation of the MFC is reported in
many fMRI studies, and it is associated
with a variety of processes, including ac-
tion monitoring (Bonini et al., 2014), re-
sponse conflict (Gehring and Fencsik,
2001), reward (Taylor et al., 2006), and
decision-making (Kahnt et al., 2011). This
creates uncertainty in the identification of
specific psychological states associated
with patterns of activity in the MFC, re-
ferred as the reverse inference problem.
This long-standing inferential problem
arises because most neuroimaging studies

aim to identify neural characteristics of
specific manipulations, rather than deter-
mining which psychological states a given
pattern of activity implies (Poldrack,
2006). The ability to perform reverse in-
ferences is of upmost relevance for the
fMRI research to establish a diagnostic of
a particular state (i.e., to provide signifi-
cantly greater specificity to neuroimaging
findings), which is crucial for advancing
our understanding of the mind and brain
(Poldrack, 2006).

In a recent publication in The Journal
of Neuroscience, de la Vega et al. (2016)
sought to extend knowledge of the
functional architecture of the MFC by
performing a meta-analysis of �10,000
studies from the Neurosynth platform, a
large-scale database with automated syn-
thesis of neuroimaging data (Yarkoni et
al., 2011). Based on patterns of coactiva-
tion, the authors found that aggregating
MFC voxels into three or nine divisions
yielded the best clustering solutions. The
tripartite organization divided the MFC
in posterior, middle, and anterior zones.
The 9-cluster solution further divided
these zones into dissociable subregions:
the posterior zone was divided into the
supplemental motor area (SMA) and the
pre-SMA; the middle zone, or midcingu-
late cortex, was divided into dorsal/ven-
tral and anterior/posterior subregions;
and the anterior zone was separated into
dorsomedial prefrontal cortex, ventrome-

dial prefrontal cortex (vmPFC), and pre-
genual anterior cingulate cortex. These
zones presented distinct coactivation pat-
terns with the remaining brain structures:
the posterior zone was mainly associated
with motor-related regions; the middle
zone with the anterior thalamus and clus-
ters from the frontoparietal control net-
work; and the anterior zone with clusters
from the Default-Mode Network. Finally,
the authors modeled the topics of each
study in the Neurosynth database and
generated functional preference profiles
by testing which topics from the semantic
context of each study best predicted the
activation of a given region, using a Bayes-
ian classification approach. The activation
of the posterior zone was associated with
motor functioning; the middle zone with
cognitive control, pain, and affect; and the
anterior zone with reward, social process-
ing, and episodic memory.

These results are complemented by the
parcellation of the human cerebral cortex
recently proposed by Glasser et al. (2016).
One of the most prominent differences
concerns the anterior part of the MFC,
particularly the vmPFC, which was di-
vided into more subregions in the Glasser
et al. (2016) study (mainly associated with
Default-Mode Network clusters). These
differences might arise from methodolog-
ical considerations pertaining to the strat-
egy of parcellating the MFC. In the study
from de la Vega et al. (2016), the 9-cluster
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solution was selected due to the stabiliza-
tion of the silhouette coefficient (the min-
imum average distance between cluster
members). However, no point of inflec-
tion was observed, opening the possibility
that the maximum number of clusters
considered (15) might not be enough to
reveal more refined subdivisions of the
MFC. It can be hypothesized that the
vmPFC is composed of subregions that
have distinct roles at rest, but function in
coordination during affective processes,
such as reward or fear. Indeed, when ana-
lyzing the results from de la Vega et al.
(2016, their Fig. 4), it is evident that, al-
though distinct subdivisions of the ante-
rior MFC are indissociably linked to
episodic memory, they are differently as-
sociated with reward. Therefore, it is rea-
sonable to assume that these subdivisions
may work either together or separately,
depending on the functional context. Fur-
thermore, it is also likely that regions with
different properties, such as the ones ex-
plored by Glasser et al. (2016), coexist
across psychological states by making part
of the same circuit. Of note, none of the
studies integrated structural connectivity
for the parcellation of the MFC, which is
thought to influence brain functional pat-
terns (Park and Friston, 2013). Together,
this suggests that the cortical organization
of the MFC is still an open question and
further developments can be expected in
the near future.

de la Vega et al. (2016) suggest that
the association of SMA with pain pro-
cessing and motor function could re-
flect the importance of this region for
initiating movement in response to
pain. This is in accordance with previ-
ous reports of associations between ac-
tivation in the SMA, motor control, and
painful stimuli (Misra and Coombes,
2015). Despite falling within the same
cluster for the tripartite solution, poste-
rior subdivisions have dissociable struc-
tural links: whereas the SMA projects
directly to motor areas, the pre-SMA
projects to the dorsolateral prefrontal
cortex (Wang et al., 2005). However,
there seems to be no clear functional di-
chotomy or clear structural boundary
between the SMA and pre-SMA subdi-
visions, but rather a continuum that
does not favor a modular organization
(Nachev et al., 2008).

de la Vega et al. (2016) also suggested
that the dorsal clusters from the middle
zone were more associated with cognitive
motor control that requires working mem-
ory, whereas the ventral clusters’ function
would be to incorporate low-level affective

signals into cognitive control. Despite agree-
ing with previous findings reporting an in-
volvement of the mid-cingulate cortex in
pain processing (Vogt, 2016), these results
seem to suggest that dorsal clusters share
functional commonalities with the poste-
rior MFC, whereas anterior subdivisions are
more related with the anterior MFC. Again,
this raises the question of the extent to
which the MFC should be considered as an
agglomerate of functionally distinct sub-
parts and whether the functional division
depends on the functional context. Criti-
cally, de la Vega et al. (2016) suggest that the
anterior zones of the MFC (particularly the
pregenual anterior cingulate cortex and
the vmPFC), in comparison with other
MFC subdivisions, are more associated with
affective processes and decision-making.
This supports the view of Euston et al.
(2012) that the role of the anterior MFC is to
produce adaptive emotional responses
based on inputs from emotion-related
structures and storing the appropriate ac-
tions.

Some methodological points should
be considered. The authors used genera-
tive topic modeling to define a set of top-
ics based on the co-occurrence of key
words across the abstracts of fMRI stud-
ies. de la Vega et al. (2016, their Table 1)
demonstrated some words loaded on
multiple topics (e.g., “cognitive” loaded
on three topics: conflict, inhibition, and
working memory), which may explain
why all the subregions of the middle por-
tion of the MFC were similarly predicted
by inhibition and response conflict (de la
Vega et al., 2016, their Fig. 4). As recog-
nized by the authors, the use of standard-
ized ontologies (e.g., Poldrack et al., 2011)
might constitute an improvement on the
reliability of psychological concepts. Ulti-
mately, this may help to further clarify the
link between individual subregions of the
MFC and their functional correlates.

Despite the valuable efforts of the study
by de la Vega et al. (2016) to address the
reverse inference problem associated with
the MFC, it is important to be aware that
their conclusions were based on forward in-
ferences. Thus, future studies should focus
on predictive models in which psychologi-
cal states are classified based on the pattern
of activation of individual MFC subdivi-
sions, rather than using the psychological
states to predict patterns of MFC activity.
This would allow researchers to properly
tackle reverse inferences (i.e., to infer that
the pattern of MFC activation affects a spe-
cific function).

Recent debates in fMRI research have
focused on the huge rate of false positive

findings (Eklund et al., 2016) and the re-
duced chance of results’ reproducibility
(i.e., statistical power) (Button et al.,
2013). Although scarcely used in fMRI re-
search, the use of planned power analysis
may improve the level of evidence in
this type of study (Mumford, 2012). Not-
withstanding, as de la Vega et al. (2016)
highlight, the meta-analytic approach im-
plemented in their study was exclusively
based on the aggregation of results re-
ported as significant across studies. This is
because the results of most neuroimaging
publications are presented as tables with
the coordinates of significant findings,
which can be particularly problematic be-
cause it is likely that subthreshold, but
consistent, effects across studies will
not be captured when aggregating results
(Gorgolewski et al., 2015). Thus, this work
highlights the importance of sharing full
statistical maps in individual neuroim-
aging studies to allow more refined esti-
mation, through the use of image-based
meta-analysis.

In conclusion, the study by de la Vega
et al. (2016) is an important advancement
in our understanding of the functional ar-
chitecture of the MFC. Furthermore, it
provides a great incentive for the develop-
ment of strategies to solve a common con-
cern in fMRI studies: the reverse inference
problem. From a general perspective, the
use of similar approaches may promote
a more comprehensive understanding of
the link between brain structures and
their functional role, which is of upmost
relevance to illuminate potential thera-
peutic targets in clinical populations.
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Bonini F, Burle B, Liégeois-Chauvel C, Régis J,
Chauvel P, Vidal F (2014) Action monitor-
ing and medial frontal cortex: leading role of
supplementary motor area. Science 343:888 –
891. CrossRef Medline

Button KS, Ioannidis JP, Mokrysz C, Nosek BA,
Flint J, Robinson ES, Munafò MR (2013)
Power failure: why small sample size under-
mines the reliability of neuroscience. Nat Rev
Neurosci 14:365–376. CrossRef Medline

de la Vega A, Chang LJ, Banich MT, Wager TD,
Yarkoni T (2016) Large-scale meta-analysis
of human medial frontal cortex reveals tripar-
tite functional organization. J Neurosci 36:
6553– 6562. CrossRef Medline

Eklund A, Nichols TE, Knutsson H (2016) Clus-
ter failure: why fMRI inferences for spatial ex-
tent have inflated false-positive rates. Proc
Natl Acad Sci U S A 2016:02413. CrossRef
Medline

Euston DR, Gruber AJ, McNaughton BL (2012)

Silva Moreira et al. • Journal Club J. Neurosci., November 2, 2016 • 36(44):11168 –11170 • 11169

http://dx.doi.org/10.1038/nrn1884
http://www.ncbi.nlm.nih.gov/pubmed/16552413
http://dx.doi.org/10.1126/science.1247412
http://www.ncbi.nlm.nih.gov/pubmed/24558161
http://dx.doi.org/10.1038/nrn3475
http://www.ncbi.nlm.nih.gov/pubmed/23571845
http://dx.doi.org/10.1523/JNEUROSCI.4402-15.2016
http://www.ncbi.nlm.nih.gov/pubmed/27307242
http://dx.doi.org/10.1073/pnas.1602413113
http://www.ncbi.nlm.nih.gov/pubmed/27357684


The role of medial prefrontal cortex in mem-
ory and decision making. Neuron 76:1057–
1070. CrossRef Medline

Gehring WJ, Fencsik DE (2001) Functions of the
medial frontal cortex in the processing of con-
flict and errors. J Neurosci 21:9430 –9437.
Medline

Glasser MF, Coalson TS, Robinson EC, Hacker
CD, Harwell J, Yacoub E, Ugurbil K, Ander-
sson J, Beckmann CF, Jenkinson M, Smith
SM, Van Essen DC (2016) A multi-modal
parcellation of human cerebral cortex. Nature
536:171–178. CrossRef Medline

Gorgolewski KJ, Varoquaux G, Rivera G, Schwarz Y,
GhoshSS,MaumetC,SochatVV,NicholsTE,Pol-
drack RA, Poline JB, Yarkoni T, Margulies DS
(2015) NeuroVault.org: a web-based repository
for collecting and sharing unthresholded statistical
maps of the human brain. Front Neuroinform 9:8.
CrossRef Medline

Kahnt T, Grueschow M, Speck O, Haynes JD
(2011) Perceptual learning and decision-

making in human medial frontal cortex. Neu-
ron 70:549 –559. CrossRef Medline

Misra G, Coombes SA (2015) Neuroimaging ev-
idence of motor control and pain processing
in the human midcingulate cortex. Cereb
Cortex 25:1906 –1919. CrossRef Medline

Mumford JA (2012) A power calculation guide
for fMRI studies. Soc Cogn Affect Neurosci
7:738 –742. CrossRef Medline

Nachev P, Kennard C, Husain M (2008) Func-
tional role of the supplementary and pre-
supplementary motor areas. Nat Rev Neurosci
9:856 – 869. CrossRef Medline

Park HJ, Friston K (2013) Structural and functional
brain networks: from connections to cognition.
Science 342:1238411. CrossRef Medline

Poldrack RA (2006) Can cognitive processes be
inferred from neuroimaging data? Trends
Cogn Sci 10:59 – 63. CrossRef Medline

Poldrack RA, Kittur A, Kalar D, Miller E, Seppa C,
Gil Y, Parker DS, Sabb FW, Bilder RM (2011)
The cognitive atlas: toward a knowledge foun-

dation for cognitive neuroscience. Front Neu-
roinform 5:17. CrossRef Medline

Taylor SF, Martis B, Fitzgerald KD, Welsh RC,
Abelson JL, Liberzon I, Himle JA, Gehring WJ
(2006) Medial frontal cortex activity and
loss-related responses to errors. J Neurosci 26:
4063– 4070. CrossRef Medline

Vogt BA (2016) Midcingulate cortex: structure,
connections, homologies, functions and dis-
eases. J Chem Neuroanat 74:28 – 46. CrossRef
Medline

Wang Y, Isoda M, Matsuzaka Y, Shima K, Tanji J
(2005) Prefrontal cortical cells projecting to
the supplementary eye field and presupple-
mentary motor area in the monkey. Neurosci
Res 53:1–7. CrossRef Medline

Yarkoni T, Poldrack RA, Nichols TE, Van Essen
DC, Wager TD (2011) Large-scale auto-
mated synthesis of human functional neu-
roimaging data. Nat Methods 8:665– 670.
CrossRef Medline

11170 • J. Neurosci., November 2, 2016 • 36(44):11168 –11170 Silva Moreira et al. • Journal Club

http://dx.doi.org/10.1016/j.neuron.2012.12.002
http://www.ncbi.nlm.nih.gov/pubmed/23259943
http://www.ncbi.nlm.nih.gov/pubmed/11717376
http://dx.doi.org/10.1038/nature18933
http://www.ncbi.nlm.nih.gov/pubmed/27437579
http://dx.doi.org/10.3389/fninf.2015.00008
http://www.ncbi.nlm.nih.gov/pubmed/25914639
http://dx.doi.org/10.1016/j.neuron.2011.02.054
http://www.ncbi.nlm.nih.gov/pubmed/21555079
http://dx.doi.org/10.1093/cercor/bhu001
http://www.ncbi.nlm.nih.gov/pubmed/24464941
http://dx.doi.org/10.1093/scan/nss059
http://www.ncbi.nlm.nih.gov/pubmed/22641837
http://dx.doi.org/10.1038/nrn2478
http://www.ncbi.nlm.nih.gov/pubmed/18843271
http://dx.doi.org/10.1126/science.1238411
http://www.ncbi.nlm.nih.gov/pubmed/24179229
http://dx.doi.org/10.1016/j.tics.2005.12.004
http://www.ncbi.nlm.nih.gov/pubmed/16406760
http://dx.doi.org/10.3389/fninf.2011.00017
http://www.ncbi.nlm.nih.gov/pubmed/21922006
http://dx.doi.org/10.1523/JNEUROSCI.4709-05.2006
http://www.ncbi.nlm.nih.gov/pubmed/16611823
http://dx.doi.org/10.1016/j.jchemneu.2016.01.010
http://www.ncbi.nlm.nih.gov/pubmed/26993424
http://dx.doi.org/10.1016/j.neures.2005.05.005
http://www.ncbi.nlm.nih.gov/pubmed/15992955
http://dx.doi.org/10.1038/nmeth.1635
http://www.ncbi.nlm.nih.gov/pubmed/21706013

	Identifying Functional Subdivisions in the Medial Frontal Cortex

