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Human Prefrontal Cortex: Regions and Functions
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ABSTRACT

Prefrontal cortex (PFC) has been referred to as the 
personality center in the human brain ever since Phineas 
Gage changed into another person after suffering damage 
to his PFC. Among the areas of frontal lobe, subregions of 
this area of the cortex perform the most important cognitive 
functions. All subregions are found related to important 
executive functions such as abstract reasoning, learning, 
decision-making, regulation of emotions, integrating inputs 
from the environment and reacting to them. Prefrontal 
cortex subregions perform their functions by working 
together with other brain regions and integrating them. 
Impairment in any of these subregions is connected to the 
majority of researched psychiatric disorders, such as anxiety, 
depression, and suicidal ideation, because of their crucial 
roles in behavior and psychology. Therefore, expanding 
data of the PFC studies especially in humans provides a new 
perspective on cognition and psychiatric disorders. In this 
review, the human prefrontal cortex and its functions were 
discussed. 
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The human brain consists of three main parts 
cerebrum, cerebellum, and brainstem. Besides two 
cerebral hemispheres, the cerebrum consists of an 
outer layer and an inner layer which are gray and 
white matter, respectively. The gray matter is also 
called the cerebral cortex. The cortex is studied by 
dividing into four lobes: parietal, temporal, frontal, 
and occipital lobes.[1] These lobes, which have a high 
density of neurons, are found on the outer of the 
brain and are noted for their enfolding structure. 
The brain’s enfolding with the sulcus and gyrus 
demonstrates how evolution permitted the brain 
to grow extremely large while remaining small at 
the same time. Social interactions, emotion control, 
human behavior, and personality are all regarded to 
be functions of the frontal lobe. The prefrontal cortex 
(PFC) is a critical component of the frontal lobe and is 
commonly examined by functionally dividing it into 
five regions: dorsolateral PFC (DLPFC), dorsomedial 
PFC (DMPFC), ventrolateral PFC (VLPFC), ventromedial 
PFC (VMPFC), and orbitofrontal cortex (OFC).[2-5]

It is said that the PFC is our “personality center”[6] 

which separates us from other animals. It’s where we 
show off our wisdom, foresight, and understanding. 
The prefrontal cortex is responsible for both sensory 

and motor functions by processing inputs at any 
moment and comparing it to our other experiences 
and reacting to our surroundings. The importance 
of the PFC for humans as a personality center 
was first discovered in 1848 when Phineas Gage 
accidentally had damage to his PFC, especially 
in his orbitofrontal cortex. Unlike before the PFC 
damage, Phineas became a brash and aggressive 
man after the accident. Today we know that 
dysfunctions and lesions in PFC are directly related 
to various neuropsychiatric disorders.[7,8] Additionally, 
dysregulation of gene expression in PFC is found 
related to the pathophysiology of suicide.[9] Slower 
mental processing and personal changes such as 
loss of interest can be other examples of results of 
PFC damage in different parts of the PFC.[10] The 
prefrontal cortex lobes are found smaller in patients 
with depression when compared to healthy human 
lobes.[11] Following that, psychological stress is found 
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to be activating the PFC. Besides the psychological and 
cognitive effects, PFC also has a role in autonomous 
processes.[12] Even though these parts have common 
mechanisms, they work on different inputs.[13,14] Here, 
the aim is to collect and review the studies of these 
functions for each section of the PFC.

DORSOLATERAL PREFRONTAL CORTEX
The dorsolateral PFC is one of the most developed 

parts of the cortex during evolution. The DLPFC is 
mostly being studied because of the functions it 
performs in coordination with other cortical regions, 
thereby integrating all of the brain’s processes. Most 
of the executive functions in the human brain are 
considered to be performed by the DLPFC.[15] Besides 
the complex cognitive functions such as working 
memory, creativity, decision making, executive 
functions on emotions, and value encoding, DLPFC 
also has a role in the sensory and affective mechanisms 
of the brain network.[16-18] 

An interesting study on inequality aversion 
behavior showed that DLPFC activity is related to 
social preferences, which involve executive function 
and working memory.[19] One of DLPFC’s roles has 
been suggested to be pain suppression. Activation 
of this part of the brain is revealed with several brain 
scannings, even though DLPFC is not the only region 
to have a role in pain regulation.[20] To understand the 
distinctive role of DLPFC in dynamic social behavior, 
functional magnetic resonance imaging (fMRI) is 
performed on humans while they are playing a video 
game. Besides the other findings of the research that 
are consistent with the cognitive literature, they found 
that the DLPFC is involved in the generation of social 
action prediction errors and the prediction of one’s 
actions after seeing the actions of an opponent.[21]

Dysfunctional neural circuit cause and effect 
interactions that are related to DLPFC are examined 
for the pathophysiology of obsessive-compulsive 
disorder (OCD) with resting state fMRI (rs-fMRI). 
Although the specific neurology of OCD is not 
clarified yet, in addition to reduced DLPFC volume 
and thickness, rs-fMRI showed responsiveness is 
decreased throughout the planning task in OCD 
patients when compared to healthy individuals.[22] 
DLPFC has a suppressive role in posterior cingulate 
cortex (PCC) overactivation which is related to major 
depressive disorder (MDD) and therefore it is also 
studied as an MDD treatment.[23] Dysregulation of gene 
expression in DLPFC is related to schizophrenia.[24]

DORSOMEDIAL PREFRONTAL CORTEX
The dorsomedial PFC is the region of the brain 

that takes a prominent part in both the generation 
and regulation of emotion.[25] It is also the component 
of a large network that computes input from both 
social and nonsocial contexts and that relates this to 
decision-making based on the subjective value for 
self and others.[26] To understand the neural basis of 
rapid evaluation regarding romantic interactions, a 
study using fMRI collected the data of participants 
who were scanned while they were looking at the 
photos of the person they are going to date. It is 
found that the outcome of these interactions can 
be predicted by the activity of DMPFC. Judgment 
of physical beauty and the perception of a partner’s 
personality are the two components of this romantic 
assessment and they can be predicted even at the 
first glance from the activity of the paracingulate 
cortex and rostromedial PFC (rmPFC) respectively.[27] 

Another study focused on the neural basis of 
predicting others’ preferences. In this case, participants 
tried to predict the other one’s preference by looking 
at their faces. These predictions are significantly high. 
Increased activity of the DMPFC is suggested as the 
neural basis of this accuracy. Furthermore, DMPFC 
works together with temporoparietal junction (TPJ) 
and PCC/precuneus while estimation.[28] Anxiety and 
fear are also related to DMPFC functions. Anxiety 
level is predictable from the recruitment of DMPFC.[29]

According to a study performed to investigate 
the neural basis of thinking ‘per se’ (by itself, 
spontaneously), activation of DMPFC, which is 
measured with fMRI, is correlated with spontaneous 
thinking more than spontaneous perception. 
Especially the anterior DMPFC is involved selectively 
in thinking per se. Thinking per se is therefore found 
related to more complex abstract functions.[30]

VENTROLATERAL PREFRONTAL CORTEX
Cognitive functions such as decision-making 

and goal-directed behavior are performed with the 
contributions of ventrolateral PFC. This region acts as a 
bridge between sensory and motor areas and receives 
information about the object’s color and shape from 
the ventral visual pathway. The orbitofrontal cortex 
and the subcortical regions such as the midbrain 
and amygdala are involved in sending emotional and 
motivational information to the VLPFC. To mediate 
goal-directed behaviors, VLPFC integrates and uses 
information from different regions.[31] In particular, 
the left VLPFC is actively involved in the targeted 



JEB Med Sci136

recall of semantic information, that is, knowledge 
containing word meanings and information about 
objects or long-term knowledge in general. It is also 
revealed that any damage to the left VLPFC results in 
disruption of semantic functions.[32] The ventrolateral 
PFC is responsible for self-control in case of aggression. 
The blocking of goal-directed behaviors is defined as 
frustration, which then leads to aggression. In a study 
performed with non-invasive stimulation techniques, 
left and right VLPFC are stimulated to investigate 
this mechanism between frustration and aggression 
and they revealed the role of VLPFC in aggression.
[30] These results are consistent with an earlier study 
that shows the regulatory role of VLPFC on aggressive 
behavior.[31] Scientists investigate irrational economic 
decisions, which are thought to be correlated with old 
age. It is found that the rationality of the economic 
decisions that older people made is related to their 
VLPFC integrity rather than their age.[32] 

It is rational to assume that there is a relationship 
between psychiatric disorders and VLPFC due to 
its prominent functions. Near-infrared spectroscopy 
(NIRS) analysis showed a negative correlation between 
social avoidance and activation of right VLPFC. It is 
also suggested that social anxiety disorder (SAD) 
may be due to dysfunction of VLPFC.[33] Reduced gray 
matter volume in the right VLPFC is found related to 
suicidal ideation.[34] Over-activation of VLPFC is found 
in adolescents with a generalized anxiety disorder 
(GAD).[35]

VENTROMEDIAL PREFRONTAL CORTEX
The ventromedial PFC is the component of 

PFC that functions in learning by a goal-directed 
compression in its neural structure that involves 
reduced dimension in that area when learning a 
new concept. Adaptive compression and restriction 
of VMPFC are important to code cognitive maps or 
schematic models.[36] The ventromedial PFC is a critical 
region for the rewarding process of decision-making 
and computation of the value when achieving tasks, 
mostly by working together with the ventral striatum 
and PCC.[37] Functional magnetic resonance imaging 
analysis showed that the neural signals are directly 
proportional to reward. Dysfunction of VMPFC, 
because of a lesion, for example, causes impairment 
in decision-making. Studies show that patients 
with lesions in VMPFC make riskier decisions.[38] It 
is suggested as a modulator of the amygdala and 
caudate nucleus in reward-driven arousal control 
that affects the performance of the individual on 
the task involved in the research. The ventromedial 

PFC contributes to success with this mechanism.[39] 

Besides value-based decision-making, VMPFC acts 
as a regulator for negative emotions. This is revealed 
with research on humans, as well as research on 
monkeys and rodents. Interestingly, lesions in 
VMPFC cause a reduction in self-insight, including a 
reduction in embarrassment, regret, guilt, and shame 
while lesions in DLPFC are increasing self-insight and 
related negative emotions. It is known that humans 
with VMPFC lesions are less sensitive to depression 
and post-traumatic stress disorder and they are 
showing reduced physiological reactions to aversive 
stimuli. Depression is found related to hyperactivity 
of VMPFC but hypoactivity of DLPFC together.[40,41]

The ventromedial PFC is known to encode the 
value of safety to inhibit fear. Impairment of VMPFC 
is found related to GAD. Improvement of VMPFC 
function leads to coping with negative emotions 
better.[42]

ORBITOFRONTAL CORTEX
The orbitofrontal cortex is the large cortical area 

placed on the ventral surface of the prefrontal lobe. 
It is critical in predicting outcomes in order to make 
rational decisions, as well as in cognitive function.[43] 
It involves the secondary taste cortex and secondary 
and tertiary olfactory cortex. The orbitofrontal 
cortex performs learning in a stimulus-reinforcement 
manner with the stimulus it takes such as visuals, 
taste, and smell. Besides that, the analysis showed 
that OFC is also activated in more abstract stimuli 
such as losing or winning money. Face expressions 
are another visual information that reaches OFC. In 
case of any damage to OFC, stimuli-reinforcement 
learning and recognition of facial expressions are 
impaired.[44] Functions of OFC are defined by the 
patients with OFC lesions and their impaired social 
cognition, reversal learning, disinhibited behavior, 
pathologic gambling, obsessive-compulsive 
behavior or characteristic behaviors of autism, and 
psychopathy.[45] Dysfunction and altered structure of 
OFC is evident in depression. Grey-matter volume and 
the cortex thickness of posterolateral OFC are found 
reduced in patients with depression although it is 
not the only region with altered structure. Another 
dysregulation in the OFC area is seen in ventrolateral 
OFC with increased cerebral blood flow in patients 
with depression. Furthermore, medial OFC has been 
found to have decreased functional connectivity in 
depression.[46] Interesting research suggested that 
anhedonia, the underlying symptoms of depression, is 
related to dysregulated reward processing especially 
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medial and right lateral OFC due to reduced gray 
matter volume. This study that is made with children 
who have depressive symptoms shows that gray 
matter volume can be a potential biomarker for early 
diagnosis of depression.[47]

It is known that motivated behavior is controlled 
by OFC. Studies showed that alcohol and drug abuse 
disrupts the OFC and reduces OFC volume, which then 
results in impaired cognitive functions in humans.[48] 
It is a bi-directional effect in which a drug alters the 
structure of OFC and reduced OFC volume leads 
to addiction which is characterized by maladaptive 
decision making.[49]

Dysfunction in OFC is suggested to be related to 
obesity. Researches show a correlation between body 
mass index and the right OFC gray matter volume. 
Even though, more research is needed.[50-56]

In conclusion, the roles of PFC subregions in 
various functions, most notably cognition, are 
highlighted in this review. Overall functions of PFC 
are behavior regulation, cognitive and executive 
functions, abstract thinking, and decision-making. 
Some subregions have major functions unique to 
them when executing these tasks, but they do not 
work independently. Instead, they collaborate from 
an integrating perspective. The subdivision of PFC 
is a practical way to investigate its functions. These 
functions are revealed with an analysis of brain scans. 
Activation or deactivation, overactivity or hypoactivity 
of a PFC region is observed in humans in relation to 
different functions. Maladaptive functioning of PFC 
subregions and decreased volume of PFC which is 
also found related to maladaptive functions are all 
together correlated with psychiatric disorders. These 
findings are promising for us to understand these 
functions and dysfunctions in psychiatric disorders 
to understand it better. Furthermore, it is promising 
as it inspires new treatments. It is important to note 
that the brain is a complex network of neurons and 
more comprehensive analysis should be increased 
in the literature to understand the roles of any 
subregion better. This is especially important for the 
PFC, which is said to be separating us from other 
animals. Cognition is also a broad term to investigate.
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