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Imaging the pituitary in psychopathologies: a review of in vivo
magnetic resonance imaging studies
Chloe Anastassiadis1

· Sherri Lee Jones2 · Jens C. Pruessner3

Abstract
The pituitary gland (PG) is a key component of the essential endocrine systems in humans and animals, including the hypothalamic–pituitary–adrenal, hypothalamic–pituitary–gonadal, and hypothalamic–pituitary–thyroid axes. Structural changes
in the PG are observed in a number of psychiatric disorders. Psychiatric disorders are typically characterized by subtle,
time-dependent anatomical changes in the brain, and their study necessitates highly powered, longitudinal investigations.
Structural magnetic resonance imaging (MRI) is a non-invasive technology that is ideally suited to detect changes in anatomical structures over time. In this paper, we will review the main ﬁndings on pituitary function and structure in the context
of healthy development and of psychiatric disorders, with particular emphasis on MRI studies. The latter have not always
succeeded in providing a clear theoretical framework of mental disorders, which may be explained by low resolution and
diﬀerences in preprocessing methods, imprecise segmentation rules that do not account for the anatomical and functional
speciﬁcity of the anterior and posterior lobes of the PG, and inadequate categorization of clinical subjects. We review those
limitations and propose solutions for future research.
Keywords Magnetic resonance imaging · Manual segmentation · Pituitary · Psychopathology · Volumetric analysis

Introduction
In 1886, a case of acromegaly got scientists to recognize
the function of the pituitary gland (PG), also known as the
hypophysis, for the ﬁrst time (Musumeci et al. 2015). The
PG, often referred to as the body’s “master gland”, is critical for the regulation of endocrine activity, and subsequent
behavior and development. It receives hypothalamic signals, and together these structures coordinate the control of
three complex neuroendocrine systems: the hypothalamicpituitary–gonadal (HPG), the hypothalamic–pituitary–adrenal (HPA), and the hypothalamic–pituitary–thyroid (HPT)
axes (Castaneda Cortés et al. 2014). Those systems, which
are often perturbed in neuropsychiatric disorders, regulate
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reproductive behavior, the stress response, and metabolism,
respectively (Chrousos and Gold 1992; Fekete and Lechan
2014; Smith and Vale 2006). Ablation studies and histological work have shown that those neuroendocrine functions are
spatially compartmentalized in both the hypothalamus and
the PG. The human PG, in particular, can be divided into at
least two lobes (the adeno- and the neurohypophysis) that
are distinct by their position along the rostro-caudal axis, as
well as their size, and functions (Hong et al. 2016). Magnetic resonance imaging (MRI) has proven promising for
characterizing structural abnormalities of the whole PG in
several neuropsychiatric disorders, including schizophrenia
(Atmaca 2014), depression (Arnone et al. 2012), and eating
disorders (Doraiswamy et al. 1991). Here we summarize the
contributions and limitations of those studies and propose
future directions of structural MRI to elucidate the role of
the PG in psychopathologies. Whereas others have focused
mostly on the heterogeneity of the clinical ﬁndings (e.g.,
Atmaca 2014; Delvecchio et al. 2017), in this review we will
also give special consideration to the structure and function
of the PG and its appearance on MRI, and make the case for
a more biologically and anatomically informed study of its
two lobes.
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Contributions of ablation experiments
and postmortem studies
The anterior and posterior PG differ in their gross
anatomy and microscopic structure
Gross anatomy
As early as in the second century AD, Galen described
the PG and its stalk, based on his own dissections of animals (Toni 2000). The Greek physician assumed that the
gland worked as a receptacle for “mucus” (Laios et al.
2017). Although his incorrect theories about the function
of the PG were not seriously challenged until the seventeenth century (Toni 2000), there has been a reasonably
good understanding of the anatomy of the gland since the
Renaissance, obtained through postmortem examination of

Fig. 1 Hormones released by the adenohypophysis and pars intermedia and their respective targets. Under the action of the hypothalamus,
the anterior PG releases hormones to the adrenal cortex, thyroid, and
gonads as part of the main endocrine axes responsible for the stress
reaction, the regulation of metabolism, and reproductive behavior,
respectively. The liver and mammary glands are also targets of the

human bodies (Lechan and Toni 2000). The PG is situated
in the fossa hypophysialis, a cavity bounded by the sella
turcica (Menon et al. 2011). The latter is a depression of
the sphenoid bone, situated at the base of the skull and just
inferior to the suprasellar cistern and the hypothalamus
(Menon et al. 2011; Pantalone et al. 2015). The bony sella
is covered by dura mater and surrounded by the mucous
membrane of the air-ﬁlled sphenoid sinus inferiorly and
the inner dural layer of the venous cavernous sinuses laterally (Castillo 2005; Ouyang et al. 2011; Rhoton 2002).
As shown in Fig. 1, the PG is connected to the median
eminence of the hypothalamus via the pituitary stalk
(PS), also known as the infundibulum, which comprises
both a neuronal and a vascular component (Delman
2009; McCann 1992) and passes through the roof of the
sella, the diaphragm sellae (Rhoton 2002). The vascular
component, discovered by Popa and Fielding in 1930,
is called the hypophyseal portal system (McCann 1992).

anterior PG. The posterior PG (pars nervosa) releases oxytocin (OT)
and the antidiuretic hormone (ADH), which regulate social behavior
and water balance and metabolism, respectively. Reprinted from A
journey through the pituitary by Musumeci et al. (2015) Copyright
2015 Elsevier GmbH. Reprinted with permission
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Anatomical studies on the living toad a few years later
found that the hypophyseal portal system supplied blood
to the PG from the hypothalamus, suggesting hypothalamic control of the PG (McCann 1992). This portal system receives its input from a network of capillaries in the
median eminence, which itself arises from a branch of the
internal carotid artery, the superior hypophyseal artery
(McCartney and Marshall, 2019). Now we know that the
hypophyseal portal system supplies only the anterior PG,
or adenohypophysis, which represents about 80% of the
whole PG mass (Fountas and Karavitaki 2017) and 70%
of its length (Ju et al. 2010). The anterior PG comprises
the pars distalis, intermedia, and tuberalis (Menon et al.
2011), with the latter being the continuation of the hypophyseal portal system (Castillo 2005). The human pars
intermedia is ill defined (Yeung et al. 2006) and often
considered almost vestigial in human adults (Amar and
Weiss 2003). The posterior PG is the extension of the
neuronal component of the PS or infundibulum (Fig. 1),
as first discovered by Ramon y Cajal in 1894 (Lechan and
Toni 2000), and is a circumventricular organ (i.e., situated
outside the blood–brain barrier) (Kiecker 2017). It may
be referred to as the pars nervosa or infundibular process
(Castillo 2005), and, combined with the infundibulum,
as the neurohypophysis (Menon et al. 2011). The latter
term sometimes also includes the median eminence of the
hypothalamus (Castillo 2005). The posterior PG receives
direct vascular inputs through the inferior hypophyseal
artery, another branch of the internal carotid arteries
(Lechan et Toni 2000).

Microscopic structure
The anterior PG contains ﬁve main endocrine cell types,
diﬀerentiated by the hormones they secrete and their location (Le Tissier et al. 2012): the somatotropes (50% of the
cells), corticotropes (10–20%), and lactotropes (10–25%)
in the pars distalis, and the gonadotropes (10%) and thyrotropes (5%) in the pars tuberalis and the pars distalis
(Ben-Shlomo and Shlomo 2017; Dada et al. 1984; Eagle
and Tortonese 2000; Lechan and Toni 2000; Menon et al.
2011; Morgan and Williams 1996; Yeung et al. 2006)
(Fig. 1). There are also melanotropes in the pars intermedia (Menon et al. 2011), and non-hormonal folliculostellate cells (Yeung et al. 2006). The posterior lobe of the
PG is constituted by axons originating in the supraoptic
(SON) and paraventricular (PVN) nuclei of the hypothalamus (Musumeci et al. 2015), and also contains supporting
neuroglial cells, the pituicytes (Castillo 2005). During the
ﬁrst half of the twentieth century, the functions of both
lobes were intensively studied, using mostly ablation/
implant studies on animals.

The anterior and posterior PG differ in function
Anterior PG
Ablation/implant studies on animals uncovered the complex dynamics between the hypothalamus, the PG, and
other glands through forward commands and feedback
loops. Three circuits involving the hypothalamus and the
anterior PG were found to control basic functions of the
HPG, HPA, and HPT axes. The HPG axis regulates reproductive functions. The pars tuberalis of the anterior PG
secretes luteinizing hormones (LH) and follicle-stimulating hormones (FSH) (Menon et al. 2011) in response to
hypothalamic release of gonadotropin-releasing hormones
(GnRH) via the hypophyseal portal system (Hong et al.
2016). LH and FSH stimulate the gonads, which in turn
release sex steroid hormones, such as estradiol or testosterone. Sex steroids aﬀect reproductive behavior, body
mass, and bone density (Hong et al. 2016). The existence
of a negative feedback loop from the gonads to the PG
was hypothesized by Moore and Price when they observed
that injecting male or female gonadal hormones into castrated males had a “depressing eﬀect upon the hypophysis”
(Moore and Price 1932). The anterior PG also participates
in the ﬁght-or-ﬂight response mediated by the HPA axis
(Bao and Swaab 2011). In 1958, Royce and Sayers partially isolated a corticotropin-releasing hormone (CRH,
also known as hypothalamic corticotropin-releasing factor (CRF)) that stimulates the secretion of adrenocorticotropic hormones (ACTH) from the pars distalis of the PG
(McCann 1992; Menon et al. 2011). The complete puriﬁcation and synthesis of CRH occurred about 2 decades
later (Vale et al. 1981). ACTH, in turn, primarily activates the secretion of cortisol from the adrenal glands (Bao
and Swaab 2011). Those hormones inﬂuence the stress
response, and other related physiological mechanisms such
as vascular tone and body metabolism (Hong et al. 2016).
In the HPT axis, thyrotropin-releasing hormone (TRH)
is released by the hypothalamus and stimulates thyroidstimulating hormone (TSH) release from the pars tuberalis
(Menon et al. 2011). The thyroid then releases triiodothyronine (T3) and thyroxine (T4) hormones (Schroeder and
Privalsky 2014), which regulate body temperature, metabolism, and heart rate. The PG also acts separately from
those three neuroendocrine axes, as hormones released
in the bloodstream might act directly on non-endocrine
organs. The pars distalis produces growth hormones (GH)
that have anabolic eﬀects on the musculoskeletal system
(Menon et al. 2011). The pars intermedia secretes betamelanocyte-stimulating hormone that aﬀects skin pigmentation, and endorphins and enkephalins that act on
the brain and immune system to inhibit pain (Menon et al.
2011).
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Posterior PG
Finally, the posterior PG releases oxytocin (OT), a hormone
involved in uterine labor, lactation, orgasm, and social bonding (Musumeci et al. 2015); and vasopressin, the antidiuretic hormone (ADH) that regulates the amount of water
excreted by the kidneys and maintains water balance in the
body (Menon et al. 2011). ADH can also act in coordination
with CRH to promote ACTH secretion, and aﬀects aggressiveness, social bonding, body temperature, and memory
(Ishunina and Swaab 1999). The precursors of both OT
and ADH are synthesized and almost fully processed in the
magnocellular neurosecretory cells of the SON and PVN of
the hypothalamus (Scheithauer et al. 1992). Indeed, unlike
other endocrine structures, the posterior PG consists of the
processes of mature neurons from the hypothalamus and can
only stock and release hormones (Scheithauer et al. 1992).
Those hormones are stored in the terminal of these unmyelinated projections, in secretory granules that accumulate
inside large (1–50 micron diameter) “swellings” known as
“Herring bodies” (Lechan and Toni, 2000; Scheithauer et al.
1992; Zimmerman and Robinson, 1976).

Atypical PG size, especially during childhood
and adolescence, is associated
with abnormal function and behavior
Healthy development
Under the influence of transcription factors that guide
proliferation, apoptosis, and terminal gene activation, the
anterior and posterior lobes of the PG undergo diﬀerentiation at the embryological stage from two distinct tissues,
Rathke’s pouch—constituted by ectoderm—and neuroectoderm, respectively (Bazina et al. 2007; de Moraes et al.
2012; Musumeci et al. 2015). The anterior gland begins
functioning at the end of the ﬁrst trimester of gestation, and
the posterior gland at the end of fetal life (Amar and Weiss
2003). Characterizing the healthy PG development throughout childhood and adolescence remains extremely important,
as they appear to be critical periods involved in most PGrelated disorders. For instance, only 4–6% of pediatric cases
of PG tumors remain functionally silent, versus 33–50% in
adults (Keil and Stratakis 2008). Moreover, recent work
suggests that PG volume in early adolescence might predict subsequent psychiatric status (Zipursky et al. 2011).
Typically, PG weight rapidly increases during childhood and
adolescence, from 100 mg at birth to 500–600 mg in early
adulthood (Amar and Weiss 2003). It measures approximately 10 mm in length, 10–15 mm in width, and 5 mm in
height, although its dimensions in the three axes and thus
volume vary throughout life (Amar and Weiss 2003). Some

evidence suggests gonadal hormones can induce cell proliferation in the anterior lobe (Ronchetti et al. 2013), leading
to PG growth. Autopsy data from individuals with no history
of endocrine disorders have shown that PG volumes peak
in the mid-20s to early 30s and then become smaller (Denk
et al. 1999; Ju et al. 2010; Roppolo et al. 1983). The decrease
after mid-life may be related to the decrease in androgenic
activity or menopause, lower numbers of somatotropes,
basophilic invasion of the neurohypophysis, compression
by the adjacent carotid arteries, amyloid-beta and iron load
(Castillo 2005), and formation of interstitial ﬁbrosis in the
anterior gland, especially in males (Everitt and Andrews
1983). These typical developmental trajectories based on
histological data can be used as a reference for the validation
of subsequent ﬁndings using MRI.

Abnormal development
PG size is associated with hormone secretion and can reﬂect
endocrine disorders, such as Cushing’s disease, gigantism,
acromegaly, hyperprolactinemia, or diabetes insipidus. PG
adenomas, particularly of the anterior PG, are a prime example of the relationship between PG size, hormone secretion
and physical pathology. Tumors in the anterior PG can lead
to ACTH hypersecretion, causing Cushing’s disease; to GH
hypersecretion, which causes gigantism and acromegaly; or
to hyperprolactinemia, the most common endocrine disorder of the hypothalamic–pituitary axis (Bayrak et al. 2005;
Fountas and Karavitaki 2017). Although studies on the volume of the posterior PG are rare, it is well known that ADH
deﬁciency is seen in patients with diabetes insipidus, the
symptoms of which are polyuria, frequent urination, and
persistent thirst (Hong et al. 2016). The PG is also hypothesized to be involved in psychopathologies. This may be due
to its role in the HPA axis which is often disrupted in psychopathologies (Scott and Dinan 1998). PG volume diﬀers
between males and females (Takano et al. 1999) suggesting
it may be particularly useful to study PG volume growth
trajectories in psychiatric disorders that typically present
sex diﬀerences in their prevalence or symptom proﬁle [for
example, depression (Piccinelli and Wilkinson 2000) and
schizophrenia (Abel et al. 2010)]. Mental disorders, however, are diﬃcult to study due to their complex etiology and
the need for well-powered studies on humans, particularly
healthy youths who are not well represented in autopsy data.
MRI allows in vivo, longitudinal, investigations with large
numbers of human participants, and gives results comparable to those obtained in postmortem studies, which is the
gold standard in neuroanatomy (Denk et al. 1999). With the
development of increasingly accurate and reliable tools for
MRI-based volumetric analyses, this technology is invaluable for the characterization of both normal and abnormal
PG development.
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Contributions of structural MRI
MRI studies of healthy development are validated
by autopsy data
The effect of age
In accordance with postmortem studies, MRI-based investigations have reported an increase of PG volume during
adolescence, followed by a decrease in late adulthood. Log
PG volume increases gradually in young children (Fink et al.
2005), and the existence of a growth spurt of PG volume
during puberty, positively associated with circulating levels
of PG and gonadal sex hormones (Peper et al. 2010) and
paralleling the growth spurt of the human body itself, is well
documented (MacMaster et al. 2007; Sari et al. 2014; Takano
et al. 1999). The volume of the posterior PG increases less
rapidly during puberty, suggesting that the anterior PG
inhibits its growth (Takano et al. 1999). In adults over 50,
the overall volume of the PG eventually decreases (Lurie
et al. 1990). The posterior bright spot (PBS) decreases in
size with age (Côté et al. 2014).

was motivated for instance by the abnormal levels of stress
reactivity (hormonal response, self-reported emotional reactivity) observed in unaﬀected relatives of psychotic patients
(Aiello et al. 2012). In adult patients with psychotic disorders, their siblings, and healthy controls, there was a positive
correlation between PG volume and emotional stress reactivity, especially in the patients (Habets et al. 2012). Similarly, in other studies PG volume could predict subsequent
HPA reactivity, as assessed, for instance, by the cortisol
awakening response or the diurnal slope (Kaess et al. 2013,
2018). Other PG functions have been implicated in mental
disorders, such as the HPG system and prolactin secretion
in schizophrenia (Büschlen et al. 2011). The literature on
pituitary involvement in psychopathologies suggests there
might be at least two biologically distinct types of psychotic
disorders, one characterized by small PGs and the other by
larger PGs (Habets et al. 2012). This makes the case for
the use of non-categorical inclusion criteria rather than only
clinical labels in MRI studies.

Inconsistencies in MRI studies of psychopathologies
Psychosis

Sex differences
The change in PG volume with age is also moderated by sex.
The most signiﬁcant diﬀerences are seen during early adolescence, with girls displaying volumetric increases earlier
than boys (Chen et al. 2004; Ganella et al. 2015; MacMaster
et al. 2007). This is in line with the fact that girls experience
puberty earlier than their male counterparts. Testosterone
and estradiol levels were indeed reported to predict PG volume in males and pre-menarche girls independently of age
(Wong et al. 2014). In late adolescence, Takano et al. (1999)
and MacMaster et al. (2008) both reported a smaller eﬀect
of sex, but several other studies (Atmaca et al. 2009, 2010;
Büschlen et al. 2011; Cousins et al. 2010; Gruner et al. 2012)
observed a signiﬁcant sexual dimorphism even in young
adults. No sex diﬀerence was observed for older age groups
(Eker et al. 2008). Importantly, as shown in Table 1, most
groups either looked at whole PG volume, and only a few
considered the anterior and posterior lobes separately (Fujisawa et al. 1987; Takano et al. 1999).

Structural changes seen on MRI are associated
with changes in function
To better understand how PG volume relates to psychiatric
status, several groups have attempted to characterize how it
aﬀects more basic phenotypes like HPA function (Axelson
et al. 1992; Habets et al. 2012; Murray et al. 2016). This

Unsurprisingly, a large number of studies report associations between the volume of either the whole or anterior
PG and psychiatric status, especially in the context of psychotic disorders. To date, no consensus on the direction of
the relationship has been reached. First-Episode Psychosis
(FEP) groups were reported to have larger PGs than healthy
controls in several (Atmaca 2014; Pariante et al. 2004; Takahashi et al. 2013) but not all (Gruner et al. 2012; Habets
et al. 2012) studies, and so were their ﬁrst-degree relatives
(Aiello et al. 2012; Mondelli et al. 2008). One hypothesis is
that larger PG volume is due to increased number and size of
corticotropes and HPA hyperreactivity (Axelson et al. 1992;
Pariante et al. 2004), although support for this hypothesis
from animal studies is limited (Aguiar et al. 1997; Füchsl
et al. 2013). HPA hyperreactivity, in turn, could affect
the expression of genes critical in brain development like
brain-derived neurotrophic factor (BDNF), especially during puberty, and lead to the onset of psychosis (Aiello et al.
2012; Borges et al. 2013). In that scenario, PG volume
should be a strong predictor of transition to psychosis later
in life. In fact, several studies found that individuals at clinical risk that transitioned to psychosis within the following
years (Büschlen et al. 2011; Garner et al. 2005; Shah et al.
2015) had larger PGs, with a risk increase of 20% for every
10% increase in volume (Garner et al. 2005). A meta-analysis even concluded that the diﬀerence with healthy controls
was signiﬁcant in the transitioning ultrahigh-risk (UHR)
group but not in the FEP group (Nordholm et al. 2013).
Non-transitioning UHR reportedly had a smaller PG volume

1.5; .9375 × 0.9375 × 2.4; PG; Adapted from Sassi et al.
(2001), MacMaster and Kusumakar (2004)

1.5; 3 (sagittal); PG; Adapted from Krishnan et al. (1991) MV: age, gender, post-dexamethasone plasma cortisol
1.5; 1.28 × 1 × 1; PG; Pariante et al. (2004)
1.5; 1.5 (coronal); PG; original
3.0; 1 × 1 × 1; PG; Sassi et al. (2001)

1.5; 1.25 (coronal); PG; Sassi et al. (2001)
1.5; 1 × 1 × 1; PG; Sassi et al. (2001)
1.5; .5–1.2 (coronal and sagittal); PG; nd
1.5; 3 (coronal); anterior and posterior PG; original
3.0; .9 × 0.9 × 0.9; PG; Pariante et al. (2004)
1.5; 1.5 (coronal); PG; Sassi et al. (2001) and Pariante
et al. (2004)

1.5; nd (coronal); PG; Pariante et al. (2004)

Psychiatric patients (24; 45.48 ± 17.46; 7)

ARMS-T (16; 26.4 ± 6.5; 11), ARMS-NT (20; 23.7 ± 6.1;
10), FE–P (23; 26.8 ± 6.5; 17), HC (20; 22.9 ± 4.4)

BD (16; 15.3 ± 3.4; 8), HC (21; 16.9 ± 3.8; 12)

BD I (23; 32.87 ± 7.62; 13) vs HC (32; 31.69 ± 7.01;
22), BD II/NOS (39; 20.79 ± 9.40; 20) vs HC (42;
21.0 ± 2.28; 23)

BD (49; 44.5 ± 8.8; 23), HC (47; 45.8 ± 8.6; 19)

BD (34; 50.1 ± 10.8; 15), HC (41; 48.1 ± 8.2; 15)

MDD (34; 31.7 ± 8.4; 8), HC (39; 30.4 ± 6.8; 10)

Children with no endocrine disorders but seizures or idiopathic developmental delay (254; 5.2 ± 2.9; 82)

Healthy (60; 25.1 ± nd; 30)

Community cohort (91; 16.45 ± .51; 49 at TP1), (91;
18.80 ± .44; 49 at TP2)

BPD (20; 17.3 ± 1.1; 5), HC (20; 19.0 ± 2.2; 5)

UHR-NP (63; 20.1 ± .31; 38), UHR-P (31; 19.1 ± 3.6; 20), 1.5; 1.5 (coronal); PG; Sassi et al. (2001) and Pariante
HC (49; 20.2 ± 2.7; 32)
et al. (2004)

1.5; 1.5 (coronal and sagittal); PG; Pariante et al. (2004)

Hypochondriacs (20; 31.30 ± 4.94; 10), HC (20;
29.25 ± 6.79)

FEP (55; nd ± nd; nd) and HC (59; nd ± nd; nd) at TP1,
FEP (38; nd ± nd; nd) and HC (34; nd ± nd; nd) at TP2
(after AP treatment)

PD (20; 29.1 ± 8.0; 11), siblings of PD (37; 28.3 ± 7.8;
14), HC (32; 32.9 ± 11.5; 10)

Aﬀected HR (19; 21.3 ± 3.5; 5), Unaﬀected HR (24;
19.8 ± 3.2; 9), HC (31; 20.6 ± 3.3; 11)

BPD (20; 17.3 ± 1.1; 5)

Medicated OCD (50; 25.4 ± 7.7; 50), Drug-naïve OCD
(12; 22.7 ± 5.7; 12), HC (62; 25.7 ± 6.3; 62)

Healthy (155; 12.62 ± .45; 83 at TP1), (120; 16.48 ± .53;
nd at TP2)

Atmaca et al. (2010)

Axelson et al. (1992)

Büschlen et al. (2011)

Chen et al. (2004)

Clark et al. (2014)

Cousins et al. (2010)

Delvecchio et al. (2018)

Eker et al. (2008)

Fink et al. (2005)

Fujisawa et al. (1987)

Ganella et al. (2015)

Garner et al. (2007)

Garner et al. (2005)

Gruner et al. (2012)

Habets et al. (2012)

Hajek et al. (2008)

Jovev et al. (2008)

Jung et al. (2009)

Kaess et al. (2013)

3.0; .4883 × 0.4883 × 1.5 at TP1, .9 × 0.9 × 0.9 at TP2;
PG; Pariante et al. (2004)

2 scanners: 1.5 and 1.5; .82 and .45 (coronal); PG; Pariante et al. (2004)

3.0; 1 × 1 × 1; PG; Sassi et al. (2001)

1.5; .86 × 0.86 × 1.5; PG; Original

1.5; 1.7 (coronal); PG; Sassi et al. (2001)

1.5; .9375 × 0.9375 × 2.4; PG; MacMaster and Kusumakar (2004)

OCD (23; 29.8 ± 4.4; 9); HC (23; 32.2 ± 5.7)

Atmaca et al. (2009)

Cov: age, BMI, CAR, DSL, gender, pubertal stage, PG
volume at TP1

MV: Age of onset, illness duration and severity; Cov: age,
ICV

MV: age, anxiety and mood disorders, externalizing and
internalizing symptoms, gender, ICV, parasuicidal
behavior

Cov: age, gray matter volume, ICV

MV: AP drug, estrogen exposure, gender, stress type; Cov:
age, illness duration, MRI sequence

MV: gender, lifetime AP exposure; Cov: age, ICV

MV: age, age of onset, symptom severity, gender; Cov:
ICV

MV: gender; history of trauma; Cov: Age, ICV

MV: age, axis I disorder status, early life stress, gender;
Cov: SES

MV: gender

MV: age, BMI, height

MV: age, age of onset, gender, illness DURATION and
severity; Cov: ICV

MV: age of onset, illness duration and severity, Sex; Cov:
Age, ICV

MV: AP drug, gender, salivary cortisol; Cov: Age

MV: age, gender

MV: age, AP drug, gender, illness duration, treatment
status; Cov; ICV

MV: age, gender, symptom severity

MV: gender; Cov: Age, ICV

MV: age of onset, gender, illness duration and severity;
Cov: Age, ICV

MV: age, depression score, education, illness duration;
Cov: age, gender, TBV

1.5; .9375 × 0.9375 × 2.4; PG; MacMaster and Kusumakar (2004)

PTSD (16; 27.13 ± 9.64; 10), HC (16; 31.27 ± 7.46; 5)

Other variables of interest

Atmaca et al. (2017)

Field strength (T); resolution (mm); ROIs; protocol

Diagnostic groups compared (n; mean age ± sd; nmales)

Study

Table 1 Variables of interest and parameters in studies that assessed PG volume with in vivo MRI
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1.5; 1 × 1 × 1.2; PG; Pariante et al. (2004)
1.5; 3-5 (sagittal), 5 (coronal); PG; Radiologist
1.5; 1 × 1 × 1; PG; Pariante et al. (2004)
1.5; 3–5 (coronal); PG; Radiologist

SCHZ (154; 34.8 ± 12.3; 109), HC (156; 37.3 ± 13.9;
105)

MDD (19; 54.7 ± 19; 5), HC (19; 54.3 ± 19.5; 5)

c-MDD (29; 32.52 ± 8.28; 7), r-MDD (27; 35.07 ± 9.96;
9), HC (33; 34.03 ± 9.91; 12)

Klomp et al. (2012)

Krishnan et al. (1991)

Lorenzetti et al. (2009)

MV: FSH/LH/Estradiol/testosterone; Cov: age, TBV
MV: AP type, baseline memory score, gender, Cov: illness
duration, TBV, years of education

MV: age
Cov: age, gender, ICV

1.5; 1.5 × 1.5 × 1.5; PG; MacMaster and Kusumakar
(2004)
1.5; 1.45 (coronal); PG; MacMaster and Kusumakar
(2004)

3.0; .9 × 0.9 × 0.9; PG; Pariante et al. (2004)
3.0; .4883 × 0.4883 × 2; PG; Pariante et al. (2004)

1.5; 1.5 (coronal); PG; adapted from Sassi et al. (2001)
1.5; 1 (sagittal), 1.2 (coronal); PG; original
1.5; 1.5 (axial); PG; original

BP 1 depression (10; 17.20 ± 1.46; 4), unipolar depression (10; 16.78 ± 1.42; 4), HC (10; 16.30 ± 1.97; 4)

SCHZ (26; 34.0 ± 1.7; 20), SCHZ ﬁrst-degree relative
1.5; 1.5 (coronal); PG; Pariante et al. (2004)
(44; 49.7 ± 2.1; 18), BD (29; 40.5 ± 2.2; 11), BD ﬁrstdegree relatives (38; 42.2 ± 2.6; 19), HC (46; 39.7 ± 2.2;
22)
3.0; 1 × 1 × 1; PG; nd

MDD (35; 14.49 ± 2.53; 15), HC (35; 14.33 ± 2.46; 15)

Prenatal alcohol exposure (26; 15.12 ± 1.58; 15), HC (27;
14.79 ± 1.33; 16)

Healthy (95; 9.5 ± .35; 45)

At TP1: Naïve FEP (42; 19 ± 3; 29), Treated FEP (31;
20 ± 3; 21), and HC (48; 20 ± 3; 29). TP2: 43 FEP were
scanned 3 months later, having received: quetiapine
(n = 25), risperidone (n = 7), olanzapine (n = 5), at least
2 APs (n = 6)

FE–P (24; 21.9 ± 3.3; 18); SCHZ (51; 41.0 ± 9.3 l; 41);
HC (59; 29.3 ± 10.5; 33)

Healthy (85; 11.9 ± 1.1; 39)

At TP1: Non-aﬀective PD assigned to Cognitive behavioral therapy and standard care (24; 36.1 ± 8.48; 17)
or Standard care only (16; 42.1 ± 9.6; 13); HC (30;
34.2 ± 11.3; 20). At TP2: All PDs were re-scanned, but
not the HC.

Schizotypal personality disorder (40; 29.4 ± 7.8; 20),
Chronic SCHZ (15; 41.0 ± 9.0; 15), FE-SCHZ (15;
21.5 ± 2.6; 15), HC (67; 30.2 ± 9.8; 49)

Healthy (517; nd ± nd; 256) divided in 19 age groups: < 1, 1.5 or 3; 1 × 1 × 1 or 2 (sagittal) if low-quality image;
1-18 with (10 < n<18)
radiologist

BD (23; 34.3 ± 9.9 l; 16), Unipolar disorder (13;
41.2 ± 9.6; 1), HC (34; 36.6 ± 9.6; 22)

MacMaster et al. (2008)

Mondelli et al. (2008)

Moore et al. (2016)

Murray et al. (2016)

Nicolo et al. (2010)

Pariante et al. (2004)

Peper et al. (2010)

Premkumar et al. (2017)

Romo-Nava et al. (2013)

Sari et al. (2014)

Sassi et al. (2001)

1.5; 1.5 (coronal); PG; Original

1.5; .9375 × 0.9375 × 1.5; Pariante et al. (2004)

MV: age, gender

Cov: age, education, gender, medication dose SES, TBV

MV: gender; Cov: age, clinical diﬀ., ICV, SES

MV: age, gender, duration of untreated illness, medication
type

MV: DHEA, DHEAS; Cov: age, BMI, gender

MV: gender; Cov: age, scan type

MV: gender; Cov: age, TBV

Cov: age, gender, ICV

MV: gender; Cov: age, ICV

MV: age; Cov: gender, ICV, clinical severity

MacMaster et al. (2006)

1.5; 1.45 × 1.45 × 1.45; PG; Original

Healthy

MDD (17; 16.67 ± 1.83; 8), HC (17; 16.23 ± 1.61; 8)

MacMaster and Kusumakar (2004)

MV: gender; Cov: age, age of onset of MDD, c-IQ

MV: age

MV: age, gender, ICV, TBV

MV: gender; Cov: age, ICV

Other variables of interest

Lurie et al. (1990)

1.5; 1.5 (coronal); PG; Adapted from MacMaster and
Kusumakar (2004) and Sassi et al. (2001)

Panic disorder (27; 35.08 ± 10.73; 11), HC (27;
33.74 ± 9.11; 12)

Kartalci et al. (2011)

Field strength (T); resolution (mm); ROIs; protocol

Diagnostic groups compared (n; mean age ± sd; nmales)

Study
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1.5; .98 (coronal); PG; Pariante et al. (2004)
1.5; 1 × 1 × 1; Pariante et al. (2004)

1.5; unclear; PG; Pariante et al. (2004)
1.5; 1.5 (coronal); PG; adapted from Sassi et al. (2001)
1.5 at TP1, 3.0 at TP2; 1 × 1 × 1 at TP1 and TP2; PG;
Pariante et al. (2004)

ARMS (22; 19.1 ± 4.1; 11), FE-SCHZ (64; 24.0 ± 4.7;
37), HC (86; 23.64 ± 4.80; 48)

Healthy (199; 7.4 ± nd; 90) divided in 5 approximately
1.0; unclear; anterior and posterior PG; radiologist
gender-matched age groups: 0 (n = 32), 1-4 (n = 38), 5-9
(n = 51), 10-14 (n = 59), 15-19 (n = 19)
1.5; 1.5 (coronal); PG; adapted from Sassi et al. (2001)

BD 1 (26; 38.4 ± 10.9; 8), HC (24; 38.7 ± 11.1; 7)

PTSD (61; 11.74 ± 2.6 l; 30), HC (121; 11.74 ± 2.5; 59)

Chronic SCHZ (65; 42.31 ± 11.44; 38), HC (65;
40.54 ± 11.12; 33)

SCHZ (51; 25.2 ± 7.4; 36), HC (55; 25.2 ± 6.6; 30)

ARMS-T (10; 25.3 ± 6.7; 7), ARMS-NT (13; 23.1 ± 5.7;
8)

Healthy (962; 15.03 ± 1.83; 467)

Healthy (155; 12.65 ± .45; 83)

Takahashi et al. (2009)

Takahashi et al. (2013)

Takano et al. (1999)

Thomas (2004)

Tournikioti et al. (2007)

Upadhyaya et al. (2007)

Walter et al. (2015)

Wong et al. (2014)

Zipursky et al. (2011)
3.0; .4883 × 0.4883 × 1.5; PG; Pariante et al. (2004)

MV: age, gender, internalizing symptom severity, pubertal
stage; Cov: ICV

1.0; 1 × 1 × 1; PG; Chakravarty et al. (2013) (automated) MV: age, gender, pubertal stage, sex steroids; Cov: TBV

MV: age, gender, medication, TBV

MV: gender, illness duration; Cov: age, ICV

MV: clinical variables; Cov: age, gender, ICV

MV: age, age of onset and duration of traumatic abuse,
comorbidities, gender, IQ, PTSD symptoms type,
Puberty stage, SES, suicidal ideation; Cov: ICV

MV: age, gender

MV: gender, medication type; Cov: age, ICV

AP antipsychotic, ARMS at-risk mental state, BD bipolar disorder, BMI body mass index, BPD borderline personality disorder, CAR cortisol awakening response, Cov covariate, i.e., variable
was taken into account but its relationship with PG volume was not of interest. If it was used as both main variable and covariate, only the former is listed, c Current, DSL Diurnal slope (cortisol), DHEA dehydroepiandrosterone levels, DHEA-S dehydroepiandrosterone-sulfate levels, E- ﬁrst episode, HC healthy controls, HR high risk (genetic risk), ICV intracranial volume, MDD
major depressive disorder, MV main variable, i.e., relationship with PG volume was directly assessed, using mean comparison or correlation, -NP non-psychotic, -NT did not transition, OCD
obsessive compulsive disorder, -P psychotic, PD psychotic disorder, PTSD post-traumatic stress disorder, ROI manually segmented region of interest, SCHZ schizophrenia, SES socioeconomic
status, TP time point, TBV total brain volume, UHR ultrahigh risk (clinical risk), T transitioned

The studies listed in this table assessed the volume of the PG or at least one of its lobes using in vivo MRI. Studies that examined gross morphological changes (e.g., tumors) were not included,
as their imaging requirements are hard to compare with those of studies of normal development/psychiatric disorders. The table lists their diagnostic groups (typically used for mean comparison of PG volume), main variables (the ones whose relationship with PG volume was directly assessed), covariates (variables controlled or accounted for in the analyses), imaging parameters,
regions of interest (whole PG, posterior/anterior lobe), and segmentation protocol (the set of rules used for the manual segmentation of the PG). “nd” means the rules are not described, unless
the PG was traced by a radiologist (“Radiologist”). If the authors applied or adapted rules from already published work that is cited in the article, then the earliest publication describing those
rules is referenced; otherwise it is assumed to be their original protocol (“Original”). Only the resolution of views (coronal, sagittal, or transversal) that were used for the segmentation were
included, and they are the ﬁnal resolution after resampling procedures if applicable. All images were T1-weighted

a

Cov: age, education, ICV, gender

1.5; 1.5 (coronal); PG; Sassi et al. (2001)

SCHZ/schizoaﬀective disorder ﬁrst-degree relative (38;
16.6 ± 3.6; 18), HC (40; 16.6 ± 3.7; 14)

Shah et al. (2015)
MV: clinical variables, gender; Cov: age, ICV

MV: clinical severity, gender menstruation, season; Cov:
age, size

1.5; .7 × 0.7 × 0.7; PG; radiologist

Seasonality disorder (19; ± ; 6), HC (19; ± ; 6)

Other variables of interest

Schwartz et al. (1997)

Field strength (T); resolution (mm); ROIs; protocol

Diagnostic groups compared (n; mean age ± sd; nmales)

Study
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than healthy controls, suggesting the existence of a protective eﬀect (Garner et al. 2005). In the longer term, however,
chronic HPA activity is thought to strengthen the negative
feedback control of the PG, leading to decreases in its volume (Delvecchio et al. 2018). For instance, schizophrenia
patients seem to have smaller PGs than controls (Upadhyaya
et al. 2007). Illness duration and PG volume were found
to be inversely related, even in antipsychotic-naïve patients
(Büschlen et al. 2011). In chronically ill patients, smaller PG
volume detected with in vivo MRI may thus reﬂect HPA axis
hypoactivity, as reported in schizophrenia (Romo-Nava et al.
2013; Tournikioti et al. 2007). Assessing structural trajectories of the PG using MRI could, therefore, help identify
individuals at risk for psychotic disorders.
Anxiety-, stress-, and trauma-related disorders
The hypothesis that HPA reactivity is linked to PG volume in
a time-dependent fashion is also supported by several ﬁndings in disorders associated with anxiety and stress abnormalities and early-life trauma. During late childhood, larger
PG volumes were associated with more severe social anxiety
(Murray et al. 2016). In a community cohort, maternal dysphoric behavior was associated with accelerated PG growth
during adolescence, and girls were particularly vulnerable to
the eﬀects of childhood trauma (Ganella et al. 2015). Larger
PG volumes in children exposed to high levels of childhood
maltreatment have also been linked to lower cortisol awakening responses later in adolescence (Kaess et al. 2018). In
contrast, adult patients with panic disorder (Kartalci et al.
2011), obsessive–compulsive disorder (Atmaca et al. 2009),
hypochondriasis (Atmaca et al. 2010), and post-traumatic
stress disorder (PTSD) (Atmaca et al. 2017) have been
reported to have smaller PG volumes compared to age- and
gender-matched healthy controls. Borderline personality
disorder patients showed no volumetric changes overall
(Garner et al. 2007), except adolescents with a history of
parasuicidal behavior (Jovev et al. 2008), who had larger
PG volumes. Finally, in contrast with Atmaca et al. (2017),
Thomas (2004) found that PTSD patients only had larger
PGs compared to controls during and after puberty, but not
before. PG volume was also larger in patients that reported
suicidal ideation (Thomas 2004).
Mood disorders
Although many studies looked at the relationship between
bipolar disorder or depression and PG volume, reports of
abnormal PG volume in patient groups could rarely be replicated (Delvecchio et al. 2017). Most groups found no signiﬁcant diﬀerence in PG volume for either Major Depressive Disorder (MDD) (Eker et al. 2008; Klomp et al. 2012;
Lorenzetti et al. 2009; Sassi et al. 2001) or bipolar disorder

(Clark et al. 2014; Chen et al. 2004; Mondelli et al. 2008)
patient groups compared to healthy controls, even when they
had enough power to control for illness burden or medication use. Of the studies that reported signiﬁcant diﬀerences
compared with healthy populations, most reported larger
PGs in both bipolar (MacMaster et al. 2008; Pariante et al.
2005; Takahashi et al. 2009, 2010) and MDD patient groups
(Krishnan et al. 1991; MacMaster et al. 2006; MacMaster
and Kusumakar 2004; Pariante et al. 2005). In MDD, two
longitudinal studies even concluded that PG volume in early
adolescence predicted depressive symptom scores later in
adolescence (Whittle et al. 2012; Zipursky et al. 2011).
Interestingly, both Delvecchio et al. (2018) and Cousins et al.
(2010) reported smaller pituitaries in female, but not male,
bipolar patients, including in the absence of baseline HPA
axis dysfunction (Cousins et al. 2010). Sassi et al. (2001)
also found statistically smaller PGs in adult bipolar patients
but could not replicate the results in children and adolescents
(Chen et al. 2004). Genetic risk itself did not seem to have
any eﬀect (Hajek et al. 2008; Takahashi et al. 2010). Finally,
reviews concluded that most investigations of PG volume in
MDD and bipolar disorder were methodologically ﬂawed
(Delvecchio et al. 2017; Kessing et al. 2011).

The methods: limitations and perspectives
in MRI-based analysis
Inconsistencies in design and analyses may
contribute to the lack of replicability
Population selection
Meta-analyses revealed the high study bias (Arnone et al.
2012) and heterogeneity (Nordholm et al. 2013) in investigations of PG volume in psychopathologies. Contradictory
results between imaging studies may be explained by several factors, not the least of which is the pooling of patients
with diﬀerent proﬁles, and unequal exposure to medication.
For instance, prolactin-enhancing antipsychotics are associated with larger PG volume, whereas other antipsychotics (Borges et al. 2013; Nicolo et al. 2010) and cognitive
behavioral therapy (Premkumar et al. 2017) may reduce PG
volume, complicating the study of psychotic disorders on PG
volumes. Similar eﬀects of medication have been reported in
obsessive–compulsive disorder (Jung et al. 2009) and drug
abuse (Lorenzetti et al. 2010); contraceptive use should be
controlled for as well (Grams et al. 2010; Nordholm et al.
2013). Moreover, clinical deﬁnitions of patient groups based
on the Diagnostic and Statistical Manual of Mental Disorders may be too rigid for imaging studies, especially for
disorders such as schizophrenia, and a solution could be to
move towards more functionally relevant deﬁnitions (e.g.,:
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HPA reactivity, prolactin secretion, clinical scores). It is
also critical to account for population (Sahni et al. 2006)
and gender (Nordholm et al. 2013; Delvecchio et al. 2018)
diﬀerences.
MRI acquisition parameters
Furthermore, although fast-spin, T1-weighted sequence and
the use of multi-coil acquisition result in fairly good images
of the PG, acquisition protocols may still be further improved
upon. Increases in magnetic ﬁeld strength have greatly helped
with the diagnosis of PG tumors in clinical settings (BouAyache and Delman 2016), suggesting that much could be
gained from using 3T scanners (Shah et al. 2012), high-resolution data (< 1 mm3 voxel size), and resampling techniques.
The latter can reduce anisotropy, which introduces sampling
bias and partial volume eﬀects (Amaral et al. 2016). Partial
volume eﬀects and inherent anatomical variability are easily
confused with PG adenomas (Ouyang et al. 2011; Pantalone
et al. 2015). The acquisition of T2-weighted images is also
desirable, as in high-resolution T2-weighted images of the
rat, the intermediate lobe can be identiﬁed as a hyperintense
signal separating the isointense anterior and slightly hypointense posterior lobes (Naidich and Russell 1999; Theunissen
et al. 2010). Moreover, the visualization of the PS is better on
T2, where it has a lower signal than the surrounding cerebrospinal ﬂuid (Delman 2009; Satogami et al. 2010). Although
the PG is best seen on coronal slices, 3D volumetry using all
views is more accurate than the geometric method, and 3D
sequences should be preferred (Renz et al. 2011). In earlier
studies, statistical analyses did not routinely account for differences in intracranial volume (Cousins et al. 2010; Fink
et al. 2005), which could lead to eﬀects of whole brain volume diﬀerences erroneously being attributed to eﬀects of
PG volume diﬀerences. Overall, comparison of MRI results
has been hindered by the lack of a standardized protocol for
the MRI acquisition, image processing, as well as a detailed
manual delineation of the PG.

Manual segmentation needs to be biologically
and anatomically informed
Issues in the current methodology for segmenting the PG
The gold standard in MRI-based analysis is histologically
informed manual segmentation. Until now, the vast majority of imaging studies on the PG deﬁned its boundaries in
roughly the same terms (cavernous sinuses laterally, sphenoid sinus inferiorly, and diaphragm sellae superiorly)
(Atmaca et al. 2009; Axelson et al. 1992; Sassi et al. 2001;
Thomas 2004; Tournikioti et al. 2007), but did not describe
the appearance of those landmarks on MRI. Given the small
size of the PG, diﬀerences in segmenting style are thus likely

to heavily impact inter-rater reliability as assessed by voxel
overlap (Dice Kappa scores) rather than volumetric correlation (intraclass correlation) or variance (coeﬃcient of variation). Moreover, most groups traced the PG as one structure.
This is unfortunate because the functionally distinct anterior and posterior lobes are likely not equally involved in
the pathologies of interest and segmenting them separately
could reduce noise in volumetric analyses.
Accounting for the PBS
A new deﬁnition of the posterior lobe, which tracers typically assimilate to the PBS, is thus needed. Two studies have
highlighted the importance of having distinct segmentation
rules for the PBS and the posterior PG, partly because the
former is not a reliable landmark and needs to be further
characterized (Côté et al. 2014). Indeed, the PBS, ﬁrst attributed to the presence of fat deposits (Chen and Kucharczyk
1989; Nishimura et al. 1986), is now thought to reﬂect the
levels of mature ADH levels (Côté et al. 2014; Fujisawa
et al. 1987). Its intensity thus varies with hydration state, as
shown experimentally in animals (Lee et al. 2001). It also
varies with gender (Yamamoto et al. 2013). Patients with
diabetes insipidus—caused by ADH deﬁciency—lack a PBS
in 25–100% of cases, while other conditions are characterized by an ectopic PBS (Côté et al. 2014). Therefore, it is
not uncommon for the PBS to be either absent or displaced
on MRI, even in the healthy population (Anderson et al.
1999; Côté et al. 2014; Terano et al. 1996), and segmentations of the posterior PG should not be intensity dependent
if possible.
The PS
The appearance, including volume, depth and length, of
the normal PS has been described on T1- and T2-weighted
MRI images acquired on a 3T (Satogami et al. 2010) and
a 1.5T scanner (Raveendranath et al. 2019). Other groups
highlighted the importance of assessing the width of the
infundibular recess as it may aﬀect other parameters such as
PS thickness (Raveendranath et al. 2019). One can delineate
the infundibular recess from the PS better on high-resolution
images [e.g., .3 mm isotropic (Tullo et al. 2018)] as shown
in Fig. 2, but most MRIs will not allow for the distinct segmentation of the neuronal or vascular component.

Future perspectives in MRI-based analyses
of the PG
In conclusion, segmenting diﬃculties arise from the large
inter-individual variability of both lobes (Fink et al. 2005;
Fujisawa et al. 1987). This highlights the need for the
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Fig. 2 Appearance of the PG and PS on 3T T2 (a–c) and T1 (d–f)
weighted MRI with a voxel resolution of .3 mm isotropic (Tullo et al.
2018). a, d Gross localization of the PG (red circle) on the sagittal
view. b, e Coronal view of the PG (red circle) and PS (red arrow).
The cavernous sinuses and the optic chiasm can be identiﬁed lateral

to and above the PG, respectively. c, f Zoomed-in sagittal view. On
the T1, the PBS can be seen (green arrow). The PS is comprised of
a vascular and a neuronal component, and only the latter extends
beyond the infundibular recess (yellow arrow), towards the optic chiasm (Satogami et al. 2010)

objectiﬁcation of baseline intensity (including intensity normalization during image processing) and a better description
of the landmarks used. Future studies should also explore
the diversity of signals that can be acquired with structural
MRI, which will hopefully lead to a redeﬁnition of the posterior lobe. Segmentation rules for the posterior lobe that
assimilate it to the PBS are particularly susceptible to the
observer’s biased perception of intensity and based on a false
equivalency. The creation of better segmentation protocols
should be facilitated by the increased use of high-resolution
images in research and clinical settings and the standardization of image processing techniques. Ultimately, automated
segmentation should aim to allow the rapid assessment of
the PG on large datasets. Moreover, automated approaches
have been successful in identifying gross volumetric changes
across adolescence (Wong et al. 2014) and in PG adenomas (Egger et al. 2012), and the application of automated
approaches in hippocampal subﬁelds suggests they can be
used for more reﬁned analyses (Pipitone et al. 2014). Sophisticated techniques such as deformation-based and voxelbased morphometry can then be applied to large datasets
using ﬂexible, automated toolkits designed speciﬁcally for
longitudinal investigations (Lerch et al. 2017).

Conclusion
In summary, the PG is an important neuroendocrine structure that changes across development and is implicated in a
number of physical and psychological conditions. In spite
of ample research suggesting that structural changes of the
PG can be identiﬁed in psychopathologies, our knowledge
of the trajectory of those changes—across time as well as
between and within clinical conditions—is hampered by
design inconsistencies in terms of population selection, MRI
acquisition parameters, and PG deﬁnition. In this review,
we proposed to sort participants based on basic functional
measures (e.g., stress reactivity) as well as stricter exclusion criteria (e.g., medication intake); acquisition of both
3D T1- and T2-weighted images, ideally at 3.0 T; the use of
super-sampling techniques to obtain better voxel resolution
(< 1 mm), if possible isotropic; and the separate delineation
of the anterior and posterior PGs, accounting for their functional and structural diﬀerences in development.
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