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Abstract: Three types of orbitofrontal cortex (OFC) sulcogyral patterns that have been identified in the
population, and the distribution of these three types in clinically diagnosed schizophrenic patients has
been found to be distinct from the normal population. Schizophrenia is associated with increased lev-
els of social and physical anhedonia. In this study, we asked whether variation in anhedonia in a neu-
rologically normal population is associated with altered sulcogyral pattern frequency. OFC sulcogyral
type was classified and anhedonia was measured in 58 normal young adults, and the relationship
between OFC sulcogyral type and anhedonia was explored. In line with other studies conducted in
chronic schizophrenia, individuals with higher levels of physical anhedonia demonstrated atypical sul-
cogyral patterns. Individuals with higher physical anhedonia showed a reduced incidence of Type I
OFC and an increased incidence of Type II OFC in the left hemisphere compared to individuals with
lower physical anhedonia. These findings support the notion that Type I OFC sulcogyral pattern is
protective of anhedonia compared to Type II, even in individuals that are not schizophrenic. Overall,
these results support the view that symptoms and neural indices typically associated with neuro-
psychiatric disorders actually reflect quantitative traits that are continuously distributed throughout
the general population. Hum Brain Mapp 37:3873–3881, 2016. VC 2016 Wiley Periodicals, Inc.
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INTRODUCTION

One of the defining features of schizophrenia is anhedo-
nia: a diminished capacity, or inability, to experience
pleasure—even in typically pleasurable situations. Anhe-

donia is similarly an essential component to major depres-

sive disorder [Loas et al., 1992]. Although anhedonia is

commonly associated with clinical schizophrenia and

depression, nonclinical populations also demonstrate var-

iations in hedonic capacity [Bechara et al., 2000; Harvey

et al., 2007]. The manifestation of nontransient highly

diminished hedonic capacity, or “trait anhedonia” [Blan-

chard et al., 2001] can be measured using the Chapman

Anhedonia Scale [Chapman et al., 1976].
The subjective experience of pleasure (or hedonic experi-

ence) originates from brain regions that activate to propel
us toward activities that increase our likelihood of surviv-
ing and passing on our genetic material—eating, drinking,
and having sex. The anticipation and pleasure experience
that accompanies the attainment of rewards is driven by a
group of neural structures, often referred to as the
“reward system,” and includes both subcortical regions
(nucleus accumbens, striatum, amygdala) as well as the

†V.T. and I.R.O. contributed equally to this work.
Contract grant sponsor: National Institute of Health (to I.O.); Con-
tract grant number: RO1 MH091113

*Correspondence to: Hyden Zhang, Temple University, Weiss
Hall 1701 N. 13th Street, Philadelphia, PA 19122. E-mail: hyden.
zhang@temple.edu

Received for publication 8 February 2016; Revised 24 May 2016;
Accepted 27 May 2016.

DOI: 10.1002/hbm.23282
Published online 22 June 2016 in Wiley Online Library
(wileyonlinelibrary.com).

r Human Brain Mapping 37:3873–3881 (2016) r

VC 2016 Wiley Periodicals, Inc.



frontal cortices. The orbitofrontal cortex (OFC) is interest-
ing to the study of individual differences in anhedonia
because functional nodes that process reward-related val-
ues in this region also appear to be organized according to
the underlying morphology of the OFC. Recent work has
shown that individual morphological variability in sulcogy-
ral patterns correlates with the organization of functionally-
defined value signals in the OFC [Li et al., 2015].

While this discovery of an anatomical-functional rela-
tionship between reward experience and OFC morphology
indicates that specific value signals are organized accord-
ing to underlying anatomical constraints, it remains
unknown whether differences in sulcogyral pattern type
may predict variability in the experience of pleasure more
generally.

Research suggests that sulcogyral patterns in the OFC
form during neurodevelopment, and remain fixed through-
out an individual’s life [Armstrong et al., 1995]. Thus OFC
sulcogyral patterns tend to remain stable in a given popula-
tion over time. A 2014 study found that OFC pattern type
distribution was atypical in Australian adolescents who
were born extremely premature and/or with extremely low
birth weight [Ganella et al., 2015], indicating that there may
be a period of susceptibility during late fetal gestation
where sulcogyral pattern are formed and potentially influ-
enced by nongenetic sources of variability. Another study
found that the abnormal expression of OFC sulcogyral
types is present in individuals who develop schizophrenia
prior to any development of symptoms [Nishikawa et al.,
2016]. These findings suggest that morphological abnormal-
ities of the OFC do not arise as a result of the illness, or the
antipsychotic medications used to treat it, but rather
become fixed at key early stages of development.

These findings are particularly compelling in light of the
OFC’s involvement in aspects of executive functioning and
social-emotional behavior, and its implications in mental ill-
nesses such as schizophrenia and depression [Bechara
et al., 2000; Dolcos et al., 2016; Webb et al., 2016]. Indeed,
variability in psychosis has been shown to correlate with
the expression in sulcogyral patterns in the OFC. A tech-
nique for identifying these patterns was first described by
Chiavaras and Petrides [2000], who created a classification
system for the three main types of sulcogyral patterns
observed in the human OFC based on the continuity of the
lateral orbital sulci (LOS) and medial orbital sulci (MOS). In
nonclinical populations, Type I patterns tend to be the most
common (56% of hemispheres), Type II slightly less com-
mon (30% of hemispheres), and Type III relatively rare
(around 14% of hemispheres). In 2007, Nakamura et al.
observed that the frequency of expression of these patterns
differs in populations with schizophrenia, where Type I
patterns become significantly less common and rare, Type
III patterns increase in frequency [Nakamura et al., 2007].
Such findings were corroborated by other research groups
[Nishikawa et al., 2016; Takayanagi et al., 2010]. These stud-
ies also found that the presence of Type III sulcogyral pat-

terns in individuals with schizophrenia was associated with
poorer cognitive function, lower socioeconomic status, and
more severe psychotic symptoms. In contrast, Type I pat-
terns tended to correlate with higher intelligence, better
working memory, and decreased expression of psychotic
symptoms. Nakamura and colleagues also found evidence
that the presence of Type III patterns correlates with
increased disorganized symptom ratings in patients with
schizophrenia. Until 2013, Type II patterns were not shown
to significantly correlate with psychotic symptoms, but Bar-
tholomeusz and colleagues have found that the presence of
a Type II pattern in the right hemisphere leads to a highly
increased risk of psychosis, especially as compared to Type
I pattern expression[Bartholomeusz et al., 2013; Cropley
et al., 2015; Whittle et al., 2014]

While OFC sulcogyral patterns have been primarily
explored within the context of schizophrenia, OFC gray
matter volume has been found to be atypical in other psy-
chiatric disorders that manifest with anhedonic symptoms.
For example, Cremers et al. [2011] found that global OFC
volume correlated with extraversion, a trait that is protective
of depression [Clark et al., 1994; Kotov et al., 2010]. Simi-
larly, higher OFC volume has been found to be protective
against depression partially via increased optimism [Dolcos
et al., 2016] and OFC cortical volume increases on remission
of depression [Phillips et al., 2015]. With this in mind, we
anticipated that OFC cortical volume could account for
some of the variance in anhedonia in the normal population.

The present study aims to explore a potential link
between OFC sulcogyral patterns, gray matter volume,
and the manifestation of subclinical anhedonic traits in
normal individuals without diagnosed mental illness. We
hypothesized that the same sulcogyral patterns that tend
to correlate with a diagnosis of schizophrenia would also
correlate with the expression of anhedonia, a key symptom
of clinical depression and schizophrenia, in a nonclinical
population [Pelizza and Ferrari, 2009]. Because most psy-
chological traits exist on a continuum, individuals manifest
differing levels of hedonic capacity [Harvey et al., 2007].
The possible protective benefits of the Type I sulcal pattern
could be due to either lower mean anhedonia or lower
variance and consequently fewer cases of extreme anhedo-
nia. We hypothesized that variation in sulcogyral patterns
and cortical volume would predict individual differences
in expression of anhedonia, even in individuals who have
not been diagnosed with a psychological disorder. Thus,
we investigated four possible significant relationships; left
and right hemispheric sulcogyral patterns, and both social
and physical anhedonia.

METHODS AND MATERIALS

Participants

A group of 58 healthy right-handed subjects, 30 females
and 28 males, were included in data analysis, whose ages
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ranged from 18- to 36-years old (23.3 6 4.0 years). Subjects
were drawn from an urban population, and their educa-
tion levels ranged from 13 to 18 years of education
(16.0 6 1.4 years). All participants identified English as
their primary language. None of the subjects had a history
of neurological or psychiatric disorders as assessed by
self-report. First-degree relatives were not queried.
Informed consent was obtained according to the guidelines
of the Institutional Review Board of Temple University,
and participants received monetary compensation for par-
ticipation in the experiment.

Measures

The revised physical anhedonia scale

The Revised Physical Anhedonia Scale (PAS) [Chapman
et al., 1976] is a self-report measure, containing 61 True-
False items, which assesses deficits in the ability to experi-
ence pleasure from typically pleasurable stimuli (for exam-
ple, sex and food). The PAS yields scores between 0 and
61, with higher scores indicating more severe physical
anhedonia.

The revised social anhedonia scale

The Revised Social Anhedonia Scale [Chapman et al.,
1976] is a self-report measure, containing 40 True-False
items, which assesses deficits in the ability to experience
pleasure from nonphysical stimuli such as social interac-
tions. Scores range from 0 to 40, with higher scores indi-
cating more severe social anhedonia.

Image Acquisition

MRI scanning was conducted at Temple University Hos-
pital on a 3.0 T Siemens Verio scanner (Erlangen, Ger-
many) using a Siemens 12-channel phased-array head coil.
High-resolution anatomical images (T1-weighted 3D
MPRAGE) were also collected for each participant with
the following parameters: 160 axial slices, 1 mm slice
thickness, TR 5 1,900 ms, TE 5 2.93 ms, inversion time-
5 900 ms, flip angle 5 98, FOV 5 256 mm.

Sulcal Tracing

To analyze the OFC sulcal patterns, the T1 anatomical
images were normalized by first stripping non-brain tissue
using FMRIB Software Library Brain Extraction Tool
[Smith, 2002], then aligned along the anterior commissure-
posterior commissure plane to adjust for head tilt (using
FMRIB Linear Image Registration Tool, FLIRT [Jenkinson
and Smith, 2001; Jenkinson et al., 2002] after registration to
an Montreal Neurological Institute (MNI) template, and
resampled into 1 mm cubic voxels.

The OFC sulcal patterns were identified from the nor-
malized images using the software ITK-SNAP [Yushkevich

et al., 2006] and classified according to the criteria used in
previous analysis of OFC sulcogyral patterns and schizo-
typy [Ganella et al., 2015; Lavoie et al., 2014]; see Table I.
The morphology of the orbitofrontal sulci was categorized
into three main types (Type I, II, and III) in each hemi-
sphere based on the continuity of the MOS and LOS,
respectively. [Chiavaras and Petrides, 2000].

A sulcus was determined to be discontinuous if the sul-
cus was absent for three adjacent coronal slices separating
the rostral and caudal portions. Each subject’s OFC sulcal
pattern was independently evaluated by 3 raters, and the
inter-rater reliability of classification was j 5 0.71.

Voxel-Based Morphometry

Preprocessing of T1 structural images was conducted
using the voxel-based morphometry (VBM) toolbox in
SPM12 (Wellcome Department of Imaging Neuroscience
Group, UK; http://www.fil.ion.ucl.ac.uk/spm). Each
structural image was DARTEL-normalized (diffeomorphic
anatomical registration through exponentiated lie algebra)
to MNI space, and the images were subsequently seg-
mented into gray matter, white matter, and cerebrospinal
fluid. Normalized gray matter images were smoothed with
a 10 mm full-width at half-maximum Gaussian kernel
[Ashburner and Friston, 2000]. Using NIFTI masks pro-
vided by Thorsten Kahnt (described below), the gray mat-
ter volumes of each OFC mask region were computed
using the MarsBaR toolkit within SPM12 [Brett et al.,
2002]. Values for each individual gray matter region was
then entered into higher level statistical analysis using
SPSS.

Definition of Regions of Interest

Following a detailed functional parcellation of the OFC
[Kahnt et al., 2012], we selected the OFC region of interest
(ROI) using labels generated from a connectivity-based
parcellation map of the OFC. This parcellation is generated
using an unsupervised clustering technique on a set of
resting-state data. This method resulted in six clusters, cor-
responding to (1) medial, (2) posterior-central, (3) central,
and (4–6) lateral OFC in each hemisphere (total of 12
regions bilaterally). The resulting ROIs included coverage
of voxels in the left and right medial and lateral OFC

TABLE I. The determining criteria for OFC sulcal

pattern classification

Type
Rostral and caudal
MOS connected?

Rostral and caudal
LOS connected?

I No Yes
II Yes Yes
III No No

MOS 5 medial orbital sulci; LOS 5 lateral orbital sulci.
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[Tzourio-Mazoyer et al., 2002] (Fig. 1A). All other voxels
(i.e., most gray matter voxels except for the OFC) as well
as the box covering the midbrain (see above) were defined
as the rest of the brain. Traditional OFC parcellations only
specify a medial–lateral distinction, but parcellations based
on cytoarchitecture [Mackey and Petrides, 2010; Ong€ur
et al., 2003] suggest a more detailed parcellation of the
OFC than just a medial–lateral distinction [Kahnt et al.,
2012]. This parcellation of the human OFC was chosen
because was the optimal solution emerging from rigorous
analysis that considered the presence of between two and
ten distinct clusters of activity in the OFC.

Statistical Analyses

Statistical analyses were performed using SPSS (IBM
SPSS 21.0 for PC, SPSS, Chicago, IL). Group differences in
the demographic variables age and gender were analyzed
with an analysis of covariance (ANCOVA) and Pearson’s

v2 statistics, respectively. The main research hypotheses
were assessed using analyses of covariance to look at the
group effect of sulcogyral pattern type distribution on
anhedonia and within group variance of anhedonia. There
were two subjects that were excluded due to outlying
social and physical anhedonia levels. Post hoc tests for
multiple comparisons were conducted using the False Dis-
covery Rate correction [Benjamini and Hochberg, 1995]
with a set at 0.05. This correction involves establishing
thresholds of statistical significance such that the expected
proportion of false discoveries is lesser than or equal to
the family wise error rate. The False Discovery Rate pro-
vides a substantial increase in statistical power compared
to the Bonferroni correction [Glickman et al., 2014]. We
hypothesized any one of four possible significant relation-
ships; either left or right hemisphere and either social or
physical anhedonia. Consequently, findings were corrected
for four correlations to adjust for multiple comparisons.
Additional analyses were conducted on the inter-

Figure 1.

(A) Left hemisphere OFC sulcogyral characterization based on

the connectedness of two sulci, the medial orbital sulci (MOS)

and the lateral orbital sulci (LOS). (B) Left hemisphere type was

significantly correlated with physical anhedonia scores. Type II

corresponded with higher physical anhedonia scores compared

to Types I and III. Type I sulcogyral pattern was associated with

lower mean Physical Anhedonia as compared to Types II and III.

(C) Additionally, Type I was associated with lower variability in

Social Anhedonia. This suggests a possible protective effect of

Type I pattern. [Color figure can be viewed at wileyonlinelibrary.

com]
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hemispheric distribution of pattern types using v2

statistics.

RESULTS

Sulcal Tracing Inter-Rater Reliability

Interclass inter-rater reliability was j 5 0.71. Left hemi-
sphere interclass classification was slightly more consistent
than right hemisphere classification (see Table II).

Distribution of patterns in this cohort can be seen in
Table II. The right hemispheres in our sample were more
atypical both in pattern type distribution compared to pre-
vious findings. There were no significant differences
between the average age, gender prevalence, and intracra-
nial volume of the three sulcogyral patterns in both the
left and right hemispheres. Although there were no signifi-
cant differences, we still controlled for age, gender, and
intracranial volume in the ANCOVA to focus on the rela-
tionship between OFC Sulcogyral type and Anhedonia,
and to minimize statistical noise.

Anhedonia and Sulcal Patterns

Contrary to our expectations, there were no significant
differences between the three pattern types and mean
social anhedonia scores in either hemisphere (F(2,
54) 5 0.757, P> 0.05, F(2, 54) 5 0.176, P> 0.05, respectively).
However, Levene’s test indicates that left Hemisphere
Type III patterns had significantly higher variability in
social anhedonia while Type I was associated with signifi-
cantly lower variability F(2,55) 5 3.611, P< 0.05.

There were significant differences between the three pat-
tern types in the left hemisphere and mean physical anhe-
donia scores F(2, 54) 5 5.117, P< 0.01. The left hemisphere
Type I sulcogyral pattern was associated with lower physi-
cal anhedonia t(56) 5 2.519, P< 0.05, as seen in Figure 1B.
Left Hemisphere Type II was associated with higher phys-
ical anhedonia than both Type I and Type III.

Correcting for multiple comparisons via the FDR correc-
tion, the relationship between left hemisphere Type I sul-

cogyral pattern and lower physical anhedonia was still
significant (P< 0.0125), but the relationship between left
hemisphere Type I and lower variance in social anhedonia
was not (P> 0.025).

Anhedonia and OFC VBM

While our previous analysis shows a relationship
between sulcogyral pattern type and anhedonic traits, we
sought to better understand whether differences in gray
matter volume actually underlay this relationship. The
OFC consists of Brodmann areas 11 and 47 (and sometimes
10 and 13). Recent analysis further divided the OFC by
establishing local connectivity profiles based on the resting
state connectivity of OFC subregions to the rest of the brain
[Kahnt et al., 2012]. Their analysis yielded six nonoverlap-
ping and functionally distinct subregions, which are
thought to be related to underlying differences in cytoarch-
itecture. Consequently our analysis considered the gray
matter volume of 12 subregions of the OFC. Of the 12
regions inspected (six per hemisphere), the only statisti-
cally significant effect was between the left hemisphere’s
Region 3 (see Fig. 2B), referred to as the central OFC by
Kahnt et al. [2012], and physical anhedonia r(56) 5 0.324,
P< 0.05, controlling for age, gender, and intracranial vol-
ume. Correcting for multiple comparisons via the FDR cor-
rection, the relationship between Left Hemisphere Region 3
Gray matter volume and Physical Anhedonia was not sig-
nificant (P 5 0.013; FDR correction threshold: P< 0.002).

OFC Sulcal Patterns and VBM

We next tested the hypothesis that sulcal pattern type
was associated with gray matter volume in subregions of
the OFC. A possible explanation for the relationship
between OFC sulcal patterns and subclinical anhedonia
was that it was mediated by regional OFC gray matter vol-
ume. If so, then both OFC sulcal pattern and OFC gray
matter volume might both simply be indicators of
genetically-derived atypical morphology or early neurode-
velopmental health. There was no significant relationship

TABLE II. The relationship between OFC sulcogyral pattern type and anhedonia was investigated by conducting an

ANCOVA

Type I Type II Type III Statistical test

Left hemisphere
N (%) 34 (57%) 10 (17%) 14 (24%) Reliability, j 5 0.75
Physical Anhedonia, mean 1/2 (SD) 9.7 6 5.1 15.5 6 5.1 11.6 6 5.4 ANCOVA, P 5 0.009

Social Anhedonia, mean 1/2 (SD) 5.5 6 3.8 7.3 6 5.4 7.2 6 9.3 ANCOVA, P 5 0.474
Right hemisphere

N (%) 24 (41%) 22 (38%) 12 (21%) Reliability, j 5 0.67
Physical Anhedonia, mean 1/2 (SD) 11.2 6 5.9 11.0 6 4.6 11.4 6 6.7 ANCOVA, P 5 0.897
Social Anhedonia, mean 1/2 (SD) 6.1 6 6.4 5.9 6 4.4 7.2 6 7.0 ANCOVA, P 5 0.949

The ANCOVA controlled for the age, gender, and intracranial volume for the left and right hemispheres of the subjects.
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between OFC sulcal pattern and gray matter volume in
any of the six regions, F(2, 54)< 3.17, all P’s> 0.05), imply-
ing that the variation in physical anhedonia accounted for
by the left OFC sulcal pattern is not mediated by left cen-
tral OFC gray matter volume.

DISCUSSION

The results of our study show that individual differen-
ces in sulcogyral patterning account for a significant part
of the variation in physical anhedonia scores. More specifi-
cally, left hemisphere Type II OFC sulcogyral patterns
were associated with a decreased ability to experience
pleasure (e.g., higher physical anhedonia scores), even
when variation caused by age, gender, and intracranial
volume were controlled. This is in contrast to the earlier
literature that finds Type III patterns to be significantly

more associated with psychopathologies [Lavoie et al.,
2014; Nakamura et al., 2007; Nishikawa et al., 2016;
Takayanagi et al., 2010]. Our finding is in agreement with
the relatively recent group of studies where the Type III
pattern was more prevalent in the population than
expected, and where the OFC Sulcogyral pattern Type II is
associated with characteristics of psychopathology14DDI.
Higher physical anhedonia scores were also associated
with lower OFC cortical volume within the central OFC in
the left hemisphere. This is in contrast to a previous find-
ing where monetary rewards caused activation in the cen-
tral OFC [Li et al., 2015]. As demonstrated in previous
literature [Lacerda et al., 2007; McNamara et al., 2007;
Meador-Woodruff et al., 1997; Phillips et al., 2015; Takaya-
nagi et al., 2010; Webb et al., 2016], the OFC likely plays a
role in several behaviors relevant to schizotypy and
depressive tendencies, such as decision-making and the
valuation of reward. Moreover, deficits in an individual’s
neurological reward system can manifest as a general lack
of interest or pleasure, that is, anhedonia. We hypothe-
sized that the same OFC sulcogyral patterns that are more
prevalent among schizophrenics would also correlate with
anhedonia. This suggests that sulcogyral patterns could be
a predictive factor for anhedonia, and consequently a pre-
dictive factor for psychopathy and depression in the nor-
mal population with further investigation.

Region 3, the central OFC cluster depicted in Figure 2A, is
functionally connected with the anterior insula, ventrolateral
PFC, dorsal anterior cingulate, and striatum [Kahnt et al.,
2012]. The anterior insular cortex is implicated in several
functions, including reward and pain processing [Apkarian
et al., 2005; Price, 2000]. The striatum, particularly the ventral
striatum, is considered to be a reward center [Gregorios-Pip-
pas et al., 2009; O’Doherty et al., 2006]. A simple interpreta-
tion for the importance of the gray matter volume of the
central OFC is that the central OFC acts as a site of integra-
tion of information from its previously mentioned sites of co-
activation, even at rest [Andrews-Hanna et al., 2014; Belcher
et al., 2013]. Consequently, the structural integrity of the cen-
tral OFC may profoundly influence construction of the cog-
nitive map, an associative structure for generating
predictions of value from specific events. This map’s con-
tours might be in part marked by physical reward that is,
physical hedonia [Stalnaker et al., 2015]. If so, then an abnor-
mality in this region could lead to disrupted processing of
physical rewards, leading to increased physical anhedonia.

Anhedonia

Patients with schizophrenia have noticeably increased
difficulty in experiencing pleasurable feelings from social
and physical stimuli. Like many psychological traits, there
is significant variation in anhedonia in nonclinical samples
as well. Although our findings did not reveal an associa-
tion between OFC sulcogyral pattern type and social

Figure 2.

(A) Parcellation map of the OFC based on functional connectiv-

ity. Figure reproduced with permission from Kahnt et al. [2012].

(B) OFC gray matter volume in the left central OFC (Region 3

from Figure 2A) was significantly correlated with physical anhe-

donia scores (controlling for age, gender, and intracranial vol-

ume). [Color figure can be viewed at wileyonlinelibrary.com]

r Zhang et al. r

r 3878 r

http://wileyonlinelibrary.com


anhedonia, we did find significant differences in OFC sul-
cogyral pattern type and physical anhedonia.

Kringelbach’s [2005] review on the OFC and hedonic expe-
rience offers a plausible interpretation of our results [Krin-
gelbach, 2005]. Because the OFC has been found to be
involved in the representation of the reward value, expected
reward value, and subjective pleasantness of food and other
reinforcers [Gottfried et al., 2003; Kringelbach et al., 2003;
O’Doherty et al., 2001], the OFC is a critical component of the
evaluation of the hedonic quality of an experience. Li et al.
[2015] found posterior activation on the MOS of the OFC for
sexual stimuli, and this activation was consistently on the
posterior portion of the MOS in Type I and Type II morphol-
ogies [Li et al., 2015]. Sexual stimuli and physical stimuli are
both generally categorized as primary rewards; thus, a struc-
tural difference in the posterior MOS where primary rewards
might be processed suggests that the difference morphology
could underlie a difference in processing primary rewards in
general, including general physical pleasure

The region identified in our analyses corresponds to
central OFC. A functional connectivity study found that
this OFC subregion showed negative connectivity to a
region within the midbrain and positive connectivity to
the ventral striatum. The authors suggest that this region
of the OFC may have a role in reward learning based on
the fact that dopaminergic neurons in the midbrain inner-
vate the striatum and OFC and constitute a teaching signal
used in reward learning [Kahnt et al., 2012]. We speculate
that physical anhedonia constitutes a constitutively
depressed state of reward learning potentially caused by
early morphological changes in posterior-central OFC.

Laterality

Previous studies have reported divergent findings
regarding the behavioral effect of the presence of OFC sul-
cogyral pattern types in either the right or left hemisphere.
Accordingly, we did not have a priori predictions concern-
ing the laterality of pattern type expression and anhedo-
nia. Our results showed a significant relationship between
sulcal pattern type and anhedonia only in the left hemi-
sphere. We interpret the specificity of left-lateralization in
these findings with caution, given that previous work has
found either left- or right-lateralized links between atypi-
cal sulcogyral patterns and schizophrenic traits [Bartholo-
meusz et al., 2013; Ganella et al., 2015; Lavoie et al., 2014].
Additionally, the sulcogyral pattern distribution in our
sample resembles Li et al. [2015] but is dissimilar to sam-
ples from other studies in that we had a relatively high
number of type III OFC sulcogyral individuals, particu-
larly for the left hemisphere (17.2% of sample).

Limitations

It is important to note that all previous studies using the
technique used in this article recruited a heterogeneous

participant pool who varied in their handedness and age.
Our sample was more homogeneous and restricted to
right handers, potentially accounting for observed differ-
ences in laterality.

In addition, it is possible that we did not find an associa-
tion with social anhedonia because our sample was under-
powered. Last, we were also unable to determine which
sulcal pattern groups were driving relationship between
central OFC gray matter volume and physical anhedonia
due to inadequate statistical power. Future studies involv-
ing nonclinical populations should recruit a larger popula-
tion to increase its ability to discern smaller effects.
Additionally, the population should include both right and
left-handed participants and use handed-ness as a covariate
to investigate laterality effects more comprehensively.

Conclusions

The relationship between trait levels of anhedonia in non-
clinical individuals and the sulcogyral morphology of their
OFC is relatively unexplored. The tendency to experience
decreased pleasure to physical stimuli with the Type II sul-
cal pattern in the left hemisphere and decreased left central
OFC cortical volume suggests the possibility of developing
an additional diagnostic metric based on OFC morphology
that could help to identify susceptibility to physical anhe-
donia and aid in the identification of individuals who are at
greater risk of developing psychotic or depressive illnesses.
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