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Abstract 
 

Background: Due to the high prevalence of auditory hallucinations in schizophrenic individuals 
(60-80%; Lim et al., 2016), this review will focus on evidence of neuroanatomical abnormalities 
found in key auditory structures of this clinical population. Identifying atypical anatomy of these 
areas can inform our understanding of the mechanisms underlying the experience of auditory 
hallucinations as well as potential deficits in central auditory processing, providing a rationale for 
the involvement of audiologists in diagnosis and treatment of auditory hallucinations.  
 
Purpose: The goal of this review is to describe the auditory neuroanatomical differences in 
schizophrenic individuals who experience auditory hallucinations compared to normal 
individuals who do not. Further, it will also explore how these differences in neuroanatomy may 
be related to central auditory processing dysfunction and auditory hallucinations.  
 
Methods: A review of existing literature published from 1960-2020 was conducted to 
summarize and compare neuroanatomical abnormalities of key auditory structures in 
schizophrenic brains. Relevant studies published between the years of 1960 and 2020 were 
identified using the following online databases: Google Scholar, PubMed, PSYCnet, and 
Mendeley, as well as books, chapters, and bibliographies. For each of the listed databases, 
search terms included “schizophrenia” AND “auditory hallucinations” AND “auditory cortex” AND 
“anatomy” AND “Sylvian fissure” OR “superior temporal gyrus” OR “Heschl’s gyrus” OR “planum 
temporale” OR “(central) auditory processing dysfunction” OR “dichotic listening”. 
 
Results: Findings from previous anatomical studies are in strong agreement, having identified 
structural abnormalities of Heschl’s gyrus, planum temporale, and the Sylvian fissure in 
schizophrenic brains, suggesting that these auditory structures potentially play a role in the 
experience of auditory hallucinations.  
 
Conclusion/Discussion: This review summarizes and compares available evidence of 
neuroanatomical abnormalities in the auditory cortex of individuals with schizophrenia who 
experience auditory hallucinations. Anatomical studies investigating auditory structures in 
schizophrenic brains indicate abnormalities of Heschl’s gyrus, planum temporale, and the 
Sylvian fissure, particularly a reduction in hemispheric asymmetries. These anatomical 
deviations have implications for functional auditory processing. Evidence of the involvement of 
these key auditory structures provides rationale for audiologists to collaborate with psychiatrists 
in the diagnosis and treatment of auditory hallucinations. This review also suggests the need for 
future research to investigate potential correlations between neuroanatomical variances in 
schizophrenic brains and audiological findings.  
 
Key Words: Auditory Hallucinations, schizophrenia, auditory cortex, structure, anatomy, 
superior temporal gyrus, Heschl’s gyrus, planum temporale, Sylvian fissure, central auditory 
processing, dichotic listening 
 
Abbreviations: Auditory hallucinations (AH), auditory verbal hallucinations (AVH), central 
auditory nervous system (CANS), inner speech model (ISM), corpus callosum (CC), superior 
temporal gyrus (STG), Heschl’s gyrus (HG), planum temporale (PT), gray matter (GM), gray 
matter volume (GMV), white matter (WM), white matter volume (WMV), anterior cingulate cortex 
(ACC), temporo-parietal junction (TPJ), right ear advantage (REA) 
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Background 

Auditory Hallucinations and Schizophrenia 

Hallucinations can occur unimodally in any of the senses (visual, somatic/tactile, 

olfactory, auditory), but the most commonly experienced are multimodal hallucinations (53% 

compared to 27%). Notably, auditory hallucinations (AH) were the most common in both the 

unimodal (68%) and multimodal hallucination groups (88%), followed by visual, somatic, and 

finally olfactory hallucinations (Lim et al., 2016). For the purpose of this review, we will focus on 

auditory hallucinations, which have been defined as perceptions of sounds experienced in the 

absence of a corresponding external stimulus (Nazimek et al., 2012). This definition is not 

exclusive to AH; it is also used to describe tinnitus, a common symptom for many individuals 

with hearing loss. However, there is some distinction in the characteristic and treatment of the 

sounds individuals experience. Tinnitus is more often reported as a tonal stimulus (i.e., clicking, 

buzzing, ringing) and is addressed by otolaryngologists or audiologists; whereas AH tend to be 

more complex (i.e., voices, music; Musiek et al., 2007) and are primarily triaged by psychiatrists.  

The perception of AH can be internal (originating within the head) or external (outside 

the head) and may be perceived on one or both sides of the body, or from another body part all 

together (McCarthy-Jones et a., 2014; Slotema, et al., 2012). The most typical AH are auditory 

verbal (AVH) and musical hallucinations (41% music; Jain, 2013). Though AVH are generally 

more prevalent, women over the age of 60 years tend to experience musical hallucinations at 

higher rates than men (Evers et al., 2004). Research has also identified “three independent 

dimensions in AH: spatial location, language complexity, and self-other misattribution” 

(Stephane et al., 2003; Plaze et al., 2009). 

While this territory is fairly new for audiologists, the basis for this research is not 

unwarranted. Most audiologists will have patients with AH at some point in their career (Linszen 
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et al., 2019) and recently, there has been a call for audiologic evaluation in the psychiatric 

literature discussing schizophrenic and psychosis populations that experience AH (Baumeister, 

D., et al., (2017). Existing literature from clinical reports, lesion studies, and neuropsychology 

has largely been supported by functional imaging studies which suggest that the auditory 

system is key for understanding the origin and mediation of AH (Blom, 2015). The central 

auditory nervous system (CANS) and auditory cortex have been strongly implicated in the 

involvement of AH. Functional imaging and cadaver brain dissections have reported decreased 

auditory cortex volumes in individuals with AH, which could be indicative of less neural 

substrate, myelination, and/or interconnectivity that is necessary to modulate neural responses 

to acoustic stimuli, causing distorted perceptions (Highly et al., 1999).  

Prevalence of AH in the general population ranges from about 4-21% occurrence for 

those over the age of 18 years, though the frequency and impact may vary greatly. Auditory 

hallucinations have been reported in multiple populations, including children who will generally 

have diminished symptoms with aging (9% prevalence in 7-8 yr old; Bartels-Velthuis et al., 

2011; Linscott & Van Os, 2013), the elderly (32%; Cole et al., 2002; Tien, 1991), and individuals 

with hearing loss (16.2%; Linszen et al., 2019); interestingly, individuals with hearing impairment 

seem to have an increased prevalence of AH with greater severity of hearing impairment 

(Linszen et al., 2019). Of note, it has been documented that, unlike psychosis-related AH, AH 

can be remediated in individuals with hearing impairment if hearing sensitivity can be improved 

(Marneros et al., 1997). It is important to remember that prolonged auditory deprivation that 

might occur as a result of hearing loss, and elderly patients have an increased risk for AH due to 

social isolation (Evers et al., 2004).  

We know that AH are experienced by many atypical populations with neurologic 

disorders (i.e., trauma, tumors, strokes, degenerative disorders, etc.). Though they make up 
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less than 1% of the general population, schizophrenics have the highest prevalence of AH, 

estimated to be between 60% and 80% (Lim et al., 2016), making them the ideal population in 

which to investigate these experiences. Auditory hallucinations are one of the main symptoms 

considered in the diagnosis of schizophrenia, and thus have mainly been studied by 

psychiatrists and psychologists, while only a small percentage of the literature has been put 

forth by the audiological community. Auditory hallucinations can still be hard to categorize for 

people with schizophrenia, as the characteristics associated with the disorder are heterogenous 

within the population, and each individual will present with a complex constellation of symptoms 

(Musiek et al., in press).  

There is a substantial amount of literature proposing theoretical models that aim to 

explain AH, notably the Inner Speech Model (ISM) and the connectivity model. The ISM 

proposes that people with schizophrenia have a propensity to misinterpret internal acoustic 

perception (AH) as external acoustic stimuli, while the connectivity model asserts that abnormal 

central auditory processing in this population may result in neurological dysfunction affecting the 

cognitive and speech systems. However, when considered alone, it is unlikely that either model 

sufficiently explains the mechanisms underlying AH. Thus, the combination model was 

developed, which theorizes that the misperception of acoustic stimuli due to abnormal central 

auditory processing is carried through to the regions of the brain responsible for cognition and 

speech, where we see the misattribution of that original acoustic stimuli (Musiek et al., in press). 

Although many researchers have focused their attention on developing these theoretical 

models, a growing body of evidence is emerging demonstrating neuroanatomical abnormalities 

in the auditory cortex of schizophrenic patients, which may be involved in the generation of AH 

(Blom, 2015). The possibility of atypical auditory anatomy in this clinical population prompted 

this review of the available literature to summarize and compare the findings presented by 
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researchers in the last six decades. This review will focus on anatomical differences in the 

auditory cortex between schizophrenic and control populations, particularly in three key 

structures: Heschl’s gyrus, planum temporale, and the Sylvian fissure. Because all three 

structures are known to play significant roles in audition, it is possible that abnormalities in their 

formation could be part of a system of underlying contributors in the manifestation of AH, 

specifically in schizophrenic brains. There will also be discussion regarding the effects of 

anatomy on functional listening, including deficits demonstrated by those with schizophrenia. 

Psychiatric Approaches to Diagnosis & Treatment 

Historically, the diagnosis and treatment of people with schizophrenia has primarily been 

the responsibility of psychiatrists. The Diagnostic and Statistical Manual of Mental Disorders, 

fifth edition (DSM-5), classifies the presence of “two (or more) of the following, each present for 

a significant portion of time during a 1-month period (or less if successfully treated). At least one 

of these must be (1) delusions, (2) hallucinations, or (3) “disorganized speech (e.g., frequent 

derailment or incoherence).” See Table 6 for a summary of symptoms. Diagnosis of 

schizophrenia is determined by first administering physical examinations and screeners (i.e., 

bloodwork, CT, MRI) to rule out the influence of physical illness or substance abuse. Further 

testing consists of a thorough psychiatric evaluation of interview and observation, along with a 

variety of screening questionnaires (Table 7) to assess relevant symptomology with respect to 

the DSM-5 criteria. (American Psychiatric Association, 2013)  

Schizophrenia is associated with positive, negative, and disorganized symptoms. 

Positive symptoms refer to abnormally present symptoms, like delusions, hallucinations, 

paranoia, and distorted perceptions of reality or beliefs. Negative refers to symptoms that are 

characterized by a deficit, like a reduced ability to speak, express emotions, or initiate plans. 

Disordered symptoms include difficulty with logical reasoning, bizarre behavior, confusion, and 



 
 

 

12 

disordered thinking and speech. These symptoms can influence cognition, concentration, 

attention, and memory. Though male brains mature slower than female brains (Penrose, 1991), 

there is evidence that men are more likely to experience earlier onset of symptoms, a predictor 

of poorer outcomes (Eaton et al., 1992), which may be due to neural developmental differences 

in men and women (Delvecchio et al., 2017).
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Methods 

Identifying Relevant Literature 

This review identifies and summarizes and when appropriate, compares the existing 

literature regarding auditory neuroanatomy in schizophrenic individuals who experience auditory 

hallucinations. I will review findings from multiple disciplines, including research presented by 

audiologists, psychologists, psychiatrists, and neuroanatomists. Relevant studies published 

between the years of 1960 and 2020 were identified using the following online databases: 

Google Scholar, PubMed, PSYCnet, and Mendeley, as well as books, chapters, and 

bibliographies. For each of the listed databases, search terms included “schizophrenia” AND 

“auditory hallucinations” AND “auditory cortex” AND “anatomy” AND “Sylvian fissure” OR 

“superior temporal gyrus” OR “Heschl’s gyrus” OR “planum temporale” OR “(central) auditory 

processing dysfunction” OR “dichotic listening”. 

Results 

Structural Auditory Neuroanatomy in Schizophrenic Brains 

The primary auditory cortex, found within the Sylvian fissure, lies on the latero-medial 

plane of the superior temporal gyrus (STG). Visualization of the superior temporal plane (STP) 

allows us to identify its various components: Heschl’s gyrus, planum temporale, and posterior 

aspects of planum polare. Other key structures involved in AH include the insula, which is 

nested within the most medial aspect of the cortex; the corpus callosum, which connects the two 

hemispheres; and subcortical structures including the amygdala, hippocampus, cerebellum, and 

thalamus. To begin, this review will summarize neuroanatomical abnormalities broadly affecting 

the STG that have been detected in schizophrenic/hallucinatory patients. The same 

measurement techniques used have also been implemented to assess more distinct portions of 
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the STG, i.e., Heschl’s gyrus (HG) and planum temporale (PT), which are considered primary 

and secondary auditory areas, respectively.  

Data reported in these studies may include each structure independently or in 

combination with others, but they are responsible for different aspects of auditory processing. It 

is important to identify anatomical boundaries and delineate the purposes of each region to 

understand which specific functional processing abilities are undermined by the deficits of a 

particular structure. After narrowing down and presenting results related specifically to HG and 

PT, this review will shift focus away from gray matter to a third auditory structure: the Sylvian 

fissure (SF), followed by a brief overview of other structures believed to contribute to AH. 

Relevant schizophrenia and AH literature also contains reports regarding a number of 

fMRI studies of schizophrenic brains. The majority of these researchers observed disturbed 

physiological function corresponding to anatomical deviations of each of these structures, 

evidence to suggest that the underlying reduction in the normal hemispheric asymmetry driven 

by left-lateralized deficits is related to the abnormal brain activity in patients with AH (Pearlson, 

1997; Hickok & Poeppel, 2000; O’Daly et al., 2007; Hubl et al., 2008). These findings have 

implications for divergent dorsal and ventral processing streams. However, these studies are 

outside the scope of this review, so the following sections will primarily discuss specific 

structural findings and discuss the relationship between abnormal auditory anatomy, 

hallucinations, and functional dichotic listening.  

Superior Temporal Gyrus  

Researchers have employed various imaging modalities to measure the auditory cortex 

bilaterally in schizophrenic patients and controls and compare data in terms of overall volume 

and degree of asymmetry. While gray matter volume (GMV) is the most common metric 

analyzed, cortical thickness and surface area changes have also been studied (Mørch-Johnsen 
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et al., 2017). Over 100 years ago, Southard (1915) published the first qualitative post-mortem 

report about the superior temporal gyrus (STG) in schizophrenic patients, noting observed 

structural “peculiarities” in the left hemisphere (LH). Since then, a number of studies evaluating 

changes in anatomy have had similar findings, compiling evidence to support LH STG deficits in 

people with schizophrenia and AH (Jakob et al., 1989; Barta et al., 1990; Bilder et al., 1994; 

Crow, 1997; DeLisi et al., 1997; Niznikiewics et al., 2003; Neckelmann et al., 2006; Takahashi et 

al., 2009; Panaliyappan et al., 2012). 

The majority of evidence endorses a left STG GMV deficit in schizophrenia brains, 

reducing L > R asymmetry compared to normals, which has negative implications for 

hemispheric dominance and functional listening that will be reviewed later (Table 1). However, 

this claim of left-sided insufficiency has not gone uncontested. Some researchers have 

observed a decreased asymmetry created by the opposite hemisphere, thus attributing the 

reduction to GMV abnormalities of the right STG (DeLisi et al., 1994; Pearlson, 1997; Sommer 

et al., 2001, 2019; Garcia-Martí et al., 2008; Delvecchio., 2017). Even more contradictory, other 

researchers have failed to confirm an asymmetry difference of any kind, either because a 

subject exhibits overall STG GMV comparable to controls, or they have a proportionate bilateral 

deficit that maintains the typical left-right asymmetry (Ohi et al., 2016). These results illustrate 

different patterns of neuroanatomical deviations, but collectively suggest that auditory structures 

in both hemispheres are involved in the structural pathology of AH (Modinos et al., 2013).  

As research developed, patterns of asymmetry began to emerge implicating more 

specific regions of the STG, like the posterior STG (pSTG). Again, the details of these findings 

are not consistent, suggesting that the pSTG has either a right- (Sommer et al., 2019) or left-

lateralized deficit (Wise et al., 2001). Wise et al. (2001) explains that the left pSTG is a key 

structure in processing the temporal sequence of sounds for externally and internally generated 
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words. The right STG is believed to contribute to discourse comprehension and production, 

understanding indirect requests, metaphors, humor, and emotional prosody; thus, an 

abnormality of the right STG may be an underlying source of negative symptoms which are 

present in schizophrenia (Mitchell & Crow, 2000; Delvecchio et al., 2017).  

 

Table 1. Structural Abnormalities of the Superior Temporal Gyrus 
SUPERIOR TEMPORAL GYRUS  

HEMISPHERE MEASUREMENT REFERENCES 

REDUCED ASYMMETRY 

LH ↓GMV 
 

 

Southard (1915); Jakob et al. (1989); Barta et al. 
(1990); Bilder et al. (1994); Crow (1997); DeLisi et al. 
(1997); Niznikiewics et al. (2003); Neckelmann et al. 
(2006); Takahashi et al. (2009); Panaliyappan et al. 

(2012) 

LH (pSTG) ↓GMV Wise et al. (2001) 

RH ↑GMV Pearlson (1997); Sommer et al. (2001, 2019); Garcia-
Martí et al. (2008); Delvecchio. 2017) 

RH (pSTG) ↓GMV Anderson et al. (2002); Sommer et al. (2019) 

BILATERAL ↑↓GMV Modinos et al. (2013) 

NORMAL ASYMMETRY 

BILATERAL ↓GMV Ohi et al. (2016)  

NO SIG DIFFERENCES DeLisi et al. (1994) 

 

Heschl’s Gyrus (HG) 

 The patterns of reported GMV deficits in Heschl’s gyrus (HG) are similar to those 

documented in the STG, with deficits in the LH compared to controls result in a reduction of the 

hemispheric asymmetry (Hirayasu et al., 2000; Kasai et al., 2003; Gaser et al., 2004; Modinos 
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et al., 2013). Again, this is a controversial finding (Table 2). In the first manual volumetry study 

on HG contrasting schizophrenic patients with or without AH, Hubl et al. (2010) also 

documented an attenuated asymmetry, this time due to an increased HG volume in the right 

hemisphere (RH) of hallucinators. They posit that this relatively larger volume “may be 

interpreted as compensatory plastic adaptations of contralateral regions.” While Yamasaki et al. 

(2007) found GMV deficits of the STG, the reductions were localized to PT bilaterally and the 

normal. volume of HG was preserved. Chance et al. (2008) reviewed 34 MRI and 5 post-

mortem studies, half of which reported a LH deficit and a relatively larger HG in the RH.  

Other studies have chosen to collect data on the cortical thickness and surface area of 

HG, but there is a paucity of research evaluating these variables and the results are highly 

inconsistent. Chen et al. (2015) found that patients with AH had a reduced cortical thickness in 

the right HG compared to normals and non-hallucinating patients, but thinner cortex has also 

been documented in the left HG (Mørch-Johnsen et al., 2017). The reductions seen in cortical 

volume may either be related to reduced cortical thickness or surface area, potentially reflecting 

different neuropathologies. In 2017, Mørch-Johnsen and colleagues found that AH were 

associated with a thinner cortex of the left HG, but not with a smaller surface area.  

Due to the lack of definitive evidence, another comparison we were interested in 

investigating in our experimental partner study was the number of HG present in schizophrenics 

and controls. Heschl’s gyrus is generally thought to be a single transverse gyrus, but it is 

possible to have duplications. A common stem duplication is present when Beck’s intermedius 

(a sulcus) divides HG partially, extending anterolaterally to posteromedially towards (but not 

through) the medial aspect. A complete duplication is present when Beck’s intermedius extends, 

fully dividing HG. (St. George et al., 2017) Though the findings are still largely uncorroborated, 
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Hubl et al. (2010) and Takahashi et al. (2021) have documented higher rates of HG duplications 

in schizophrenic patients with AH. 

 
 
Table 2. Structural Abnormalities of Heschl’s Gyrus 

HESCHL’S GYRUS 

HEMISPHERE MEASUREMENT REFERENCES 

REDUCED ASYMMETRY 

LH ↓GMV Hirayasu et al. (2000); Kasai et al. (2003); Gaser et al. 
(2004); Modinos et al. (2013); Chance et al. (2008) 

↓CT Mørch-Johnsen et al. (2017) 

RH ↑GMV Hubl et al. (2010); Chance et al. (2008) 

↓CT Chen et al. (2015) 

NORMAL ASYMMETRY 

NO SIG DIFFERENCES Yamasaki et al. (2007) 

 

Planum Temporale (PT) 

In a landmark study, Geschwind and Levitsky (1968) performed a post-mortem study 

investigating the temporal lobe in each hemisphere of the brain. The superior temporal plane is 

home to the structures that are the primary and secondary auditory areas of the brain, Heschl’s 

gyrus and planum temporale. What Geschwind and Levitsky (1968) found (as well as many 

other investigators since) was a significant asymmetry, where the left planum temporale was 

larger in surface area and one-third longer than its counterpart on the right in 65% of brains. The 

documentation of this asymmetry would be the basis for deeper investigations of the temporal 

lobe to understand how this structural difference between the two sides could contribute to 
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different functional responsibilities for each hemisphere. Following this seminal research many 

studies over the years have continued to explore the nature of this asymmetry observed in the 

auditory cortex. Chi et al. (1977) reported evidence of auditory cortex asymmetry, specifically 

PT, already present as early as 29-30 weeks of gestation in a typically developing fetus.   

In pathologic populations such as those with formal thought disorder, psychosis, or 

schizophrenia there is a greater degree of variability regarding asymmetry of auditory cortex. 

While some researchers have reported no changes in asymmetry for neuropathologic 

populations (Kleinschmidt et al., 1993; DeLisi et al., 1994; Barta et al., 1997; Shapleske et al., 

2001) others argue that there is a variable degree of asymmetry that can be attributed to 

severity of the condition (Rossi et al., 1994; Petty et al., 1995; Sommer et al., 2001). In a study 

of first episode psychosis patients with either schizophrenia or manic psychosis (bipolar 

disorder) compared to normal controls, Hirayasu et al. (2000) found temporal lobe GMV 

differences among all three groups, where the LH PT GMV was significantly reduced for SZ 

relative to the other groups, results corroborated by Kasai et al. (2003). Contradictory evidence 

of reductions in PT of the RH have linked GMV deficits to functional increases in delusions 

(Yamasaki et al., 2007). Other studies have also found abnormalities (both left deficits and right 

increases) resulting in a reversal of normal asymmetry in either GMV or surface area (Falkai et 

al., 1995; Petty et al., 1995; Kwon et al., 1999). 

Sex differences in the structure of PT have also been explored, demonstrating different 

patterns of symmetry in male and female patients that support the theory that neural maturation 

divergences between the sexes can impact the onset and severity of schizophrenic symptoms 

(Falkai et al., 1995; Shapleske et al., 2001; Delvecchio et al., 2017; Wong et al., 2020). Sex-

specific characteristics of schizophrenia and AH are still understudied, but evidence suggests 
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that patterns of asymmetry may be related, revealing a promising avenue for future research 

that may inform approaches diagnosis and management.  

Gray matter volume measurements are a feature of many studies, while others evaluate 

cortical thickness or surface area. Recall that, Mørch-Johnsen et al. (2017) found that AH were 

associated with a thinner cortex of HG, but not with a smaller surface area. Barta et al. (1995, 

1997) encouraged skepticism about disparate measurement techniques of PT surface area, as 

it is a mistake to assume PT is flat considering the complex folding of its surface that is altered 

in schizophrenia. Chance et al. (2008) found reduced PT surface area asymmetry due to a left-

lateralized deficit but failed to identify age-associated changes that are normally observable in 

PT (and HG). The authors reported that reduced PT surface area was also associated with 

cortical thinning, suggesting a failure of adult neuroplasticity that hinder the brain’s processing of 

anomalous events and other cognitive demands, the effects of which could lend to 

schizophrenic patients’ vulnerability to symptoms.   

Table 3. Structural Abnormalities of Planum Temporale 

PLANUM TEMPORALE  

HEMISPHERE MEASUREMENT REFERENCES 

REDUCED ASYMMETRY 

LH ↓GMV Hirayasu et al. (2000); Kasai et al. (2003) 

↓CT Chance et al. (2008) 

↓SA Chance et al. (2008) 

RH ↓GMV Yamasaki et al. (2007) 

REVERSED ASYMMETRY 
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LH ↓GMV Petty et al. (1995); Kwon et al. (1999) 

RH ↑GMV Falkai et al. (1995) 

NORMAL ASYMMETRY 

NO SIGNIFICANT DIFFERENCES Kleinschmidt et al. (1993); DeLisi et al. (1994); Barta et 
al. (1997); Shapleske et al. (2001) 

 

Sylvian Fissure (SF) 

Though some controversy remains, a substantial majority of existing evidence is 

congruent, showing that schizophrenic patients exhibit a significant reduction in the normal 

structural asymmetries of the STG and, more specifically within its boundaries, HG and PT. 

However, these key structures are not unique in their asymmetry. In fact, the asymmetry of the 

Sylvian fissure (SF) was the first to be identified in normal brains, with the SF being significantly 

longer in the LH (Eberstaller, 1884). Especially given previous cortical findings, questions were 

raised about whether or not researchers would also identify abnormalities in schizophrenic 

brains for the SF (a sulcus) as they did for the gyri. The results of these studies are also 

generally in agreement that schizophrenic patients demonstrate a reduced asymmetry, but in 

comparison to the gyral studies discussed, not only is there more disagreement about the 

details, but researchers have also debated the existence of a reduction at all. 

Falkai et al. (1992) obtained post-mortem images of schizophrenic brains and used a 

surface view to create manual tracings of the SF length bilaterally. Their findings were 

analogous to those from gyral studies; the authors reported a significant asymmetry abnormality 

between hemispheres, which they attributed to a reduction in the length of the LH SF. That 

same year, Hoff et al. (1992) also reported a significant reduction in asymmetry in patients. 

Though they agreed with Falkai et al. (1992), instead of a shorter left SF, the authors attributed 
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the lack of asymmetry to a relative increase in length of the right SF. However, their findings 

have been both supported (Crow et al., 1992, 1994, 1997; Bilder et al., 1997; Sommer et al., 

2001) and contested (DeLisi et al., 1997; Shapleske et al., 2001; Falkai et al., 2002).  

More than one study has failed to identify significant reductions in SF asymmetry in 

schizophrenic patients, but perhaps the most well-known contradictory findings came from 

Bartley et al., 1993, who investigated this abnormality in a monozygotic twin study. The 

neuroanatomy of one twin with schizophrenia and one without did not indicate a difference, with 

both twins exhibiting normal asymmetry. Though these two siblings were the only participants in 

the study, Bartley et al. (1993) were among the few to evaluate relatives and their reports do not 

support a genetic association with abnormal asymmetry. A later study by Falkai et al. (2002) 

explored genetic influences by separating subjects based on their family history of 

schizophrenia. Patients either came from a uni-affected family, where there was no history of 

psychosis over the past three or more generations, or a multiply-affected family, where they did 

have close relatives with a history of psychosis. Notably, their results both confirmed and denied 

the presence of an asymmetry in schizophrenic patients. They only found a reduced asymmetry 

in those who came from uni-affected families, where those from multiply-affected families 

demonstrated the normal left sided SF asymmetry seen in controls. These findings haven’t been 

replicated, but the two groups displayed heterogeneous patterns of structural disturbances, 

encouraging additional explorations of patients from uni- and multiply-affected families.  

Other studies looked beyond the diagnosis and family history, with results suggesting 

that there are even more details that might be related to decreased asymmetries. In terms of 

patient characteristics, a decreased asymmetry in SF length was reported in female first-

episode schizophrenics (Hoff et al., 1992), providing evidence that the abnormality was present 

at the onset of the disorder. This finding suggests that the abnormality is more likely a 
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developmental disturbance opposed to a consequential change related to the chronic disease 

process. DeLisi et al. (1994) used the same cohort to complete another MRI study on SF and 

this time changed their measurement approach. In controls, the left SF was longer than the right 

when taking measurements from an anterior slice, but the opposite was true when using a 

posterior slice. Compared to the controls, first-episode schizophrenic participants had reduced 

L>R asymmetry in anterior slices, and females (but not males) with schizophrenia showed a 

trend toward less R>L asymmetry in the posterior slices. These asymmetries were corroborated 

by volumetric measurements obtained by Honer et al. (1995), who found the posterior (but not 

anterior) third of the SF to be larger in the RH for controls and the LH for schizophrenic patients. 

Collectively, the authors’ observations of both control and schizophrenic brains indicate that the 

“normal” hemispheric asymmetry of the SF is variable based on the approach to measurements, 

underscoring the importance of clearly detailing your process and supporting the development 

of standardized measurement techniques. 

After comparing and contrasting the findings of these varied studies, the majority of 

authors report on reduced SF asymmetry in schizophrenic people as leaning towards a LH 

reduction, but these findings are controversial. Each patient exhibits heterogeneous symptoms, 

which increases the challenge faced by the authors to identify a relatively homogeneous 

experimental group within the population (Bartley et al., 1993). This is difficult not only for one 

set of authors recruiting a study group, but for subsequent researchers to identify groups that 

are similar to other participants. This barrier has to be kept in mind when trying to compare 

these studies that have all approached the subject with specific questions in mind, because 

these researchers sought participants with a certain profile to target their variable of interest. 

Based on the multitude of contributing factors that have been correlated with changes in the SF, 

there are too many influential factors to reach a decisive conclusion with the existing body of 
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evidence. Additional research is needed to replicate the results from these studies and further 

probe the strength of relationships between these different characteristics and potential 

structural abnormalities. 

Table 4. Structural Abnormalities of the Sylvian Fissure 

SYLVIAN FISSURE 

HEMISPHERE MEASUREMENT REFERENCES 

REDUCED ASYMMETRY 

LH ↓LENGTH Falkai et al. (1992); Crow et al. (1992, 1994, 1997); 
Bilder et al. (1997); Sommer et al. (2001); Falkai et al. 
(2002)* 
 
*Uni-affected families 

RH ↑LENGTH Hoff et al. (1992) 

↑VOL Honer et al. (1995)** 
 
**Posterior (but not anterior) third 

NORMAL ASYMMETRY 

NO SIGNIFICANT DIFFERENCES Bartley (1993); DeLisi et al. (1997); Shapleske et al. 
(2001); Falkai et al. (2002)* 
 
*Multiply-affected families 

 

Other Anatomy Implicated 

While they are not the focus of this review, there are a number of other neuroanatomical 

structures that have been assessed for potential correlations with schizophrenia and/or AH. 

Notably, not all of the structures implicated are auditory in nature. The wide variety of structural 

abnormalities identified in these studies is indicative of a much larger, dispersed network of 

connectivity that influences both the generation and perception of AH which extends well 
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beyond the auditory cortex (Table 5). Because we understand that this expansive network of 

structures and processes throughout the brain contribute to normal processing of external 

auditory stimuli (Allen et al., 2008), the involvement of these structures in processing of 

internally generated auditory events is not surprising, as we know schizophrenic patients are 

unable to differentiate between the two (Plaze et al., 2009).  

Insula Concurrent with previous GMV studies, the left insular cortex is also abnormal. In 

schizophrenic patients with AH and patients without AH, those with AH have deficits in GMV 

bilaterally, typically greater in the LH (Shapleske et al., 2002; Garcia-Martí et al., 2008; Chen et 

al., 2015). The reduction of the insula is likely not generalizable to all schizophrenic patients, 

rather it has a relationship with the symptom of AH specifically. The insula has been identified 

as a key structure in auditory processing (Bamiou et al., 2006) and a larger “salience network” 

(Menon & Uddin, 2010), contributing to the integration of salient sensory and interoceptive 

information (Kurth et al., 2010) and the articulatory planning of speech (Dronkers, 1996). 

Dysfunction of the insular cortex may impact a patient’s capacity to accurately process internal 

speech within the context, so they attribute unwarranted “proximal salience” to ordinarily 

insignificant stimuli, which Panalniyappan and Liddle (2012) believe promotes perceptual and 

cognitive distortions, as well as deficits in auditory and information processing.  

Amygdala and Hippocampus Along with the insula, the amygdala is a key structure for 

emotional regulation; it works to heighten a person’s processing of information when they are in 

an emotional state, thus the insula is involved in processing the emotional load that 

accompanies AH (Anderson et al., 2002; Alba-Ferrara et al., 2012). The negative symptom of 

poor emotional regulation may be a consequence of GMV deficits of the amygdala in 

schizophrenic patients (Garcia-Martí, et al., 2008; Allen et al., 2008). The amygdala is also 

connected to another structure, the hippocampus, involved in learning and memory. In 
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conjunction, they are sometimes referred to as the amygdala-hippocampus-complex, also found 

to have reduced volume and disturbed asymmetry (Falkai et al., 2002; Shenton et al., 2002).  

The Temporo-parietal Junction Gray matter volume deficits have also been 

documented in the parietal lobe, a key region for the integration of sensory information, and 

activity is associated with the experience of somatic hallucinations (Nenadic et al., 2010). But, 

structural GMV abnormalities alone cannot explain the AH, prompting the expansion of research 

into white matter structures and functional connectivity. Several researchers have explored the 

relationships between schizophrenia/AH and the right and left temporo-parietal junctions (TPJ), 

a region containing many auditory fibers (Wise et al., 2001; Vercamman et al., 2009, 2010; 

Plaze et al, 2009). Their findings indicate anatomic abnormalities in both hemispheres that are 

related to functional deficits of processing internally and externally generated speech. The right 

TPJ is involved in the ‘where’ auditory pathway that informs the perceived spatial location of AH. 

In the LH, the posterior STG is important for temporal sequencing and the middle TPJ has a role 

in the repetition of words and sounds (Wise et al., 2001).  

Interestingly, patients with outer space AH had significantly decreased white matter 

volumes in the right STG near the TPJ compared to those with inner space AH, who actually 

had increased white matter volume compared to controls (Plaze et al., 2009). In addition to the 

white matter deficits, the TPJ in both hemispheres were found to have reduced functional 

connectivity (Wise et al., 2001; Vercammen et al., 2010, 2012; Plaze et al., 2009). In the LH, 

schizophrenics demonstrated connectivity deficits between the left TPJ and the right equivalent 

of Broca’s area. Neural coupling deficits between the left TPJ and the anterior cingulate and 

amygdala bilaterally (two areas involved in emotion processing) were correlated with more 

severe AH (Mechelli et al., 2007; Vercamman et al., 2010).   
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Anterior Cingulate Cortex (ACC) Similar to the right TPJ, the cingulate cortex, 

particularly the anterior portion, seems to be involved in the ‘where’ of the auditory pathway. A 

number of functional studies have found that the ACC (involved in attention) was active during 

AH (McGuire et al., 1993; Suzuki et al., 1993; Silbersweig et al., 1995; Szechtman et al., 1998; 

Shergill et al., 2000a); this activity was present in response to an external auditory stimulus and 

during active hallucinations, but not if the patients were only imagining the sound (Allen et al., 

2008). Resting activity in the ACC has also been positively correlated with positive symptoms 

and decreased activity is related to source-monitoring and misattribution of self-speech in AH 

patients (Northoff & Bermpohl, 2004; Allen et al., 2008).  

Other In schizophrenic brains, a widely distributed network of structural and functional 

connectivity deficits has been identified underlying the experience of AH. Note that these 

additional anatomical findings have been documented within the relevant literature reviewed 

regarding the auditory cortex. These studies have some contradictory results thus this brief 

overview is intended to serve as a general summary of the findings rather than a 

comprehensive analysis. For more information on these structures, see referenced reviews on 

multiple areas of involvement (Anderson et al., 2002; Gaser et al., 2004; Neckelmann et al., 

2006; O’Daly et al., 2007; Allen et al., 2008, 2012; Garcia-Martí et al., 2008; Panaliyappan et al., 

2012; Steinmann et al., 2014; Sommer et al., 2019). 
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Table 5. Other Structural Abnormalities 

OTHER ANATOMY 

STRUCTURE MEASUREMENT REFERENCES 

REDUCED ASYMMETRY 

L FRONTAL GYRUS ↓GMV Garcia-Martí et al. (2008) 

L THALAMUS ↓GMV Allen et al. (2008) 

L SMG ↓GMV Gaser et al. (2004); Allen et al. (2008) 

L MTG ↓GMV O’Daly et al. (2007) 

R FRONTAL GYRUS ↓GMV Gaser et al. (2004); Allen et al. (2008) 

↑GMV Shin et al. (2005) 

R FUSIFORM GYRUS ↓GMV O’Daly et al. (2007) 

R HIPPOCAMPUS ↓GMV Allen et al. (2008) 

R MTG ↓GMV Niznikiewics et al. (2003), Zhao et al. 
(2018) 

↑GMV O’Daly et al. (2007) 

BILATERAL INSULA (L>R) ↓GMV Shapleske et al. (2002); Garcia-Martí et 
al. (2008); Chen et al. (2015) 

BILATERAL TPJ ↓GMV Allen et al. (2008) 

BILATERAL ACC & PCC ↓GMV Niznikiewics et al. (2003); Northoff & 
Bermpohl, (2004); Allen et al. (2008) 

BILATERAL CEREBELLUM ↓GMV Neckelmann et al. (2006); Allen et al. 
(2008) 

BILATERAL PRECUNEUS ↓GMV Allen et al. (2008) 

 

 

 



 
 

 

29 

Correlations with Auditory Hallucination Severity and/or Characteristics 

There is a paucity of studies investigating the structural abnormalities found in 

schizophrenic brains in which the authors have evaluated multiple different groups presenting 

with similar characteristics. Though some studies describe only the neuroanatomy of disordered 

brains, it is typical to compare the schizophrenic brains to normal controls. However, as the 

literature has developed over time, it has become more standard practice for researchers to 

make neuroanatomical comparisons past the expected group of normal controls. Currently, 

there are a few studies that have compared structural abnormalities related to schizophrenia to 

potential diversions in other non-schizophrenic psychotic (e.g., bipolar disorder) or hallucinating 

(e.g., elderly) populations. These studies have concluded that the disturbances found in 

schizophrenic brains are unique to this clinical population, as they have failed to demonstrate 

these same abnormalities in similar populations (Ellison-Wright et al., 2003; Ratanather et al., 

2013) 

Though the confirmation of schizophrenia-related abnormalities is important in our 

understanding of the underlying changes, arguably even more important is the comparison 

between structures in schizophrenic individuals who are AH positive (AH+) and those who are 

AH negative (AH-). Although this population generally has the highest prevalence of AH, 

symptoms of the disorder are heterogenous and not all individuals have experienced AH. In 

essence, the AH- groups serve as an additional level of control in this investigation. This 

comparison between groups is critical to help us determine whether these abnormalities are 

related to schizophrenia as a disorder, or if they’re related specifically to AH as a symptom.  

Anderson et al. (2002) investigated other markers by searching for potential differences 

between schizophrenics who experience predominantly positive symptoms (hallucinations, 

delusions, etc.) and those who experience predominantly negative symptoms (attention deficits, 
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social withdrawal, etc.), that the distinction between a profile of positive or negative 

symptomatology is better described as dimensional rather than categorical. Though many have 

documented correlations with specific positive/negative symptoms, no one else has explored 

this exact comparison. Beyond simply considering the presence or absence of AH, researchers 

have also attempted to identify correlations between structural asymmetries and symptom 

severity/characteristics. Some researchers have failed to uncover any relationship between 

structural abnormalities and AH (DeLisi et al., 1994; Zipursky et al., 1994; Marsh et al., 1997; 

Havermans et al., 1999; Shapleske et al., 2001). However, more recent literature has emerged 

reporting disturbed anatomy in many different regions of the schizophrenic brain that are 

significantly correlated with the severity of their individual symptoms/hallucinations. Structural 

and functional imaging studies have demonstrated both positive and negative correlations 

between abnormalities and AH severity/characteristics (Table 8). Evidence suggests that many 

of these changes are likely specific to the symptomatology of AH rather than the underlying 

disorder of schizophrenia (Hubl et al., 2008).  

In another interesting analysis, Løberg et al. (2004) sought to determine if the 

relationship between AH and functional listening deficits was due to more “state-” or “trait-” 

factors by separating those with ongoing AH and those with previous AH into groups based on 

their responses on the PANSS hallucination item (severity rating: 1-7). In this context, state-

factors refer to the influence of the symptoms the patient has at the time of evaluation on test 

performance, whereas trait-factors refer to the profile of symptoms experienced by that patient 

that may or may not be active. Though their results have not been replicated, they found that 

patients who had AH in the past had similar performances to controls. However, the patients 

with ongoing AH performed significantly worse compared to both groups. Their results suggest 
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that state-dependent factors may have more significant influence on a patient’s ability to 

process external acoustic information presented to the LH of their brains.  

Discussion 

Impact of Structural Deficits on Auditory Function 

Asymmetry and Hemispheric Dominance  

Normal Listeners Doreen Kimura (1961a, 1961b) was the first to document a functional 

asymmetry in auditory perception between the two hemispheres. The neural representation of 

auditory stimuli arriving from either ear is stronger in the hemisphere contralateral to that ear, 

attenuating the ipsilateral left ear input (Kimura, 1967). Although there are both contralateral and 

ipsilateral pathways connecting each ear to both hemispheres, the contralateral pathway is 

dominant because they contain the bulk of auditory fibers (5:1 ratio; Musiek & Baran, 2020). 

Furthermore, in this seminal work, Kimura (1961a, 1961b) proposed that along with the RH 

being dominant in gestalt and music processing, the LH is predominantly analytic and focused 

on language processing, explaining the better representation of speech processing in the left 

temporal lobe yielding a right ear listening advantage for language.   

Schizophrenics with Auditory Hallucinations The left temporal lobe is a locus for 

speech perception and dichotic listening is capable of tapping into the structure’s functional 

integrity, particularly that of the STG (Hugdahl et al., 1999, 2002). Crow (1997) reported 

reduced cortical GMV asymmetry, a change that was more noticeable in patients with an early 

onset of schizophrenia. He describes schizophrenia as “an anomaly of the function of language, 

shown in failures of linguistic processing for semantic, syntactic, and discourse structure.” It is 

clear that structural deficits related to schizophrenia are neurodevelopmental in nature (Crow et 

al., 1991, 1997; Falkai et al., 1992; Pearlson, 1997; Rojas et al., 1997; Sommer et al., 2001; 

Plaze et al., 2009; Delvecchio et al., 2017). Based on the patterns of evidence, Crow’s (2007) 



 
 

 

32 

evolutionary theory hypothesizes that a normal hemispheric asymmetry is the basis for 

neurodevelopment of language for both speech perception (L>R) and motor speech output 

(R>L), thus the failure to develop cortical asymmetry is what underlies the pathophysiology of 

schizophrenia and AH.  

Dichotic Listening 

Normals and Temporal Lobe Lesions One of the most common tasks used to assess 

the integrity of the central auditory nervous system (CANS) and its processing abilities is 

dichotic listening. A dichotic listening test involves presenting auditory stimuli to each ear 

simultaneously and asking the participant to repeat back what they’ve heard in both ears, 

typically in the form of digits, words, or consonant-vowel (CV) syllables (Musiek & Pinheiro, 

1985). Kimura (1961a, 1961b) utilized a dichotic digit test to assess the functional differences of 

the auditory cortices in both hemispheres. For the test by Kimura (1961a, 1961b), the 

participants were presented with three numbers to each ear, simultaneously. The participant 

was then asked to repeat back all six numbers that were heard. She administered the dichotic 

digits test to both normal individuals and individuals with temporal lobe lesions in either 

hemisphere. What she found was that all groups correctly repeated more digits presented to the 

right ear than the left ear, regardless of whether or not they had a lesion. Even within the group 

with auditory cortex lesions, there was a contralateral ear advantage regardless of the 

hemisphere in which the lesion was located (Kimura, 1961b; Hugdahl et al., 1998; Baran & 

Musiek, 1999; Musiek & Chermak, 2014). 

Schizophrenics with Auditory Hallucinations Understanding the relationship between 

both structural and functional asymmetries of the auditory cortex leads us to question whether 

the reduction of structural asymmetry reported in those with schizophrenia correlates with the 

dichotic listening abilities of this clinical population. One of the most highly referenced studies 
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regarding dichotic listening in schizophrenia was published by Green et al. (1994), who found a 

significant decrease in the REA in patients with schizophrenia. Though many studies have 

documented this reduction in lateralization, not all dichotic listening abnormalities found have 

been in complete agreement. Sommer et al. (2001) reviewed a set of studies assessing the 

REA in schizophrenia but found no significant reduction. However, the tests used for the 

evaluation were varied, which was likely a source of the disagreement, as the heterogeneity of 

the study methods made it difficult for the reviewers to draw conclusions.  

Some studies found that schizophrenic subjects performed significantly poorer than 

controls on triad and word-monitoring tasks that require repetition of stimuli presented to both 

ears, but controls tend to encounter a ceiling effect with symmetric scores (Hatta et al., 1984; 

Carr et al., 1992; Seidman et al.,1993; Sakuma et al., 1996). The authors found that using 

dichotic digits failed to identify any reduction in REA, but that a significant reduction in 

lateralization emerged once the dichotic listening tests were restricted to consonant-vowel or 

fused-word tasks for which they asked subjects to respond only to the most clearly 

discriminated stimulus. In fact, one study found that the REA was absent for schizophrenics 

even in a forced-attention condition (Løberg et al., 1999), and some patients have even 

demonstrated a left ear advantage (Conn & Posey, 2000). Anatomically, most schizophrenic 

patients who do not exhibit the REA are likely to demonstrate significant reductions in GMV in 

the left temporal lobe (Neckelmann et al., 2006; Garcia-Martí et al., 2008).  

Opportunities for Audiological Involvement 

Auditory Evoked Potentials 

Auditory evoked potentials have been utilized in many areas of study to identify objective 

neurologic dysfunction. However, these measures are limited to detection of dysfunction, and 

are not sensitive to specific etiologies. Powerful auditory tests of the peripheral ear (otoacoustic 
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emissions), the brainstem (auditory brainstem response, auditory steady state response, the 

thalamocortical pathway (middle latency response), and cortex (late potentials, N1, P2; 

mismatch negativity potential; P300 auditory evoked potential) have all yielded abnormalities in 

schizophrenic populations. Albeit there are many factors that could contribute to these 

abnormalities including: cascading effects from early CANS structures (Lindstrom et al., 1987); 

variability in test design; duration and severity of psychosis; comorbid factors such as attention, 

memory, other cognitive influences, reduced neural substrate, or subcortical interactions (Youn 

et al., 2001; Papageorgiou et al., 2004). Therefore, these tests are somewhat limited in their 

ability to provide replicable results needed for understanding the underlying mechanisms of AH 

and associated neuroanatomical factors. (Musiek et al., in press) 

Behavioral Central Auditory Processing Tests 

Behavioral central auditory tests have proven to be more useful for assessing 

individuals’ functional abilities and CANS integrity in general, the most widely recognized of 

these tests being dichotic listening tasks. However, other central tests have also revealed a 

functional reduction in normal asymmetry and significant deficits in schizophrenic patients with 

AH, implicating more than one underlying auditory processing deficit in these patients (McKay et 

al., 2000). These findings only underscore the importance of employing a battery of central 

auditory tests when evaluating patients with AH to determine which specific processes are 

deficient. The role of CANS evaluation should encourage spreading awareness, so audiologists 

become more knowledgeable about schizophrenia and AH. There is great potential for 

audiologists to be involved in the assessment of auditory function in patients with schizophrenia, 

as well as audiologic management and monitoring when appropriate (Musiek et al., in press). 
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Conclusion 

Emerging AH research provides insights and rationale for audiological collaboration with 

psychiatry. Neuroanatomical findings from studies of key auditory (and non-auditory) structures 

across the years have been largely congruent: in the brains of patients with schizophrenia, there 

is a significant reduction of the asymmetry between hemispheres that has been established in 

normal brains. It is likely that this failure to develop normal cerebral asymmetry is the ultimate 

underlying cause of hallucinations (Allen et al., 2010). The reduction of asymmetry in the 

auditory cortex results in a lack of the normal LH dominance for speech, exhibited as loss of the 

REA in schizophrenic/hallucination patients (Green et al., 1994). The auditory abnormalities 

reviewed underlie a further widespread network of structural deficits, of which divergences have 

implications for functional processing of information.  

Various systems demonstrating structural abnormalities have been linked to a number of 

functional deficits that contribute to AH, including but not limited to relaying and integrating 

sensory information (thalamus, fusiform gyrus), self-monitoring (cerebellum), spatial memory 

(hippocampus/parahippocampal gyrus, precuneus, fusiform gyrus, caudate nucleus), volitional 

auditory perception (frontal lobe), and emotion processing (insula, amygdala, amygdala-

hippocampus-complex, caudate nucleus). Though not all AH are speech, these deficits reflect 

disturbed auditory processing that leads to failed inhibition and inaccurate attribution of salience 

for internal speech (Modinos et al. 2013).  

Evidence has not only linked structural and functional abnormalities to schizophrenia 

and AH, but also to the specific characteristics (e.g., locus, positive/negative symptoms, 

subscales, duration) and severity of the AH. However, more research is needed to corroborate 

any associations, as AH symptoms exist on a dimensional rather than categorical scale 

(Nenadic et al., 2010). Another interesting avenue of research would be to assess if auditory 
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structural and functional deficits manifest differently in those with AH unimodal vs multimodal. 

Hallucinations are regulated by sensory specific deficits (Lim et al., 2016); there are more 

sensory systems affected by multimodal hallucinations, but it is unknown whether the presence 

of other sensory deficits influences the manifestation of deficits within the auditory system.  

Future studies investigating the mechanisms of AH should focus on including larger 

sample studies of more homogeneous groups to make more specific AH vs non-AH 

comparisons in schizophrenia. Many studies have documented schizophrenia-specific deficits, 

while others have related them specifically to AH as a symptom (Hubl et al., 2008). Further 

considerations should also include sex, as early neurodevelopmental differences between the 

sexes may modulate brain morphology and subsequent lateralization (Rojas et al., 1997; 

Delvecchio et al., 2017), which has implications for symptom onset and severity that may inform 

clinical treatment. Finally, investigating possible age-related changes in hallucinatory brains may 

provide insight into neural plasticity in this population; there is some evidence that these 

changes do not occur, resulting in a decreased capacity for reorganization that could contribute 

to abnormal activation patterns and a patient’s vulnerability to symptoms.  
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Table 6. DSM-5 Diagnosis Criteria for Schizophrenia (APA, 2013) 

DSM-5 DIAGNOSIS CRITERIA FOR SCHIZOPHRENIA 

A. Two (or more) of the following, each present for a significant portion of time during a 1-
month period (or less if successfully treated). At least one of these must be (1), (2), or (3): 

1. Delusions 
2. Hallucinations 
3. Disorganized speech (e.g., frequent derailment or incoherence) 
4. Grossly disorganized or catatonic behavior 
5. Negative symptoms (i.e., diminished emotional expression or avolition). 

B. For a significant portion of the time since the onset of the disturbance, level of functioning 
in one or more major areas, such as work, interpersonal relations, or self-care, is markedly 
below the level achieved prior to the onset (or when the onset is in childhood or adolescence, 
there is failure to achieve expected level of interpersonal, academic, or occupational 
functioning). 
C. Duration: Continuous signs of the disturbance persist for at least 6 months. This 6-month 
period must include at least 1 month of symptoms (or less if successfully treated) that meet 
Criterion A (i.e., active-phase symptoms) and may include periods of prodromal or residual 
symptoms. During these prodromal or residual periods, the signs of the disturbance may be 
manifested by only negative symptoms or two or more symptoms listed in Criterion A present 
in an attenuated form (e.g., odd beliefs, unusual perceptual experiences). 
D. Schizoaffective disorder and depressive or bipolar disorder with psychotic features have 
been ruled out because either (1) no major depressive or manic episodes have occurred 
concurrently with the active-phase symptoms, or (2) if mood episodes have occurred during 
active-phase symptoms, they have been present for a minority of the total duration of the 
active and residual periods of the illness. 
E. The disturbance is not attributable to the physiological effects of a substance (e.g., a drug 
of abuse, a medication) or another medical condition. 
F. If there is a history of autism spectrum disorder or a communication disorder of childhood 
onset, the additional diagnosis of schizophrenia is made only if prominent delusions or 
hallucinations, in addition to the other required symptoms of schizophrenia, are also present 
for at least 1 month (or less if successfully treated). 
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Specify if: The following course specifiers are only to be used after a 1-year duration of the 
disorder and if they are not in contradiction to the diagnostic course criteria. 

- First episode, currently in acute episode: First manifestation of the disorder meeting 
the defining diagnostic symptom and time criteria. An acute episode is a time period in 
which the symptom criteria are fulfilled. 

- First episode, currently in partial remission: Partial remission is a period of time during 
which an improvement after a previous episode is maintained and in which the 
defining criteria of the disorder are only partially fulfilled. 

- First episode, currently in full remission: Full remission is a period of time after a 
previous episode during which no disorder-specific symptoms are present. 

- Multiple episodes, currently in acute episode: Multiple episodes may be determined 
after a minimum of two episodes (i.e., after a first episode, a remission and a minimum 
of one relapse). 

- Multiple episodes, currently in partial remission 
- Multiple episodes, currently in full remission 
- Continuous: Symptoms fulfilling the diagnostic symptom criteria of the disorder are 

remaining for the majority of the illness course, with subthreshold symptom periods 
being very brief relative to the overall course. 

- Unspecified 
Specify if: 

- With catatonia (refer to the criteria for catatonia associated with another mental 
disorder for definition). 

Specify current severity: 
- Severity is rated by a quantitative assessment of the primary symptoms of psychosis, 

including delusions, hallucinations, disorganized speech, abnormal psychomotor 
behavior, and negative symptoms. Each of these symptoms may be rated for its 
current severity (most severe in the last 7 days) on a 5-point scale ranging from 0 (not 
present) to 4 (present and severe). (See Clinician-Rated Dimensions of Psychosis 
Symptom Severity in the chapter “Assessment Measures.”) Note: Diagnosis of 

schizophrenia can be made without using this severity specifier. 
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Table 7. Q
uestionnaires for Rating Auditory Hallucinations (Hugdahl et al., 2009) 

NAM
E 

PURPO
SE 

FO
RM

AT 

Brief Psychiatric 
Rating Scale (BPRS) 
O

verall and G
orham

 
(1988) 

Scale for assessing the positive, negative, 
and affective sym

ptom
s of individuals who 

have psychotic disorders, especially 
schizophrenia 

The BPRS consists of 18-24 sym
ptom

 constructs that 
are scored 1-7. The sym

ptom
 constructs cover positive 

and negative sym
ptom

s of som
atic concern, anxiety, 

and depression 

Positive and Negative 
Syndrom

e Scale 
(PANSS) 
Kay et al. (1987) 

Scale for assessing degree of positive, 
negative sym

ptom
s, and general 

psychopathology in schizophrenia patients 

The PANSS consists of a Positive scale (7 item
s), 

Negative scale (7 item
s), and a G

eneral 
Psychopathology scale (16 item

s). Each item
 is scored 

1-7 

Scale for Negative 
Sym

ptom
s (SANS) 

Andreasen (1990) 

The SANS was designed prim
arily as 

descriptive instrum
ents that are useful for 

encoding negative sym
ptom

s com
m

only 
observed in psychiatric patients 

Clinical interview scale with five dim
ensions: affective 

flattening or blunting, alogia, avolition-apathy, 
anhedonia-associability, attention, with 3-5 item

s for 
each dim

ension. Each item
 is scored 0-5 

Scale for Positive 
Sym

ptom
s (SAPS) 

Andreasen (1990) 

The SAPS was designed prim
arily as 

descriptive instrum
ents that are useful for 

encoding positive sym
ptom

s com
m

only 
observed in psychiatric patients 

Clinical interview scale with five dim
ensions: 

hallucinations, delusions, bizarre behavior, form
al 

positive thought disorder, inappropriate affect, ranging 
from

 1-13 item
s for each dim

ension. Each item
 is 

scored 0-5 

Beliefs About Voices 
Q

uestionnaire - 
Revised (BAVQ

-R) 
Chadwick et al. (2000) 

The BAVQ
-R m

easures beliefs, feelings, and 
behavior related to AH for schizophrenia 

The BAVQ
-R is a self-report questionnaire with 35 

item
s. Separate sub-scales m

alevolence, benevolence, 
and om

nipotence of the content of the voices 

Psychotic Sym
ptom

 
Rating Scale 
(PSYRATS) 
Haddock et al. (1999) 

Clinical interview scale for identification of AH 
and delusions in psychotic patients 

The PSYRATS consists of two dim
ensions: AH and 

delusions, each with 11 and 6 item
s, respectively, 

scored 0-4 
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Table 8. Structural Correlations with Auditory Hallucination Severity and/or Characteristics 

AUDITO
RY HALLUCINATIO

NS: PRESENCE, SEVERITY, AND/O
R CHARACTERISTICS 

STRUCTURE 
CO

RRELATIO
N 

M
EASUREM

ENT 
REFERENCES 

REDUCED ASYM
M

ETRY 

LH STG
 

Severity 
↓G

M
V 

Barta et al. (1990); Flaum
 et al. (1992); Levitan et al. 

(1999); Rajarethinam
 et al. (2000); Anderson et al. 

(2002); Neckelm
ann et al. (2006) 

Severity (+) > (-) 
↓G

M
V 

Shenton et al. (1992) 

AH 
↓W

M
V 

Shin et al. (2005); O
’Daly et al. (2007) 

AH 
↑W

M
V 

Shapleske et al. (2002) 

RH STG
 

Severity 
↓G

M
V 

Shenton, et al. (1992); O
’Daly et al. (2007); G

arcia-M
artí 

et al. (2008)* 
 

*Sym
ptom

 severity but not AH
 severity 

PANSS: Poor Attention 
↓G

M
V 

Anderson et al. (2002) 

O
uter Spaced 

↑G
M

V 
Plaze et al. (2009) 

Inner Spaced 
↓W

M
V 

Plaze et al. (2009) 

AH 
↑W

M
V 

Shin et al. (2005) 
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BILATERAL STG
 

Severity 
↓G

M
V 

Nenadic et al. (2010); M
odinos et al. (2013); M

ørch-
Johnsen et al. (2017) 

Persistence of AH 
↓G

M
V 

M
ilev et al. (2003) 

LH HG
 

SAPS: Delusions 
↓G

M
V 

G
aser et al. (2004) 

Positive Sym
ptom

s 
↓G

M
V 

Delvecchio et al. (2017) 

Illness Duration 
↓G

M
V 

Lieberm
an et al. (2001); M

athalon et al. (2001); 
Thom

pson et al. (2001) 

RH HG
 

Severity 
↓CT 

Chen et al. (2015) 

AH 
↓G

M
V 

Hubl et al. (2010) 

Positive Sym
ptom

s (Fem
ale) 

↓G
M

V 
Delvecchio et al. (2017) 

LH PT 
Severity 

↓G
M

V 
Nenadic et al. (2010); M

ørch-Johnsen et al. (2017) 

RH PT 
AH 

↓G
M

V 
M

ørch-Johnsen et al. (2017) 

Delusional Behavior 
↓G

M
V 

Yam
asaki et al. (2007) 

NO
RM

AL ASYM
M

ETRY 

NO
 SIG

NIFICANT DIFFERENCES 
DeLisi et al. (1994); Zipursky et al. (1994); M

arsh et al. 
(1997); Haverm

ans et al. (1999); Shapleske et al., 2001) 
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