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Abstract. Neuroimaging has been used in schizophrenia since the invention of computed tomography and new 
modalities are introduced as technology advances. Magnetic resonance imaging, magnetic resonance spectroscopy, 
diffusion tensor imaging, functional magnetic resonance imaging and radionuclide imaging are such techniques 
that are currently used in neuroimaging. Structural neuroimaging studies have demonstrated the association 
between auditory hallucinations and superior temporal gyrus volume loss whereas negative symptoms of 
schizophrenia were reported to be associated with prefrontal lobe volume loss. Functional neuroimaging techniques 
show that schizophrenia patients have diffuse functional disorders located in different areas and networks of the 
brain defined as the default mode network. The effects of chronic drug therapy affects neuroimaging findings by 
altering neuronal function via genomic expression and changes in the ultrastructural level. Although neuroimaging 
is an indispensible tool for psychiatric research, its clinical utility is questionable until new modalities become 
more accessible and regularly used in clinical practice. The aim of this paper is to provide clinicians with an 
introductory knowledge on neuroimaging in schizophrenia including basic physics principles, current contributions 
to general understanding and treatment of schizophrenia and possible future applications of neuroimaging. 
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1. Introduction 
Among all psychiatric disorders, schizophrenia 

is regarded as the most difficult to define. 
Schizophrenia is a syndrome hallmarked 
predominantly by delusions, hallucinations and 
thought interference in the acute phase and social 
withdrawal, apathy, slowness and lack of drive in 
the chronic period. However, it is also associated 
with many functional cognitive disabilities which 
are not solely psychotic in origin and thus is 
thought to be the final result of a diffuse 
spectrum of neurodevelopmental disorders. The 
etiology of schizophrenia remains to be unclear. 
Many researchers emphasize that focusing solely 
on the psychotic findings may result in 
inadequate comprehension of other areas of 
disabilities associated with the disease. The 
distinction   between    schizophrenia   and   other 
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psychotic disorders, such as schizoaffective and 
delusional disorders, are also under debate 
(1,2,3).  

Neuroimaging studies have shown that 
hallucinations and delusions have cerebral 
correlates with left medial temporal lobe and 
cingulate cortex; whereas disorganized thought 
and behavioral patterns are related to anterior 
cingulate, bilateral parietal regions and ventral 
frontal cortex. Psychomotor poverty, on the other 
hand, is shown to be associated with reduced 
activity of frontal cortex (4). 

In this context, neuroimaging studies are not 
solely conducted to identify etiology of 
schizophrenia. Other areas in which 
neuroimaging is expected to aid are ruling out 
“organic” pathologies, foreseeing response to 
treatment and estimating prognosis, evaluation of 
accompanying neurodevelopmental pathologies, 
advancing drug development processes and 
identification of high-risk individuals. 

The aim of this paper is to provide the 
practicing clinician with information on basic 
physics principles of various neuroimaging 
techniques which are used during diagnosis and 
treatment of schizophrenia with emphasis on 
current and possible future clinical uses.  
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2. Neuroimaging in Schizophrenia 

2.1. Computed Tomography 
Computed tomography (CT) uses highly 

collimated x-ray beams. X-ray photons that pass 
through the patient are collected by detectors and 
their intensity shows variations which depend on 
the degree of absorption in the body. The x-ray 
beam is rotated over many different angles so that 
differential absorption patterns are obtained 
through a single slice of the body. X-ray 
absorption values for each point (pixel) within a 
CT slice is obtained by a mathematical analysis 
known as projection reconstruction and value of 
each pixel is demonstrated as a different shade in 
a spectrum of gray (5). 

Most effective uses of CT in neuroradiology are 
ruling out hematomas and hemorrhage, detection 
of calcifications in lesions, evaluating acute head 
trauma and lesions of bony structures. Main 
disadvantage of CT is usage of ionizing radiation 
which limits its use in follow-up of patients (5). 

In a patient with psychotic symptoms and signs, 
CT may be useful for ruling out stroke, tumors 
and hemorrhage. It is also used for evaluating 
cerebral volume loss, degree of hydrocephalus 
and traumatic sequel (6).  

A large cavum septum pellucidum is observed 
more commonly in schizophrenia patients, but it 
is not regarded as a causal factor (7). Such non-
causal anomalies are more common in 
schizophrenia patients when compared to general 
population; 30-40% versus 5-12%. This may be 
regarded as an evidence of aberrant 
neurodevelopmental processes contributing to the 
development of schizophrenia (8). 

Ventriculomegaly and cortical atrophy are also 
more common in schizophrenia patients; 
however, these are not secondary to chronic 
treatment with antipsychotic medications. 
Ventriculomegaly is shown to be correlated with 
age, deterioration of cognitive functions, 
decreased response to treatment and presence of 
negative symptoms (9 -11). 

2.2. Magnetic Resonance Imaging  
Magnetic resonance imaging (MRI) has four-

times the contrast resolution of CT (12). The 
contrast mechanism is different in MRI; it relies 
on a complex interplay of the different responses 
of tissues to applied magnetic fields whereas CT 
relies on differential attenuation of the x-ray 
beam (5). 

Hydrogen atoms have a net spin and magnetic 
moment, so when it is exposed to a magnetic field 
it experiences a small torque. Its axis of spin 
aligns  with  the  magnetic  field  direction  and it  

rotates at a particular resonant frequency. If a 
pulse of energy in the form of radiofrequency 
which has exactly the same frequency as the 
resonant frequency, an interaction occurs. This 
external stimulus changes the hydrogen atom 
from an equilibrium state to an excited state. 
When this stimulus ends, the excited state 
spontaneously decays back to the equilibrium 
with time and the nucleus emits an energy which 
can be detected with receiver coils of the MRI 
unit and converted into gray-scale pixelated 
images via complex mathematical 
transformations (13). 

MRI is advised in cases of first presentation of 
psychosis especially with unusual presentations, 
rapid or atypical development of psychosis, 
dementia and presence of focal neurologic 
deficits or symptoms. MRI is useful especially 
for ruling out possible underlying diseases such 
as epilepsy, multiple sclerosis, certain tumors and 
vasculitis (6). 

A four percent decrease in gray matter volume 
is reported in schizophrenia while white matter is 
not affected. This structural change was evident 
from the first attack. However, the association 
between volume loss and duration of disease is 
still under debate (14,15). A three percent 
decrease in frontal lobe, 5-6% decrease in 
temporal lobe, 4% decrease in hippocampal and 
10% decrease in parahippocampal volumes were 
reported which are all associated with executive 
function and cognitive deterioration such as 
memory loss (16-18). Auditory hallucinations are 
shown to be associated with superior temporal 
gyrus volume loss and negative symptoms were 
reported to be associated with prefrontal lobe 
volume loss (16,19). 

2.3. Magnetic Resonance Spectroscopy 
One of the most interesting features of 

magnetic resonance imaging is the ability to 
perform in vivo spectroscopy. Magnetic 
resonance spectroscopy is based on chemical shift 
phenomenon which may be summarized as the 
change in the magnetic field created by protons 
due to the presence of electrons in the vicinity. 
Precession of protons in complex molecules 
differs from one another due to their bonds with 
neighboring atoms. If the specific precession 
frequency of the protons in a given molecule is 
known, then the concentration of that molecule 
may be detected with MRI. This gives 
information about neurochemical properties of a 
selected volume of the brain (20).  

With magnetic resonance spectroscopy, 
concentrations of different chemical species can 
be analyzed in vivo due to distinct precession 
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frequencies of bound protons. N-acetyl aspartate 
(NAA), creatinine (Cre), choline (Cho), 
myoinositol (mI) and glutamate - glutamine (Glx) 
are frequent markers analyzed in MRS studies 
(5).  

N-acetyl aspartate is a marker of neuronal 
integrity and its low concentration in vivo 
indicates neuronal damage or axonal injury such 
as multiple sclerosis, Huntington's disease, 
Alzheimer's disease and encephalitis. Choline is a 
part of cell membrane and reflects cell membrane 
turn-over rates. Increase in choline levels reflects 
cellular hyperplasia. Creatinine is a marker for 
functioning energy metabolism and its levels 
decrease in hypermetabolic states.  Glutamine 
and glutamate are components of 
neurotransmitter system and their concentrations 
can be measured as two distinct peaks. Lactate, 
acetate, aspartate and lipid molecules are 
indicators of pathologic conditions at a cellular 
level. Changes at molecular levels in the interior 
milieu are evident even before morphologic 
changes are observable (5,20-22).  

A meta-analysis of 1200 schizophrenia patients 
reported decreased n-acetyl aspartate levels in 
hippocampal gray and white matter and prefrontal 
cortices. This decreased state is shown to be 
persistent during the whole duration of disease 
(21,22). 

2.4. Functional Magnetic Resonance Imaging 
Functional magnetic resonance imaging (fMRI) 

relies on the fact that areas of brain which are 
functional during a given task have locally 
increased cerebral blood flow. This increased 
cerebral blood flow is imaged with fast pulse 
sequences tailored to deoxyhemoglobin which is 
a paramagnetic molecule behaving much like 
gadolinium-based exogenous contrast agents. 
This is called blood oxygen level dependent 
(BOLD) imaging. With normal baseline brain 
activity, there is a mix of oxyhemoglobin (which 
is diamagnetic) and deoxyhemoglobin. 
Hemodynamic demand from brain activity first 
causes deoxyhemoglobin to form which reduces 
signal intensity; next oxygenated inflowing blood 
displaces the deoxyhemoglobin and signal 
intensity increases. The baseline and excited 
states are imaged in pairs and subtracted from 
each other. Often color is used for indicating 
areas of cerebral stimulation (12). 

Clinical use of BOLD imaging includes 
defining motor and sensory cortical areas, Broca 
and Wernicke areas associated with speech and 
visual cortical areas; and surgical planning for 
tumor and epilepsy surgery (5). 

Functional MRI studies in schizophrenia 
patients include research of executive and 
cognitive functions such as attention, memory, 
psychomotor function and basic stimulus 
processing. Among psychotic symptoms, auditory 
hallucinations are studied most extensively. 
Functional MRI showed that loss of superior 
temporal gyrus volume and functionality is 
associated with such symptoms. In a landmark 
study, McGuire et al (23) demonstrated increased 
activity of Wernicke and Broca areas and Heschl 
gyri during auditory hallucinations. Dierks et al 
(24) reported decreased responsiveness to 
external auditory stimuli in temporal lobes during 
auditory hallucinations. 

Frontal cortex activation is extensively studied 
in schizophrenia patients and shows a pathologic 
left shift of the normal inverted U shaped curve 
of cognitive load versus frontal activation 
showing increased activation with cognitive load 
until a threshold is reached after which a gradual 
decrease in frontal activation ensues.  There are 
however other studies which do not share the 
same results (25,26). 

Functional MRI studies demonstrated that 
schizophrenia patients have diffuse functional 
disorders located in different areas and networks 
of the brain defined as the “default mode 
network” which includes bilateral precuneus and 
inferior - lateral temporal cortices, posterior 
cingulate and inferior parietal gyri (right sided) 
and right medial prefrontal cortex (27). 

Studying the effects of drug therapy is also a 
very prominent fMRI research area. Meta-
analysis of drug studies shows that specific 
neuronal regions normalize functionally over the 
course of anti-psychotic drug therapy while, 
though less frequently, some other regions 
denormalize. The effects of chronic drug therapy 
affects fMRI results by altering neuronal function 
via genomic expression and changes in the ultra-
structural level (28). 

2.5. Diffusion Tensor Imaging  
In fluid environment water molecules normally 

move randomly and in all directions equally 
which is known as Brownian motion. In this case 
the diffusion of molecules is said to be isotropic. 
However when a barrier such as cell membrane is 
present, water molecules diffuse in a specific 
direction. This phenomenon is called anisotropic 
diffusion and is the basis of diffusion tensor 
imaging. The magnitude and direction of 
anisotropic diffusion in any structure can be 
detected by a mathematical process called the 
tensor.  At least 7 measurements must be made in  
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order to construct a simple tensor, 6 with a 
diffusion gradient in all directions (simply 
up/down, left/right and back/forth) and one 
without a gradient. A tensor gives information on 
the direction of anisotropic diffusion of water 
molecules and this can be used for visualization 
of axonal pathways and white matter in general 
(20). 

Diffusion tensor imaging is utilized in general 
neuroimaging to visualize association, projection 
or commissural fibers of white matter; to show 
white matter degeneration and myelin breakdown 
in demyelinating diseases; to demonstrate extent 
of tumor infiltration and mass effects of brain 
neoplasms and visualize axonal tracts in order to 
plan the extent of resection before tumor surgery. 
Diffusion tensor imaging also allows 
visualization of white matter tracts in colored 
three dimensional images and is called 
tractography (5,20). 

A decrease in fractional anisotropy shows 
structural deterioration of white matter tracts and 
an increase in fractional anisotropy means edema, 
demyelination or axonal loss. Diffusion tensor 
imaging studies conducted as early as 1998 
demonstrated decreased fractional anisotropy in 
corpus callosum and cingulum of schizophrenia 
patients. The results of such studies may be 
biased due to the fact that these findings may also 
be affected by various effects of age, gender and 
hand dominance of the subjects (29,30). 

2.6. Single Photon Emission Computed 
Tomography and Positron Emission Tomography 

Single photon emission computed tomography 
(SPECT) and positron emission tomography 
(PET) are radionuclide neuroimaging techniques. 
SPECT detects gamma rays emitted from the 
radionuclides. Radionuclides are introduced to 
the patient’s body in various molecular forms 
which accumulate in the target organ or tissues. 
Gamma radiation is emitted when radionuclides 
disintegrate into more stable isotopes or isomers 
and this radiation is detected and mapped by 
detector systems called gamma cameras. SPECT 
is basically an assembly of gamma cameras with 
a computed tomography system (20). 

Positron emission tomography, as the name 
implies, relies on positrons for image 
construction. Positrons are basically positively 
charged electrons which are emitted from a 
radionuclide when a proton is converted into a 
neutron. Fluorine-18 is one such radionuclide and 
is used for tagging glucose molecules to form F-
18 deoxyglucose (FDG). FDG PET is mostly used 
in oncology, however it has also been extensively 
used in neuroimaging studies (20). 

There are two types of radionuclide studies in 
schizophrenia patients: Blood flow - glucose 
metabolism studies and neuroreceptor research. 

Blood flow and glucose metabolism studies are 
conducted in two phases; resting and active 
states. During activation with Wisconsin card 
sorting test, schizophrenia patients exhibit less 
pronounced increase in blood flow to dorsolateral 
prefrontal cortices (31). 

Abnormalities in blood flow to temporolimbic 
tracts were shown to be associated with disorders 
of inhibition of subcortical dopamine release and 
positive symptoms of the disease. Auditory 
hallucinations were proven to be associated with 
increased blood flow to medial temporal and 
limbic areas (32). 

Radionuclide studies are an important part of 
novel drug research. The pharmacokinetic 
properties of the drug, such as passage through 
the blood-brain barrier, and interaction with other 
molecules and neuroreceptors in vivo can be 
investigated. Radionuclide studies in 
schizophrenia patients demonstrated increased 
dopamine in synapses. Each anti-psychotic drug 
has different receptor affinities which can be 
demonstrated by PET and SPECT. Second-
generation anti-psychotic drugs were shown to 
have regional specificity, higher affinity for 
Dopamine receptors and more reversible 
receptor-binding properties compared to first-
generation drugs. These are seen as the reasons 
for clinical superiority of effectiveness and more 
favorable side effect profiles. In future practice, 
radionuclide studies may be used for predicting 
side effects and guide drug selection for 
individual patients (6,33-35). 

3. Conclusions 
Neuroimaging techniques have provided the 

scientific community with an immense body of 
knowledge on the pathophysiology of 
schizophrenia. This body of knowledge is rapidly 
growing and there are also ongoing new studies 
in search of new neuroimaging techniques. 
Molecular neuroimaging with novel imaging 
probes targeting very specific neuronal receptors 
and co-agonists is one of the many areas of 
ongoing studies with very promising preliminary 
results. N-methyl-D-aspartate receptor 
hypofunction is believed to play an important role 
in schizophrenia pathogenesis and the 
development of PET imaging probes for GlyT1, a  
co-agonist receptor for N-methyl-D-aspartate 
receptors, is an example having a great potential 
for increasing the pathophysiology of 
schizophrenia and may aid in novel drug research 
(36). 
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Data from neuroimaging studies yield results 
that may not always be applied to individual 
patient care. One of the main objectives of future 
studies must be to develop an algorithm of 
obtaining neuroimaging findings which may be 
used in individual patient assessment and 
treatment. In the future, a baseline neuroimaging 
study, be it MRI or other newly developed 
technique, may be used to rule out other possible 
disorders and to guide treatment regimens.  

Neuroimaging techniques must be able to aid in 
patient follow-up by giving information on 
progression and prognosis in order to be 
incorporated into clinical practice.  There is also 
a need for novel neuroimaging techniques for 
screening high-risk individuals to estimate the 
probability of advancing to overt schizophrenia. 

When looked at a historical perspective, 
neuroimaging studies have shown us that 
schizophrenia is an organic mental disorder. 
More frequent use of state of the art 
neuroimaging techniques in clinical practice will 
make otherwise incomprehensible neural 
processes visible to both clinicians and patients. 
This, hopefully, will result in less stigmatization 
of schizophrenia patients and may lead to more 
patients and families seeking help. 

References 

1. Kirkpatrick B, Tek C. Clinical features and 
psychopathology concepts. In: Sadock B, Sadock V 
(eds). Kaplan and Sadock's Comprehensive Textbook 
of Psychiatry (8th ed). Philadelphia: Lippincott 
Williams and Wilkins, 2005, 1416-1436. 

2. Gelder M, Harrison P, Cowen P. Shorter Oxford 
Textbook of Psychiatry (5th ed). New York: Oxford 
University Press, 2008. 

3. American Psychiatric Association DSM-5 Task Force. 
Diagnostic and Statistical Manual of Mental Disorders 
(5th ed). Arlington: American Psychiatric Publishing, 
2013. 

4. Hill K, Mann L, Laws KR, et al. Hypofrontality in 
schizophrenia: A meta-analysis of functional imaging 
studies. Acta Psychiatrica Scandinavica 2004; 110: 
243-256. 

5. Grossman RI, Yousem DM. Neuroloradiology: The 
Requisites (2nd ed). India: Mosby, 2009. 

6. Wooley J, McGuire P. Neuroimaging in 
schizophrenia: What does it tell the clinician? 
Advances in Psychiatric Treatment 2005; 11: 195- 
202. 

7. Kasai K, McCarley RW, Salisbury DF, et al.  Cavum 
septi pellucidi in first-episode schizophrenia and first-
episode affective psychosis: an MRI study. 
Schizophrenia Research 2004; 71: 65-76. 

8. Lubman DI, Velakoulis D, McGorry PD, et al. 
Incidental radiological findings on brain magnetic 
resonance imaging in first-episode psychosis and 
chronic schizophrenia. Acta Psychiatrica Scandinavica 
2002; 106: 331-336. 

9. Smith GN, Flynn SW, Kopala LC, et al. A 
comprehensive method of assessing routine CT scans 
in schizophrenia. Acta Psychiatrica Scandinavica 
1997; 96: 395-401. 

10. Weinberger DR, Wagner RL, Wyatt RJ. 
Neuropathological studies in schizophrenia: a 
selective review. Schizophrenia Bulletin 1983; 9: 193-
212. 

11. Andreasen NC, Olsen S. Negative and positive 
schizophrenia. Definition and validation. Archives of 
General Psychiaty 1982; 39: 789-794. 

12. Bushong SC. Magnetic Resonance Imaging: Physical 
and Biological Principles (3rd ed). St.Louis: Mosby, 
2003. 

13. Texada JC, Singh SP. Magnetic Resonance Imaging. 
In: Canon CL (ed). Radiology Specialty Board Review 
(1st ed). New York: McGraw Hill 2010, 149-159. 

14. Lieberman J, Chakos M, Wu H, et al. Longitudinal 
study of brain morphology in first episodes of 
schizophrenia. Biol Psychiatry 2001; 49: 487-499. 

15. Kasai K, Shenton ME, Salisbury DF, et al. Progressive 
decrease of left superior temporal gyrus gray matter 
volume in patients with first episode schizophrenia. 
Am J Psychiatry 2003; 160: 156-164. 

16. Szeszko PR, Bilder RM, Lencz T, et al. Reduced 
anterior cingulate gyrus volume correlates with 
executive dysfunction in men with first episode 
schizophrenia. Schizophrenia Research 2000; 43: 97-
108. 

17. Nestor PG, O'Donnell BF, McCarley RW, et al. A new 
statistical method of testing hypotheses of 
neuropsychological / MRI relationships in 
schizophrenia: partial least squares analysis. 
Schizophrenia Reseach 2002; 53: 57-66. 

18. Gur RE, Turetsky BI, Cowell PE, et al. 
Temporolimbic volume reductions in schizophrenia. 
Archives of General Psychiatry 2000; 57: 769-775. 

19. Rajaredhinam R, DeQuardo JR, Miedler J, et al. 
Hippocampus and amygdala in schizophrenia: 
assessment of the relationship of neuroanatomy to 
psychopathology. Psychiatric Research 2001; 108: 79-
87. 

20. Tuncel E. Clinical Radiology. (2nd ed). Istanbul: 
Nobel, 2008. 

21. Steen RG, Hamer RM, Lieberman JA. Measurement of 
brain metabolites by 1H magnetic resonance 
spectroscopy in patients with schizophrenia: a 
systematic review and meta-analysis. 
Neuropsychopharmacology 2005; 30: 1949-1962. 

22. Abbott C, Bustillo J. What have we learned from 
proton magnetic resonance spectroscopy about 
schizophrenia? A critical update. Current Opinion in 
Psychiatry 2006; 19: 135-139. 

23. McGuire PK, Shah GM, Murray RM. Increased blood 
flow in Broca's area during auditory hallucinations in 
schizophrenia. Lancet 1999; 342: 703-706. 

24. Dierks T, Linden DE, Jandl M, et al. Activation of 
Heschl's gyrus during auditory hallucinations. Neuron 
1999; 22: 615-621. 

25. Callicot J, Mattay V, Verchinski B, et al. Complexity 
of prefrontal cortical dysfunction in schizophrenia: 
More than up or down. American Journal of 
Psychiatry 2003; 160: 2209-2215. 

26. Tost H, Ende G, Ruf M, et al. Functional imaging in 
schizophrenia. International Review of Neurobiology 
2005; 67: 95-118. 



 

 
A. Yildirim and D. Tureli / Neuroimaging in Schizophrenia 

 6

27. Thermenos HW, Keshavan MS, Juelich RJ, et al. A 
review of neuroimaging studies of young relatives of 
individuals with schizophrenia: a developmental 
perspective from schizotazia to schizophrenia. Am J 
Med Genet B Neuropschiatr Genet 2013; 162B: 604-
635. 

28. Abbott CC, Jaramillo A, Wilcox CE, et al. 
Antipsychotic drug effects in schizophrenia: a review 
of longitudinal FMRI investigations and neural 
interpretations. Curr Med Chem 2013; 20: 428-437.  

29. Kanaan RAA, Kim J, Kaufmann VE, et al. Diffusion 
tensor imaging in schizophrenia. Biological 
Pscyhiatry 2005; 58: 921-929. 

30. Kubicki M, McCarley R, Westin CF, et al. A review 
of diffusion tensor imaging studies in schizophrenia. 
Journal of Pschiaty Research 2007; 41: 15-30. 

31. Parellada E, Catafao AM, Bernardo M, et al. The 
resting and activation issue of hypofrontality: a single 
photon tomography and neuropsychological 
assessment of schizophrenic brain function. Biological 
Psychiatry 1998; 44: 787-900. 

32. Erritzoe D, Talbot P, Frankel WG, et al. Positron 
emission tomography and single photon emission  CT 
molecular imaging in schizophrenia. Neuroimaging 
Clinic of North Am 2003; 13: 817-832. 

33. Kapur S, Seemann P. Does fast dissociation from the 
dopamine d2 receptor explain the action of atypical 
antipsychotics? A new hypothesis. American Journal 
of Psychiatry 2001; 158: 360-369. 

34. Abi-Dargham A, Laruelle M. Mechanism of action of 
second-generation antipsychotic drugs in 
schizophrenia: insights from brain imaging studies. 
Eur Psychiatry 2005; 20: 15-27. 

35. Zipursky RB, Meyer JH, Verhoeff NP. PET and 
SPECT imaging in psychiatric disorders. Canadian 
Journal of Psychiatry 2007; 52: 146-157.  

36. Paschier J, Gunn RN, van Waarde A. Imaging type 1 
glycine transporters in the CNS using positron 
emission tomography. In: Dierckx RAJO, Otte A, de 
Vries EFJ (eds). PET and SPECT of Neurobiological 
Systems. Heidelberg: Springer 2014; 321-330.

 


