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Abstract Grey matter, white matter and cere-
brospinal volume in the human brain were measured us-
ing magnetic resonance image analysis software
BRAINS. Ten volunteers were scanned in the MR se-
quence (3D-SPGR; 1.5-mm slice thickness and T2 im-
ages; 3 mm slice thickness). Two operators obtained ten
volume measures of grey matter, white matter and cere-
brospinal fluid (CSF) in the intracranial box, frontal box,
temporal box, parietal box and occipital box. The same
data set of ten scans was segmented and the volumes
measured on a second occasion by one operator using
the same procedure. The interoperator and intraopera-
tor reliabilities for measures of the three brain tissues
were very good, with reliability coefficients (intraclass
correlation coefficients) ranging between 0.971 and
0.999. The segmentation and measurement are useful
for volumetric studies in the human brain using
BRAINS.
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Introduction

A previous study from our research collaborator re-
ported excellent reliability and reproducibility of brain
tissues measurements from segmented MR scans
(Agartz etal. 2001). At the Department of Neuropsychi-
atry, Kansai Medical University, our research group is
developing a database for brain morphology using MRI
scans in order to clarify involvement of the pathophysi-
ology in structural brain changes. In the present study,
we examined the inter- and intraoperator reliability of
measurements of segmented brain tissue volumes from
MR scans. To segment brain tissues, we used the BRAINS
software for MR image analysis (Andreasen etal. 1992,
1993). Harris et al. reported excellent reliability and val-
idity using the BRAINS program (Harris etal. 1999).
There is no evidence of the reliability for brain tissue
measures in the left and right hemispheres separately
from any other research groups except Agartz etal.
(2001). We report left and right absolute volumes of grey
matter, white matter and CSF in intracranial volume,
frontal box, temporal box, parietal box and occipital box
according to the Talairach atlas (Talairach and Tournoux
1988). The aim of this study was to test the inter- and in-
traoperator reliability of volume measurements from
the segmentation of MRI scans using the BRAINS pro-
gram.

Methods

The protocol was approved by the Institute Review Board at Kansai
Medical University. All subjects gave written informed consent.

Subjects

All subjects were recruited at the Department of Neuropsychiatry,
Kansai Medical University. Age range was 26-41 years. All subjects
were Japanese. Eight subjects were healthy males and one subject was
a healthy female. One subject was a male patient with schizophrenia.
Inclusion criteria were informed consent. Exclusion criteria were
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metal devices in the body, pregnancy or current or past treatment for
a psychiatric disorder according to DSM-IV criteria (American Psy-
chiatric Association 2000) except for one schizophrenic patient. Alco-
hol or drug dependence (DSM-IV), a history of cancer, organic brain
disease or brain trauma or any other significant somatic disease that
may affect brain function were also exclusion criteria.

Magnetic resonance scans

The subjects were examined with a 1.5 Tesla GE Signa (Milwaukee,
Wis. USA) system. Table 1 presents MRI protocol of T1-weighted im-
ages and T2-weighted images. From visual inspections, all scans were
judged to be excellent without any obvious motion artifacts. All scans
were found to lack gross clinical pathology as evaluated by a neuro-
radiologist. The scan data were stored on magnetic optical disk.

Automated segmentation

MR data analysis was performed using the BRAINS software (An-
dreasen etal. 1992, 1993, 1996). The standard workup of an MR scan
was highly automated but manual interventions were preferred in or-
der to optimize the classification of structures characterized by
mixed tissue contents. Detailed information about the segmentation
procedure and evaluation of validity were described previously (Har-
ris etal. 1999; Agartz etal. 2001). The scan data were transferred from
a magnetic optical disk for processing on Silicon Graphics 02 work-
stations. The T1 images were loaded and resampled so that the inter-
hemispheric fissure was aligned vertically in the horizontal and coro-
nal views, and the line between the anterior commissure (AC) and
posterior commissure (PC). The alignment of the interhemispheric
fissure defined the left and right hemisphere division. For adaptation
of Talairach grip at each dataset, each brain was defined in the Ta-
lairach space. The T2 weighted images were resampled and coregis-
trated to the resampled T1 weighted images (Woods etal. 1998). After
fitting T1images and T2 images, the T1 and T2 data sets were spatially
resliced with a voxel size of 1.0 x1.0x 1.0 mm?®.

Operators were required to pick samples of venous blood from the
sigmoidal sinus on ten coronal slices, samples of grey matter from the
thalamus and samples of white matter in subcortical regions on
twenty coronal slices. After picking tissue samples, the whole brain
image was classified into grey matter, white matter and CSF (Cohen
etal. 1992). The program provided a continuous classification and a
discrete classification (Fig. 1) (Harris etal. 1999). An Artificial Neural
Network in BRAINS automatically identified intracranial structures
(Magnotta etal. 1999). Segmentation procedures were performed
twice by one operator (GO) for the intraoperator reliability and by two
operators (KT and GO) for the interoperator reliability.

Interoperator reliability
MR scans from ten subjects with a mean age of 33.4£6.2 years un-

derwent segmentation procedures by two operators (KT and GO) to

Table1 Magnetic Resonance Imaging Protocol

T1 weighted images T2 weighted images

(3D SPGR)

Scan plane Coronal Coronal
Field of view 24.0 cm 24.0 cm
Slice thickness 1.5 mm 3.0 mm
Slice gap 0 mm 0 mm
Repetition time (TR) 24 ms 6000 ms
Echo time (TE) 6.0 ms 84 ms
Acquisition matrix 256x192 256x192

NEX 1 1
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Fig.1 aA continuous classification of coronal section. b A discrete classification of
the same section as continuous image

check interoperator reliability. The operators were blind to subject
identity and diagnosis. Left and right volumes of grey matter, white
matter and CSF in intracranial volume, frontal box, temporal box,
parietal box and occipital box were calculated using the continuous
and the discrete methods for classification. The interoperator relia-
bility was assessed by calculating the intraclass correlation coefficient
(ICC) for both continuous and discrete measurements of each tissue
(Shrout etal. 1979).



Intraoperator reliability

The same set of MR scans was performed twice by one operator (GO)
for intraoperator reliability. The time interval between the first and
second segmentation by the same operator were in the range of
20-137 days (mean number of days + SD was 47 + 38).ICCs were cal-
culated for both the continuous and the discrete measures for assess-
ment of the intraoperator reliability.

Results
Interoperator reliability

Table 2a presents the mean volumes of the intracranial
tissue in the left and right sides, with continuous and
discrete classification for the first and second operator.
Table 2b presents the intraclass correlation coefficients
for the grey matter, white matter and CSE in the left and
right sides. The range of ICC was 0.983-0.997.

Table 3a presents the mean volumes of frontal box,
temporal box, parietal box and occipital box in the left
and right side, with continuous and discrete classifica-
tion by two operators. Table 3b presents the interopera-
tor reliability with the ICC range of 0.971-0.997.

Table2a Intracranial class volumes (ml) of grey matter, white matter and CSF, on
the left and right sides, with continuous and discrete classification by two opera-
tors

Continuous Discrete
Operator 1 Operator 2 Operator 1 Operator 2
Grey matter
Left 4124+327 4148+333 437.3+359 440.9+384
Right 408.9+31.0 410.3+30.3 440.4+33.9 443.2+33.8
White matter
Left 225.0£18.1 224.8%17.8 251.7£21.7 251.1+204
Right 233.0£22.7 2324+227 256.4+25.1 255.6+24.1
CSF
Left 12494303 123.1£29.0 733+363  71.7£34.6
Right 123.9+£26.7 122.2+27.2 68.9+32.2 68.2+32.5

Values are means + SD

Table 2b Intraclass correlation coefficients (ICCs) for intracranial tissue class vol-
umes on the left and right sides, with continuous and discrete classification by two
operators

Continuous ICCs Discrete ICCs

Grey matter
Left 0.996 0.988
Right 0.989 0.983
White matter
Left 0.994 0.986
Right 0.988 0.994
CSF
Left 0.992 0.994
Right 0.985 0.997
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Table3a Volumes (ml) of grey matter, white matter and CSF, in frontal box, tem-
poral box, parietal box and occipital box, on the left and right sides, with continuous
and discrete classification for the first and second operator (values are means + SD)

Continuous Discrete
Operator 1 Operator 2 Operator 1 Operator 2
Frontal box
Grey matter
Left 133.74£9.3  133.7+£9.6 137.6+10.5 137.8+10.1
Right 1355+6.0 135.6+6.4 141.9+£9.0 142385
Frontal box
White matter
Left 79.0£7.9 79.6+7.8 91.1£10.1  91.7£10.2
Right 86.9+9.9 87.9+9.7 97.6£11.5 98.5+11.3
Frontal box
CSF
Left 49.1£17.0  49.6+17.8 33.0+£213  33.6+22.1
Right 51.6+164  52.2+16.9 33.6+213  33.9+213
Temporal box
Grey matter
Left 80.1+8.7 81.1+£9.6 86.7+£10.5 88.0+1.3
Right 75359 75.9+6.7 84.1+£9.2 84.5+9.5
Temporal box
White matter
Left 34.7+44 35.0+4.6 38.1+5.4 38.0+5.8
Right 38.9x4.7 38.6x+4.7 413+49 40.9+4.8
Temporal box
CSF
Left 18.1+£4.0 18.4+43 8.2+6.1 8.2+59
Right 17.2+2.8 174+2.8 5.9+2.7 58+2.6
Parietal box
Grey matter
Left 72.1+6.3 73356 743+7.0 75.1+6.8
Right 73.4+6.7 73.6+6.6 75.9+6.7 76.3£6.9
Parietal box
White matter
Left 46.8+4.7 47.0+4.4 53.8+£5.9 53.9+5.6
Right 483+7.0 489+7.2 547+7.4 55.1+£8.0
Parietal box
CSF
Left 24.146.9 23.946.3 14.7+8.6 14.4+8.1
Right 22.2+6.1 22.0+5.6 117174 11.5+6.6
Occipital box
Grey matter
Left 40.1+£5.8 40.5+5.5 42.7+£5.9 43.6+5.5
Right 37.4+6.8 37.6+6.5 39.4+6.2 40.2+6.6
Occipital box
White matter
Left 21.7x3.7 21.9+3.9 244145 245148
Right 18.3+4.5 18.0+£4.5 20.4+5.1 20.1+5.2
Occipital box
CSF
Left 73+22 74+2.0 20+1.7 19+1.6
Right 6.1+£2.4 6.0+1.9 1517 14£14

Intraoperator reliability

Table 4a presents the mean volumes of intracranial tis-
sue in the left and right sides, with continuous and dis-
crete classification by one operator on two occasions.
The intraoperator reliability for measures was excellent
with the ICC range of 0.985-0.999 (Table 4b).
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Table3b Intraclass correlation coefficients (ICCs) for tissue class volumes in Ta-
lairach boxes, on the left and right sides, with continuous and discrete classification
for two operators

Table 4b Intraclass correlation coefficients (ICCs) for intracranial tissue class vol-
umes of the left and right sides, with continuous and discrete classification for one
operator on two occasions

Continuous ICCs Discrete ICCs

Continuous ICCs Discrete ICCs

Frontal grey matter

Left 0.983 0.980

Right 0.975 0.982
Frontal white matter

Left 0.981 0.983

Right 0.983 0.981
Frontal CSF

Left 0.993 0.997

Right 0.992 0.997
Temporal grey matter

Left 0.987 0.987

Right 0.982 0.985
Temporal white matter

Left 0.979 0.978

Right 0.981 0.988
Temporal CSF

Left 0.990 0.997

Right 0.989 0.990
Parietal grey matter

Left 0.971 0.976

Right 0.989 0.981
Parietal white matter

Left 0.989 0.991

Right 0.989 0.985
Parietal CSF

Left 0.992 0.987

Right 0.990 0.993
Occipital grey matter

Left 0.981 0.973

Right 0.981 0.987
Occipital white matter

Left 0.972 0.987

Right 0.976 0.976
Occipital CSF

Left 0.973 0.975

Right 0.968 0.981

Table4a Intracranial volumes (ml) of grey matter, white matter and CSF, on the
left and right sides, with continuous and discrete classification for one operator on
two occasions

Continuous Discrete
Occasion 1 Occasion 2 Occasion 1 Occasion 2
Grey matter
Left 4124+32.7 416.9+29.7 4373+35.9 4425+32.7
Right 4089+31.0 412.2+30.2 440.4+339 4452+32.2
White matter
Left 225.0+18.1 226.2+18.1 251.7+£21.7 252.7+22.2
Right 233.0+£22.7 233.6+23.1 256.4+25.1 256.8+26.2
CSF
Left 12494303 126.4+30.4 733%£36.3  73.7£36.0
Right 123.9+£26.7 125.6+26.9 689+32.2  69.3+31.8

Values are means + SD

Grey matter
Left 0.988 0.985
Right 0.985 0.992
White matter
Left 0.995 0.994
Right 0.999 0.996
CSF
Left 0.998 0.999
Right 0.996 0.999

Table 5a presents the mean volumes of frontal box,
temporal box, parietal box and occipital box in the left
and right side, with continuous and discrete classifica-
tion by one operator on two occasions. The range of ICC
for intraoperator reliability was 0.974-0.999 (Table 5b).

Proportion of tissue class volumes

The proportion of tissue class volumes in the intracra-
nial volume was 53.7 % grey matter, 30 % white matter
and 16.3% CSF in the continuous classification, and
57.4% grey matter, 33.3 % white matter and 9.3 % CSF in
the discrete classification.

Discussion

The inter- and intraoperator reliability to measure vol-
umes of intracranial volume, frontal box, temporal box,
parietal box and occipital box was excellent for both
continuous and discrete segmentation. This study was
the first report of inter- and intraoperator reliability to
measure volumes of Talairach boxes.

Regarding the proportion of relative tissue volumes,
our results were similar to the results from the study of
Agartz etal. (2001). In the present study, both the ven-
tricular and surface CSF were measured as the CSF vol-
ume. The cerebellum, which is characterized by very
thin folia, may demonstrate a lower validity for
grey/white segmentation. However, inter- and intraop-
erator reliability for volume measurements of grey and
white matter added together in cerebellar regions by
manual tracing was excellent with a range of 0.95-0.99
(Okugawa etal. 2002a).

Neuroimaging studies suggested that structural
brain changes were involved in the pathophysiology of
psychiatric disorders (e.g., Boccardi etal. 2002; Oku-
gawa etal. 2002b; Takahashi etal. 2002). One advantage
of this program was its utility in the collection of large
amounts of MR data because it was a highly automated
procedure.

In conclusion, the inter- and intraoperator reliability



Table5a Volumes (ml) of grey matter, white matter and CSF, in frontal box, tem-
poral box, parietal box and occipital box, on the left and right sides, with continu-
ous and discrete classification for one operator on two occasions (values are means

+SD)
Continuous Discrete
Occasion 1 Occasion 2 Occasion 1 Occasion 2
Frontal box
Grey matter
Left 1337493  133.6%9.5 137.6+10.5 137.6+£11.4
Right 1355+6.0  135.2+6.7 141.9+£9.0 141.6+9.0
Frontal box
White matter
Left 79.0+£7.9 79.1+73 91.1£10.1 91.4+9.4
Right 86.9+9.9 86.4+10.1 97.6+11.5  96.2+11.3
Frontal box
CSF
Left 49.1+£17.0 48.2+164 33.0+£213  329+21.6
Right 51.6+16.4 50.6+16.2 33.6+£21.3 33.5+£23.1
Temporal box
Grey matter
Left 80.1+8.7 80.5+8.9 86.7+10.5  86.5+£10.7
Right 753+5.9 75.4+6.1 84.1+£9.2 84.9+9.5
Temporal box
White matter
Left 347+4.4 34.8+4.6 38.1+£54 38.2+5.1
Right 38.9+4.7 38.8+4.9 413+49 41.0+4.6
Temporal box
CSF
Left 18.1£4.0 18.1+4.1 8.2+6.1 8.2+59
Right 17.2+2.8 172124 59+2.7 5.8+2.7
Parietal box
Grey matter
Left 72163 72.2+6.6 743£7.0 741+7.7
Right 73.4+6.7 73.3+7.5 75.9+6.7 753173
Parietal box
White matter
Left 46.8+4.7 46.5+5.0 53.8+5.9 53.3%+6.3
Right 483+7.0 48.7+7.0 547+74 55.6+7.9
Parietal box
CSF
Left 24.1+6.9 24.7+6.6 14.7+8.6 15.2+9.0
Right 22.2+6.1 22.8+6.2 11.7+7.4 12.8+8.1
Occipital box
Grey matter
Left 40.1£5.8 40.7£6.0 42.7+59 42.9+6.3
Right 37.4+6.8 37.6+6.5 39.4+6.2 39.1+6.6
Occipital box
White matter
Left 21.7+3.7 21.6+4.0 244+45 23.8+4.6
Right 18.3+4.5 18.8+4.6 20.4+5.1 20.7+£4.9
Occipital box
CSF
Left 73+22 74+2.0 20+1.7 21+£1.7
Right 6.1+£2.4 6.41+2.6 15+1.7 14+1.7

of tissue volumes intracranial volume, frontal box, tem-
poral box, parietal box and occipital box were excellent.
We were able to accumulate data for brain volumes for
our database and to combine results from other groups

using the BRAINS software.
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Table 5b Intraclass correlation coefficients (ICCs) for tissue class volumes of Ta-
lairach boxes, on the left and right sides, with continuous and discrete classification
for one operator on two occasions

Continuous ICCs Discrete ICCs

Frontal grey matter

Left 0.989 0.982

Right 0.985 0.985
Frontal white matter

Left 0.983 0.986

Right 0.994 0.985
Frontal CSF

Left 0.994 0.991

Right 0.986 0.987
Temporal grey matter

Left 0.990 0.976

Right 0.991 0.988
Temporal white matter

Left 0.990 0.978

Right 0.984 0.979
Temporal CSF

Left 0.988 0.997

Right 0.974 0.999
Parietal grey matter

Left 0.984 0.984

Right 0.977 0.978
Parietal white matter

Left 0.992 0.979

Right 0.993 0.974
Parietal CSF

Left 0.991 0.987

Right 0.990 0.988
Occipital grey matter

Left 0.982 0.985

Right 0.977 0.981
Occipital white matter

Left 0.975 0.977

Right 0.987 0.975
Occipital CSF

Left 0.982 0.994

Right 0.980 0.994

Acknowledgments Dr. Nancy C. Andreasen and her research
group are acknowledged for excellent support of the implementation
of the BRAINS program. We thank Dr. Yoshihisa Kibune for valuable
statistical advice and the staff of the Departments of Neuropsychia-
try and Radiology at Kansai Medical University.

References

1. Agartz,Okugawa G, Nordstom M, Greitz D, Magnotta V, Sedvall
G (2001) Reliability and reproducibility of brain tissue volume-
try from segmented MR scans. Eur Arch Psychiatry Clin Neu-
rosci 251:255-261

2. American Psychiatric Association (2000) Diagnostic and Statis-
tical Manual of Mental Disorders, 4t edition, text revision. Wash-
ington, DC, American Psychiatric Association

3. Andreasen NC, Cohen G, Harris G, Cizaldo T, Parkkinen J, Rezai
K, Swayze VW (1992) Image processing for the study of brain
structure and function: problems and programs. ] Neuropsy-
chiat Clin Neurosci 4:125-133



306

Andreasen N, Cizaldo T, Harris G, Swayze V, O’Leary DS, Cohen
G, Ehrhardt J, Yuh WTC (1993) Voxel processing techniques for
the antemortem study of neuroanatomy and neuropathology us-
ing MRI. ] Neuropsychiat and Clin Neurosci 5:121-130
Andreasen NC, Rajarethinam R, Cizaldo T, Arndt S, Swayze VW
11, Flashman LA, O’Leary DS, Ehrhardt JC, Yuh WTC (1996) Au-
tomatic atlas-based volume estimation of human brain regions
from MR images. ] Comp Ass Tomography 20:98-106

Boccardi M, Laakso MP, Bresiani L, Geroldi C, Beltramello A,
Frisoni GB (2002) Clinical characteristics of frontotemporal pa-
tients with symmetric brain atrophy. Eur Arch Psychiatry Clin
Neurosci 252:235-239

Cohen G, Andreasen NC, Alliger R, Arndt S, Kuan J, Yuh WT,
Ehrhardt ] (1992) Segmentation techniques for the classification
of brain tissue using magnetic resonance imaging. Psychiat Res
Neuroimaging 45:33-51

Harris G, Andreasen NC, Cizaldo T, Bailey JM, Bockholt H]J,
Magnotta VA, Arndt S (1999) Improving tissue classification in
MRI: a three-dimensional multispectral discriminant analysis
method with automated training class selection. ] Comp Ass To-
mography 231:144-154

Magnotta VA, Heckel D, Andreasen NC, Cizadlo T, Corson PW,
Ehrhardt JC, Yuh WT (1999) Measurements of brain structures
with artificial neural networks: two- and three-dimensional ap-
plications Radiology 211:781-790

11.

12.

Okugawa G, Sedvall G, Nordstrom M, Andreasen N, Pierson R,
Magnotta V,Agartz I (2002 a) Selective reduction of the posterior
superior vermis in men with chronic schizophrenia. Schizophr
Res 55:61-67

Okugawa G, Sedvall G, Agartz I (2002 b) Reduced grey and white
matter volumes in the temporal lobe of male patients with
chronic schizophrenia. Eur Arch Psychiatry Clin Neurosci 252:
120-123

Shrout P, Fleiss J (1979) Intraclass correlations: use in assessing
rater reliability. Psychol Bull 86:420-429

Takahashi T, Suzuki M, Kawasaki Y, Kurokawa K, Hagino H, Ya-
mashita I, Zhou SY, Nohara S, Nakamura K, Seto H, Kurachi M
(2002) Volumetric magnetic resonance imaging study of the an-
terior cingulated gyrus in schizotypal disorder. Eur Arch Psychi-
atry Clin Neurosci 252:268-277

Talairach J, Tournoux P (1988) Co-planar stereotaxic atlas of the
human brain. Thieme Medical, New York

Woods RP, Grafton ST, Watson JD, Sicotte NL, Mazziotta JC
(1998) Automated image registration: II. Intersubject validation
of linear and nonlinear models. ] Comp Ass Tomography 22:
155-165



