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Abstract
It has been proposed that schizophrenia results partly from altered brain connectivity. Gene
microarray analyses performed in gray matter have indicated that several myelin-related genes
normally expressed in oligodendrocytes have decreased expression levels in schizophrenia. These
data suggest that oligodendrocytes may be involved in the deficits of schizophrenia and may be
decreased in number in the disease. The anterior cingulate cortex in particular has been demonstrated
to be affected in schizophrenia, with studies reporting altered neuronal arrangement, decreased
anisotropy in diffusion tensor images, and hypometabolism. We used a stereologic nearest-neighbor
estimator of spatial distribution to investigate oligodendrocytes in the anterior cingulum bundle using
postmortem tissue from 13 chronic schizophrenics and 13 age-matched controls. Using a spatial point
pattern analysis, we measured the degree of oligodendrocyte clustering by comparing the probability
of finding a nearest-neighbor at a given distance in schizophrenics and controls. At the same time,
we also estimated the number and density of oligodendrocytes in the region of interest. In the present
study, we found no significant differences in the oligodendrocyte distribution or density in the
cingulum bundle between the two groups, in contrast to earlier data from the prefrontal subcortical
white matter. These results suggest that a more subtle oligodendrocyte or myelin anomaly may
underlie the structural deficits observed by brain imaging in the cingulum bundle in schizophrenia.
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Introduction
In recent years, evidence has emerged suggesting that schizophrenia results partly from altered
brain connectivity. Several studies have shown increased neuronal density without increased
absolute numbers of neurons in a number of cortical areas of persons with schizophrenia,
implying that cortical volume is reduced in the disease, possibly because of reduced neuropil
[47]. Gross structural abnormalities have also been noted in the corpus callosum [1]. The
absence of an obvious neurodegenerative process in schizophrenia contrasts sharply with the
pathology of neurons seen in other neurological disorders, such as Parkinson’s disease or
Alzheimer’s disease. It has therefore been proposed that it is disorganization of synapses and
specific white matter tracts that may result in the functional deficits seen in the disease. In
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addition, studies performed in the thalamus found people with schizophrenia had decreased
levels of phosphatidylcholine, the main membrane lipid, and sphingomyelin and
galactocerebroside, major myelin membrane components [42], providing further evidence for
a myelin dysfunction in the disease.

Research has thus focused on disruption of white matter tracts as a possible underlying
mechanism of schizophrenia. This hypothesis is supported by several studies using the in
vivo brain imaging modalities of magnetic transfer imaging (MTI) and diffusion tensor imaging
(DTI). Studies comparing magnetic transfer images, which measure protons bound to
macromolecules included in cell membranes and myelin, have demonstrated decreased myelin
or axonal membrane integrity in the temporal and frontal lobes of persons with schizophrenia
[18,19], which tends to correlate with the severity of negative symptoms [19]. DTI anisotropy,
a measure of the directionality of water movement in the spaces between axons, provides an
indication of white matter tract directionality and, by measuring the strength of the direction
vector of water diffusion, possibly of tract integrity or coherence [13]. Interestingly, in vivo
DTI studies have demonstrated decreased anisotropy in several major white matter tracts in
persons with schizophrenia [9,10,20,30,31,33,50,55]. Anisotropy changes in a number of brain
areas, including the anterior cingulate gyrus, have been specifically linked to increased
impulsivity, a symptom of the disease, in men with schizophrenia [26], and anisotropy
reductions in some regions have also been linked to poor outcomes in the disease [35]. Further
implicating white matter alterations are PET imaging studies that showed impaired functional
connectivity between cortical areas, such as the hippocampus and the dorsolateral prefrontal
cortex, in persons with schizophrenia, implying a lack of coordination between areas that are
normally active together in the context of specific tasks [34]. PET imaging has recently
demonstrated increased relative metabolic rates in white matter in schizophrenia, which may
represent white matter inefficiency or defects resulting in increases metabolic needs [11].

Gene expression studies [22] in the dorsolateral prefrontal cortex that found a significant
decrease in the expression of six myelin-related genes (MAG, MAL, CNP, HERR3, gelsolin,
and transferrin) in postmortem schizophrenic brains support the novel hypothesis that an
underlying pathology of myelination plays a role in the development of such abnormalities.
These genes are all predominantly expressed in oligodendrocytes. These results, confirmed
independently [51] and extended to other brain areas [16], implied that there is a pathology of
oligodendrocytes underlying schizophrenia; further linkage studies have also implicated
myelin-related loci in the disease [3,17,21,27,32,49]. Although gene expression in
oligodendrocytes [36] and white matter volume [4] may be affected by some antipsychotic
drugs, a recent longitudinal study of white matter volume [57] clearly indicates that white
matter abnormalities exist at the first presentation of schizophrenia, before treatment, and then
progress. Recent electron microscopy data have further bolstered the hypothesis of
oligodendrocyte pathology in schizophrenia, with one group demonstrating apoptotic and
irregular oligodendrocytes and damaged myelin sheath lamellae in the prefrontal cortex and
caudate nucleus of schizophrenic brains [52]. Postmortem studies have shown fewer
oligodendrocytes in the prefrontal cortical layer III of persons with schizophrenia along with
diminished white matter [25,54], as well as lower oligodendrocyte density in Brodmann area
9 layer VI (although not in the underlying white matter [53]).

The anterior cingulate cortex (ACC) has long been an area of interest in schizophrenia. As part
of the “limbic” cortex, the ACC has connections with the amygdala, orbitofrontal cortex, and
entorhinal cortex. It thus plays a role in conditioned emotional learning, information
processing, motivation, and behavior [14]. Changes observed in the ACC in schizophrenia
include a thinner cortex and decreased cortical volume [29,56], decreased gyral volume [2],
smaller pyramidal cells [6], altered neuronal arrangement [5], fewer oligodendrocytes [48] and
decreased N-acetylaspartate levels [58]. The cingulum bundle is the major coherent white
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matter tract underlying the ACC, radiating superiorly from the corpus callosum to the cortex
of the cingulate gyrus. DTI studies have demonstrated decreased anisotropy in the cingulum
bundle of persons with chronic schizophrenia [30,50,55]. Additionally, PET studies have
shown hypometabolism in the anterior cingulate cortex [23,24]. Considered together, these
data suggest the existence of severe myelin alterations in the ACC that may underlie some of
the deficits seen in schizophrenia.

Changes in myelin organization may be reflected by an abnormal distribution of
oligodendrocytes in specific axonal pathways, such as the cingulum bundle, that have been
shown to be abnormal in schizophrenia[9,33]. Although in vivo imaging supports this
hypothesis, there are limited data on the spatial organization of oligodendrocytes in white
matter. Regular and isotropic cellular distributions are by and large not observed in nervous
tissue, so estimates of densities or total numbers of glial cells do not reflect their topographical
heterogeneity. While often considered less relevant than number or volume, data on spatial
organization are crucial for relating morphometric data to information about tissue structure
obtained in vivo. Oligodendrocytes in white matter tend to be lined up alongside myelinated
axons, delineating the course of white matter tracts through the brain. It is, therefore,
specifically the characteristics of oligodendrocyte spatial distribution that may be relevant to
the pathophysiology of schizophrenia, particularly in the context of exploring the
organizational structure of white matter in order to provide a cellular correlate to the decreased
anisotropy observed by DTI. In this study, we have focused on oligodendrocytes in the
cingulum bundle, looking for cellular changes in a major white matter tract implicated in
schizophrenia. In addition to investigating oligodendrocyte density, we used a second-order
stereological technique to provide reliable and accurate estimates of the 3-dimensional spatial
distribution of oligodendrocytes, identified by morphological characteristics, in the cingulum
bundle.

Materials and Methods
Subjects and tissue preparation

Brains from 13 persons with schizophrenia and 13 controls matched for age (2-sample
Student’s t test, p = 0.79, not significant), gender (χ2 = 0.24, p = 0.62, not significant), and
postmortem interval (PMI) (two-sample Student’s t test, p = 0.84, not significant) were
obtained from the Mount Sinai School of Medicine Brain Bank, with efforts made to obtain
cases with the shortest postmortem delays (Table 1). Diagnosis of schizophrenia was made by
a team of research neuropsychologists and psychiatrists based on direct structured interviews
and/or detailed review of life-time medical and psychiatric records [16]. Patients had all been
treated with antipsychotic medications (Table 1), and some patients had been treated with
several different medications. Controls were free of psychiatric and neurological illnesses and
evidenced no significant neuropathology after detailed examination of the brain [40]. Clinical
dementia ratings (CDR) were obtained for all subjects to assess the possible presence and
degree of dementia. No case used in the present study had significant senile plaques or
neurofibrillary tangles. For each case, the right brain hemisphere was dissected out at autopsy
and fixed in cold 4% paraformaldehyde for two weeks. It was then placed in phosphate buffer
and blocked at regular intervals using a multi-blade knife specially designed for a stereology-
oriented brain bank as previously described [25,37]. The sliced hemisphere was stored in 10%
buffered formalin until sampling. Anterior cingulate gyrus samples approximately 3 cm3 in
size were dissected out from the block directly posterior to the genu of the corpus callosum
and cut at 50 μm on a cryostat, and every 40th section was mounted on gelatin-coated slides
and Nissl-stained with cresyl violet.
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Definition of the region of interest
The human cingulum bundle can be identified in coronal Nissl-stained sections as a clearly
darker band within the white matter of the anterior cingulate gyrus, directly adjacent to the
gray matter of the gyrus immediately superior to the corpus callosum (Fig. 1). Our analysis
was limited to sampling the anterior segment of the cingulum bundle where it runs parallel to
the dorsal (postgenual) portion of the anterior cingulate cortex.

Stereological design
In order to reduce bias, all analyses were performed while blind to group and diagnosis. For
spatial analyses, every 40th Nissl-stained section was first viewed at low magnification (10×)
for outlining the cingulum bundle using StereoInvestigator software (MBF Bioscience,
Williston, VT). The software then defined a systematic-random sampling map within each
outlined contour, providing a statistically adequate sampling fraction for estimation of
oligodendrocyte number and distribution, with a coefficient of error of 10% or less [43]. The
dimensions of the sampling grid were set to sample approximately 200-300 oligodendrocytes
per case (Table 2). Standard Nissl staining was used to identify oligodendrocytes, recognizable
at high magnification as small, dark, round cells [25]. Oligodendrocytes were counted using a
Zeiss Axioplan 2 microscope with a 100× Zeiss PlanApo objectives, 1.4 n.a., using a counting
frame of 13.8 × 13.8 μm, and a 16.7 μm disector height with a 0.5 μm guard zone at the top
surface of the tissue. The guard zone was set to avoid counting in compromised tissue at the
top cut surface, and the disector height was chosen to sample at least 80% of the tissue thickness,
leaving the remainder of the tissue thickness as a bottom guard zone. To the end of clarifying
possible differences in oligodendrocyte spatial distribution, data acquisition was performed
using a new stereological tool, the nearest-neighbor probe, integrated in the StereoInvestigator
software [44,45]. This tool, which combines the optical fractionator and a spatial point pattern
analysis, identifies the spatial coordinates of the rater-chosen nearest neighbor of each counted
cell. It then uses the relative frequency distribution of nearest-neighbor distances to provide a
3-dimensional analysis of spatial distribution of cells [7,15,44] (Fig. 2). This tool has been
validated on a mouse model of abnormal cortical development after X-irradiation [44].
Distances were measured from the centers of each cell, and the resulting cumulative relative
frequency (CRF) distributions were compared between schizophrenic and control groups
[25,44,45]. When using stereologic techniques on processed tissue, tissue volume change is
always a concern. In this study, tissue sections were mounted soon after cutting and before
staining, which minimizes shrinkage in the x-y directions [44]. Shrinkage in the z-direction
can be substantial; the stereology software corrects for this by measuring the true section
thickness at regular intervals and using this corrected thickness factor in calculating cell
densities.

Statistical analyses
Group differences in age and PMI were assessed using the Student’s t test, and differences in
gender analyzed using Pearson’s χ2. Mean oligodendroglial densities in the cingulum bundle
were compared for schizophrenics and controls using a generalized linear model multivariate
analysis of variance (MANOVA), with diagnosis as the fixed factor and the patients’ age,
gender, postmortem interval (PMI), fixation time, and CDR as covariates. Post-hoc tests
(fixation time) were performed with linear regression analysis. Density was correlated with
age using Pearson’s r analysis. Nearest-neighbor data are expressed as CRF graphs; using a
spatial point pattern analysis, we measured the degree of oligodendrocyte clustering by
comparing the probability of finding a nearest-neighbor at a given distance from an
oligodendrocyte in schizophrenics and controls. The average CRF distributions for the two
groups were compared graphically [44]. In addition, the average minimum, median, mean, and
maximum nearest neighbor differences for the two groups were compared using the generalized
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linear model MANOVA. In all these analyses, an effect was considered statistically significant
if the associated p value was less than 0.05. MANOVA calculations were performed using
SPSS (Version 12.0.1 for Windows; SPSS, Chicago, IL) and GraphPad Prism (Version 4.0 for
Windows, GraphPad software, San Diego, CA).

Results
In the present study, in contrast to earlier work in the prefrontal cortex (25,53), we found no
significant differences in oligodendrocyte density (generalized linear model MANOVA, one
degree of freedom, p = 0.37) (Table 3) in the cingulum bundle when comparing schizophrenics
and control subjects. Because the area of the cingulum bundle present varied considerably from
case to case, we chose cell density as a more reliable parameter for comparison.
Oligodendrocyte number was compared as well, to take into account possible differences in
tissue shrinkage during processing, and did not differ between the two groups (p = 0.86) (Table
2). In addition, average section thickness after staining and mounting was the same (mean
thickness = 18.2 and 18.3 μm, respectively, p = 0.96), indicating that differential shrinkage did
not occur. Some studies on macaque monkeys have found increased numbers of
oligodendrocytes in the cortex of aged animals compared to young ones [38,39]. Although
these observations were not made in the white matter, they suggest that age may be a
confounding factor in our analyses. To control for a possible age effect that may differ in the
diseased brain, we then looked at the correlation between age and oligodendrocyte density in
the two groups, and found no significant correlations (Pearson’s r = -0.09 in controls, and 0.007
in schizophrenia) (Fig. 3). These findings, however, may be limited because of the small age
range of subjects involved. The narrow range of ages, however, suggests that age was not a
significant contributor in this study cohort.

The results of the nearest-neighbor analysis, pictured as an averaged cumulative relative
frequency graph for each group, showed no difference in oligodendrocyte distribution in the
cingulum bundle between the two groups (Fig. 4). As a numerical measure, we compared the
averaged minimum, mean, median, and maximum nearest-neighbor distances across
schizophrenics and controls, finding no significant differences in any of these measures (Table
3 and Fig. 4, generalized linear model of MANOVA, one degree of freedom, p = 0.33, 0.95,
0.58, and 0.24, respectively).

Data were then separated by gender to look for gender-specific differences in oligodendrocyte
density and distribution. No differences between groups were noted in oligodendrocyte density
(men, p = 0.75; women, p = 0.52), median nearest-neighbor distance (men, p = 0.64; women,
p = 0.83), or correlation between age and density (Fig. 3). These results are somewhat limited
because, when separated by gender, only 5-8 subjects were present in each group. Further
analyses performed using a generalized linear model multivariate analysis of variance
(MANOVA) showed no significant differences in oligodendrocytes between persons with
schizophrenia and healthy controls. There were no significant effects on measured variables
with respect to the covariates of age, postmortem interval, gender, or Clinical Dementia Rating
score. There was, however, an effect of fixation time on both oligodendrocyte number and
density, and this inverse relationship reached significance in the control group (Fig. 5).

Discussion
Increasingly, evidence from very different lines of research supports the premise that
pathophysiology of oligodendrocytes may play a critical role in the development of
schizophrenia. Volumetric studies, in vivo imaging techniques, gene expression data, and
ultrastructural studies have all pointed to myelin, and specifically to oligodendrocytes, as a key
player in the disease. Earlier studies demonstrated a decrease in oligodendrocyte number and
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altered oligodendroglial density in frontal brain areas in schizophrenia [25,53]. Our laboratory
investigated oligodendrocyte spatial distribution utilizing Voronoi tessellation maps to
represent oligodendrocyte distribution in postmortem material from the superior frontal gyrus
of schizophrenics and controls [25]. This technique provides an objective estimate of the degree
of clustering of oligodendrocytes in 2-dimensional space. When this method was applied to
the superior frontal gyrus, a more clustered arrangement of oligodendrocytes was noted in
controls, as well as a 28.3% decrease in oligodendrocyte density in schizophrenics compared
to controls. Absolute numbers of oligodendrocytes were also significantly decreased in
schizophrenia, in both layer III and the white matter underlying area 9, where the decrease
reached 27% [25]. These results clearly support the notion that pathology of oligodendrocytes
is present in schizophrenia, at least in the superior frontal gyrus white matter.

In the present study, we chose to focus on a distinct major white matter tract demonstrated to
be affected in the disease. Altered white matter tract coherence may be reflected in differences
in oligodendrocyte distribution, as oligodendrocytes tend to line up along the fibers for which
they provide myelin. We used nearest-neighbor analysis to investigate the pattern of cellular
distribution by indicating the probability of finding the closest neighboring cell at any given
distance from a chosen oligodendrocyte. This can allow for detection of significant changes in
white matter organization at the cellular level in schizophrenia that may be related to the
connectivity of this tract. Using this new 3-dimensional stereological tool, we obtained results
markedly different from our previous study: there was no difference in either oligodendrocyte
density or distribution in schizophrenic cases. The nearest-neighbor stereologic tool has been
fully validated [44] and has the major advantage of providing 3-dimensional estimates, which
provides a more accurate picture of cellular distribution than do the 2-dimensional approach
used in our previous study [25]. Furthermore, decreased cortical thickness has been
demonstrated in several brain areas in schizophrenia, but no differences in capillary length
density have been noted, (specifically in the anterior cingulate gyrus) [29]. This suggests that
general volume compression in vivo does not occur in the disease, eliminating this as a possible
cause for artificially increased cell density. In addition, we found no change in absolute
oligodendrocyte number in schizophrenia in the region of the cingulum bundle we sampled.
Our study, in contrast to previous work, used cresyl violet Nissl staining to identify
oligodendrocytes using morphological characteristics. The advantage of this simple technique
over immunohistochemical labeling of oligodendrocytes is that it avoids potentially biasing
results due to differential expression of oligodendrocyte-related genes in schizophrenia. In
addition, staining is relatively reliable and penetrates the full thickness of the sections. A
possible pitfall of the cresyl violet method is that immature forms of oligodendrocytes may
look like astrocytes, with a pale and heterochromatic appearance [8], as well as multiple
neurites [12]. We therefore may have inadvertently missed a population of immature
oligodendrocytes in our counts. An additional disadvantage with the cresyl violet stain may be
suggested by the noted effect of fixation time on oligodendrocyte density and number. As both
measured number and density decreased with increased fixation time, brain shrinkage is not
the issue at hand. Increased fixation time may result in diminished Nissl stain uptake -- an
effect that may be specific to oligodendrocytes.

An additional consideration is our analysis of only the right hemisphere, due to the archiving
system employed by the Mount Sinai School of Medicine Brain Bank, which freezes the left
hemisphere of all brains. Some studies have found pathology in schizophrenia lateralized to
the left ACC, such as decreased glucose metabolism and volume [24] and decreased white
matter fractional anisotropy [20]. This suggests that, in examining only the right hemisphere,
we may have missed a left ACC-specific effects of schizophrenia. While this is certainly
possible, the question of lateralized deficits in schizophrenia is far from decided. Many studies
have shown ACC changes in the disease that are evenly bilateral, including decreased area and
anisotropy [30,33], decreased glucose metabolism [23], and decreased gray matter volume
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[56]. Recent work has also shown that, in macaque monkeys, both typical and atypical
antipsychotic drugs can alter numbers of glial cells [28]. As all of the patients included in the
present study received antipsychotic medication, this may be an important factor. In monkeys,
the numbers of astrocytes were shown to be significantly reduced by antipsychotic treatment,
and oligodendrocytes were also decreased, but not to a statistically significant degree. Our
study investigated only oligodendrocytes, and as such a considerable effect of drug treatment
on our estimates is not likely.

In summary, our results suggest that a more subtle oligodendrocyte or myelin anomaly may
underlie the deficits observed in schizophrenia. Previous studies have shown changes in
expression levels in schizophrenia of only some genes expressed in oligodendrocytes, whereas
other genes’ expression remains unchanged. The observed lack of differences in
oligodendrocyte numbers supports the suggestion that these changes in gene expression are
gene and protein-specific and not a result of a general decrease in the numbers of these cells.
Indeed, recent research [41] has demonstrated that a genetic defect that affects
oligodendrocytes can result in altered brain function without decreased oligodendrocyte
numbers. Additionally, our findings may reflect a difference in disease state between gray and
white matter, with related, but not identical, processes occurring in each; alternatively, there
may be differences in the intrinsic structures of the cingulum bundle and the subcortical gyral
white matter. This suggests that the role played by oligodendrocytes in the pathogenesis of
schizophrenia is far from simple and cannot be generalized to all component of the white matter.
These critical myelinating cells do not appear simply to die or fail to develop. It remains to be
seen what position oligodendrocytes hold in the cascade of malfunctions that results in the
constellation of behavioral deficits seen in this disease. Studies in mice lacking myelination-
related genes implicated in schizophrenia may shed light on this issue. For instance, our
laboratory is currently studying mice missing the MAG gene (myelin associated glycoprotein),
examining the dendritic trees and spines in these animals. Preliminary results indicate a
significant decrease in total basal dendritic length in MAG knockout mice compared with
wildtype controls, particularly at higher branch orders [46]. Additional ultrastructural studies
are also needed to determine whether there is a more subtle anomaly of oligodendrocytes in
schizophrenia that may prevent healthy myelination and tract coherence. Lastly, more nuanced
research may help explain what is actually being measured by DTI and MTI, at the cellular
level. A deeper understanding of these fundamental issues will be necessary for the
development of more effective prevention or treatment of schizophrenia.
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Figure 1.
Low magnification image of the anterior cingulate gyrus in a control subject (a) and a
schizophrenia subject (b). Arrows indicate borders of the cingulum bundle. Scale bar = 300
μm for both panels.

Segal et al. Page 12

Acta Neuropathol. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Stereologic nearest-neighbor procedure. (a) An oligodendrocyte is chosen within the counting
frame (arrow). (b)The nearest oligodendrocyte to the “parent neuron” to come into focus is
then chosen (arrow). (c) A 3-dimensional sphere is generated centered on the first cell with the
radius equal to the distance between the two cells. The rater then focuses through the section,
clicking on any oligodendrocyte that falls within this sphere (arrow), which generates a sphere
with the new, smaller radius. The above is repeated until the nearest-neighbor is found. Scale
bar = 5 μm for all.
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Figure 3.
Correlation between subject age and mean oligodendrocyte density in a portion of the cingulum
bundle of schizophrenic and control subjects, separated by gender. NL, normal; SZ,
schizophrenic; M, men; W, women. Pearson’s r = -0.44 for NL M, 0.26 for SZ M, -0.51 for
NL W, and -0.12 for SZ W.
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Figure 4.
Cumulative relative frequency graph of averaged oligodendrocyte nearest neighbor distances,
indicating the probability of finding a “nearest-neighbor” oligodendrocyte at a given distance
from another oligodendrocyte. Note that the two groups have nearly identical profiles.
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Figure 5.
Linear regression analysis of the effect of time in 10% formalin fixative solution on
oligodendrocyte number and density. C, control; S, schizophrenia.
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Table 2
Results of stereologic analyses

Variable Controls Schizophrenia p

Section thickness after staining (μm) 18.17 ± 3.66 18.28 ± 7.33 0.963

Number of sampled parent cells 231 ± 88.7 189 ± 85.8

Total number of oligodendrocytes in sampled region of cb 6,313,947 ± 2,441,661 5,210,601 ± 2,621,120

Oligodendrocyte density (cells/mm3) 113,393 ± 27,000 115436 ± 33,694

CE (Schmitz-Hof) 0.069 ± 0.014 0.078 ± 0.018

Minimum NND 4.22 ± 0.16 4.11 ± 0.13

Median of NND distribution 10.65 ± 0.70 10.33 ± 0.92

Mean NND 11.27 ± 0.66 11.12 ± 0.91

Maximum NND 29.07 ± 5.16 29.92 ± 5.46

Oligodendrocyte density in men (cells/mm3) 118,701 ± 26,510 112,912 ± 38,072 0.751

Oligodendrocyte density in women (cells/mm3) 104,900 ± 28,471 117,014 ± 33,325 0.516

Median of NND distribution in men 10.82 ± 0.72 10.58 ± 1.09 0.639

Median of NND distribution in women 10.27 ± 0.66 10.18 ± 0.84 0.835
P values given are for Student’s two-tailed t test. Results are given with their standard deviations. CE, coefficient of error; NND, nearest-neighbor distance;
cb, cingulum bundle.
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