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FEATURE ARTICLE

Profiles of Precentral and Postcentral
Cortical Mean Thicknesses in Individual
Subjects over Acute and Subacute Time-
Scales

Human precentral and postcentral cortical areas interact to
generate sensorimotor functions. Recent imaging work suggests
that pre- and postcentral cortical thicknesses of an individual vary
over time-scales of years and decades due to aging, disease, and
other factors. In contrast, there is little understanding of how
thicknesses of these areas vary in an individual over time-scales of
minutes and weeks. This study used longitudinal magnetic
resonance imaging (MRI) and computational morphometry
approaches in 5 healthy subjects to assess how mean thicknesses,
and intra- and interhemispheric relationships in mean thicknesses,
of these areas vary in an individual subject over minutes and
weeks. Within each individual, absolute differences in thicknesses
over these times were small and similar in the precentral
(mean = 0.02-0.04 mm) and postcentral (mean = 0.03-0.05 mm)
areas. Each individual also had a consistent intrahemispheric
disparity and interhemispheric asymmetrical or symmetrical
relationship in thicknesses of these areas over these times. The
results provide new understanding of within-individual cortical
thickness variability in these areas and raise the possibility that
longitudinal thickness profiling can provide a baseline definition of
short time-scale thickness variability that can be used to detect
acute and subacute changes in pre- and postcentral thicknesses at
an individual subject level.

Keywords: interhemispheric, intrahemispheric, longitudinal, magnetic
resonance imaging, sensorimotor cortex

Introduction

Cortical thickness is a useful indicator of the structural integrity
of a cortical area. Recognition that cortical structure is dynamic
has prompted interest in how mean thicknesses of cortical areas
longitudinally vary in an individual over different time-scales.
The postcentral and precentral areas are amongst the best
understood of human cortical areas and are of interest for
longitudinal studies. From adjacent locations around the
central sulcus, they interact to contribute to somatosensory
and motor functions. The map-like functional organization in
each area is well recognized (Penfield and Rasmussen 1950), as
is the concept that pre- and postcentral functional organization
can change over minutes, weeks, and longer times due to
injury, disease, or other factors (Wall et al. 2002; Lee et al. 2003;
Weiss et al. 2004; Flor et al. 2006; Schaechter et al. 20006;
Bjorkman et al. 2009). These areas differ cytoarchitectonically,
and substantial information is available on their structure (Kaas
1990; Meyer et al. 1996; White et al. 1997; Rademacher et al.
2001; Zilles 2004). In addition, given their functional in-
teraction, intrahemispheric and interhemispheric relationships
of the structural properties of these areas have been of interest
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(Meyer et al. 1996; MacDonald et al. 2000; Mechelli et al. 2005;
Lerch et al. 2006; Luders et al. 2006; Butman and Floeter 2007;
Hamilton et al. 2007; He et al. 2007; Chen et al. 2008).

It is recognized that thicknesses of the pre- and postcentral
areas change over long time-scales of years due to aging,
disease, and other factors (Sailer et al. 2003; Chen et al. 2004;
Lyoo et al. 2006; Rettmann et al. 2006; Schaechter et al. 2000;
Shaw et al. 2006; Butman and Floeter 2007; DaSilva et al.
2007; Lu et al. 2007; Thompson et al. 2007; DaSilva et al. 2008;
Sowell et al. 2008). In contrast, changes or variations in the mean
thicknesses of the pre- and postcentral areas over shorter time-
scales remain conjectural. Contributing to present uncertainty is
the poorly understood issue of how mean thicknesses of these
areas vary in a given individual over times of minutes and weeks.
This issue is important for understanding short time-scale
dynamics of normal ongoing thickness variations.

The present study used repeated MRI scans to define
longitudinal profiles of the mean thicknesses, and intra- and
interhemispheric relationships between mean thicknesses, of
the post- and precentral gyrus areas in healthy individual
subjects. Measures in each individual were compared across
time-scales of minutes, when minimal variability might be
expected, and across time-scales of weeks, when variability
may increase due to different factors. We were interested in
how thicknesses and intra- and interhemispheric relationships
in thicknesses of these areas vary in an individual over acute
and subacute time-scales.

Materials and Methods

Subjects and Imaging

The procedures were approved by the institutional review board. The
study was designed to longitudinally profile cortical thickness in an
individual subject over minutes and weeks. Given that 5-7 measures
were made per individual, we focused on a sample of the first five
subjects who met health criteria and were available for multiple scans
(ages: 24, 24, 27, 306, and 55 years; female/male: 3/2). Each subject was
documented to be in good health from responses to medical history
questionnaires and had no history of head trauma, brain surgery,
nervous system or psychiatric disorders, chronic medical conditions, or
drug or alcohol abuse. The subjects were previously used in analyses of
global mean thickness that assessed hemispheric thickness variability
but that did not address thickness variability in specific cortical areas
(Wang et al. 2008).

All images were obtained with the same 3T GE Signa scanner and T1-
weighted Inversion Recovery Fast Spoiled Gradient Recall Echo imaging
protocol (time echo = 3 ms; time to inversion = 650 ms; flip angle = 9°;
bandwidth = 31.25 kHz; field of view = 256 mm; resolution = 1 x 1 x
1 mm; 164 continuous axial slices encompassing both hemispheres).

Pre- and Postcentral Mean Thickness Measures
Measurements of the mean thicknesses of the pre- and postcentral
areas were done using automated FreeSurfer programs (http://


http://surfer.nmr.mgh.harvard.edu/fswiki

surfer.nmr.mgh harvard.edu/fswiki) on a Linux workstation. Intensity
and continuity information from 3D magnetic resonance volumes was
used to reconstruct the white/gray and pial boundaries of cortex and
measure cortical thicknesses between these boundaries at individual
vertices (Dale et al. 1999; Fischl, Sereno, Dale 1999; Fischl, Sereno,
Tootell, et al. 1999; Fischl and Dale 2000; Han et al. 2006; Dickerson
et al. 2008). These approaches determine cortical thickness measures
to submillimeter resolution and have been shown to be valid and
reliable (Fischl and Dale 2000; Rosas et al. 2002; Kuperberg et al. 2003;
Salat et al. 2004; Han et al. 2006; DaSilva et al. 2007). The pre- and
postcentral gyrus areas were defined with automated FreeSurfer
parcellation procedures (Desikan et al. 2006). Thickness measures at
vertices in the parcellated areas were used to determine mean
thicknesses of the pre- and postcentral areas in both hemispheres
from each scan in each subject.

Within-Individual Analyses of Pre- and Postcentral Mean
Thicknesses over Time

To assess thickness variations over time-scales of minutes, each subject
underwent two sets of paired scans, referred to as set 1 and set 2 scans.
The pair of set 1 scans was taken within a period of about 30 min with
removal from the scanner between scans, whereas the pair of set
2 scans was taken within a similar time but without intervening
removal from the scanner. To assess thicknesses over time-scales of
weeks, set 1 and set 2 scans were separated by 3-4 weeks. In addition,
each subject underwent 1-3 further scans that were separated from
that subject’s set 1 scans by times of up to 32 weeks. Thus,
2 independent estimates of variability over minutes and 3-5 in-
dependent estimates of variability over weeks were used to define
thickness profiles in each individual (Fig. 1).

Within-individual variations in the mean thicknesses of each area
were expressed as absolute differences (in millimeters) between mean
thickness measures that were taken at minute or week intervals.

To assess within-individual variations over minutes, the absolute
difference between mean thicknesses for the second and first scans in
set 1 was calculated in each subject using the first scan as the reference
(second - first scan). The mean and range of these within-individual

A. Left Precentral

3.00 - Set 1 Set 2

Subject
®1R A2G A3L O4E OS5T

£
£ o % o
< 280407
$ 560 4 2 a L\A
£ 240 O—O— N\
K]
£ 220
8
c 2.00
o
Q
E 180 bbb b e
0 3/4 16 20 24 28 32
time interval (weeks)
C. Left Postcentral v
Subject

Set 1 Set2 ®1R  A2G A3L D4E OST
3.00 -

2.80 -
2.60
2.40 -

2080 2Q $o—a—— 2
~A AN

2.00

mean cortical thickness (mm)

1.80 A
0 3/4 16 20 24 28 32

time interval (weeks)

differences were also determined. Similar calculations were done for
the pairs of set 2 scans to provide second estimates of absolute
thickness variability over minutes in each individual.

To assess within-individual variability over weeks, each subject’s first
scan in set 1 was again used as a reference and absolute thickness
differences were calculated for each of the week-interval scans and this
reference. In each subject, this provided 2 difference measures at 3-4
weeks (one measure for each set 2 scan) and 1-3 further measures over
periods of 16-32 weeks. These differences were also compared with
absolute thickness differences seen over minutes in set 1, which used
the same first scan as a reference (and also involved removal from the
scanner between scans).

Within-Individual Relationships of Pre- and Postcentral Mean
Thicknesses over Time

Intrahemispheric relationships of the mean thicknesses of pre-
and postcentral areas from the same hemisphere were assessed
with a “precentral/postcentral” index ([{mean precentral/mean
postcentral} x 100] - 100) that was calculated on each side for each
scan of each individual. A positive index indicated the percent by
which the precentral thickness was greater, a negative index indicated
the percent by which the postcentral thickness was greater, and
0 indicated equal thicknesses.

Interhemispheric relationships of the mean thicknesses of pre- and
postcentral areas in opposite hemispheres were assessed with
a “symmetry” index ([left - right/right] x 100) that was calculated for
each area of each scan in each individual. A positive index indicated the
percent by which the left side thickness was greater, a negative index
indicated the percent by which the right side thickness was greater,
and 0 indicated equal thicknesses.

Statistical Tests

Thickness data were exported from FreeSurfer to Excel and Adobe
Photoshop for analyses and construction of illustrations. Statistical
analyses were performed with SPSS programs. Intraclass correlation
coefficients (ICCs) with 95% confidence intervals (CIs) were used to
evaluate within-individual consistency of thicknesses and thickness
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Figure 1. Measures of mean thicknesses of the left and right pre- and postcentral areas for all scans (n = 30) from each subject plotted as a function of the time between
measures. In set 1 and set 2, pairs of test- retest measures were made in each individual within minutes of each other. Set 2 measures were made 3-4 weeks from set 1, and

1-3 further measures were made in each individual at intervals of 16-32 weeks.
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relationship indices over time. High ICCs indicate that within-individual
differences over time were small and consistent compared with
between-individual differences. Repeated measures analyses of variance
(ANOVAs; P < 0.05) were used to test for within-individual differences
in thicknesses and thickness relationships over time. Individual subjects
each had 5-7 scans. ICCs and ANOVAs were done using data from 5
comparable scans in each subject: 1) first scan of set 1 as a reference
scan, 2) second scan of set 1 to represent a test-retest interval of
minutes from (1), 3) first scan of set 2 and 4) second scan of set 2,
which were used to represent test-retest intervals of both minutes
from each other and 3-4 weeks from (1), and 5) longest scan interval
from (1) to represent the longest test-retest time (17-32 weeks).

Results

Mean pre- and postcentral thicknesses in each hemisphere
were charted as a function of the time interval between scans
to provide temporal profiles in each individual (Fig. 1). These
profiles reflected the following within-individual variability.

Within-Individual Thickness Variability over Minutes
Within-individual variations in pre- and postcentral mean
thicknesses over time-scales of minutes were assessed from
set 1 and set 2 pairs of scans (Fig. 1).

Precentral

In the left precentral area, pairs of thickness measures from
sets 1 and 2 had high ICCs (set 1 = 0.970, CI: 0.780-0.997; set
2 =0.986, CL: 0.895-0.998), indicating high consistency in
within-individual thicknesses in each set. Further reflecting this
consistency, for set 1 and set 2 pairs, within-individual mean
absolute thickness differences were, respectively, 0.04 mm
(range: 0.01-0.08) and 0.03 mm (range: 0.01-0.06) (Fig. 24). In
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the right precentral area, ICCs for paired set 1 and set 2
thickness measures were also high (set 1 = 0.983, CI: 0.873-
0.998; set 2 =0.979, CI: 0.848-0.998). Reflecting this consis-
tency, within-individual mean absolute thickness differences
for set 1 and set 2 pairs were, respectively, 0.02 mm (range: 0-
0.06) and 0.03 mm (range: 0.01-0.05) (Fig. 2B).

Postcentral
In the left postcentral area, ICCs for paired set 1 and set 2
thickness measures were high (set 1 = 0.952, CI: 0.644-0.995;
set 2 = 0.955, CI: 0.667-0.995), indicating high consistency in
within-individual measures in each set. Reflecting this consis-
tency, within-individual mean absolute thickness differences
for set 1 and set 2 pairs were, respectively, 0.04 mm (range:
0.02-0.07) and 0.03 mm (range: 0.02-0.06) (Fig. 2C). In the
right postcentral area, ICCs were also high (set 1 = 0.968, CIL:
0.760-0.997; set 2 = 0.979, CL: 0.848-0.998). Reflecting this,
within-individual mean absolute thickness differences for set 1
and set 2 pairs were, respectively, 0.05 mm (range: 0.03-0.06)
and 0.03 mm (range: 0.01-0.05) (Fig. 2D).

The above results indicate that precentral and postcentral
mean thicknesses in each individual had high consistency and
low variability over minutes.

Within-Individual Thickness Variability over Weeks
Within-individual mean thickness variability was next assessed
for time-scales of weeks and compared with the above
variability over minutes.

Precentral

Left precentral mean thicknesses across the 5 tested scan times
(see Materials and Methods) had a high ICC (0.992; CI: 0.969-
0.999), and an ANOVA-indicated within-individual thicknesses

B. Right Precentral

T 009

E 08t

3

2 o007t

o

g 006+

B 005+

3

8 004t

g

S 003+

£

o 002+

2 001+

%]

| 0.00 ! f {
Set 1 Set 2

D. Right Postcentral

= 009

E 0081

8 o074

§ 006

?GE’ .

el

5 0.05 +

§ 0.04

2 o003+

£ 002+

=]

S 001+

Q

® 0.00 : !

Set 1 Set 2

Figure 2. Means and ranges of within-individual absolute thickness variations (in millimeters) for measures taken minutes apart in set 1 and set 2 tests: (A) left precentral,
(B) right precentral, (C) left postcentral, and (D) right postcentral. Within-individual mean absolute thickness variations over minutes were =<0.05 mm in each area.
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did not significantly differ across these times (P = 0.487).
Reflecting this consistency, the within-individual mean absolute
thickness difference for all week-interval scans was 0.03 mm.
Finally, further comparisons of thickness differences over weeks
and minutes indicated that almost all (18/20) absolute thickness
differences at week intervals were less than the maximal
absolute thickness difference for measures taken at minute
intervals (compare Fig. 34 and set 1 in Fig. 24). Right precentral
mean thicknesses across the 5 tested times had a high ICC
(0.990; CI: 0.963-0.999). An ANOVA-indicated within-individual
thicknesses were marginally significantly different across these
times (P = 0.043). However, this result was not confirmed by
post hoc comparisons that indicated within-individual thick-
nesses of scan 1 did not significantly differ from thicknesses of
1) scan 2 that tested minute intervals (P = 0.148), 2) scan 3 or 4
that provided 2 tests at 3- to 4-week intervals (scan 3, P = 0.149;
scan 4, P=0.887), or 3) scan 5 that tested each individual’s
longest week interval (P = 0.204). The within-individual mean
absolute thickness difference for all week-interval scans was
0.03 mm. Finally, further comparisons of thickness differences
over weeks and minutes indicated that almost all (19/20)
absolute thickness differences at week intervals were less than
the maximal absolute thickness difference for measures taken at
minute intervals (compare Fig. 3B and set 1 in Fig. 2B).

Postcentral

Left postcentral mean thicknesses across the 5 tested times had
a high ICC (0.977; CI: 0.915-0.997), and an ANOVA-indicated
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within-individual thicknesses were not significantly different
across these times (P = 0.223). The within-individual mean
absolute thickness difference for all week-interval scans was
0.04 mm. Further comparisons of thickness differences over
weeks and minutes indicated that almost all (19/20) absolute
thickness differences at week intervals were less than the
maximal absolute thickness difference for measures taken at
minute intervals (compare Fig. 3C and set 1 in Fig. 2C). Right
postcentral mean thicknesses across the 5 tested times had
a high ICC (0.986; CL: 0.946-0.998), and an ANOVA-indicated
within-individual thicknesses did not significantly differ across
these times (P = 0.202). The within-individual mean absolute
thickness difference for all week-interval scans was 0.04 mm,
and the majority (15/20) of absolute thickness differences at
week intervals were less than the maximal absolute thickness
difference for measures taken at minute intervals in set
1 (compare Fig. 3D and set 1 in Fig. 2D).

The above results indicate that within-individual pre- and
postcentral mean thickness measures showed high consis-
tency, low variability, and did not statistically differ over time-
scales of weeks and minutes.

Within-Individual Intrabemispheric Relationships over
Time

Precentral/postcentral indices (see Materials and Methods) in
each hemisphere were positive at all times in each individual
(Fig. 4). Index magnitudes ranged from a low of 9% (Fig. 44,
subject 1R) to a high of 29% (Fig. 44, subject 5T). Over the 5
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Figure 3. Within-individual variations in absolute thickness for all measures taken at intervals of weeks for (4) left precentral, (B) right precentral, (C) left postcentral, and (D)
right postcentral areas. In (4), one measure for subject 2G is hidden by the initial data point for subject 4E. In each area and hemisphere, the large majority of variations over

weeks were less than maximal variations over minutes (see Results).
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Figure 4. Within-individual variation in “precentral/postcentral” indices that assessed the relationship of pre- and postcentral thicknesses in the same hemisphere. Scans 1 and 2
are from set 1, scans 3 and 4 are from set 2, and scans 5-7 are longer interval scans. In left (4) and right (B) hemispheres in each subject (1R-5T), the precentral area was
thicker than the postcentral area and the disparity in thickness was individual specific and consistent over time.

tested times, indices on each side had high ICCs (left: 0.984, CL:
0.941-0.998; right: 0970, CL 0.886-0.996), and ANOVAs
indicated no significant within-individual differences over time
(left: P = 0259; right: P=0404). Thus, mean precentral
thicknesses were greater than mean postcentral thicknesses
and a consistent intrahemispheric disparity in these thicknesses
was maintained over minutes and weeks in each individual.

Within-Individual Interbemispberic Relationships over
Time

Precenitral

Analyses of symmetry indices (see Materials and Methods)
indicated that each individual had a consistent asymmetric or
nearly symmetric precentral interhemispheric relationship over

Cerebral Cortex July 2010, V 20 N 7 1517



minutes and weeks (Fig. 54). Symmetry indices in one individual
were all positive, indicating greater left mean thickness (Fig. 54,
subject 5T), whereas every other individual had mixed small
positive and negative indices, indicating small variations around
symmetry (Fig. 54, subjects 1R, 2G, 3L, and 4E).

Postcentral

Analogous postcentral analyses indicated that interhemispheric
symmetry indices in 2 individuals were all positive, reflecting
a greater left mean thickness (Fig. 5B, subjects 1R and 5T).
Indices in 2 individuals were all negative, indicating a consis-
tently thicker right side (Fig. 5B, subjects 3L and 4E), and
indices in 1 individual were mixed small positive and negative,
indicating variations around symmetry (Fig. 5B, subject 2G).
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Consideration of the interhemispheric symmetry indices of
both areas in an individual indicates that symmetry arrange-
ments could match or differ. For example, precentral and
postcentral indices in one individual were consistently positive,
indicating mean thicknesses were consistently larger on the
left in both areas (Fig. 5, subject 5T). In another individual, both
the pre- and postcentral indices over time were a mix of small
positive and negative indices, indicating small variations around
symmetrical mean thicknesses in both areas (Fig. 5, subject
2G). Other individuals had consistently asymmetric postcentral
indices but did not have matching asymmetric precentral
indices (Fig. 5, subjects 1R, 3L, and 4E). Thus, precentral
interhemispheric relationships in mean thickness matched or
differed from postcentral interhemispheric relationships.
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Figure 5. Within-individual variation in “symmetry” indices of the left versus right precentral (4) and postcentral (B) areas. For the precentral area, the within-individual index
over time was consistently positive (subject 5T), indicating a larger thickness on the left side, or was mixed small positive and negative (subjects 1R, 2G, 3L, and 4E), suggesting
a consistent small variation around a symmetrical relationship. For the postcentral area, the within-individual indices over time were consistently positive (1R, 5T) or negative (3L,
4E), indicating a larger thickness on the respective left and right sides, or were mixed small positive and negative (2G), suggesting a consistent small variation around
a symmetrical relationship. Within each subject, the symmetry arrangements of the pre- and postcentral areas, when considered together, consistently matched (5T, 2G) or
differed (1R, 3L, 4E) over time (see Results). Scans as described in Figure 4. Subjects 1R, 2G, 3L, and 4E were right handed and subject 5T was left handed (Edinburgh

handedness inventary).
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Matching or different arrangements were individual specific
and consistent over minutes and weeks.

Discussion

Longitudinal Pre- and Postcentral Thickness Variability
This study represents the first attempt to profile pre- and
postcentral mean thicknesses in individual subjects over time-
scales of minutes and weeks. Based on 5-7 longitudinal
measures per subject, within-individual absolute thickness
differences over minutes and weeks were small and similar in
the precentral (mean = 0.02-0.04 mm) and postcentral (mean
= 0.03-0.05 mm) areas. Cortical thickness encompasses the
size, density, and arrangement of cells (neurons, glia), neuropil,
vasculature, and the associated blood volume and is a useful
structural marker. The low variability in the thickness profiles
may reflect within-individual consistency that is related to
maintenance of somatosensory and motor functions of these
areas in a healthy individual.

Structural properties of these areas have been widely studied.
Previous MRI studies have reported postcentral thicknesses of
1.34-3.58 mm and precentral thicknesses of 2.03-3.67 mm
(Meyer et al. 1996; Fischl and Dale 2000; Jones et al. 2000
MacDonald et al. 2000; Kuperberg et al. 2003; Sailer et al. 2003;
Chen et al. 2004; Lyoo et al. 2006; Makris et al. 2006; Butman and
Floeter 2007; Calabrese et al. 2007; Nesvag et al. 2008; Park et al.
2008). The present mean thicknesses are consistent with these
findings. Earlier assessments were taken at one time and provide
insight into normal interindividual variability but do not address
variability in an individual over time.

Previous work has examined cortical thickness over
minutes, days, or weeks (Sowell et al. 2004; Lerch and Evans
2005; Haldar and Soul 2006; Han et al. 2006; Hutton et al. 2008;
Wang et al. 2008) but has not defined thickness profiles, or
compared mean thickness variability over minutes and weeks,
in an individual. For example, one study took thickness
measures at minute intervals in 2 individuals and at a 3-week
interval in 1 individual (Sowell et al. 2004). Maps indicating
thickness differences over time included pre- and postcentral
sites, but data were averaged across all 3 individuals and did not
compare thickness across minute and week intervals in an
individual. Another study examined thicknesses at cortical
sites, including pre- and postcentral sites, at a 2-week interval
(Han et al. 2006). Initial analyses that used an 1.5T scanner and
averaged group data from two scans at each time led to
difference maps that showed large test-retest thickness differ-
ences at medial precentral sites and smaller differences across
lateral precentral and postcentral sites. In further analyses that
used the same scanner and group data from one scan at each
time, the large medial precentral thickness differences seen in
the prior analyses were not apparent. It is difficult to relate
these analyses to the present data; in addition, the group
analysis design did not distinguish thickness profiles of
individual subjects over time. Another study assessed thick-
nesses of sites around the central sulcus at a 2-day interval in 1
individual (Hutton et al. 2008). Six scans were taken using a 3T
scanner the first day, 6 scans were taken using a 1.5T scanner
the second day, and averages of the thicknesses of the 6 scans
from each day were compared. High variability was reported
across days at sites around the central sulcus; however, this was
likely attributable to the use of different scanners. In summary,

while addressing other issues, existing work does not address
how mean pre- and postcentral thicknesses vary over minutes
and weeks in an individual. The present findings provide new
insight into this issue.

In the present study, within-individual variability over
minutes could be due to subject, scanner, image and data
processing, or other factors. Although variability over weeks
could involve potentially different factors that might become
effective over longer times, within-individual mean thicknesses
did not significantly differ over minutes and weeks. These
results raise the provocative possibility that the thickness
profile of an individual over minutes and weeks may provide
a useful baseline for assessing acute and subacute time-scale
thickness changes in that individual. More specifically, the high
ICCs, lack of statistically significant differences, and similar
small absolute thickness variations that characterized within-
individual profiles over minutes and weeks raise the possibility
that baseline variability can be sufficiently low that thickness
change trends may be identifiable from changes in trajectory
parameters of that individual’s thickness profile. Given limi-
tations of existing data on thickness variations over these time-
scales (see above), it is not surprising that this possibility has
received little recognition. Thickness change trends at the
individual level might be envisioned, for example, by extending
the thickness profiles of any of the individuals in the present
study (Fig. 1) with some intervention and by subsequent
emergence of thickness differences or changes in thickness
variability over the next days, weeks, or longer that are
demonstrably distinct from that individual’s preintervention
measures. Given that the present sample is focused on
thickness profiles of 5 subjects, it is possible that other
individuals have pre- and postcentral profiles that are less
consistent than the profiles of the present subjects. However,
this would not rule out longitudinal analyses in individuals who,
like the present subjects, have a consistent starting profile.

Assessment of trajectories of cortical thickness over time has
been used to examine changes over years (Thompson et al.
2007; Shaw et al. 2008). To our knowledge, this concept has
not been applied to the pre- and postcentral areas at the
individual subject level for time-scales of minutes and weeks.
Two reasons may explain this. First, presumptions that these
time-scales are too short for macroscopic cortical structural
changes may have curtailed interest in this direction. However,
recent MRI studies in adults have identified group-level
changes in gray density or volume in pre- or postcentral and
other cortical areas over periods of several days or weeks that
were due to different interventions (Draganski et al. 2004;
Leow et al. 2005; Levy 2007; May et al. 2007; Gauthier et al.
2008; Teutsch et al. 2008). For example, macroscopic
structural changes in cortical gray density in groups of healthy
adults have been reported in the postcentral area following
several days of noxious stimulation (Teutsch et al. 2008) and in
other cortical areas following 2 weeks of specialized reading
(Iig et al. 2008) and following 3 months of juggling (Draganski
et al. 2004) or preparation for medical exams (Draganski et al.
2006). Changes in cortical density/volume can be related to
changes in cortical thickness (Narr et al. 2005), thus raising the
possibility for similar time-scale changes in thickness. Second,
the lack of data on within-individual pre- and postcentral
thickness profiles over minutes to weeks (see above) has
made it difficult to know if mean thickness variability in an
individual over these times is too large to permit analysis at an
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individual level. The present findings provide initial “proof-of-
concept” evidence for the possibility of detecting acute and
subacute thickness changes in individuals, like those in this
study, who have low variability profiles. This possibility is
interesting in view of clinical goals to develop practical
approaches that can use short intervals and small samples to
assess cortical structural changes that may be useful targets for
diagnosis or treatment of individual patients.

Longitudinal Intrabemispheric Relationships

No previous studies have assessed intrahemispheric relation-
ships of pre- and postcentral mean thicknesses in an individual
over minutes and weeks. Within each hemisphere, precentral
mean thickness was larger than postcentral mean thickness and
each individual’s specific thickness disparity was consistently
maintained over these times.

The present results agree with earlier findings that precen-
tral thickness is normally greater than postcentral thickness in
the same hemisphere (Meyer et al. 1996, MacDonald et al.
2000; Butman and Floeter 2007). Earlier measures, taken at one
time, do not indicate how thickness relationships vary in an
individual over time.

Human pre- and postcentral areas interact to generate
somatosensory and motor functions (Nii et al. 1996, Moore
et al. 2000; Rademacher et al. 2001; Dechent and Frahm 2003;
Guye et al. 2003; Towle et al. 2003; Liepert et al. 2004;
Overduin and Servos 2004; Duncan and Boynton 2007; Chen
et al. 2008). Maintenance of normal functions presumably
requires some degree of structural consistency that might be
reflected in the pre- and postcentral thickness relationship.
However, cortical structure is also dynamic and thicknesses
and other structural properties of interacting cortical areas vary
due to genetic, trophic, and/or experience-related factors
(Mechelli et al. 2005; Lerch et al. 2006; He et al. 2007). The
present analyses provide evidence for within-individual capaci-
ties to maintain a consistent intrahemispheric thickness
relationship over weeks and prompt questions about how this
relationship may vary due to factors that may have different
structural effects on each area.

Longitudinal Interbemispheric Relationships

The results suggest that a consistent asymmetrical or nearly
symmetrical interhemispheric relationship was maintained
over weeks in each area of each individual. In addition, the
precentral interhemispheric relationship matched or differed
from that individual’s postcentral interhemispheric relationship
in a consistent way over weeks.

Previous pre- and postcentral work on interhemispheric
structural relationships focuses on central sulcus lengths and
post- or precentral gyral shapes, densities, or volumes (White
et al. 1994; Zilles et al. 1996; Foundas et al. 1998; Amunts et al.
2000; Good et al. 2001; Rademacher et al. 2001; Watkins
et al. 2001; Davatzikos and Bryan 2002; Jung et al. 2003; Mangin
et al. 2004; Herve et al. 2006; Caulo et al. 2007). Fewer data are
available on thickness relationships. Precentral asymmetry
involving greater left side thickness has been reported in
right-handed groups, but this appeared less pronounced in
non-right-handed and female groups (Luders et al. 2006;
Hamilton et al. 2007). A further study found no significant
interhemispheric differences in pre- and postcentral thicknesses
(Meyer et al. 1996). The present results are consistent with the
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findings that interhemispheric thickness relationships can be
asymmetrical or symmetrical and further indicate that specific
relationships can be maintained over weeks in an individual.

Conclusions

There is little understanding of how thicknesses of cortical areas
in an individual vary over time-scales of minutes and weeks. The
present results suggest that thicknesses of the pre- and
postcentral areas and intra- and interhemispheric relationships
in thicknesses of these areas can be maintained with low
variability in some healthy individuals over these times. These
findings provide proof-of-concept evidence for the future
possibility of using longitudinal scans to detect acute and
subacute pre- and postcentral thickness changes in individual
subjects.
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