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Purpose:

 

The middle temporal (MT) area of the cortex of the monkey is involved in visual
motion analysis. Previous studies using brain-imaging techniques have shown that the area
around the anterior occipital cortex in man is homologous to the area MT of the monkey. In
this study, we investigated the cortical components of motion-triggered visual evoked poten-
tials and their topography in the visual cortex of man. 

 

Methods:

 

Visual evoked potentials to the onset of a visual motion stimulus (m-VEPs) were
recorded from 5 normal subjects aged 25 to 34 years. A random dot pattern was used as the
stimulus for the m-VEPs. The dots moved horizontally to the right and then to the left alter-
nately for 500 milliseconds with interstimulus intervals of 1500 milliseconds. The speed of
motion was varied in five steps from 5–25

 

8

 

/s. Fifteen electrodes were placed on the occiput
around O

 

z

 

 at 5-cm intervals. Color contour maps showing the distribution of voltage over the
15 electrodes at latencies ranging from 0–200 milliseconds with a 20-millisecond interval were
made for each subject. These were coregistered with three-dimensional magnetic resonance
images of the same brain to specify the topography of the main components of the m-VEPs in
relation to the sulcal and gyral pattern of the visual cortex. 

 

Results:

 

We consistently observed a positive wave with a peak latency of about 100 millisec-
onds (P100) and a negative wave with a peak latency of about 150 milliseconds (N150) for all
subjects. Topographical analysis showed that P100 was dominant in a relatively wide area
caudal to O

 

z

 

, whereas N150 was dominant in a relatively small area posterior to the right an-
terior occipital sulcus, which included the area corresponding to the area MT in man. 

 

Conclusions:

 

These findings suggest that N150 represents the activity of the area MT in the
human visual cortex related to motion perception.
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Introduction

 

Recent neurophysiological studies in the monkey
have demonstrated the existence of two general in-
formation-processing streams in the primate visual
cortex.

 

1–4

 

 One pathway is considered to subserve ex-
clusively form and color vision, and to lie ventrally
and terminate in the temporal lobe (temporal stream).
The other pathway is considered to be specialized

exclusively for visual motion, and to lie dorsally and
terminate in the parietal cortex (parietal stream).
Neuroimaging studies of the human visual cortex re-
vealed that the architecture of the human visual cor-
tex is quite similar to that of the primate.

 

5–8

 

 These
streams in the visual cortex are thought to be cortical
continuations of pathways that start in the retina.
These pathways are known as the parvocellular (P)
and the magnocellular (M) pathways, and they sub-
serve form and color vision and visual motion, re-
spectively.

 

9

 

 The M pathway, which subserves visual
motion, projects via layers 4b of the striate cortex
(V1) to subdivisions of area V2 and to the middle
temporal (MT) area in the superior temporal sulcus
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of the monkey.

 

1–4,9

 

 Area MT is assumed to be an im-
portant neural region for visual motion perception.

Conventional visual-evoked potentials (VEPs) as-
sociated with the sudden reversal of the contrast of a
pattern (p-VEPs) are assumed to represent the activ-
ity of the P pathway.

 

10–12

 

 On the other hand, the
VEPs associated with the onset of visual motion
(m-VEPs) are considered to represent the activity of
the M pathway.

 

12–15

 

 The main element of m-VEPs
appears to be a negative component with a peak la-
tency of about 160–200 milliseconds.

 

12–15

 

 This nega-
tive component of m-VEPs is thought to represent
the activity of the parietal stream in the visual cor-

tex. However, the topography of the main compo-
nents of the m-VEPs on the human visual cortex is
still not known.

In the present study, we examined the characteris-
tics of the m-VEPs evoked by various stimulus
speeds in normal subjects, and identified the main
components representing the activity of motion pro-
cessing in the human visual cortex. In addition, we
specified the topography of the main components of
m-VEPs in relation to the sulcal and gyral pattern of
the cortex using three-dimensional magnetic reso-
nance imaging (MRI) of the brain.

 

Materials and Methods

 

Subjects

 

M-VEPs were recorded from 5 normal subjects,
25–34 years of age (mean age 

 

5

 

 28 years). All had a
corrected Snellen visual acuity of at least 20/20 in
both eyes. Informed consent was obtained from all
subjects after the nature of the procedure was ex-
plained. Tenets of the Declaration of Helsinki were
followed, and Institutional Human Experimentation
Committee approval was obtained.

 

Visual Stimuli

 

Visual stimuli were generated using a microcom-
puter. An array of 80 randomly located dots (0.75

 

8

 

 in
diameter, 21.0 cd/m

 

2

 

, 97.7% contrast) was displayed
in rapid succession (frame rate 70 Hz), and projected
onto the stimulus field (25 

 

3

 

 25

 

8

 

) positioned 1.8 m in
front of the subject by a data projector (S

 

ONY

 

 VPL-
351QJ) (Figure 1). The dots moved to the right and
to the left alternately with an interstimulus interval
of 1500 milliseconds. A motion sequence consisted
of the abrupt onset of motion, which continued for

Figure 1. Schematic diagram of system for induction of
motion-triggered visual evoked potentials. Array of 80
randomly located dots is projected by data projector onto
stimulus field (25 3 258) positioned 1.8 m in front of sub-
ject. Fifteen electrodes are placed on occiput around Oz at
5-cm intervals. Electrodes are numbered from upper left to
lower right. Linked earlobes served as reference electrode.

Figure 2. Visual stimulus paradigm. Motion sequence
consisted of abrupt onset of motion continued for 500 mil-
liseconds followed by abrupt offset and stationary phase of
1500 milliseconds; total time for one sequence was thus
2000 milliseconds.
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500 milliseconds, followed by an abrupt offset and a
stationary phase of 1500 milliseconds; the total time
for one sequence was thus 2000 milliseconds (Figure
2). The speed of motion was varied in five steps (5,
10, 15, 20, and 25

 

8

 

/s). A laser dot fixation point (4 min-
utes of arc in diameter) was placed in the center of
the stimulus field. Each subject was instructed to fix-
ate on the dot during the experiment. Throughout
the experiment, subjects were seated on a comfort-
able dental chair with neck support. All recordings
were performed in a sound-attenuated, shielded cham-
ber with a background luminance of 0.247 cd/m

 

2

 

.

 

Recording

 

Binocular m-VEPs were recorded from 15 unipo-
lar leads (3 

 

3

 

 5) placed on the occiput around O

 

z

 

 at
5-cm intervals, which covered an area of 10 

 

3

 

 20 cm
on the occipital pole (Figure 1). Linked earlobes
served as the reference electrode. A ground elec-
trode was attached to the right wrist. The 15 elec-
trodes were numbered from the upper left to the

lower right. The onset of motion was used as a trig-
ger for the recording. After amplification with a
band-pass filter of 0.5–100 Hz, 128 motion sequences
of 500-millisecond duration were averaged and digi-
tized by a computer with a sampling rate of 2000 Hz.

 

Data Analysis

 

The voltages of the m-VEPs from the 15 elec-
trodes and the latencies of the major positive and
negative peaks were analyzed on a microcomputer.
Two-dimensional color contour maps were made for
each subject, showing the distribution of voltage
over the 10 

 

3

 

 20 cm area at latencies from the onset
of motion ranging from 0 to 200 milliseconds with a
20-millisecond interval. The color contour maps con-
sisted of 153 voxels (9 

 

3

 

 17 voxels). The voltage at
each voxel was estimated from the voltages at the 15
electrodes with a computer (MS Excel

 

®

 

 software and
Macintosh computer 8500/132). Color corresponding
to the voltage was allocated to each voxel by a com-
puter (NIH image software and Macintosh computer
8500/132). The cortical area corresponding to each
recording site was identified by a three-dimensional
MRI of the visual cortex of each subject. O

 

z

 

 and the
four corners of the recording sites were marked to
produce high signal intensity on T

 

1

 

-weighted MRI.
This method enabled us to coregister the color con-
tour maps with the three-dimensional MRI maps of
the visual cortex. Three-dimensional images of three
different views (left posterior, posterior, and right
posterior views) of the cortex were reconstructed
from axial MRI scans (1-mm thick) for each subject.
The color contour map was finally transformed to a
three-dimensional one along the surface configura-
tion of the three-dimensional MRI of the visual cor-
tex using a computer, and coregistered with the
three-dimensional MRI for each subject using five
markers (four corners of the recording sites and O

 

z

 

)
on the MRI as landmarks. Using this method, we
specified the localization of the main components of

Figure 3. Example of m-VEPs induced by stimulus veloc-
ity of 108/s (top), 158/s (middle), and 208/s (bottom). Upward
deflections denote negative waves. Arrowhead and arrow
indicate P100 and N150 waves, respectively.

 

Table 1.

 

Peak Latencies of P100 and N150

 

Velocity of
Motion
(

 

8/

 

s)

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Total

Latency (ms) Latency (ms) Latency (ms) Latency (ms) Latency (ms) Mean 

 

6

 

 SD (ms)

P100 N150 P100 N150 P100 N150 P100 N150 P100 N150 P100 N150

5 119 128 107 110 105 113 

 

6

 

 9
10 115 154 133 167 106 148 114 187 101 160 113 

 

6

 

12 163 

 

6

 

 15
15 117 151 120 151 106 162 112 142 108 145 112 

 

6

 

 5 150 

 

6

 

 7
20 113 146 102 152 105 140 110 162 106 135 107 

 

6

 

 4 147 

 

6

 

 10
25 105 144 82 155 106 141 110 156 97 130 100 

 

6

 

 11 145 

 

6

 

 10
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m-VEPs in relation to the sulcal and gyral pattern of
the human visual cortex.

 

Results

 

Peak Latencies and Amplitudes of m-VEPs

 

The pattern of m-VEPs was essentially the same
for the 5 subjects, and was dependent upon the ve-
locity of motion. We observed a positive wave with a
peak latency ranging from 82–128 milliseconds
(P100) and a negative wave with a peak latency
ranging from 130–187 milliseconds (N150) for all
subjects (Figure 3). The mean latencies of P100 and
N150 for the 5 subjects for a stimulus velocity of 25

 

8

 

/s
were 100 

 

6

 

 11 milliseconds (mean 

 

6

 

 SD) and 145 

 

6

 

10 milliseconds, respectively. The mean difference in
the peak latency between P100 and N150 for the 5
subjects was 43.0 milliseconds (SD 

 

5

 

 13.4 millisec-
onds). Table 1 shows the latencies of P100 at O

 

z

 

 and

the latencies of N150 at electrode 9, which was lo-
cated 5 cm to the right of O

 

z

 

, for the 5 subjects. Figure
4 shows the relationships between the peak latencies
of P100 and N150 and the velocity of motion. The la-
tencies of P100 and N150 decreased as the velocity
of motion increased. Table 2 shows the amplitudes
of P100 at O

 

z

 

 and amplitudes of N150 at electrode 9
in the 5 subjects. Figure 5 shows the relationships be-
tween P100 and N150 amplitudes and the velocity of
motion. The amplitudes of P100 and N150 increased
as the velocity of motion increased. N150 was domi-
nant at stimulus velocity of 25

 

8

 

/s and relatively small
at other stimulus velocities. N150 could not be ob-
served at a stimulus velocity of 5

 

8

 

/s, whereas P100 was
observed at 5

 

8

 

/s.

 

Topography of m-VEPs

 

Figure 6 shows 15 traces of m-VEPs at each of the
15 electrodes at a stimulus velocity of 20

 

8

 

/s. P100 was

Figure 4. Relationship between peak latencies of P100 at Oz and N150 at electrode 9 and velocity of motion. Each point
represents mean value for 5 subjects, and error bars are standard deviation.

 

Table 2.

 

Amplitudes of P100 and N150

 

Velocity of
Motion
(

 

8

 

/s)

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Total

Amplitude
(

 

m

 

V)
Amplitude

(

 

m

 

V)
Amplitude

(

 

m

 

V)
Amplitude

(

 

m

 

V)
Amplitude

(

 

m

 

V)
Mean 

 

6

 

 SD
(

 

m

 

V)

P100 N150 P100 N150 P100 N150 P100 N150 P100 N150 N150 N150

5 1.26 1.10 1.05 4.25 3.75 2.2 

 

6

 

 1.5
10 0.85 1.37 3.10 4.00 3.00 3.50 3.25 1.50 3.63 5.13 2.7 

 

6 

 

1.0 3.1 

 

6

 

 1.6
15 1.10 1.69 2.80 4.10 1.75 2.40 4.50 3.80 7.25 4.63 3.4 

 

6

 

 2.4 3.3 

 

6

 

 1.2
20 2.27 1.79 3.25 4.25 6.40 6.00 3.85 2.90 4.00 3.50 3.9 

 

6

 

 1.5 3.6 

 

6

 

 1.5
25 0.20 2.52 4.05 5.00 5.05 6.25 5.60 2.75 6.25 6.85 4.2 

 

6

 

 2.3 4.6 

 

6

 

 1.9
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dominant in the area caudal to O

 

z

 

 (electrodes 7, 8, 9,
12, 13, and 14). On the other hand, N150 was domi-
nant in the area to the right of O

 

z

 

 (electrodes, 8, 9,
and 10). Figure 7 shows two-dimensional color con-
tour maps indicating the distributions of voltage over
the 15 electrodes at 6 different latencies from the on-
set of motion for a stimulus velocity of 25

 

8

 

/s. P100
was dominant in the relatively broad area caudal to
O

 

z

 

 (red area on the color contour map with 100 milli-
seconds latency). On the other hand, N150 was dom-
inant in the relatively small area to the right of O

 

z

 

(purple area on the color contour map with 140 or
160 milliseconds latency). Figure 8 shows the three-
dimensional MRI for three different views (left pos-
terior, posterior, and right posterior views) of the
cortex in one subject (upper panel), and a color con-
tour map at a latency of 140 milliseconds superim-
posed on the surface configuration of the three-
dimensional image of the cortex of the posterior
view. The area where N150 (the purple area) was
dominant was the area extending from the posterior
pole of the striate cortex to the posterior portion of
the middle temporal gyrus in the right cortex. The
center of the N150-dominant area corresponded to
the area posterior to the anterior occipital sulcus.
N150 was not dominant in the left visual cortex. The
results of the topographical analysis of P100 and
N150 were essentially the same for the 5 subjects.

 

Discussion

 

The results of the present study suggest that P100
and N150 are the principal components of the

m-VEPs. Previous studies also reported a positive
component of the m-VEPs with a peak latency rang-
ing from 100–120 milliseconds and a negative com-
ponent with a peak latency ranging from 160–200

Figure 6. Examples of m-VEPs from 15 electrodes in one
subject. Upward deflections denote negative waves.

Figure 5. Relationship between amplitudes of P100 at Oz and N150 at electrode 9 and velocity of motion. Each point repre-
sents mean value for 5 subjects, and error bars are standard deviation.
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milliseconds.

 

12–15

 

 These latencies were relatively
longer than those obtained in the present study. The
stimulus velocities in the previous studies were rela-
tively slower than those in the present study, which
probably explains the discrepancy; our results
showed that the peak latencies of the main compo-
nents of m-VEP are longer with lower stimulus ve-
locities. Thus, the differences in peak latencies be-
tween the present and previous studies are probably
due to the differences in stimulus velocity.

A previous study using positron emission tomog-
raphy and MRI demonstrated that the area homolo-
gous to the area MT of the monkey is situated ven-
trolaterally, just posterior to the meeting point of the

ascending limb of the inferior temporal sulcus and
the anterior occipital sulcus.

 

6

 

 This region occupies
the temporo-parieto-occipital pit, at the boundary of
Brodmann’s areas 19 and 37. Lesions located in this
area have resulted in visual motion blindness (akine-
topsia).

 

16–18

 

The results of our topographical analysis of the
human visual cortex in the present study indicated
that the area where N150 was dominant extended
from the posterior pole of the occipital cortex to the
posterior portion of the middle temporal gyrus, and
that the central portion of the N150-dominant area
corresponded to the area posterior to the right ante-
rior occipital sulcus. These findings suggest that the

Figure 7. Two-dimensional color con-
tour maps showing distribution of
voltages over 15 electrodes at 6 differ-
ent latencies from onset of motion at
stimulus velocity of 258/s. Each map
consists of 153 voxels (9 3 17 voxels)
having different colors corresponding
to voltage at each voxel. Color code
indicates voltage calibration.

Figure 8. Three-dimensional reconstruc-
tion of cerebral cortex from magnetic res-
onance imaging scan (upper panel), and
color contour map at latency of 140 milli-
seconds superimposed on surface config-
uration of three-dimensional image of
cortex posterior view (lower panel). Up-
per left: view from left 408 to midline. Up-
per middle: posterior view. Upper right:
view from right 408 to midline. Arrows in-
dicate anterior occipital sulcus.
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N150 component of the m-VEPs resulted from the
activity of the area MT in the human visual cortex.
However, the area where N150 was dominant in the
present study extended to the posterior pole of the
occipital cortex. Several studies have reported mo-
tion-selective activity located superior and posterior
to area MT.

 

6,18

 

 This area in the human visual cortex
might correspond to area V3 of the monkey, where
approximately half the cells are motion- and direc-
tion-selective.

 

19

 

 Shipp et al

 

18

 

 demonstrated that area
V3 is related to residual motion perception in a pa-
tient with bilateral lesions of the area MT. There-
fore, it is possible that N150 also represents the ac-
tivity of area V3.

N150 was not dominant in the left cortex. This is
assumed to be the result of the relative dominance of
the right cortex for visuospatial functions,

 

20,21

 

 al-
though it is not known whether the right cortex is
dominant in motion perception. A previous study

 

22

 

reported that visual deficits of motion interpretation
and stereopsis are associated with right occipital-
temporal lesions in the human brain. Recently, we
reported that motion perception was severely dam-
aged in a patient with an infarction of the right cor-
tex around the anterior occipital sulcus.

 

23

 

 These find-
ings suggest that the area MT in the human right
cortex is relatively dominant in motion perception.

On the other hand, the results of our topographi-
cal analysis indicated that P100 was dominant in the
broad area caudal to O

 

z

 

. A previous study suggested
that a component of m-VEPs with a peak latency
around 100 milliseconds reflects the activity of the
striate cortex.24 A positive component with a similar
latency is also observed for p-VEPs, and its dipole
source is localized in the striate cortex.25 The 100-
millisecond component of p-VEPs represents the ac-
tivity in the striate cortex evoked by neuronal signals
projected through the optic radiation. It is possible
that P100 of m-VEPs represents the activity in the
striate cortex evoked by neuronal signals projected
through the M pathway. The M pathway subserving
visual motion projects to area MT via the striate cor-
tex.1–4,9 The mean difference in the peak latency be-
tween P100 and N150 was 43 milliseconds. A previ-
ous study suggested the existence of parallel visual
motion inputs into the striate cortex and area MT, a
sequential input to area MT through the striate cor-
tex, and a fast parallel input to area MT that by-
passes the striate cortex.26 The latency of the signal
arrival in area MT through the fast parallel input is
estimated to be about 35 milliseconds.26 This value is
markedly faster than the latency of N150. These
findings suggest that N150 represents the activity of

the area MT, which could be elicited by the sequen-
tial input through the striate cortex.

The relationships between the amplitude of m-VEPs
and the stimulus velocity in the present study suggest
that the preferred stimulus velocities for evoking
N150 are faster than those for evoking P100. Previ-
ous neurophysiological studies indicated that area
MT of the monkey contains motion-sensitive neu-
rons and the distribution of preferred stimulus veloc-
ities had a peak close to 328/s, and for most neurons
in the MT the optimum stimulus velocities were in
the range of 10–508/s.1,27–30 In the primary visual cor-
tex, the preferred stimulus velocity of motion-sensi-
tive neurons is relatively slower than that of the neu-
rons in area MT, and range from 9–308/s.31,32 These
neurophysiological findings support the assumption
that P100 and N150 reflect the activity of the primary
visual cortex and the area MT, respectively. The dis-
tribution of the preferred stimulus velocities of mo-
tion-sensitive neurons in the primary visual cortex or
area MT are correlated with the speed characteris-
tics of P100 or N150.
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