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Abstract
·AIM: To investigate the visual pathway in normal subjects

and patients with lesion involved by diffusion tensor imaging
(DTI) and diffusion tensor tractography (DTT).

· METHODS: Thirty normal volunteers, 3 subjects with

orbital tumors involved the optic nerve (ON) and 33 subjects
with occipital lobe tumors involved the optic radiation (OR)
(10 gliomas, 6 meningiomas and 17 cerebral metastases)
undertook routine cranium magnetic resonance imaging
(MRI), DTI and DTT. Visual pathway fibers were analyzed by
DTI and DTT images. Test fractional anisotropy (FA) and
mean diffusivity (MD) values in different part of the visual
pathway.

· RESULTS: The whole visual pathway but optic chiasm

manifested as hyperintensity in FA maps and homogenous
green signal in the direction encoded color maps. The optic
chiasm did not display clearly. There was no significant
difference between the bilateral FA values and MD values of
normal visual pathway but optic chiasm, which the FA values
tested were much too low (all ＞0.05). The ONs of subjects
with orbital tumors were compressed and displaced. Only one

subject had lower FA values and higher MD values. OR of 9
gliomas subjects were infiltrated, with displacement in 2 and
disruption in 7 subjects. All OR in 6 meniongiomas subjects
were displaced. OR in 17 cerebral metastases subjects all
developed displacement while 7 of them had disruption also.

·CONCLUSION: MR-DTI is highly sensitive in manifesting

visual pathway. Visual pathway can be analyzed quantitatively
in FA and MD values. DTT supplies accurate three
dimensional conformations of visual pathway. But optic
chiasm's manifestation still needs to improve.
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INTRODUCTION

T he visual pathway originates from the retinal
photoreceptors. The axons of retinal ganglion cells

gather together and form the optic nerve. The optic nerve
extends and forms the optic tract after the optic chiasm. The
lateral geniculate nucleus (LGN) acts as a relay nucleus of
the optic tract. The optic radiation, which originates from
the LGN and comprises primarily fibers of the optic tract, is
shaped like a convex lamina. It extends into the lateral
sagittal plane beside the paracele and projects to the visual
center in the occipital lobe[1-2]. The visual pathway is a white
matter (WM) bundle composed of medullated fibers. It
conducts nervous impulses transformed from optical visual
information to the visual center in the occipital lobe
(Figure 1,2).
The principle of magnetic resonance imaging (MRI) is to
apply a radiofrequency pulse to the human body, which is
placed inside a magnetic field. The hydrogen atoms of the
human body produce signals, which software then converts
to images. Diffusion tensor imaging (DTI) images the
random-walk motion of water molecules using appropriate
defocusing and refocusing gradients, although the principle
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of image acquisition and formation are the same as
conventional MRI. Thus, DTI is a technique used to
measure the speed of drifting water molecules per unit time.
It then uses those data to build images [3]. The parameters of
DTI are called diffusion indices. Diffusion indices included
the FA and MD. The FA value reflects the direction of and
the MD value reflects the speed of diffusion, mainly [4-6].
These values can be expressed either as a number or as a
directionally encoded colour map. A change in these indices
provides information on underlying microanatomic changes
or pathological changes of WM fiber bundles[1,2,7,8]. Diffusion
tensor tractography (DTT) is a computational procedure that
reconstructs major fiber bundles in three-dimensional spaces
based on their anisotropy properties. It is the most visual
method for presenting target tracts from DTI data.
DTI is the only available non-invasive imaging techniques
to display and quantitatively analyze white matter nerve
fibers [9]. It has been used to evaluate corticospinal
tracts and got satisfied results [10]. We depicted the visual
pathway with DTI and conformanted the tractography of
nerve fibers clearly. This may be helpful to diagnosis and
therapy diseases with visual pathway involved.
SUBJECTS AND METHODS
Subjects Thirty healthy volunteers (15 men and 15
women, age of 20-60 years, mean age 40.34 years), none of

which had orbit disease, neurological disease or vision
abnormality. There was no symptom and positive finding in
physical exam of nervous system. No abnormality in routine
cranium MRI and diffusion weighted imaging (DWI). Three
patients (1 man and 2 women, age of 48, 53 and 49 years)
had orbital tumors that involved the optic nerve, including 1
meningioma and 2 cavernous hemangiomas. Thirty-three
patients (18 men and 15 women; age of 35-77 years; mean
age of 52.2 years) had occipital lobe tumors that involved
the optic radiation (OR). There were 10 gliomas, with 9
astrocytomas (WHO grade II, 7 cases; grade III and IV, 2
cases) and 1 ependymoma; 6 meningiomas, and 17
metastatic tumors (lung cancer, 7 cases; breast cancer, 2
cases; gastric cancer, 1 case). All cases were certified by
pathology specimens and clinical evidences.
Methods
MRI MRIs were performed using a 1.5-Tesla scanner
(Sigma Twin, GE, USA) with an 8-channel head-phased
array coil. Magnetic-field gradients permit up to 40mT/m/s
amplitude and a magnetic-field-gradient switching rate of up
to 120mT/m/s. All the subjects took routine cranium MRI,
which included T1WI, T2WI, and FLAIR sequence. In
T1WI-FLAIR, TR/TI/TE 2500/750/11.9ms, slice thickness
5mm, inter-slice separation 1.5mm, matrix size=320mm 伊
256mm, FOV 240mm伊180mm, double collections. In T2WI,
TR/TE 4900/99.3ms, slice thickness 5mm, inter-slice
separation 1.5mm, matrix size= 320mm 伊224mm, FOV
240mm伊180mm, double collections. In T2WI-FLAIR, TR/TE
8500/128ms, slice thickness 5mm, inter-slice separation
1.5mm, matrix size =320mm伊192mm, FOV 240mm伊240mm,
single collection.
DTI was performed in the axial plane using a spin
echo-echo planar imaging (SE-EPI) diffusion tensor
sequence after routine MRI scanning (repetition time (TR) =
6000ms; echo time (TE) = 60.1ms; field of view (FOV)
240mm伊240mm; b =1000s/mm2; 2 NEX; diffusion-sensitive
gradient direction with 13; matrix size = 128mm伊128mm;
3.5mm slice thickness; inter-slice separation 0).
Date and image process Process primary data with
software Volume One 1.72 ( GE Corp., USA) and diffusion
Tensor Visualizer 1.72 (Tokyo University, Japan) and get
directionally encoded color (DEC) maps，which include the
color fractional anisotropy (FA) map and the black-white
FA map. Fibers of different directions are demonstrated as
different colors, red color as the element(left-right), green
color as the element (anterior-posterior) and blue color as
the element (superior-inferior).
The region of interest (ROI) were as follows: The orbital
part of the optic nerve (in green color) in recombined
coronal plane DEC maps was selected. The surrounding part
of the cerebral peduncle in recombined coronal plane DEC
maps was selected as the ROI of the optic tract. The

Figure 1 Optic pathway in a brain dissection.

Figure 2 Schematic diagram of optic pathway.
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anterior-posterior optic radiation (in green color) beside the
ventricle triangle in axial plane DEC maps was selected as
the ROI of the optic radiation. Measure the anterior,
moderate and posterior point of the ROI to get the mean
value in the optic nerve and the optic tract. Measure three
continuous planes and obtain the mean value in the ROI of
the optic radiation.
We used line propagation techniques in this research.
Primary DTI data of 10 volunteers were processed with the
post-processing software, the diffusion TENSOR Visualizer
(dTV) 1.72 (Laboratory of imaging analyzing, institute of
radiology, affiliated hospital of university of Tokyo).The
seed points were set with manual selection in bilateral optic
nerve, chiasm, and optic tract in the chiasm section of DEC
map, which expressing X shape. The termination conditions
were FA<0.20, step<160, So<160. The LGN which locates
at the posterior lateral of the thalamus in cross section was
set as the seed point and occipital lobe as the termination
region in the DEC map or DWI map. The termination
conditions were FA<0.18, step<160, So<160.
Demographic informations on MRI scans were masked and
the patients were presented randomly and in a blinded
fashion to three neuroradiologist for determination of
abnormalities. Reproducibility was assessed by presenting
five of the scans a second time to the same
neuroradiologists.
Statistical Analysis The results of patients were analyzed
using independent-sample -tests in the SPSS11.0 software
(IBM SPSS Corp., USA). The results of healthy subjects
were analyzed using paired test. <0.05 was considered
statistically significant. This study was approved by the local
Human Research Protection Office/ Institutional Review
Board an all subjects provided written informed consent.
The study followed the Declaration of Helsinki.
RESULTS
All the 30 volunteers completed this research. On the DEC
maps, 24 cases were clear while 6 cases had slight serrated
artifacts at the rim of optic nerves. The optic nerves
manifested as hyperintensity in FA maps. In the DEC maps,
they were green and clear. Their signal intensity was almost
the same as the rectus. The optic chiasm did not displayed
clearly in the FA maps and the FA values tested were much

too low. The optic chiasm could not be shown clearly after
reconstruction of the images in sagittal and coronal view
(Figure 3A). The optic tract was displayed clearly in the
DTI maps. It manifested as hyperintensity in FA maps. In
DEC maps, it always manifested as red or green according
to the angle of it and the central sagittal view. Optic
radiation was fan-shaped, processed through the temporal
lobe, parietal lobe and occipital lobe and terminated at the
visual cortex in occipital lobe. It manifested as high signal
in the FA maps. In DEC map the optic radiation was
manifested as homogenous green high signal. It was smooth
and natural, which could be distinguished easily with other
fibers [8] (Figure 3B).
The FA value and the MD value of normal visual pathway
were displayed in the Table 1. There was no significant
difference between the bilateral FA values and MD values
of optic nerve, optic tract and optic radiation(all ＞0.05).
The anterior visual pathway could be manifested well in FA
map, DEC map and DTT map (Figure 4A, B). Meanwhile,
the DTT map displayed the small quantity optic radiation
bundles from optic tract LGN backwards, which
provided a clear anatomic location for taking LGN as the
seed point of tracking optic radiation fiber bundles (Figure
4C). Optic radiations were fan shaped, originated from
LGN, temporal lobe, parietal lobe and occipital lobe and
terminated at visual cortex of occipital lobe (Brodmann 17
area) (Figure 4B) .
The ONs of orbital tumors subjects were compressed and
displaced. Only one subject had lower FA values and higher
MD values in ON (FA=0.24, MD=1.75伊10-3mm2/s) (Figure 5).

Figure 3 DEC maps of visual pathway A: Optic nerve; B: Optic
radiation.

Table 1 FA and MD values (is×10-3mm2/s) of visual pathway in normal subjects                    (     ) 
Optic nerve Optic tract Optic radiation Location 

Left Right Left Right Left Right 
FA 0.595±0.067 0.589±0.066 0.531±0.062 0.526±0.052 0.509±0.029 0.502±0.026 
MD 0.948±0.112 0.932±0.088 0.944±0.131 0.935±0.113 0.763±0.050 0.748±0.052 
t 0.497 10.844 0.468 10.380  1.761 11.792 
P 0.623 10.406 0.643 10.707  0.089 10.084 
1the value in MD comparison. 

sx ±
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Ciccarelli [11] categorized the WM tracts as edematous,
displaced, disrupted or infiltrated with neoplasms: 1)
displaced, the WM tracts had abnormal pattern and location
but normal fractional anisotropy; 2)disrupted, the WM tracts
disappeared in FA images with significant fractional
anisotropy decrease; 3)infiltrated, the WM tracts had
abnormal pattern and location. Its fractional anisotropy
decreased. But in FA images, the tracts still can be
identified.
The OR in glioma group were mostly infiltrated. The tracts
only had displacement in astrocytomas grade II since it was
a tumor of low invasion. OR in astrocytomas grade III and
IV were disrupted (Figure 6). The OR in ependymoma was
disrupted and displaced (Figure 7). The OR in meningiomas

were compressed and shifted and appeared like a cup but
with no fracture or interruption (Figure 8). DTT images
showed that OR in metastases all had displacement while
most companied with disruption (Figure 9).
DISCUSSION
Visual pathway originates from the retina and terminates in
the visual cortex of occipital lobe. It includes the optic
nerves, optic chiasm, optic tract, LGN, optic radiation and
visual cortex of occipital lobe. Though the visual pathway
has several grades of neurons, the white matter fibers
contained the most part of visual pathway.
The diffusion tensor imaging of optic nerve may generate
artifacts easily because the effect of surrounding fat,
cerebrospinal fluid, air in sinonasals and ocular movement.

Figure 4 Nerve fiber conformation images of the visual pathway A: Bilateral optic nerves; B: Fiber tractography conformation image
of the anterior visual pathway; C: Fiber conformation image of right optic radiation; D: DTT map of optic radiation after reconstruction.

Figure 5 Left orbital invasive meningioma in a 53 years old woman The mass is enhanced on contrast T1WI image (A). The left optic
nerve is compressed and displaced with normal FA value on DEC image(B) and DTT image(C). Right orbital angiocavernoma in a 49 years
old woman. The mass is hyperintensity on fat saturated T2WI image(D). The right optic nerve is compressed and displaced with reduced FA
values on FA image (E). In DTT image (F), the right optic nerve is displaced and atrophied significantly compared with contralateral optic
nerve (red).
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This limits the application of DTI. With the development of
MRI in recent year [9], Wheeler-Kingshott [12] reported
the zonal oblique multislice echoplanar imaging
(ZOOM-EPI) inhibited fat and cerebrospinal fluid
simultaneously. This imaging technique can inhibit the high
signal of fat and cerebrospinal fluid surrounding optic nerve
effectively and gain the FA value and MD value of optic
nerve, which makes the application of MR-DTI in clinic
become possible.
The moving speeds of water molecules in nervous fibers
relate to the direction of the fibers[9,12]. When the direction of

the moving water molecules is coincident with that of the
fibers, the water molecules will experience minimal
limitation and thus exhibit maximal speed. When their
direction is perpendicular to that of the fibers, the water
molecules will experience maximal limitation and thus
exhibit minimal speed. Thus, the character of water
molecules can divulge important information on the
direction of the visual pathway fibers [13]. DTT is a
computational procedure that reconstructs major fiber
bundles in three-dimensional spaces based on their
anisotropy properties [14]. It is the most visual method for

Figure 6 Right occipital lobe glioblastoma in a 55 years old man A: The mass (arrow) is marked enhancement on contrast T1WI;B: The
FA value of the right optic radiation decreases and it cannot be identified in DEC map; C: DTT map shows disruption and infiltration of
right optic radiation (red).

Figure 7 Right trigone of lateral cerebral ventricle ependymoma in a 33-year-old man A: The mass (arrow) is marked enhancement
on contrast T1WI map; B: The FA value of right optic radiation decreases in FA map; C: DTT map shows disruption and displacement of
optic radiation (red).

Figure 8 Meningioma of right occipital lobe in 42 years old woman A: The mass (arrow) is marked enhancement on axial contrast
T1WI map; B: The FA value of right optic radiation decreases in DEC map; C: DTT map shows the displaced right optic radiation(red) and
tumor(blue).
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Figure 9 Metastatic tumor of right occipital lobe in a 71 -year -old man with lung cancer A: The mass (arrow) is marked
enhancement on contrast T1WI map; B: The FA value of left optic radiation decreases in DEC map; C: DTT map shows the left fiber tract is
disrupted by the tumor (blue).

presenting target tracts from DTI data. Function damage and
possible outcome can be estimated from stereoscopic
images of target WM tracts.
In this research, we analyzed the nerve fibers of visual
pathway quantitatively. The FA value and MD value of
bilateral optic nerve, optic tract and optic radiation were
measured in 30 healthy adult volunteers. The result showed:
1)There was no significant difference between the FA value
and MD value in bilateral optic nerve, optic tract and optic
radiation; 2)The fractional anisotropy value of nerve fibers
in different parts of visual pathway had a little differences.
The FA value of optic nerve was the highest, followed by
the optic tract and optic radiation. The reason might be that
the fibers of optic nerve and optic tract were intensive while
the optic radiation relatively dispersed.
Neither FA map nor DEC map display optic chiasm clearly.
It is mainly because the decussating fibers in optic chiasm
weak the single direction dominant of hydrone dispersion.
Displaying of optic chiasm may need to be further studied[15].
DTI is highly sensitive to the nerve fibers of visual pathway
and displays the abnormal signal change of visual pathway
clearly. FA values and MD values can quantitatively
evaluate optic nerve fibers' demyelination, axonal
degeneration and disintegration[16].
Routine MR sequences can evaluate the location of
intracranial neoplasm. But the location relationship of
neoplasm and WM tracts nearby, the integrity of WM tracts
and its infiltration by tumor tissues are not definite. DTI can
noninvasively evaluate the WM integrity and fiber
connectivity , yet the connections of adjacent voxels
are unavailable[17].
The FA values of disrupted WM tracts decrease
significantly. Consequently, the tracts disappear in FA
images, which represent the FA values. The FA value
reflects the directionality of water diffusion in each voxel,
the decrease of it suggests the diffusion has lost the main

directionality. Since the path of a water molecule along a
white matter fiber is constrained by physical boundaries
such as the axon sheath, diffusion along the long axis of a
fiber (axial or longitudinal diffusion) is greater than
diffusion across the fiber (radial or transverse diffusion) [17-19].
This suggests an alteration in axonal density and axonal
arrangement. OR disruptions always develop in high grade
astrocytomas (grade III and IV), ependymoma and
metastases. The vision recovery is pessimistic.
The infiltration of WM tracts is a deformation between
displacement and disruption. The WM tracts have abnormal
pattern and location. Their FA values decrease. But they
still can be identified in FA images. This suggests the axon
destructions in infiltration are less than in disruption. OR
infiltrations all develop in astrocytomas in our study. The
reason may be astrocytomas originate from normal nervous
tissue, the gliocyte. The OR is gradually destructed by
tumor cells with the malignant grades of astrocytomas
increases.
Orbital tumor impresses the optic nerve and causes visual
fields change is quite common in ophthalmological clinic.
However, it is not clear whether impressed nerve is
degenerated or necrotic. Now we can make judgment with
MR-DTI whether the degeneration is reversible or not after
years. The smaller the FA value is, the bigger possibility of
necorsis, vice versa. This is because hydrones lose the
direction dominant after tissue necorsis, and the anisotropy
decreases and the FA value decreases, as a result, the
isotropy and the MD value also increases [3,18].
DTI-derived measures are valid markers of OR impairment
in intracranial neoplasms. OR change varies according to the
properties of lesions.
With the development of a dvanced imaging tools, DTI
makes a significant impact in the clinical imaging of patients
with neurological diseases involved OR. Yielding structural
and functional information about ordered WM pathways in
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the brain, DTI can assist neurosurgeons in identifying
conditions occult to structural imaging and provide relational
information that is critical to neurosurgery decision making[19].
It can help ophthalmologists to predict the destruction of
optic tracts and vision prognosis [20,21].
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