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Abstract  
Employing magnetic resonance diffusion tensor imaging, three-dimensional white-matter imaging 

and conventional magnetic resonance imaging can demonstrate the tumor parenchyma, 
peritumoral edema and compression on surrounding brain tissue. A color-coded tensor map and 
three-dimensional tracer diagram were applied to clearly display the optic-radiation location, course 

and damage. Results showed that the altered anisotropy values of meningioma patients 
corresponded with optic-radiation shape, size and position on both sides. Experimental findings 
indicate that the magnetic resonance diffusion tensor imaging technique is a means of tracing and 

clearly visualizing the optic radiation. 
Key Words: magnetic resonance; diffusion tensor imaging; diffusion tensor tractography; 
meningioma; optic radiation 

Abbreviations: MRI, magnetic resonance image; DTI, diffusion tensor imaging; FA, fractional anisotropy 

  

 
INTRODUCTION 
    

The optic radiation, composed of axons 

elicited from lateral geniculate neurons in the 

thalamus, can transmit visual information to 

the occipital visual cortex and clearly 

describe the optic-radiation course in vivo, 

and its structure and function are hot spots in 

neurosurgery research. The Klingler method 

for white-matter fiber anatomy can clarify the 

morphological characteristics of the optic 

radiation and comprehensively introduce a 

complex relationship among fiber bundles
[1-5]

. 

The optic radiation can be infiltrated or 

damaged in brain lesions, and can also be 

impaired when extracerebral tumors grow 

beside the optic radiation. 

Diffusion tensor imaging (DTI) and fiber 

tractography can visualize white-matter fiber 

and further improve the understanding of 

fiber bundles in vivo, and these means have 

been widely used to study white-matter 

architecture and the integrity of the normal 

and affected brain. The three-dimensional 

white-matter fiber model is determined by 

the main direction of diffusion in the adjacent 

voxel space. So far, DTI is the only 

noninvasive means of visualizing the shift, 

displacement and destruction of 

white-matter tracts
[6-10]

. There is strong 

evidence that DTI can reconstruct 

white-matter fiber in the brain
[11-21]

. 

The main principle of nerve tumor surgery is 

not only to maximize the removal of tumor 

tissue but also to minimize the damage to 

normal nerve function during surgery, such 

as damage to white-matter fiber bundles. 

Although an extracerebral tumor does not 

invade the cerebral cortex and/or white 

matter, caution should be taken to clarify the 

correlation between the tumor and 

peritumoral tissue, as well as the effect on 

adjacent white-matter fibers. Conventional 

magnetic resonance imaging (MRI) 

accurately displays tumor localization but 

cannot clearly investigate the tumor 

occupation of white-matter fiber bundles. 

For example, a strong peritumoral signal in 

T2-weighted sequences and fluid attenuated 

inversion recovery sequences has a variety 

of manifestations, including tumor cell 

proliferation in malignant meningiomas and 

white-matter edema, which are important 

indicators for the judgment of white-matter 

fiber tracts. Other methods such as 

conventional functional MRI, positron 

emission computer tomography and 

magnetoencephalography can record and 

evaluate cerebral cortex function
[22-23]

. 

However, there has been little progress in 

the assessment of white-matter injury. 

Magnetic resonance (MR)-DTI clearly 

displays the morphology and structure of 

white matter, and is considered the only 

noninvasive way to visualize white matter 
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in vivo.  

In this study, DTI-based three-dimensional tracing of 

white matter was employed to noninvasively visualize a 

meningioma and surrounding white matter in vivo, 

display the optic-radiation course, reflect the 

optic-radiation pathology and its anatomical relationship 

with an adjacent tumor, and clarify the effect of acute or 

chronic extracerebral occupying lesions on white-matter 

fiber bundles. 

 

RESULTS 
 

Quantitative analysis of subjects 
Eighteen meningioma patients underwent MR-DTI 

examination within 3 days of conventional surgical 

treatment. Preoperative tumor apoplexy or hernia 

formation was not observed. All 18 patients entered the 

final analysis with no loss. 

Baseline information for meningioma patients (Table 1) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Totally 18 patients completed the whole experiment. The 

patients were 10 males and 8 females, aged 46 to 65 years 

with a mean of 54.5 ± 6.12 years. The duration of disease 

was 1-7 years with an average of 2.72 ± 1.56 years. 

Clinical information of the 18 meningioma patients is 

presented in Table 1. 

Conventional MRI, MR-DTI and radioactive tracing of 
meningioma patients 
Conventional MRI results displayed tumor 

parenchyma, peritumoral edema and compression on 

surrounding brain tissue, the signal intensity was 

heterogeneous and the boundary was unclear. 

T2-weighted imaging signals were stronger and 

variable, while T1-weighted imaging signals were 

weaker and variable, and apparent reinforcement of 

tumor parenchyma was observed in enhanced 

scanning (Figures 1A-C). A three-dimensional visual 

radioactive tracing map for case 1 (Figure 1D) 

visualized the compression on the right lateral 

ventricle occipital horn, with moderate impairment or 

destruction, and the optic radiation on the affected 

side was observed to be thinner than that on the 

contralateral side.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DTI fractional anisotropy (FA) showed an unclear optic 

Table 1  Clinical information on meningioma patients 

Case Gender 
Age 

(year) 

Meningioma 

type 
Lesion 

Duration 

of 

disease 

(year) 

1 Female  47 Benign  Right vertex and occiput, 

lateral visual reflex 

5 

2 Female 65 Benign Right sphenoidal crest, 

rostral visual reflex 

2 

3 Male  60 Malignant  Trigone of left ventricle, 

caudal visual reflex 

2.5 

4 Male 59 Benign Right vertex and occiput, 

caudal visual reflex 

4 

5 Male 48 Benign Left sphenoidal crest, 

rostral visual reflex 

2 

6 Female 50 Benign Trigone of right ventricle, 

caudal visual reflex 

7 

7 Female 58 Benign Left occipital lobe, caudal 

visual reflex 

1.5 

8 Male 48 Benign Right sphenoidal crest, 

rostral visual reflex 

2 

9 Female 55 Benign Left sphenoidal crest, 

rostral visual reflex 

2 

10 Male 54 Benign Right frontoparietal area, 

lateral visual reflex 

3 

11 Male 54 Benign Left temporal fossa, 

rostral visual reflex 

2 

12 Female 48 Benign Tempus sinistrum, rostral 

visual reflex 

2 

13 Female 62 Benign Left sphenoidal crest, 

rostral visual reflex 

2 

14 Male 55 Benign Left sphenoidal crest, 

rostral visual reflex 

3 

15 Male 65 Benign Left frontal lobe, rostral 

visual reflex 

1.5 

16 Male 57 Benign Left temporal lobe, rostral 

visual reflex 

5 

17 Female 49 Benign Right frontal lobe, rostral 

visual reflex 

1.5 

18 Male 47 Benign Right frontal lobe, rostral 

visual reflex 

1 

 

Figure 1  Three-dimensional radioactive tracing and 
conventional magnetic resonance imaging of 
optic-radiation fiber bundles in a parieto-occipital 
meningioma patient (case 1) before surgery using iPlan2.6 

software.  

The left lower part corresponds to the body position. 

(A-C) Conventional magnetic resonance imaging of the 
compression on the tumor parenchyma, peritumoral 
edema and surrounding brain tissue.  

White: Round parieto-occipital meningioma tumor; black: 
peritumoral edema; orange and yellow: superior and 
inferior bundles of optic-radiation fibers. 

(D) Three-dimensional optic radiotrace showing the right 
lateral ventricle occipital horn compression, with moderate 
damage or destruction.  

Yellow: Superior bundle of optic-radiation fibers; orange: 
inferior bundle of optic-radiation fibers. 
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radiation in the affected area. Green staining of the right 

Meyer’s loop and a ventricle occipital triangular area 

weakened, and the optic radiation passing to the right 

ventricle occipital triangular area disappeared (white 

arrow) because of tumor compression, indicating the 

shift or destroying of the optic radiation. FA maps also 

visualized normal functional fiber bundles: the bilateral 

posterior limb of the internal capsule was stained blue 

because it consists of the corticospinal tract and cortical 

brainstem, while the right internal capsule transferred to 

the midline, but there was no significant difference in 

color. The normal corpus callosum was stained red at the 

knees and in the compressed area, showing normal 

function (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The three-dimensional optic-radiation tracing map in 

case 2 visualized that the right lateral ventricle occipital 

horn transferred to the cerebral midline, with moderate 

impairment or destruction, and the optic-radiation beam 

was thinner than that on the unaffected side (Figure 3). 

The number of optic-radiation strips in patients traced by 

DTI using DTI-Studio software was significantly less than 

the number for the healthy side (Figure 4). FA maps 

showed that the green density of Meyer’s loop at the right 

optic radiation disappeared, and that the occipital angle 

also notably reduced (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Optic radiation involving tissues in the 
parieto-occipital meningioma patient (case 1) observed by 
magnetic resonance-diffusion tensor imaging using 
diffusion tensor imaging-Studio software.  

The left two images are fractional anisotropy images; red 
refers to the optic radiation beam traced by the diffusion 
tensor imaging-Studio software.  

The right four images are color-coded tensor images; the 
bilateral internal capsule of the hind limb is blue, the right 

internal capsule transfers to the midline, and the normal 
corpus callosum is stained red.  

The optic-radiation beam on the unaffected side shows 

normal morphology (yellow arrow), while the 
optic-radiation beam on the affected side is reduced (red 
arrow); white arrows indicate the absence of a radiation 

beam under tumor compression. R: Right. 

Figure 3  Preoperative three-dimensional tracing of 
optic-radiation fibers at the right sphenoid ridge 
meningioma patient (case 2) using iPlan2.6 software. The 

left lower part corresponds with the body position. 

(A) Three-dimensional visual radiotrace showing the right 
lateral ventricle occipital horn under compression is close 

to the brain midline, with moderate impairment or 
destruction. Yellow: inferior bundle of optic-radiation fibers; 
orange: superior bundle of optic-radiation fibers. 

(B-D) Conventional magnetic resonance imaging showing 
the tumor parenchyma, peritumoral edema and 
surrounding brain tissue, as well as optic-radiation fiber 
compression.  

The white irregular round-like substance is a sphenoid 
ridge meningioma, the black substance around the tumor 
is a peritumoral edema, and orange and yellow 
respectively indicate the superior and inferior parts of 
optic-radiation fibers. 

Figure 4  Fractional anisotropy and color-coded tensor 
diagram (diffusion tensor imaging-Studio software) for the 
right sphenoid ridge meningioma patient (case 2).  

The red stain in the left two images indicates an optic- 
radiation bundle traced using diffusion tensor imaging- 
Studio software. Fractional anisotropy images show a 
significant decline in optic-radiation strips for the right 

optic-radiation Meyer’s ring and ventricle occipital horn.  

The contralateral optic-radiation bundle shows normal 
morphology (yellow arrow), while the optic-radiation beam 
on the affected side is reduced (red arrow). White arrows 

indicate the absence of an optic-radiation beam due to 
tumor compression. R: Right. 
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FA values 
In the group of patients, there was one case of complete 

destruction of the optic radiation, with an FA value ratio 

of the affected side to the contralateral side of 10.5%; 

three cases of shift and moderate destruction, with FA 

value ratios of 46.3%, 40.5% and 37.4%; 11 cases of 

slight shifting, with the FA value ratio having a mean of 

69.6%; and three normal or nearly normal cases, with an 

FA value ratio greater than 75%. 

Correlation between the optic radiation and FA 
values 
Patients were classified into four intervals of the ratio of 

the FA value for the affected side to that for the healthy 

side. Patients in the first interval, having a ratio less than 

25%, had complete destruction of the optic radiation; 

patients in the second interval, having a ratio of 25-50%, 

had moderate damage; patients in the third interval, 

having a ratio of 50-75%, had a shifted optic radiation; 

and patients in the fourth interval, having a ratio greater 

than 75%, had a normal or nearly normal optic radiation. 

The results of conventional MRI, FA, color-coded tensor 

maps and three-dimensional white-matter tracing were 

compared. The FA value ratio for malignant meningioma 

patients was 10.5%, corresponding to the first interval, 

and FA images failed to show the optic-radiation beam, 

suggesting that white matter had been completely 

destroyed. The FA value in case 1 was 37.4%, 

corresponding to the second interval, and the 

color-coded tensor map and optic radiotrace showed an 

optic-radiation shift and partial defect (Figure 2). Cases 

corresponding to the third and fourth intervals only 

developed an optic-radiation shift or symmetry of the 

radiation shape, size, position and color. 

 

DISCUSSION 
 

Studies addressing the effect of MR-DTI on white-matter 

fibers in tumor patients have focused on tumor-relevant 

and surrounding indicators, such as the apparent 

diffusion coefficient, FA value and relative FA values, 

which are used to distinguish tumor parenchyma and 

peritumoral edema, as well as focusing on the role of 

these indicators in tumor classification
[24-26]

. Although 

there are still no generally accepted parameters or 

standards, the FA value is widely recognized as a 

meaningful indicator because it sensitively determines 

the degree of molecular diffusion in different directions, 

thus representing the changes in form and structure of 

white-matter fibers. Witwer et al 
[27]

 found that altered FA 

values in regions of interest corresponded with clinical 

manifestations in brain-tumor patients before and after 

surgery according to a DTI trace. Sinha et al 
[28]

 analyzed 

the correlation between FA values and white-matter 

changes in glioma patients, and showed that the change 

in the FA value can determine white-matter fiber tracts. 

In this study, the tumors are prone to alter the optic 

radiation, which was completely destroyed in one case, 

moderately damaged in one case, mildly damaged in six 

cases, and shifted in eight cases, while it was unaffected 

in three cases owing to the optic radiation being too far 

away to affect the tumor-prone site. In this study, there 

were four cases of a meningioma at the caudal radiation, 

for which there were very strong T2WI optic-radiation 

signals. In one case, the optic-radiation image for white 

matter showed no significant change and the FA value 

ratio was 80%, while in the remaining three cases, there 

was old infarction at the occipital lobe and the FA values 

considerably decreased, which was in accordance with 

the fact that the necrotic neurons may develop 

retrograde Wallerian degeneration under the fiber 

bundle
[29]

. DTI is sensitive to the Wallerian degeneration 

of optic-radiation fibers after years of a compression 

meningioma leads to ischemic infarction at the occipital 

cortex and white matter. Fourteen cases with 

meningiomas located in the rostral and lateral optic 

radiations showed that the tumor developed a shift in the 

brain tissue according to conventional MRI, but this insult 

cannot affect white-matter fiber bundles. DTI clearly 

displayed the integrity of adjacent white-matter fiber 

bundles and the correlation between a meningioma and 

adjacent white-matter fiber bundles. Normal white-matter 

fibers provided strong signals in FA maps, which 

visualize the anatomical relationship between the tumor 

and surrounding white-matter fiber bundles, thus 

demonstrating a peritumoral white-matter fiber shift. This 

study found that, in benign meningioma patients, FA 

values remained the same in three cases that 

white-matter fibers were mildly compressed; however, 

the FA values for adjacent white matter were higher than 

those on the contralateral side under great compression. 

This is due to the compressed white-matter fiber being 

arranged more densely and a change in the fiber 

orientation; thus, there was greater alignment of fibers. 

The FA values decreased as a result of the adjacent 

brain tissue edema and the white-matter fiber signal 

weakened. A malignant meningioma is a kind of 

destructive lesion in the brain, and adjacent white-matter 

fiber bundles were obviously damaged, disrupted or not 

present, with visible infiltration or destruction; FA values 

were less; the signals at the edema were weaker; and FA 

values were less than in the case of a benign 

meningioma edema. The main reasons may be that (1) 

vasogenic edema activates the diffusion of water 

molecules in all directions, thus decreasing anisotropy 

and corresponding FA values, and (2) the number of 

water molecules within the extracellular space increased, 

thus decreasing the number of nerve fibers per unit 

volume, and there was less restriction on water molecule 

diffusion and lower anisotropy. Since there were only a 

few cases with malignant meningiomas, further studies 

are required to conclusively determine whether the 

change in FA value can reflect tumor pathological 

classification. 

In summary, DTI is of importance to the treatment of 

large tumors and malignant meningiomas that are close 

to the optic radiation. Preoperative DTI information can 
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be used to evaluate visual protection, thus minimizing 

neurological impairment by employing an appropriate 

surgical approach and surgical procedures. At the same 

time, preoperative DTI reconstruction can be employed 

to introduce surgical risk to patients and their families. 

Therefore, we believe that DTI visualizes important 

conduction bundles, thus assisting preoperative 

assessment. Previous work by our research group has 

confirmed the feasibility, accuracy and authenticity of the 

tracer reconstruction of optic-radiation fibers. The course 

of the reconstructed optic radiation well matches 

classical anatomical theory. 

 

SUBJECTS AND METHODS 
 

Design 
A clinical radiological observation. 

Time and setting 
Experiments were performed from December 2010 to 

August 2011 in the Nuclear Magnetic Resonance 

Laboratory, Department of Neurosurgery Surgery, 

Chinese PLA General Hospital, China. 

Subjects 
Totally 18 patients with a meningioma close to 

optic-radiation lesions were examined by MRI at the 

Chinese PLA General Hospital from June 2010 to June 

2011. The patients were 10 males and eight females, 

aged 46-65 years. Cases of congenital blindness, 

unilateral blindness, post-traumatic optic atrophy and 

bilateral meningioma were excluded. All patients were 

confirmed by pathology and pathologically classified as 

being of fiber type in five cases, epithelial type in four 

cases, transitional type in four cases, hemangioma in 

three cases, atypical type in one case, mixed type in one 

case, and anaplastic (malignant) in one case. The 

location of the meningioma was the supratentorial brain 

convexity in five cases, cerebral falx in three cases, 

superior sagittal sinus in two cases, sphenoidal crest in 

six cases, and lateral ventricle trigone in two cases. All 

patients and their families were informed of the purpose 

and necessity of MRI examination prior to the experiment, 

and the experimental disposals were in line with the 

Declaration of Helsinki. 

Methods 

MRI scans 

All MRI scans were performed with a scanner 

incorporating a 1.5-T magnet (Siemens Espree, Erlangen, 

Germany). The sequence parameters were as follows. 

DTI: Single-shot spin-echo diffusion-weighted 

echo-planar imaging sequence. Sequence parameters of 

TE 147 ms, TR 9 400 ms, matrix 128 × 128, FOV 251 × 

251 mm, slice thickness 3 mm, bandwidth 1 502 Hz/px. 

Diffusion weights (high b value) 1 000 s/mm
2
, 12 

directions of diffusion-weighted imaging, simultaneous 

0-diffusion-weighted imaging (b0, low b value 0 s/mm
2
) 

to eliminate post-peripheral noise. Voxel size 1.9 mm × 

1.9 mm × 3 mm. Forty layers continuously acquired a 

total of five times to improve the signal-to-noise ratio. 

T1WI: T1-weighted three-dimensional 

magnetization-prepared rapid gradient-echo imaging 

sequence. Parameters including TE 3.02 ms, TR       

1 650 ms, matrix 256 × 256, FOV 250 × 250 mm, slice 

thickness 1 mm, slab thickness 1 mm) were designated 

to build anatomical images. 

T2WI: TE 93 ms, TR 5 500 ms, matrix 512 × 512, FOV 

230 × 230 mm, slice thickness 3 mm. 

T2flair: TE 84 ms, TR 9 000 ms, matrix 256 × 256, FOV 

230 × 230 mm, slice thickness 3 mm. 

All collected data were transferred through a local area 

network to workstations on which the navigation program 

was used. The data format was converted using PatXfer 

5.2 software (BrainLab, Feldkirchen, Germany), and 

conventional MRI images were obtained with iPlan 2.6 

software (BrainLab). The lesions were outlined and 

optic-radiation fiber bundles were three-dimensionally 

traced. DTI-Studio software (CMRM at Johns Hopkins 

Medical Institute, Baltimore, MD, USA) was applied to 

plot color-coded tensor images and to measure the FA 

values for the affected and healthy sides. 

Three-dimensional tracing of optic-radiation fibers 

Three-dimensional tracing was carried out employing 

linear expansion based on the tensor deviation 

algorithm
[30]

. The direction of the maximal vector axis at 

the adjacent voxel served as the orientation of the optic 

radiation in reconstruction. The “fiber tracking” module of 

the neuronavigation program software iPlan 2.6 was 

used for the tracing of the optic radiation. The threshold 

of the FA was defined as 0.15 and the minimum fiber 

length was 50 mm (termination condition). The optic 

radiation was reconstructed in the fused T1 anatomical 

image employing multi-volume of interest methods to 

reconstruct Meyer’s loop. The first region of interest was 

located in the lateral geniculate body, and the second 

region of interest in the occipital calcarine lower-lip cleft 

cortex. When we reconstructed the dorsal beam (central 

beam and posterior beam), the first region of interest was 

located in the lateral geniculate body, and the second 

region of interest in the occipital calcarine split-upper-lip 

cortex. In the axial view, the cerebral peduncle and 

posterior limb internal capsule simultaneously crossing 

through the optic-radiation fibers in the two regions of 

interest is considered the optic radiation. The "create" 

function of iPlan 2.6 can be used to connect the 

peripheral closed curve of the optic radiation in each layer, 

thus displaying the three-dimensional optic radiation. 

Bilateral optic-radiation FA values 

DTI-Studio software was used to measure optic-radiation 

FA values
[31]

. According to nerve anatomy histology
[32-34]

, 

regions of interest of the optic radiation were selected 

from the lateral ventricle trigone and used to measure 

bilateral optic-radiation FA values. 
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