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The significance of diffusion tensor magnetic
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Abstract
To investigate the significance of diffusion tensor imaging (DTI) for patients with nasopharyngeal carcinoma (NPC) and trigeminal
nerve invasion.
Fifty-two patients with NPC and unilateral infringement and 30 healthy controls were recruited for our study. Routine magnetic

resonance imaging (MRI) and DTI were performed for all participants. Within-group and between-group comparisons of DTI metrics,
including fractional anisotropy (FA) and the apparent diffusion coefficient (ADC) of the third (V3) branch of the bilateral trigeminal
nerves of all participants, were carried out.
The FA and ADC values on the affected sides of patients revealed a significant decrease and increase, respectively, when

compared with those on the unaffected sides of patients and the healthy controls (P=0.000 for all), whereas there were no significant
differences in DTI metrics between both sides of healthy controls or between the unaffected sides of patients and the healthy controls
(P=0.930, 0.580, 0.095, and 0.360, respectively). The decreasing FA rate on the affected sides of patients correlated negatively with
the increasing ADC rate (r=�0.675, P=0.000).
DTI can quantitatively evaluate microstructural abnormalities of the V3 branch of the trigeminal nerve in patients with NPC, which is

important for the early detectionof trigeminal nerve invasion to achieve a preciseT classification, assessprognosis, andguide treatment.

Abbreviations: ADC = apparent diffusion coefficient, AJCC = the American Joint Committee on Cancer, DTI = diffusion tensor
imaging, FA = fractional anisotropy, MRI = magnetic resonance imaging, NPC = nasopharyngeal carcinoma, ROIs = region of
interests, SD = standard deviation, T1WI = T1 weighted image, TFE = turbo field echo, TN = trigeminal neuralgia.
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1. Introduction occurrence rate of cranial nerve invasion in patients with NPC
Nasopharyngeal carcinoma (NPC) is endemic in Southeast Asia,
and especially in the southern provinces of China.[1] The
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ranges from 8% to 12.4%,[2,3] in which trigeminal nerve
invasion, and especially third (V3) branch invasion, is relatively
common.[4,5]

The objectives of clinical staging for malignant tumors are to
predict prognosis, guide treatment, evaluate efficacy, and
facilitate comparisons and exchanges of data and experiences
among different centers.[6] According to the widely used seventh
edition of the American Joint Committee on Cancer (AJCC)
staging system, patients with NPC and cranial nerve invasion are
defined as stage T4, which seriously affects the prognoses of
patients.[5,7,8]

Magnetic resonance imaging (MRI) has proved to be a
valuable tool in the assessment of cranial nerve invasion in
patients with NPC. However, routine MR images evaluate
cranial nerve invasion by assessing morphological changes of the
nerve, such as neuroforaminal enlargement and the occurrence of
local soft tissue. The value of routine MR images is quite limited
in the assessment of abnormalities of the nerve microstructure
resulting from cranial nerve impairment, possibly leading to a
missed diagnosis of nerve invasion, and consequently to an
incorrect T classification.
Diffusion tensor imaging (DTI) is a functional MRI technique

that has certain advantages over routine MRI in showing
microstructural changes in nerves resulting from neural damage.
Fractional anisotropy (FA) and the apparent diffusion coefficient
(ADC) are important quantization parameters. DTI has been
widely used in the etiologic identification of trigeminal neuralgia
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(TN). The practical value of DTI in patients with NPC and
trigeminal nerve invasion has not been reported.
Hence, in the present study, we recruited a group of patients

with unilateral infringed NPC and a group of healthy controls
and analyzed differences in DTI parameters of the V3 branch of
the trigeminal nerve in both groups to lay the foundation for a
new assessment model based on DTI for patients with NPC and
trigeminal nerve invasion. Our findings may be particularly
important for improving the precision of the T classification of
NPC, scientifically evaluating prognosis, and guiding treatment.
2. Methods

2.1. Patients

This study was approved by the institutional review board of our
hospital and the experiments were conducted with the under-
standing and written consent of each participant.
From December 2015 to March 2016, 52 consecutive patients

(37 men, 15 women, mean age± standard deviation [SD]: 45.8±
9.2 years) with newly diagnosed, untreated NPCwere included in
our study. All patients had a pretreatment evaluation that
consisted of a complete history, physical and neurologic
examinations, MRI scan of the neck and nasopharynx, chest
radiography, and abdominal sonography. For all patients, the
lesions in the nasopharynx were invaded unilaterally, and no
conclusive evidence of trigeminal nerve invasion was detected on
routine MR images. According to the AJCC (seventh edition)
staging system, all patients were classified as T3.
We also enrolled 30 healthy controls with well-matched age

and sex compositions. All of them underwent an MR scan of the
neck and nasopharynx during the same period as the enrolled
patients, and those with any lesions in the head and neck were
excluded.
2.2. MRI Acquisition

Subjects lay supine on the bed of a 3-T MRI scanner (Achieva
3.0T; Philips Medical Systems, Best, The Netherlands) with their
head and neck immobilized in a tight-fitting joint head and neck
coil. After routine MRI, each subject underwent functional and
morphological MRI.
Functional sequence: The median sagittal T1 weighted image

(T1WI) was scanned first for localization of the slice position for
the DTI sequence, followed by coronal scanning, which included
the parapharyngeal space, masticator space, and pterygopalatine
fossa. The DTI data acquisition was performed with a single-shot
spin-echo planar-echo pulse sequence; the scanning parameters
were as follows: echo time=88milliseconds, repetition time=
9000milliseconds, flip angle=90°, voxel size=1.8mm�1.8
mm�1.5mm, matrix size=100�100, field-of-view=180mm
�180mm, slice thickness=1.5mm, and interslice gap=0.
Diffusion gradients were applied along 15 independent orienta-
tions with b=1000seconds/mm2 after the acquisition of b=0
seconds/mm2 (b0) images (number of excitations: 2, acquisition
time: 5minutes and 29seconds).
Morphological sequence: A turbo field echo (TFE) sequence

was applied with the scanning parameters as follows: echo time=
9milliseconds, repetition time=527milliseconds, flip angle=8°,
voxel size=0.7mm�0.7mm�0.7mm, matrix size=328�322,
field-of-view=230mm�230mm, slice thickness=0.7mm, inter-
slice gap=�0.7, number of excitations: 3, and acquisition time:
1minute and 42seconds.
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2.3. Data processing

The data were processed using the Fibertrack and Diffusion
software in the Extended MR WorkSpace.
The FA image could be derived from the DTI sequence and

fused with the TFE images. The DTI metrics were calculated from
the fusion model. First, the starting point where the V3 branch of
the trigeminal nerve departs from the foramen ovale was located
and the point that was 3mm from the starting point was then
found; thus, a three-dimensional tractography image of the V3
branch of the trigeminal nerve was generated, and the FA and
ADC values of the nerve were derived automatically. The same
method was applied to obtain DTI metrics of the contralateral
trigeminal nerve. The DTI metrics of each nerve were obtained
twice, and the average was the final result.
2.4. Statistical analysis

All DTI metrics are expressed as the mean±SD. Mean FA and
ADC values were compared between the affected and unaffected
sides in the same patients and between the right and left sides in
the same healthy control using the Wilcoxon signed-rank test;
comparisons of DTI metrics between patients and healthy
controls were determined using the Mann–Whitney test. All tests
were 2-tailed, and P<0.05 indicated a significant difference.
Spearman correlation analysis was used to assess the correlation
between the decreasing FA rate and increasing ADC rate in the
V3 branch of the trigeminal nerve on the affected side. All
statistical calculations were performed with SPSS 17.0 software
(SPSS, Inc., Chicago, IL).
3. Results

The data were not normally distributed and thus were analyzed
using a nonparametric test. For all patients and healthy controls,
the V3 branches of the trigeminal nerves were clearly visualized
on both sides. The FA values of the nerves were significantly
decreased on the affected side (mean±SD: 0.50±0.19) compared
to the unaffected contralateral side in patients (0.55±0.20) (P=
0.000). ADCs of the nerves were remarkably increased on the
affected side (mean±SD: 1.06±0.45�10–3mm2/s) when com-
pared to those on the unaffected contralateral side in patients
(0.89±0.42�10–3mm2/s) (P=0.000) (Fig. 1A and B). There
were no significant differences in FA or ADC values of the nerves
between the right side (mean±SD: 0.58±0.18; 0.86±0.38�
10–3mm2/s) and left side in healthy controls (0.58±0.20; 0.86±
0.40�10–3mm2/s) (P=0.93 and 0.58, respectively) (Fig. 2A and
B). Furthermore, FA values of the nerves revealed an obvious
decrease on the affected side in patients when compared to the FA
values of healthy controls (mean±SD: 0.50±0.19 vs 0.58±0.18)
(P=0.000), whereas the ADCs of the nerves were found to
increase remarkably on the affected side in patients, in contrast
with the findings in healthy controls (mean±SD: 1.06±0.45�
10–3mm2/s vs 0.86±0.39�10–3mm2/s) (P=0.000). The differ-
ences in the FA and ADC values of the nerves between the
unaffected sides in patients and the healthy controls were not
statistically significant (mean±SD: 0.55±0.20 vs 0.58±0.18,
P=0.095; and 0.89±0.42�10–3mm2/s vs 0.86±0.39�10–3

mm2/s, P=0.360, respectively). All comparative results are
shown in Tables 1–4.
The decreasing FA rate of the nerves on the affected sides in

patients was significantly negatively correlated with the increas-
ing ADC rate (r=�0.675, P=0.000) (Fig. 3).



Figure 1. A routine MR image and fused diffusion tensor image with turbo field echo (TFE) sequence images of a 45-year-old man with nasopharyngeal carcinoma
with a T3 classification. (A) Routine coronary magnetic resonance images with fat suppression and contrast enhancement show a nasopharyngeal lesion that has
invaded the right parapharyngeal space without clear evidence of invasion of the V3 branch of the trigeminal nerve. (B) A fused image from DTI and TFE sequence.
Diffusion tensor tractography images of the V3 branches of the bilateral trigeminal nerves were generated (white arrows). According to the metrics, FA values were
decreased remarkably on the affected side (AS) compared to those on the unaffected side (US), and the ADC values were increased remarkably on the affected side
compared to those on the unaffected side.
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4. Discussion

Patients with NPC and cranial nerve invasion are relatively
common and are classified as stage T4 according to the seventh
edition of the AJCC staging system, mainly because of the high
risk of distant metastasis.[5,8] Cranial nerve invasion in NPC is a
gradual process. Initially, the nerves are enveloped and
compressed with pathological changes of demyelination and
axonal degeneration, followed by direct invasion and destruction
of the cranial nerves by tumor tissue, resulting in fibrosis and
interruption of the nerve tracts as well as a local soft tissue mass.
MRI, with its superior soft tissue contrast resolution and

multiplanar imaging capability, plays an important role in
evaluating cranial nerve invasion in patients with NPC.[4]
Figure 2. A routine MR image and fused DTI and turbo field echo (TFE) sequence
magnetic resonance images with fat suppression and contrast enhancement show
TFE sequence image. Diffusion tensor tractography of the V3 branch of the trige
showed no significant difference between the right side (RS) and the left side (LS

3

However, cranial nerve invasion is evaluated on routine MR
images by detecting enlargement of the neural foramen or a local
soft tissue mass. Additionally, an obvious shadowwith abnormal
signal intensity or abnormal enhancement in the contrast
examination of the nerve line areas may exist. The value of
routine MRI in revealing abnormalities of the nerve microstruc-
ture is extremely limited; it might result in some patients with
NPC and early cranial nerve invasion being underestimated and
downgraded in terms of T classification, affecting the scientific
assessment of their prognoses and treatment decision-making.
DTI is a new imaging technique derived from diffusion-

weighted imaging; it quantifies the amount of nonrandom water
diffusion within tissues and provides unique in vivo information
about pathological processes that affect water molecule diffusion
images of a 42-year-old man who was a healthy control. (A) Routine coronary
no lesion in the nasopharynx or paranasopharyngeal space. (B) A fused DTI and
minal nerve was generated bilaterally (white arrows). The FA and ADC values
).
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Table 3

Comparison of FA and ADC values of V3 branch of the trigeminal
nerve between the affected side of patient group and control group
(n=52 and 30, mean±STD).

FA ADC (�10–3mm2/s)

Affected side 0.50±0.19 1.06±0.45
Control group 0.58±0.18 0.86±0.39
Z �5.315 �4.28
P 0.000 0.000

ADC= apparent diffusion coefficient, FA= fractional anisotropy, STD= standard deviation.

Table 1

Comparison of FA and ADC values of V3 branch of the trigeminal
nerve between both sides in patient group (n=52, mean±STD).

FA ADC (�10–3mm2/s)

Affected side 0.50±0.19 1.06±0.45
Unaffected side 0.55±0.20 0.89±0.42
Z �6.275 �6.275
P 0.000 0.000

ADC= apparent diffusion coefficient, FA= fractional anisotropy, STD= standard deviation.
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as a result of microstructural damage, which is out of the question
on routine MRI.[9,10] Two important parameters, FA and ADC,
reflect the degree of direction-dependent diffusion and the free
diffusion of water molecules, respectively. Therefore, degenera-
tion or damage to neural fiber tracts is expected to lead to
decreased FA (loss of diffusion directionality) and an increased
ADC (loss of myelin and axonal membranes). In 2007, Herweh
et al[11] initially attempted to apply DTI to patients with TN and
found that in patients with TN, FA values of the trigeminal nerve
on the affected side were dramatically decreased when compared
with those on the unaffected side, whereas FA values of the
trigeminal nerves on both sides of healthy controls were not
significantly different. The studies by Liu et al[12] and Neetu
et al[13] showed similar conclusions. All these studies investigated
morphological and pathological changes of the cisternal segment
of the trigeminal nerve.
The parapharyngeal space, pterygopalatine fossa, and masti-

cator space remain the most common sites for the development of
NPC. The V3 branch of the trigeminal nerve leaves the cranium
through the foramen ovale and then runs along the space between
the tensor veli palatini and lateral pterygoid; thus, it is easily
infringed upon by tumors in NPC. The applications of DTI for
the extracranial segment of the trigeminal nerve have not been
reported on. With respect to the imaging parameters, we
employed coronary DTI for data acquisition, which is a little
different from the method used in the literature report by Herweh
et al.[11] We performed DTI scanning repeatedly and concluded
that it was convenient to locate the V3 branch of the trigeminal
nerve on coronal images for accurate definition of the region of
interests (ROIs) for DTI parameter metrics.
Our study enrolled 52 patients with NPC with a T3

classification and unilateral infringement. According to routine
MR images, direct evidence of foramen ovale or masticator space
invasion was not detected. However, our results showed that in
comparison to the unaffected sides and the healthy controls, FA
values of the V3 branch of the trigeminal nerve on the affected
sides were significantly decreased. FA represents diffusion
directivity and has a close relationship with structural composi-
tion. Therefore, we infer that this result indicates demyelination
Table 2

Comparison of FA and ADC values of V3 branch of the trigeminal
nerve between both sides in control group (n=30, mean±STD).

FA ADC (�10–3mm2/s)

Right side 0.58±0.18 0.86±0.38
Left side 0.58±0.20 0.86±0.40
Z �0.083 �0.541
P 0.930 0.580

ADC= apparent diffusion coefficient, FA= fractional anisotropy, STD= standard deviation.
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of fiber tracts in the V3 branch of the trigeminal nerve and axonal
loss. In addition, we found that the ADC values of the V3 branch
of the trigeminal nerve on the affected sides were increased
remarkably over those on the unaffected sides and those in
healthy controls. The ADC describes the degree of free diffusion
of water molecules. Thus, we speculate that tumor compression
leads to a reduction in blood perfusion in the V3 branch of the
trigeminal nerve, an increase in permeability of the cell
membrane, and damage to the myelin sheath, which combine
to enlargement of the extracellular space and subsequent
acceleration of the free diffusion of water molecules. Our study
results were consistent with those of Leal et al.[14] In addition,
some researchers have analyzed neurovascular compression-
induced pathological changes as a result of microstructural
damage to neural fiber tracts.[15–17] Our speculation about the
pathology of microstructural damage to the V3 branch of the
trigeminal nerve due to tumor infringement was basically
coincident with literature reports. According to this result,
invasion of the V3 branch of the trigeminal nerve was
underestimated by routine MRI, while it was definite in terms
of the results from DTI parameter metrics. Based on these results,
we consider that the enrolled patients might harbor a potential
risk of distant metastasis, and should be reclassified and their
prognoses reevaluated; correspondingly, clinicians should devel-
op different therapeutic regimens for them.
The results of this study also found that the decreasing FA rate

was significantly negatively correlated with the increasing ADC
rate. This result has not been mentioned in the previous literature
about TN, although it was consistent with the results of other
microstructural abnormalities in white matter tracts derived from
central nervous system lesions.[18–20] We believe that axonal
damage and interruption of the myelin sheath are bound to cause
a concurrent decrease in anisotropy and acceleration in the free
diffusion of watermolecules, which indirectly causes a decrease in
FA and increase in the ADC.
The main limitation of our study is that DTI evidence of nerve

invasion lacks a pathological correlation because nonsurgical
treatment is the preferred regimen for NPC. However, in 2007,
Hanna et al[21] compared MRI-evidenced perineural invasion
Table 4

Comparison of FA and ADC values of V3 branch of the trigeminal
nerve between the unaffected side of patient group and control
group (n=52 and 30, mean±STD).

FA ADC (�10–3mm2/s)

Unaffected side 0.55±0.20 0.89±0.42
Control group 0.58±0.18 0.86±0.39
Z �1.667 �0.915
P 0.095 0.360

ADC= apparent diffusion coefficient, FA= fractional anisotropy, STD= standard deviation.



[4] Cui C, Liu L, Ma J, et al. Trigeminal nerve palsy in nasopharyngeal

Figure 3. The correlations in the rate of change between FA and ADC values of
the V3 branch of the trigeminal nerve on affected sides in patients with NPC.
The decreasing FA rate was significantly and negatively correlated with the
increasing ADC rate (r=�0.675, P=0.000).
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with a postoperative pathological examination and concluded
that MRI had very satisfactory sensitivity (100%) and specificity
(85%) for detecting the perineural spread of adenoid cystic
carcinoma of the head and neck to the skull base. The study
results of Gandhi et al[22] also suggested that MRI was feasible
and efficient for detecting and defining the anatomic extent of
large-nerve perineural spread of malignancy. Secondly, a long-
term follow-up of the patients is necessary to validate the
prognostic value of DTI-evidenced nerve invasion in patients
with NPC.
In conclusion, DTI parameter metrics, including FA and ADC

values, can detect invasion of the V3 branch of the trigeminal
nerve at an early stage in patients with NPC by reflecting
microstructural abnormalities of the neural fiber tracts on the
affected sides, which is meaningful for an exact T classification,
scientific prognostic assessment, and determining therapeutic
guidelines for patients with NPC.
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