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Background: Previous studies showed neurography and tractography of the greater
occipital nerve (GON). The purpose of this study was determining diffusion tensor
imaging (DTI) parameters of bilateral GONs and dorsal root ganglia (DRG) in unilat-
eral cervicogenic headache as well as the grading value of DTI for severe headache.
The correlation between DTl parameters and clinical characteristics was evaluated.
Methods: The fractional anisotropy (FA) and apparent diffusion coefficient (ADC)
values in bilateral GONs and cervical DRG (C2 and C3) were measured. Grading val-
ues for headache severity was calculated using a receiver operating characteristics
curve. The correlation was analyzed with Pearson’s coefficient.

Results: The FA values of the symptomatic side of GON and cervical DRG (C2 and
C3) were significantly lower than that of the asymptomatic side (all the P < 0.001),
while the ADC values were significantly higher (P = 0.003, P < 0.001, and P = 0.003,
respectively). The FA value of 0.205 in C2 DRG was considered the grading param-
eter for headache severity with sensitivity of 0.743 and specificity of 0.999 (P <
0.001). A negative correlation and a positive correlation between the FA and ADC
value of the GON and headache index (HI; r = -0.420, P = 0.037 and r = 0.531, P =
0.006, respectively) was found.

Conclusions: DTl parameters in the symptomatic side of the C2 and C3 DRG and
GON were significantly changed. The FA value of the C2 DRG can grade headache
severity. DTl parameters of the GON significantly correlated with HI.

Key Words: Cervical Vertebrae; Chronic Pain; Diffusion Tensor Imaging; Ganglia,
Spinal; Headache; Magnetic Resonance Imaging; ROC Curve; Sensitivity and Speci-
ficity.

INTRODUCTION

A cervicogenic headache (CGH) is classified as a second-
ary headache arising from degenerative cervical spine
disorders, which is described as a prolonged unilateral
headache with a prevalence rate of at least 70% is reported
during an individual’s lifetime history of headache [1].

CGH is considered to be a kind of referred pain from cer-
vical soft tissue innervated by cervical segments spinal
nerves, and is highly correlated with neuropathy in the C2-
C3 dorsal root ganglia (DRG), and entrapment of the upper
three cervical spinal nerves branches, such as the greater
occipital nerve (GON) [2].

The GON originates from the dorsal ramus of the C2 spi-
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nal nerve, and then passes between the atlas and the axis,
around the obliquus capitis inferior muscle, and semispi-
nalis capitis [3]. Some segments of the course of the GON
are thought to make the GON vulnerable to injury and en-
trapment [4]. The DRG carry sensory information from pe-
ripheral nerves. Intervertebral disc degeneration, as well
as nerve root inflammation and compression can result
in neuropathy of the upper three cervical DRG, which are
recognized as an important cause of headaches in the oc-
cipital region [5,6]. Blocks of the GON and pulsed radiofre-
quency of the DRG are the most frequently used methods
in the treatment of CGH [4,6,7]. However, the mechanisms
of such invasive procedures are still unclear and lack
objective evaluation criteria [7,8]. The diagnostic criteria
proposed by the International Headache Society (IHS) and
the Cervicogenic Headache International Study Group
(CHISG) are widely used for CGH with different decisions
[2,3,9]. Due to the non-specific signs of CGH, including
cervical spine dysfunction and degeneration, it is difficult
to obtain radiographic evidence in patients with CGH.

As an advanced noninvasive form of magnetic reso-
nance imaging (MRI), diffusion tensor imaging (DTI) can
depict the nerve fibre tract, revealing exquisite details
of the tissue microstructure [10], which can be a specific
method for neuropathy diagnosis. Due to the different dif-
fusion directions of free water molecules in three-dimen-
sional space, anisotropy can be detected in the oriented
structural properties of nerve fibre tracts. Fractional an-
isotropy (FA) and apparent diffusion coefficient (ADC) are
generally applied in DTI for peripheral nerve entrapment
evaluation [10-12]. Neurography and evaluation of GON
tracts by tractography has been reported [13,14]. However,
none of them tend to consider neuropathy of the DRG or
grading the severity in patients with CGH by DTI. Due to
the difficulty of accurately setting a region of interest (ROI)
on these tiny nerves, as well as the long scanning time,
DTI studies on CGH are still rare.

The aims of this study were to determine the DTI pa-
rameters changes of bilateral GONs and DRG in unilateral
CGH, as well as the grading value of DTI for severe head-
ache. We also determined the correlation of DTI param-
eters with the headache index (HI), and the course of the
disease (the period elapsed since the symptom started).

MATERIALS AND METHODS
1. Patients
Twenty-six patients with suspected unilateral CGH ac-

cording to the CHISG criteria [15] in Affiliated Hospital of
North Sichuan Medical College were included in this ret-
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rospective study from October 2017 to June 2019. They un-
derwent a head-neck MRI examination, before receiving
a diagnostic block of symptomatic side of the GON using
landmark technique. The patients whose symptoms were
relieved after the diagnostic block (a positive response)
met the inclusion criteria. The clinical data included sex,
age, pain laterality, headache frequency, course (from the
CGH beginning to MRI examination), duration (hr/day),
and headache intensity (using the numeric rating scale,
NRS). Then, the HI (frequency x duration x NRS score) was
calculated. Severe pain was identified when an NRS score
> 6 from headache intensity was reached during the course
of GCH [16,17]. The exclusion criteria were as follows: in-
ability to undergo magnetic resonance scanning (including
unsuitability for images analysis), inability to localize the
pain laterality, inability to quantify the headache inten-
sity, head-neck injury, hypertension, tumor, tension-type
headache, or cluster headache. The asymptomatic sides of
the nerves, in the patients, were used as the control group.
This study was approved by the Institutional Review Board
(IRB) of Affiliated Hospital of North Sichuan Medical Col-
lege prior to initiation (IRB Number: 2017-183).

2. MRI scanning and imaging analysis
1) MRI scanning

Occipital MRI scanning was performed from the suboc-
cipital area to the C4 level. MRI was performed on a GE
Discovery " MR750 3.0T system (GE Healthcare, Chicago,
IL) using a 32-channel head coil. three-dimensional fast
spin-echo T,-weighted imaging cube (T,WI CUBE; GE
Healthcare) (coronal scanning, thickness = 1 mm; ma-
trix = 192 x 192; field of vision [FOV] = 216 x 216; flip angle
= 90° repetition time [TR] = 2,500 msec; echo time [TE]
= 69 msec) was used to observe the GON after a multi-
slice reconstruction. A single-shot echo-planar imaging
(thickness = 1.8 mm; matrix = 64 x 100; FOV= 200 x 200;
flip angle = 90° TR = 8,500 msec; TE = 57 msec; number of
excitations [NEX] = 6; b value = 1,000 sec/mm?; direction 6;
voxel size = 2 mm, isotropic) was practiced for DTI. Axial
T,-weighted imaging (T,WI, thickness = 1.8 mm; matrix =
256 x 256; FOV =200 x 200; flip angle = 9°% TR = 6 msec; TE
=2 msec) was performed to set the ROL The ROI was also
used for tractography. The threshold of the noise level was
40-60 and upper limit was 3,500-3,800, processed in the
console. Other DTI metrics of the fibre track, such as max
steps (160), min FA (0.18), max ADC (0.01) and reformat
spacing (1.81931) were used as the default.
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2) Imaging analysis

After receiving training on GON and DRG anatomy, two
observers, who were unaware of the patients’ diagnosis,
independently designated the ROI on bilateral GONs and
the C2-C3 DRG at the GE workstation (Adw 4.4; GE Health-
care) to measure the FA and ADC values. The observers
were two radiologists (doctors with 7 and 3 years of experi-
ence in MR], respectively). The details of the method used
and the processing steps for ROI delineation and DTI pa-
rameters are as follows: (1) the target segment of the proxi-
mal GON was determined by the border of the oblique

Fig. 1. Multi-slice reconstruction on T,-weighted imaging CUBE showed
the greater occipital nerve (GON) and muscles around. We firstly found
the oblique capitis inferior muscle (white triangle) and its proximal infe-
rior border (arrow). Then we recognized the proximal GON (arrowhead) as
the target nerve for subsequent post-processing step.

capitis inferior muscles on the T,WI CUBE multi-slice re-
construction, which was considered as a possible entrap-
ment section [18] (Fig. 1). And the C2-C3 DRG were found
near the foramen on the axial T,WI CUBE; (2) the GON
(on the T,WI CUBE reconstruction) and DRG (on the axial
T,WI CUBE) were then identified on the axial T,WI, and
were coordinately localized at the post-processing step
(Fig. 2); (3) visualization of the nerves on the axial T,WI at
two close slices was subsequently confirmed; (4) the ROIs
are manually drawn using the freehand tool to eliminate
irrelevant fat and muscle tissues; (5) tractography was then
performed based on the aforementioned ROIs setting, and
the fibre tract is acquired to ensure that they have focused
on the target GON (Figs. 3, 4); (6) eventually, the ROIs were
delineated on the anatomical imaging and the FA and
ADC values were measured on the superimposed morpho-
logical axial T,WI. For each FA or ADC, the two ROIs were
set depending on the size of the nerve (ranging from 4.0-
7.0 mm’, with a pixel value of 4-9) and the average value of
each segment was calculated. For the control group, DTI
parameters were acquired from the asymptomatic side
of each patient. The time interval between obtaining two
DTI parameters, by observer 1, was about a week.

3. Statistical analysis

The PASW Statistics ver. 18 (IBM Corp., Armonk, NY) was
used for data analysis. The mean + standard deviation
was used to present continuous variables. The t-test was
used for comparison of bilateral DTI parameters. Statisti-
cal significance was considered when a two-tailed P value
was lower than 0.05. A homogeneity of variance test was
performed using Levene’s test. Intra-class correlation co-
efficient (ICC) was used to evaluate inter-/intra-observer

Fig. 2. Axial image showed the superim-
posed morphological T,-weighted imaging
of right C3 dorsal root ganglia (DRG) (A)
and left greater occipital nerve (GON) (B)
with region of interest placement. The
DRG was identified by directly visualization
on original image (b = 0) and the target
GON was identified with the help of afore-
mentioned multi-slice reconstruction.
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Fiber trak
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Fig. 3. Fibre tractography showed the right greater occipital nerve (ar-
rowheads) was thicker and disordered than the left (arrows) in a 48-year-
old male with right cervicogenic headache for 1 month.

Fig. 4. A tractography of a 24-year-old male healthy volunteer showed
the fibre tract of bilateral side greater occipital nerves (GONs). The fibre
tract of normal GON showed continuous, smooth and clearly visualiza-
tion of all the segments (arrows).

performance (excellent agreement, > 0.81; substantial
agreement, 0.60-0.79) [19]. We used a receiver operating
characteristics (ROC) curve analysis to evaluate grading
values by calculating the area under the curve (AUC) with
a 95% confidence interval (95% CI). The cut-off value was
obtained by the maximum value of the Yoden index. The
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) for the cut-off value were
also calculated. And the correlation of the course, and HI
with the FA and ADC values was assessed using Pearson’s
coefficient.
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26 patients were suspected with unilateral
CGH by CHISG criteria

» Exclude (n=0)
A 4

26 patients received MRI scanning |

Exclude (n=1)
low-quality images
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25 patients received diagnostic block
of symptomatic side of GON

v

Exclude (n = 0)

A4

25 patients with unilateral CGH
were finally enrolled

Fig. 5. A diagram about the enroliment of the patients. CGH: cervicogen-
ic headache, CHISG: Cervicogenic Headache International Study Group,
MRI: magnetic resonance imaging, GON: greater occipital nerve.

Table 1. The Clinical Characteristics of the Included Patients

Characteristic Value

Sex (female/male) 18/7
Mean age (yr) 51.5 + 14.0 (29-82)

Headache index 897.8 + 750.3
Frequency of headache in a month (day) 6.8+5.2
Course of disease (wk with headache) 137.8 + 150.0
Duration (hr/day) 6.3+3.6
Intensity (NRS score) 61+15
Laterality of pain (left/right) 9/16

The values are presented as number only, mean + standard deviation
(range), or mean * standard deviation.
NRS: numeric rating score.

RESULTS
1. Patients selection

All 26 patients received magnetic resonance scanning but
one of them was excluded due to low quality images (ar-
tifact). The other 25 patients received a diagnostic block
of the symptomatic side of the GON, and all of them had a
positive response. Finally, 25 patients with unilateral CGH
were enrolled. A diagram about the enrollment of the pa-
tients is shown in Fig. 5. The patients’ clinical features of
are summarized in Table 1.

2. FA and ADC values of the GON and DRG

All the GON tractography was acquired with high qual-
ity. The homogeneity of variance test was found (P > 0.05)
using Levene’s test. The mean FA value of the GON was
significantly lower for the symptomatic side, at 0.210 =
0.061, than for the asymptomatic side at 0.326 + 0.053 (P <
0.001). The mean ADC value (mm®/sec x 10™*) of the GON

https://doi.org/10.3344/kjp.2020.33.3.275
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Table 2. DTl Parameters and the Observer Performance of Bilateral GON and C2-C3 DRG

Variable Symptomatic side Asymptomatic side P value (t) Intra-observer ICC Inter-observer ICC

FA

C2 DRG 0.176 + 0.059 0.267 +£0.049 <0.001 (5.862) 0.919 0.885

C3 DRG 0.182 + 0.051 0.261 +0.048 <0.001 (5.605) 0.914 0.861

GON 0.210 + 0.061 0.326 + 0.053 <0.001 (7.206) 0.964 0.931
ADC (mm?/sec x 107

C2 DRG 1.095 + 0.220 0.772 £ 0.300 <0.001 (4.336) 0.924 0.909

C3 DRG 1.038 + 0.295 0.775 £ 0.294 0.003 (3.160) 0.934 0.966

GON 0.649 + 0.204 0.470 +0.195 0.003 (3.167) 0.967 0.953

Values are presented as mean + standard deviation.

DTI: diffusion tensor imaging, GON: greater occipital nerve, DRG: dorsal root ganglia, ICC: intra-class correlation coefficient, FA: fractional anisotropy, ADC:

apparent diffusion coefficient.
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Fig. 6. Graphs showed receiver operating characteristics (ROC) curves analysis of (A) fractional anisotropy and (B) apparent diffusion coefficient values,

respectively. DRG: dorsal root ganglia, GON: greater occipital nerve.

was significantly higher for the symptomatic side, at 0.649
+0.204, than that of the asymptomatic side, at 0.470 + 0.195
(P =0.003). In the C2-C3 DRG, the mean FA value in the
symptomatic side was significantly lower than that in the
asymptomatic side (C2: 0.176 £ 0.059 vs. 0.267 + 0.049, P
< 0.001; C3: 0.182 * 0.051 vs. 0.261 + 0.048, P < 0.001). The
mean ADC value in the symptomatic side was significantly
higher than that in the asymptomatic side (C2: 1.095 +
0.220 vs. 0.772 £ 0.300, P < 0.001; C3: 1.038 + 0.295 vs. 0.775
+0.294, P = 0.003) (Table 2).

3. Intra/inter-observer performances

There was excellent agreement between the inter- and
intra-observer measurements of the FA in the GON and
DRG (ICC = 0.861-0.964). Similarly, the agreement between
the inter- and intra-observer measurements of the ADC in
the GON and DRG (ICC = 0.909-0.967) were excellent (Table
2).

www.epain.org

4. The results of the ROC curve analysis for the
headache severity

The ROC curves of FA and ADC are shown in Fig. 6A, 6B,
respectively. The grading results of the DTI parameters for
headache severity are summarized in Table 3. Due to the
highest AUC (0.866 [95% CI: 0.767-0.965]) and highest Yo-
den index (0.743), the FA value of the C2 DRG was consid-
ered as the grading parameter for headache severity. The
cut-off value was 0.205 with a sensitivity of 0.743, specific-
ity of 0.999, PPV 0f 0.933 and NPV of 0.857.

5. Correlation of the HI and the course of the disease
with the FA, and ADC values

Bilateral FA and ADC values correlated with the HI. There
was a significant negative correlation between the FA
value of the GON and the HI (r = -0.420, P = 0.037). Instead,
there was a significant positive correlation between the
ADC values of the GON and the HI (r = 0.531, P = 0.006)
(Table 4, Fig. 7). There was no significant correlation be-

Korean J Pain 2020;33(3):275-283
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Table 3. The Grading Results for Headache Severity Using DTI Parameters

Variable AUC (95% Cl) Sensitivity Specificity Cut-off value Yoden index’
FA
C2 DRG 0.866* (0.767-0.965) 0.743 0.999 0.205 0.743
C3 DRG 0.759* (0.617-0.901) 0.743 0.800 0.191 0.543
GON 0.733* (0.618-0.928) 0.743 0.867 0.254 0.610
ADC
C2 DRG 0.800* (0.678-0.927) 0.933 0.657 0.909 0.590
C3 DRG 0.731* (0.589-0.874) 0.867 0.600 0.822 0.467
GON 0.680* (0.517-0.843) 0.733 0.686 0.579 0.419

DTI: diffusion tensor imaging, AUC: area under the curve, Cl: confidence interval, FA: fractional anisotropy, DRG: dorsal root ganglia, GON: greater occipital

nerve, ADC: apparent diffusion coefficient.
®Sensitivity + specificity - 1.
*P < 0.05.

Table 4. Correlation between FA, ADC Value and Hl, Course”

Pearson correlation

L C2 DRG C3 DRG GON
coefficient
FA value
VS. course -0.019 -0.040 -0.096
vs. HI 0.015 -0.263 -0.420*
ADC value
VS. course 0.232 -0.299 -0.164
vs. HI -0.075 0.136 0.531*

FA: fractional anisotropy, ADC: apparent diffusion coefficient, HI: head-
ache index, DRG: dorsal root ganglia, GON: greater occipital nerve.

*The value = symptomatic value - asymptomatic value.

*P < 0.05.

tween DTI parameters and course of disease.

DISCUSSION

According to the criteria of the IHS proposed in 2004 [20],
CGH diagnosis requires radiological evidence. We ob-
tained GON tractography with reliability and performed a
quantified analysis using DTI parameters from the C2-C3
DRG and GON, which were considered vulnerable to neu-
ropathy in CGH [21,22]. We found that the DTI parameter
of the FA value for the C2 DRG can be used for detecting
severe headaches with high accuracy. And we investigated
the correlation between the DTI parameters of the nerves
and clinical characteristics.

First, compared to the DRG, the GON was too small to
be directly detected or identified on normal axial T,WI
or T,WI, let alone to set the ROI. Instead of quantitatively
analyzing or observing the signal changes, we used T,WI
CUBE reconstruction to locate the GON on superimposed
morphological axial T,WI in order to accurately set the
ROI. Imaging such an anatomical region with diffusion-
weighted imaging is not a trivial matter, given that the
proximal GON is frequently hindered by susceptibility

Korean J Pain 2020;33(3):275-283

artifacts in the foramina. When setting the ROI on this
segment, we selected a slice far away from the foramina
and close to the lower edge of the inferior oblique muscle.
A voxel-based analysis of the DTI data may be affected by
possible partial volume effects (nerve size vs. voxel size).
However, the ROI was a few square millimeters with a
pixel value of 4-9 and thickness of 1.8 mm, and was delin-
eated according to the cross-sectional shape of the GON
on axial T\WI. The ROIs, in voxels, with respect to the DTI
acquisition, were small due to the small size of the ROI
on the GON. Kastler et al. [13] set the ROI in the direct
visualization of the GONs on superimposed morphologi-
cal axial T,WI, and then depicted the GON tractography
in high quality using the “whole-neck” flowing method.
The direction of the 32 tracts prevented the uniformity of
the diffusion-weighted gradient, and ensured an accept-
able signal-to-noise ratio (SNR) with an examination time
of about 15 minutes. For the present study, we acquired 6
DTI directions with a NEX of 6 for an acceptable SNR, with
a shorter examination time of about 6 min. The study by
Kastler et al. [13] showed good inter-observer agreement.
In our study, the excellent ICC values of the intra-observer
and inter-observer agreements showed the repeatability of
DTI parameters at sections of the GONs on both sides and
the C2-C3 DRG. Although setting the ROI can be a chal-
lenge in clinical practice, and also user-dependent without
precise anatomical knowledge of the GON and DRG, it is
vital for the reliability of DTI measurements.

Second, we found that the mean FA values in symptom-
atic side of GON and DRG were significantly lower than
those in the respective asymptomatic side. Instead, the
mean ADC values in the symptomatic side of the GON and
DRG were significantly higher than those in the respective
asymptomatic side. The isotropic situation in Wallerian
degeneration, intrafascicular edema, and endo-/epi-neu-
ral swelling expanded the space between axons and nerve
fascicles, as well as the extracellular matrix. Intraneural
edema, axon swelling, myelinolysis and dilated intercel-

https://doi.org/10.3344/kjp.2020.33.3.275
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Fig. 7. Graphs showed the correlation between diffusion tensor imaging parameters of the nerves and HI. The fractional anisotropy (FA) value in proximal
greater occipital nerve (GON) was negatively correlated with headache index (HI) (A), r = -0.420, P = 0.037. The apparent diffusion coefficient (ADC)

value was positively correlated with HI (B), r = 0.531, P = 0.006.

lular space, and increased diffusion of water molecules
result in a high ADC value [12,23,24]. The results revealed
neuropathy in the DRG in CGH, which were similar with
results by Bovaira et al. [7] and Mehnert and Freedman
[25]. We hypothesize that joint degeneration, connective
tissue thickening, and fibrosis around nerves that affect
the upper three DRG (not only near the C2 spinal nerve
or C2 DRG) could be causes of CGH. Also, although imag-
ing studies evaluating the function of the DRG using DTI
are rare, we concluded that the DTI parameters changed
due to the variable situation of neuropathy in the DRG.
The GON block is one of the most common therapies for
CGH, but its long-term efficacy is not good. The target of
GON infiltration or a GON block using the landmark tech-
nique was very near the larger medial branch close to the
obliquus capitis inferior muscle [26]. This point may be
distant from the culprit proximal segment in patients with
CGH [4]. As for neuropathy in the DRG in unilateral CGH,
pulsed radiofrequency treatment of the DRG (especially
C2 DRG), with or without a GON block, is widely used [6-8].
However, further studies are needed to resolve important
remaining questions, such as, ‘should we pay attention to
infiltration of the proximal GON segments or the DRG seg-
ments?’ and ‘what are the neurography changes after in-
terventional treatment of GON and DRG in CGH patients?’.

Third, we found a novel way to confirm headache sever-
ity using DTI for CGH. With high sensitivity, specificity,
PPV, and NPV, the FA value in the C2 DRG for grading
headache severity showed that neuropathy of this DRG
was potentially correlated with the headache intensity in
CGH, although the mechanisms are unclear. Headache
with severe intensity lead to a higher analgesic consump-
tion and a lower response rate for GON block treatment
[16,27]. For patients who need invasive treatment, DTI for
the target DRG is a promising method to evaluate the neu-

www.epain.org

ropathy as well as previous treatment planning. Especially
for the patients undergoing long-time analgesic treatment,
DTI parameters can reflect and predict the neuropathy
of the DRG in CGH according to headache severity objec-
tively. For ADC values, we also found an AUC of 0.800 in
the C2 DRG, which was lower than that of the FA value in
the C2 DRG. So we only concluded that the FA value in the
C2 DRG was the parameter for grading headache severity.
This was similar with the result by Wang et al. [12], who
found that FA value is more reliable than ADC to diagnose
nerve entrapment and is correlated with severity.

Finally, we found that with the increase in the HI, the
FA decreases while the ADC increases in the proximal
GON. Hwang et al. [28] found no correlation between the
diameter, SNR, contrast-to-noise ratio and the course of
the disease in the symptomatic side, but found significant
negative correlation between the T, signal intensity and
course of the disease. Chen et al. [24] reported that the
International Standards for Neurological Classification
of Spinal Cord Injury score did not correlate with the FA
value, but correlated positively with mean diffusivity, axial
diffusivity, and radial diffusivity values in the nerves roots
in the symptomatic side in patients with cervical disc her-
niation. However, they did not assess the correlation of FA
and ADC difference with the clinical score. The potential
microstructural changes from compressing nerve roots
may be concealed. Due to the complex overlapping and
distribution of cervical nerve branches in CGH [29], we
concluded that when evaluating the correlation between
DTI parameters and neuropathy, the FA and ADC differ-
ence in the bilateral nerves is required.

This study has certain limitations. First, we have not
performed an imaging quality check of every patient,
although we believe imaging was high quality. Second,
neurography using DTI of other related occipital nerves

Korean J Pain 2020;33(3):275-283
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should pay attention to this point, particularly for a nerve
whose section is likely smaller than the voxel size. Third,
the partial volume effects may affect the parameters of
the small structures. A DTI sequence with a thinner slice
and higher SNR is required for occipital nerves. Finally, to
evaluate subtle contra-lateral GON injuries, a larger popu-
lation with a true control group is needed.

In conclusion, for patients with unilateral CGH, DTI
parameters of the GON and DRG were reliable. DTI of the
symptomatic C2-C3 DRG and proximal GON revealed de-
creased FA value and increased ADC values. The FA value
in the C2 DRG can be the grading parameter for headache
severity. The FA value in the proximal GON was negatively
correlated with HI, whereas ADC value was positively cor-
related with HI.
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