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ABSTRACT
BACKGROUND AND PURPOSE: MR imaging of peripheral nerves (MR neurography) allows improved assessment of nerve anatomy and
pathology. The objective of this study was to evaluate patients with unilateral occipital neuralgia using MR neurography and to assess the
differences in greater occipital nerve signal and size between the symptomatic and asymptomatic sides.
MATERIALS AND METHODS: In this case-control evaluation using MR neurography, bilateral greater occipital nerve caliber, signal intensity, signal-to-noise ratios, and contrast-to-noise ratios were determined by 2 observers.
RESULTS: Among 18 subjects with unilateral occipital migraines, the average greater occipital nerve diameter for the symptomatic
side was signiﬁcantly greater at 1.77 ⫾ 0.4 mm than for the asymptomatic side at 1.29 ⫾ 0.25 mm (P ⫽ .001). The difference in nerve
signal intensity between the symptomatic and asymptomatic sides was statistically signiﬁcant at 269.06 ⫾ 170.93 and 222.44 ⫾
170.46, respectively (P ⫽ .043). The signal-to-noise ratios on the symptomatic side were higher at 15.79 ⫾ 4.59 compared with the
asymptomatic nerve at 14.02 ⫾ 5.23 (P ⫽ .009). Contrast-to-noise ratios were signiﬁcantly higher on the symptomatic side than on
the asymptomatic side at 2.57 ⫾ 4.89 and ⫺1.26 ⫾ 5.02, respectively (P ⫽ .004). Intraobserver performance was good to excellent
(intraclass coefﬁcient correlation, 0.68 – 0.93), and interobserver performance was fair to excellent (intraclass coefﬁcient correlation, 0.54 – 0.81).
CONCLUSIONS: MR neurography can be reliably used for the diagnosis of greater occipital nerve neuropathy in patients with unilateral
occipital migraines with a good correlation of imaging ﬁndings to the clinical presentation.
ABBREVIATIONS: Botox ⫽ onobotulinumtoxin A; CNR ⫽ contrast-to-noise ratio; GON ⫽ greater occipital nerve; ICC ⫽ intraclass correlation coefﬁcient; MRN ⫽
MR neurography; PSIF ⫽ reversed fast imaging with steady-state precession

M

igraine is a common debilitating neurovascular disorder.
Thirty-five million Americans, women more than men,
have migraines leading to substantial pain and medical costs of $1
billion yearly.1-5 The exact pathogenesis of migraines is debated
between a more popular central theory of cortical spreading depression and neuronal hyperexcitability6 versus an extracranial
pathology with compression and/or irritation of peripheral
branches of the trigeminal and occipital nerves. The latter is hypothesized to result in triggered release of inflammatory and nociceptive peptides, which reach the meninges, inducing meningeal nociception and migraine.6-10 A number of conservative and
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surgical peripheral nerve treatments have been reported for peripheral neuropathy (eg, perineural injections of steroids or onobotulinumtoxin A [Botox], radiofrequency ablation, and surgical
decompression).11-29 The greater occipital nerve (GON) is a sensory branch that arises from the dorsal ramus of the second cervical spinal nerve,30 and its compression has been proposed as the
etiology of clinically manifested occipital migraines.18 Currently,
the diagnosis is established on the basis of a combination of clinical history of posterior head and neck pain, tenderness on physical examination limited to the occipital area, and, in some cases,
response to perineural injections.31
MR neurography (MRN) is a multiplanar nerve-selective imaging used to evaluate peripheral nerve anatomy and pathology.32
MRN has been successfully used in brachial plexopathies and has
been shown to affect clinical diagnosis and management.33-35 In
particular, 3D reversed fast imaging with steady-state precession
(3D PSIF) has been shown to selectively identify small peripheral
nerves around the head and neck region due to suppression of
perineural fat and vascular signal.36,37 This is an isotropic seAJNR Am J Neuroradiol 38:2203– 09
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FIG 1. 3T MRN demonstrating a normal GON. A, Coronal 3D PSIF shows bilateral GONs (arrows).
B, Eight-millimeter-thick MIP reconstruction in the coronal plane shows the normal GONs (arrows). C and D, Eight-millimeter-thick isotropic MIP reconstruction in the sagittal plane shows
right and left GONs (arrows).

quence, which can be obtained in sub-1-mm resolution and provides a high signal-to-noise ratio and soft-tissue contrast. Normal
nerves on 3D DWI-PSIF appear isointense to muscle, while nerve
entrapment and resultant neuropathy are demonstrated by an
increase in size and signal intensity proximal to the entrapment.38,39 There have been no reports of quantitative evaluation of
the GON signal and contrast characteristics in patients with occipital
neuralgia (migraine), to our knowledge. Classically, the SNR has
been defined as a measure comparing the level of a desired signal with
the level of background noise of the image.40,41 The contrast-to-noise
ratio (CNR) is defined as the difference in SNR between 2 relevant
tissue types42 (ie, the nerve in question [GON] and the adjoining
muscle [semispinalis capitis]).
The aim of this study was to evaluate patients with clinically
suspected unilateral occipital neuralgia with MRN and assess the
differences in GON signal and size characteristics between the
symptomatic and asymptomatic sides. Our hypothesis was that
the symptomatic side GON will be different (brighter and thicker)
than the one on the asymptomatic side. In addition, inter- and
intraobserver performance was evaluated.

MATERIALS AND METHODS
Patient Population
This is a Health Insurance Portability and Accountability Act–
compliant, institutional review board–approved retrospective
cross-sectional study. Informed consent was waived. A consecutive series of patients underwent occipital nerve MRN with the
primary diagnosis of chronic unilateral occipital neuralgia from
2014 to 2016 at our institution. The patients were referred as a
2204
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convenience sample from the plastic
surgery clinic. Patient demographic factors were recorded, including age, sex,
and clinical characteristics of their migraines, including laterality of pain,
frequency, duration, intensity (on a
qualitative scale from 1 to 10), subjective
triggers, and occipital tenderness on
physical examination. Possible predisposing factors to migraines such as family history of migraines, previous head
trauma, and comorbidities were recorded. Previous methods of treatment
including Botox, nerve block, radiofrequency ablation, and an operation were
recorded as well as any previous head
and neck imaging for comparison. Patients were excluded from this study if
they were unable to localize their pain to
one side or unable to quantify the difference in pain between the 2 sides (ie, zero
versus reduced pain on the contralateral
side). The subsequent treatment and
outcomes are the subject of another
study and article. This study was limited
to evaluating nerve characteristic differences among the symptomatic-versusasymptomatic GONs.

Image Aquisition and GON Analysis
Occipital MRN from the level of the base of the skull to the C5– 6
area was performed, encompassing bilateral GONs in all 18 patients who met the criteria for possible GON compression based
on history and physical examination, as described above. 3D coronal PSIF imaging was performed in all cases on high-field MR
imaging scanners (Avanto, 1.5T, Siemens, Erlangen, Germany;
and Achieva, 3T, Philips Healthcare, Best, the Netherlands). The
parameters included TR ⫽ 12 ms, TE ⫽ 3 ms, voxel size ⫽ 0.9
mm, isotropic, fat suppression ⫽ water-selective. Eight-millimeter-thick-slab maximum intensity projections were obtained,
which displayed the nerve in multiple planes (Fig 1 shows the
normal nerve from an asymptomatic subject for comparison).
The GON was visualized in all cases on both sides exiting from the
cervical spine and coursing toward and lateral to the occipital
protuberance. Two trained, experienced radiologists measured
the signal and transverse diameter of the GON and semispinalis
capitis, regardless of the affected side and blinded to the laterality
of symptoms (Figs 2 and 3). The first observer (reader 1) had 7
years of experience interpreting MRN scans, while the second
observer (reader 2) had 1 year of experience. The time between the
first and second data collections of reader 1 spanned approximately 4 months. The GON signal and size were measured on the
coronal image, midway between the spinal foramen and the point
where it courses under the semispinalis capitis muscle. The largest
diameter or most hyperintense T2 signal persisting on at least two
0.9-mm sections was measured. The freehand ROI tool on Intellispace PACS (Isite; Philips Healthcare) was used to include the

FIG 2. 3D Coronal PSIF images at 3T. A. Enlarged, hyperintense left greater occipital nerve (in
comparison with the right). B, Caliber measurements show a larger left occipital nerve (1.6 mm)
compared with the right (1.2 mm). C, Signal intensity measurements for both greater occipital
nerves and semispinalis capitis muscles.

GON while excluding any extraneous
soft tissues, such as fat or muscle. A
10-mm circular ROI was used for muscle signal measurement.
For each case, the control group consisted of nerve measurements obtained
from the asymptomatic side, whereas
the subject group included nerve measurements from the symptomatic side.
After we obtained nerve diameter and
signal intensity for both symptomatic
and asymptomatic GONs, the T2 signal-to-noise ratio [SNR ⫽ SInerve/
(SInerve)1/2] and the contrast-to-noise ratio
[CNR ⫽ (SInerve ⫺ SImuscle)/(SInerve)1/2]
were calculated for each nerve in both
groups. All data points, measurements,
and calculations were recorded on an Excel spreadsheet (Microsoft, Redmond,
Washington) for data analysis.

Statistical Analysis
Descriptive statistics were used for GON
diameter, signal intensity, SNR, and
CNR measurements on MRN. Differences in subject-versus-control groups
were tested with a paired t test at .05.
Interobserver performance was assessed
with intraclass correlation coefficients
(ICCs). Agreement was classified as excellent (0.75–1.0), good (0.60-0.74), fair
(0.40-0.59), and poor (⬍0.40).43 Furthermore, to evaluate whether a correlation existed between the duration of migraine symptoms from onset to MR
imaging acquisition and MRN findings
such as GON caliber and signal, we determined the Spearman rank correlation
coefficients. A confidence interval of
95% was used throughout this study. R
statistical and computing software, Version 3.3.2 (http://www.r-project.org)
and SAS 9.4 (SAS Institute, Cary, North
Carolina) were used for statistical analysis.

RESULTS

FIG 3. Coronal 3D PSIF images at 1.5T. A, Caliber measurements for the right and left GONs. B,
Signal intensity measurements for the right GONs and semispinalis capitis muscles.

There were 18 patients with persistent
chronic unilateral occipital migraine
histories (Table 1) who underwent a
broad spectrum of treatment options
(Table 2) before MRN acquisition.
Seven (39%) patients were imaged on a
3T MRN scanner versus 11 (61%) patients imaged on a 1.5T MRN scanner.
None of the patients had a known central brain, neck, or spinal mass lesion.
Prior outside imaging (performed in 6
of 18 patients) included CT/MR imag-
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Table 1: Patient demographic factors (n ⴝ 18) and migraine histories prior to MR neurography
Migraine
Migraine
Age (yr)
Sex
Frequencya
Laterality
Younger
than 40
6 (33%)
a

Older
than 40
12 (67%)

Male
3 (17%)

Female
15 (83%)

<15 per mo
5 (38%)

>15 per mo
8 (62%)

Left
10 (56%)

Right
8 (44%)

Positive
Family History
Yes
3 (17%)

No
15 (83%)

Yes
13 (72%)
b

No
5 (28%)

Yes
15 (83%)

No
3 (17%)

Yes
5 (28%)

No
13 (72%)

No
13 (72%)

Yes
6 (33%)

No
12 (67%)

Previous Head/
Neck Imagingb
Yes
6 (33%)

No
12 (67%)

Previous migraine operations included occipital nerve neurectomies or neurolysis.
All previous imaging was either standard 1.5T of the brain or cervical spine MRI or CT and evaluated as negative for pathology related to migraine symptoms.

Table 3: Statistical analysis of differences in GON diameter,
signal intensity, calculated SNR, and calculated CNR comparing
the symptomatic (subject group) versus asymptomatic (control
group) side using a paired t test in patients with unilateral
occipital migrainesa
MRN
Characteristic
Subject Group
Control Group
P Value
Diameter
1.77 ⫾ 0.4
1.29 ⫾ 0.25
.001
Signal
269.06 ⫾ 170.93
222.44 ⫾ 170.46
.043
SNR
15.79 ⫾ 4.59
14.02 ⫾ 5.23
.009
CNR
2.57 ⫾ 4.89
⫺1.26 ⫾ 5.02
.004
a

Yes
5 (28%)

Five patients were not reported.

Table 2: Migraine diagnostic and treatment modalities prior to acquisition of MR neurography
Nerve
Radiofrequency
Previous
Botox
Block
Ablation
Operationa

a

Previous
Head Trauma

All values are mean ⫾ SD.

ing of the brain or cervical spine, and findings were unremarkable
with respect to migraine etiology.
On the quantitative analysis of reader 1, the mean GON diameter for the symptomatic side was significantly greater (1.77 mm)
than that on the asymptomatic side (1.29 mm) (P ⫽ .001; Table 3
and Figs 4 and 5). In addition, the difference of GON signal intensity between the symptomatic and asymptomatic sides was statistically significant at 269.06 versus 222.44, respectively (P ⫽
.043; Table 3). The calculated SNRs of the GON on the symptomatic side were notably higher at 15.79 compared with those on the
asymptomatic side at 14.02 (P ⫽ .009; Table 3). Furthermore, the
calculated CNRs of the GON relative to the ipsilateral semispinalis
capitis muscle were significantly higher and more positive on the
symptomatic side than on the asymptomatic side at 2.57 and
⫺1.26 (P ⫽ .004; Table 3).
Intra- and interobserver statistical analysis with the intraclass
correlation coefficient demonstrated fair-to-excellent interobserver and intraobserver performance (ICC ⬎ 0.54) in all 4 parameters (nerve diameter, nerve signal, SNR, and CNR), including excellent performance when analyzing the nerve diameter
(ICC, 0.81– 0.93; Table 4). Furthermore, no statistically significant correlation was found between the duration of migraine
symptoms (defined as the length of time between onset and
MRN acquisition) and the GON diameter (Spearman rank correlation coefficient, 0.21; P ⫽ .4), and only a moderate negative
correlation was found between the duration of symptoms and
the GON signal (Spearman rank correlation coefficient,
⫺0.499; P ⫽ .351) (Fig 6). The mean duration of migraine
symptoms in this cohort of 18 patients was 3415 ⫾ 3127 days
(approximately 9 years).
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DISCUSSION
Migraine headaches present a challenge to health care providers
because they have a spectrum of symptoms and are often difficult
to manage. While new evidence emerges about the etiology and
pathophysiology of chronic migraines, many uncertainties remain. Currently, the diagnostic strategy is limited and is based on
clinical findings and blinded or targeted perineural injections.31
This study establishes that a noninvasive technique, MRN, can be
used to evaluate the greater occipital nerve in such cases.
Among our cohort of 18 patients, a statistically significant difference was observed with respect to the GON diameter and signal
intensity alterations, both being higher on the symptomatic side
and thus consistent with the previous literature citing qualitative
differences.35,36 Furthermore, the SNR of the GON was significantly higher on the symptomatic side, suggesting greater resolution of the nerve versus surrounding noise and the ability to detect
differences in normal peripheral nerve anatomy versus pathology.
The CNR, the difference in SNR between 2 relevant tissue types,
was significantly higher and a more positive value on the symptomatic side than the asymptomatic side. This finding suggests
more signal activation from the nerve than from background
noise of muscle on the symptomatic side.42 In most cases, when
there was a discrepancy between MRN findings and the clinical
laterality of pain, confounding factors such as pathology on the
other side may have produced discrepant results. The CNR
showed a relatively lower ICC. Thus, SNR seems to be the more
useful parameter in predicting the symptomatic side in these subjects with complex migraines. The variability may have resulted
from different locations of ROIs in the muscle, while neural abnormality was more apparent on 3D imaging.
As medical innovation and technology continue to evolve,39
the potential use of MRN in the future as a targeted approach to
treatment planning in patients with migraine seems promising.
An objective demonstration of neural abnormality has the potential to guide treatment and improve outcomes. The current standard of care is based on clinical history, physical examination
including point tenderness of the GON, and response to nerve
block and Botox in that location. However, if patients do not
respond to injections, documentation of a normal or pathologic
GON by MRN can help the treating physician choose the most
suitable treatment plan for that individual. MRN is also useful
in depicting the nerve abnormality proximal to the entrapment

FIG 4. 3T MRN demonstrating left GON neuropathy in a 62-year-old woman with left occipital
neuralgia. A and B, Coronal 3D PSIF and 8-mm-thick MIP reconstruction show an asymmetrically
thickened and hyperintense left GON (arrows). C and D, Eight-millimeter-thick isotropic MIP
reconstruction in the sagittal planes. Note the normal right GON (arrows in C) and abnormal left
GON (arrows in D) with increasing thickening proximal to the muscle entrapment site.

FIG 5. 3T MRN demonstrating persistent right GON neuropathy in a 55-year-old woman with
prior right occipital neurolysis and persistent right occipital neuralgia. A, Coronal 3D PSIF shows
the surgical scar site (arrow). B, A more anterior coronal image shows minimal hyperintensity of
the right GON (arrows). C and D, Eight-millimeter-thick isotropic MIP reconstruction in the
sagittal planes. Note the normal persistently hyperintense right GON (arrows in C) and normal
left GON (arrows in D).

site. Therefore, the technique could
show persistent abnormality, despite
prior neurolysis (Fig 5).
The limitations of our study include
the small sample size. However, the radiologists were blinded to the laterality
of symptoms, and each of these patients
served as his or her own control, given
unilateral GON migraine symptoms,
making these initial observations valuable. This value is reflected by fair-toexcellent ICCs. We have also considered
that previous perineural injection and
Botox injections, radiofrequency ablation, and surgical procedures could impact the appearance of the nerve on imaging. Our chart review revealed limited
documentation of specific previous
treatments performed by other health
care providers before presenting to our institution, including frequency, dates,
method, and location. However, the patients were imaged for persistent symptoms of unilateral occipital neuralgia. We
did not evaluate other imaging sequences
performed as part of an occipital neuralgia
protocol because they were used to rule
out any central lesion at the base of the
brain or incidental spinal or neck lesion
that could contribute to symptoms.
Further limitations of this study are
due to restrictions in current medical
technology. The strength of the magnetic field used in this study varied, with
7 (39%) patients undergoing the newer
3T MR imaging versus 11 (61%) patients undergoing 1.5T MR imaging.
While the difference in 1.5T and 3T
MRN can be significant and may make
data nonhomogeneous and thus more
difficult to analyze and compare, our investigation is nevertheless a pilot study,
validating the use of multiple scanners.
On 3T MR imaging technology, the SNR
is usually superior, with improved resolution of images. Thus, in addition to the
SNR, nerve diameter and CNR were also
evaluated. Finally, both sides were compared in all cases to mitigate the effects of
individual scans because symptomatic
GON measurements were compared with
the contralateral asymptomatic GON
measurements within the same MRN image and not compared with measurements obtained among different images.
In the future, we hope to both increase the study sample and expand the
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Table 4: Intra- and interobserver statistical analysis showing
inter- and intraobserver performance among all 4 parameters
using ICCs
ICC
Reader 1 (initial) versus reader 1 (4 mo later)
Nerve diameter (mm)
0.93
Nerve signal
0.79
SNR
0.74
CNR
0.68
Reader 1 versus reader 2
Nerve diameter (mm)
0.81
Nerve signal
0.71
SNR
0.67
CNR
0.54

FIG 6. Evaluation of the correlation between the duration of migraine symptoms (deﬁned as length of “time” in days from symptom
onset to MRN acquisition) and the GON signal yielded a Spearman
rank correlation coefﬁcient of ⫺0.499 with P ⫽ .351. When we compared the duration of symptoms and the GON diameter using the
same statistical methodology, no signiﬁcant correlation was found
(Spearman rank correlation, 0.21; P ⫽ .4). The mean duration of migraine symptoms in this cohort of 18 patients was 3415 ⫾ 3127 days
(approximately 9 years).

scope of this study to include previously nontreated patients and
other migraine trigger sites, including the frontal, temporal, and
nasoseptal regions. As diagnostic imaging continues to evolve
and methodologies of image acquisition are improved, we hope
that MRN will help provide individualized care to patients with
migraines.

CONCLUSIONS
In patients with unilateral clinical signs of GON compression,
quantitative evaluation of the GON on MRN reveals different
imaging appearances of the affected-versus-nonaffected nerves.
In the future, the study can be expanded to include larger cohorts
and other peripheral nerve disorders.
Disclosures: Avneesh Chhabra—UNRELATED: Consultancy: Icon Medical; Royalties:
Jaypee Wolters.
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