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Study Design: Retrospective study.
Objective: To report the efficacy of anterior cervical surgery for the relief of cervicogenic 
headache (CEH) caused by cervical spondylosis.
Methods: From January 2014 to December 2016, a total of 166 cases of cervical radiculo-
pathy and/or myelopathy received anterior cervical decompression and fusion (ACDF) in our 
institution, among which 50 cases (mean age 44.7 years) were accompanied by CEH and 
followed up at 3, 6, 12, and 24 months postoperatively, respectively. Neck pain and headache 
scores according to neck disability index (NDI) were documented for all patients at regular 
intervals. The results measured at different follow-up time point were compared statistically.
Results: All 50 patients reported neck pain and headache at the same time before surgery. 
The average NDIs for neck pain before and after surgery were 2.86 (95% CI: 2.7–3.0) 
preoperatively, 0.98 (95% CI: 0.8–1.1) at 3 months, 0.68 (95% CI: 0.5–0.9) at 6 months, 0.62 
(95% CI: 0.5–0.8) at 12 months, and 0.60 (95% CI: 0.4–0.8) at 24 months postoperatively, 
respectively. The average NDIs for CEH before and after surgery were 2.32 (95% CI: 
2.2–2.5) preoperatively, 0.62 (95% CI: 0.5–0.8) at 3 months, 0.60 (95% CI: 0.4–0.8) at 6 
months, 0.56 (95% CI: 0.4–0.7) at 12 months, and 0.50 (95% CI: 0.3–0.7) at 24 months 
postoperatively, respectively. The neck pain and headache improved in all cases and the NDI 
score of neck pain or headache at each follow-up point after surgery was significantly 
different from that before surgery (P <0.001). The simple correlation analysis between 
neck pain and headache was performed, and the Pearson coefficient r was 0.71, indicating 
a positive correlation between neck pain NDI and headache NDI. No serious surgical 
complications were found.
Conclusion: Our study suggests that patients with cervical spondylosis complicated with 
CEH are always accompanied by neck pain. ACDF can not only relieve neck pain but also 
improve the accompanying CEH.
Keywords: cervicogenic headache, neck pain, cervical spondylosis, anterior cervical 
decompression and fusion

Introduction
In 1925, Barre1 introduced the term “syndrome cervical sympathique posterieur”, 
linking headache to the presumed cause of “posterior” sympathetic deficiency. Since 
then, there have been many reports that headaches may originate in the neck.2–9 

Sjaastad first coined the term “cervicogenic headache (CEH)” in 1983 to describe 
headache referred from the neck.3 Various types of headaches are usually accompanied 
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by neck pain. Neck pain and neck muscle tenderness are 
common and prominent symptoms of primary headaches 
(including migraine and tension-type headache).10 

Although the incidence of neck pain in patients with primary 
headaches is quite high (68%), neck pain is usually found in 
cervicogenic headache, which is considered as a secondary 
headache disorder (secondary to neck disorders).11 

Accordingly, in order to standardize the diagnosis and treat-
ment of CEH, the International Headache Society (IHS) first 
formulated the criteria of CEH in 1988 and updated the latest 
criteria in 2013 (International Classification of Headache 
Disorders, ICHD-3 beta, Table 1).7 An estimated 1–4% of 
the general population experiences CEH.4–6

The putative mechanism for cervicogenic headache 
involves the convergence of afferent sensory input from 
the upper cervical nerves (C1-C3) on the spinal trigeminal 
nucleus.4 However, it is well known that most of cervical 
spondylosis happens at lower cervical spine (C4-C7). 
Clinical studies have found that ACDF can not only 
relieve the clinical symptoms and signs about cervical 
spondylosis but also relieve accompanying headaches.8,9 

CEH originating in the lower cervical spine was first 
described by Diener et al, who suggested that nociceptive 
afferents from the nerve roots of the lower cervical spine 
also converge on the cervical trigeminal nucleus.12 Persson 
et al13 analyzed headaches in patients with lower cervical 
radiculopathy and showed that selective nerve root blocks 
produced a headache reduction of 50% or more at the 
pathological level, with 69% of patients reporting com-
plete headache relief. This study supports the theory that 
CEH can be relieved with lower cervical discectomy.

However, the exact mechanism by which anterior cer-
vical surgery can relieve headache is unknown. As we all 
know, the most characteristic change of cervical spondy-
losis is cervical disc degeneration, and degenerative cervi-
cal disc disease is usually accompanied by neck pain. In 
this study, we retrospectively analyzed 2-year follow-up 
data from our clinical patients with cervical spondylosis 
and CEH to assess the incidence of CEH in patients with 
cervical spondylosis and the changes in postoperative neck 
pain and headache, so as to further analyze the relationship 
between neck pain and headache.

Methods
Patients
From January 2014 to December 2016, a total of 166 cases 
with cervical radiculopathy and/or myelopathy underwent 
ACDF in our institution. Of the 166 patients, 50 cases 
presented with CEH with an incidence of 30%. There 
were 26 males and 24 females. The age ranged from 23 
to 72 years, with an average of 44.7 ± 12.5 years. The 
enrolled criteria included: 1) Except for the symptoms and 
signs of cervical myelopathy and/or radiculopathy, all 
patients with CEH are diagnosed according to the criteria 
of the International Classification of Headache Disorders 
(ICHD-3 beta).7 2) Significant compression of the cervical 
spinal cord or nerve roots showed on MRI. 3) 
Nonoperative treatment including non-steroid anti- 
inflammatory drugs, physiotherapy and trigger point injec-
tions failed for at least 6 months in all patients. The 
excluded criteria included: patients with a history of cer-
vical trauma or surgery and patients with congenital or 
developmental abnormalities of the cervical spine. In addi-
tion, all patients were screened by neurologists, otolaryn-
gologists, ophthalmologists or craniomaxillofacial 
surgeons to exclude the headaches related to each subject. 
Patients who had migraine or tension headaches at the 
same time were also excluded.

Surgical Techniques and Postoperative 
Management
The right-side dissection was performed in the anterior 
approach to the cervical spine. Subsequently, autologous 
bone particles (cervical posterior margin decompression) 
were filled in PEEK Cage using standard Smith-Robinson 
technique, and fixed with titanium plates and screws. 
Surgery ranged from C3-C4 to C6-C7. MRI was used to 
determine levels of spinal cord compression and involved 

Table 1 Diagnostic Criteria of CEH (ICHD-3 Beta)

A. Any headache fulfilling criterion C 

B. Clinical, laboratory, and/or imaging evidence of a disorder or lesion 
within the cervical spine or soft tissues of the neck, known to be able 

to cause headache 

C. Evidence of causation demonstrated by at least two of the 
following: 

1. Headache has developed in temporal relation to the onset of the 

cervical disorder or appearance of the lesion 
2. Headache has significantly improved or resolved in parallel with 

improvement in or resolution of the cervical disorder or lesion 

3. Cervical range of motion is reduced and headache is made 
significantly worse by provocative maneuvers 

4. Headache is abolished following diagnostic blockade of a cervical 

structure or its nerve supply 
D. Not better accounted for by another ICHD-3 diagnosis

Note: Data from Olesen et al.7
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nerve roots. Of the 50 patients who underwent ACDF, 35 
underwent one segment operation, 10 underwent two seg-
ments operation, and 5 underwent three segments opera-
tion (Table 2). The patients usually wore neck collar for 
1–3 months after surgery.

Clinical Evaluation
Neck pain and headache were evaluated preoperatively 
and at 3, 6, 12 and 24 months after surgery, respectively. 
Severities of neck pain and headache were assessed with 
neck pain NDI and headache NDI.14,15 Originally, NDI 
was used widely as a tool to assess disability of cervical 
spine function due to neck pain. Now it was also used as 
an index to evaluate severity of headache. Severity is 
graded on a scale from 0 to 5: grade 0, no neck pain or 
headache; grade 1, infrequent slight neck pain or head-
ache; grade 2, infrequent moderate neck pain or headache; 
grade 3, frequent moderate neck pain or headache; grade 
4, frequent severe neck pain or headache; and grade 5, 
persistent extreme neck pain or headache.15

The study was approved by the ethical review commit-
tee from the General Hospital of Chinese Armed Police 
Forces and the study was in accordance with the Helsinki 
Declaration. All patients gave informed written consent.

Statistical Analysis
The statistical analysis was performed using Statistical 
Package for Social Sciences (SPSS) software, version 
17.0 (IBM Corp., Armonk, NY). A repeated-measures 
analysis of variance was performed to compare neck pain 
or headache NDI at different follow-up time point. The 
simple correlation analysis between neck pain and head-
ache was performed. Data are reported as mean (95% 
confidence interval). A p value of<0.05 was considered 
significant.

Results
The incidence of CEH in cervical spondylosis was 30% 
(50/166). The average NDIs for neck pain before and after 
surgery were 2.86 (95% CI: 2.7–3.0) preoperatively, 0.98 
(95% CI: 0.8–1.1) at 3 months, 0.68 (95% CI: 0.5–0.9) at 
6 months, 0.62 (95% CI: 0.5–0.8) at 12 months, and 0.60 
(95% CI: 0.4–0.8) at 24 months postoperatively, respec-
tively. The average NDIs for CEH before and after surgery 
were 2.32 (95% CI: 2.2–2.5) preoperatively, 0.62 (95% CI: 
0.5–0.8) at 3 months, 0.60 (95% CI: 0.4–0.8) at 6 months, 
0.56 (95% CI: 0.4–0.7) at 12 months, and 0.50 (95% CI: 
0.3–0.7) at 24 months postoperatively, respectively. The 
neck pain and headache improved in all cases, and the 
NDI score of neck pain or headache at each follow-up 
point after surgery was significantly different from that 
before surgery (P <0.001) (Figures1–3). Pearson coeffi-
cient r was 0.71, which displayed that the neck pain NDI 
was positive correlation to the headache NDI.

Postoperative X-ray follow-up of the cervical spine 
showed that 47 cases had bone fusion within 6 months 
and 3 cases had bone fusion within 10 months.

Complications
Two patients had mild dysphagia, but the symptoms dis-
appeared one month after operation. One patient devel-
oped subcutaneous hematoma due to drainage obstruction, 
which was cleared 2 days after operation. There were no 
surgical complications such as infection, implant looseness 
and falling out, and aggravation of neurological 
symptoms.

Discussion
CEH is a pain in the head, but the pain occurs in the 
neck.16,17 CEH was a controversial topic due to lack of 
recognition on its pathogenesis.18,19 Some studies have 
suggested that damage to any innervated structures around 

Table 2 Demographic Data of Patients

Parameter Value

Total number 166

Number with/without headache 50/116
%Headache 30%

Age with headache 44.7±12.5 (23–72)

Without headache 49.48±11.65 (25–72)
Sex ration with headache (M:F) 52%

Without headache (M:F) 49%

%Neck pain with headache 100%
Without headache 70%

Level of surgery with headache of 50 cases

C3-4 1
C4-5 6

C5-6 19

C6-7 9
C3-4-5 3

C4-5-6 4

C5-6-7 3
C3-6 3

C4-7 2

Radiculopathy 24
Myelopathy 26
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the neck such as facet joints, nerve roots, vertebral arteries, 
uncovertebral joints, cervical muscles, and intervertebral 
discs20–25 can cause CEH. The C2-3 zygapophysial joints 

were thought to be the most common source of cervico-
genic headache, accounting for about 70% of cases. The 
greater and lesser occipital nerves, and the third occipital 

Figure 1 Preoperative and postoperative changes in neck pain and headache neck disability index scores.

Figure 2 Detailed view of postoperative changes in neck pain neck disability index scores. N0–N5 indicated neck pain severity index graded on a scale from 0 to 5. Higher 
scores indicate greater degrees of self-related disability.
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nerve, branches of C2 and C3 roots, were reported to be 
responsible for CEH as well.24

A special feature of this group of patients with CEH is 
also accompanied by neck pain. The purpose of our original 
study was to observe the efficacy of ACDF on CEH. We did 
not deliberately choose patients with neck pain. Our current 
study has found that ACDF can not only relieve neck pain in 
patients with cervical spondylosis but also relieve headaches 
which is consistent with previous studies.21,23,25,26 Further 
statistical analysis found that CEH score is positively related 
to neck pain score. This is an exciting new finding. 
According to our knowledge of the literature, this is the 
first report. The NDI is a reliable, effective and sensitive self- 
report measurement tool.27 Included in the NDI is the head-
ache severity index, using an ordinal scale. This headache 
measurement was originally used by Riina et al,28 and later 
by Schrot et al,8 and Shimohata et al.15 Headaches are rated 
as none (0), mild (1 or 2), or severe (3, 4, or 5).28 Shimohata 
et al15 also compared VAS and NDI scores for headache in 
patients with cervical spondylosis, which were highly corre-
lated. Mean headache scores were calculated throughout the 
2-year follow-up period in our current study. Our study found 
that this headache scoring method in the patients was highly 
consistent with clinical efficacy after surgery.

According to the IHS definition for CEH in 2013,7 

CEH is defined as any headache due to abnormalities in 
the cervical spine or its components (such as bone, disc 
and/or soft tissue), usually but not always accompanied by 
neck pain. This definition is slightly inconsistent with our 
current results. It is possible that previous studies misdiag-
nosed other headaches as CEH.

The pathophysiology of CEH is unknown, but it is 
thought to originate from the pathological changes of the 
upper cervical innervation (C1-C3). The three cervical 
nerves form the basis of referred pain from the upper 
neck to the head, including radiation to the frontal and 
periorbital areas. The trigeminocervical nucleus not only 
receives C1-C3 afferents but also receives the first branch 
of the trigeminal nerve sensory afferents, which indicates 
that it receives second-order neuronal afferents from the 
trigeminal nerve and the upper three cervical nerves. This 
mechanism does not explain why ACDF relieves headache 
at lower cervical spondylosis.4

It is well known that cervical spine is innervated richly 
by sympathetic nerve fibers. Yamada et al29 reported differ-
ent sympathetic nerve distribution patterns in the cervical 
dura and posterior longitudinal ligament. Kiray et al30 and 
Saylam et al31 found that the cervical sympathetic trunk 

Figure 3 Detailed view of postoperative changes in headache neck disability index scores. H0–H5 indicated headache severity index graded on a scale from 0 to 5. Higher 
scores indicate greater degrees of self-related disability.
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consists of a main trunk and 2–4 ganglia located in front of 
the transverse processes. Cervical sympathetic ganglia 
include upper ganglion, middle ganglion, lower ganglion 
and vertebral ganglion. Therefore, we hypothesized that 
compression of the dura mater and the posterior longitudinal 
ligament of the cervical spine might cause sympathetic 
reflex. This activity travels through the ganglia and sympa-
thetic trunk to the cervical complex of the caudal nucleus of 
the trigeminal nerve and subsequently causes headache. For 
patients with cervical spondylosis without compression of 
dura mater and posterior longitudinal ligament, cervical disc 
degeneration may be an important factor causing neck pain, 
and its pathophysiology may be similar to that of lumbar 
discogenic pain. Fujimoto et al32 found that the C5-C6 disc 
at rat was innervated multi-segmentally from neurons of the 
C2-C8 dorsal root ganglions, stellate ganglion (sympathetic 
ganglion), and nodose ganglion (parasympathetic ganglion). 
This animal research may explain the wide-ranging and 
chronic discogenic neck pain that occurs via the somatosen-
sory and autonomic nervous systems in human.

The results of this study may lead to the emergence of 
a new theory of “cervical discogenic headache”. 
Biomechanical data suggest that disc injury induce 
pain.26 Anterior cervical discectomy with fusion or with 
arthroplasty can improve discogenic headache.8 It is not 
clear whether the lower cervical roots also project into the 
trigeminal cervical complex. However, the improvement 
of cervicogenic headache after lower cervical disc surgery 
(C4-C7) has been specifically reported as unilateral or 
bilateral headaches.33,34 In particular, our current study 
found that ACDF can eliminate the neck pain associated 
with cervical spondylosis, but also eliminate headache. 
Previous studies have shown that cervical disc degenera-
tion is an important source of neck pain.35–39 Therefore, 
we believe that inflammation caused by cervical disc 
degeneration stimulates pain receptors in cervical disc, 
leading to neck pain; compression due to herniated disc 
or osteophyte stimulates sympathetic nerves in dura mater 
and posterior longitudinal ligament, inducing sympathetic 
reflexes. These nociceptive and sympathetic nerve excit-
abilities are projected into the trigeminal cervical complex, 
resulting in CEH. Thus, we consider that ACDF can 
improve CEH likely through two mechanisms: removal 
of the degenerated cervical disc and the presence of noci-
ceptors within it, thereby improving neck pain; Release the 
compression of the dura mater and posterior longitudinal 
ligament, thereby eliminating the sympathetic reflex.

Conclusion
Our study found that in patients with severe cervical 
spondylosis who require ACDF, the incidence of CEH is 
30%. Cervical spondylosis patients with CEH are always 
accompanied by neck pain. ACDF can not only relieve 
neck pain but also improve the accompanying CEH. 
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