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Headache Relief Is Maintained 7 Years
After Anterior Cervical Spine Surgery:
Post Hoc Analysis From a Multicenter
Randomized Clinical Trial and
Cervicogenic Headache Hypothesis

Harjot Thind', Dinesh Ramanathan', Julius Ebinu', David Copenhaver?, Kee D. Kim'

'Department of Neurological Surgery, University of California Davis, Sacramento, CA, USA
*Department of Anesthesiology and Pain Medicine, University of California Davis, Sacramento, CA, USA

Objective: To evaluate whether anterior cervical spine surgery offers sustained (7 years) re-
lief in patients with cervicogenic headaches (CGHs), and evaluate the difference between
cervical disc arthroplasty (CDA) and anterior cervical discectomy and fusion (ACDF) for 1
and 2-level surgeries from a multicenter randomized clinical trial.

Methods: A post hoc analysis was performed of 575 patients who underwent one or 2-level
CDA or ACDF for symptomatic cervical spondylosis as part of a prospective randomized
clinical trial. Assessment of pain and functional outcome was done with the Neck Disability
Index (NDI) in the trial. We used the NDI headache component to assess headache outcome.
Results: For both 1- and 2-level CDA and ACDF groups, there was significant headache
improvement from preoperative baseline out to 7 years (p <0.0001). For 1-level surgeries,
headache improvement was similar for both groups at the 7-year point. For 2-level treat-
ment, CDA patients had significantly improved headache scores versus ACDF patients at
the 7-year point (p = 0.016).

Conclusion: The headache improvement noted at early follow-up was sustained over the
long-term period with ACDF and CDA populations. In the case of 2-level operations, CDA
patients demonstrated significantly greater benefit compared to ACDF patients over the
long-term. Sinuvertebral nerve irritation at the unco-vasculo-radicular junction and anteri-
or dura may be the cause of CGH. Therefore, it is possible that improved cervical kinemat-
ics and preservation of range of motion at adjacent uncovertebral joints in CDA may con-
tribute to the observed difference between the groups.

Keywords: Cervicogenic headache, Cervical spine surgery, Cervical vertebrae innervation

headaches.' In addition, it is a significant issue in patients with
cervical radiculopathy or myeloradiculopathy as it occurs in

Cervicogenic headache (CGH) is a common symptom in pa-
tients with cervical spondylosis. The primary clinical feature is
pain radiating from the neck to the frontal, parietal, and/or or-
bital regions of the head. CGH is described as a dull, aching,
nonthrobbing headache which is often unilateral. The preva-
lence of CGH in the general population is estimated to be from
1% to 4%, and it accounts for up to 22% of the patients with

greater than 85% of these patients.>’

Though upper cervical spine pathology was traditionally
thought to be associated with CGH, spondylotic changes in the
lower cervical spine have been shown to be associated with
CGH as well. In the treatment of CGH, outcomes of cervical
disc arthroplasty (CDA) and anterior cervical discectomy and
fusion (ACDF) have been compared, for both single-level and
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2-level operations, with significant improvement in headaches,
both in the immediate postoperative period and over the short-
term postoperative period.”® However, long-term period stud-
ies are lacking in this area. Therefore, we analyzed the 7-year
follow-up data from a prospective randomized clinical trial to
investigate the temporal trend in headache scores after surgery
and to identify any difference between CDA and ACDF patient
populations over the 7-year period. In addition, we also re-
viewed the pathophysiology of CGH and describe a likely
patho-anatomic explanation for CGH resulting from pathology
at the lower cervical spine.

MATERIALS AND METHODS

1. Subjects and Study Design

For the initial investigational device exemption study used
for the post hoc analysis, the patient demographics, full inclu-
sion/exclusion criteria have been reported previously.*® As part
of the aforementioned randomized clinical trial, 575 patients
were randomized in a 2:1 (CDA to ACDF) ratio at 24 approved
clinical sites in the United States of America between April
2006 and March 2008. The primary inclusion criteria were pa-
tients aged 18 to 69 with cervical spine degenerative disc dis-
ease with associated radiculopathy or myeloradiculopathy at 1
or 2 contiguous subaxial cervical (C3-7) levels.’

2. Clinical Outcomes

Assessment of pain and functional outcome in the patient
population was performed with the Neck Disability Index
(NDI). The NDI is a 10-item self-reported questionnaire with
each question scored on a scale from 0 to 5. In our study, the
NDI headache component was used to assess headache out-
come. The NDI headache component response scale was re-
ported as follows: 0, no headaches; 1, slight headaches that oc-
cur infrequently; 2, moderate headaches that occur infrequent-
ly; 3, moderate headaches that occur frequently; 4, severe head-
aches that occur frequently; 5, headaches occurring almost all
the time.

3. Statistical Analysis

A global assessment was performed to compare the mean
headache scores over the entire 7-year study period (inclusive
of all previous time points from 6 months through 84 months).
Global p-values for differences in absolute headache score be-
tween CDA and ACDF with 1- and 2-level operations were cal-
culated using repeated measures, mixed-effects analysis of vari-
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ance (ANOVA), across all postoperative time points. To evalu-
ate the change in outcomes at the 84-month time point, p-val-
ues for differences in improvement from baseline in headache
scores were calculated using repeated measures, mixed effects
ANOVA, adjusted for multiplicity.

ANOVA was used to test the mean improvement across dif-
ferent demographic groups (age, sex, body mass index [BMI])
at 84 months. p-values for categorical endpoints were calculated
using a generalized chi-square or Fisher exact test where appro-
priate. Statistical analyses were performed using SAS ver. 9.4
(SAS Institute, Cary, NC, USA). All patients that were discon-
tinued (e.g., withdrawn, lost-to-follow-up, device removal)
were censored at their last follow-up prior to study withdrawal.

RESULTS

1. Treatment at One Level

At 84 months, NDI headache scores were available for 78.0%
(128) of 1-level CDA patients (total 164) and 70.4% (57) of
1-level ACDF patients (total 81). The distribution of headache
scores at baseline was similar between the CDA and ACDF
groups (p=0.86), with a median headache response of 3 in
both groups (Fig. 1A). At 84 months, the median headache
score was 1 in both the CDA and ACDF groups, and there was
no difference in the distribution of headache scores (p=0.83)
(Fig. 1B). The percentage of patients with a score of 3 or higher
decreased from 53.0% at baseline to 21.1% at 84 months in the
CDA group and from 50.6% to 17.5% in the ACDF group. At
84 months, 16.4% (21 of 128) of 1-level CDA patients had
worse headache scores from baseline compared with 7.0% (4 of
57) of 1-level ACDF patients (Fig. 1C).

The mean headache scores at 84 months remained signifi-
cantly improved from baseline in both the 1-level CDA and
ACDF groups (p < 0.0001). Globally, there was no difference in
headache scores between 1-level CDA and ACDF patients aver-
aged across all follow-up periods (p=0.85) (Fig. 1D). Specifi-
cally, the improvement in NDI headache score was similar be-
tween CDA and ACDF (patients 1.2 vs. 1.1, p=0.94) at the
7-year time point (Table 1).

2. Treatment at 2 Levels

At 84 months, data was available for 81.8% (184) of patients
with 2-level CDA (total 225) and 64.8% (68) of patients with
2-level ACDF (total 105). At baseline, the distribution of head-
ache scores was similar between the 2 groups (p=0.90): the
median headache score at baseline was 3 (frequent moderate
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Fig. 1. (A) The distribution of headache scores at baseline in patients with 1-level cervical disc arthroplasty (CDA) or anterior
cervical discectomy and fusion (ACDF). p-value from chi-square test comparing headache score distribution of CDA vs. ACDE
(B) The distribution of headache scores in 1-level group at 84 months. p-value from chi-square test. (C) The distribution of chan-
ges in headache score from baseline to 84 months in 1-level CDA and ACDE (D) The mean Neck Disability Index (NDI) head-
ache score (+standard error) from baseline to 84-month follow-up in patients with 1-level CDA or ACDE. p-value from repeat-

ed-measures analysis of variance test of CDA vs. ACDE.

Table 1. Mean NDI headache scores and change from base-
line to 7 years

_— NDI headache score
Study ment  Baseline 7 Years Mean At p-value!
7 years*
2-Level CDA 26+16 14+15 1317 0.016
ACDF 25+16 1716 0.6£1.6
1-Level CDA 25+15 13+14 12+1.6 0.94
ACDF 24+16 12+13 1.1£13

Values are presented as mean * standard deviation.

NDI, Neck Disability Index; CDA, cervical disc arthroplasty; ACDE,
anterior cervical discectomy and fusion.

*Mean of differences in headache score between 7 years and baseline
follow-up. *Adjusted p-value for difference in change from baseline
between CDA and ACDF at 7-year follow-up.

headaches) for both CDA and ACDF patients (Fig. 2A). At 84
months, the median headache score was one (infrequent slight
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headaches) in the CDA group and 1.5 in the ACDF group (Fig.
2B). The distribution of headache scores was significantly dif-
ferent between CDA and ACDF patients (p=0.028) at 84
months. The percentage of patients with a score of 3 or higher
(more than frequent moderate headaches) decreased from
55.1% at baseline to 20.1% at 84 months in the CDA group and
from 51.4% to 32.4% in the ACDF group. At 84 months, 12.0%
(22 of 184) of patients with 2-level CDA had worse headache
scores from baseline compared with 22.1% (15 of 68) of 2-level
ACDF patients (Fig. 2C).

The 2-level CDA group demonstrated consistently greater
improvement in headache scores from baseline at all follow-up
periods compared with the ACDF group. As with earlier fol-
low-up periods, the mean headache scores at 84 months re-
mained significantly improved from baseline for both the
2-level CDA and ACDF groups (p <0.0001). Globally, 2-level
CDA patients had significantly lower headache scores than
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Fig. 2. (A) The distribution of headache scores at baseline in patients having 2-level cervical disc arthroplasty (CDA) or anterior
cervical discectomy and fusion (ACDF). p-value from chi-square test comparing headache score distribution of CDA vs. ACDE.
(B) The distribution of headache scores in the 2-level group at 84 months. p-value from chi-square test. (C) The distribution of
changes in headache score from baseline to 84 months in 2-level CDA and ACDE. (D) The mean NDI headache score (+ stan-
dard error) from baseline to 84-month follow-up in patients with two-level CDA or ACDE. p-value from repeated-measures
ANOVA test of CDA vs. ACDE

Table 2. Improvement of NDI headache scores at 84 months in patients with 1- or 2-level treatment stratified by age, sex, and BMI

Mean improvement in headache score

Variable 1-Level 2-Level
No. All patients CDA ACDF No. All patients CDA ACDF

Age (yr)
21-49 136 1.1+£1.6 1.1+17 1.1+14 175 1.1+18 14+18 0.6+1.7
50-67 49 1.1+14 12+15 1.0£12 77 1.0£13 11+£13 08+14
p-value 0.98* 0.64

Sex
Female 97 12+1.6 14+17 1.0+13 135 12+16 1.3+17 09+14
Male 88 1.0+14 09+15 12+13 117 1.0+1.8 1.3+17 02+19
p-value 031 0.28

BMI (kg/m?)
<30 132 1.1+£15 1.1+£1.6 12+13 176 11+17 13+17 0.6+1.7
>30 53 12+15 14+17 0.7+£0.9 76 11+£17 12+17 0715
p-value 0.71 0.82

Values are presented as mean * standard deviation.
NDI, Neck Disability Index; BMI, body mass index; CDA, cervical disc arthroplasty; ACDE, anterior cervical discectomy and fusion.
*Analysis of variance test comparing headache score improvement between age groups, sex, or BMI group.
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2-level ACDF patients averaged across all follow-up periods
(p=0.025) (Fig. 2D). Specifically, the CDA group also had
greater improvement in NDI headache scores than the ACDF
group (1.3 vs. 0.6, p=0.016) at the 7-year time point (Table 1).
In both the 1- and 2-level cohorts, the mean improvement in
headache score was not significantly different between CDA
and ACDF patients stratified by age, sex, and BMI (Table 2).

DISCUSSION

CGH is described as a dull, aching, nonthrobbing, often uni-
lateral pain experienced in the distribution of first trigeminal
branch, generally thought to arise from pathology in the cervi-
cal spine. It may be accompanied by sympathetic symptoms
such as conjunctival injection, runny nose and tinnitus.® Severe
attacks in some patients have been described with “migrainous”
phenomena, such as nausea and vomiting. The headache can
be provoked in most patients by certain movements of the
neck, coughing, sneezing, bowel movements, and/or Valsalva
maneuvers.*” Nearly all patients with CGH tend to have myo-
fascial trigger points on the symptomatic side.'

While there does not appear to be a consistent consensus
among all the headache specialists regarding the definition of
CGH, we found the International Headache Society’s classifica-
tion of headaches (ICHD-3) to be helpful. They note the diag-
nostic criteria of CGH include clinical and/or imaging evidence
of cervical spine disorder and at least 2 of the following charac-
teristics: A, temporal relation of origination of headache with
cervical spine disorder; B, resolution or improvement in cervi-
cal spine disorder correlates with resolution or improvement of
headache; C, headache can be provoked by certain neck move-
ments and/or Valsalva maneuvers; D, headache eliminated after
diagnostic cervical spine injections."

The reported prevalence of CGH varies from one to 4.1% in
the general population.! A recent study in the Japanese popula-
tion using ICHD-3 criteria estimated prevalence of CGH to be
approximately 22% of all headaches."’ Greater than 85% of pa-
tients with cervical radiculopathy or myeloradiculopathy are
noted to have associated CGHs.>* The high prevalence, signifi-
cant morbidity, and decreased quality of life with CGH under-
score the importance of understanding its pathogenesis."

CGH is a distinct entity that needs to be differentiated from
other causes of headache. Chronic paroxysmal headache (CPH)
and C2 neuralgia can closely mimic CGH." Whereas CGH pa-
tients typically have 1 or 2 episodes every day, CPH patients are
differentiated by having usually five to 15 episodes per day, that

https://doi.org/10.14245/ns.2040004.002

are usually amenable to indomethacin treatment.® Separately,
patients suffering from C2 neuralgia typically present with lan-
cinating occipital pain associated with lacrimation and ciliary
injection. The underlying cause of C2 neuralgia is the involve-
ment of the C2 nerve root in inflammation and/or fibrosis in
conditions such as meningioma, neuroma, or anomalous verte-
bral arteries. In addition, greater occipital neuralgia is a clinical
condition characterized by pain in the occipital region, thought
to be mediated through greater occipital nerve entrapment and/
or affliction. However, no conclusive evidence has been found
in favor of that particular theory, and it is now widely consid-
ered to be a referred pain from upper cervical joints. Similarly,
the diagnosis of cervical migraine, also known as Barre-Lieou
Syndrome, was initially attributed to vertebral ischemia medi-
ated by cervical sympathetic nerve compression/stimulation
but was later discredited as it was not supported by experimen-
tal evidence."'® Overall, given the ICHD-3 diagnostic criteria,
the main symptoms, when experienced a by a patient, that should
raise suspicion for CGH are unilateral pain, often in the ipsilat-
eral shoulder diftusely as well, reduced range of motion of the
neck, and pain relieved by anesthetic blocks."”

1. CGH Pathophysiology: Current Understanding

The diagnosis and underlying pathogenesis of CGH have
been a subject of much controversy and speculation.” CGH is
believed to be mediated through the convergence of nocicep-
tive fibers from the upper cervical nerves (C1, C2, and/or C3)
to the trigeminocervical nucleus, leading to referred pain through
the trigeminal afferents. A similar mechanism is postulated in
bifrontal or orbital headaches in patients with posterior fossa
tumors. It is thought that the downward displacement of the
cerebellar tonsils leads to stretching of dorsal C1 rootlets result-
ing in frontal area referred pain through trigeminal convergence."®

Despite this theory, CGH has been clinically noted in patients
with lower cervical spine pathology as well."** While the tri-
geminocervical convergence theory explains the origin of CGH
from the upper cervical spine, it does not provide a direct neu-
roanatomic basis for the causation of CGH from the lower cer-
vical spine. Several hypotheses have been proposed by investi-
gators to explain CGH etiology from the lower cervical spine.
One hypothesis postulates indirect or intermediate mechanisms,
such as abnormalities with muscle tension and kinematics, in
causing CGH.*' Other proposed mechanisms are pain mediat-
ed by limited range of motion due to spondylosis leading to
over mobility of the upper cervical segments or a possible com-
munication between the spinothalamic tract and the trigeminal
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complex.'” However, none of these theories has substantial evi-
dence supporting them, so a prevailing theory for how lower
cervical spine pathology can cause CGH is still lacking.

2. Cervical Spine Innervation- A Review of Anatomy

Paramount to understanding the mechanism of CGH in cer-
vical spondylosis is appreciating the intricacies of the innerva-
tion of the cervical spine. The dura mater and extradural struc-
tures of the cervical spine are innervated by the anterior and
posterior primary rami of that corresponding cervical level’s
nerve root. The posterior primary rami innervate the portions
of the cervical spine dorsal to the vertebral foramen, i.e., the zy-
gohypophyseal joints and the posterior portion of the cervical
vertebrae. The anterior primary rami innervate the portion of
the cervical spine anteromedial to the neural foramen, includ-
ing the intervertebral discs and the anterior dura mater, primar-
ily through the sinuvertebral nerve (SVN).

The SVN was thoroughly detailed in the 1960s by Drs. Edgar
and Nundy? through cadaveric studies, ending several contro-
versial ideas associated with its course and innervation. The

SVN, also known as the ramus meningismus or recurrent men-
ingeal nerve of Luschka, is described as a group of 5 to 6 peri-
vascular filaments with one usually being more prominent than
the other filaments. It originates primarily from the anterior
primary ramus of the cervical nerve root with contributing fi-
bers from the sympathetic trunk in the form of the gray ramus
communicantes (Fig. 3A). At certain levels, it is also joined by
branches from the vertebral nerve, a sympathetic nerve cours-
ing along the vertebral artery.” After its origination, the SVN
travels superomedially in the vertebral foramen, anterior to the
cervical nerve root to enter the spinal canal. The SVN divides
into 3 main branches inside the spinal canal at each segment
(Fig. 3A, B). The superior segment interconnects with the de-
scending branches of the SVN from the superior levels. The
middle branch runs horizontally and innervates the interverte-
bral disc, posterior longitudinal ligament, and the ventral dura
mater. The inferiorly traversing branch extends inferiorly to
join with ascending fibers of the lower segments. At the lateral
recess of the spinal canal, in the extradural space posterior to
the uncovertebral joint, it is closely associated with the rich ve-

Intervertebral
SVN foramen
II Anterior
primary
2 ;ﬂg U ramus
4l
\
o Vertebral nerve,
g artery
Sympathetic
Venous plexus nerve
Horizontal  ©f lateral recess
segment of SVN

Superior branch of SVN

Epidural venous plexus

Descending

branches
of SVN

(5]

Fig. 3. (A) Axial schematic illustration of the cervical spine demonstrating the origin and course of the sinuvertebral nerve
(SVN). The SVN (green) travels from lateral to medial direction, starting outside the vertebral foramen, posterolateral to the un-
covertebral joint, in close anatomic association with the sympathetic and vascular plexus. The rich SVN innervation to the cer-
vical disc is also illustrated. (B) Schematic illustration of the subaxial cervical spine innervation. Demonstrates the longitudinal
course of the SVN branches (green), descending up to 3 levels below and anastomosing with branches at the corresponding lev-
els (as deduced from findings in Edgar and Nundy, 1966).22 Note the close association of the epidural venous plexus, SVN, and

the arterial branches at the foraminal entry zone.
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nous plexus and arterioles. It then crosses over the vasculature
medially, diving into smaller branches to innervate the dura
mater and the intervertebral disc. The SVN also innervates the
cervical dural sheath, predominantly in the ventral aspect ex-
tending up to the dentate ligament laterally.

The small size of the nerve fibers of the SVN and the pres-
ence of naked nerve endings are indicative of its nociceptive
function. Because the inferior branch of the SVN can reach up
to 3 segments below its origin, nociception from the lower cer-
vical segment, as far as C6, can be mediated through the third
cervical nerve, which will eventually project to the trigemino-
cervical nucleus and, thereby, potentially cause CGH. Even
SVN branches from C7 can ascend up to the adjacent level and
mediate nociception through communication with the afore-
mentioned inferior descending SVN branches of C3. It is also
conceivable that SVNs from C1/C2/C3 levels (upper cervical
spine) would innervate their corresponding levels more densely
than the lower cervical spine (C4/C5/C6/C7) through their de-
scending branches. This may be the explanation for the predi-
lection of CGH associated with lower cervical spine pathology
to be less severe than CGH symptoms arising from upper cer-
vical levels.’

In regard to neuroforaminal compression seen in cervical
spondylosis, the entry zone to the foramen is typically much
narrower compared to the exit, thus making it a more likely
source of neural compression and, subsequently, radicular symp-
toms. The ventral border of this foraminal entry zone is formed
by the uncovertebral joint, and the dorsal border is formed by
the medial facet joint. This narrow corridor (dark shaded area,
Fig. 3A) houses the SVN plexus, the cervical vasculature (ante-
rior interior portion of venous ring and the segmental radicular
artery), and the cervical nerve root, forming an unco-vasculo-
radicular (UVR) junction (Fig. 3A, B).

In the pathologically spondylotic cervical spine, the narrow
UVR zone is usually further constricted by intervertebral disc
protrusion and/or a hypertrophied uncovertebral joint. This
can lead to indirect or even direct compression of SVN and
sympathetic neural elements resulting in CGH. Additionally, a
phenomenon most often noted intraoperatively and less so on
radiographic studies, engorgement of the epidural venous plex-
us, which lie in the UVR zone, could lead to SVN compression
and cause CGH. This would be akin to the neurovascular trig-
ger mechanism described in trigeminal neuralgia.

Other possible mechanisms leading to neural compression in
the UVR zone may include stretching of the dura mater due to
cervical kyphotic deformity or segmental cerebrospinal fluid

https://doi.org/10.14245/ns.2040004.002

(CSF) entrapments resulting from central canal stenosis. Since
the dural investment and CSF surrounds the nerve root up un-
til the lateral border of the neural foramen, it is possible that
mechanisms that increase CSF pressure (such as any type of
Valsalva maneuver) can trigger nociception, which is frequently
noted clinically in CGH patients.

While these possibilities can explain the actual headache of
CGH, the autonomic symptoms commonly seen in CGH pa-
tients are not directly accounted for in the above theories. How-
ever, autonomic connections are known to exist between the
cervical plexus and the hypoglossal and vagal nerves through
the C1 and C2 nerve roots. Furthermore, the superior cervical
sympathetic ganglion directly connects with the C1, C2, C3,
and C4 nerve roots through the vertebral nerves. Thus, the irri-
tation of the ventral dural nerve endings and/or impingement
of the cervical nerve roots seen in cervical spondylosis could
aggravate the sympathetic afferents, and explain the autonomic
symptoms frequently seen in association with CGH.

It has also been shown that treating neuroforaminal com-
pression, whether temporarily or more long-term, leads to de-
creased CGH symptoms. In regard to the more temporary
treatment, Bogduk et al.”* showed that in 161 patients undergo-
ing selective nerve root block for cervical radiculopathy, in both
upper and lower cervical spine, 59% patients had a reduction or
complete relief of headache symptoms. A more long-term solu-
tion to neuroforaminal compression is uncoforaminectomy
with foraminal decompression. This has been shown to be ef-
fective in treating CGH symptoms, and the headache relief is
noted to be both immediate and durable in these cases.® Re-
cently, Liu et al.” reported a consecutive series of 34 patients
treated with anterior decompression and fusion, leading to
headache improvement in all patients. Posterior cervical lami-
nectomies have also been shown to provide positive results in
regards to CGH relief and/or reduction (12 of 15 patients, 80%
success rate), specifically in patients with a narrow cervical ca-
nal."” However, the headache relief with a posterior approach is
noted to be less durable than the improvement seen in anterior
approach surgeries.' Though the overall severity of headaches
in patients treated with a posterior approach was reduced sig-
nificantly, a small number of patients who were initially relieved
of headaches had recurrences at 1-year follow-up." Yet, none of
the patients in that study relapsed to severe headaches after
posterior laminectomies.'’ The authors postulated that upright
posture and mobility over time could be the reason for CGH
exacerbation.'” We theorize that performing posterior laminec-
tomy provides an indirect decompression of the UVR zone and
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anterior dura mater. This would explain the overall decrease in
headache severity at early follow-up and recurrence of a low-
grade headache over the long-term.

In contrast, the ACDF and CDA operations provide direct
elimination of the anterior underlying pathogenesis and thus
provide more durable results. Furthermore, it has been shown
that performing an adequate uncoforaminectomy and removal
of the posterior longitudinal ligament are critical to headache
relief with these anterolateral approaches.® An anterior cervical
approach with discectomy provides an additional advantage of
eliminating a potentially concomitant discogenic nociception.

In our 7-year follow-up results, the 2-level CDA group
showed significantly greater improvement in headaches com-
pared to the 2-level ACDF group. Improved kinematics, CSF
flow, and possibly lower stress and less arthropathy at adjacent
segments, in contrast to fusion operations, might contribute to-
wards better outcomes observed with CDA over the long-term.
It will be of interest and value to compare the results between
the 2 groups with even longer follow-up.

3. Study Limitations

This is a post hoc study with inherent limitations from relying
on the headache component of the NDI. Numerical value from
0 to 5 assigned by the patient was used to derive headache scores,
and no further quantification was performed or possible in ret-
rospect. Further details about the headaches such as the charac-
ter, location, and duration were not able to be obtained. Under-
standably, not all headaches that the patients reported were cer-
vicogenic in nature, even though it has been shown that, in pa-
tients with cervical spine disorders, patients with CGH had sig-
nificantly higher NDI scores than compared to patients without
CGH.' However, based on the limitations of the data, we did
assume any headache that improved after cervical spine surgery
was deemed to be CGH. Given the above information, we made
the assumption that other types of headache are distributed even-
ly among the study arms and would not affect the outcomes
substantially. This is, of course, a noteworthy limitation, how-
ever.

The follow-up rates for the groups are also different and the
study was not blinded so patient perception may have also bi-
ased the study. Minimally clinically important difference for NDI
total has been established for patients with radiculopathy to be
about 15 points on the 100-point scale (15% improvement).**
As each NDI component is measured on a 5-point scale, it seems
reasonable to propose that a 1-point difference (20%) in head-
ache score is clinically significant. However, a great precaution
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must be taken in drawing the wrong conclusion: headache should
not be a primary indication for cervical spine surgery.

CONCLUSION

In this study, we showed that the headache improvement, as
noted at early follow-up, was sustained over the long-term (7
years - the longest duration documented to date) with both ACDF
and CDA populations. In the case of 2-level operations, CDA
patients demonstrated greater benefit compared to ACDF pa-
tients over the long-term. Improved cervical kinematics and
preservation of range of motion with favorable mechanics at
adjacent uncovertebral joints in case of CDA may contribute to
the observed difference between the CDA and the ACDF groups.
The nociception in CGH due to spondylosis may likely be me-
diated by neurovascular triggers arising from congestion in the
unco-vasculo-radicular region and/or the anterior cervical dura
mater. Irritation of the SVN may play a key role in CGH.
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