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OBJECTIVE  Headache is a common complaint associated with cervical spondylotic myelopathy (CSM), presenting 
in more than one-third of patients. Surgical treatment of CSM has been linked to improved headache symptoms. The 
etiology of headache associated with subaxial cervical spine disorders is not well understood, nor is the mechanism of 
surgery in relieving symptom intensity. The authors hypothesized that surgical treatment of CSM has a positive impact 
on patients with headache symptoms, and that anterior cervical discectomy and fusion (ACDF) provides simpler access 
to foraminal decompression without disruption of posterior myofascial planes and thus could better relieve cervicogenic 
headache symptoms than a posterior approach. The present study seeks to compare the effect of posterior versus 
anterior approaches on headache symptom relief in patients with CSM.
METHODS  The authors conducted a post hoc analysis of prospectively collected data from the 14-site Spine CORe™ 
study group using their data from the cervical module of the Quality Outcomes Database (QOD). Patients who under-
went cervical surgery via ACDF or posterior cervical laminectomy and fusion (PCLF) to treat CSM were included and 
reviewed. The primary outcome of Neck Disability Index (NDI) headache scores (Likert scale 0–5) were collected at 
baseline and at 3, 12, 24, and 60 months postoperatively. Patients with a minimum preoperative headache score of 1 at 
baseline were included in the analysis.
RESULTS  Of a total of 1085 patients in the QOD database, 697 with CSM and 5-year follow-up data endorsed head-
ache preoperatively, with a median NDI headache score of 2 and a mean NDI headache score of 2.4 at baseline. The 
mean patient age was 58.6 (SD 11.5) years, 490 (70.3%) had concurrent neck pain and 251 (36.0%) had concurrent 
C2 (n = 3, 0.4%), C3 (n = 107, 15.4%), or C4 (n = 141, 20.2%) radiculopathy. Four hundred nineteen patients (60.1%) 
underwent ACDF, 119 (17.1%) underwent PCLF, with the remaining 159 (22.8%) undergoing anterior decompressions 
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Headache is a common and debilitating symptom 
associated with cervical spondylotic myelopathy 
(CSM), presenting in more than one-third of pa-

tients.1,2 While anatomical mechanisms of cervicogenic 
headache (CEH) have been described for upper cervical 
lesions, the etiology of headache in lower cervical spine 
disorders is less well understood and the mechanism of 
surgery on relieving symptom intensity is not fully clear.3,4 
This phenomenon is complicated by the presence of con-
comitant radiculopathy in some patients, which may cause 
headache by a separate mechanism.4,5 CEH is likely mul-
tifactorial, caused by a combination of myofascial strain, 
primary skeletal alignment and joint inflammatory cas-
cades, radiculitis, and a possible CNS pathway. Despite 
headache being a common presenting symptom, the effect 
of surgery for CSM on CEH has not been well explored. 
The most common surgical techniques for CSM are an-
terior cervical discectomy and fusion (ACDF) and poste-
rior cervical laminectomy and fusion (PCLF).6,7 These 2 
approaches have offered similar surgical and functional 
outcomes for the treatment of CSM, including in a ran-
domized controlled trial, but have not been compared for 
headache relief.7–14 We hypothesized that surgical treat-
ment of CSM is effective in improving headache symp-
toms. Secondarily, we hypothesized that ACDF provides 
simpler access to foraminal decompression without dis-
ruption of posterior myofascial planes and would possibly 
be a superior method over PCLF in relieving headache 
symptoms. The purpose of this study was to determine the 
effect of surgical approaches on headache symptom relief 
in patients with CSM and to compare ACDF and PCLF 
approaches with respect to headache outcomes.

Methods
Participants and Inclusion Criteria

We conducted a post hoc analysis of prospectively col-
lected data for patients who underwent surgery for CSM in 
the 14-site Spine CORe™ study group. Inclusion criteria 
comprised patients with a minimum headache score great-
er than zero on the Neck Disability Index (NDI) at base-
line who underwent cervical surgery via ACDF or PCLF 
for symptoms of CSM in the Quality Outcomes Database 
(QOD) CSM module with a minimum of 5 years of follow-

up. Because this study involved retrospective analysis of 
de-identified data, it was exempt from IRB approval.

Data Collection
Demographic variables of age and surgical technique 

(ACDF or PCLF) were collected for summary reporting. 
The primary outcome variable of headache intensity was 
recorded in the database as patient-reported headache 
scores from the NDI collected during clinic visits preop-
eratively and 3, 12, 24, and 60 months postoperatively. The 
headache scores were measured at clinic visits on a Likert 
scale of 0–5, with 5 being maximum intensity. The NDI 
is the most common patient-reported outcome measure 
used in cervical surgery, consisting of 10 outcome sections 
scored via Likert scales ranging from 0 to 5, in which a 
higher number indicates worsening severity.15

Statistical Analysis
Summary data of age, race, sex, headache scores at each 

time point, and surgical technique (ACDF or PCLF) were 
reported for all participants. Summary data were sepa-
rately reported by surgical technique. Kruskal-Wallis test-
ing was used to evaluate differences in symptom intensity 
at any time point pre- and postoperatively. Mann-Whitney 
U-testing was also used to compare headache intensities 
at preoperative baseline and at each postoperative time 
point relative to baseline between patients who underwent 
ACDF and those who received PCLF. Mann-Whitney U-
testing was also used to compare headache intensity by 
patients with myelopathy only versus those experiencing 
myelopathy with a radiculopathy component at preopera-
tive baseline and at each postoperative time point relative 
to baseline. Linear regression evaluated the effect of age 
> 65 years on symptom relief. Complete case analysis was 
used to address missing data. To reduce type I error, a 
Bonferroni correction was applied, with an adjusted sig-
nificance threshold of p = 0.005.16

Results
Baseline Characteristics

One thousand eighty-five patients with CSM underwent 
cervical surgery, 895 (82.5%) of whom had 5-year postop-
erative follow-up data. Of the 1085 patients, 106 died be-

without fusion, laminoplasties, laminectomies, foraminotomies, or a combination of nonfusion decompression proce-
dures. Postoperative headache intensities were lower than baseline intensities (Kruskal-Wallis test = 373, p < 0.0001) by 
a median of 1 point. By the end of the 5-year follow up, 365 (87.1%) of the ACDF patients and 99 (83.2%) of the PCLF 
patients experienced at least some headache relief (χ2 = 0.49, p = 0.48), defined by ≥ 1-point ordinal scale improvement 
of the headache score. Furthermore, 201 (48%) ACDF and 42 (35.3%) PCLF patients experienced full headache relief 
(χ2 = 6.01, p = 0.01), defined as a decrease to a score of zero postoperatively. There was no effect of age (β = 0.5221, p 
= 0.32), concurrent neck pain (U = 46476, p = 0.56), or C2–4 radiculopathy (U = 24682, p = 0.98) on headache relief by 
the end of follow-up.
CONCLUSIONS  Surgical treatment of CSM improved symptom intensity in patients experiencing preoperative head-
ache. ACDF and PCLF were equally effective in relieving headache at 3–60 months postoperatively. Postoperative 
headache relief was not affected by surgical approach, age, concurrent neck pain, or concurrent C2–4 radiculopathy.
https://thejns.org/doi/abs/10.3171/2025.12.FOCUS25934
KEYWORDS  cervical spondylotic myelopathy; anterior cervical discectomy and fusion; posterior cervical laminectomy 
and fusion; headache
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fore the 5-year postoperative window of unrelated causes 
and 793 had 5-year postoperative NDI scores. Notably, an 
additional 4 patients died after their 5-year NDI scores 
were collected. Of the patients with follow-up data, 697 
endorsed headache with a median NDI headache score of 
2 and a mean NDI headache score of 2.4 at baseline. With-
in the headache population, the mean age was 58.6 (SD 
11.5) years. Of the 697 patients, 490 had concurrent neck 
pain, and 251 had concurrent C2 (n = 3), C3 (n = 107), or 
C4 (n = 141) radiculopathy. Of the 697 patients, 419 under-
went ACDF and 119 underwent PCLF, with the remaining 
159 (22.8%) undergoing anterior decompressions without 
fusion, laminoplasties, laminectomies, foraminotomies, 
or a combination of nonfusion decompression procedures. 
Baseline characteristics (Table 1) between the ACDF and 
PCLF groups differed slightly in age and levels fused but 
not in concurrent radiculopathy or neck pain. 

Postoperative Headache Intensities
Postoperative headache intensities were significantly 

lower than baseline intensities (Kruskal-Wallis test = 373, 
p < 0.0001) by a median of 1 headache point (Table 2). For 
the ACDF group, the median headache score was 1 point 
at the 3-, 12-, 24-, and 60-month follow-ups. For PCLF, 
the median headache score was 2 points at baseline and 1 
point at the 3-, 12-, 24-, and 60-month follow-ups (Table 
2). Baseline headache score (median = 2) did not signifi-
cantly differ between ACDF and PCLF (U = 23883, p = 
0.61; Fig. 1). 

Headache Relief Factors
Headache relief score did not differ between ACDF 

and PCLF at any time point, with each approach provid-
ing a median of 1 point relief at 3 (U = 28551, p = 0.88), 
12 (U = 27342, p = 0.57), 24 (U = 28053, p = 0.50), and 60 
months (U = 24682, p = 0.98; Fig. 2) follow-up. There was 
no effect of concomitant radiculopathy on headache inten-
sity at baseline (U = 54964, p = 0.14) or at 3 (U = 40225, 
p = 0.86), 12 (U = 28452, p = 0.28), 24 (U = 37234, p = 
0.26), or 60 months (U = 24682, p = 0.98) follow-up. There 
was no effect of age on headache relief at baseline (β = 
−0.3610, p = 0.43) or at 3 (β = −0.7676, p = 0.14), 12 (β = 
−0.9801, p = 0.07), 24 (β = 0.3221, p = 0.52), or 60 months 
(β = 0.5221, p = 0.32) postoperatively. There was no ef-
fect of concomitant neck pain on headache relief at 3 (U = 
45613, p = 0.33), 12 (U = 47806, p = 0.99), 24 (U = 46788, 
p = 0.65), or 60 months (U = 46476, p = 0.56; Table 3) 
follow-up. By the end of the 5-year follow-up, 365 (87.1%) 
of ACDF patients and 99 (83.2%) of PCLF patients expe-
rienced at least some headache relief (χ2 = 0.49, p = 0.48), 
defined as ≥ 1 ordinal point improvement on the Likert 
scale. In the same population, 48% (n = 201) of ACDF and 

TABLE 1. Demographic data

Variable ACDF PCLF Test Statistical Value p Value

Sample size, n 419 119 NA NA NA
Mean age (SD), yrs 57.9 (11.6) 62 (10.2) t-test −3.75 0.00023
Females, n (%) 229 (54.7) 68 (57.1) Chi-square 0.23 0.63
Mean BMI (SD) 30.5 (6.8) 30.2 (7.0) t-test 0.415 0.68
Current smoker, n (%) 98 (23.4) 21 (17.6) Chi-square 1.774 0.18
Prior cervical surgery, n (%) 0 (0) 0 (0) Fisher exact 0 >0.99
Concurrent C2–4 radiculopathy, n (%) 182 (43.4) 43 (36.1) Chi-square 2.03 0.15
Concurrent neck pain, n (%) 358 (85.4) 95 (79.8) Chi-square 2.19 0.14
Median baseline NDI headache score (IQR) 2 (1–3) 2 (1–3) Mann-Whitney 23,883 0.61
Mean baseline NDI headache score (SD) 2.4 (1.3) 2.5 (1.5) t-test −0.66 0.51
Median no. of levels fused (IQR) 2 (1–3) 3 (2–4) Mann-Whitney 7069 <0.0001

NA = not applicable.
Boldface type indicates statistical significance.

TABLE 2. Reduction in headache score by surgical approach

Follow-Up
ACDF Cohort PCLF Cohort

Median (IQR) Mean (SD) Median (IQR) Mean (SD)

3 mos 1 (1) 1.5 (1.8) 1 (1) 1.5 (1.6)
12 mos 1 (1) 1.4 (1.9) 1 (1) 1.5 (2.0)
24 mos 1 (1) 1.3 (1.8) 1 (1) 1.5 (1.8)
60 mos 1 (1) 1.6 (1.8) 1 (1) 1.6 (1.9)

FIG. 1. Bar graph of the preoperative NDI headache score according 
to surgical approach. The median preoperative headache score did not 
differ between the ACDF (anterior) and PCLF (posterior) groups.
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35.3% (n = 42) of PCLF patients experienced full head-
ache relief (χ2 = 6.01, p = 0.01), defined as a decrease in the 
Likert scale to a score of zero.

Discussion
The optimal surgical approach for treating CSM with 

respect to patient outcomes is a subject of debate. Some re-
searchers have argued that ACDF surgery yields superior 
outcomes in terms of quality of life, pain reduction, and 
lower reoperation rates compared to PCLF.8,17,18 One re-
cent randomized controlled trial demonstrated significant 
improvements in postoperative functional outcomes using 
the anterior approach.14 However, shortly after, this study 
was challenged by the Cervical Spondylotic Myelopathy 
Surgical (CSM-S) trial, which suggested that both surgi-
cal approaches yield comparable postoperative functional 
outcomes.9 Other investigations have supported each ap-
proach yielding similar outcomes in improving neck 
pain,19,20 the NDI,8–11,21–23 36-Item Short-Form Health Sur-
vey Physical Component Summary (SF-36 PCS) score,8–11 
modified Japanese Orthopaedic Association (mJOA) 
score,8–10,22,24 visual analog scale (VAS) score,11,14,25,26 and 
EQ-5D.7–11 Approach selection thus remains the surgeon’s 
choice, with anterior approaches being the most common 
and posterior approaches generally offered for older pa-
tients presenting with worse systemic disease, increased 

FIG. 2. Line graph showing the reduction in mean NDI headache score 
for each group. The mean and median reduction in NDI headache score 
did not significantly differ between the anterior (ACDF) and posterior 
(PCLF) approaches at each time point postoperatively. Error bars 
represent 95% CIs.

TABLE 3. Comparing headache relief by surgical approach, concurrent neck pain, concurrent 
radiculopathy, and age

Hypothesis Test Statistical Value p Value

Any headache relief from surgery Kruskal-Wallis 373 <0.0001
Postop ACDF vs PCLF headache relief
  3 mos Mann-Whitney 28551 0.88
  12 mos Mann-Whitney 27342 0.57
  24 mos Mann-Whitney 28053 0.50
  60 mos Mann-Whitney 24682 0.98
Myelopathy vs myeloradiculopathy headache intensity
  Baseline Mann-Whitney 54964 0.14
  3 mos Mann-Whitney 40225 0.86
  12 mos Mann-Whitney 28452 0.28
  24 mos Mann-Whitney 37234 0.26
  60 mos Mann-Whitney 24682 0.98
Effect of age on headache relief
  Baseline Multiple regression β = −0.3610 0.43
  3 mos Multiple regression β = −0.7676 0.14
  12 mos Multiple regression β = −0.9801 0.07
  24 mos Multiple regression β = 0.3221 0.52
  60 mos Multiple regression β = 0.5221 0.32
Effect of neck pain on headache relief
  3 mos Multiple regression 45613 0.33
  12 mos Multiple regression 47806 0.99
  24 mos Multiple regression 46788 0.65
  60 mos Multiple regression 46476 0.56

Boldface type indicates statistical significance.
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myelopathy, and greater levels of stenosis.27 Consequently, 
the debate regarding optimal surgical approach for CSM 
remains ongoing.

The question of headache is one that has not been ex-
plored previously in comparisons of anterior and posterior 
surgical approaches to CSM. CEH is a headache syndrome 
characterized by lateralized, nonthrobbing pain believed 
to arise from nociceptive sources within the cervical 
spine.3 This headache type accounts for approximately 
15%–20% of cases of chronic headaches and manifests as 
a chronic and recurrent headache that intensifies following 
neck movements, generally accompanied by a reduction in 
range of motion, with rarer symptoms including migraine-
like features such as nausea, photophobia, and phonopho-
bia.2 The etiology of CEH is believed to arise by trigemi-
nocervical convergence mechanisms at the trigeminal 
nucleus caudalis at the C1–3 level.1 Structural compromise 
can stimulate this nucleus, giving rise to pain symptoms 
localized in the neck, suboccipital region, and notably, the 
territory of the first branch of the trigeminal nerve.3 This 
hypothesis is supported by pain relief arising from block-
ing cervical roots.5 However, CEH in myelopathic patients 
can occur with disease below the C1–3 level, suggesting 
that the current explanation is incomplete, with possible 
intermediate mechanisms.28,29 Furthermore, cervical my-
elopathy commonly coexists with cervical spine degen-
eration, further complicating headache etiology through 
mechanisms such as foraminal stenosis, facet degenera-
tion, myofascial strain, or cervical deformity.

This investigation used the multicenter QOD to explore 
the question of how surgical approach affects headache. 
The QOD is a multisurgeon, multi-institutional repository 
of patients with myelopathy that has facilitated numer-
ous nuanced explorations of surgical treatment for CSM, 
including demographic considerations,30–36 surgical plan-
ning,19,23,37,38 and a diverse range of investigations of func-
tional outcomes.20,39–48 These data showed that anterior 
and posterior approaches to cervical decompression and 
fusion in patients with myelopathy offered similar relief 
for headache both at an uncorrected significance thresh-
old value of p < 0.05 and a Bonferroni corrected value. 
Furthermore, the presence of a radiculopathy component, 
and even specifically C2–4 radiculopathy, did not affect 
how much relief was experienced as a function of surgery. 
Importantly, it is not likely that patients confounded neck 
pain relief with headache relief, as the degree of headache 
improvement after surgery was not associated with preop-
erative neck pain. These findings support the hypothesis 
that the source of the headache syndrome associated with 
CSM is possibly a central neuropathic source.1,28,29 Further 
investigation is needed to elucidate a unifying anatomical 
mechanism, but what is clear is that relief of headache can 
be accomplished equivalently by anterior or posterior ap-
proaches. This information will benefit surgical planning 
and supports the consensus of individualized and holistic 
decision-making on a case-by-case basis when selecting 
approaches.

Limitations of the Study
The limitations of the study are its design as a post hoc 

review, which prevented randomization of the cohorts, 

and the potential loss of granularity associated with using 
a 0–5 Likert scale. Furthermore, the NDI headache sub-
scale, while validated, does not have the granularity to dis-
tinguish between different qualitative types of headache 
and it is strictly quantitative in nature. Additionally, the 
use of complete case analysis reduced the study’s power 
as there was approximately 20% loss of follow-up by the 
time of the 60-month appointment, although given that 
80% of participants were able to complete 5-year follow-
up, the data do still provide meaningful insight. Bonfer-
roni correction also reduced the power to minimize type 
II error, although it should be noted that the techniques did 
not differ in headache outcomes even at an uncorrected 
significance threshold of p = 0.05. Radiographic data, such 
as rates of lordosis correction and arthrodesis, were not 
collected, serving as potential confounds. Comparison to 
nonfusion treatments such as laminectomy (without fu-
sion) or laminoplasty could not be performed due to the 
relative infrequency of these techniques used in the da-
tabase and the use of multiple nonfusion techniques used 
simultaneously at low frequencies. Future study should 
involve prospective, randomized comparisons.

Conclusions
Patients with CSM in the QOD cohort showed a preva-

lence of headache similar to rates in the established lit-
erature. Surgical treatment of CSM provided durable 
improvement of headache symptoms in those who expe-
rienced headache preoperatively. Both ACDF and PCLF 
were equally effective in relieving headache at 3–60 
months postoperatively, and this relief was not affected by 
the presence of concurrent neck pain, radiculopathy, or pa-
tient age. These data support the emerging consensus that 
anterior and posterior approaches offer similar long-term 
functional outcomes for patients with myelopathy. Further 
study is needed to elucidate the mechanism of CEH in pa-
tients with CSM.
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