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Abstract
Objectives  Cervical artery dissection (CeAD) has been proposed as a sequela of spinal manipulative therapy (SMT), 
however, protopathic bias arising from care-seeking for CeAD symptoms (e.g., neck pain/headache) may overestimate 
observed associations. Among adults experiencing new neck pain/headache, we tested the null hypothesis of no 
significant CeAD risk within 30 days following SMT compared to matched ibuprofen-prescribed controls.

Methods  We searched United States TriNetX Linked health records/claims data (2010–2025) for adults seeking care 
for new episodes of neck pain/headache receiving (1) chiropractor-administered cervical SMT or (2) outpatient visit 
with ibuprofen prescription, excluding those with previous cerebrovascular disease and/or CeAD, using propensity 
matching to minimize confounding. We examined the risk ratio (RR) of CeAD (primary outcome), exploring 
cumulative incidence, CeAD subtypes, absolute risk difference (RD), and negative control outcomes.

Results  After matching, there were 431,492 patients per cohort. In the SMT cohort, compared with the ibuprofen 
cohort, CeAD risk was lower while RD was minimal [95% CI] (RR = 0.53 [0.35, 0.83]; RD=-6.3 [-10.8, -2.0] events 
per 100,000 patients; P = 0.004). Carotid artery dissection risk was lower; vertebral artery dissection risk was not 
significantly different. Data quality supported balanced confounders and minimal follow-up loss (< 3%). Negative 
control outcomes were partially balanced.

Conclusions  This study found no evidence of an increased risk of CeAD after chiropractor-administered cervical SMT 
compared with ibuprofen prescription in adults seeking care for new episodes of neck pain or headache. Despite the 
rarity of these events, all clinicians, including chiropractors, should maintain vigilance for CeAD symptoms. Additional 
multidisciplinary research is warranted to further address potential confounding and examine patient subgroups (e.g., 
migraine) and stroke.
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Introduction
Cervical artery dissection (CeAD) is characterized by a 
tear in the intimal layer of the vertebral or carotid arte-
rial wall and development of associated intraluminal 
hematoma and subsequent thrombus, and may result 
in embolic stroke [1]. In the general population, the 
incidence of CeAD has been estimated at 4.7 (95% CI, 
3.9–5.5) per 100,000 person-years between 2002 and 
2020, with rates increasing from 2.3 (95% CI: 1.1–3.5) 
per 100,000 person-years during 2002–2006 to 8.9 (95% 
CI: 6.5–11.3) during 2017–2020 [2]. Initial case series 
suggested that CeAD may rarely occur soon after spi-
nal manipulative therapy (SMT) [3], a treatment com-
monly used by chiropractors and other clinicians to 
treat neck pain and headache [4]. While a recent meta-
analysis found no significant association between SMT 
and CeAD, the compiled evidence was very low certainty, 
being hindered by risk of bias, inconsistency, indirect-
ness, and imprecision [5].

Some researchers have proposed that the thrust and/or 
positioning used in cervical SMT may injure the cervical 
arteries [6]. However, supporting mechanistic evidence is 
limited. One cadaver-based study found that the vertebral 
artery elongates without stretch during SMT [7]. Other 
studies found no changes in carotid or vertebral arterial 
blood flow following cervical SMT in healthy volunteers 
or individuals with chronic nonspecific neck pain [8–10]. 
However, evidence from routine clinical populations is 
needed, considering patients may have comorbidities or 
pre-existing but undiagnosed CeAD not represented in 
these studies.

Although certain case-control and case-crossover 
studies have found a positive association between SMT 
and CeAD [11–14], these findings may be explained by 
patients seeking SMT for neck pain or headache resulting 
from a pre-existing CeAD. These methodological biases 
have been described as protopathic bias, confounding 
by indication, and reverse causation [13, 15–17]. Neck 
pain and headache are common reasons for seeking chi-
ropractic care [4], and also common symptoms of CeAD 
[18, 19].

Interpretation of previous research is further compli-
cated by methodological considerations. Certain case-
control studies which identified a positive association 
between SMT and CeAD evaluated SMT as one among 
many potential risk factors rather than as the primary 
exposure of interest [11, 20, 21]. This may increase type 
I error, reduce events-per-variable, and necessitate inclu-
sion of a broader, more heterogeneous sample. Further, 
these studies used hospitalized stroke patients as com-
parators, who typically had a higher prevalence of tra-
ditional vascular comorbidities such as hypertension, 
and therefore may have been less likely to receive SMT, 
potentially augmenting the observed SMT-CeAD risk 

association [22–24]. This comparator choice is recog-
nized to influence CeAD associations [5], which is poten-
tially explained by the divergent risk factors between 
CeAD and stroke [25].

While numerous studies have investigated vascular 
events following SMT, prior research has not uniformly 
isolated CeAD as an independent outcome. Multiple 
studies used composite outcomes of CeAD, arterial 
occlusion or injury, and stroke [17, 20, 26–28], hindering 
risk assessment for CeAD versus other vascular events 
[15, 29]. Only 56% of CeADs result in stroke [30]. CeAD 
has distinct risk factors compared to stroke [31], being 
more associated with younger age, migraines, minor 
trauma, and less with traditional atherosclerotic or car-
diovascular risk factors [11, 21, 31]. Given the limited 
certainty regarding SMT and CeAD, additional robust 
studies are needed [5, 15].

This retrospective cohort study examined the associa-
tion between SMT and CeAD in adults treated for new 
neck pain and/or headache over a one-month follow-
up. We tested the null hypothesis of no significant asso-
ciation between SMT and CeAD compared to matched 
controls receiving ibuprofen, a nonsteroidal anti-inflam-
matory drug (NSAID) commonly prescribed for neck 
pain and/or headache. Secondarily, we explored cumula-
tive incidence of CeAD and risk of CeAD subtypes.

Methods
Study design
This study adhered to a registered protocol [32]. Ana-
lytic additions beyond the protocol included reporting 
of absolute risk differences, E-values, hazard ratios, and 
a description of between-cohort crossover during follow-
up, each included to aid interpretation or address peer 
reviewer comments. We included patients meeting eli-
gibility criteria spanning 2010 to 2025, 15 years to one 
month prior to the query date of September 11, 2025, in a 
longitudinal retrospective analysis. Inpatient and outpa-
tient data were sourced from the United States TriNetX 
Linked Network (TriNetX, LLC, Cambridge, MA, US), a 
resource linking electronic health records with medical 
claims, pharmacy claims, cancer registries, and mortality 
data [33–35], with 19,679,930 unique patients. Data are 
de-identified and compliant with the Health Insurance 
Portability and Accountability Act. The network includes 
closed claims from over 100 US payers, including com-
mercial insurers, Medicare Advantage, and Medicaid, 
and medical records from 22 large and/or academic US 
healthcare organizations. Internal validation studies have 
demonstrated 99% precision in patient linkage across 
datasets [33, 36]. Clinical and billing data include demo-
graphics, diagnoses, procedures, medications, and lab 
results, and are coded using International Classification 
of Diseases, 10th Revision (ICD-10), Current Procedural 
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Terminology (CPT), Veterans Affairs National Drug 
File (VA), and other nomenclatures. ICD-10 codes are 
automatically interconverted to ICD 9th Revision codes 
by TriNetX for older records as needed, using General 
Equivalence Mappings. Researchers can query cohorts 
and analyze outcomes within the online TriNetX plat-
form. TriNetX Linked does not transform dates of ser-
vice or use date-shifting. Patients with gaps in insurance 
coverage remain represented in the dataset. Although 
comparative data completeness metrics are unavailable, 
linked health records and claims generally have better 
event capture than either source alone [37]. 

The University Hospitals Institutional Review Board 
(IRB; Cleveland, OH, US) considers studies using de-
identified data from the online TriNetX platform ‘Not 
Human Subjects Research’ thereby exempting the present 
study from IRB review and waiving the need for consent.

Participants
Eligibility criteria
We included adults at least age 18 years with a new epi-
sode of neck pain or headache, divided into two cohorts 
based on initial treatment. Each eligible patient was 
included only once, with the first qualifying index event 
defining cohort assignment. The SMT cohort included 
patients treated with chiropractor-administered SMT 
(CPT: 98940, 98941, 98942) plus a diagnosis indicating 
segmental dysfunction of the cervical spine (ICD-10: 
M99.01), aiming to capture cervical SMT based on typi-
cal procedure/diagnosis pairing. The control cohort was 
patients treated with ibuprofen prescription (RxNorm: 
5640). Neck pain and headache diagnoses included 
symptom-based codes, and common or prevalent neck 
pain and headache conditions [38, 39] (Supplemental 
Table S1). We focused on SMT administered by chiro-
practors given the specificity of its CPT codes [40], exclu-
sivity to treatment of the spine, and adequate sample 
size. We avoided codes describing osteopathic manipu-
lation and manual therapy techniques, which are not 
necessarily specific to the spine or representative of joint 
manipulation [41, 42]. Further, the patient populations 
and techniques associated with osteopathic care may 
differ in ways that would require separate study design 
considerations.

We required individuals receiving ibuprofen prescrip-
tion to be seen in an outpatient setting (CPT: 1013626 or 
visit: ambulatory) on the same date as the prescription. 
This aimed to ensure comparable patient complexity con-
sidering chiropractors practice in outpatient settings. 
NSAIDs are one of most commonly prescribed medica-
tions for neck pain [43] and headache [44]. Ibuprofen is 
a commonly used NSAID, inexpensive, and often pre-
scribed in ambulatory settings, thereby making it a use-
ful active comparator. Although prolonged or high-dose 

NSAID use, including ibuprofen, has been associated 
with increased cardiovascular thrombotic risk, including 
ischemic stroke [45], these outcomes are mechanistically 
distinct from CeAD. NSAID or ibuprofen exposure has 
not been identified as an established risk factor for CeAD 
in contemporary reviews [5, 46], and studies have found 
no significant association between ibuprofen and cere-
brovascular events up to four weeks after prescription 
[47, 48]. Ibuprofen prescription was therefore considered 
a clinically relevant active comparator for the exposure of 
interest (i.e., SMT), although prior or over-the-counter 
use, medication non-adherence, and an unrecognized 
CeAD-specific association could not be definitively 
excluded. Both ibuprofen and cervical SMT are not indi-
cated for treatment of acute cerebrovascular events [16, 
49–52]. Accordingly, our design aimed to standardize ini-
tial encounters to those where clinicians did not suspect 
acute cerebrovascular events.

We required patients to have a preceding healthcare 
visit of any kind between one day and two years prior 
to the index visit, to improve data completeness. We 
excluded individuals with any history of cerebrovascular 
disease (e.g., stroke and related conditions), CeAD or cer-
vical artery surgery, serious spinal pathology, and those 
with emergency care in the preceding two weeks, con-
sidering CeAD may be missed among individuals with 
neck pain or headache [53]. We also excluded those with 
recent anterior neck surgery, spine surgery, critical care, 
or inpatient care (i.e., in the preceding two weeks) [18]. 
To help define new episodes of care for neck pain/head-
ache, we excluded patients with any of the eligible neck 
pain or headache diagnosis codes in the 30 days preced-
ing the index date [54]. Eligibility criteria and the corre-
sponding time windows for exclusions are summarized in 
Supplemental Figure S1 and Table S2.

Variables
We implemented propensity score matching to balance 
confounding variables with known associations with 
CeAD including demographics, comorbidities, medica-
tions, and inpatient and emergency visits and cardiology 
procedures to account for patient complexity (Figure S2; 
Table S3), using a continuous one-year lookback period 
preceding the index date for covariate data. Accordingly, 
covariates were eligible if recorded at any point during 
the 365 days immediately prior to the index date, while 
age (specifically “age at index”) was determined on the 
index date itself. To minimize time-related bias from 
increasing incidence/diagnosis of CeAD [2], we matched 
patients by age at index date and current age, to balance 
age distributions and years of exposure.
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administration, or imaging procedures were considered 
but excluded due to anticipated low event counts, overlap 
with cerebrovascular diagnostic workup, and a hard limit 
of outcomes allowed by TriNetX software.

We explored mean counts of SMT visits and ibupro-
fen prescriptions, and receipt of physical therapy evalu-
ation (CPT: 1029677; encompassing initial evaluations of 
low, moderate, and high complexity and re-evaluations 
[97161–97164]) as a marker of related musculoskeletal 
care-seeking during follow-up to further assess cohort 
comparability. Study outcomes are detailed in Supple-
mental Table S4.

Statistical methods
Propensity matching was conducted using the online Tri-
NetX platform, with 1:1 greedy nearest-neighbor match-
ing and caliper of 0.1 pooled standard deviations. We 
assessed covariate balance using standardized mean dif-
ference (SMD) using a threshold of > 0.1 for imbalance 
[70]. We reported mean and median duration of follow-
up in days, and proportion of patients having complete 
follow-up. The primary outcome was RR for CeAD, 
with RRs calculated from contingency tables. We added 
absolute risk difference to align with sample size calcu-
lation and facilitate interpretation, using the Miettinen 
and Nurminen method via DescTools [71], and E-value 
analysis to evaluate unmeasured confounding (Table 
S5). Chi-square tests were used for P-values. We plot-
ted propensity score density, covariate balance, and total 
and cumulative incidences with 95% confidence intervals 
(CI) using R (version 4.2.2, Vienna, AT [72]) and ggplot2 
[73]. As the TriNetX platform returns aggregate rather 
than patient-level data, formal imputation of missing val-
ues was not feasible. Data completeness was addressed 
through eligibility criteria, and described through demo-
graphics and other data quality assessments.

Follow-up care metrics were explored over the same 
30-day window as largely pre-specified data quality indi-
cators, later bolstered by crossover metrics, to overall 
provide insight into exposure dose, care-seeking patterns, 
and between-cohort comparability, and were interpreted 
using contemporary real-world observational literature 
and clinical practice guideline recommendations.

As a post hoc analysis, time-to-event outcomes were 
explored in the propensity score-matched cohorts using 
Kaplan-Meier methods and Cox proportional hazards 
modeling within the TriNetX platform (R Survival pack-
age version 3.2-3). Hazard ratios (HRs) with 95% confi-
dence intervals were estimated, and the proportional 
hazards assumption was evaluated using Schoenfeld 
residual-based tests, with P > 0.05 interpreted as consis-
tent with proportional hazards. For time-to-event analy-
ses, patients contributed available clinical data for up to 
30 days after the index event. Patients were censored the 

Primary outcome
We ascertained a composite of diagnoses of CeAD (ICD-
10: I77.71 [carotid] or I77.74 [vertebral]) over a 30-day 
follow-up window commencing at the index date. The 
positive predictive value of ICD coding for CeAD is 90% 
[55]. A specific outcome isolating CeAD, rather than 
stroke or composite cerebrovascular outcomes, was 
selected because CeAD represents the underlying vas-
cular pathology of interest, whereas ischemic stroke is a 
downstream complication that occurs in only a subset of 
patients with CeAD [30]. Focusing on CeAD also aligned 
with our prespecified study objectives, avoided multiplic-
ity associated with evaluating multiple outcomes, and 
allowed eligibility criteria and confounder adjustment to 
focus on established CeAD-specific risk factors, which 
differ in part from those for stroke [11, 21, 25, 31].

Previous studies reported symptoms of CeAD after 
cervical SMT began within one week, but patients 
delayed up to two weeks before seeking care [14, 56–58]. 
Other studies reported significant associations between 
minor mechanical events affecting the head and neck 
one month prior to CeAD, yet not over the day or week 
prior [59, 60], suggesting a longer window was needed. 
CeAD diagnosis is often delayed (mean 9 days; standard 
deviation [SD] = 12) [61], with delays up to four weeks 
[62–64]. Finally, with real-world data, shorter windows 
may miss relevant CeADs due to miscoding or billing lags 
[65].

This study avoided examining stroke as an outcome, 
which would require different eligibility criteria and pro-
pensity matching variables [31].

Secondary outcomes
We plotted cumulative CeAD incidence over 30 days’ 
follow-up to provide insight into timing of events and 
explored incidence and risk of CeAD subtypes (carotid 
and vertebral artery dissection).

To further evaluate matching success and unmeasured 
confounding, we examined negative control outcomes 
unrelated to SMT or CeAD [66–68], including colonos-
copy, magnetic resonance imaging (MRI) of the lower 
extremity, foreign body removal, and appendectomy, 
considering risk ratios (RRs) from 0.73 to 1.38 balanced 
[69]. Negative control outcomes were selected during 
protocol development based on: (1) content knowledge 
and/or established absence of a plausible mechanism 
linking them to SMT or CeAD, and (2) requirement of 
a similar confounding structure (i.e., general health-
care engagement and acute care-seeking behavior) with 
the outcome of interest of CeAD [66]. We prioritized 
procedures over diagnosis codes where possible to bet-
ter ensure true healthcare activity, given the absence of 
a diagnostic washout period for these outcomes. Addi-
tional candidate outcomes such as medications, vaccine 
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day after their last recorded clinical fact if it occurred 
within the 30-day follow-up window. Mortality was not 
treated as a censoring event.

We estimated that a total sample size of 676,160 
patients (338,080 per cohort) would be required using 
data from a previous study [27]. Calculations used 
G*Power (Kiel University, Germany) z-tests to detect 
a difference in incidence proportions between cohorts 
of 0.0003 (0.0016 vs. 0.0013) for CeAD using a power of 
0.90, 1:1 allocation, and two-tailed alpha of 0.05.

Our study design allowed for natural treatment cross-
over (contamination) during the follow-up in both 
cohorts, with crossover from the ibuprofen to SMT 
cohort permitted after 7 days following the index date. 
This choice aimed to maximize sample size, reflect real-
world clinical practice, and enhance generalizability, and 
the extent of crossover was described along with any 
potential limitations.

Results
Participants
Before matching, there were 489,838 patients in the SMT 
cohort and 919,171 in the ibuprofen cohort (Figure S3). 
Cohorts were initially imbalanced (SMDs > 0.1 for select 
variables; Table  1). For example, the SMT cohort had 
lower proportions of patients who identified as Black 
or African American, or had emergency or inpatient 
visits, or substance use disorder. After matching, both 
cohorts contained 431,492 patients and were balanced 
(SMDs < 0.1) with similar ages (SD) (SMT: 43.4 [14.1]; 
ibuprofen 43.5 [14.6]), and female predominance (SMT: 
65%; ibuprofen: 66%).

Primary and secondary outcomes
After matching, 31 SMT (0.007%) and 58 ibuprofen 
(0.013%) recipients had new CeAD during the 30-day 
follow-up. Comparing SMT to ibuprofen, CeAD risk 
was lower [95% CI] (RR = 0.53 [0.35, 0.83]; risk difference 
=-6.3 [-10.8, -2.0] events per 100,000 patients; P = 0.004). 
Carotid artery dissection risk was lower (RR = 0.40 [0.20, 
0.78]; P = 0.005]), while risk of vertebral artery dissec-
tion was not significantly different (RR = 0.67 [0.38, 1.17]; 
P = 0.157]). RR estimates were relatively stable pre- and 
post-matching. Complete results are in Table 2. Total and 
cumulative incidences and RRs are shown in Figs. 1 and 
2, and Fig. 3. CeAD subtype plots are shown in Figure S4 
through S7.

Follow-up care
After matching, SMT recipients had a mean (SD) 3.6 
(3.0) SMT visits (median = 3) between the index date 
and 30-day follow-up window, translating to approxi-
mately 1,553,371 SMT visits. Ibuprofen recipients had a 
mean of 1.2 (0.7) ibuprofen prescriptions (median = 1). 

Comparing SMT to ibuprofen recipients, SMT recipi-
ents were slightly less likely to undergo physical therapy 
evaluation (2.2% vs. 3.2%; RR = 0.88 [95% CI: 0.86, 0.91]; 
Figure S8).

Some between-cohort crossover during follow-up after 
the index occurred. Specifically, 5.11% of the ibuprofen 
cohort received SMT between days 7 and 30, while 1.87% 
of the SMT cohort received ibuprofen during the 30-day 
window. Event rates for patients with crossover was simi-
lar to the original cohorts. SMT recipients receiving ibu-
profen had a mean of 1.2 (0.7) ibuprofen prescriptions 
(median = 1), while ibuprofen recipients who received 
SMT had a mean (SD) 3.4 (2.8) SMT visits (median = 2).

Time-to-event analysis
Time-to-event analyses yielded findings consistent 
with the RR estimates for the primary and secondary 
outcomes. Compared with the ibuprofen cohort, the 
SMT cohort had a lower hazard of CeAD (HR = 0.53 
[95%CI: 0.34, 0.82]; P = 0.004) and carotid artery dissec-
tion (HR = 0.40 [0.20; 0.78]; P = 0.005), while the risk of 
vertebral artery dissection was not significantly differ-
ent (HR = 0.66 [0.38; 1.17]; P = 0.151). There was no evi-
dence that the proportional hazards assumption was 
violated for CeAD, carotid artery dissection, or verte-
bral artery dissection (P = 0.199, P = 0.894, and P = 0.084, 
respectively).

Data quality
Post-matching, SMD values were optimal and propensity 
score densities overlapped (Figure S9 and S10). Unknown 
age or sex was 0% in both cohorts, while unknown eth-
nicity (30%; SMD = 0.005) and race (28%; SMD = 0.012) 
were nearly identical. Mean follow-up duration was 
slightly longer in the SMT versus ibuprofen cohort (SD) 
(29.7 [2.6] vs. 29.3 [4.2] days; SMD = 0.110). Complete 
follow-up was high (SMT: 98.5%; ibuprofen: 97.1%; Fig-
ure S11). Comparing the SMT to ibuprofen cohort, 
RRs for colonoscopy (RR = 1.07) and lower extremity 
MRI (RR = 0.74) were balanced, whereas appendectomy 
(RR = 0.24) and foreign body removal (RR = 0.30) were 
imbalanced (Figure S12).

Discussion
Among adults with new neck pain or headache, we 
found no increased CeAD risk within 30 days following 
chiropractor-administered SMT compared to receiving 
ibuprofen in an outpatient setting. The 95% CI for the 
absolute risk difference was narrow (approximately  -11 
to -2 CeAD cases per 100,000 patients) and excluded the 
a priori detectable difference of 0.03%. Our null hypoth-
esis was that there would be no significant difference in 
risk between cohorts. We failed to reject that hypothesis. 
In clinical terms, these findings indicate no evidence of a 
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meaningful increase in CeAD risk following SMT com-
pared with ibuprofen. Secondary outcomes of carotid and 
vertebral artery dissections likewise supported these con-
clusions. Cumulative incidences were curvilinear across 
outcomes/cohorts, suggesting an increase in CeAD after 
care-seeking irrespective of treatment received. Addi-
tionally, the post hoc time-to-event analyses yielded HRs 

that were nearly identical to the primary RR estimates. 
There was no evidence that the proportional hazards 
assumption was violated, suggesting that the relative haz-
ard between cohorts remained approximately constant 
throughout the 30-day follow-up window. Any apparent 
reduction in risk in SMT recipients was small and likely 
due to residual confounding, while meaningful increases 

Table 1  Baseline characteristics before and after propensity score matching
Variable n (%) or mean (SD) Before matching After matching

SMT Ibuprofen SMD SMT Ibuprofen SMD
N 489,838 919,171 NA 431,492 431,492 NA

Age at index 43.4 (14.1) 42.3 (14.6) 0.078 43.4 (14.1) 43.5 (14.6) 0.007

Current age 49.8 (14.7) 49.3 (14.7) 0.034 50.0 (14.7) 50.0 (14.8) 0.001

Female 307,369 (63%) 653,059 (71%) 0.177 281,533 (65%) 283,470 (66%) 0.009

Substance use disorder 43,576 (9%) 188,341 (20%) 0.332 43,279 (10%) 43,293 (10%) 0.000

Ehlers-Danlos syndromes 737 (0%) 818 (0%) 0.018 576 (0%) 574 (0%) 0.000

Syncope 9152 (2%) 26,604 (3%) 0.067 8650 (2%) 8665 (2%) 0.000

Asian 6785 (1%) 17,298 (2%) 0.039 6762 (2%) 6779 (2%) 0.000

Other race 34,510 (7%) 92,908 (10%) 0.110 33,877 (8%) 33,942 (8%) 0.001

Diabetes mellitus 39,883 (8%) 121,587 (13%) 0.165 38,470 (9%) 38,393 (9%) 0.001

Cardiovascular procedure(s) 105,663 (22%) 274,789 (30%) 0.191 98,380 (23%) 98,256 (23%) 0.001

Systemic connective tissue disorders 6939 (1%) 13,205 (1%) 0.002 6155 (1%) 6193 (1%) 0.001

American Indian or Alaska Native 664 (0%) 1834 (0%) 0.016 659 (0%) 646 (0%) 0.001

Dizziness 26,992 (6%) 69,210 (8%) 0.082 25,146 (6%) 25,052 (6%) 0.001

Aortic aneurysm and/or dissection 1495 (0%) 2906 (0%) 0.002 1326 (0%) 1293 (0%) 0.001

Hispanic or Latino 25,101 (5%) 89,488 (10%) 0.177 25,067 (6%) 24,921 (6%) 0.001

Other congenital syndromes 276 (0%) 577 (0%) 0.003 238 (0%) 253 (0%) 0.001

Nicotine dependence 31,043 (6%) 145,717 (16%) 0.307 30,945 (7%) 30,763 (7%) 0.002

Arterial fibromuscular dysplasia 67 (0%) 165 (0%) 0.003 57 (0%) 49 (0%) 0.002

Other coagulation defects 3245 (1%) 6917 (1%) 0.011 2843 (1%) 2902 (1%) 0.002

Adverse social determinants 7299 (1%) 30,353 (3%) 0.119 7042 (2%) 6946 (2%) 0.002

External causes of morbidity 31,861 (7%) 101,361 (11%) 0.160 30,492 (7%) 30,297 (7%) 0.002

Acute upper respiratory infection 129,742 (26%) 223,426 (24%) 0.050 111,524 (26%) 111,131 (26%) 0.002

Hyperlipemia 66,962 (14%) 140,506 (15%) 0.046 60,967 (14%) 61,295 (14%) 0.002

Visit: Inpatient 27,838 (6%) 142,828 (16%) 0.324 27,673 (6%) 27,909 (6%) 0.002

Black or African American 21,151 (4%) 206,025 (22%) 0.552 21,151 (5%) 21,361 (5%) 0.002

Hypertensive diseases 101,789 (21%) 262,614 (29%) 0.181 95,281 (22%) 95,697 (22%) 0.002

Family history of heart or circulatory disease 11,503 (2%) 25,195 (3%) 0.025 10,203 (2%) 10,049 (2%) 0.002

Diseases of arteries, arterioles and capillaries 15,167 (3%) 31,440 (3%) 0.018 13,628 (3%) 13,425 (3%) 0.003

Migraine 30,590 (6%) 67,320 (7%) 0.043 28,382 (7%) 28,087 (7%) 0.003

White 271,823 (55%) 396,477 (43%) 0.249 237,731 (55%) 238,385 (55%) 0.003

Native Hawaiian or Other Pacific Islander 406 (0%) 1513 (0%) 0.023 406 (0%) 366 (0%) 0.003

Autoimmune thyroiditis 6328 (1%) 7105 (1%) 0.051 5048 (1%) 4888 (1%) 0.003

Quinolones 38,750 (8%) 102,172 (11%) 0.109 37,017 (9%) 37,466 (9%) 0.004

Overweight and obesity 66,599 (14%) 165,287 (18%) 0.121 60,940 (14%) 61,550 (14%) 0.004

Antimigraine agents 17,093 (3%) 40,716 (4%) 0.048 16,421 (4%) 16,795 (4%) 0.005

Pregnancy 21,248 (4%) 101,371 (11%) 0.253 21,170 (5%) 21,614 (5%) 0.005

Homocystinuria 568 (0%) 577 (0%) 0.018 439 (0%) 371 (0%) 0.005

Systemic contraceptives 46,002 (9%) 86,922 (9%) 0.002 41,675 (10%) 42,755 (10%) 0.008

Visit: Emergency 105,441 (22%) 399,837 (44%) 0.483 104,468 (24%) 102,738 (24%) 0.009

Not Hispanic or Latino 329,292 (67%) 543,534 (59%) 0.168 284,984 (66%) 287,527 (67%) 0.012

Cardiovascular medication(s) 138,755 (28%) 376,059 (41%) 0.267 134,949 (31%) 138,793 (32%) 0.019
After age at index and sex, variables are sorted by increasing SMD. Abbreviations: spinal manipulative therapy (SMT); standardized mean difference (SMD); not 
applicable (NA)
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in risk appear unlikely. Accordingly, these findings are 
conceptually more consistent with a non-inferiority 
framework than a superiority framework, as they pro-
vide no evidence of increased risk rather than evidence 
of superiority.

In our study, CeAD incidence was 7 to 13 per 100,000 
over 30 days. Specifically, our cumulative incidence 
curve suggests that occurrence rises sharply in the first 
two weeks and then begins to plateau, but it is uncertain 
how incidence changes beyond 30 days. Our findings 
are consistent with the hypothesis that adults presenting 
with new neck pain or headache may have a transiently 
elevated baseline risk of CeAD irrespective of treatment. 
This interpretation is further supported by the lack of 
evidence linking ibuprofen to cerebrovascular events [47, 
48]. Additional research is needed to clarify the magni-
tude and temporal association between neck pain and/or 
headache and CeAD across care settings.

Our findings are consistent with two large studies 
that implemented both case-crossover and case-control 
analyses among patients presenting with neck pain or 
headache and found no significant association between 
SMT and CeAD [74, 75]. Smaller studies reported posi-
tive associations, but did not require patients to have 
neck pain or headache, thereby potentially introducing 

confounding [11, 20]. Another case-control study found 
a positive SMT-CeAD association using hospitalized 
stroke patients as controls [14], which potentially inflated 
the observed association as these individuals are unlikely 
to receive SMT [22, 23, 76]. Accordingly, the inconsis-
tency across previous studies’ results could be accounted 
for by differences in comparators and baseline symptoms.

Further research is needed to help clinicians distin-
guish CeAD from benign causes of neck pain and head-
ache, such as migraine or mechanical neck pain [18]. This 
may include validation of prediction models incorporat-
ing CeAD signs and symptoms (e.g., acute/sudden onset, 
unusual or unfamiliar headache/neck pain, recent trauma 
or infection, and neurological signs) [77], and specific-
ity of broader “red flags” of vascular headache [78], and 
“green flags” of benign primary headache (e.g., childhood 
onset, menstrual association, headache-free days, fam-
ily history, stable pattern) [79]. Several CeAD risk fac-
tors including pregnancy, systemic lupus erythematosus, 
oral contraceptive use, and upper respiratory infection 
have been examined by few studies, or have a low to very 
low certainty of evidence [5, 80, 81], warranting further 
investigation.

Additional studies are warranted to assess whether our 
findings generalize to subgroups with specific CeAD risk 

Table 2  Outcome findings
Before matching After matching

Outcome and measure SMT Ibuprofen SMT Ibuprofen

Total patients n 489,838 919,171 431,492 431,492

Cervical artery dissection (CeAD)*

  CeAD n 33 102 31 58

  CeAD % (95% CI) 0.007% (0.004%, 0.009%) 0.011% (0.009%, 
0.013%)

0.007% (0.005%, 0.010%) 0.013% 
(0.010%, 
0.017%)

  CeAD n per 100,000 (95% CI) 6.7 (4.4, 9.0) 11.1 (8.9, 13.3) 7.2 (4.7, 9.7) 13.4 (10.0, 16.9)

  Risk difference; n per 100,000 (95% CI; P-value) -4.4 (-7.5, -1.0; P = 0.012) reference -6.3 (-10.8, -2.0; P = 0.004) reference

  Risk ratio (95% CI; P-value)a 0.61 (0.41, 0.90; P = 0.012) reference 0.53 (0.35, 0.83; P = 0.004) reference

Carotid artery dissection (CAD)†

  CAD n 14 58 12 30

  CAD % (95% CI) 0.003% (0.001%, 0.004%) 0.006% (0.005%, 
0.008%)

0.003% (0.001%, 0.004%) 0.007% 
(0.004%, 
0.009%)

  CAD n per 100,000 (95% CI) 2.9 (1.4, 4.4) 6.3 (4.7, 7.9) 2.8 (1.2, 4.4) 7.0 (4.5, 9.4)

  Risk difference; n per 100,000 (95% CI; P-value) -3.5 (-5.7, -1.1; P = 0.006) reference -4.2 (-7.4, -1.3; P = 0.005) reference

  Risk ratio (95% CI; P-value) 0.45 (0.25, 0.81; P = 0.006) reference 0.40 (0.20, 0.78; P = 0.005) reference

Vertebral artery dissection (VAD)†

  VAD n 20 47 20 30

  VAD % (95% CI) 0.004% (0.002%, 0.006%) 0.005% (0.004%, 
0.007%)

0.005% (0.003%, 0.007%) 0.007% 
(0.004%, 
0.009%)

  VAD n per 100,000 (95% CI) 4.1 (2.3, 5.9) 5.1 (3.7, 6.6) 4.6 (2.6, 6.7) 7.0 (4.5, 9.4)

  Risk difference; n per 100,000 (95% CI; P-value) -1.0 (-3.3, 1.5; P = 0.398) reference -2.3 (-5.7, 0.9; P = 0.157) reference

  Risk ratio (95% CI; P-value) 0.80 (0.47, 1.35; P = 0.398) reference 0.67 (0.38, 1.17; P = 0.157) reference
Abbreviations: spinal manipulative therapy (SMT), cervical artery dissection (CeAD), primary outcome (*), secondary outcome (†), 95% confidence interval (CI), 
carotid artery dissection (CAD), vertebral artery dissection (VAD)
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factors who were underrepresented in the present study, 
such as migraine, connective tissue disorders, or those 
who are pregnant [5, 80]. Replication using alternate 
active comparators (e.g., physical therapy, other medi-
cations) or models (e.g., multivariable Cox proportional 
hazards or propensity weighting) could also be informa-
tive. Specifically, future studies might examine whether 
findings generalize to osteopathic manipulative treatment 
or physical therapist-administered manual therapy, which 
would require consideration of procedure code specific-
ity and differences in patient populations across provider 
types. Finally, research should examine whether SMT is 
associated with stroke, a related outcome that could not 
be reliably assessed herein. While a meta-analysis found 
no strong evidence of a causal association between SMT 
and stroke, this was based on very low quality evidence, 
being hindered by indirectness and risk of bias [82].

Strengths and limitations
The present study is strengthened by adherence to a reg-
istered protocol, with transparent reporting of all analytic 

additions beyond the pre-specified methods. Additional 
strengths include the active comparator design and mul-
tidisciplinary team (orthopedics, physical therapy, neu-
rosurgery, cardiology, biostatistics, and chiropractic). 
The SMT cohort demographics (mean age in the 40s and 
female predominance) align with those reported in prior 
studies of chiropractic patients [4].

Data quality assessments were largely reassuring. Over 
half of covariates were balanced at baseline, with the 
remainder balanced post-matching, supporting a similar 
baseline CeAD propensity given our eligibility criteria 
alone. RRs and risk differences changed minimally from 
pre- to post-matching, supporting the stability of out-
comes and further suggesting eligibility criteria achieved 
partial cohort balance. Loss to follow-up was minimal 
(< 3%), though slightly lower in the SMT cohort. Two 
of four negative control outcomes (colonoscopy and 
lower extremity MRI) were balanced, supporting similar 
diagnostic testing rates. However, SMT recipients had 
lower risks of appendectomy and foreign body removal, 
possibly due to residual unmeasured between-cohort 

Fig. 1  Total incidences of cervical artery dissection (CeAD) per cohort. The spinal manipulative therapy (SMT) cohort is represented in orange while the 
ibuprofen cohort is represented in blue. The error bars indicate 95% confidence intervals. Data represent findings after matching, over the 30-day follow-
up window
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differences. These outcomes should not be over-inter-
preted given their exploratory nature, without CeAD 
association, and a potential positive association between 
non-steroidal anti-inflammatory drugs and appendici-
tis risk [83]. Overall, data quality supports our findings, 
although unmeasured confounding remains possible.

Follow-up care metrics supported the plausibility 
of our findings and cohort comparability. In the SMT 
cohort, the mean of 3.6 chiropractic SMT visits over the 
30-day follow-up aligns with utilization patterns docu-
mented in large national cohorts of chiropractic patients 
with neck or low back pain [84]. This frequency is also 
broadly consistent with chiropractic guideline recom-
mendations of one to two visits per week for headache 
[51]. Furthermore, while only a minority of patients 
received a physical therapy evaluation, these proportions 
were similar across both cohorts and comparable to pre-
viously described utilization rates from a national sample 
[85]. Finally, ibuprofen prescription rates suggested clini-
cal plausibility in both cohorts, indicating a right skew 
(mean > median) where most patients received a single 
prescription while a subset had additional orders [86].

As an observational study, these findings cannot fully 
exclude an SMT-CeAD association. The reduction in 
risk was statistically significant for carotid artery dis-
section but not vertebral artery dissection, which may 
reflect statistical imprecision given small event counts, 

unmeasured confounding, or could suggest differential 
associations by dissection subtype, warranting further 
investigation.

Selection of index treatments in outpatient settings, 
combined with several exclusionary criteria, aimed to 
identify relatively homogenous encounters where acute 
cerebrovascular events such as CeAD were unlikely to be 
suspected across both cohorts. However, this inference 
relies on clinical reasoning rather than direct free text 
natural language processing or chart review.

Propensity score matching excluded 12% of patients in 
the SMT cohort and 53% in the larger ibuprofen cohort, 
including a small number of CeAD events. Effect esti-
mates were similar before and after matching, suggest-
ing that trimming had limited influence on the observed 
association. Regardless, matching may underrepresent 
patients with uncommon risk factors compared with 
weighting approaches that retain all eligible observa-
tions. Future studies using inverse probability weighting 
should further evaluate the SMT-CeAD association and 
the robustness of these findings.

Unmeasured confounding likely explains the small 
apparent reduction in CeAD risk associated with spinal 
SMT. Several confounders exist that, individually or col-
lectively, could meet the residual confounding thresh-
old required to bring the upper confidence interval to 
include the null (E-value estimate: 3.18; limit closest to 

Fig. 2  Cumulative incidences of cervical artery dissection (CeAD). The spinal manipulative therapy (SMT) cohort is represented in orange while the 
ibuprofen cohort is represented in blue. Shaded regions highlight 95% confidence intervals (CI). Data represent findings after matching, over the 30-day 
follow-up window. Both cohorts show similar curvilinear patterns with some events occurring on the index date (day 0), and maintain relatively consistent 
separation throughout follow-up with some overlap in 95% CI
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the null: 1.70). Chiropractors may selectively avoid cer-
vical SMT in patients perceived to be at higher cerebro-
vascular risk based on clinical findings or family histories 
that are not well captured by diagnosis codes [16, 24]. 
A recent review of CeAD risk factors highlighted two 
variables with moderate certainty of evidence: migraine, 
which was balanced in our model, and genetic predispo-
sitions (specifically methylenetetrahydrofolate reductase 
polymorphisms), which were not reliably coded or avail-
able for propensity methods [5, 31]. Additionally, while 
we matched on fibromuscular dysplasia, this condition 
is often underdiagnosed [87]; and no code exists for a 
family history of CeAD. The TriNetX platform requires a 
uniform covariate assessment window and enforces date 
obfuscation, preventing matching on exact infection tim-
ings or seasonal variation [5]. Another unmeasured vari-
able includes minor undiagnosed cervical trauma [59, 
60], although more substantial traumas, ostensibly cap-
tured by “External causes of morbidity,” were optimally 
balanced. Higher education has been linked to increased 
CeAD diagnosis [88], which could reduce observed SMT 
risk if such patients were more aware of CeAD symptoms 
and avoided SMT. Differences in workup or referral strat-
egies could influence detection, leading to undiagnosed 

CeAD (false negatives), although this seems unlikely 
given the similarity of negative control outcomes reflect-
ing diagnostic testing (e.g., colonoscopy, lower extremity 
MRI). Given limited data granularity, we were unable to 
match on exact symptom duration or acute/sudden onset 
[77], though both cohorts were defined using new care-
seeking episodes. We also lacked index-visit neurologi-
cal examination findings and patient-reported measures 
of symptom severity, disability, or headache burden [77]. 
However, existing evidence does not support pain sever-
ity as a predictive factor for CeAD risk [5], with one study 
finding no difference in the proportion of moderate-
to-severe pain between CeAD cases and controls [77]. 
Media coverage linking SMT and CeAD [89, 90] may 
have influenced health-seeking patterns [89, 90]. Finally, 
while SMT recipients had lower risks of appendectomy 
and foreign body removal suggesting potential differ-
ences in acute care seeking, these rare outcomes may 
reflect chance or visit clustering rather than true behav-
ioral differences.

Examining dose-response relationships was not feasi-
ble using aggregated data. While a 30-day window could 
introduce confounding from other exposures [91], cumu-
lative incidence plots suggested similar relationships at 

Fig. 3  Risk ratio point estimates and 95% confidence intervals (CI; error bars) for key outcomes. Findings are shown before and after propensity score 
matching (pre-matching: triangles; post-matching: squares). Comparing spinal manipulative therapy recipients to ibuprofen recipients, values to the left 
of the null value of 1.0 (dotted line) suggest a potential reduction in risk of the outcome (◄), whereas values to the right suggest a potential increase 
in risk (►). CIs intersect or fall below the null, consistent with no statistically significant increase in risk. Abbreviations: cervical artery dissection (CeAD), 
carotid artery dissection (CAD), and vertebral artery dissection (VAD)
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earlier time points. Due to limited data granularity, we 
were unable to determine specific biomechanics of SMT 
(e.g., force/amplitude, patient positioning, manual versus 
instrument-assisted), or stratify by technique, in which 
CeAD risk could vary. We were unable to incorporate a 
screening measure of blunt cerebrovascular injury or 
ascertain minor undiagnosed traumas aside from SMT.

Our 30-day washout for neck pain and headache diag-
noses aimed to capture new care-seeking episodes. How-
ever, administrative data cannot guarantee the complete 
absence of antecedent symptoms, and some patients may 
have had subclinical or unreported neck pain prior to the 
index visit. The threshold was selected based on evidence 
from neck pain trajectory research [54] and is intention-
ally symmetric with our outcome ascertainment window, 
though a longer washout period may warrant exploration 
in future studies with larger datasets.

In our SMT cohort, a dual-code requirement was used 
to ostensibly improve cervical SMT exposure specific-
ity relative to prior approaches relying on provider type 
or generic SMT codes alone [12–14, 26–28, 74, 75]. 
However, the accuracy of our cervical SMT exposure 
definition cannot be validated without chart review. 
Misclassification is possible in at least two ways. First, a 
chiropractor may have documented a cervical segmen-
tal dysfunction code (i.e., M99.01) along with the SMT, 
yet performed SMT exclusively on non-cervical spinal 
regions, without actually rendering cervical SMT. This 
practice would be inconsistent with typical coding prac-
tices [92], and could result in inclusion of patients who 
did not receive cervical SMT. Second, SMT CPT codes 
do not exclude the possibility that non-manipulative pro-
cedures were miscoded as SMT, potentially introducing 
heterogeneity in the exposure. Third, requiring a selec-
tive cervical SMT definition, having both M99.01 and 
at least one neck pain, cervical disorder, or headache 
code (e.g., cervicalgia, radiculopathy, tension-type head-
ache), may have restricted the SMT cohort sample size, 
as chiropractors may not have used the M99.01 code 
despite rendering cervical SMT. The frequency of these 
scenarios in real-world billing data is unknown. Finally, 
co-occurrence of non-cervical SMT among otherwise eli-
gible patients is unlikely to influence CeAD risk given the 
absence of a proposed mechanism linking non-cervical 
SMT to CeAD.

Similarly, the diagnostic accuracy of the ICD-10 code 
combinations used to identify eligible patients with neck 
pain or headache was not validated against medical 
record review, nor was this possible given the aggregate 
nature of the data. Some related diagnostic misclassifica-
tion is therefore possible.

Our dataset-driven utilization rates of ibuprofen may 
under-represent actual use due to unrecorded over-the-
counter use. Within the TriNetX platform, medication 

data primarily represent prescription orders. While sup-
ported by linkage to pharmacy claims [33, 34], the dataset 
does not confirm if ibuprofen was ultimately dispensed 
or consumed. Accordingly, our design did not restrict 
inclusion to ibuprofen-naïve individuals, which would 
be impractical given the common use of this medication 
even beyond neck pain or headache. Further, our eligi-
bility criteria did not aim to include patients who exclu-
sively self-medicated with over-the-counter ibuprofen at 
home. While missing these latter patients likely reduced 
our ibuprofen cohort’s sample size, and/or led to con-
tamination between SMT and actual ibuprofen use, the 
ibuprofen cohort remained adequately powered. Because 
there is no known link between ibuprofen and CeAD 
[47, 48], ibuprofen was not evaluated as a risk exposure. 
Rather, the prescription served as an active comparator, 
behaving as a proxy for a clinical encounter wherein a 
patient sought evaluation for neck pain or headache and 
was managed with simple, first-line care. Therefore, vari-
ations in medication adherence, use, or temporal delays 
in filling the prescription are unlikely to bias our findings, 
as the primary exposure of interest was the care-seeking 
event itself, represented by receipt of cervical SMT ver-
sus first-line medical care as captured by a simultaneous 
ibuprofen prescription and outpatient visit.

Treatment crossover can attenuate the magnitude of 
observed associations [93], however, in this case the per-
centage of each cohort who crossed over was minimal 
(5.11% and 1.87%) [94], likely mitigating effects of this 
bias.

Conclusions
This retrospective cohort study of 862,984 adults seeking 
care for a new episode of neck pain or headache found 
no evidence of an increased risk of CeAD within 30 days 
following chiropractor-administered cervical SMT com-
pared with ibuprofen prescription. Observed CeAD inci-
dences and time-to-event patterns tentatively suggest an 
elevated incidence among these patients irrespective of 
care. Despite robust data quality markers, residual con-
founding cannot be excluded. Clinicians, including chiro-
practors, should maintain vigilance for CeAD symptoms 
among these individuals. Further research is warranted 
on higher-risk subgroups (e.g., migraine), and stroke.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​9​9​8​-​0​2​6​-​0​0​6​7​8​-​4​​​​​.​​

Supplementary Material 1

Supplementary Material 2

Acknowledgements
None.

https://doi.org/10.1186/s12998-026-00678-4
https://doi.org/10.1186/s12998-026-00678-4


Page 12 of 14Trager et al. Chiropractic & Manual Therapies           (2026) 34:53 

Author contributions
Conceptualization: RT, AB, CL, KL, JP, CG, AS Methodology: RT, AB, CL, KL, JP, 
CG, AS Software: RT, JP Formal analysis: RT, JP Investigation: RT, JP Resources: 
RT, JP Data Curation: RT, JP Writing - Original Draft: RT Writing - Review & 
Editing: RT, AB, CL, KL, JP, CG, AS Visualization: RT, AB Supervision: RT Project 
administration: RT Funding acquisition: RT, JP.

Funding
This project is supported by the Clinical and Translational Science 
Collaborative of Northern Ohio which is funded by the National Institutes 
of Health, National Center for Advancing Translational Sciences, Clinical and 
Translational Science Award grant, UM1TR004528. The work conducted 
by RT received support from the Elisabeth Severance Prentiss Foundation 
(Cleveland, OH) through general funding. The study did not receive a specific 
grant and the funders did not play a role in the development of the study 
protocol or any key decision making.

Data availability
De-identified, aggregated data obtained directly from TriNetX for baseline 
characteristics, propensity score densities, and for our primary outcome of 
CeAD, total and cumulative incidences, are available in a public figshare 
repository (https:/​/doi.or​g/10.60​84/m​9.figshare.30338149) [95].

Declarations

Ethical approval
The University Hospitals Institutional Review Board (IRB; Cleveland, OH, US) 
considers studies using de-identified data from the online TriNetX platform 
‘Not Human Subjects Research’ thereby exempting the present study from IRB 
review and waiving the need for consent.

Competing interests
The authors declare no competing interests.

Author details
1Connor Whole Health, University Hospitals Cleveland Medical Center, 
Cleveland, OH, USA
2Department of Family Medicine and Community Health, Case Western 
Reserve University School of Medicine, Cleveland, OH, USA
3Department of Biostatistics and Bioinformatics Clinical Research Training 
Program, Duke University School of Medicine, Durham, NC, USA
4Department of Orthopaedic Surgery, Cleveland Clinic Akron General, 
Akron, OH, USA
5Department of Rehabilitation Services, University Hospitals, Cleveland, 
OH, USA
6Department of Neurosurgery, University Hospitals Cleveland Medical 
Center, Cleveland, OH, USA
7Clinical Research Center, University Hospitals Cleveland Medical Center, 
Cleveland, OH, USA
8Duke Clinical Research Institute, Duke University School of Medicine, 
Durham, NC, USA
9Duke-Margolis Institute for Health Policy, Duke University, Durham, NC, 
USA
10Harrington Heart and Vascular Institute, University Hospitals Cleveland 
Medical Center, Cleveland, USA

Received: 11 April 2026 / Accepted: 10 September 2026

References
1.	 Keser Z, Chiang C-C, Benson JC, Pezzini A, Lanzino G. Cervical Artery Dis-

sections: Etiopathogenesis and Management. Vasc Health Risk Manag. 
2022;18:685–700. https:/​/doi.or​g/10.21​47/V​HRM.S362844.

2.	 Griffin KJ, Harmsen WS, Mandrekar J, Brown RD, Keser Z. Epidemiology of 
Spontaneous Cervical Artery Dissection: Population-Based Study. Stroke. 
2024;55:670–7. https:/​/doi.or​g/10.11​61/S​TROKEAHA.123.043647.

3.	 Miley ML, Wellik KE, Wingerchuk DM, Demaerschalk BM. Does Cervical 
Manipulative Therapy Cause Vertebral Artery Dissection and Stroke? Neurolo-
gist. 2008;14:66. https:/​/doi.or​g/10.10​97/N​RL.0b013e318164e53d.

4.	 Beliveau PJH, Wong JJ, Sutton DA, Simon NB, Bussières AE, Mior SA, et al. The 
chiropractic profession: a scoping review of utilization rates, reasons for seek-
ing care, patient profiles, and care provided. Chiropr Man Ther. 2017;25:35. 
https:/​/doi.or​g/10.11​86/s​12998-017-0165-8.

5.	 Jacobs W, Wright DS, Pohlman K, Rosenbaum R, Hutten BA, Scholten-Peeters 
GG, et al. Risk factors for cervical artery dissection: a systematic review with 
meta-analysis. Stroke Vasc Neurol. 2025. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​3​6​/​s​v​n​-​2​0​2​5​-​0​0​
4​1​8​6​​​​​.​​​

6.	 Mann T, Refshauge KM. Causes of complications from cervical spine manipu-
lation. Australian J Physiotherapy. 2001;47:255–66. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​S​0​
0​0​4​-​9​5​1​4​(​1​4​)​6​0​2​7​3​-​7​​​​​. https://doi.org/https://.

7.	 Gorrell LM, Sawatsky A, Edwards WB, Herzog W. Vertebral arteries do not 
experience tensile force during manual cervical spine manipulation applied 
to human cadavers. J Man Manipulative Therapy. 2023;31:261–9. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​
r​g​/​1​0​.​1​0​8​0​/​1​0​6​6​9​8​1​7​.​2​0​2​2​.​2​1​4​8​0​4​8​​​​​.​​​

8.	 Kocabey B, Karagözoğlu Coşkunsu D, Güven K, Ağaoğlu MH, Yüce S. Effects 
of Manual Versus Instrumental Spinal Manipulation on Blood Flow of the Ver-
tebral and Internal Carotid Arteries in Participants With Chronic Nonspecific 
Neck Pain: A Single-Blind, Randomized Study. J Chiropr Med. 2022. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​c​m​.​2​0​2​2​.​0​5​.​0​0​6​​​​​.​​​

9.	 Yelverton C, Wood JJ, Petersen DL, Peterson C. Changes in Vertebral Artery 
Blood Flow in Different Head Positions and Post–Cervical Manipulative 
Therapy. J Manip Physiol Ther. 2020;43:144–51. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​m​p​t​.​
2​0​1​9​.​0​9​.​0​0​1​​​​​.​​​

10.	 Bowler N, Shamley D, Davies R. The effect of a simulated manipulation posi-
tion on internal carotid and vertebral artery blood flow in healthy individuals. 
Man Ther. 2011;16:87–93. https:/​/doi.or​g/10.10​16/j​.math.2010.07.007.

11.	 Thomas LC, Rivett DA, Attia JR, Levi C. Risk Factors and Clinical Presentation of 
Cervical Arterial Dissection: Preliminary Results of a Prospective Case-Control 
Study. J Orthop Sports Phys Ther. 2015;45:503–11. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​2​5​1​9​/​j​o​s​
p​t​.​2​0​1​5​.​5​8​7​7​​​​​.​​​

12.	 Cassidy JD, Boyle E, Côté P, He Y, Hogg-Johnson S, Silver FL, et al. Risk of 
vertebrobasilar stroke and chiropractic care: results of a population-based 
case-control and case-crossover study. Spine (Phila Pa 1976). 2008;33(4 
Suppl):S176–183. https:/​/doi.or​g/10.10​97/B​RS.0b013e3181644600.

13.	 Cassidy JD, Boyle E, Côté P, Hogg-Johnson S, Bondy SJ, Haldeman S. Risk of 
carotid stroke after chiropractic care: a population-based case-crossover 
study. J Stroke Cerebrovasc Dis. 2017;26:842–50. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​​/​1​0​.​​1​0​1​​6​/​​j​.​j​s​t​r​
o​k​e​c​e​r​e​b​r​o​v​a​s​d​i​s​.​2​0​1​6​.​1​0​.​0​3​1​​​​​.​​​

14.	 Smith WS, Johnston SC, Skalabrin EJ, Weaver M, Azari P, Albers GW, et al. 
Spinal manipulative therapy is an independent risk factor for vertebral artery 
dissection. Neurology. 2003;60:1424–8. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​2​1​2​/​0​1​.​W​N​L​.​0​0​0​0​
0​6​3​3​0​5​.​6​1​0​5​0​.​E​6​​​​​.​​​

15.	 Paulus JK, Thaler DE. Does case misclassification threaten the validity of stud-
ies investigating the relationship between neck manipulation and vertebral 
artery dissection stroke? Yes. Chiropr Man Th. 2016;24:42. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​
1​8​6​/​s​1​2​9​9​8​-​0​1​6​-​0​1​2​3​-​x​​​​​.​​​

16.	 Trager RJ, Troutner AM, Pikus HJ, Daniels CJ, Dusek JA. Symptoms of Patients 
With Vertebral Artery Dissection Presenting to Chiropractors: A Systematic 
Review and Meta-Analysis. Cureus. 2023;15:e51297. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​7​7​5​9​/​c​
u​r​e​u​s​.​5​1​2​9​7​​​​​.​​​

17.	 Cassidy J, Boyle E, Côté P, He Y, Hogg-Johnson S, Silver F, et al. Risk of 
vertebrobasilar stroke and chiropractic care: results of a population-based 
case-control and case-crossover study. Spine. 2008;33:S176–83. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​0​0​7​/​s​0​0​5​8​6​-​0​0​8​-​0​6​3​4​-​9​​​​​.​​​

18.	 Gottesman RF, Sharma P, Robinson KA, Arnan M, Tsui M, Ladha K, et al. Clinical 
Characteristics of Symptomatic Vertebral Artery Dissection. Syst Rev Neurolo-
gist. 2012;18:245–54. https:/​/doi.or​g/10.10​97/N​RL.0b013e31826754e1.

19.	 Baumgartner RW, Arnold M, Baumgartner I, Mosso M, Gönner F, Studer A, et 
al. Carotid dissection with and without ischemic events: local symptoms and 
cerebral artery findings. Neurology. 2001;57:827–32. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​2​1​2​/​
w​n​l​.​5​7​.​5​.​8​2​7​​​​​.​​​

20.	 Thomas LC, Rivett DA, Attia JR, Parsons M, Levi C. Risk factors and clinical 
features of craniocervical arterial dissection. Man Therap. 2011;16:351–6. ​h​t​t​​p​
s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​m​a​t​h​.​2​0​1​0​.​1​2​.​0​0​8​​​​​.​​​

21.	 Garg A, Bathla G, Molian V, Limaye K, Hasan D, Leira EC, et al. Differential Risk 
Factors and Outcomes of Ischemic Stroke due to Cervical Artery Dissection in 
Young Adults. Cerebrovasc Dis. 2020;49:509–15. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​5​9​/​0​0​0​5​
1​0​4​3​7​​​​​.​​​

22.	 Côté P, Cassidy JD, Haldeman S. Spinal manipulative therapy is an 
independent risk factor for vertebral artery dissection. Neurology. 
2003;61(9):1314-1315.

https://doi.org/10.6084/m9.figshare.30338149
https://doi.org/10.2147/VHRM.S362844
https://doi.org/10.1161/STROKEAHA.123.043647
https://doi.org/10.1097/NRL.0b013e318164e53d
https://doi.org/10.1186/s12998-017-0165-8
https://doi.org/10.1136/svn-2025-004186
https://doi.org/10.1136/svn-2025-004186
https://doi.org/10.1016/S0004-9514(14)60273-7
https://doi.org/10.1016/S0004-9514(14)60273-7
https://doi.org/https://
https://doi.org/10.1080/10669817.2022.2148048
https://doi.org/10.1080/10669817.2022.2148048
https://doi.org/10.1016/j.jcm.2022.05.006
https://doi.org/10.1016/j.jcm.2022.05.006
https://doi.org/10.1016/j.jmpt.2019.09.001
https://doi.org/10.1016/j.jmpt.2019.09.001
https://doi.org/10.1016/j.math.2010.07.007
https://doi.org/10.2519/jospt.2015.5877
https://doi.org/10.2519/jospt.2015.5877
https://doi.org/10.1097/BRS.0b013e3181644600
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.10.031
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.10.031
https://doi.org/10.1212/01.WNL.0000063305.61050.E6
https://doi.org/10.1212/01.WNL.0000063305.61050.E6
https://doi.org/10.1186/s12998-016-0123-x
https://doi.org/10.1186/s12998-016-0123-x
https://doi.org/10.7759/cureus.51297
https://doi.org/10.7759/cureus.51297
https://doi.org/10.1007/s00586-008-0634-9
https://doi.org/10.1007/s00586-008-0634-9
https://doi.org/10.1097/NRL.0b013e31826754e1
https://doi.org/10.1212/wnl.57.5.827
https://doi.org/10.1212/wnl.57.5.827
https://doi.org/10.1016/j.math.2010.12.008
https://doi.org/10.1016/j.math.2010.12.008
https://doi.org/10.1159/000510437
https://doi.org/10.1159/000510437


Page 13 of 14Trager et al. Chiropractic & Manual Therapies           (2026) 34:53 

23.	 Kohl-Heckl WK, Koch AK, Cramer H. Complementary medicine use in stroke 
survivors: a US nationally representative survey. BMC Complement Med Ther. 
2022;22:41. https:/​/doi.or​g/10.11​86/s​12906-022-03525-0.

24.	 Chu EC, Trager RJ, Lee WT. Use of thrust cervical spinal manipulative therapy 
for complicated neck pain: a cross-sectional survey of Asia-Pacific chiroprac-
tors. Cureus. 2022;14(12). https:/​/doi.or​g/10.77​59/c​ureus.32441.

25.	 Abdelnour LH, Abdalla ME, Elhassan S, Kheirelseid EAH. Diabetes, hyperten-
sion, smoking, and hyperlipidemia as risk factors for spontaneous cervical 
artery dissection: Meta-analysis of case-control studies. Curr J Neurol. 
2022;21:183–93. https:/​/doi.or​g/10.18​502/​cjn.v21i3.11112.

26.	 Kosloff TM, Elton D, Tao J, Bannister WM. Chiropractic care and the risk of 
vertebrobasilar stroke: results of a case–control study in U.S. commercial and 
Medicare Advantage populations. Chiropr Man Ther. 2015;23:19. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​
r​g​/​1​0​.​1​1​8​6​/​s​1​2​9​9​8​-​0​1​5​-​0​0​6​3​-​x​​​​​.​​​

27.	 Whedon JM, Song Y, Mackenzie TA, Phillips RB, Lukovits TG, Lurie JD. Risk of 
Stroke After Chiropractic Spinal Manipulation in Medicare B Beneficiaries 
Aged 66 to 99 Years With Neck Pain. J Manip Physiol Ther. 2015;38:93–101. 
https:/​/doi.or​g/10.10​16/j​.jmpt.2014.12.001.

28.	 Rothwell DM, Bondy SJ, Williams JI. Chiropractic manipulation and stroke: a 
population-based case-control study. Stroke. 2001;32:1054–60. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​6​1​/​0​1​.​s​t​r​.​3​2​.​5​.​1​0​5​4​​​​​.​​​

29.	 Cai X, Razmara A, Paulus JK, Switkowski K, Fariborz PJ, Goryachev SD, et al. 
Case Misclassification in Studies of Spinal Manipulation and Arterial Dissec-
tion. J Stroke Cerebrovasc Dis. 2014;23:2031–5. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​​/​1​0​.​​1​0​1​​6​/​​j​.​j​s​t​r​o​k​
e​c​e​r​e​b​r​o​v​a​s​d​i​s​.​2​0​1​4​.​0​3​.​0​0​7​​​​​.​​​

30.	 Lee VH, Brown RD, Mandrekar JN, Mokri B. Incidence and outcome of cervical 
artery dissection: a population-based study. Neurology. 2006;67:1809–12. 
https:/​/doi.or​g/10.12​12/0​1.wnl.0000244486.30455.71.

31.	 Del Zotto E, Grassi M, Zedde M, Zini A, Bersano A, Gandolfo C, et al. Risk 
Profile of Patients with Spontaneous Cervical Artery Dissection. Ann Neurol. 
2023;94:585–95. https:/​/doi.or​g/10.10​02/a​na.26717.

32.	 Trager RJ, Baumann A, Labak C, Lewis KL, Perez JA, Goertz C, et al. Associa-
tion between spinal manipulative therapy and cervical artery dissection in 
patients with neck pain or headache: protocol for a retrospective cohort 
study. 2025. https:/​/doi.or​g/10.17​605/​OSF.IO/S6U4K.

33.	 TriNetX. Linked EHR and claims [cited 2026 Mar 21]. Available from: ​h​t​t​​p​s​:​/​​/​t​r​​i​
n​​e​t​x​.​c​o​m​/​r​e​a​l​-​w​o​r​l​d​-​d​a​t​a​/​l​i​n​k​e​d​/​​​​​.​​​

34.	 Malek S, Stein E, Swartzbaugh M, Brown J. RWD68 The TriNetX Linked EHR 
and Administrative Claims Network. Value Health. 2024;27:S370. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​0​1​6​/​j​.​j​v​a​l​.​2​0​2​4​.​0​3​.​1​7​2​2​​​​​.​​​

35.	 Palchuk MB, London JW, Perez-Rey D, Drebert ZJ, Winer-Jones JP, Thomp-
son CN, et al. A global federated real-world data and analytics platform for 
research. JAMIA Open. 2023;6:ooad035. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​9​3​/​j​a​m​i​a​o​p​e​n​/​o​
o​a​d​0​3​5​​​​​.​​​

36.	 Datavant. Datavant incorporates leading referential data source for privacy-
preserving enterprise identity resolution. Datavant; 2023 May 16 [cited 2025 
Jun 2]. Available from: ​h​t​t​​p​s​:​/​​/​w​w​​w​.​​d​a​t​​a​v​a​n​​t​.​c​​o​m​​/​r​e​​a​l​-​w​​o​r​l​​d​-​​d​a​t​​a​-​r​w​​d​/​r​​e​f​​e​r​e​
n​t​i​a​l​-​d​a​t​a​-​e​n​h​a​n​c​e​s​-​d​a​t​a​v​a​n​t​-​m​a​t​c​h​-​f​o​r​-​e​n​t​e​r​p​r​i​s​e​-​i​d​e​n​t​i​t​y​-​r​e​s​o​l​u​t​i​o​n​​​​​.​​​

37.	 DeVoe JE, Gold R, McIntire P, Puro J, Chauvie S, Gallia CA. Electronic health 
records vs Medicaid claims: completeness of diabetes preventive care data in 
community health centers. Ann Fam Med. 2011;9(4):351-358. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​
1​0​.​1​3​7​0​/​a​f​m​.​1​2​7​9​​​​​.​​​

38.	 Sabatino MJ, Burroughs PJ, Moore HG, Grauer JN. Spine coding transition 
from ICD-9 to ICD-10: Not taking advantage of the specificity of a more 
granular system. North Am Spine Soc J (NASSJ). 2020;4:100035. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​0​1​6​/​j​.​x​n​s​j​.​2​0​2​0​.​1​0​0​0​3​5​​​​​.​​​

39.	 Stovner LJ, Hagen K, Linde M, Steiner TJ. The global prevalence of headache: 
an update, with analysis of the influences of methodological factors on 
prevalence estimates. J Headache Pain. 2022;23:34. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​
1​0​1​9​4​-​0​2​2​-​0​1​4​0​2​-​2​​​​​.​​​

40.	 Whedon JM, Haldeman S, Petersen CL, Schoellkopf W, MacKenzie TA, Lurie 
JD. Temporal Trends and Geographic Variations in the Supply of Clinicians 
Who Provide Spinal Manipulation to Medicare Beneficiaries: A Serial Cross-
Sectional Study. J Manip Physiol Ther. 2021. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​m​p​t​.​2​0​
2​1​.​0​2​.​0​0​2​​​​​.​​​

41.	 CPT® code 97140: Manual therapy techniques, each 15 minutes, American 
Medical Association. 2026. ​h​t​t​​p​s​:​/​​/​w​w​​w​.​​a​m​a​​-​a​s​s​​n​.​o​​r​g​​/​p​r​​a​c​t​i​​c​e​-​​m​a​​n​a​g​e​
m​e​n​t​/​c​p​t​/​c​p​t​-​c​o​d​e​-​9​7​1​4​0​-​m​a​n​u​a​l​-​t​h​e​r​a​p​y​-​t​e​c​h​n​i​q​u​e​s​-​e​a​c​h​-​1​5​-​m​i​n​u​t​e​s​​​​​. 
Accessed 21 Mar 2026.

42.	 James S, Johannes J, Novak C. Demystifying Documentation and Billing for 
Osteopathic Manipulative Treatment. Fam Pract Manag. 2021;28:18–22.

43.	 Huang J-F, Meng Z, Zheng X-Q, Qin Z, Sun X-L, Zhang K, et al. Real-World 
Evidence in Prescription Medication Use Among U.S. Adults with Neck Pain. 
Pain Ther. 2020;9:637–55. https:/​/doi.or​g/10.10​07/s​40122-020-00193-1.

44.	 Mafi JN, Edwards ST, Pedersen NP, Davis RB, McCarthy EP, Landon BE. Trends in 
the Ambulatory Management of Headache: Analysis of NAMCS and NHAMCS 
Data 1999–2010. J Gen Intern Med. 2015;30:548–55. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​/​s​
1​1​6​0​6​-​0​1​4​-​3​1​0​7​-​3​​​​​.​​​

45.	 Schink T, Kollhorst B, Varas Lorenzo C, Arfè A, Herings R, Lucchi S, et al. Risk 
of ischemic stroke and the use of individual non-steroidal anti-inflammatory 
drugs: A multi-country European database study within the SOS Project. PLoS 
ONE. 2018;13:e0203362. https:/​/doi.or​g/10.13​71/j​ournal.pone.0203362.

46.	 Debette S. Pathophysiology and risk factors of cervical artery dissection: 
what have we learnt from large hospital-based cohorts? Curr Opin Neurol. 
2014;27:20–8. https:/​/doi.or​g/10.10​97/W​CO.0000000000000056.

47.	 Janszky I, Vardaxis I, Lindqvist BH, Horn JW, Brumpton BM, Strand LB, et al. 
Assessing short-term risk of ischemic stroke in relation to all prescribed medi-
cations. Sci Rep. 2021;11:21673. https:/​/doi.or​g/10.10​38/s​41598-021-01115-7.

48.	 Gonzalez-Valcarcel J, Sissani L, Labreuche J, Bousser M-G, Chamorro A, Fisher 
M, et al. Paracetamol, Ibuprofen, and Recurrent Major Cardiovascular and 
Major Bleeding Events in 19 120 Patients With Recent Ischemic Stroke. Stroke. 
2016;47:1045–52. https:/​/doi.or​g/10.11​61/S​TROKEAHA.115.012091.

49.	 Chu E, Trager R, Tao C. Chiropractic Management of Neck Pain Complicated 
by Symptomatic Vertebral Artery Stenosis and Dizziness. Am J Case Rep. 
2022;23:e937991. https:/​/doi.or​g/10.12​659/​AJCR.937991.

50.	 Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, 
et al. Guidelines for the Early Management of Patients With Acute Ischemic 
Stroke: 2019 Update to the 2018 Guidelines for the Early Management 
of Acute Ischemic Stroke: A Guideline for Healthcare Professionals From 
the American Heart Association/American Stroke Association. Stroke. 
2019;50:e344–418. https:/​/doi.or​g/10.11​61/S​TR.0000000000000211.

51.	 Trager RJ, Daniels CJ, Hawk C, Taylor DN, Walters SA, Price MR, et al. Chiro-
practic management of adults with cervicogenic or tension-type headaches: 
development of a clinical practice guideline. J Integr Complement Med. 2026 
https:/​/doi.or​g/10.11​77/2​7683605251397769.

52.	 Whalen W, Farabaugh RJ, Hawk C, Minkalis AL, Lauretti W, Crivelli LS, et al. 
Best-Practice Recommendations for Chiropractic Management of Patients 
With Neck Pain. J Manipulative Physiological Ther. 2019;42:635–50. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​m​p​t​.​2​0​1​9​.​0​8​.​0​0​1​​​​​.​​​

53.	 Liberman AL, Navi BB, Esenwa CC, Zhang C, Song J, Cheng NT, et al. Misdi-
agnosis of Cervicocephalic Artery Dissection in the Emergency Department. 
Stroke. 2020;51:1876–8. https:/​/doi.or​g/10.11​61/S​TROKEAHA.120.029390.

54.	 Irgens P, Kongsted A, Myhrvold BL, Waagan K, Engebretsen KB, Natvig B, et al. 
Neck pain patterns and subgrouping based on weekly SMS-derived trajecto-
ries. BMC Musculoskelet Disord. 2020;21:678. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​8​9​
1​-​0​2​0​-​0​3​6​6​0​-​0​​​​​.​​​

55.	 Hunter MD, Moon YP, Miller EC, Kulick ER, Boehme AK, Elkind MS. Influenza-
Like Illness is Associated with Increased Short-Term Risk of Cervical Artery 
Dissection. J Stroke Cerebrovasc Dis. 2021;30:105490. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​​/​1​0​.​​1​0​1​​6​
/​​j​.​j​s​t​r​o​k​e​c​e​r​e​b​r​o​v​a​s​d​i​s​.​2​0​2​0​.​1​0​5​4​9​0​​​​​.​​​

56.	 Albuquerque FC, Hu YC, Dashti SR, Abla AA, Clark JC, Alkire B, et al. Craniocer-
vical arterial dissections as sequelae of chiropractic manipulation: patterns of 
injury and management. J Neurosurg. 2011;115:1197–205.

57.	 Hufnagel A, Hammers A, Schönle P-W, Böhm K-D, Leonhardt G. Stroke follow-
ing chiropractic manipulation of the cervical spine. J Neurol. 1999;246:683–8. 
https:/​/doi.or​g/10.10​07/s​004150050432.

58.	 Haldeman S, Carey P, Townsend M, Papadopoulos C. Arterial dissections 
following cervical manipulation: the chiropractic experience. CMAJ. 
2001;165:905–6.

59.	 Engelter ST, Grond-Ginsbach C, Metso TM, Metso AJ, Kloss M, Debette S, et 
al. Cervical artery dissection: trauma and other potential mechanical trigger 
events. Neurology. 2013;80:1950–7. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​2​1​2​/​W​N​L​.​0​b​0​1​3​e​3​1​8​
2​9​3​e​2​e​b​​​​​.​​​

60.	 Dittrich R, Heidbreder A, Rohsbach D, Schmalhorst J, Nassenstein I, Maintz 
D, et al. Connective tissue and vascular phenotype in patients with cervical 
artery dissection. Neurology. 2007;68:2120–4. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​2​1​2​/​0​1​.​w​n​l​.​
0​0​0​0​2​6​4​8​9​2​.​9​2​5​3​8​.​a​9​​​​​.​​​

61.	 von Babo M, De Marchis GM, Sarikaya H, Stapf C, Buffon F, Fischer U, et al. 
Differences and Similarities Between Spontaneous Dissections of the Internal 
Carotid Artery and the Vertebral Artery. Stroke. 2013;44:1537–42. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​
r​g​/​1​0​.​1​1​6​1​/​S​T​R​O​K​E​A​H​A​.​1​1​3​.​0​0​1​0​5​7​​​​​.​​​

https://doi.org/10.1186/s12906-022-03525-0
https://doi.org/10.7759/cureus.32441
https://doi.org/10.18502/cjn.v21i3.11112
https://doi.org/10.1186/s12998-015-0063-x
https://doi.org/10.1186/s12998-015-0063-x
https://doi.org/10.1016/j.jmpt.2014.12.001
https://doi.org/10.1161/01.str.32.5.1054
https://doi.org/10.1161/01.str.32.5.1054
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.03.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.03.007
https://doi.org/10.1212/01.wnl.0000244486.30455.71
https://doi.org/10.1002/ana.26717
https://doi.org/10.17605/OSF.IO/S6U4K
https://trinetx.com/real-world-data/linked/
https://trinetx.com/real-world-data/linked/
https://doi.org/10.1016/j.jval.2024.03.1722
https://doi.org/10.1016/j.jval.2024.03.1722
https://doi.org/10.1093/jamiaopen/ooad035
https://doi.org/10.1093/jamiaopen/ooad035
https://www.datavant.com/real-world-data-rwd/referential-data-enhances-datavant-match-for-enterprise-identity-resolution
https://www.datavant.com/real-world-data-rwd/referential-data-enhances-datavant-match-for-enterprise-identity-resolution
https://doi.org/10.1370/afm.1279
https://doi.org/10.1370/afm.1279
https://doi.org/10.1016/j.xnsj.2020.100035
https://doi.org/10.1016/j.xnsj.2020.100035
https://doi.org/10.1186/s10194-022-01402-2
https://doi.org/10.1186/s10194-022-01402-2
https://doi.org/10.1016/j.jmpt.2021.02.002
https://doi.org/10.1016/j.jmpt.2021.02.002
https://www.ama-assn.org/practice-management/cpt/cpt-code-97140-manual-therapy-techniques-each-15-minutes
https://www.ama-assn.org/practice-management/cpt/cpt-code-97140-manual-therapy-techniques-each-15-minutes
https://doi.org/10.1007/s40122-020-00193-1
https://doi.org/10.1007/s11606-014-3107-3
https://doi.org/10.1007/s11606-014-3107-3
https://doi.org/10.1371/journal.pone.0203362
https://doi.org/10.1097/WCO.0000000000000056
https://doi.org/10.1038/s41598-021-01115-7
https://doi.org/10.1161/STROKEAHA.115.012091
https://doi.org/10.12659/AJCR.937991
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1177/27683605251397769
https://doi.org/10.1016/j.jmpt.2019.08.001
https://doi.org/10.1016/j.jmpt.2019.08.001
https://doi.org/10.1161/STROKEAHA.120.029390
https://doi.org/10.1186/s12891-020-03660-0
https://doi.org/10.1186/s12891-020-03660-0
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105490
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105490
https://doi.org/10.1007/s004150050432
https://doi.org/10.1212/WNL.0b013e318293e2eb
https://doi.org/10.1212/WNL.0b013e318293e2eb
https://doi.org/10.1212/01.wnl.0000264892.92538.a9
https://doi.org/10.1212/01.wnl.0000264892.92538.a9
https://doi.org/10.1161/STROKEAHA.113.001057
https://doi.org/10.1161/STROKEAHA.113.001057


Page 14 of 14Trager et al. Chiropractic & Manual Therapies           (2026) 34:53 

62.	 Arnold M, Cumurciuc R, Stapf C, Favrole P, Berthet K, Bousser M. Pain as the 
only symptom of cervical artery dissection. J Neurol Neurosurg Psychiatry. 
2006;77:1021–4. https:/​/doi.or​g/10.11​36/j​nnp.2006.094359.

63.	 Fukumoto H, Morishita T, Takemoto K, Kobayashi H, Kawano D, Horio Y, et al. 
Clinical characteristics and management of vertebral artery dissection with-
out definitive imaging features: A single center cohort study. Interdisciplinary 
Neurosurg. 2024;37:101985. https:/​/doi.or​g/10.10​16/j​.inat.2024.101985.

64.	 Shibahara T, Yasaka M, Wakugawa Y, Maeda K, Uwatoko T, Kuwashiro T, et al. 
Improvement and Aggravation of Spontaneous Unruptured Vertebral Artery 
Dissection. Cerebrovasc Dis Extra. 2017;7:153–64. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​5​9​/​0​0​0​
4​8​1​4​4​2​​​​​.​​​

65.	 Li L, Rothwell PM. Biases in detection of apparent weekend effect on 
outcome with administrative coding data: population based study of stroke. 
BMJ. 2016;353:i2648. https:/​/doi.or​g/10.11​36/b​mj.i2648.

66.	 Levintow SN, Nielson CM, Hernandez RK, Breskin A, Pritchard D, Lash TL, et al. 
Pragmatic considerations for negative control outcome studies to guide non-
randomized comparative analyses: A narrative review. Pharmacoepidemiol 
Drug Saf. 2023;32:599–606. https:/​/doi.or​g/10.10​02/p​ds.5623.

67.	 Lipsitch M, Tchetgen ET, Cohen T. Negative Controls: A Tool for Detecting 
Confounding and Bias in Observational Studies. Epidemiology. 2010;21:383–
8. https:/​/doi.or​g/10.10​97/E​DE.0b013e3181d61eeb.

68.	 Tchetgen Tchetgen E. The Control Outcome Calibration Approach for Causal 
Inference With Unobserved Confounding. Am J Epidemiol. 2014;179:633–40. 
https:/​/doi.or​g/10.10​93/a​je/kwt303.

69.	 Nordahl-Hansen A, Øien RA, Volkmar F, Shic F, Cicchetti DV. Enhancing the 
understanding of clinically meaningful results: A clinical research perspective. 
Psychiatry Res. 2018;270:801–6. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​p​s​y​c​h​r​e​s​.​2​0​1​8​.​1​0​.​0​6​
9​​​​​.​​​

70.	 Zhang Z, Kim HJ, Lonjon G, Zhu Y. Balance diagnostics after propensity score 
matching. Ann Transl Med. 2019;7:16. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​2​1​0​3​7​/​a​t​m​.​2​0​1​8​.​1​2​.​1​
0​​​​​.​​​

71.	 Signorell A. DescTools: Tools for descriptive statistics. 2024.
72.	 R Core Team. R: A Language and Environment for Statistical Computing. 

Vienna, Austria: R Foundation for Statistical Computing; 2022.
73.	 Wickham H. ggplot2: Elegant Graphics for Data Analysis. New York: Springer-; 

2016.
74.	 Whedon JM, Petersen CL, Li Z, Schoelkopf WJ, Haldeman S, MacKenzie TA, et 

al. Association between cervical artery dissection and spinal manipulative 
therapy –a medicare claims analysis. BMC Geriatr. 2022;22:917. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​
/​1​0​.​1​1​8​6​/​s​1​2​8​7​7​-​0​2​2​-​0​3​4​9​5​-​5​​​​​.​​​

75.	 Whedon JM, Petersen CL, Schoellkopf WJ, Haldeman S, MacKenzie TA, Lurie 
JD. The association between cervical artery dissection and spinal manipula-
tion among US adults. Eur Spine J. 2023;32:3497–504. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​
/​s​0​0​5​8​6​-​0​2​3​-​0​7​8​4​4​-​9​​​​​.​​​

76.	 Haynes MJ, Vincent K, Fischhoff C, Bremner AP, Lanlo O, Hankey GJ. Assessing 
the risk of stroke from neck manipulation: a systematic review. Int J Clin Pract. 
2012;66:940–7. https:/​/doi.or​g/10.11​11/j​.1742-1241.2012.03004.x.

77.	 Thomas L, Fowler M, Marsh L, Chu K, Muller C, Wong A. Validation of a 
diagnostic support tool for early recognition of cervical arterial dissection in 
primary care. Clin Neurol Neurosurg. 2024;247:108627. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​
6​/​j​.​c​l​i​n​e​u​r​o​.​2​0​2​4​.​1​0​8​6​2​7​​​​​.​​​

78.	 Do TP, Remmers A, Schytz HW, Schankin C, Nelson SE, Obermann M, et al. Red 
and orange flags for secondary headaches in clinical practice: SNNOOP10 list. 
Neurology. 2019;92:134–44.

79.	 Pohl H, Do TP, García-Azorín D, Hansen JM, Kristoffersen ES, Nelson SE, et al. 
Green Flags and headache: A concept study using the Delphi method. Head-
ache: J Head Face Pain. 2021;61:300–9. https:/​/doi.or​g/10.11​11/h​ead.14054.

80.	 Trager RJ, Lynn BP, Baumann AN, Chu EC-P. Systemic lupus erythematosus 
is associated with an increased risk of cervical artery dissection. Sci Rep. 
2025;15:1194. https:/​/doi.or​g/10.10​38/s​41598-025-85655-2.

81.	 Trager RJ, Haering CP, Baumann AN, Wright DS. Association between 
combined oral contraceptive prescription and cervical artery dissection: A 
retrospective cohort study. Thromb Res. 2025;247:109279. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​
1​0​1​6​/​j​.​t​h​r​o​m​r​e​s​.​2​0​2​5​.​1​0​9​2​7​9​​​​​.​​​

82.	 Church EW, Sieg EP, Zalatimo O, Hussain NS, Glantz M, Harbaugh RE. 
Systematic review and meta-analysis of chiropractic care and cervical artery 
dissection: no evidence for causation. Cureus. 2016;8:e498. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​
7​7​5​9​/​c​u​r​e​u​s​.​4​9​8​​​​​.​​​

83.	 Campbell KL, De Beaux AC. Non-steroidal anti-inflammatory drugs and 
appendicitis in patients aged over 50 years. Br J Surg. 1992;79:967–8. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​2​/​b​j​s​.​1​8​0​0​7​9​0​9​3​8​​​​​.​​​

84.	 Ray M, Fang S-Y, Lisi AJ, Romano PS. Spectral clustering identifies pat-
terns of chiropractic care in a national longitudinal cohort. JAMIA Open. 
2026;9:ooag035. https:/​/doi.or​g/10.10​93/j​amiaopen/ooag035.

85.	 Fenton JJ, Fang S-Y, Ray M, Kennedy J, Padilla K, Amundson R, et al. Longitudi-
nal Care Patterns and Utilization Among Patients With New-Onset Neck Pain 
by Initial Provider Specialty. Spine (Phila Pa 1976). 2023;48:1409–18. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​​o​r​g​/​1​0​.​1​0​9​7​/​B​R​S​.​0​0​0​0​0​0​0​0​0​0​0​0​4​7​8​1​​​​​.​​​

86.	 Nelson DA, Marks ES, Deuster PA, O’Connor FG, Kurina LM. Association of 
Nonsteroidal Anti-inflammatory Drug Prescriptions With Kidney Dis-
ease Among Active Young and Middle-aged Adults. JAMA Netw Open. 
2019;2:e187896. https:/​/doi.or​g/10.10​01/j​amanetworkopen.2018.7896.

87.	 Hendricks NJ, Matsumoto AH, Angle JF, Baheti A, Sabri SS, Park AW, et al. Is 
fibromuscular dysplasia underdiagnosed? A comparison of the prevalence of 
FMD seen in CORAL trial participants versus a single institution population of 
renal donor candidates. Vasc Med. 2014;19:363–7. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​7​7​/​1​3​
5​8​8​6​3​X​1​4​5​4​4​7​1​5​​​​​.​​​

88.	 Kellert L, Grau A, Pezzini A, Debette S, Leys D, Caso V, et al. University educa-
tion and cervical artery dissection. J Neurol. 2018;265:1065–70. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​0​0​7​/​s​0​0​4​1​5​-​0​1​8​-​8​7​9​8​-​7​​​​​.​​​

89.	 Boyle E, Côté P, Grier AR, Cassidy JD. Examining vertebrobasilar artery stroke 
in two Canadian provinces. Spine. 2008;33:S170–5.

90.	 Al-Azdee M, Perle SM, He B. Biased online media coverage: chiropractic and 
stroke in google news. Chiropr Man Th. 2018;26:21. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​
1​2​9​9​8​-​0​1​8​-​0​1​8​9​-​8​​​​​.​​​

91.	 Coz E, Fauvernier M, Maucort-Boulch D. An Overview of Regression Models 
for Adverse Events Analysis. Drug Saf. 2024;47:205–16.

92.	 Article - Billing and Coding. Chiropractic Services (A56273). ​h​t​t​​p​s​:​/​​/​w​w​​w​.​​
c​m​s​​.​g​o​v​​/​m​e​​d​i​​c​a​r​e​-​c​o​v​e​r​a​g​e​-​d​a​t​a​b​a​s​e​/​v​i​e​w​/​a​r​t​i​c​l​e​.​a​s​p​x​?​a​r​t​i​c​l​e​I​d​=​5​6​2​7​3​​​​​. 
Accessed 21 Mar 2026.

93.	 Hemming K, Taljaard M, Moerbeek M, Forbes A, Contamination. How much 
can an individually randomized trial tolerate? Stat Med. 2021;40:3329–51. 
https:/​/doi.or​g/10.10​02/s​im.8958.

94.	 Torgerson DJ. Contamination in trials: is cluster randomisation the answer? 
BMJ. 2001;322:355–7. https:/​/doi.or​g/10.11​36/b​mj.322.7282.355.

95.	 Trager RJ. De-identified data for spinal manipulative therapy and cervical 
artery dissection study. 2025. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​​​i​.​o​r​​g​/​1​0​​.​6​0​8​4​/​m​9​.​f​i​g​s​h​a​r​e​.​3​0​3​3​8​1​4​9​.​v​
1​​​​​.​​​

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1136/jnnp.2006.094359
https://doi.org/10.1016/j.inat.2024.101985
https://doi.org/10.1159/000481442
https://doi.org/10.1159/000481442
https://doi.org/10.1136/bmj.i2648
https://doi.org/10.1002/pds.5623
https://doi.org/10.1097/EDE.0b013e3181d61eeb
https://doi.org/10.1093/aje/kwt303
https://doi.org/10.1016/j.psychres.2018.10.069
https://doi.org/10.1016/j.psychres.2018.10.069
https://doi.org/10.21037/atm.2018.12.10
https://doi.org/10.21037/atm.2018.12.10
https://doi.org/10.1186/s12877-022-03495-5
https://doi.org/10.1186/s12877-022-03495-5
https://doi.org/10.1007/s00586-023-07844-9
https://doi.org/10.1007/s00586-023-07844-9
https://doi.org/10.1111/j.1742-1241.2012.03004.x
https://doi.org/10.1016/j.clineuro.2024.108627
https://doi.org/10.1016/j.clineuro.2024.108627
https://doi.org/10.1111/head.14054
https://doi.org/10.1038/s41598-025-85655-2
https://doi.org/10.1016/j.thromres.2025.109279
https://doi.org/10.1016/j.thromres.2025.109279
https://doi.org/10.7759/cureus.498
https://doi.org/10.7759/cureus.498
https://doi.org/10.1002/bjs.1800790938
https://doi.org/10.1002/bjs.1800790938
https://doi.org/10.1093/jamiaopen/ooag035
https://doi.org/10.1097/BRS.0000000000004781
https://doi.org/10.1097/BRS.0000000000004781
https://doi.org/10.1001/jamanetworkopen.2018.7896
https://doi.org/10.1177/1358863X14544715
https://doi.org/10.1177/1358863X14544715
https://doi.org/10.1007/s00415-018-8798-7
https://doi.org/10.1007/s00415-018-8798-7
https://doi.org/10.1186/s12998-018-0189-8
https://doi.org/10.1186/s12998-018-0189-8
https://www.cms.gov/medicare-coverage-database/view/article.aspx?articleId=56273
https://www.cms.gov/medicare-coverage-database/view/article.aspx?articleId=56273
https://doi.org/10.1002/sim.8958
https://doi.org/10.1136/bmj.322.7282.355
https://doi.org/10.6084/m9.figshare.30338149.v1
https://doi.org/10.6084/m9.figshare.30338149.v1

	﻿Association between spinal manipulative therapy and cervical artery dissection in patients with neck pain or headache: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Participants
	﻿Eligibility criteria


	﻿Variables
	﻿Primary outcome
	﻿Secondary outcomes
	﻿Statistical methods
	﻿Results


