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ABSTRACT

Background:

Post-traumatic headache (PTH) is a commonly experienced symptom after mild traumatic brain injury (mTBI). Blast
injury— or blunt injury—related mechanisms for mTBI in veterans can also affect musculoskeletal structures in the neck,
resulting in comorbid neck pain (NP). However, it is unknown whether the presence of comorbid NP may be associated
with a different pattern of headache symptoms, physical functioning, or emotional functioning compared to those without
comorbid NP. The purpose of this study is to examine the role of comorbid NP in veterans with mTBI and PTH.

Design and Methods:

This was a cross-sectional investigation of an existing dataset that included 33 veterans who met inclusion criteria for
PTH after mTBI. Standardized measures of headache severity and frequency, insomnia, fatigue, mood disorders, and
physical and emotional role function were compared between groups with and without comorbid NP.

Results:

The majority of participants with PTH reported comorbid NP (n =22/33, 67%). Those with comorbid NP experienced
more headache symptoms that were severe or incapacitating, as compared to mild or moderate for those without NP
(p=0.343, P=.049); however, no differences in headache frequency (¢ =0.231, P=.231) or duration (¢ =0.129,
P =.712) were observed. Participants with comorbid NP also reported greater insomnia (d = 1.16, P = .003) and fatigue
(d=0.868, P=.040) as well as lower physical functioning (d = 0.802, P =.036) and greater bodily pain (d =0.762,
P =.012). There were no differences in anxiety, depression, mental health, emotional role limitations, vitality, or social
functioning between those with and without comorbid NP (d < 0.656, P > .079).

Conclusions:

A majority of veterans with mTBI and PTH in our sample reported comorbid NP that was associated with greater
headache symptom severity and physical limitations, but not with mood or emotional limitations. Preliminary findings
from this small convenience sample indicate that routine assessment of comorbid NP and associated physical limitations

should be considered in veterans with mTBI and PTH.

INTRODUCTION

Approximately 1.7 million people in the United States require
medical attention for traumatic brain injury (TBI) yearly, with
mild traumatic brain injury (mTBI) being most prevalent.!
Common symptoms of mTBI include headaches, muscu-
loskeletal pain, fatigue, mood and sleep disturbances, and
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cognitive impairments. These symptoms are refractory to
treatment in nearly half of those who sustain an mTBI, devel-
oping into a chronic postconcussive syndrome (PCS) that can
persist for years after the traumatic injury.” Persistent post-
traumatic headache (PTH), defined as a head injury—induced
headache lasting for greater than 3 months,® is the most
common symptom of PCS, with prevalence rates averaging
55%-60% across studies.*>

Military service members and veterans have a high risk
of exposure to TBI, and nearly 40% of those with TBI
report PTH.%7 While blunt injuries are more frequent in
nondeployment settings, blast-related injuries are the most
common cause of TBI because of high exposure to combat
and artillery.® One often overlooked feature of blast injury—
or blunt injury—induced TBI is concurrent damage to sur-
rounding tissues such as cervical musculoskeletal structures,
which in many ways resembles whiplash injury.” In fact,
neck injury is one of the leading causes of medical evacua-
tion of military personnel from U.S. operations.'? Although
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little is known about the relationship between neck injury
and PTH in mTBI veterans, the negative impact of con-
current neck injury and headache symptoms has been well
established in non-TBI civilian populations.!! For example,
the presence of comorbid neck pain (NP) with migraine has
been shown to be a significant predictor of disability and is
associated with increased headache frequency, intensity, and
duration.'? In addition, those experiencing migraine or PTH
report higher rates of concurrent NP than those without.!%!3
The veteran population is particularly unique in this regard
given the high operational stressors both physically and psy-
chosocially that may impact symptomology and subsequent
treatment.

One clinical barrier to recovery in those with PTH is that
high-quality evidence to guide specific interventions is lack-
ing. For example, treatments for both PTH and migraine
headaches include a wide spectrum of interventions includ-
ing pharmacological management, nerve blocks, neurostim-
ulation, physical therapy, injections, and even surgery.’
Clinically, PTH often resembles migraine in its presenta-
tion and is therefore managed similarly despite differing
mechanisms.'* As such, it is not surprising that clini-
cal outcomes of PTH treatment are highly variable and
suboptimal.'®

Investigating the influence of comorbid NP on physical and
emotional functioning among veterans with PTH is necessary
to inform clinical management of PTH and fills an impor-
tant gap in the literature addressing the military population.
In this study, we aim to compare the severity and functional
impact of PTH in U.S. veterans with and without comorbid
NP following mTBI. We hypothesize that those with PTH and

comorbid NP will present with greater headache impairments
and reduced physical and emotional functioning as compared
to those without NP.

METHODS

Participants

This was a cross-sectional secondary analysis of a database
from a prior study.!>! The database included 257 military
veterans with and without TBI who were recruited between
2010 and 2018 from the VA San Diego Healthcare System
(VASDHS) and surrounding community. The participants
included in this database were on average 31.9 (7.9) years
old, 80.8% male, and had predominantly served in Iraq and
Afghanistan conflicts, including Operation Enduring Free-
dom, Operation Iraqi Freedom, and Operation New Dawn.
Of this database, 145 participants reported a history of TBI
(87.5% mild, 9.6% moderate, and 2.7% severe), with the
majority of those participants (55.7%) having experienced a
blast-related mechanism of injury. Since the current analyses
represent a retrospective subsample of those with PTH after
mTBI, sample size was determined by the number of individ-
uals who met a priori inclusion criteria for the present study
based on presence of mTBI (n = 127) and completion of ques-
tionnaires of interest (n = 56) (Fig. 1). The VASDHS institu-
tional review board approved the study, and all participants
provided written informed consent.

An eligibility screening was conducted on all partici-
pants before study enrollment.!” Participant demographics,
relevant military and medical history, were collected in
a clinical interview. Details regarding head injuries were

Veteran Research
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Excluded veterans with:

No TBI, N= 110
Moderate TBI, N= 15
Severe TBI, N=5
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Excluded veterans who did
not complete PHHQ, N=71
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Answered ‘no” to all
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FIGURE 1. Selection criteria for PTH and PTH + NP study groups sampled from existing veteran research database. NP, neck pain; PHHQ, Patient Headache
History Questionnaire; PTH, post-traumatic headache; TBI, traumatic brain injury.
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obtained using a modified version of the VA Semi-Structured
Clinical Interview for TBI.'® For those reporting one or more
TBIs, information was gathered about the number of TBIs,
months since most recent TBI, and mechanism of each TBI
injury (i.e., blunt vs. blast). Participants with both mecha-
nisms of injury were included in the cohort. Participants were
excluded if they had a current or previous diagnosis of a
severe mental disorder (e.g., schizophrenia and bipolar dis-
order); were actively suicidal and had a history of significant
neurological medical conditions such as epilepsy or multiple
sclerosis; or reported current substance abuse or dependence
as determined by initial diagnostic clinical interview and ver-
ified by a Rapid Response 10-drug Test Panel and toxicology
screening.

Participants were included in the present study only if they
met the following self-report criteria for mTBI as defined
by the DVA and DoD!”: (1) loss of consciousness <30
minutes, (2) alteration of consciousness <24 hours, and/or
(3) post-traumatic amnesia <24 hours. Participants were fur-
ther included if they reported headaches after experiencing
an mTBI in the clinical interview and completed the Baylor
Health Patient Headache History Questionnaire (PHHQ).!"
This clinical questionnaire collected information on headache
severity, frequency, duration, and location as well as asso-
ciated NP symptoms. Participants in the cohort were split
into two groups based on the presence (PTH + NP) or the
absence (PTH) of comorbid NP. Individuals with both PTH
and comorbid NP (PTH + NP) were identified based on an
affirmative response to one or more of the following questions
on the PHHQ: “My headaches occur in my neck,” “When I
have a headache I also experience pain down the front or side
of my neck,” and/or “I have pain in my neck.” Patient demo-
graphics included age, sex, ethnicity, marital status, years of
education, military branch, and employment status.

Outcome Measures
Headache Impairment Measures

Headache characteristics were assessed using individual sur-
vey items from the PHHQ. Owing to the small sample size
and large number of response options for individual items
in this clinical questionnaire, responses were collapsed into
dichotomous (nominal) outcomes for headache severity, fre-
quency, and duration and described in terms of frequency.
Severity of headaches was assessed by the PHHQ question
“My headaches if I don’t treat them effectively are usually...”
with response options of (1) mild or moderate or (2) severe
or incapacitating. Frequency of headaches was assessed by
the PHHQ question “My headaches usually occur...” with
response options of (1) daily or weekly or (2) less frequent
than weekly. Duration of headaches was assessed by the
PHHQ question “My headaches if I don’t take medication
will usually last...” with response options of (1) less than 1
day or (2) more than 1 day. Headache location was assessed
as an ordinal variable by the PHHQ question “My headaches
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occur...” with response options of (1) only on one side at a
time, (2) as a band around my head, or (3) over my entire
head.

Physical Health Measures

Mean (SD) measures of physical health and function included
insomnia, fatigue, general health, bodily pain, physical func-
tioning, and physical role limitations. Insomnia was measured
using the Insomnia Severity Index, which is a seven-item
questionnaire quantifying insomnia severity that has been
validated in veterans with a history of TB1.?’ Insomnia Sever-
ity Index scores range from 0-28 points, with >11 points
indicating clinically significant insomnia.?® Fatigue was mea-
sured using the Modified Fatigue Impact Scale, which is a
29-item questionnaire ranging from 0-84 points that assesses
the impact of fatigue on cognitive, physical, and psychosocial
functioning and has been validated in veterans with mTBI.?!
A threshold of >29 points has been suggested to represent
clinically significant fatigue.?! Physical health was measured
using the physical functioning and physical role limitations
subscales of the 36-item Short Form Health Survey (SF-36).
The SF-36 is a 36-item quality of life survey that determines
patient health status with physical health (general health, bod-
ily pain, physical functioning, and physical role limitations)
and mental health (vitality, social functioning, and emotional
role limitations) subscales. Each of the eight subscales are
scored separately and range from 0-100, with higher scores
indicating better health and lower scores indicating more
limitation.??

Emotional Health Measures

Emotional health metrics assessed depression, anxiety, post-
traumatic stress, mental health, vitality, social functioning,
and emotional role limitations. Depression and anxiety were
assessed using the Beck Depression Inventory (BDI-II) and
Beck Anxiety Inventory (BAI), respectively. The BDI-II is
a 21-item self-report questionnaire with good reliability and
validity that is scored on a scale from 0-63 points and has been
recommended for evaluation of depression in the TBI popu-
lation.?® Established score ranges for interpreting the severity
of depression are as follows: 17-20 points indicates borderline
clinical depression, 21-30 points indicates moderate depres-
sion, and over 40 points indicates severe depression.’* The
BAl is a 21-item self-report questionnaire with excellent reli-
ability and validity.?® It is scored on a scale of 0-63 points,
with scores over 36 points indicating high levels of anxiety.?
The presence and severity of PTSD were measured using
the Post-traumatic Stress Disorder Checklist-Military Version
(PCL-M). The PCL-M is a 17-item self-report measure that
is scored on a scale from 0-85 points, with scores above
50 points indicating clinically significant PTSD symptoms.®
Mental health, vitality, social functioning, and emotional
role limitations were calculated from the mental component
subscales of the SF-36 as described above.
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Statistical Analysis

Independent two-tailed #-tests were used to compare means
between PTH and PTH + NP groups for continuous variables.
Chi-square or fisher exact tests were used to compare propor-
tions between groups for ordinal or dichotomous variables. P
values of <.05 were considered significant. Effect sizes were
calculated as Cohen’s d for independent t-test comparisons,
phi () coefficient for dichotomous chi-square comparisons,
and Cramer’s V for ordinal comparisons. All data were exam-
ined for outliers and checked for normality. All statistical
analyses were performed on SPSS software version 26.0.0
(IBM Corp., 2019).

RESULTS

Participant Characteristics

A total of 33 participants met inclusion criteria for this
study, with the majority (n=22/33, 66.7%) reporting con-
current NP. Participant characteristics are detailed in Table I.
The majority of participants were Caucasian (n=19/33,
57.6%), with no significant difference in the ethnic distri-
bution between groups (V =0.371, P=.196). The veteran
cohort was predominantly male (n=28/33, 84.8%), with
no significant difference in sex between groups (¢ =0.299,
P =.144). The PTH + NP group tended to have more Navy
veterans as compared to the PTH group with a moderate
effect size (V =0.403, P =.069). Just over half of the cohort
was employed (n=17/33, 51.5%), with no differences in

marital status (¢ =0.224, P=.197), education (d =0.063,
P =.792), or employment status between groups (V=0.043,
P =.805). The PTH + NP group tended to report a greater
number of mTBIs compared with the PTH group with a mod-
erate effect size (d =0.709, P=.071), and no differences in
time since injury (d =0.298, P=.371), injury mechanism
(p=0.163, P=.181), or mTBI diagnostic criteria character-
istics (¢ =0.129, P = .458).

Headache Impairments

Headache severity was greater in the PTH + NP group than
the PTH group with a moderate effect size (p=0.343,
P =.049); the majority of participants with concurrent NP
reported severe or incapacitating headaches, whereas those
without NP reported only mild or moderate headaches.
There were no differences in headache duration (¢ =0.129,
P =.712) or frequency (¢ =0.231, P =.231) between groups,
and no clear pattern emerged for differences in headache loca-
tion (V=0.247, P=.596) between those with and without
concurrent NP (Table II).

Physical Health Measures

The majority of physical health measures differed signifi-
cantly between groups with large effect sizes. PTH + NP
participants reported clinically relevant insomnia (17.5 + 6.3)
compared with PTH only participants (9.4 £7.6; d=1.16,

TABLE I. Participant Demographic and Clinical Characteristics

PTH PTH + neck pain P-value Effect size
Age Years 34.3 (8.0) 34.6 (7.9) 902 0.046
Sex Male 11 (100.0%) 17 (77.3%) 144 0.299
Female 0 (0.0%) 5(22.7%)
Ethnicity Caucasian 4 (36.4%) 15 (68.2%) .196 0.371
African American 2 (18.2%) 1 (4.5%)
Hispanic 5 (45.5%) 5(22.7%)
Other 0 (0.0%) 1 (4.5%)
Military branch Navy 1(9.1%) 11 (50.0%) .069 0.403
Army 5 (45.5%) 6 (27.3%)
Marines 5 (45.5%) 5(22.7%
Marital status Single 3(27.3%) 12 (54.5%) 197 0.224
Married/cohabitating 7 (63.6%) 10 (45.5%)
Education Years 14.3 (2.1) 14.1 (2.0) 792 0.063
Employment status Employed 6 (54.5%) 11 (50.0%) .805 0.043
Unemployed 5 (45.5%) 11 (50.0%)
Beck Depression Inventory-II Points 17.9 (16.3) 23.1(12.9) .326 0.357
Beck Anxiety Inventory Points 13.1(17.0) 13.5(9.0) 928 0.030
Post-traumatic stress disorder checklist Mean score 42.6 (22.4) 46.4 (16.5) 587 0.191
Number of mTBIs Count 2.0(1.1) 2.9 (1.3) .071 0.709
Time since most recent mTBI Months 94.5 (79.5) 75.7 (40.2) 371 0.298
mTBI mechanism Blast 6 (54.5%) 17 (77.3%) 181 0.163
Blunt 5 (45.5%) 5(22.7%)
mTBI criteria Loss of consciousness 7 (63.6%) 11 (50.0%) 458 0.129
Alteration of consciousness 4 (36.4%) 11 (50.0%)

Values reported as mean (SD) or n (% group total).

Abbreviations: PTH, post-traumatic headache; TBI, mild traumatic brain injury.
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TABLE Il. Headache Characteristics in Participants With and Without Concurrent Neck Pain

Response PTH + Neck Effect
PHHQ questions category PTH pain P-values size
Headache severity Mild or moderate 8 (72.7%) 8 (36.6%) .049 0.343
My headaches if I don’t treat Severe or incapacitating 3(27.3%) 14 (63.6%)
them effectively are usually
Headache frequency Daily or weekly 3(27.3%) 13 (59.1%) 231 0.231
My headaches usually occur Less frequent than weekly 5 (45.5%) 7 (31.8%)
Headache duration <1 day 7 (63.6%) 11 (50.0%) 712 0.129
My headaches if I don’t take >1 day 4 (36.4%) 11 (50.0%)
medication will usually last
Headache location Only on one side at a time 2 (18.2%) 5(22.7%) .596 0.247
My headache occurs As a band around my head 5 (45.5%) 4 (18.2%)
Over my entire head 3(27.3%) 6 (27.3%)

Values reported as mean (SD) or n (% group total).
PTH, post-traumatic headache.
Bold values indicate statistical significance.

P =.003, Fig. 2A), who reported subclinical insomnia. Simi-
larly, fatigue in the PTH + NP group exceeded the threshold
for clinically relevant fatigue (44.8 £22.3) and was signifi-
cantly higher than in the PTH group (21.2 £ 35.7; d = 0.868,
P =.040, Fig. 2B). The PTH+ NP group reported lower
physical function because of bodily pain (42.2 £ 24.2) than
the PTH group (67.7 +28.8; d =0.762, P =.012, Fig. 2C),
and lower physical health-related role function (27.3 £ 38.5)
than the PTH group (59.1£40.7, d=0.802, P =.036,
Fig. 2D). SF-36 general health (d=0.337, P=.389) and
physical functioning (d=0.701, P=.084) did not differ
between groups.

Emotional Health Measures

There were no significant differences in depression (BDI-II,
d=0.357, P=.326), anxiety (BAI, d=0.357, P=.928), or
PTSD (PCL-M, d=0.191, P=.587) between groups. Sim-
ilarly, there were no group differences in the SF-36 men-
tal health (d=0.279, P=.429), emotional role limitations
(d=0.349, P=.343), or vitality (d =0.523, P=.151) sub-
scales, but there was a trend for reduced social functioning in
the PTH + NP group (d =0.646, P =.079).

DISCUSSION

The majority of veterans with mTBI and PTH in our sam-
ple experienced concurrent NP that was associated with more
severe headaches, insomnia, and fatigue, as well as greater
physical limitations because of bodily pain and reduced
physical role functioning compared with those without NP.
Importantly, these physical limitations occurred despite simi-
lar mood profiles and emotional functioning between groups.
Overall, these findings support our hypothesis that veter-
ans with PTH and comorbid NP experience more severe
headaches and subsequent physical limitations, but are con-
trary to our hypothesis regarding the relationship between
comorbid NP and emotional functioning. This is the first
study to show that comorbid NP is associated with more
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severe headache symptoms and poor physical health and role
functioning in veterans with PTH following mTBIL

Despite the limited size of our cohort, the prevalence rate
of 66.7% for comorbid NP is consistent with prevalence rates
of 38%-67% for NP reported in larger veteran and civilian
mTBI samples.*>"2? These rates mirror the prevalence of NP
in primary headache disorders, such as migraine, which range
between 40% and 76%.'?+3° To our knowledge, no previously
published study reporting NP prevalence rates in individuals
with mTBI has compared health or function between those
with and without this common comorbidity.

The relationship between NP and headache impairments
has not been well elucidated in the mTBI population. Exist-
ing studies suggest that the majority of individuals with mTBI
experience daily headaches of moderate severity, with average
pain rating scores ranging from 4-6 on a 10-point scale.*?’
Our results indicate that the majority of individuals with
comorbid NP reported severe or incapacitating headaches
compared with only mild or moderate severity in those with-
out, suggesting that NP significantly compounds headache
symptom intensity in this population, although the effect
size was only moderate for this variable. Despite this differ-
ence, we found no association between NP and headache fre-
quency or duration, which is in contrast to studies of migraine
reporting positive associations between NP and headache
frequency.'?-30-3!

One interesting finding of our study was that the location of
headache was nonspecific in our PTH population and did not
differ between groups. Primary and cervicogenic headaches
are often closely tied to NP. Cervicogenic headache typi-
cally presents with unilateral symptoms and is by definition
caused by a disorder of the cervical spine and its component
bony, disc, and/or soft tissue elements.’>> A similar pre-
sentation in the PTH 4 NP group would suggest that similar
treatment approaches targeting cervical pain generators may
be indicated for both PTH and cervicogenic headaches. How-
ever, the variation in phenotype observed here suggests the
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FIGURE 2. Bars indicate mean (SD) scores for the PTH with NP (PTH + NP, n = 22) and PTH with no NP (PTH, n=11) groups. (A) Insomnia Severity
Index scores range from 0-28, with higher scores indicating increased insomnia severity. (B) Modified Fatigue Impact Scale Scores range from 0-84, with
higher scores indicating increased fatigue. (C) SF-36 Bodily Pain domain scores, with lower scores indicating lower physical ability because of bodily pain.
(D) SF-36 Physical Role Function domain scores, with lower scores indicating lower physical role functioning. **P <.01, *P <.05. MFIS, Modified Fatigue
Impact Scale; ISI, Insomnia Severity Index; NP, neck pain; PTH, post-traumatic headache; SF-36, 36-item Short Form Health Survey.

need for a different clinical approach and perhaps supports
the current clinical practice to treat PTH similarly to migraine
headaches, which are thought to be centrally mediated. Ele-
vated fatigue and insomnia in the PTH + NP group further
support the hypothesis that comorbid NP may result from
heightened central sensitivity in some individuals with mTBI
and PTH.*® Although there is some evidence that impaired
descending pain modulation may contribute to PTH,** future
studies are needed to identify the relative contribution of
peripheral and central mechanisms to greater symptom sever-
ity among those with PTH and comorbid NP.

Comorbid NP is associated with headache impairments
related to overall physical health, including sleep, fatigue,
mobility, and strength, and mirrors findings from studies
in other headache populations.’-!:33-42 For example, in
mTBI, sleep disturbances are common, occurring in nearly
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half of individuals with effects lasting from months to years
after the original injury and increasing with injury sever-
ity.>%:37-43 Similar relationships exist in individuals with per-
sistent headaches,’®3 and even chronic NP.* Fatigue is
another common symptom among those with mTBI, which is
strongly associated with disability and can persist for months
or years following the injury.’®*> Those with NP of any
source tend to report higher levels of fatigue when compared
to their asymptomatic counterparts.*! As such, it is not sur-
prising that our results reflect that a combination of mTBI,
PTH, and NP is characterized by a more severe phenotype
than any given symptom in isolation. Moreover, the presence
of NP has been shown to be associated with physical impair-
ments (e.g., mobility and strength)*> as well as disability
in individuals with migraine headaches,?>-*' although other
research has failed to demonstrate a significant relationship
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with participation restrictions such as missing days of work or
social events.*> Although these data are largely limited to pop-
ulations that have not experienced traumatic mechanisms of
injury, the trend in the literature toward increased the physical
disability among those with NP coincides with our findings of
overall reduced ability on the SF-36 physical health subscales.

Interestingly, our measures related to mood and emotional
health did not distinguish between groups. This was surprising
and contrary to our initial hypothesis that comorbid NP would
heighten emotional distress in those with PTH. The similarity
of mood and emotional health ratings between groups suggest
that differences observed in headache severity and physical
health domains were not confounded by differences in emo-
tional health or a tendency of the PTH + NP group to endorse
greater distress generally.

Study Limitations

A limited number of veterans met a priori inclusion crite-
ria for PTH after mTBI in this secondary analysis. However,
the small sample size is comparable to other studies of PTH
in mTBI populations evaluating impairment-based measures
and physical health, and effect sizes were large for variables
related to physical function. Although preliminary, findings
from this small convenience sample indicate that routine
assessment of comorbid NP and associated physical limita-
tions should be considered in veterans with mTBI and PTH.
Another limitation was the restriction of our retrospective
analysis to variables of interest that were collected in the orig-
inal study. As such, our operational definition of NP was
based on a small set of questions from the PHHQ, which lim-
ited our ability to characterize the nature and severity of NP
symptoms. Finally, as typical of cross-sectional designs, our
study cannot determine causality. Future research is needed to
prospectively evaluate the mechanisms and impact of comor-
bid NP on headache impairments, physical, and emotional
health in this population.

CONCLUSION

Neck pain is a common comorbidity of PTH and has sev-
eral functional implications. In this sample of veterans with
mTBI and PTH, those with comorbid NP experienced greater
headache severity and poorer physical health and role func-
tioning, despite no differences in emotional health com-
pared with those without comorbid NP. Awareness of these
associated impairments may be a valuable contribution to
direct future research and clinical practices. Further research
that prospectively investigates the mechanisms and impact
of comorbid NP on headache impairments and physical and
psychosocial functioning is needed in this population, specif-
ically with regard to directing assessment and treatment
approaches for PTH.
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