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Abstract
Context: Previous studies have demonstrated the effectiveness of osteopathic manipulative treatment (OMT) for
various headache types, with limited evidence of its use for
headaches related to mild traumatic brain injury (MTBI).
No studies prior studies were found regarding OMT for
headaches in patients with postconcussion syndrome
(PCS), defined as symptom persistence for longer than 3
months after MTBI.
Objectives: To evaluate OMT for headaches in patients
with PCS.
Methods: A controlled pilot study was conducted of
patients with PCS who presented to an outpatient interdisciplinary rehabilitation clinic; patients with symptoms
lasting longer than 3 months were enrolled and randomly
assigned to an OMT treatment group or a control group.
Primary outcome measures were immediate change in
headache scores according to a Visual Analog Scale (VAS)
and change in the six item Headache Impact Test (HIT-6)
between baseline and follow up visits. The participants in
the control group completed the HIT-6 between baseline
and follow up visits but did not receive OMT and did not
complete the VAS. Mean immediate VAS score change for
the treatment group and mean improvement in HIT-6
scores for both groups between baseline and follow up
were analyzed for statistical significance.
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Results: A total of 26 patients were included in this study:
13 (50%) in the treatment group and 13 (50%) in the control
group. Six patients (23.1%), three from each group, did not
complete the study, so 10 subjects in each group were
included in the final analysis. Statistically significant
improvement in VAS scores was seen immediately after
OMT in the treatment group (mean change, 2.1;p=0.002).
Mean HIT-6 scores showed improvement in the treatment
group compared with the control group, although the
change was not statistically signiﬁcant (p=0.15) from
baseline to follow up visit. No adverse effects from treatments were noted.
Conclusions: Patients with headaches secondary to PCS
showed immediate benefit in headache pain intensity after
OMT. However, no sustained benefit was found on the
follow up visit compared with the control group.
Keywords: concussion; neurorehabilitation; physical
medicine and rehabilitation; postconcussion syndrome;
posttraumatic headache; osteopathic manipulative treatment; rehabilitation; traumatic brain injury.
Mild traumatic brain injury (MTBI) is a disruption in brain
function caused by a traumatic biomechanical force to the
head, associated with loss of consciousness for less than
30 minutes, posttraumatic amnesia lasting less than 24
hours, and an initial Glasgow Coma Scale of 13–15 [1].
Although the majority of patients recover within a few
weeks after MTBI, an estimated 5–43% have persistent
symptoms, which include cognitive difﬁculties, visual
dysfunction, sleep disturbance, emotional changes, fatigue, tinnitus, headaches, dizziness, and balance
impairment [2, 3]. These symptoms often become characterized as postconcussion syndrome (PCS) when they last
longer than 3 months [3]. They are associated with a lower
quality of life and increased disability [4].
Headache is the most common physical condition
reported after traumatic brain injury (TBI) and occurs more
frequently in patients with MTBI than those with more
severe injuries [3, 5]. Posttraumatic headache (PTH), as
deﬁned by the International Classiﬁcation of Headache
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Disorders Third Edition [6], is a secondary headache disorder attributed to trauma to the head, neck, or both in
temporal relationship to the injury. The prevalence of PTH
is estimated between 30 and 90%; 18–22% of patients have
symptoms for longer than 1 year despite a wide variability
of existing treatment approaches [5].
Given that symptoms after MTBI often persist despite
ongoing treatment [3], continued study of therapeutic
options is important to assist with recovery. Osteopathic manipulative treatment (OMT) has been found to
be effective in improving neck pain and various types of
headache [7–9]. There is growing evidence that untreated
pathology of the cervical spine secondary to the whiplash
injury associated with MTBI is an important contributor to
persistent PCS symptoms, including chronic PTH [10, 11].
The use of targeted OMT to restore normal muscle tone
and range of motion, particularly to the cervical spine, can
thus theoretically assist in the management of PTH associated with whiplash injury and traumatic biomechanical
forces to the head [7, 12–14].
There is limited evidence showing benefit of OMT in
improving acute symptoms after MTBI [12, 15–19]. Evidence
is even scarcer regarding the utility of OMT for chronic
symptoms associated with PCS. Channell et al. [20]
described the beneﬁt of OMT with multidisciplinary treatment of a patient with chronic PTH, deﬁned as headache
occurring 3 months after MTBI. To our knowledge, that case
report [20] is the only study of the effect of OMT in a patient
with PTH.
The primary aim of this pilot study was to assess the
efficacy of OMT in the treatment of chronic PTH associated
with PCS. We sought to assess the safety and efficacy of
OMT in providing an immediate benefit for patients with
chronic PTH, and to determine whether sustained
improvement would be seen at a predetermined follow up
visit when compared with results from a control group who
did not receive OMT. We hypothesized that OMT would be
safe and have a benefit both immediately and on a follow
up visit at approximately 1 month after treatment.

Methods
This prospective pilot study was approved by the Institutional Review
Board the JFK Johnson Rehabilitation Institute and was registered post
hoc at ClinicalTrials.gov (no. NCT04732338).
All potential participants were patients seeking treatment for MTBI
and were initially evaluated by a board certified brain rehabilitation
physiatrist not otherwise affiliated with the study in an outpatient
interdisciplinary rehabilitation clinic, who confirmed the diagnosis of
MTBI and initial date of injury. That physician did not perform a
structural osteopathic examination and did not provide OMT. After

initial evaluation, all participants deemed potentially eligible were
evaluated by one of three authors (D.E., A.T., or K.W.) who are board
certified osteopathic physicians specializing in physical medicine and
rehabilitation; they reviewed eligibility criteria and oversaw the
informed consent process.
Inclusion criteria were a diagnosis of MTBI [1], age 18 years or
older, injury occurring 3 months or more prior to presentation, and
headache as a primary symptomatic concern. Exclusion criteria were a
history of moderate to severe TBI, documented intracranial injury,
chronic headache or migraine headache before the injury, treatment
by a headache specialist at the time of injury, or receipt of intravenous
medication infusion headache at the time of initial treatment. Patients
with a premorbid psychological history or history of chronic pain,
attention deﬁcit hyperactivity disorder (ADHD), or prior MTBI were not
excluded, given the high association between concomitant chronic
TBI symptoms and these conditions [4, 21].
Between January 1, 2018, and March 31, 2019, participants were
enrolled and assigned to an OMT treatment group or control group
without OMT. Researchers alternated assigning patients between
treatment and control groups after participants signed informed
consent. The number of patients screened for eligibility was not
documented.
Evaluation of patients in the treatment group was performed by
one of three treatment providers (D.E., A.T., or K.W.), and consisted of
a musculoskeletal examination and an osteopathic structural examination. A structural examination was not performed for participants in
the control group. Participants and physicians providing treatment
were not blinded. All participants received conventional care for MTBI
(i.e., rehabilitation therapy with physical, occupational, or speech
therapy, education regarding symptom management, over the counter
medications), did not seek treatment from additional providers speciﬁcally for headache between follow up visits, and did not receive
additional prescribed medications for headache.
Prior to the beginning of the study and initiation of treatment,
OMT approaches were determined by the treatment providers (D.E.,
A.T., and K.W.) [22]. Muscle energy, myofascial release, counterstain,
and suboccipital release were chosen as the treatments, as they are
among the most commonly used techniques [23], with least risk of
adverse effects [24], that were able to be performed with the most
consistency (according to mutual consensus of the providers) between
all treating providers in this study independent of level of experience.
OMT was performed in a supine position, with treatments targeted to
the cervicothoracic region. There was no particular sequence to
treatment, though all four techniques were performed for every
participant in the treatment group.
Primary outcome measures were headache scores on a Visual
Analog Scale (VAS) and scores on the six item Headache Impact Test
(HIT-6). The VAS is a simple and frequently used measure for assessment of pain intensity, shown to be reliable and valid in various rehabilitation interventions [25]. The VAS was scored on a 0 to 10 scale, with
0 signifying no pain and 10 signifying the worst possible headache pain.
The HIT-6 is a measure of headache severity and provides information
regarding the effect of headache on other domains related to functional
participation [26]. It is valid and reliable in monitoring of treatment of
headache in clinical and research settings [26, 27]. The HIT-6 has six
questions and a maximum score of 78. Higher HIT-6 scores indicate
increased headache severity and greater functional limitations [27].
Participants in the treatment group completed a HIT-6 test and
quantified their current headache pain with a VAS before OMT, while
participants in the control group completed a HIT-6 only. Participants
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in the treatment group were asked to complete a VAS immediately
after treatment, and any adverse effects were recorded. During the
next follow up visit with the referring provider between 4 and 6 weeks
posttreatment, treatment and control participants completed a subsequent HIT-6. HIT-6 was chosen as the follow up outcome measure
rather than to VAS because the HIT-6 is a measure of the symptoms
over the prior 4 weeks [27] instead of a single time point; thus, HIT-6
was thought to better reﬂect an average change of headache symptoms
over time.

Data analysis
JMP version 14.1 (SAS Institute, Inc.) was used for statistical analysis.
Descriptive statistics (mean, median, standard deviation [SD]) and
graphing (box plots, bar charts) methods were used. For the treatment
group, a paired Wilcoxon signed rank test was performed to assess
changes in VAS data from pretreatment to posttreatment. With 10
patients, there was 89% power to detect a change of 2.0 in the VAS
scores from pretreatment to posttreatment, assuming a 2 sided significance level of 5% and a standard deviation of 2.0 (effect size=1).
The Wilcoxon rank sum test for continuous (e.g., age) and discrete
variables (e.g., change in HIT-6 scores, time from injury to visit
[months]) and the Pearson χ2 test for categorical variables (e.g.,
mechanism of injury, history of prior MTBI) were performed for comparison of the treatment and control groups. With 20 patients (10 per
group), we had 80% power to detect a difference in the means of 10
between the groups in HIT-6, assuming a standard deviation of 8.0,
and a two sided signiﬁcance level of 5%. Two sided p<0.05 was
considered statistically signiﬁcant.

653

On structural examination, all patients in the treatment group were found to have somatic dysfunction.
Table 1 summarizes baseline characteristics between
the treatment and control groups. No statistically signiﬁcant pretreatment demographic differences were observed
between groups. The largest difference between groups
was the time from injury to evaluation, with a mean of
12 months until evaluation in the treatment group (SD, 8
months) and 29 months until evaluation in the control
group (SD, 27 months; p=0.08).
Figure 1 shows the change in VAS score in participants
who received OMT. The mean change between baseline
VAS scores (mean, 5.6 [SD, 1.7]) and immediate
posttreatment scores (mean, 3.5 [SD, 2.1]) was 2.1 [SD, 1.8],
which was statistically signiﬁcant (p=0.002). There were
no adverse effects noted with treatment.
Table 2 outlines changes in HIT-6 scores between
baseline and follow up visits. The treatment group had a

Results
A total of 26 patients were included in this study: 13 (50%)
in the treatment group and 13 (50%) in the control group.
Six patients (23.1%), three patients from each group, did
not complete the study, so 10 subjects in each group were
included in the final analysis.

Figure 1: Change in Visual Analog Scale (VAS) scores immediately
after osteopathic manipulative treatment in the treatment group.

Table : Baseline characteristics of study participants.
Characteristic
Age at evaluation, years, mean (SD; range)
Sex
Female
Male
History of prior MTBI
History of depression
Time to evaluation since MTBI, months, mean (SD; range)
Mechanism of injury
MVC
Fall
Sports

Treatment group (n=)

Control group (n=)
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.
.
.
.

MTBI, mild traumatic brain injury; MVC, motor vehicle crash. aWilcoxon rank sum test was performed for continuous variables (e.g., age, time
from injury to visit [mo]); Pearson χ test for categorical variables (e.g., mechanism of injury, history of prior MTBI).
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Figure 2: Change in the six item Headache Impact Test (HIT-6)
scores between initial (baseline) and 4 to 6 week follow up visit in
both treatment and control groups. A negative change represents a
decreased HIT-6 score on follow up visit, indicative of an improvement in headache symptoms.

mean score improvement of a 5.7 points improvement,
while the control group had a mean score improvement of
1.1 points (Figure 2); no statistically signiﬁcant difference
was seen between HIT-6 scores from baseline to follow up
visit in either group (p=0.15).

Discussion
This was a prospective pilot study analyzing the use of
OMT for chronic headache associated with PCS. No adverse
effects or worsening of symptoms were found after OMT,
and a signiﬁcant improvement in headache severity
immediately after OMT was found. While there was a difference in mean HIT-6 scores during 4 to 6 week follow up
visits showing greater improvement in the treatment
Table : Group comparison of change in HIT- scores.
HIT- variable

Baseline
Follow up
Change

Group

Score,
mean (SD)

Score, p-Valuea
median (Q, Q)

Treatment . (.) . (., .)
Control
. (.) . (., .)
Treatment . (.) . (., .)
Control
. (.) . (., .)
Treatment
. (.)
. (., .)
Control
. (.)
. (−., .)

.
.
.

HIT-, six item Headache Impact Test; SD, standard deviation; Q, first
quartile; Q, third quarter. aWilcoxon rank sum test.

group, no statistically signiﬁcant beneﬁt was found. These
overall ﬁndings are suggestive that immediate improvement in headache pain can occur in patients with PCS after
OMT; however, results are inconclusive to demonstrate a
sustained effect on follow up.
There is increasing evidence that untreated musculoskeletal pathology of the cervical spine secondary to
whiplash associated with injury is an important contributor to chronic symptoms after MTBI [10, 11]. Dysfunctions
in the cervical zygapophysial joints from injury due to
traumatic biomechanical forces can result in hyperexcitability of nociceptive response in the central nervous system, contributing to headache [10, 28]. In addition, afferent
nerve ﬁbers from C2 and C3 dorsal root ganglia terminate
on the same second order neurons, as do those arising from
trigeminal sensory nucleus. This convergence, known as
the trigeminocervical nucleus, provides a mechanism for
headache caused by dysfunction in the upper cervical
structures [11]. The improvement in VAS scores immediately after OMT in this study suggests that ongoing
musculoskeletal pathology of the cervical spine may
contribute to chronic PTH, and the use of techniques targeted to restore normalcy to the cervical spine may improve
signaling from cervical mechanoreceptors and nociceptors
[12], thus assisting in the management of PTH.
There are additional mechanisms that can contribute
to PCS, including altered cerebral blood flow, labyrinthitis,
autonomic nervous system changes, and cranial dysfunction [3, 10, 11, 15]. In addition, PCS symptoms have
been reported in healthy people who did not sustain MTBI
and in those with depression, chronic pain, ADHD, and
posttraumatic stress disorder [21]. Various behavioral and
psychological factors may contribute to persistent symptoms in this sample, and may contribute to a modest
change in VAS scores overall [29]. The HIT-6 measures not
only headache severity, but also the effect of headache on
social, occupational, and cognitive functioning [26]. While
a history of depression was found in four participants in the
treatment group and three participants in the control
group, other behavioral and psychological factors were not
characterized with certainty. In this context, OMT should
be used as part of an overall management process that
includes consideration of these factors and elimination of
other differential diagnoses. In addition, future studies
could consider a subgroup analysis of treatment response
in individuals with PCS and comorbid history of
depression.
Because of the complex pathophysiology of PCS, patients with chronic symptoms may be more effectively
treated with OMT as an adjunct to an individualized
multidisciplinary approach [29, 30]. Ellis et al. [31]
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described an approach to identifying and treating PCS on
the basis of identifying symptom subtypes. A multimodal
impairment based approach has been effective in the
improvement of overall symptoms [30, 32]. In a case report
of a patient with chronic PTH, Channell et al. [20] reported
improvement with multidisciplinary treatment that
included OMT and psychological evaluation, pharmacologic interventions, and physical therapy. While our pilot
study did not test a multidisciplinary intervention, future
research could consider incorporating OMT as part of
multimodal treatment.

Limitations
This pilot study had several limitations. The sample size in
this study limited the power to assess for statistical significance of HIT-6 scores between the treatment and control groups. Sample sizes of 35 in the treatment group and
35 in the control group would have achieved 80.8% power
to reject the null hypothesis with a population mean difference detected in the change in HIT-6 scores between
treatment and control groups on follow up. Accounting for
20% dropout rate, sample sizes would include approximately 44 patients in treatment and 44 patients in the
control group [33].
The OMT protocol in this study did not include cranial
manipulation, Fulford Dural Release, or venous sinus
drainage, which may improve symptoms further by targeting other mechanisms associated with PCS [15, 16, 20, 34,
35]. Treating physicians were not blinded and only one
treatment was performed, increasing variability of response
and limiting understanding of the long term impact of OMT
on PCS. Neither structural and musculoskeletal exams nor
the treatment protocol were standardized, structural examination was not performed on the control group, and
data on structural exams for treatment group were not
recorded. A structural exam during follow up in treatment
group was not performed. In addition, data acquisition on
all comorbidities of participants was incomplete. Participants underwent some unmeasured treatments (conventional care including rehabilitation therapy, education, over
the counter medications), making it difﬁcult to isolate the
effect of OMT in the overall recovery.
Future studies should address these limitations and
consider the use of sham OMT treatment to control for the
effects of nonspecific touch. The potential treatment effect
of therapeutic touch in the treatment group cannot be
determined from our results. The improvement represented
by VAS scores should be interpreted in context of these
limitations.
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Conclusions
This pilot study, which analyzed the use of OMT for
chronic headache associated with PCS, showed immediate benefit from OMT in improving headache severity in
a sample with PCS. No additional benefit was observed
compared with the control group at the 4 to 6 week follow
up visit. Future studies should consider the use of a
larger sample size and a prospectively determined,
standardized treatment protocol focused on functional
outcomes, in the assessment of the effect of OMT for
patients with PCS.
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