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ABSTRACT
Introduction: Migraine affects 15% of the population,
and has substantial health and socioeconomic costs.
Pharmacological management is first-line treatment.
However, acute and/or prophylactic medicine might not
be tolerated due to side effects or contraindications.
Thus, we aim to assess the efficacy of chiropractic
spinal manipulative therapy (CSMT) for migraineurs in
a single-blinded placebo-controlled randomised clinical
trial (RCT).
Method and analysis: According to the power
calculations, 90 participants are needed in the RCT.
Participants will be randomised into one of three
groups: CSMT, placebo (sham manipulation) and
control (usual non-manual management). The RCT
consists of three stages: 1 month run-in, 3 months
intervention and follow-up analyses at the end of the
intervention and 3, 6 and 12 months. The primary end
point is migraine frequency, while migraine duration,
migraine intensity, headache index (frequency x
duration x intensity) and medicine consumption are
secondary end points. Primary analysis will assess a
change in migraine frequency from baseline to the end
of the intervention and follow-up, where the groups
CSMT and placebo and CSMT and control will be
compared. Owing to two group comparisons, p values
below 0.025 will be considered statistically significant.
For all secondary end points and analyses, a p value
below 0.05 will be used. The results will be presented
with the corresponding p values and 95% CIs.
Ethics and dissemination: The RCT will follow the
clinical trial guidelines from the International Headache
Society. The Norwegian Regional Committee for
Medical Research Ethics and the Norwegian Social
Science Data Services have approved the project.
Procedure will be conducted according to the
declaration of Helsinki. The results will be published at
scientific meetings and in peer-reviewed journals.
Trial registration number: NCT01741714.

BACKGROUND
Migraine is a common health problem with
substantial health and socioeconomic costs.

On the recent Global Burden of Disease
study, migraine was ranked as the third most
common condition.1

About 15% of the general population have
migraine.2 3 Migraine is usually unilateral
with pulsating and moderate/severe head-
ache which is aggravated by routine physical
activity, and is accompanied by photophobia
and phonophobia, nausea and sometimes
vomiting.4 Migraine exists in two major
forms, migraine without aura and migraine
with aura (box 1). Aura is reversible neuro-
logical disturbances of the vision, sensory
and/or speech function, occurring prior to
the headache. However, intraindividual varia-
tions from attack to attack are common.5 6

The origin of migraine is debated. The
painful impulses may originate from the tri-
geminal nerve, central and/or peripheral
mechanisms.7 8 Extracranial pain sensitive

Strengths and limitations of this study

▪ The study will be the first three-armed manual
therapy randomised clinical trial (RCT) assessing
the efficacy of chiropractic spinal manipulative
therapy versus placebo (sham manipulation) and
control (continue usual pharmacological man-
agement without receiving manual intervention)
for migraineurs.

▪ Strong internal validity, since a single chiroprac-
tor will conduct all interventions.

▪ The RCT has the potential to provide a non-
pharmacological treatment option for
migraineurs.

▪ Risk for dropouts is increased due to strict
exclusion criteria and 17 months duration of the
RCT.

▪ A generally accepted placebo has not been estab-
lished for manual therapy; thus, there is a risk
for unsuccessful blinding, while the investigator
who provides the interventions cannot be
blinded for obvious reasons.
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structures include the skin, muscles, arteries, periosteum
and joints. The skin is sensitive to all usual forms of
pain stimuli, while temporal and neck muscles may
especially be sources for pain and tenderness in
migraine.9–11 Similarly, the frontal supraorbital, superfi-
cial temporal, posterior and occipital arteries are sensi-
tive to pain.9 12

Pharmacological management is the first treatment
option for migraineurs. However, some patients do not
tolerate acute and/or prophylactic medicine due to side
effects or contraindications due to comorbidity of other
diseases or due to a wish to avoid medication for other
reasons. The risk of medication overuse due to frequent
migraine attacks represents a major health hazard with
direct and indirect cost concerns. The prevalence of
medication overuse headache (MOH) is 1–2% in the
general population,13–15 that is, about half the popula-
tion suffering chronic headache (15 headache days or
more per month) have MOH.16 Migraine causes loss of
270 workdays per year per 1000 persons from the
general population.17 This corresponds to about 3700
work years lost per year in Norway due to migraine. The
economic cost per migraineur was estimated to be $655

in USA and €579 in Europe per year.18 19 Owing to the
high prevalence of migraine, the total cost per year was
estimated to be $14.4 billion in the USA and €27 billion
in the EU countries, Iceland, Norway and Switzerland at
that time. Migraine costs more than neurological disor-
ders such as dementia, multiple sclerosis, Parkinson’s
disease and stroke.20 Thus, non-pharmacological treat-
ment options are warranted.
The Diversified technique and the Gonstead method

are the two most commonly used chiropractic manipula-
tive treatment modalities in the profession, used by 91%
and 59%, respectively,21 22 along with other manual and
non-manual interventions, that is, soft tissue techniques,
spinal and peripheral mobilisation, rehabilitation, pos-
tural corrections and exercises as well as general nutri-
tion and dietetic advice.
A few spinal manipulative therapy (SMT) randomised

controlled trials (RCTs) using the Diversified technique
have been conducted for migraine, suggesting an effect
on migraine frequency, migraine duration, migraine
intensity and medicine consumption.23–26 However,
common for previous RCTs are the methodological short-
comings such as inaccurate headache diagnosis, that is,
questionnaire diagnoses used are imprecise,27 inadequate
or no randomisation procedure, lack of placebo group,
and primary and secondary end points not prespeci-
fied.28–31 In addition, previous RCTs did not conse-
quently adhere to the recommended clinical guidelines
from the International Headache Society (IHS).32 33 At
present, no RCTs have applied the Gonstead chiropractic
SMT (CSMT) method. Thus, considering the methodo-
logical shortcomings in previous RCTs, a clinical placebo-
controlled RCT with improved methodological quality
remains to be conducted for migraine.
The SMT mechanism of action on migraine is

unknown. It is argued that migraine might originate
from a complexity of nociceptive afferent responses
involving the upper cervical spine (C1, C2 and C3),
leading to a hypersensitivity state of the trigeminal
pathway conveying sensory information for the face and
much of the head.34 35 Research has thus suggested that
SMT may stimulate neural inhibitory systems at different
spinal cord levels, and might activate various central des-
cending inhibitory pathways.36–40 However, although the
proposed physiological mechanisms are not fully under-
stood, there are most likely additional unexplored
mechanisms which could explain the effect SMT has on
mechanical pain sensitisation.
The objective of this study is to assess the efficacy of

CSMT versus placebo (sham manipulation) and controls
(continue usual pharmacological management without
receiving manual intervention) for migraineurs in an
RCT.

METHOD AND DESIGN
This is a single-blinded placebo-controlled RCT with
three parallel groups (CSMT, placebo and control). Our

Box 1 The International Classification of Headache
Disorders-II diagnostic criteria for migraine

Migraine without aura
A. At least five attacks fulfilling criteria B–D
B. Headache attacks lasting 4–72 h (untreated or unsuccessfully

treated)
C. Headache has at least two of the following characteristics:
1. Unilateral location
2. Pulsating quality
3. Moderate or severe pain intensity
4. Aggravated by or causing avoidance of routine physical activity
D. During headache at least one of the following:
1. Nausea and/or vomiting
2. Photophobia and phonophobia
E. Not attributed to another disorder
Migraine with aura
A. At least two attacks fulfilling criteria B–D
B. Aura consisting of at least one of the following, but no motor

weakness:
1. Fully reversible visual symptoms including positive features

(ie, flickering lights, spots or lines) and/or negative features
(ie, loss of vision). Moderate or severe pain intensity

2. Fully reversible sensory symptoms including positive features
(ie, pins and needles) and/or negative features (ie, numbness)

3. Fully reversible dysphasic speech disturbance
C. At least two of the following:
1. Homonymous visual symptoms and/or unilateral sensory

symptoms
2. At least one aura symptom develops gradually over ≥5 min

and/or different aura symptoms occur in succession over
≥5 min

3. Each symptom lasts ≥5 and ≤60 min
D. Headache fulfilling criteria B-D for 1.1 Migraine without aura

begins during the aura or follows the aura within 60 min
E. Not attributed to another disorder
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primary hypothesis is that CSMT gives at least 25%
reduction in the average number of migraine days per
month (30 days/month) as compared to placebo and
control from baseline to the end of intervention, and we
expect the same reduction to be maintained at 3, 6 and
12 months follow-up. If the CSMT treatment is effective,
it will be offered to participants who received placebo or
control after study completion, that is, after 12 months
follow-up. The study will adhere to the recommended
clinical trial guidelines from the IHS,32 33 and the meth-
odological CONSORT and SPIRIT guidelines.41 42

Patient population
Participants will be recruited in the period January to
September 2013 through the Akershus University
Hospital, through general practitioners and media
advertisement, that is, posters with general information
will be put up at general practitioners’ offices along
with oral information in the Akershus and Oslo coun-
ties, Norway. Participants will receive posted information
about the project followed by a short telephone inter-
view. Those recruited from the general practitioners’
offices will have to contact the clinical investigator
whose contact details have been provided on the
posters in order to obtain extensive information about
the study.
Eligible participants are between 18 and 70 years of

age and have at least one migraine attack per month.
Participants are diagnosed according to the diagnostic
criteria of the International Classification of Headache
Disorders (ICHD-II) by a neurologist at the Akershus
University Hospital.43 They are only allowed to have
co-occurrence of tension-type headache and not other
primary headaches.
Exclusion criteria are contraindication to SMT, spinal

radiculopathy, pregnancy, depression and CSMT within
the previous 12 months. Participants whom during the
RCT receive any manual interventions by physiothera-
pists, chiropractors, osteopaths or other health profes-
sionals to treat musculoskeletal pain and disability,
including massage therapy, joint mobilisation and
manipulation,44 changed their prophylactic headache
medicine or pregnancy will be withdrawn from the study
at that time and be regarded as dropouts. They are

allowed to continue and change their usual acute
migraine medication throughout the trial.
In response to initial contact, participants fulfilling the

inclusion criteria will be invited to further assessment by
the chiropractic investigator. The assessment includes an
interview and a physical examination with special
emphasis on the whole spinal column. Oral and written
information about the project will be provided in
advance and oral and written consent will be obtained
from all accepted participants during the interview and
by the clinical investigator. In accordance with good clin-
ical practice, all patients will be informed about the
harms and benefits as well as possible adverse reactions
of the intervention primarily including local tenderness
and tiredness on the treatment day. No serious adverse
events have been reported for the chiropractic Gonstead
method.45 46 Participants randomised into active or
placebo interventions will undergo a full spine radio-
graphic examination and be scheduled for 12 interven-
tion sessions. The control group will not be exposed to
this assessment.

Clinical RCT
The clinical RCT consists of a 1 month run-in and
3 months intervention. Time profile will be assessed
from baseline to the end of follow-up for all end points
(figure 1).

Run-in
The participants will fill in a validated diagnostic paper
headache diary 1 month prior to intervention which will
be used as baseline data for all participants.47 48 The
validated diary includes questions directly related to the
primary and secondary end points. X-rays will be taken
in standing position in the anterioposterior and lateral
planes of the entire spine. The X-rays will be assessed by
the chiropractic investigator.

Randomisation
Prepared sealed lots with the three interventions, that is,
active treatment, placebo and the control group, will be
subdivided into four subgroups by age and gender, that
is, 18–39 and 40–70 years of age and men and women,
respectively. Participants will be equally allocated to the

Figure 1 Study flow chart. CSMT, chiropractic spinal manipulative therapy; Placebo, sham manipulation; Control, continue usual

pharmacological management without receiving manual intervention.
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three groups by allowing the participant to draw one lot
only. The block randomisation will be administrated by
an external trained party with no involvement from the
clinical investigator.

Intervention
Active treatment consists of CSMT using the Gonstead
method,21 that is, a specific contact, high-velocity, low-
amplitude, short-lever spinal with no postadjustment
recoil directed to spinal biomechanical dysfunction (full
spine approach) as diagnosed by standard chiropractic
tests.
The placebo intervention consists of sham manipula-

tion, that is, a broad non-specific contact, low-velocity,
low-amplitude sham push manoeuvre in a non-
intentional and non-therapeutic directional line. All the
non-therapeutic contacts will be performed outside the
spinal column with adequate joint slack and without soft
tissue pretension so that no joint cavitations occur. In
some sessions, the participant lay either prone on a
Zenith 2010 HYLO bench with the investigator standing
at the participant’s right side with his left palm placed
on the participant’s right lateral scapular edge with the
other hand reinforcing. In other sessions, the investiga-
tor will stand at the participant’s left side and place his
right palm over the participant’s left scapular edge with
the left hand reinforcing, delivering a non-intentional
lateral push manoeuvre. Alternatively, the participant lay
in the same side posture position as the active treatment
group with the bottom leg straight and the top leg
flexed with the top leg’s ankle resting on the bottom
leg’s knee fold, in preparation for a side posture push
move, which will be delivered as a non-intentional push
in the gluteal region. The sham manipulation alterna-
tives will be equally interchanged among the placebo
participants according to protocol during the 12-week
treatment period to strengthen the study validity. The
active and the placebo groups will receive the same
structural and motion assessment prior to and after each
intervention. No additional cointerventions or advice
will be given to participants during the trial period. The
treatment period will include 12 consultations, that is,
twice per week in the first 3 weeks followed by once a
week in the next 2 weeks and once every second week
until 12 weeks are reached. Fifteen minutes will be allo-
cated per consultation for each participant. All interven-
tions will be conducted at the Akershus University
Hospital and administered by an experienced chiroprac-
tor (AC).
The control group will continue usual care, that is,

pharmacological management without receiving manual
intervention by the clinical investigator. The same exclu-
sion criteria apply for the control group during the
whole study period.

Blinding
After each treatment session, the participants who
receive active or placebo intervention will complete a

de-blinding questionnaire administrated by an external
trained independent party with no involvement from
the clinical investigator, that is, providing a dichotomous
‘yes’ or ‘no’ answer as to whether active treatment was
received. This response was followed by a second ques-
tion regarding how certain they were that active treat-
ment was received on a 0–10 numeric rating scale
(NRS), where 0 represents absolutely uncertain and 10
represents absolutely certainty. The control group and
the clinical investigator can for obvious reasons not be
blinded.49 50

Follow-up
Follow-up analysis will be conducted on the end points
measured after the end of intervention and at 3, 6 and
12 months follow-up. During this period, all participants
will continue to fill in a diagnostic paper headache diary
and return it on a monthly basis. In the case of unre-
turned diary or missing values in the diary, the partici-
pants will be contacted immediately on detection to
minimise recall bias. Participants will be contacted by
phone to secure compliance.

Primary and secondary end points
The primary and secondary end points are listed in
box 2. The end points adhere to the recommended IHS
clinical trial guidelines.32 33 We define number of
migraine days as the primary end point and expect at
least a 25% reduction in average number of days from
baseline to the end of intervention, with the same level
of reduction being maintained at follow-up. On the basis
of previous reviews on migraine, a 25% reduction is con-
sidered to be a conservative estimate.30 A 25% reduction

Box 2 Primary and secondary end points

Primary end points
1. Number of migraine days in active treatment versus placebo

group.
2. Number of migraine days in active treatment versus control

group.
Secondary end points
3. Migraine duration in hours in active treatment versus placebo

group.
4. Migraine duration in hours in active treatment versus control

group.
5. Self-reported VAS in active treatment versus placebo group.
6. Self-reported VAS in active treatment versus control group.
7. Headache index (frequency x duration x intensity) in active

treatment versus placebo group.
8. Headache index in active treatment versus control group.
9. Headache medication dosage in active treatment versus

placebo group.
10. Headache medication dosage in active treatment versus

control group.
*The data analysis is based on the run-in period versus end of
intervention. Point 11–40 will be duplicate of point 1–10 above at
3, 6 and 12 months follow-up, respectively.
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is also expected in secondary end points from baseline
to the end of intervention, retaining at follow-up for
migraine duration, migraine intensity and headache
index, where the index is calculated as number of
migraine days (30 days)×average migraine duration
(hours per day)×average intensity (0–10 NRS). A 50%
reduction in medication consumption from baseline to
the end of intervention and to follow-up is expected.

Data processing
A flow chart of the participants is shown in figure 2.
Baseline demographic and clinical characteristics will be
tabulated as means and SDs for continuous variables
and proportions and percentages for categorical vari-
ables. Each of three groups will be described separately.
Primary and secondary end points will be presented by
suitable descriptive statistics in each group and for each
time point. Normality of end points will be assessed
graphically and transformation will be considered if
necessary.
Change in primary and secondary end points from

baseline to the end of intervention and to follow-up will
be compared between the active and placebo groups
and the active and control groups. The null hypothesis
states that there is no significant difference between the
groups in average change, while the alternative hypoth-
esis states that a difference of at least 25% exists.
Owing to the follow-up period, repeated recordings of

primary and secondary end points will be available, and
analyses of trend in primary and secondary end points
will be of main interest. Intra-individual correlations
(cluster effect) are likely to be present in data with
repeated measurements. Cluster effect will thus be
assessed by calculating intraclass correlation coefficient

quantifying the proportion of total variation attributable
to the intraindividual variations. The trend in end points
will be assessed by a linear regression model for longitu-
dinal data (linear mixed model) to correctly account for
the possible cluster effect. The linear mixed model
handles unbalanced data, enabling all available informa-
tion from randomised patients to be included, as well as
from dropouts. Regression models with fixed effects for
time component and group allocation as well as the
interaction between the two will be estimated. The inter-
action will quantify possible differences between groups
regarding time trend in the end points and serve as an
omnibus test. Random effects for patients will be
included to adjust the estimates for intraindividual corre-
lations. Random slopes will be considered. The linear
mixed models will be estimated by the SAS PROC
MIXED procedure. The two pairwise comparisons will
be performed by deriving individual time point contrasts
within each group with the corresponding p values and
95% CIs.
Both per-protocol and intention-to-treat analyses will

be conducted if relevant. All analyses will be performed
by a statistician, blinded for group allocation and parti-
cipants. All adverse effects will also be registered and
presented. Participants who experience any sort of
adverse effects during the trial period will be entitled to
call the clinical investigator on the project cell phone.
The data will be analysed with SPSS V.22 and SAS V.9.3.
Owing to two group comparisons in the primary end
point, p values below 0.025 will be considered statistic-
ally significant. For all secondary end points and ana-
lyses, a significance level of 0.05 will be used. Missing
values might appear in incomplete interview question-
naires, incomplete headache diaries, missed interven-
tion sessions and/or due to dropouts. The pattern of
missingness will be assessed and missing values handled
adequately.

Power calculation
Sample size calculations are based on the results in a
recently published group comparison study on topira-
mate.51 We hypothesise that the average difference in
reduction of number of days with migraine per month
between the active and the placebo groups is 2.5 days.
The same difference is assumed between the active and
control groups. SD for reduction in each group is
assumed to be equal to 2.5. Under the assumption of,
on average, 10 migraine days per month at baseline in
each group and no change in the placebo or control
group during the study, 2.5 days reduction corresponds
to a reduction by 25%. Since primary analysis includes
two group comparisons, we set a significance level at
0.025. A sample size of 20 patients is required in each
group to detect a statistically significant average differ-
ence in reduction of 25% with 80% power. To allow for
dropouts, the investigators plan to recruit 120
participants.

Figure 2 Expected participant’s flow diagram. CSMT,

chiropractic spinal manipulative therapy; Placebo, sham

manipulation; Control, continue usual pharmacological

management without receiving manual intervention.
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DISCUSSION
Methodological considerations
Current SMT RCTs on migraine suggest treatment effi-
cacy regarding migraine frequency, duration and inten-
sity. However, a firm conclusion requires clinical
single-blinded placebo-controlled RCTs with few meth-
odological shortcomings.30 Such studies should adhere
to the recommended IHS clinical trial guidelines with
migraine frequency as the primary end point and
migraine duration, migraine intensity, headache index
and medication consumption as secondary end
points.32 33 The headache index, as well as a combin-
ation of frequency, duration and intensity, gives an indi-
cation of the total level of suffering. Despite the lack of
consensus, the headache index has been recommended
as an accepted standard secondary end point.33 52 53

The primary and secondary end points will be
collected prospectively in a validated diagnostic head-
ache diary for all participants in order to minimise
recall bias.47 48 To the best of our knowledge, this is
the first prospective manual therapy in a three-armed
single-blinded placebo-controlled RCT to be conducted
for migraine. The study design adheres to the recom-
mendations for pharmacological RCTs as far as pos-
sible. RCTs that include a placebo group and a control
group are advantageous to pragmatic RCTs that
compare two active treatment arms. RCTs also provide
the best approach for producing safety as well as effi-
cacy data.
Unsuccessful blinding is a possible risk to the RCT.

Blinding is often difficult as there is no single validated
standardised chiropractic sham intervention which can
be used as a control group for this date. It is, however,
necessary to include a placebo group in order to
produce a true net effect of the active intervention.
Consensus about an appropriate placebo for a clinical
trial of SMT among experts representing clinicians and
academics has, however, not been reached.54 No previ-
ous studies have, to the best of our knowledge, validated
a successful blinding of a CSMT clinical trial with mul-
tiple treatment sessions. We intend to minimise this risk
by following the proposed protocol for the placebo
group.
The placebo response is furthermore high in pharma-

cological and assumed similarly high for non-
pharmacological clinical studies; however, it might even
be higher in manual therapy RCTs were attention and
physical contact is involved.55 Similarly, a natural
concern with regard to attention bias will be involved for
the control group as it is not being seen by anyone or
not seen as much by the clinical investigator as the other
two groups.
There are always risks for dropouts due to various

reasons. Since the trial duration is 17 months with a
12 month follow-up period, the risk for loss to follow-up
is thus enhanced. Co-occurrence of other manual inter-
vention during the trial period is another possible risk,
as those who receive manipulation or other manual

physical treatments elsewhere during the trial period
will be withdrawn from the study and regarded as drop-
outs at the time of violation.
The external validity of the RCT might be a weakness

as there is only one investigator. However, we found that
advantageous to multiple investigators, in order to
provide similar information to participants in all three
groups and manual intervention in the CSMT and the
placebo groups. Thus, we intend to eliminate inter-
investigator variability which might be present if there
are two or more investigators. Although the Gonstead
method is the second most commonly used technique
among chiropractors, we do not see an issue of concern
when it comes to generalisability and external validity.
Furthermore, the block randomisation procedure will
provide a homogeneous sample across the three groups.
The internal validity is, however, strong by having one

treating clinician. It reduces the risk of potential selec-
tion, information and experimental biases. Furthermore,
the diagnosis of all participants is performed by experi-
enced neurologists and not by questionnaires. A direct
interview has higher sensitivity and specificity as com-
pared to a questionnaire.27 Individual motivational
factors which can influence a participant’s perception
and personal preferences when treating are both
reduced by having one investigator. In addition, the
internal validity is further strengthened by a concealed
validated randomisation procedure. Since age and
genders may play a role in migraine, block randomisa-
tion was found necessary to balance arms by age and
gender in order to reduce possible age-related and/or
gender-related bias.
Conducting X-rays prior to the active and placebo

interventions was found to be applicable in order to
visualise posture, joint and disc integrity.56 57 Since the
total X-ray radiation dose varies from 0.2–0.8 mSv, the
radiation exposure was considered low.58 59 X-ray assess-
ments were also found to be necessary in order to deter-
mine if full spine X-rays are useful in future studies or
not.
Since we are unaware of the mechanisms of possible

efficacy, and both spinal cord and central descending
inhibitory pathways have been postulated, we see no
reasons to exclude a full spine treatment approach for
the intervention group. It has furthermore been postu-
lated that pain in different spinal regions should not be
regarded as separate disorders but rather as a single
entity.60 Similarly, including a full spine approach limits
the differentiations between the CSMT and the placebo
groups. Thus, it might strengthen the likelihood of suc-
cessful blinding in the placebo group being achieved. In
addition, all the placebo contacts will be performed
outside the spinal column, thus minimising a possible
spinal cord afferent input.

Innovative and scientific value
This RCT will highlight and validate the Gonstead
CSMT for migraineurs, which has not previously been
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studied. If CSMT proves to be effective, it will provide a
non-pharmacological treatment option. This is especially
important as some migraineurs do not have efficacy of
prescript acute and/or prophylactic medications, while
others have non-tolerable side effects or comorbidity of
other diseases that contradict medication while others
wish to avoid medication for various reasons. Thus, if
CSMT works, it can really have an impact on migraine
treatment. The study also bridges cooperation between
chiropractors and physicians, which is important in
order to make healthcare more efficient. Finally, our
method might be applied in future chiropractic and
other manual therapy RCTs on headache.
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